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Research and Development of Photon Upconversion Dyes System
using Hyperbranched Copolymer with Emitter Dye
Yasutaka URATA, Genta TAKATOKI, Hidekazu KONISHI, Toshihiko NAGAMURA, and
Hirokazu YAMANE

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 800-2,500 nm 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 coll ect until
now to a solar battery or photomedical care as optical elements. In this study, we constructed the dyes system by copolymerizing
emitter monomer, second component monomer and initiator monomer and introducing sensitizer into that for the purpose of improving

the efficiency of the organic thin film solar cell. Then, we studied to produce the film by concentrating and immobilizing this photon

UC dyes system.
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Fig.1 Light emission principle of photon upconversion.
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Fig.2 Schematic illustration of the photon UC system
with hyperbranched copolymer containing emitter dyes.
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Fig.3 Chemical structures of sensitizer and emitter dyes.
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Fig4 UV-Vis absorption spectra of (1) [Pd(II)PPIX/BAA,
5.00pM/0.25mM], (2)  [Pd(II)PPIX/(BAA/DVB/MAIB,
50/10/5mol/mol/mol), 5.00uM/0.25mM], 3)
[Pd(II)PPIX/(BAA/DVB/MAIB, 50/30/5mol/mol/mol),

5.00uM/0.25mM], and (4) [Pd(II)PPIX/(BAA/DVB/MAIB,
50/50/5mol/mol/mol), 5.00uM/0.25mM] photon UC dyes systems
in anisole.

0.08
007}
Bo.06
S0.05
D004
S0.03
So.02
0.01

L[PA(I1)PPIX/BAA, 5.00pM/0.25mM]
[P (BAA/ONB-DVE/MAIB,
ol/mol), 5.00pM/0.25mM|

0
450 500 550 600 650
Wavelength / nm

Fig.5 UV-Vis absorption spectra of (1) [Pd(II)PPIX/BAA,
5.00uM/0.25mM],  (2) [Pd(II)PPIX/(BAA/ONB-DVE/MAIB,
50/10/5mol/mol/mol), 5.00uM/0.25mM], 3)
[Pd(II)PPIX/(BAA/ONB-DVE/MAIB, 50/30/5mol/mol/mol),
5.00uM/0.25mM], and (4) [Pd(II)PPIX/(BAA/ONB-DVE/MAIB,
50/50/5mol/mol/mol), 5.00pM/0.25mM] photon UC dyes systems
in anisole.
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Fig.6 Fluorescence spectra of (1) [Pd(II)PPIX/BAA,
5.00uM/0.25mM], @) [Pd(II)PPIX/(BAA/DVB/MAIB,
50/10/5mol/mol/mol), 5.00uM/0.25mM], (3)
[Pd(II)PPIX/(BAA/DVB/MAIB, 50/30/5mol/mol/mol),
5.00uM/0.25mM], and  (4) [Pd(II)PPIX/(BAA/DVB/MAIB,
50/50/5mol/mol/mol), 5.00uM/0.25mM] photon UC dyes systems
in anisole under excitation at A = 548 nm after deoxidization
treatment with replacement by N, gas, respectively.
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Fig.7 Fluorescence spectra of (1) [Pd(II)PPIX/BAA,
5.00uM/0.25mM] , (2) [Pd(II)PPIX/(BAA/ONB-DVE/MAIB,
50/10/5mol/mol/mol), 5.00uM/0.25mM], 3)
[Pd(II)PPIX/(BAA/ONB-DVE/MAIB, 50/30/5mol/mol/mol),
5.00uM/0.25mM], and (4) [Pd(II)PPIX/(BAA/ONB-DVE/MAIB,
50/50/5mol/mol/mol), 5.00uM/0.25mM] photon UC dyes systems
in anisole under excitation at Aee = 548 nm after deoxidization
treatment with replacement by N, gas, respectively.
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Fig.8 UV-Vis absorption spectra of (1) [Pd(1I )PPIX/BAA,
1/50mol/mol], (2) [Pd( I )PP IX /(BAA/DVB/MAIB,
50/20/5mol/mol/mol),  1/50mol/mol], (3) [Pd( I )PP IX
/(BAA/DVB/MAIB, 50/30/5mol/mol/mol), 1/50mol/mol], and (4)
[Pd( O )PP IX /(BAA/DVB/MAIB, 50/50/5mol/mol/mol),
1/50mol/mol] photon UC dyes systems cast films in air.
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Fig.9 UV-Vis absorption spectra of (1) [Pd(1I)PPIX/BAA,
1/50mol/mol], (2) [Pd( II )PP IX /(BAA/ONB-DVE/MAIB,
50/10/5mol/mol/mol), 1/50mol/mol], (3) [Pd( Il )PP IX
/(BAA/ONB-DVE/MAIB, 50/30/5mol/mol/mol), 1/50mol/mol],
and (4) [Pd( O )PP IX /(BAA/ONB-DVE/MAIB,
50/50/5mol/mol/mol), 1/50mol/mol] photon UC dyes systems
cast films in air.
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Fig.10 Fluorescence spectra of (1) [Pd( II )PP IX /BAA,
1/50mol/imol], (2) [Pd( O )PP IX /(BAA/DVB/MAIB,
50/10/5mol/mol/mol),  1/50mol/mol], (3) [Pd( I )PP IX
/(BAA/DVB/MAIB, 50/30/5mol/mol/mol), 1/50mol/mol], and  (4)
[Pd( I )PP IX /(BAA/DVB/MAIB, 50/50/5mol/mol/mol),
1/50mol/mol] photon UC dyes systems cast films in air under
excitation at Aexc = 549nm.
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Fig.11 Fluorescence spectra of (1) [Pd( II )PP IX /BAA,
1/50mol/mol], (2) [Pd( I )PP IX /(BAA/ONB-DVE/MAIB,
50/20/5mol/mol/mol),  1/50mol/mol], (3) [Pd( I )PP IX
/(BAA/ONB-DVE/MAIB, 50/30/5mol/mol/mol), 1/50mol/mol], and
(4) [Pd(1I)PPIX/(BAA/ONB-DVE/MAIB, 50/50/5mol/mol/mol),
1/50mol/mol] photon UC dyes systems cast films in air under
excitation at Aexc = 549nm.
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