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Room-temperature Ionic liquids

Feature – Coulombic interaction + van der Waals interaction

Liquid state in room temperature 

J. Mater. Chem. 8, 2627-2636 (1998). [BMIM]PF6



Surface structure of ILs

Understanding surface structure of ILs is important for 
application 

http://lem.ch.unito.it/didattica/infochimica/Liquidi%20Ionici/ApplicationsMap.html#M



How can we observe??

http://www.reflec.ameslab.gov/reflectivity.php

Sum-frequency generation spectroscopy

GIXD
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X-ray reflectivity

http://www.ksvnima.com/surface-potential-sensor



Materials

[BMIM]+ [DCA]- [BF4]- [MS]-



SFG spectroscopy 

1) Basic principles
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SFG spectroscopy 
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Just think about Fresnel 

coefficient 



SFG spectroscopy 
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Information about 
molecular orientation 

Intrinsic property of molecule
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SFG spectroscopy 

2) Analysis of CH3 vibrational modes (2800~3000cm-1)

1) CH 3 symmetric stretch

2) CH3 asymmetric

3) CH3 Fermi resonance
(of bending overtone)
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Experimental result (Reference sample)

1-Hexadecanol: CH3(CH2)15OH 

OH head group is neutral
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Experimental result (Reference sample)
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Experimental result [BMIM]MS

Polarization configuration 

: SFG – rotate 15o / VIS - 45o / IR - 0o (purely P-pol)



Experimental result [BMIM]BF4

Assigned as H-C(4) C(5)-H
Symmetric and asymmetric stretch modes



Experimental result [BMIM]DCA

From simultaneous 
fitting of spectra



Experimental result

From calculation, it was found 
that imidazolium ring is almost 
parallel to the surface!?



Experimental result (surface potential)

Since ILs consist of only ions, neglect diffusion double layer

Dipole contribution
Charge density and 
separation



Experimental result (surface potential)



Conclusion

1) Interfacial structure of room-temp ILs was studied by SFG 
and surface potential measurement….

2) From SFG polarization mapping method, orientation 
angle of terminal methyl group and imidazolium ring 
were obtained…..

3) From surface potential measurement, anions are placed 
almost next to cations….


