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Global Research Laboratory

(Programmable conjugated materials for
low-power multi-scale electronics)
PI: Prof. Eunkyoung Kim (Chem. Eng., Yonsei Univ.)
This global research laboratory (GRL) is to develop π-conjugated
materials based on programmable functional Tecton materials and
apply them to low-energy driven multi-dimensional electronic devices :
① Development of 2D and 3D π-electron conjugated materials and thin
films, ② Development of programmable functional Tecton materials,
③ Realization of flexible thermoelectric device with high
thermoelectric effect, and multi-dimensional integration of πconjugated building blocks. So far, we have developed 25
programmable tectons, and explored application potential to organic
devices such as electrochromic, photothermal, and thermoelectric
devices.
Selected achievements

 Organic thermoelectrics (TE)
Self-Healable TEs
Mixed ionic electronic TE

Magneto-thermo-photoelectrics

Energy Environ. Sci., 15,
2049(2022);

Energy Environ. Sci., 13, 859
(2020); Adv. Funct. Mater., 29,
1807549 (2019); Adv. Funct.
Mater., 31, 2105297 (2021)

 Energy Saving Electrochromic Windows (ECW) : Bistable ECCWs & Photo ECCWs

Energy Environ. Sci., 9,

Mox

117(2016);

Energy Environ. Sci., 11, 2124
(2018); Adv. Funct. Mater., 27,
1701192 (2017); Adv. Funct.
Mater., 29, 1806590 (2019);
Chem Eng. J. 2022, in press

Electrolyt
e

 Photothermal Films
Adv. Mater., 33, 202005940 (2021);
Adv. Mater., 32, 1905096 (2020);
Adv. Funct. Mater., 27, 1604260
(2017); Adv. Mater, 25, 5483
(2021);


 In collaboration with Sorbonne Univ. & CNRS Lyon
New generation of hybrid van der Waals
heterostructures

Vertically aligned Tectons
Mater. Horiz., 7, 274
(2020)

Mater. Horiz., 4, 570 (2017)
2D Mater., 6 045016 (2019)

Organic Persistent
Luminescence

Nat. Commun., 12, 3485 (2021);
Angew.Chem.Int. Ed.2021,60,2446

Organic Light Emitting
Electrochemical Cells

Adv. Funct. Mater., 30, 2004831 (2020)

Funding: National Research Foundation of Korea (NRF) (No.
2016K1A1A2912753) and CNRS-IRL (Building Blocks for
Future Electronics Laboratory,2BFUEL)
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Sensors & Molecular-Doping Engineering
• Optical Sensors for Rapid Diagnoses & Forensics

• Biophotonic OLEDs for Phosphorescent Waveguides

Cryo-Bio Nanotechnology

Nanoscale Dynamics Simulations

Supramolecular
self-assembly of peptides

Bond orbital of
responsive polymer

Antifreeze Proteins (AFPs)
Biomimetics
Toxin invading
artificial cell membrane

Ice growth control
at ice-water interface

Cryoprotective
DNA Nanomaterials

Cryoprotective Hybrid Nanomaterials

ns-µs
100×100×100 nm3

Ice-philic Antifreeze
Ice-phobic Au Particles Au-Hybrids

ps-ns
20×20×20 nm3

Time scale
Length scale
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fs-ps
~nm

에너지−머신러닝 융합형 혁신 인재 양성 교육연구단
Center of hybrid energy and machine-learning technology for innovative leaders

■ 연구단 비젂 : 미래 에너지 기술 선도형 에너지-머신러닝 융합형 혁신 인재 양성의 요람
■ 연구단 목표
•

2027 년 글로벌 TOP 5 에너지공학과 도약

•

미래 선도형 다학제적 교육을 통핚 에너지-머신러닝 융합형 혁신 인재 양성

•

신에너지 기반 경제 사회를 주도핛 국가핵심인재 배출
목표 달성을 위한 학과 운영 계획

목표 달성을 위한 혁신 인재 양성 계획

ㅇ 신재생에너지 분야 중 에너지변환/저장 및 머신러닝
융복합 분야에 집중

ㅇ 에너지 분야의 공학적 젂문 소양과 AICBM (AI, IoT,
Cloud, Big Data, Mobile) 기술과의 융합기술 등에 대핚
교육을 통해 에너지 신산업 융합역량을 보유핚 석·박사급
젂문 인력 양성

ㅇ 기업 수요 기반 석·박사생 중심의 에너지-머신러닝
연구개발 활동 및 능력 배양

ㅇ 에너지 분야 기존 산업 및 신산업에 머신러닝을
도입·연계하여 고도화시킬 수 있는 사업모델을 발굴하고
발젂시킬 수 있는 융합형 인재 양성

ㅇ 학부 및 대학원 교육을 연계하여 다양핚 학문간 융복합
기반 교과과정 제공
ㅇ 젂 강좌의 영어 강의 및 영어 공용 캠퍼스화를 통핚
글로벌 인재 양성
ㅇ 세계최고 수준의 연구시설과 장비를 보유핚 최상의 교육
및 연구 인프라 제공

ㅇ 시장의 흐름에 맞추어 가용핚 신기술·정보통신기술 등을
신속하게 활용하여 사업화핛 수 있는 시장 개척형 창의
인재 양성

■ 융합형 혁신 인재 양성을 위핚 교육연구단의 미래 목표 및 달성 방안
교육 역량

연구 역량

산학 역량

ㅇ 머신러닝 기반 교과목 편성

ㅇ 에너지−머신러닝 융합 연구

ㅇ 산학공동 교육 프로그램 운영

ㅇ 통섭형 교육으로 창의성배양

ㅇ 머신러닝 기반 예측모델 개발

ㅇ 산학협력 프로그램 활성화

ㅇ 머신러닝 연계 연구 학점제

ㅇ 활발한 국제 공동연구 참여

ㅇ 효율적인 업무 분담 및 계획

미래 에너지 기술 선도형 에너지-머신러닝 융합형 혁신 인재 양성의 요람

기존 에너지 분야와 4차 산업혁명, 머신러닝 기술의 융·복합으로 창출되고 있는 다양한 에너지신산업에 효율적으로
대응하고 새로운 사업모델을 발굴할 수 있는 융합형 전문 인재 양성
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KJF-ICOMEP 2022
http://www.kjf-icomep2022.org/

KJF-ICOMEP 2022
(KJF International Conference on Organic Materials for Electronics and Photonics)

