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Research & Development of the Optical Energy Conversion Device using (Polymer/Liquid Crystals)
Composite Films with Photon Upconversion Dyes System

Rina HISATSUGU, Kazuki SHIRAKATA, Hidekazu KONISHI, and Hirokazu YAMANE

Abstract

Photon upconversion (UC) is a technique that converts long wavelength light with low energy into short wavelength light with high
energy. In particular, conversion from near infrared (NIR) light of wavelength 800-2,500 nm to visible (Vis) light by the photon UC
efficiency is expected to improve solar cell efficiency, hydrogen production by photolysis, and photomedical care. In our laboratory,
we are conducting research and development of light energy conversion devices using photon UC dye systems for the purpose of
improving the efficiency of organic thin-film solar cells. In recent years, a method using triplet-triplet annihilation (TTA) has
attracted attention because it can perform photon UC using relatively low intensity non-coherent light with significant efficiency.
However, it is mainly observed in solution systems, and it is essential to provide photon UC dyes system of solid films for application
to organic thin-film solar cells. Also, it must be used in the atmosphere without deoxygenation. In this study, in order to
concentrate and immobilize the photon UC dye system, we constructed a (polymer/liquid crystals) composite film containing the
photon UC dye system and examined the optimization of the composition ratio.  As a result, we observed photon UC fluorescence of
the composite film without deoxygenation in the atmosphere. In addition, there was a tendency that the higher the percentage of

liquid crystal, the better the efficiency of the photon UC fluorescence of the composite film.
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Fig.1 UV-Vis absorption spectra of [(S-E)/E44/LCM]
composite systems before photopolymerization in air.
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Fig2 UV-Vis absorption spectra of [(S-E)/E44/LCM]
composite films after photopolymerization in air.
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Fig.3 Fluorescence spectra of [(S-E)/E44/LCM] composite
systems with photon upconversion dyes system before
photopolymerization in air.
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Fig.4 Fluorescence spectra of [(S-E)/E44/LCM] composite
films with photon upconversion dyes system after
photopolymerization in air.



JETUIH T3 1y 55 B P A AT ZE 8 7 55 56 75-(20234F 1 )

Fig.5)% 0%61%, FIEHES32 nm, fAH 7720 mW L—3—J5)
B &0 MIE L7 G E A R O [(S-EYE44/LCM] O H & L
10/40/50 wt% (Hi#R1),  10/50/40 wt% (Hi#R2),  10/60/30 wt% (ith
B3),  10/70/20 wtv% (HhR4) B O 10/80/10 wtve (HHFRS) DEAEA
FHOE S BT DRI ARY ML TH D, BEARLOE
AP BT, 400~500 nmiE IR TBAADEOLTH 5k
UCH L% iR R LB U KR N CHERR L 7o, EHARTTIEA
%%5753‘ BEARIITOE RIS CUCTLIRE S N 2 & A5
FBENTZ, 580~640nmDIEN B — 7 [FPA(I)PPIX DE, 640
~740nmDFE I B — 2 13PA(IDPPIX D, 760~840nmDFE
E— 7 [IBAADBBLITIRIE S D,

Fig.7 X O8I Lexc = 532 nmbk L —W—2%fH L C
ME U726 EA R D[(S-E)/E44/LCMIEA R M DA DY,
UCHD LD SR IFEORIER- R CTH D, PIEHRLY
ST AT D[(S-E)YE44/LCM,  10/40/50wt%] & 2 (AR D).
[(S-E)/E44/LCM, 10/50/40wt% | #355R(# 4 5%2). [(S-E)/E44/LCM,
10/60/30wt% ] B &R (B 55R3). [(S-EVE4A4/LCM, 10/70/20wt%)]
BEFRAEET4). [(S-EVE44 /LCM, 10/80/10wt% 1B A RIEA T
SRS D & A RAONUCHNIRED e bR N2 & A3
Ei., ’F’Eé?ﬁ&%ﬁé?ﬁi%ﬁé\%l BAR2OIEIZEEUC
T L 7o T, . L EA % D [(S-E)/E44/LCM,
10/40/50wt% ] & H%(%’Eéﬂ%l) [(S-E)/E44/LCM, 10/50/40wt%]
BEAMEAEEAIF2). [(S-E)/E44/LCM, 10/60/30wt% 18 ATHHE A5

5000
. [(S-E)/E44/L.CM, 10/40/50 wt%)]
> . [(S-E)/E44/L.CM, 10/50/40 wt%]
= 4000 | 3. [(S-E)/E44/LCM, 10/60/30 wt%]
E’ . [(S-E)/E44/LCM, 10/70/20 wt%]
5 . [(S-E)/E44/LCM, 10/80/10 wt%]
N
E 3000 | Before
= Polymerization
=) Reye= 532 nm
7 2000 | Output power : 20 mW
£
1000
=
0 i _—
300 400 500 600 700 800 900

Wavelength / nm

Fig.5 Emission spectra of [(S-E)/E44/LCM] composite systems
before photopolymerization in air under laser excitation at

Aexe= 532nm.
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Fig.6 Emission spectra of [(S-E)/E44/LCM] composite films
after photopolymerization in air under laser excitation at
Aexe= 532nm.
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Fig.8 Excitation light intensity dependence of photon UC
fluorescence of [(S-E)/E44/LCM] photon UC dyes
composite films after photopolymerization in air at Aexc
=532 nm.
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Fig.9 Excitation laser power dependence of relative photon UC
fluorescence quantum yield, @yc of [(S-E)/E44/LCM]
composite systems before photopolymerization in air
under laser excitation at A = 532 nm.
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Fig.10 Excitation laser power dependence of relative photon
UC fluorescence quantum yield, @uc of
[(S-E)/E44/LCM] composite films after
photopolymerization in air under laser excitation at Aexc
=532 nm.
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