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What is an lonic Liquid?

* (room temperature) ionic liquid = a salt that melts below 100 °C

Inorganic Salt - NacCl lonic Liquid [Im,,][BF,]
T,,=1074 K T,,=—280 K

F&M 4//2/13  http://en.wikipedia.org/wiki/Sodium_chloride lolitec Inc.



Why Such Low Melting Points?

Q.Q_ ion charge
R+ + R_ion separation
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A Hot Topic in Chemistry
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Low melting point

Some Reasons Why

Thermal and chemical stability

Solubility (affinity) with many compounds

Negligible volatility
Flame retardancy
Moderate viscosity

High polarity

Variation of ion structure (1()6)

SR

lon conductive
materials for

Solvents for

electrochemical devices chemical reaction

\

Solvents for
bioscience

Armand et al., Nature Materials 8, 621 (2009)
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® Electrolyte in batteries

For Profit: Areas
of IL Application

® Metal plating

® Solar Panels

® Fuel cells

® Electro-optics

® Refractive index

® lon propulsion ® Drug delivery

o ® Biocides

® Thermodynamics

® Binary and ternary systems
x ® Personal care
/ M % ® Embalming
of
‘% np ® Matrices for mass
s e 2
Gas chromatography

: l ® Stationary phase for
Synihests HPLC

® Coatings

® Lubricants

® Plasticisers

® Dispersing agents

® Compatibilisers ® Catalysis

® Microwave chemistry
® Nanochemistry

®*Multiphasic reactions and extractions

F&M 4//2/13 Plechkova & Seddon, Chem. Soc. Rev. 37, 123 (2008). 5



1. ILs in Biomass Processing

Polyrer blends Energy &
Environmental Science

e ncanyen D1 | P

Celfidose derivatives

: p . wmmp Frer
Bigmass Ceflutose ¢ L sofution SRR S
Ohno & Kukaya, Chem. Lett. 38, 2 (2009)

= DOE Grand Challenge: clean separation of the major
components of lignocellulosic biomass, without loss of
guality of the products, using an environmentally
friendly method

= “biomass” — bagasse, corn stover, wheat & rice straw,
wood chips...

= some ILs solubilize cellulose and even wood much
better than conventional solvents
> ILs present a unique

solvation environment
F&M 4//2/13



Composition of Wood %

Cellulose (40-50%)

1»_3%\,\;&}%

Sun et al., Chem.
Comm. 47, 1405 (2011)

Hemlcellulose (20-40%)

Others (1-4%)

K ”%v w
Cellulose:
uses: paper, cellophane, rayon, & o/%/ /%/ \%g

related polymers, feedstock for

small molecules & fuels 0 g--HO_ PHOA oo A
/%f ................ http://en.wikipedia.org/

F&M 4//2/13 wiki/Cellulose 7



A Closely Related Use: Chitin from Crustacean Shells

Dry-jet wet
| Dissolution in IL spinning
—
N '
% 0% cw
N
e, “chitin fibers can be spun from a
solution resulting from direct
dissolution of shrimp shells in a one-
pot process” Qin et al., Green Chem.
12, 968 (2010)
Chitin FHa Chitosan
OH o=<NH _ i
NH o HO CHo %o OH
0=< NH, NH, NH,
CHy L dn
L —in

- 2"d most plentiful biopolymer - biopesticide, biocontrol agent

- surgical thread - filtration processes

- controlled drug release - bandages

F&M 4//2/13 http://en.wikipedia.org/wiki/Chitin



2. Materials for Gas Chromatography

Gas Chromatography The Capillary Column

injector |—detector~||, Li1s —— 50 m, 200um

oven

Fused silica P

http://www.sfu.ca/bisc/bisc-429/GLC.html

http://chemsite.lsrhs.net/Intro/chromatography.html http://toolboxes.flexiblelearning.net.au/demosi
tes/series5/508/laboratory/studynotes/snTheG

F&M 4//2/13 CColumn.htm



O in GC differential solubllity is key; ILs offer a new range of
Interactions

O huge potential for tailor-making ILs for specific separations
 almost negligible volatility

O high viscosity

O high thermal stability

]
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p | @p (R = alkyl or aryl) (o]
- [ Supelco currently sells
Fs —?I—O 7 IL GC columns
/\ /R R\ /ﬁ o Thank You
(R = alkyl or aryl)
,ﬂ\/H}/ﬁ'\/