PROGRAM & ABSTRACTS

August 31 ~ September 3, 2022
Seogwipo KAL Hotel, Jeju, Korea
Organized by
The Polymer Society of Korea
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Greeting
On behalf of the conference chair, I cordially invite you to 2022 KJFInternational Conference on Organic Materials for Electronics and
Photonics (KJF-ICOMEP2022) held from August 31 to September 3,
2022 in Jeju Island, Korea. Korea-Japan Joint Forum (KJF) started in
1989, therefore KJF-ICOMEP has 33-year history. During these years,
KJFs have evolved into the international conference in which scientists,
engineers, and business leaders exchange information about recent
advances in organic materials for electronics and photonics.
The research topics of KJF-ICOMEP2022 will cover from the basic studies such as material synthesis,
fabrication and characterization of thin films, interfacial phenomena, spectroscopy, and singlemolecule manipulations, to the application-oriented studies, including LEDs, FETs, memory devices,
solar cells, batteries, biochips, and biosensors. We are fully confident that all participants from
industry as well as academy will benefit a great deal from this opportunity of scientific exchange
provided by KJF-ICOMEP2022. The conference will also provide active opportunities for young
researchers to discuss their research projects, thus extending the groundwork for a successful network
and for synergetic collaborations.
The organizers welcome participants who are interested in organic materials research, electronics and
photonics, and expect an exciting and fruitful discussion.
The proceedings of KJF-ICOMEP2022 will be published in special issues on “Molecular Crystals
and Liquid Crystals” (MCLC, Taylor & Francis) after regular peer-reviewing processes. At the KJFICOMEP2022, we will call for submissions for the special issue of 2022 “Organic Materials for
Electronics and Photonics”, MCLC. The detailed information is available on this KJF-ICOMEP2022
website.
We look forward to meeting you from August 31 to September 3, 2022.
Eunkyoung Kim
Conference Chair of KJF-ICOMEP2022
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Conference Scope


Organic Transistors, Memories, and Photovoltaics



Molecular Photonics



OLED Materials and Devices



Electrochromic Materials and Devices



Molecular Recognition



Sensors and Bioelectronics



Other Related Topics

Organized by


The Polymer Society of Korea



Gyeongsang National University – 그린에너지융합연구소



Yonsei University – 인공공감각소재일렉트로닉스 소재 디스커버리 연구단



Yonsei University –

GRL (Programmable conjugated materials for low-power

multi-scale electronics)


Pusan National University –



Korea University – 고려대 물:얼음 증강계면 미래소재 연구단



UNIST – 에너지-머신러닝 융합형 혁신 인재 양성 교육연구단



Yonsei University –



Hanyang University –

BK FOUR 첨단에너지소재 교육연구단



Hanyang University –

OLED 마이크로디스플레이 핵심소재 연구단



Gyeongsang National University – 삼성디스플레이-경상국립대학교 센터

태양광 에너지 지속가능 활용 연구센터

BK FOUR 미래선도형 글로벌 화공교육 연구단

Sponsored by


Mcscience Inc.
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Organizing Committee
Conference Committee
Conference Chair

Eunkyoung Kim (Yonsei Univ., Korea)

Conference Co-Chair

Shiyoshi Yokoyama (Kyushu Univ., Japan)

Secretary General

Yong-Young Noh (POSTECH, Korea)
Toshinori Matsushima (Kyushu University, Japan)

Members

Dae Sung Chung (POSTECH, Korea)
Moon Sung Kang (Sogang Univ., Korea)
Seo-Jin Ko (KRICT, Korea)
Felix Sunjoo Kim (Chung-ang Univ., Korea)
Se Hyun Kim (Yeungnam Univ., Korea)
Jeonghun Kim (Yonsei Univ., Korea)
Seok-In Na (Jeonbuk National Univ., Korea)
Ji-Youn Seo (Pusan National Univ., Korea)
Jae Won Shim (Korea Univ., Korea)
Myung-Han Yoon (GIST, Korea)
Jinhwan Yoon (Pusan National Univ., Korea)
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Kyung Jin Lee (Chungnam National Univ., Korea)
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Sae Youn Lee (Dongguk Univ., Korea)
Eunji Lee (GIST, Korea)
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Jeong-Hwan Lee (Inha Univ., Korea)
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Jongchul Lim (Chungnam National Univ., Korea)
Jaeyoung Jang (Hanyang Univ., Korea)
In Hwan Jung (Hanyang Univ., Korea)
Hyojung Cha (Kyungpook National Univ., Korea)
Jongmin Choi (DGIST, Korea)
Hyun Ho Choi (Gyeongsang National Univ., Korea)
Su-Mi Hur (Chonnam National Univ., Korea)

International
Committee Members

Katsuhiko Fujita (Kyushu University, Japan)
Hitoshi Kasai (Tohoku University, Japan)
Hiromi Kimura-Suda (Chitose Institute of Science and Technology., Japan)
Yutaka Majima (Tokyo Institute of Technology, Japan)
Naoki Matsuda (AIST, Japan)
Atsushi Shishido (Tokyo Institute of Technology, Japan)
Okhiro Sugihara (Utsunomiya University, Japan)
Yutaka Wakayama (NIMS, Japan)
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History
Year

KJF

Place (City)

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

KJF’89
KJF'90
KJF'91
KJF'92
KJF'93
KJF'94
KJF'95
KJF'96
KJF'97
KJF'98

1999

KJF'99

2000

KJF2000

2001

KJF2001

2002

KJF2002

2003

KJF2003

2004

KJF2004

2005
2006
2007
2008
2009

KJF2005
KJF2006
KJF2007
KJF2008
KJF2009

2010

KJF2010

2011

KJF2011

2012
2013

KJF2012
KJF2013

2014

KJF2014

KIST (Seoul)
RIKEN (Wako)
KIST (Seoul)
RIKEN (Wako)
KRICT (Daejeon)
NIMC (Tsukuba)
Korea University (Seoul)
AIST (Tsukuba)
K-JIST (Gwangju)
Hokkaido University (Sapporo)
Gyeongju TEMF Hotel
(Gyeongju)
Kyoto Research Park (Kyoto)
Seoul National University
(Seoul)
TG Hall (Sendai)
Pusan National University
(Pusan)
Okinawaken Seinenkaikan
(Naha)
Yousung Hotel (Daejeon)
Toki Messe (Niigata)
Korea University (Seoul)
CIST (Chitose)
Jeju KAL Hotel (Jeju)
Kitakyushu International
Conference Center
(Kitakyushu)
Hyundai international Hotel
(Gyeongju)
Tohoku University (Sendai)
Haeundae Grand Hotel (Busan)
Tsukuba International Congress
Center (Tsukuba)

