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Indirect Electrochemical Synthesis of Covalent Organic Frameworks on Electrode Surface and
Its Application ('School of Materials and Chemical Technology, Tokyo Institute of Technology)
OKaosuke Sato', Tomoki Shirokura', Shinsuke Inagi'

Covalent organic framework (COF) is known as a functional polymer material with stability
and porosity. In our previous work, we have reported an indirect electrolytic method to form
imine-base COFs by using electrochemically generated acid (EGA). However, the practical
application of the resultant COF film was unexplored. In this study, we attempted to control
the morphology of the COF thin films by controlling the amount of EGA. Under the
coexistence of monomers, the COF film was synthesized by electrochemical oxidation of
diphenylhydrazine, a precursor of EGA, in the DMF electrolyte (Fig. 1a). The thickness of the
film was controllable within a range of 1 to 10 um, depending on the conditions. Furthermore,
under low EGA source concentration conditions, we effectively controlled the coating
thickness of the COF's on carbon nanotubes, achieving a range between 6 and 32 nm. (Fig. 1b).
We applied the EGA-assisted synthesis method to various carbon materials and evaluated them
as electrocatalysts related to water spiriting reaction. Keywords : Covalent Organic
Frameworks,; Electrochemical Synthesis; Composite Materials, Thin Film,; Electrocatalyst
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Fig. 1 (a) Electrochemical cell setup in this work (b)TEM images of the COF/carbon nanotube
1) S. Inagi, et al. Angew. Chem. Int. Ed., 2023, 62, €202307343.
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Solution-processable OFET memory devices based on star-shaped polymers with a
phthalocyanine core ('National Institute for Materials Science (NIMS)) OJunko Aimi'

Non-volatile organic filed-effect transistor (OFET) memory is an emerging and promising
technology for possible use in wearable data storage. We have developed charge-trapping
materials for the organic memory based on a metallophthalocyanine (MPc)-cored star-shaped
polystyrene (MSP). The MPc cores form self-assembled nano-sized aggregates dispersed in
and isolated by the surrounding polystyrene arms, permitting them to store or release hole
charges in a manner similar to a nano-floating gate. In this study, we prepared OFET memory
devices by a one-pot solution process via polymer-matrix assisted phase separation of MSP and
a soluble organic semiconductor.

Keywords : OFET Memory Device; Star polymer, Phthalocyanine, Phase Separation
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1) J. Aimi, C. T. Lo, H. C. Wu, C. F. Huang, T. Nakanishi, M. Takeuchi, W. C. Chen, Adv. Electron.
Mater., 2016, 2, 1500300. 2) J. Aimi, P. H. Wang, C. C. Shih, C. F. Huang, T. Nakanishi, M. Takeuchi,
H. Y. Hsueh, W. C. Chen, J. Mater. Chem. C. 2018, 6, 2724. 3) J. Aimi, T. Yasuda, C. F. Huang, M.
Yoshio, W. C. Chen, Mater. Adv., 2022, 3, 3128.
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Tailoring Electrochromic Properties through Ru-Carbon Covalent
Bonds: Design and Synthesis of Metallosupramolecular Polymers

('National Institute for Materials Science, *National Institute of Advanced Industrial Science
and Technology) O Banchhanidhi Prusti,' Takasi Sato,' Ritsuko Nagahata,” Masayoshi
Higuchi'

Keywords: Metallosupramolecular Polymer; Electrochromism; Near-Infrared Absorption;
Device Fabrication; Ru-Based Polymer

Electrochromism refers to the phenomenon of color alteration when an electrical
voltage is applied. Its application is extensive, finding relevance in practical, real-world
scenarios.!? The incorporation of metal species into the organic framework introduces color to
these systems. Consequently, the control of the metal-to-ligand charge transfer phenomenon
can be achieved through the application of an external potential. Metallosupramolecular
polymers (MSPs), belonging to the category of amorphous materials, exhibit rapid color
changes, robust durability, and facile fabrication. Therefore, there is a need to explore these
materials for various applications. Recently, there has been a notable focus on investigating
near-infrared (NIR) electrochromism, particularly due to its promising applications in the
development of smart windows designed for heat-shading.

Our research group has been dedicated to the development of metallosupramolecular
polymers (MSPs). This report outlines the synthesis of a series of organometallic-bonded MSPs,
namely PolyRuRu, PolyRuFe, and PolyRuZn. Characterization was carried out using 'H
NMR, revealing an average molecular weight on the order of 10*. Among these polymers,
PolyRuZn demonstrated NIR absorption (1100 nm) under the influence of voltage, attributed
to intervalence charge transfer, whereas PolyRuFe and PolyRuRu did not exhibit NIR
switching. Notably, PolyRuZn exhibited outstanding features, including a high contrast ratio
(AT > 60%), impressive color efficiency (n = 333 ¢m?/C), and a rapid response rate (within 3
seconds) in the NIR spectrum. Consequently, a device incorporating PolyRuZn was crafted for
UV-vis and NIR absorption studies.
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1) Y. Wang, R. Shen, S. Wang, Y. -M. Zhang, S. X. -A. Zhang, Adv. Mater. 2021, 34,2104413. 2) X. Liu,
J. Wu, Z. Tang, J. Wu, Z.. Huang, X. Yin, J. Du, X. Lin, W. Lin, G. Yi, ACS Appl. Mater. Interfaces. 2022,
14,33829.3) a) G. Cai, J. Wang, P. S. Lee, Acc. Chem. Res. 2016, 49, 1469.
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Image Data Analysis of Electrochromic Display Devices for
Improvement of the Durability

(!Graduate School of Information Science and Technology, Osaka University, *National
Institute for Materials Science) OShifa Sarkar,"> Masayoshi Higuchi'?