Jn ‘1@,"" Armstrong et al. LCGC North

Am. 27, 596 (2009)
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ILs in 2-Dimensional 2D-GC of 209 PCB Congeners
Gas Chromatography

column #1

(@)
S
c
S —
" 3 2 2
¥ mm—
t, 4 '
€ —% 6
IUPAC Cl position i
No
79 3345 3405
97 [2,2.3' 45 3405
125 |2'3.4,56 3405
86 22'3.45 3410
87 22345 3410

»196 of 209 congeners resolved (the record to date)
F&M 4//2/13 Zapadlo et al., J Chromatogr. A 1218, 746 (2011) 11



1. Now for Fun:
Solvation in lonic Liquids

F&M 4//2/13
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lonic vs. Dipolar Solvents

F&M 4//2/13

The Old Dipolar World The lonic World

Intermolecular Interactions
lon-ion

T e H-bonding
- dispersion on-dipole

E < dipole-dipole

e induction
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The Spectroscopy of Solvation

F&M 4//2/13

acetone acetic acid DMF 2-propanol THF
ethanol water acetonitrile methanol
Brooker's Merocyanine  —\ y—""_ 2

http://en.wikipedia.org/wiki/User:Brutulf/Brooker%27s_Merocyanine

DMSO
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Why the Color Changes?
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F&M 4//2/13
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How Polar are lonic Liquids?

Probe of Generic Polarity
C153 CF,

Absorbance

Au~ 17D

» spectra in ILs are not
distinctive

> “polarity” is similar to
CH;CN, DMSO, MeOH

Emission Intensity

F&M 4//2/13 Frequency / 10° cm™
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How Fast Is Solvation?

solute

F&M 4//2/13

Solute Perturbation

u

Solvation Response

N

time

solute p

time

solvation energy
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Solvation & Time-Resolved Emission

Solvation Dynamics Time-Resolved
A Emission Spectra
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T_ypical Molecular Timescales

‘NW,‘ vibrational period

bA rotation time

Fie diffusion time
= (at 1 M)

fluorescence
lifetime

R\/\\/chemical reaction
P

) l\

\.’0 solvation
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10—14_10—13

10-12-10-10

10-20-10

10-9-10-1

10-14-

10-13-10-11

10-100 fs

1-100 ps

0.1-1 ns

1-100 ns

10 fs-o0

0.1-10 ps
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Some Experimental Results

i DCS in [Im,,][BF,] & CH.CN
Kerr Gatlng ~300 fS IRF 1.0 LSLLLLLLL I llllm|41| LRRRLL| 41 LRRRLL . Iﬁlllll
Emission o
PR
< 0.8
emission WK“\ gabed I> (f)>
rnedlum 00 ermission %
§_ 0.6
KGE Emission Spectra (EtOH) ]
U T u I u T U T " ] E 0.4
OOtz | E
i —0.2ps _ 'S
DCS o | & 02
2.0ps ] )]
—50ps
— 10 ps
“zm 00 ‘
—100ps 104 1018 1012 101 100 1079
150 ps |

200 ps

Time/s

] » ILs ~100x slower (like M)
< » dual character
11— 11— » spans 100 fs — 10 ns

400 450 500 550 600 650 700
F&M 4//2/13 wavelength (nm) 20




Computer Simulations

= choose interaction model

12 6

0id; o Oij
Vij(rij):—1+4g — | -|—=

7 7 7

= construct starting point of
~500 ions Iin a periodic box

= numerically integrate equations
of motion (F=ma)

= _ d’f F
Fi==Viy My =i
j dt m.

e AL = observe the dance
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Charge Ordering

: » structure Is quite
~-7 similar to NaCl @ T;

0=0"p" IkgT
ILRT) (=48
NaCI(T;) @=50

F&M 4//2/13 r/ A 22




The Effects of Charge

F&M 4//2/13

Neutral Mixture

cohesive energy U | 1 5X
molar volume V,, V| 18%
fluidity 1/m V| 250x

lonic Liquid
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Solvation “Mechanism”

Simulated Dynamics
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» primarily ion translation
» highly collective “vibration”
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Summary

4 lonic Liquids — salts that stay liquid below 100 °C
= |arge organic cations + organic/inorganic anions
unique solvating abilities
liguid over wide temperature range
good electrolytes
essentially nonvolatile
O applications in virtually all areas of chemistry
» piomass conversion
= gas chromatography
= (astronomy)
O physical chemistry research
= ultrafast spectroscopy of solvation
= computer simulations

F&M 4//2/13
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