2015

Participants
(Korea/Japan/Others)
10/20
15/30
40/15
25/50
70/25
40/60
120/30
40/120
140/4
48/63

Papers
20
20
20
42
60
80
85
150
117
89

126/44

170

72/80

126

173/46

159

92/197

174

200/45

220

150/70

220

180/70
128/146
232/69
140/190
313/80/10

212
217
243
247
283

159/168/7

256

248/101/8

301

76/180/6
370/92/10

201
387

94/193/6

286

KJF2015

Jeju KAL Hotel (Jeju)

246/94/11

277

2016
2017

KJF2016
KJF2017

128/232/10
205/64/8

310
244

2018

KJF2018

138/114/4

225

2019
2021
2022

KJF2019
KJF2021
KJF2022

ACROS Fukuoka (Fukuoka)
GIST (Gwangju)
Nagaragawa Convention Center
(Gifu)
Jeju Maison Glad Hotel (Jeju)
Online (Yokohama)
Jeju KAL Hotel (Jeju)

252/53/8

251
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Venue
The conference venue is the KAL Hotel at Seogwipo, in Jeju Island.

Address
Phone
Fax
E-mail

242 Chilsipri-ro, Topyeong-dong Seogwipo, Jeju Island, South Korea
4863
+82 64-733-2001
+82 64-733-9377
rsvn@kalhotel.net

Direction from Jeju Airport to Seogwipo KAL Hotel
There are two KAL hotels in Jeju Island. One is Jeju KAL hotel near airport. The other is
Seogwipo KAL Hotel which is located around 60 km away from the airport. Our conference
hotel is Seogwipo KAL Hotel.
It is recommended to take “Airport Limousine #600”. The 600 bus operates from every 20
mins. Our hotel is the last stop. The bus will take around 80-90 mins. with the cost of 5,500
KRW (which is around $5 USD). They only accept Korean currency. So, it is necessary to
change some Korean money at airport.
Also, taxi is another way to come. It takes around 50-60 mins around 50,000 KRW.
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Timetable
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Oral Presentations
August 31st, 2022 (Wednesday) Diamond room

HL-01

16:00

High Efficiency Stable Deep Blue OLEDs
Jang-Joo Kim (Seoul Nat’l Univ., Korea)
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September 1st, 2022 (Thursday) Diamond room

PL-01

09:00

Chair : Prof. Eunkyoung Kim

Engineering Charge Transport Properties in Doped
Semiconducting Polymers for High-Performance
Organic Thermoelectrics
Kilwon Cho (POSTECH, Korea)

IL-01

09:40

Chair : Prof. Myung-Han Yoon

Development of Functional pi-Conjugated Molecules
for Electronic Application
Yutaka Ie (Osaka Univ., Japan)

IL-02

10:05

Evolution of Chiral Nanostructures from Achiral
Block Copolymers
Dong Ha Kim (Ewha W. Univ., Korea)

IL-03

10:30

Drug Delivery System Using Nano-Prodrugs as A New
Strategy
Hitoshi KASAI (Tohoku Univ., Japan)

10:55-11:00

IL-04

11:00

Break
Chair : Prof. Hitoshi KASAI

3D Network Acceptors for Efficient Solar Conversions
Feng He (SUCT, China)

IL-05

11:25

Fabrication of Carbon Nanotube Yarn-PEDOT:PSS
Core-shell Fibers and Network Structures Via Selffusion
Myung-Han Yoon (GIST, Korea)

GL-01

11:50

Controlling the Average Number of Spin-Circulation
in Thermally Activated Delayed Fluorescence by
Purcell Effect
Sang Hoon Lee (Kyushu Univ., Japan)
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12:05-13:40

IL-06

13:40

Lunch
Chair : Dr. Yutaka Wakayama

Modulation of Chemical Reactions in Optical Cavities
Kenji Hirai (Hokkaido Univ., Japan)

GL-02

14:05

Thermally stable organic bulk heterojunction solar
cell prepared by sequential deposition and quasiorthogonal solvent
Shafidah Shafian (Ewha W. Univ., Korea)

GL-03

14:20

SPEEK and tin oxide composite membrane for
vanadium redox flow battery
Amanpreet Kaur (Jeonbuk Nat'l Univ., Korea)

GL-04

14:35

Molecular Doping of Conjugated Polymers for
Flexible and Printed Organic Thermoelectric
Generators
Boseok Kang (Sungkyunkwan Univ., Korea)

GL-05

14:50

Norbornene-dicarboximide (NDI) based Electro-optic
(EO) polymer with a thiophene based chromophore
for low driving voltage modulator
Alisa Bannaron (Kyushu Univ., Japan)

15:05-15:30

IL-07

15:30

Break
Chair : Prof. Boseok Kang

Antiambipolar transistor for novel device architecture
Yutaka Wakayama (NIMS, Japan)

IL-08

15:55

Nanopatterned Halide Perovskites
Performance Opto-electronic Devices
Jong Hyeok Park (Yonsei Univ., Korea)
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for

High-

September 2nd, 2022 (Friday), Diamond room
18:00

PL-02

09:00

Banquet
Chair : Prof. Yong-Young Noh

Dynamic Molecular Assemblies toward ferroelectric
molecular assemblies
Tomoyuki Akutagawa (Tohoku Univ., Japan)

IL-09

09:40

Chair : Prof. Dong Ki Yoon

Interface-Assisted Perovskite Modulations for HighPerformance Near-Infrared Light-Emitting Diodes
Sai Bai (UESTC, China)

IL-10

10:05

Fast Switching and High-Force Soft Actuators with
Portable Battery
Moon Jeong Park (POSTECH, Korea)

IL-11

10:30

Near-infrared photopolymerization for self-written
optical waveguide and for optical self-coupling
Okihiro Sugihara (Utsunomiya Univ., Japan)

10:55-11:00

IL-12

11:00

Break
Chair : Prof. Takeru Amano

DNA-mediated Colloidal Assembly
coordination Colloidal Crystals

to

Low-

Gi-Ra Yi (POSTECH, Korea)

IL-13

11:25

Orientation control of DNA for optoelectronics
Dong Ki Yoon (KAIST, Korea)

IL-14

11:50

Polymer Waveguide-coupled Co-packaged Silicon
Photonics-die Embedded Package Substrate
Takeru Amano (AIST., Japan)
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12:15-13:40