Keywords: Electrochromic Devices; Metallo-Supramolecular Polymer; Degradation Analysis;
Image Data; Durability

Electrochromic devices (ECDs) are cutting-edge technologies for their applications
ranging from smart windows to electronic paper that change optical properties in response to
an applied voltage. Among the various electrochromic (EC) materials, metallo-supramolecular
polymers (MSPs), specifically Fe(Il)-based MSP (polyFe), have received much attention for
their unique properties. However, the long-term performance and stability of these devices are
critical factors for practical applications. These devices might degrade over time, which would
decrease their effectiveness and functionality. It becomes essential to conduct a detailed
analysis of the degradation patterns in electrochromic devices to address this problem. This
work employs the Python OpenCV library to perform advanced grayscale image processing
techniques for the degradation analysis of polyFe-based ECDs.

Here, a solid-state polyFe-based ECD was fabricated by a spray coating method. Then
chronoamperometric technique was used to understand the EC properties of the device for each
cycle by taking movies and images. The device changed its color from purple to colorless at a
low voltage of 1.0V. For the 1 cycle, the images showed a colorless state of the device but in
the case 1000™ cycle, the device was not able to show a completely bleached state. Besides
during the cyclic test, for image data analysis, movies were taken to record the degradation
performance phenomenon of the device. Python OpenCV was used to extract images from
movies which were then cropped and converted into grayscale images from where pixel values
were extracted. By using the pixel values time vs. contrast graphs were plotted for 1% to every
100™ cycle till the 1000™ cycle. The time vs. contrast graph for the 1% cycle exhibited a sharp
change of purple color to a colorless state in the device; on the other hand, the graph for the
1000™ cycle didn’t show a sharp color change which indicates, the performance of the device
becomes slower as the cycle number increases.
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Fig.1: Fabrication and EC properties of a polyFe-based ECD

1) Monk, P. M. S.; ECM and Devices; John Wiley & Sons, 2015. 2) Gustavsen, A; Sol. Energy Mater.
Sol. Cells, 2010, 94, 105.
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Highly air-stable n-type chemical doping improving electron
injection properties in polymeric semiconductor diodes

("NIMS, *The Univ. of Tokyo, *CU-Boulder) OYu Yamashita'?, Nobutaka Osakabe?, Akiko
Tajima?, Stephen Barlow®, Seth R. Marder’, Shun Watanabe?, Jun Takeya'*
Keywords: organic semiconductor, chemical doping, diode

Chemical doping using redox reactions has been used to control the electronic properties of
organic semiconductors'. Redox reactions between effective n-type dopants and organic
semiconductors introduce electrons and cationic dopants into the semiconductors. However,
owing to the reactivity and diffusivity of dopant molecules, a doping process that is stable and
selective to certain parts of devices has been challenging. Recently, we reported novel doping
processes that achieve moderately ambient-stable n-type doping®®. The dimer of metal
complexes (RuCp*Mes), shown in Fig. a is a strong reducing agent that forms a cationic
monomer through dimer cleavage and redox reactions. The use of this dopant dramatically
improves the stability of n-type doping compared with the conventionally employed
cobaltocene, where the former can maintain a stable 18-electron cationic state?.

We have developed a method to selectively introduce this stable dopant material at the
electrode/semiconductor interface in diodes, which improve injection characteristics and
enable GHz operation of the fabricated diodes. In this method (Fig. a), the Au electrode was
treated with (RuCp*Mes), to introduce electrons and dopant cations on the electrode surface,
which dramatically shifts the work function to 3.7 eV (Fig. b). Following this process, a
polymer semiconductor thin film and a top electrode were fabricated. The selective
introduction of dopant cations at the electrode/semiconductor interface without diffusion was
evident from electrical conduction measurements of the diode and X-ray photoelectron
spectroscopy. The mechanisms for the adsorption of dopant molecules through redox reactions
and the suppression of their diffusion will be discussed in this talk.
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Figure a. The processes and materials to fabricate diodes. (b) Photoelectron yield spectroscopy
of Au electrode before (red) and after (blue) the treatment with (RuCp*Mes),.

(1) Y. Yamashita, J. Takeya, S. Watanabe et al., Nature 572, 634 (2019). (2) Y. Yamashita, S. R. Marder,
J. Takeya et al., J. Mater. Chem. C, 9 4105 (2021). (3) Y. Yamashita, S. R. Marder, S. Watanabe et al.,
preprint DOI: 10.21203 /rs.3.rs-3484432/v1.
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