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Construction of Photon Upconversion Dyes System with Wavelength Conversion Function
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Abstract

Photon upconversion (UC) is a technique to convert long wavelength light into short wavelength light. UC fluorescence by

triplet-triplet annihilation (TTA) follows a mechanism involving two molecules of sensitizer and emitter dye materials. We can use

long wavelength light as excitation light if a far-red light of wavelength 800-2500nm can be converted into visible light in this UC

dyes system efficiently, and can utilize the energy of the light of the sun spectrum part which is lost without being able to collect until

now to a solar battery or photomedical care as optical elements.

In this study, it was examined that we constructed the photon UC

dyes system that was applicable to weak excitation light and convert the far-red light into ultraviolet, visible light in high efficiency

for the purpose of application to optical elements and light medical care.
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Fig.1 Simplified energy level diagram of the upconversion

process between both sensitizer and emitter dyes.
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Fig. 2 Chemical structures of (a) tetra-tert-butyl
phthalocyanine palladium (II) (TB4Pc-Pd) and (b) rubrene.
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Fig.3 UV-Vis absorption spectra of (1) TB4Pc-Pd, (2)
Rubrene and (3) (TB4Pc-Pd/Rubrene) photon UC dyes system
in toluene in wavelength region of (a) 300-800nm and (b)
400-800nm.
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Fig.4 Fluorescence spectra of (1) TB4Pc-Pd, (2) Rubrene
and (3) (TB4Pc-Pd/Rubrene, 0.02mM/2.0mM) photon UC
dyes system in toluene under fluorophotometer excitation at
Aexe = 662nm.

Fig. 5 UC fluorescence of (TB4Pc-Pd/rubrene, 0.02 mM/2.0
mM) photon UC dyes system in toluene during photoexcitation
by red laser through a 650 nm short-pass filter (4 = 670 nm,
11.1 mW).
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Fig. 6 Fluorescence spectra of (TB4Pc-Pd, 0.02 mM/rubrene)
photon UC dyes system in toluene under fluorophotometer
excitation at 662 nm for 0.02 mM TB4Pc-Pd and rubrene
concentrations with 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mM.
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Fig.7 Fluorescence  spectra of (TB4Pc-Pd/Rubrene,

0.02mM/1.0mM) in toluene under laser excitation at Ae =
670nm (1.0-11.1mW).
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Fig.8 Excitation laser power dependence of emission

intensities of (TB4Pc-Pd/Rubrene, 0.02 mM/1.0 mM) photon

UC dyes system in toluene at (1) 568 nm and (2) 735 nm under

laser excitation at 670 nm, 1.0-11.1 mW.
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Fig. 9 Excitation laser power dependence of relative photon
UC fluorescence quantum yield, @yc of (TB4Pc-Pd/Rubrene,
0.02 mM/2.0 mM) photon UC dyes system in deaerated toluene
by a freeze-pump method under laser excitation at 670 nm,
maximum output 11.1 mW.
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