IL-15

13:40

Lunch

Organic optoelectronics
monitoring sensors

Chair : Prof. Okihiro Sugihara

for

wearable

health

Seunghyup Yoo (KAIST, Korea)

GL-06

14:05

High-speed organic EO modulator for O-band
Hiromu Sato (Kyushu Univ, Japan)

GL-07

14:20

Material Engineering for Efficient
Colloidal Quantum Dot Photovoltaics

and

Stable

Jongmin Choi (DGIST, Korea)

GL-08

14:35

Carrier
Transport
Mechanism
Antiambipolar Transistors

in

Organic

Ryoma Hayakawa (NIMS, Japan)

GL-09

14:50

Enhancement of carrier doping efficiency of polymer
semiconductor, P3HT:F4TCNQ, by spray deposition
Katsuhiko Fujita (Kyushu Univ., Japan)

15:05-15:30

IL-16

15:30

Break
Chair : Prof. Jongmin Choi

Vacant-Orbital Engineering for the
Functional Organoboron Compounds

Design

of

Yoshiaki Shoji (TIT, Japan)

GL-10

15:55

Multiple resonance type thermally activated delayed
fluorescence nature on dibenzo [1,4] azaborine
derivatives and their OLED performance
Jaehyun Bae (Kyushu Univ., Japan)

16:30

Poster Session
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Poster Presentations
September 2nd, 2022 (Friday), 16:30-18:30, Crystal room
Polymer Application
P-101

Defect related charge transport within the metal halide
perovskite single crystals
Won Jong Lee,1 and Jongchul Lim1 (Chungnam Nat'l Univ., Korea)

P-102

Organic Layer Templated Nanostructured Back Electrodes for
Efficient Light Absorption in Perovskite Quantum Dot Solar
Cells
Sanghun Han,1 Younghoon Kim,2 and Jongmin Choi (Daegu Gyeongbuk
Institute of Science and Technology, Korea)

P-103

MXene incorporated polyimide nanohybrid
electromagnetic interference shielding

films

for

Ha Ram Moon, Yong-Zhu Yan, Jun Seok Lee, Sung Soo Park, ChangSik Ha* (Pusan Nat'l Univ., Korea)

P-104

Organic Field-Effect Transistors and Logic Circuits Using
Aggregation-Resistant MXene and Polymer Dielectrics
Tae Kyu An,1 (Korea Nat'l Univ. of Transportation, Korea)

P-105

Three-Colored White OLED Emission Using New Blue Emitter

P-106

Reshaping of silver nanoprisms and Its Application in a
Temperature Indicator

Sangshin Park,1 Sunwoo Park,1 Hyukmin Kwon, Changyu Lee,1 Hayoon
Lee,1 Nikita khairnar,1 and Jongwook Park* (Kyung Hee Univ., Korea)

Hyeonbo Shim, and Mun Ho Kim (Pukyong Nat'l Univ., Korea)

P-107

Doping Effects of Metal TFSI in Poly(3-hexylthiophene) on
Photovoltaic Properties of Solid-state Dye-sensitized Solar Cells
Jina Kim, Seokhun Shin, Keong Ho Ryu, and Yoon Soo Han (Daegu
Catholic Univ., Korea)
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P-108

Chemical Resistance and Adhesion Strength of UV-cured
Resins Based on Silicone-modified Urethane Acrylate for
Applications to Fabrication of Ultra-thin Glass for Display’s
Cover Window
Keong Ho Ryu1, Ha Hyeon Jin Kim1, Baekseo Choi1, Younghwan
Kwon2, and Yoon Soo Han1 (Daegu Catholic Univ., Korea)

P-109

Photovoltaic Performance of Hybrid Solar Cells
Graphene/MXene-mixed Layer as Counter Electrode

with

Baekseo Choi1, Minguk Son1, Younghwan Kwon2, and Yoon Soo Han1
(Daegu Catholic Univ., Korea)

P-110

Photovoltaic Properties of Hybrid Solar Cells with Liquid
Electrolyte Composed of Ti3C2 MXene, Ionic Liquid and Co
complex
Ju Hee Gu, Dongho Park, Seokhun Shin, Seung Ah Kim, and Yoon Soo
Han (Daegu Catholic Univ., Korea)

P-111

Strain sensor applications of mixed ion gels

P-112

Dopant-Free Hole Transporting Polymers for High-Stability
Perovskite Solar Cells

Minjun Kim1 and Sangwon Kim1 (Inha Univ., Korea)

*Won Jo Jeong1, Myeong In Kim1, and **In Hwan Jung (Hanyang Univ.,
Korea)

P-113

The control of π-conjugation for all-polymer
photodetector to reduce the dark current density

organic

Hyeokjun Kim, Do Young Yeo, and In Hwan Jung (Hanyang Univ.,
Korea)

P-114

Small molecule electron acceptors with non-covalently fused
architecture for near-infrared absorption organic solar cell
Sora Oh,1 Namsun Yoon,1 Chang Eun Song,1 Hang Ken Lee,1 Won Suk
Shin,1 Jong-Cheol Lee,1 Sang Kyu Lee1 (Korea Research Institute of
Chemical Technology)

P-115

Control of synaptic function of ferroelectric organic
neuromorphic transistors by crosslinking of P(VDF-TrFE) films
Yong Seok Song,1 and Tae Wook Kim (Jeonbuk Nat'l Univ., Korea)
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P-116

Study on the photocatalytic behavior of TiO2 nanoparticle
according to transition metal introduction
Jaehak Sim1, Nayoung Kim1,2, Sukhun Sur1, and Jaehak Sim† (Korea
Institute of Footwear&Leather Technology, Korea)

P-117

Ultrasonochemical Assembly of Giant Two-dimensional SingleCrystalline Metal Nanosheets

Seungyeon Kim,1 Ho Kwang Cho, Seong Hun Cho, Ji Ho Park, TaeWook Kim* (Jeonbuk Nat'l Univ., Korea)

P-118

Improvement of Organic Photodetector Performance;
Importance of the Processing Solvent Selection Considering the
Interfacial Energy between Materials and Solvent
Cheol Shin, WonJo Jeong, Jinhyeon Kang, Gyuri Kim, and In Hwang
Jung* (Hanyang Univ., Korea)

P-119

See-Through Polymer Light-Emitting Diodes with TransferPrinted Plastic Top Transparent Electrodes
Seyoung Kee1 (Pukyong Nat'l Univ., Korea)

P-120

Crystal structures and proton conductivity
imidazolium - camphorsulfonate salts

in

chiral

Chisato Sato,1 Kohei Sambe,1 Takashi Takeda,1, 2 Norihisa Hoshinoand,3
and Tomoyuki Akutagawa1,2 (Tohoku Univ., Japan)

