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Research and Development of Hyperbranched Polymer Photon Upconversion Dyes Systems for the

Application of Thin Film Organic Photovoltaic Cells
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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 800-2,500nm 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, for the purpose of high efficiency of the thin

film organic photovoltaic cells (OPVs), it was examined that hyperbranched polymers that were introduced sensitizer and emitter and

start agent (initiator) have been polymerized in order to concentrate and fix UC dyes and make a solid film in substitution for

solution.
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Fig. 1 Schematic illustration of (a) hyperbranched copolymer
containing sensitizer and emitter dyes, (b) [hyperbranched
polymer containing sensitizer dyes/emitter dyes], and (c)
[sensitizer dyes/hyperbranched polymer containing emitter dyes]

photon UC dyes systems.
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Scheme. 1 Synthetic routes of (a) hyperbranched polymer
containing sensitizer dyes and (b) hyperbranched polymer

containing emitter dyes.
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Fig.2 UV-Vis absorption spectra of (1)
[(Pd(IT)PPIX/MAIB, 1/5mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], (2) [(Pd(I1)PPIX/MAIB,

1/50mol/mol)/BIOC-ANT-AE,  0.05mmol/2.5mmol], (3)
[PA(II)PPIX/(BIOC-ANT-AE/MAIB, 50/5mol/mol),
0.05mmol/2.5mmol], and 4)
[PA(II)PPIX/(BIOC-ANT-AE/MAIB, 50/50mol/mol),
0.05mmol/2.5mmol] photon UC dyes systems in anisole after

removing dissolved oxygen by the nitrogen bubbling,

respectively.
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Fig.3 Fluorescence spectra of (1)
[(PA(IPPIX/MAIB,1/5mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], 2) [(PA(IT)PPIX/MAIB,

1/50mol/mol)/BIOC-ANT-AE,  0.05mmol/2.5mmol], (3)
[PA(II)PPIX/(BIOC-ANT-AE/MAIB, 50/5mol/mol),
0.05mmol/2.5mmol], and “4)
[PA(II)PPIX/(BIOC-ANT-AE/MAIB, 50/50mol/mol),
0.05mmol/2.5mmol] photon UC dyes systems in anisole
under excitation at A, = 514nm after removing dissolved

oxygen by the nitrogen bubbling, respectively.
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Fig.4 UV-Vis absorption spectra of (1)
[(PA(II)PPIX/MAIB,1/5mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], 2)
[(Pd(II)PPIX/MAIB,1/50mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], 3)
[PA(IT)PPIX/(BIOC-ANT-AE/MAIB,50/5mol/mol),
0.05mmol/2.5mmol], and 4)

[PA(II)PPIX/(BIOC-ANT-AE/MAIB,50/50mol/mol),
0.05mmol/2.5mmol] photon UC dyes systems cast films in

air.
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Fig.5 Fluorescence spectra of (1)
[(PA(ID)PPIX/MAIB,1/5mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], 2)
[(Pd(II)PPIX/MAIB,1/50mol/mol)/BIOC-ANT-AE,
0.05mmol/2.5mmol], 3)
[PA(II)PPIX/(BIOC-ANT-AE/MAIB,50/5mol/mol),
0.05mmol/2.5mmol], and 4)

[PA(II)PPIX/(BIOC-ANT-AE/MAIB,50/50mol/mol),
0.05mmol/2.5mmol] photon UC dyes systems cast films
under excitation at A, = 517nm, 517nm, 516nm, and 515nm

in air, respectively.
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