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Dependence of (Polymer/Liquid Crystals) Composite Films with Photon Upconversion Dyes System
for Light Energy Conversion on Polymerizable Liquid Crystal Monomer Species

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

Abstract

Photon Upconversion (UC) is a technique to convert long wavelength light into short wavelength light. In recent years, a
method of using triplet-triplet annihilation (TTA) has attached significant attention because it can perform photon UC using
relatively low intensity light with significant efficiency. However, it’s mainly observed in solution systems and it’s essential to
provide photon UC dyes system of solid films for application to organic semiconductors such as organic thin film solar cells,
photocatalysts and photomedicine for medical bioimaging. In addition to this, it is required to be used as a film in atmosphere
without deoxidization treatment.  In this study, in order to concentrate and immobilise the photon UC dyes system, we constructed
(polymer/liquid crystals) composite films with the photon UC dyes system. In order to improve film formability and increase the
efficiency of photon UC emission intensity dramatically, we have changed the type of the liquid crystal monomer from
monofunctional to bifunctional photo-polymerizable liquid crystal monomers and optimized the composition ratio of
(polymer/liquid crystals) composite films with the photon UC dyes.  Also, for higher efficiency of the composite films, composite
films using the multiple bifunctional monomers with different alkyl chain lengths were fabricated and their optical properties were
investigated.
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film
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Schematic illustration of (polymer/LCs)
composite film containing photon UC dyes system.
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2,2-Dimethoxy-2-phenylacetophenone

Fig.2 Chemical structures of (1) palladium ( II )
protoporphrin IX (Pd( II )PPIX) as sensitizer, (2)
diallyl-biscresol anthracene BIOC-ANT-AE (BAA) as
emitter, (3) low molecular nematic liquid crystals
(E44), (4) bifunctional LC monomers, (M1, RM257,
RM82), (5) initiator (DMPA) in this study.
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Fig.3  UV-Vis absorption spectra of (1) [(S-E)/E44/M1,
10/70/20 wt%)](2) [(S-E)/E44/RM257, 10/70/20 wt%)]
and (3) [(S-E)/E44/RM82, 10/70/20 wt%] composite
systems in air.
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Fig.4 UV-Vis absorption spectra of (1) [(S-E)/E44/M1,
10/70/20 wt%], (2) [(S-E)/E44/RM257, 10/70/20
wt%] and (3) [(S-E)/E44/RM82, 10/70/20 wt%)]
composite films in air.
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Fig.5 Emission spectra of (1) [(S-E)/E44/M1, 10/70/20
wt%], (2) [(S-E)/E44/RM257, 10/70/20 wt%] and (3)
[(S-E)/E44/RM82, 10/70/20 wt%] composite systems
with photon UC dyes system under laser excitation at
Aexc =532 nm.
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Fig.6 Emission spectra of (1) [(S-E)/E44/M1, 10/70/20
wt%], (2) [(S-E)/E44/RM257, 10/70/20 wt%] and
(3) [(S-E)/E44/RM82, 10/70/20 wt%] composite
films with photon UC dyes system under laser
excitation at Aexc = 532 nm.
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Fig.7 The photograph is the observation of photon UC
fluorescence of the [(S-E)/E44/M1, 10/70/20 wt%]
composite films without deoxygenation in the
atmosphere through a green-cut blue transmission
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Fig.8 Excitation laser power dependence of relative photon

UC fluorescence quantum vyield, @®uc of (1) [(S-

E)/E44/M1, 10/70/20 wt%], (2) [(S-E)/E44/RM257,

10/70/20 wt%] and (3) [(S-E)/E44/RM82, 10/70/20

wt%] composite systems with photon UC dyes

system after photopolymerization in air under laser
excitation at Aexc = 532 nm.

Table 1 Excitation laser power dependence of relative
photon UC fluorescence quantum yield, ®uc of (1)
[(S-E)/E44/M1, 10/70/20 wi%], (2) [(S-
E)/E44/RM257, 10/70/20 wt%] and (3) [(S-
E)/E44/RM82, 10/70/20 wt%)] composite systems
with  photon UC  dyes system after
photopolymerization in air under laser excitation at

Aexc = 532 nm.
Sample Puc /%
1. [(S-EyE44/M1, 10/70/20 wt%o) 1.83
2. [(S-EyE44/RVI257, 10/70/20 wt%) 1.35
3. [(S-EYE44/RMS2, 10/70/20 wt%o) 131
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Fig.9 Excitation laser power dependence of relative photon
UC fluorescence quantum yield, @&uc of (1) [(S-
E)/E44/M1, 10/70/20 wt%], (2) [(S-E)/E44/RM257,
10/70/20 wt%] and (3) [(S-E)/E44/RM82, 10/70/20
wt%] composite films with photon UC dyes system
after photopolymerization in air under laser excitation

Table 2 Excitation laser power dependence of relative
photon UC fluorescence quantum yield, ®@uc of (1)
[(S-E)/E44/M1, 10/70/20 wt%], (2) [(S-
E)/E44/RM257, 10/70/20 wt%] and (3) [(S-
E)/E44/RM82, 10/70/20 wt%] composite films with
photon UC dyes system after photopolymerization in
air under laser excitation at Aexc = 532 nm.

Sample Dyc su
1. [(S-Ey/E44/M1, 10/70/20 wt%) 2.03
2. [(S-E)/E44/RM257, 10/70/20 wt%] 1.37
3. [(S-E)/E44/RM82, 10/70/20 wt%] 1.13
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