P-121

Control of internal structure of copper nanosheets grid for
transparent electromagnetic interference shielding
Ho Kwang Choi1 and Tae-Wook Kim1* (Jeonbuk Nat'l Univ., Korea)

P-122

Influence of Electron Beam Irradiation on the Electrical
Properties of Sol-Gel IGZO Thin-Film Transistors

Jiho Park1, Sukang Bae2, Byung Joon Moon2 and Tae-Wook Kim1*
(Jeonbuk Nat'l Univ., Korea)

P-123

Interface engineering to enhance charge injection in Ph-BTBT10 organic semiconductor thin film transistor with Silver
Source-Derain Electrodes
Sabina Kang,1 Jun-ichi Hanna,1 and Hiroaki Iino1 (Tokyo Institute of
Technology, Japan)
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P-124

Deep Blue Organic Light-Emitting Diodes based on NaphthoQuinoline Substituted Anthracene Derivatives
Jinyeong Heo,1 Ki Ju Kim,2 Hakjun Lee,2 Young Kwan Kim2*, Seung
Soo Yoon1* (Sungkyunkwan Univ., Korea)

P-125

Analysis of Neutral Mechanical Plane Position in Bending
Elastomer Film using Cholesteric Liquid Crystal Strain Sensor
Masayuki Kishino1,2, Kyohei Hisano1,2, Atsushi Shishido1,2* (Tokyo
Institute of Technology, Japan)

P-126

Uniaxial Molecular Alignment of Methacrylate Monomer
Containing Phenyl Benzoate Moiety via Scanning Wave
Photopolymerization
Takuto Ishiyama1,2, Hirona Nakamura1,2, Miho Aizawa1,2,3, Kyohei
Hisano1,2, Shoichi Kubo1,2, Atsushi Shishido1,2* (Tokyo Institute of
Technology, Japan)

P-127

Effect of Host Structure on Nonlinear Optical Response in
Oligothiophene Dye-Doped Liquid Crystals
Junki Yokota1, Tomohiro Kitano1, Kohsuke Matsumoto1,2, Miho
Aizawa1,3, Kyohei Hisano1, Shoichi Kubo1, Atsushi Shishido1* (Tokyo
Institute of Technology, Japan)

P-128

Alignment Behavior of ZnO Nanorods Grafted with Liquidcrystalline Polymers

Kaho Nakano1,2, Kaho Ogata1,2, Daisuke Taguchi1,2, Miho Aizawa1,2,3,
Kyohei Hisano1,2, Shoichi Kubo1,2*, and Atsushi Shishido1,2* (Tokyo
Institute of Technology, Japan)

P-129

Fabrication of Polymer Films with Cycloidal Molecular
Alignment by Spatiotemporal Photopolymerization

Hirona Nakamura1,2, Takuto Ishiyama1,2, Megumi Ota1, Miho
Aizawa1,2,3, Kyohei Hisano1,2, Shoichi Kubo1,2, Atsushi Shishido1,2*
(Tokyo Institute of Technology, Japan)

P-130

Sodium incorporation for enhanced performance of twodimensional Sn-based perovskite transistors
Ji-Young Go,1 Huihui Zhu,1 Youjin Reo,1 Hyunjun Kim,1 Ao Liu,1 and
Yong-Young Noh1* (Pohang Univ. of Science and Technology, Korea)
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P-131

Improvement of Photocatalytic Effect of Carbon Nitride
Dispersed in Calcium Alginate Thin Films by Using Platinum
Cocatalyst and Application to Water Decomposition
Koga Mizuno1, Yuhei Kurita1, Mizuki Aoki1, and Naoki Ohtani1
(Doshisha Univ., Japan)

P-132

Extraction of Natural Blue Emissive Pigments from Fraxinus
Lanuginose by Column Chromatography

Tomoya Ohtsu1, Ryuya Ono1, Yusuke Kinou1, Shuichiro Matsukura1,
and Naoki Ohtani1 (Doshisha Univ., Japan)

P-133

Effect of Photo/thermal Responsive Molecular
Comprising Anthracene Moieties on Surface Properties

Layer

Miho Aizawa,1,2,3,4* Haruhisa Akiyama,4 Yoko Matsuzawa4 (Tokyo
Institute of Technology, Japan)

P-134

Multilayered Liquid Crystal Elastomers with Helically Twisted
Molecular Orientation Enabling to Control Mechano-Optical
Response
Kyohei Hisano,1,2 Atsushi
(Ritsumeikan Univ., Japan)

P-135

Shishido,2

and

Osamu

Tsutsumi,1

High quality CsPbBr3/ZnS Core/Shell quantum dots for Light
Emitting device through excess halide
DongHyeon Lee,1 Yong-Young Noh* (Pohang Univ. of Science and
Technology, Korea)

P-136

Interfacial Engineering towards Stable and Safer Lead
Perovskite Solar Cell
Sun-Ju Kim1, Ji-Youn Seo1§ (Pusan Nat'l Univ., Korea)

P-137

Azide-functionalized Chelating Ligand Enabling Near-ideal
Organic-Inorganic Hybrid dielectric for High Performance
Solution-processed Oxide Thin Film Transistors
Juhyeok Lee, Syed Zahid Hassan, Sangjun Lee, Hye Ryun Sim, and Dae
Sung Chung (Pohang Univ. of Science and Technology, Korea)

P-138

Photoresponse of Pentacene Field-effect Transistor Utilizing
Propagating and Localized Surface Plasmon Resonance

K. Horiuchi1, R. Horikawa1, M. Minagawa2, S. Jonai1, Y. Ohdaira1, A.
Baba1, K. Kato1 and K. Shinbo1,* (Niigata Univ., Japan)
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P-139

Realization of Full-Color Perovskite Quantum Dots LightEmitting Diodes via Surface Passivation/Anion Exchange of
CsPbBr3
Siwei He, Jae-Wook Kang* (Jeonbuk Nat'l Univ., Korea)

P-140

Multimode light-induced self-written optical waveguide using
near-infrared light
Kensuke Endo, Hidetaka Terasawa, and Okihiro Sugihara (Utsunomiya
Univ., Japan)

P-141

Metal halide perovskite laser devices
T. Matsushima R. Nasu, M. R. Leyden, C. Qin, and C. Adachi (Kyushu
Univ., Japan)

P-142

Relationship between Water Droplet Motion and Output
Characteristics in droplet-based electricity generator
Ryota Naganuma and Yusuke Aoki (Mie Univ., Japan)

