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Development of photoelectric conversion materials for organic photodetector (OPD)
ORyota Shimomura, Taichi Toyama, Hikaru Tanaka, Kazutake Hagiya (TOYOBO CO., LTD.)

E-mail: ryota_shimomura@toyobo.jp

A photodetector is a type of photodiode that converts light intensity into an electrical signal. We are
focusing on the development of various organic materials by utilizing our advanced organic synthesis
technology. As a result, we have succeeded in developing a prototype OPD module with a world-class
dark current value of less than 10 A/cm? when a voltage of -5 V is applied, which is a standard for
practical use. Thus, it is possible to detect light that is much weaker than that of ordinary silicon
photodiodes. In the future, Toyobo is committed to creating a safer society that gives people peace of
mind by putting into practical use as soon as possible the material for advanced photosensors which
require low dark current used for IoT electrical appliances, fingerprint authentication devices.
Keywords: Photoelectric conversion material, Organic photodetector, Organic chemistry
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1)2022 43 H 28 HfF Y7V AYY—2R https://www.toyobo.co.jp/news/2022/release_1308.html
2) Liu, X.;, Lin, Y.; Liao, Y.; Wuab, J.; Zheng, Y., J. Mater. Chem. C, 2018, 6, 3499-3513.
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Development of high-performing perovskite photoelectric devices (I2ZCNER, Kyushu Univ.)
(OToshinori Matsushima

Halide perovskites can be used for many photoelectric devices with excellent performance.
In Kyushu University, we demonstrated durable perovskite solar cells by understanding their
degradation mechanisms [ACS Applied Energy Materials]. By choosing a suitable organic
cation, we were able to increase external quantum efficiency of perovskite LEDs from ~3% to
~12% [Nature Photonics]. We found that ion migration and Auger recombination were the
possible sources of efficiency roll-off happening in perovskite LEDs operating at high current
densities [ACS Applied Materials & Interfaces]. We fabricated perovskite field-effect
transistors exhibiting high hole mobilities of > 10 cm? V! s7!. We clarified the relationship
between the perovskite film composition and the laser threshold in photoexcited perovskite
films [Physical Chemistry Chemical Physics]. We first demonstrated continuous-wave lasing
from optically pumped perovskite films at room temperature in air [Nature]. We observed
efficient electroluminescence from LEDs, in which an organic emitter is dispersed into a
perovskite host layer [Advanced Materials]. We were able to reduce driving voltages or
increase a total device thickness by introducing high-mobility perovskite transport layers into
organic LEDs [Nature].

Keywords : Halide perovskite; Solar cells, LEDs,; Carrier transport
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Infrared light energy conversion -Aiming to realize transparent solar cells-

(! Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan.)
(OMasanori Sakamoto!

Solar radiation is the most abundant renewable energy source; however, its overall
utilization remains inefficient as half of the energy is in the form of infrared (IR) light,
which cannot be harnessed due to its low energy. The presenter investigated the method
for converting the infrared light, an unused renewable energy source, into an energy
resource. In this lecture, presenter will introduce the mechanism of energy conversion
of infrared light and applications for various transparent devices.

Keywords : Infrared light; Photo energy conversion, Photo-induced Carrier transfer,
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Highly efficient solar hydrogen production using a
photovoltaic-water splitting electrolyzer system

(Department of Materials Science and Technology, Niigata University) OMasayuki Yagi
Keywords: Water splitting; Solar hydrogen production; Photovoltaic cell; Oxygen evolving
reaction

Hydrogen (H») is a promising sustainable energy carrier alternative to fossil fuels for
the future global energy demand due to its high mass energy density and zero emissions of
greenhouse gases. Water splitting driven by a renewable energy source is one of the most
promising sustainable and eco-friendly approaches for H, production with zero CO.
emission. Development of efficient and robust electrolyzer equipped with an anode and a
cathode for oxygen and hydrogen evolving reactions (OER and HER), respectively is
indispensable for H, production via water splitting.

We report the mixed metal oxide film of FeNiWO, adhering rigidly on a nickel foam
(NF) electrode prepared via a mixed metal-imidazole casting (MiMIC) method. The
FeNiWO, electrode showed the very low overpotentials of 70! = 167 mV (The
superscripts represent the attained current densities of 10 mA ¢cm) with a Tafel slope of 49
mV dec! and at least 100 h stability in OER, which compare advantageously with only a
few state-of-the-art OER anodes with excellent 702'° < 200 mV. The electrochemical data
indicate synergistic coupling among ternary metal centers of Ni, Fe and W to decrease the 1
value.! On the other hand, We also report a Pt/NiO, composite film deposited on a NF
electrode via the MiMIC method to demonstrate extremely efficient and stable HER
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performance with overpotentials of #m,'” = 4.2 and #m 26.6 mV at geometrical current
densities of 10 and 100 mA cm™, respectively in 1.0 M KOH solutions, which are the lowest
overpotentials among state-of-the-art cathodes for HER to the best of our knowledge. The
mass activity (0.42 A cm™ mgp') of the Pt/NiO, composite film at 71> = 50 mV is 60 times
higher than that of the commercial 10 wt % Pt/C film on the NF electrode as a commonly
used HER electrocatalyst. The extremely stable HER electrocatalysis was first demonstrated
at the high current density of -100 mA cm? for 60 h in 1.0 M KOH solutions. This study
opens up a new avenue towards practical application of the electrolyzer equipped with the
FeNiWOx film and the Pt/NiOy composite film as an efficient OER anode and HER cathode

to large-scale and commercial systems for water splitting.
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