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Introduction 

Ø Impurities : can drastically alter the IL’s properties
- density
- viscosity
- polarity
- conductivity

Ø Presence of water : nanoscale structural organization of ILs

Ø Low concentration of water in ILs
- monomeric form 1:2 H-bonded type complexes with two separate anions

(Welton and coworkers, Phys. Chem. Chem. Phys. 3, 5192, (2001))

Ø Solubility of water : related to the water-anion interaction strength

anion
anion

H H

O

Aim Investigating the nature of interactions of water 
highly diluted in [CnMIM]X (X=BF4 or PF6)
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Introduction – Monomeric water peaks in IR spectra

Welton and coworkers, Phys. Chem. Chem. Phys. 3, 5192, (2001)

n1
n3

[BMIM]PF6

[BMIM]BF4

[BMIM]ClO4

[BMIM]CF3SO3

[BMIM]NO3

[BMIM]CF3CO2
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Results – IR absorption spectra

0.09m.f. H2O in
[BMIM]BF4

0.02m.f. H2O in
[BMIM]PF6
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Welton and coworkers, Phys. Chem. Chem. Phys. 3, 5192, (2001)

~3500 cm-1 : small water aggregate
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Results – IR absorption spectra

0.09m.f. H2O in
[BMIM]BF4

0.02m.f. H2O in
[BMIM]PF6

n3 (nasOH)

n1(nssOH)

fwhh (n3) > fwhh (n1)   &  fwhh (PF6) × 2 ~ fwhh (BF4)
R = I (n3) / I (n1) = 3.4 and 1.9



SM
O

S 
La

b

Sogang University

Results – Raman spectra

n3 (nasOH)

n1(nssOH)
0.09m.f. H2O in
[BMIM]BF4

0.02m.f. H2O in
[BMIM]PF6

fwhh (n3) > fwhh (n1)   &  fwhh (PF6) × 2 ~ fwhh (BF4)
R = I (n3) / I (n1) ~ 0.16
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Discussion – IR and Raman spectra

IR & Raman profiles : depend on the H2O…IL interaction

Nanoscaled structural heterogeneities : associated with the width of peaks
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Discussion – IR and Raman spectra

Raman scattering activity : symmetric vibration > antisymmetric vibration
Infrared spectroscopy activity : symmetric vibration < antisymmetric vibration

R = I (n3) / I (n1) : strong indicator of the nature
& strength of the interaction of water with its surroundings

Solvent Gaseous phase Hexafluorobenzene Benzene

R for water 14 11 3

Besnard et. al., J. Chem. Phys. 113, 3741, (2003)

IR : R (water in ILs) ~ R (water in benzene)
Raman : R (water in ILs) << R (water in benzene)

Weak H-bonding of H2O…IL
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Modeling – calculations

Ø DFT (quantum chemistry) calculations of water + IL (1:1 or 1:2)
- Single water molecule interacting with one (or two) cation-anion pair(s)
- Influence of the alkyl chain length on the local structural organization
- Vibrational spectra (from methyl to octyl)

Ø Alkyl chain length : impact on the nanosegregated structure of ILs

[DMIM]BF4

[DMIM]PF6

Dry With H2O

Calculated energy
minimum structure

1.84Å

2.1~2.2Å

1.72Å

2.1~2.2Å
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Modeling – Structure & Interaction energy for single pair

n3
n1

4x 7x

n3
n1

2x 5x

[DMIM]BF4

[DMIM]PF6

Dry With H2O

leads to I (n1)

Water with doubly H-
bonded with single anion
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Modeling – Ion pair dimers (without H2O)

[BMIM]+

[DMIM]+

PF6
-

► d (cation-cation) : slightly increased
►Weakening of anion-cation 
interaction due to charge 
redistribution of imidazolium rings
► Total interaction energy is 
increased (less stable)

Increasing chain length

► organized to balance repulsive and 
attractive interactions
► Total interaction energy : 
decreased less than 10%

Ion pair dimer

BF4
-
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Modeling – Ion pair dimers (with H2O)

[CnMIM]+

(n=8,4)

[DMIM]+

PF6
- BF4

-

► Role of proton double donor
► d (H…F) : slightly greater than it 
for single ion pair system
►Weakening of interaction energy 
within the ion pair dimer
►Weakening of anion-cation

water

► Favoring nearly “symmetric” 
A…H-O-H…A structures

anions
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Modeling – Spectra

► Anharmonicity effects using the 
scaling factor of 0.964

Intensity calculation

► IR : R = 2.0 (PF6), 2.5 (BF4)
(Rexp = 3.4 (PF6), 1.9 (BF4) )

► Raman : R = 0.46 (PF6), 0.37 (BF4)
(Rexp = 0.15 (PF6), 0.18 (BF4) )

R = I (n3) / I (n1)