P-143

M3D Integration of Electrolyte-Gated Carbon Nanotube
Transistors
Haksoon Jung#, Jimin Kwon#, Seongmin Heo# and Yong-Young Noh*
(Pohang Univ. of Science and Technology, Korea)

P-144

Improving Electrical Conductivity of Silicone-based Conductive
Textile Using Multiscale Hybrid Fillers
Gyu Jin Shin, Ji Sung Park, Chan Beom Park, So Yern Kim, Sang Hee
Kim, Do Hyun Kim, and Jun Hyup Lee (Soongsil Univ., Korea)

P-145

Fabrication of Lead Dioxide Anode Based on Nanofibrous
Platinum for Decomposition of Organic Decontaminating
Agents

Tae Hyeon Kim,1 Yeonsoo Lee,1 Kune-Woo Lee,1 and Taek Seung Lee2
(Chungnam Nat'l Univ., Korea)

P-146

Effect of Coating Direction of Conductive Silicone Polymer on
Electrical and Mechanical Properties of Silicone-embedded
Conductive Textiles
Sang Hee Kim, Ji Sung Park, Chan Beom Park, So Yern Kim, Gyu Jin
Shin, Do Hyun Kim, and Jun Hyup Lee (Soongsil Univ., Korea)
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P-147

Enhancing the performance and stability of FAPbI3-based
perovskite solar cells using guanidinium thiocyanate additive
Barkha Tyagi,1 Jae-Wook Kang*1 (Jeonbuk Nat'l Univ., Korea)

P-148

Enhanced Vertical Thermal Conductivity of Conductive
Silicone Composite Using Hybrid Fillers and Double-sided
Coating
Do Hyun Kim, Sujin Lee, Ji Sung Park, Chan Beom Park, So Yern Kim,
Gyu Jin Shin, Sang Hee Kim, and Jun Hyup Lee (Soongsil Univ., Korea)

P-149

Interface Engineering of vertical organic Schottky barrier
transistors: Self assembled monolayer and crosslinking
Hye Ryun Sim, Dae Sung Chung* (Pohang Univ. of Science and
Technology, Korea)

P-150

High EQE photomultiplication type photodiode achieved by
surface engineered Ag2S as trapping molecules

Jinu Lee,1 Sung Ji Kim,1 and Dae Sung Chung,1 (Pohang Univ. of
Science and Technology, Korea)

P-151

Bacteriophage Templated Metal
Supercapacitor Applications

Hybrid

Electrodes

for

Manoj Mayaji Ovhal, Jae-Wook Kang* (Jeonbuk Nat'l Univ., Korea)

P-152

Synthesis and characterization of Sn precursor for solution
process
Sangmi Gu,1,2 Seung Uk Son,2 Taek-Mo Chung,1 and Bo Keun Park1
(Korea Research Institute of Chemical Technology, Korea)

P-153

High-speed hybrid Si / thin-film lithium niobate electro-optic
modulation
Jiawei Mao,1 and Shiyoshi Yokoyama1 (Kyushu Univ., Japan)

P-154

Reduction of NAD(P) using GABase and quantitative detection
of reduced NAD(P)H using Pdots

JongWoo KIM,1 SeonYoung JO,2 and TeakSeung LEE,3 (Chungnam
Nat'l Univ., Korea)
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P-155

Zinc Doped Copper Iodide (CuI) as Hole Injection Layer for
Light-emitting Diodes
Taesu Choi,1 Gi-Seong Ryu,2 and Yong-Young Noh**3 (Pohang Univ. of
Science and Technology, Korea)

P-156

Fabrication of Transparent GaZnO Semiconductor Thin Films
via Sol–Gel Spin Coating Technique and Its Thermal
Treatment Temperature Effects
Do Kyung Lee (Daegu Catholic Univ., Korea)

P-157

Effect of wetting behavior of water droplets on output of water
droplet-based electricity generator
Yusuke Aoki and Ryota Naganuma (Mie Univ., Japan)

P-158

Enhancing the Performance of Perovskite Solar Cells via
Surface Passivation with Bulky Organic Cations
Asmaa Mohamed, Hock Beng Lee and Jae-Wook Kang* (Jeonbuk Nat'l
Univ., Korea)

P-159

Optimization of Green Solvent Based Emissive layer for Ink jet
Printed Organic Light-Emitting Diodes

Sagnik Chowdhury,1 Keum-Jin Ko,1 and Jae-Wook Kang*1 (Jeonbuk
Nat'l Univ., Korea)

P-160

Bromide Incorporation Enhanced Vertical Orientation of Tinhalide Perovskite Solar Cells
Du Hyeon Ryu1,2 Sang Huck Im,2 and Chang Eun Song1 (Korea Research
Institute of Chemical Technology, Korea)

P-161

Efficient Host-guest All Organic Light-emitting Electrochemical
Cell Incorporating Benzothioxanthene Imide Dyes

Kwang Keat Leong,1 Jinbo Kim,1 Pierre Josse,2 Korentin Morice,2
Yanghyun Auh,1 Clément Cabanetos2* and Eunkyoung Kim1* (Yonsei
Univ., Korea)

P-162

Development of rapid sterilization system of plate (PCB) type
plasma method
Jae-Hyung Park1†, Ji-Eun Lee1, Hyun-Ju Park1, and Byoung-Ho Kim2
(Korea Institute of Footwear & Leather Technology, Korea)
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P-163

Efficient inverted perovskite solar cells with brush-painted
perovskite active layer
Hyun-Jung Lee1, Seok-Soon Kim2,*, Seok-In Na1,* (Jeonbuk Nat'l Univ.,
Korea)

P-164

Multifunctional additive engineering strategy for efficient metal
halide perovskite solar cells

Fuqiang Li a, Ying Lia, Xiaofeng Huang b, Fengwu Liu a, Danbi Kim a,
Hyun-Seock Yang a, Bo Ram Lee a and Sung Heum Park a (Pukyong Nat'l
Univ., Korea)

P-165

Development of green antisolvent system for air-processed high
efficiency perovskite Solar Cells
Se-Yeong Back,1 Seok-Soon Kim,1 and Hyun-Jung Lee2 (Kunsan Nat'l
Univ., Korea)

P-166

Flexible and Semi-Transparent Organic Electrochemical
Transistors based on Ultra-Thin Au/PEDOT:PSS Hybrid
Electrode for Human Skin Electronics
Il-Young Jo, Youngseok Kim, Gunwoo Kim, Sungrok Wang, Won-June
Lee, Myung-Han Yoon* (Gwangju Institute of Science and Technology,
Korea)

