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Electronic states of interfacial ionic liquids on electrodes by

25

far—-ultraviolet spectroscopy
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Tonic liquids (ILs) have been used in various fields, and their physical
characteristics, molecular structures, and electronic states have been widely
investigated. In particular, the electronic states of ILs located close to an
electrode surface should provide important information not only for basic
physical properties of the ILs but also for material designs of electrochemical
devices such as batteries and solar cells. Far-ultraviolet (FUV, <200 nm) and
deep—ultraviolet (DUV, <300 nm) regions have substantial information about the
electronic states of various materials. In this study, we developed a new
electrochemical FUV-DUV spectroscopy system (EC-FUV-DUV), which adopts
attenuated total reflectance (ATR) method to restrict the information depth (T50
nm). Pt was evaporated on an ATR prism and was used as a working electrode. In
order to interpret the obtained spectra, quantum chemical calculations were
performed. An imidazolium based ionic liquid with iodide (BMIM-I) was put on the
Pt—evaporated prism. The spectral intensities in the 350-400 nm region increased
or decreased by applying positive or negative potentials. By quantum chemical
calculations, it was revealed that the corresponding absorbance mainly appeared
in accordance to charge transfer from the anion (I7) to the cation (BMIM"), and
this absorbance was strongly affected by the relative position of the anion and
the cation.
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Figure 1. A schematic diagram of the newly developed

electrochemical UV spectroscopy.
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Table 1. Names and abbreviations of (a) cations and (b) anions
used in the present study.

(a) Cation

Name Abbreviation

1-butyl-3-methylpyrrolidinium [
N,N,N-trioctyl-N-methylammonium [
N,N,N-trimethy-N-propylammonium [
1-ethyl-3-methylimidazolium [EMIM]*
1-bytyl-3-methylimidazolium [
1-hexyl-3-methylimidazolium [
1-octyl-3-metylimidazolium [

(b) Anion

Name Abbreviation
Bis(trifluoromethylsulfonyl)amide [TESA]
Tetrafluoroborate [BF4]
Chloride Cr

Bromide Br
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Figure 2. (a—c) Experimental ATR spectra of (a) [BMPY] [TFSA],
(b) [TMPAJ[TFSA] and (c) [TOMA][TFSA] and (d) calculated
vertical transitions of [TFSA]".
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Figure 3. (a—f) Experimental ATR spectra of (a) [EMIM] [TFSA],
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Table 2. Peak wavelengths in the shorter wavelength region
(7170 nm) and in the longer wavelength region (7210 nm) of
imidazolium cation—fluorine anion ionic liquids. Average *
standard deviation, sample number = 3.

Wavelength / nm
(b) [BMIM][TFSA], (c) [OMIM][TFSA], (d) [EMIM][BF4], (e) [BMIM] [BF,]
and (f) [OMIM][BF,] and (g-i) calculated vertical transitions of (g) [EMIM]®,

Ionic liquid Shorter wavelength ~ Longer wavelength

[EMIM][TFSA]  169.10+0.16nm  210.10 + 0.28 nm
[BMIM][TFSA]  170.23+0.17nm  210.33 +0.37 nm
[OMIM][TFSA]  169.70£0.08nm  210.30 +0.16 nm
[EMIM][BF4] 17023 +0.05nm 21023 +0.09 nm
[BMIM][BF4] 171274021 nm  210.57+0.41 nm
[OMIM][BF4] 171.07+041 nm  209.77 +0.39 nm
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Figure 4. (a) A calculated spectrum of [Cmim]® and (b-d)
molecular orbitals of (b) LUMO, (c) HOMO, and (d) HOMO-1.
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Figure 5. (a—c) Experimental ATR spectra, (d-f) transmission spectra and (g-i) calculated vertical transitions of (a, d, g)
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Figure 6. A calculated spectrum of [BMIM]I and contrlbutlng

main molecular orbitals.
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Figure 7. ATR absorbance spectra of BMIM-I at (a) from +200
spectral intensity in 2707450 nm.
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Figure 8. ATR absorbance spectra of BMIM-TFSA at (a) from +200
mV to —200 mV and (b) from —-200 mV to +200 mV vs. Pt.
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Figure 10. ATR spectral time dependence at —200 mV vs. Pt.
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Figure 11. A schematic diagram of the newly developed
electrochemical UV spectroscopy with grating electrodes. (a)
Top view, (b) side view, and (c) enlarged EDL region.
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Figure 12. ATR absorbance spectra of BMIM-I measured with the grating electrodes at (a) from +200 mV to —200 mV and (b) from

-200 mV to +200 mV vs. Pt. (c) Relative spectral intensity in 270 450 nm.
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