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Fig.1 Chemical structures of donor ([P66614][HP-SO3]) and acceptor ([P66614][12-FL]) molecules
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Fig. 2 Normalized fluorescence spectrum of the PVC
[P66614][HP-SO3]
without an acceptor (lex = 350 nm) (red), and the
normalized absorption spectrum of [P66614][12-FL] in the
PVC membrane (black).
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Fig. 3 (a) Fluorescence spectra of the PVC membrane composed of [P66614][HP-SO3] containing 0-5 mol%
[P66614][12-FL] and photographic images taken at 0 mol% and 0.5 mol% [P66614][12-FL] doping. (b) FRET efficiency of
the PVC membrane (red circles: calculations from the experimental values, black triangles: theoretical calculations. Error bar

shows the standard deviation with 3 replicated measurements. (c) Antenna effect of the PVC membrane (red circles:
calculations from the experimental values, black triangles: theoretical calculations. Error bar shows the standard deviation
with 3 replicated measurements. (d) Fluorescence intensity of the acceptor (red circles: in the PVC membrane using
[P66614][HP-SO3] as a plasticizer (lex = 350 nm), black triangles: in the PVC membrane corresponding [P66614][12-FL]
concentration using NPOE as a plasticizer (lex = 530 nm)). Error bar shows the standard deviation with 3 replicated

measurements.
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Fig. 4 Coextraction model used for anion sensing, where NH HN

proton and anion are co-extracted into organic phase, and
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Fig. 5 Chemical structure of chloride ionophore IV
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Fig. 6 (a) Fluorescence spectra of the PVC membrane composed of 90 wt% [Pessi4a][HP-SO3] containing 0.5 mol%
[Pese14][12-FL] with various chloride concentrations under a constant pH (pH 7.4 50 mM HEPES-NaOH buffer). (b)
Response curve for each anion (red circles: sulfate, blue triangles: chloride, green squares: bromide, and red diamonds:

thiocyanate). Error bar shows the standard deviation with 3 replicated measurements. (c) Fluorescence spectra of the PVC
membrane composed of 90 wt% [Pses14][HP-SO3] containing 0.5 mol% [Pess14][12-FL] and chloride ionophore IV with
various chloride concentrations under a constant pH (pH 7.4 50 mM HEPES-NaOH buffer). (d) Response curve for each
anion with chloride ionophore IV (red circles: sulfate, blue triangles: chloride, green squares: bromide, and red diamonds:

thiocyanate). Error bar shows the standard deviation with 3 replicated measurements.
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Summary

In this work, highly selective and sensitive sensing method for ions was developed by using the "fluorescent
dye liquid" composed of donors and acceptors realizing the ultimate sensitivity of fluorescence resonance energy
transfer (FRET). Furthermore by preparing the nanoemulsion using the dye liquid, highly-sensitive sensing of
important ions in seawater component was tried. In particular, highly sensitive sensing for Cl- was demonstrated
as an example.

In the fundamental study based on the dye liquid thin film, the fluorescence spectrum of the plasticized PVC
film prepared with the donor dye liquid (D) and the absorption spectrum of the plasticized PVC film prepared with
the acceptor dye liquid (A) showed good overlap, and clarified the applicability to the FRET system. Based on
the examination of the ratio of A and D contained in the film (A / D ratio), it was clarified that a maximum of
approximately 22 times higher sensitivity fluorescence can be obtained.

Application to ion sensing enabled the anion sensing based on the coextraction mechanism of protons and
anions. In the case of coextraction type anion sensing, ion selectivity is generally determined by the order of
hydrophobicity of anion species. Therefore, Chloride ionophore IV was applied as a chloride ionophore to
improve chloride ion selectivity. As a result, selectivity improvement of about 10 times or more was observed
especially for SCN". In the future, further improvement in selectivity can be expected from the examination of
the dye liquid composition.

Concerning the nanoemulsification, examining the amount of surfactant clarified that nanoemulsions with an
average particle size of about 78 nm can be obtained under optimized condition. As a result of confirming the
response based on the coextraction, good spectral changes were obtained, and even in nanoemulsions, anions
sensing based on the coextraction mechanism successfully worked. Further continuation of present work would

lead to the development of extremely sensitive nanoemulsions for detecting cations of interest.