P-167

Elastomeric indoor organic photovoltaics with superb photothermal endurance
Tae Hyuk Kim,1 Ho Jin Lee,1 Muhammad Ahsan Saeed,2 Jae Hoon Son,3
Han Young Woo,3 Tae Geun Kim,1,* and Jae Won Shim,1,* (Korea Univ.,
Korea)

P-168

Interfacial engineering with self-assembling molecules for
efficient and stable perovskite solar cells
*Dilpreet Singh Mann1,
Nat'l Univ., Korea)

P-169

**

Sung-Nam Kwon,

**

Seok In-Na1 (Jeonbuk

Multifunctional Organic Photodiode: an Artificial Light Cell
with High-speed Photodetector
Sunghyun KIM1, Tae Wook KIM2, * Do Kyung HWANG2 and *Jea Won
SHIM1 (Korea Univ., Korea)
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P-170

High Efficient Inverted Planar Perovskite Solar Cell Via A SlotDie Process
*Sushil Shivaji Sangale, **Sung-Nam Kwon, and **Seok-In Na (Jeonbuk
Nat'l Univ., Korea)

P-171

Organic Field-Effect Transistor Memory using Photo and FieldInduced Charge Transfer
Soojin Kim,1 Songyeon Han,1 Jaemin Im,1 Yujeong Jeong,1 Wonseong
Song,1 Se Hyun Kim,2 and Hyun Ho Choi1 (Gyeongsang Nat'l Univ.,
Korea)

P-172

Photo-Induced Recovery of Charge Traps in Organic FieldEffect Transistor
Songyeon Han,1 Soojin Kim,1 Giheon Choi,2 Jaemin Im,1 Yujeong
Jeong,1 Wonseong Song,1 Hwa Sung Lee,2 and Hyun Ho Choi1
(Gyeongsang Nat'l Univ., Korea)

P-173

Divalent rare-Earth ion substituted lead-free inorganic
perovskite nanocrystals for high-efficient perovskite-graphene
hybrid photodetector
HeeYun Yang,1,2 Sang Hyun Lee,3 Byung Joon Moon,2,* Tae-Wook
Kim,1,* Sukang Bae2,* (Jeonbuk Nat'l Univ., Korea)

P-174

Tuning the Morphology of Anisotropic Layered Perovskite
Nanocrystals for Phototransistor Applications
Haney Lee2, and Hyeonseok Yoon1,2,* (Chonnam Nat'l Univ., Korea)

P-175

Suppression of Oxidative Degradation of FormamidiniumBased Tin Perovskite Solar Cells via Chlorine Ion Doping

Jinhyeok Choi1, and Kilwon Cho1 (Pohang Univ. of Science and
Technology, Korea)

P-176

Highly Stable Cesium Lead Halide Perovskites in Mesoporous
Liquid Crystal Polymer Particles

Geunjung Lee1, Geonhyeong Park1 and Dong Ki Yoon1,2,* (Korea
Advanced Institute of Science and Technology, Korea)

P-177

Simple and effective pressure-assisted fabricating method for
efficient perovskite solar cells
Seongbeom Lee1, Danbi Kim1, Woo Hyeon Jeong2, Hyun-seock Yang1,
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Semo Son3, Bo Ram Lee1, Hyosung Choi2, Sung Heum Park1 (Pukyong
Nat'l Univ., Korea)

P-178

Two-Color Strip-Patterned White OLEDs: Tunable ColorTemperature via Pattern Dimension Control

Dongheon Han,1 Myeongjae Lee,2 Wooik Jang,1 Seunghan Lee,1 Jeehye
Yang,1 Hyunwoo Jo,1 Hojin Lee,3 Kyungwon Kwak,2 BongSoo Kim4,*
and Moon Sung Kang1,* (Sogang Univ., Korea)

P-179

Additive Engineering With Alkali-Metal Formate For HighPerformance Perovskite Solar Cells
*Sakshi, **Sung-Nam Kwon, **Seok-In Na (Jeonbuk Nat'l Univ., Korea)

P-180

Fabrication patterned parylene nanofiber via controlled liquid
crystalline templating and their application
Jeongyeon Han1 and Dong Ki Yoon1* (Korea Advanced Institute of
Science and Technology, Korea)

P-181

Low-temperature chemical vapor deposition growth of PtS2
thin film via single-source precursor for high performance
optoelectronic devices

Su Han Kim,1 and Jongsun Lim, 1* (Korea Research Institute of Chemical
Technology, Korea)

P-182

Polymer/Small-Molecule Binary-Blend Hole Transport Layer
for Enhancing Charge Balance in Blue Perovskite Light
Emitting Diodes
Zhongkai Yu,1 Woo Hyeon Jeong,2 Gyeongeun Seok,1 Sung Heum Park,1
Hyosung Choi,2 and Bo Ram Lee,*1 (Pukyong Nat'l Univ., Korea)

P-183

Bright and Efficient Pure Red Perovskite Nanocrystal LightEmitting Devices via In-situ Modification
Xinyu Shen,1 Zhongkai Yu,1 Woo Hyeon Jeong,2 Ji Won Jang,2 Hyosung
Choi,2 Sung Heum Park1 and Bo Ram Lee,*1 (Pukyong Nat'l Univ.,
Korea)

P-184

Double-perovskite Ca2LaNbO6:Pr3+ color-tunable phosphor for
self-calibrated ratiometric thermometers and multi-mode anticounterfeiting
Anqi Zhang1, Zhen Sun2, Zhiying Wang3, Mochen Jia3, Byung Chun
Choi1, Zuoling Fu3, Jung Hyun Jeong1, Sung Heum Park1 (Pukyong Nat'l
Univ., Korea)
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P-185

Cadmium Surface Passivation of Perovskite Nanocrystals for
Blue LEDs

Woo Hyeon Jeong,1 Ji Hoon Kim,2 Sung Heum Park,2 Hyo Sung Choi,*1
and Bo Ram Lee.*2 (Hanyang Univ., Korea)

P-186

Allrounder Strategy for Photopatterning Silver Nanowire
Network electrodes
In Cheol Kwak,1,† Wan Ho Cho,2,† Tae Hyun Kwon,3,† Min Je Kim,1 Jong
Ik Lee,2 Sae Byeok Jo,4 Moon Sung Kang,3,5,* BongSoo Kim,2,* and
Jeong Ho Cho1,* (Yonsei Univ., Korea)

