Dynamics of Polar Solvation
(in Dipolar & lonic Solvents)
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oo Why Study?
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+Gei Pioneering Experiments
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4-AP In 1-Propanol @ 203 K TNS Adsorbed to BSA
| . 1000 }
f/ns A I
N—H
i 4 ¢ 800
| 8 ° =
=| 12 £ oo
" 23 i
> &
& 2 400}
# z )
: |
: 0
058
400 350 500 550 600 ©—2%0 420 440 460 480
WAVELENGTH (nm)
WAVELENGTH (NM)

Ware & Co: Chem. Phys. Lett. 2, 356 (1968); Brand & Gohlke, J. Biol. Chem. 246,
J. Chem. Phys. 54, 4729 (1971). 2317 (1971).
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”a@%g‘: Dipolar Solvents (1995)

"5!30
Qh%

An Ideal Probe of ©193 ¢ TR Emission: C153 in DMSO
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= simple S, state N 0o~ =0

= only non-specific
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Relative Intensity
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gg'::: Molecular Dynamics Simulations
32 ¥,
. '\ ®  simulations provided many insights into solvation mechanism

» prominent “inertial” or
“Gaussian” decay

» response often linear

» mainly solvent rotational
dynamics

» speed closely linked to
solvent polarity
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A Simple Conection
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Dielectric Predictions

Spectral Response Fns.
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» simple dielectric continuum
predictions surprisingly accurate

Horng et al., J. Phys. Chem. 99,
17311 (1995).
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«Jam (Room T) lonic Liquids
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ht \ ® = molten salts liquid at (near) room temperature
Cation Families Common Anions
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imidazolium pyrrolidinium ammonium phosphonium  C|-, CH,COO- Fgc—g—%—%—CF
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Properties &r. 3
Thermal and chemical stability Negligible volatility Appllcatlons
= jon conductive materials for
Low melting point Flame retardancy electrochemical devices

= solvents for chemical reaction

High ionic conductivity Moderate viscosity

= solvents for bioscience

Solubility (affinity) with many compounds High polarity Armand et al., Nature

Materials 8, 621 (2009)
Variation of ion structure
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L T Ug = solute-solvent
C153 Solvatochromism @O interaction energy
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» “polarity” comparable to DMSO, 1 ) 3 A 5
CH;OH, CH,CN log,,K CH,CN
» solvation free energies can be Abraham & Acree, Green Chem.
remarkably similar to those of 8, 906 (2006).

conventional solvents
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o Solvation Dynamics

= & % = experiments with Niko Ernsting capture the full response 80 fs — 40 ns

TR Emission of C153/[Im,,][PF¢] S(t) in CH,CN & IL

Relative Intensity
Spectral Response S (t)
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» ~100-fold slower than typical dipolar solvents
» strongly bimodal & broadly distributed in time

3/24/15 Sp15 ACS - Hildebrand



bOdQ
Qa%ga@gq Experimental Survey of 21 ILs

Tl §
5!3
@ ¥ _ 1 ,..2¢42 B
b IS — SV (t) - fG EXP{—EG)G'[ }+(1_ fG)eXp{_(t/T) }
) ] \ J | J
|
> #2
@ @ 1000 F -
12 #1 Z :
. K
Time /s i
S A B VA =
14 1= [Im,,1[Tf,N] 9% ] S 100f __
12 - [Pr,J[TE,N] 414 . 2 3 [1m, J[TF,N] 3
[ T [Pr IITE,N]
10 100

Viscosity 7/ cP

Mechanism (from MD Simulations):
» primarily ion translation
00 00l o002 o003 oos > #1:30-40% inertial motion of 15t shell ions

Inverse Reduced Mass m /u » #2:. overdamped, highly coupled ion motions
= subtle displacements of ions over <lc

Gaussian Frequency ag / ps™

Zhang et al., JPCB 117, 4291 (2013).
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Summary

= Solvation dynamics key component of solution-
phase reactions

= dynamics in familiar dipolar solvents
(reasonably) well understood

= dynamics in “neoteric” solvents like ionic
liguids still being Iinvestigated

= dynamics in structured, mostly biological, also
of current interest
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