P-187

A Study on Solution Processable Small Molecule Based Electron
Transport Layer in Organic Light-Emitting Diodes
Xiangyang Fan,1 Ji Won Jang,2 Yeong Gyeong Kim,1 Hyosung Choi,2
Sung Heum Park,1and Bo Ram Lee,*1 (Pukyong Nat'l Univ., Korea)

P-188

Triplet Excited States Management in Boron-based TADFOLEDs Using Fast Spin-flip Process for High Efficiency and
Low Roll-off
Al Amin, Jeong-Hwan Lee (Inha Univ., Korea)

P-189

Enhanced Outcoupling of Perovskite Light-Emitting Diodes by
High index Nanohole array
Seo-Hee Jung1, Jeong-Hwan Lee (Inha Univ., Korea)

P-190

Optical Simulation to Enhance External Quantum Efficiency of
Organic Light-Emitting Transistors
Amarja Katware1, Jeong-Hwan Lee (Inha Univ., Korea)

P-191

Blue phosphorescent OLEDs with enhanced efficiency and
lifetime based on Bicarbazole-triazine hybrid type mixed host
materials
Seung-Hyun Baek1, Jee-Hun Jang, Jeong-Hwan Lee (Inha Univ., Korea)

P-192

A Multi-Resonance Thermally Activated Delayed Fluorescent
Emitter for Efficient Pure Blue OLEDs

Jee-Hun Jang1, Hyung Jin Cheon2, Seung-Hyun Baek1, Yun-Hi Kim2 and
Jeong-Hwan Lee1 (Inha Univ., Korea)

– 34 –

P-193

A Novel Device Architecture for ECLDs

P-194

Light Engineering towards Highly Efficient Organic Solar Cells
by M13 Bacteriophage

Jong Ik Lee,1 Dong Mok Park,1 Keonhee Jung,1 Hyeono Yee,1 Seunghan
Lee,1 and Moon Sung Kang1* (Sogang Univ., Korea)

Minju Jun1, Thanh Mien Nguyen,1 Jin-Woo Oh1 and Ji-Youn Seo1*
(Pusan National Univ., Korea)

P-195

Chemical Dedoping of Highly Doped Conjugated Polymers for
Organic Field-effect Transistor Applications
Donguk Kim,1 and Felix Sunjoo Kim,1 (Chungang Univ., Korea)

P-196

Nanomorphology-dependent
photooxidative
fullerene/non-fullerene organic solar cells

stability

of

Woong Sung,1 and Kilwon Cho,1 (Pohang Univ. of Science and
Technology, Korea)

P-197

Application of Luminescent Organic Material as UV-filtering
Down-conversion Layer for Efficient and Stable Organic Solar
Cells

Carmela Michelle Esteban1, Ramakant Sharma1, Woochan Lee1, and
Seunghyup Yoo1 (Korea Advanced Institute of Science and Technology,
Korea)

P-198

Near-Infrared Organic Photodiodes with Charge Transfer
Absorption of Polymer Donor and Non-Fullerene Acceptor
Mixture
Jeoungmin Ji1, Hyung Suk Kim1, and Seunghyup Yoo1 (Korea Advanced
Institute of Science and Technology, Korea)

P-199

Highly sensitive organic phototransistors with a thin polymer
blocking layer

Sanghoon Park1, Dongho Choi1, Haechang Lee1, Hanul Moon2* and
Seunghyup Yoo1* (Korea Advanced Institute of Science and Technology,
Korea)
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A Furan-Substituted Polymeric Hole-Transporting Material for
Energy Level Regulation in PbS Quantum Dot Solar Cells
Hyung Ryul You, Duckhoon Lee and Jongmin Choi (Daegu Gyeongbuk
Institute of Science and Technology, Korea)

P-202

Study of effect of ethylene and propylene oxide-modified
polysiloxane resins in coating agents on friction coefficient
Yong-Sung Kim1,2, Young-up Jin1, and Won-Ki Lee1 (Pukyong Nat'l
Univ., Korea)

P-203

Fabrication of Anti-inflammatory Nano Eye-Drops Composed
of Dexamethasone Prodrugs
Keita Tanita1, Mai Iijima1, Yoshitaka Koseki,1 Kota Sato,2,
Nakazawa,2, 3, 4, 5 and Hitoshi Kasai1 (Tohoku Univ., Japan)

P-204

5

Toru

Effectively drug release from camptothecin nano-prodrugs with
sterically hindered esters derived from tertiary hydroxy groups
Aki Shibata1, Yoshitaka Koseki1, Keita Tanita1, Ryuju Suzuki1, Anh Thi
Ngoc Dao,1 Hitoshi Kasai1 (Tohoku Univ., Japan)

P-205

Optically transparent PDMS nanocomposites with ultrafine
electrospun nanofiber reinforcement
Vishal Gavande1, Jae Hwan Chun2, and Won-Ki Lee1 (Pukyong Nat'l
Univ., Korea)

P-206

Thiazole-based Novel Conjugated Polymer Donors for the
Fullerene-Free Organic Photodetectors
Jaehee Park1, Jinhyeon Kang1, and In Hwan Jung1, (Hanyang Univ.,
Korea)

P-207

Synthesis and Photo-lithographic Application of Photosensitive
Polybenzoxazoles having Different Chemical Structure in the
Backbone
Ji Hyeon Yeo1, Hae In Shin1, Hyo Jin Park1, Da Jeong Chae1, Jun Young
Kwon1, Ji Eun Kwon1, and Seung Woo Lee1, (Yeungnam Univ., Korea)
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P-208

Synthesis and Photo-lithographic Characteristic of Positive-type
Photosensitive Polybenzoxazoles having Different End-cappers

Hyo Jin Park1, Hae In Shin 1, Ji Hyeon Yeo1, Da Jeong Chae1, Jun Young
Kwon1, Ji Eun Kwon1, and Seung Woo Lee1*, (Yeungnam Univ., Korea)

P-209

Electrocatalytic decomposition of organic pollutants using
nanofibrous electrodes containing RuO2 and IrO2

Yeonsoo Lee1, Tae Hyeon Kim1, Kune-Woo Lee1, Taek Seung Lee2
(Chungnam Nat'l Univ., Korea)

P-210

Improvement of fatigue-resistance in opto-electronic switching
of diarylethene through alkyl-side chain engineering

S.Z. Hassan,1 S. H. Yu,1 C. So1, D. Moon2, and D. S. Chung1 (Pohang
Univ. of Science and Technology, Korea)

P-211

Facile Synthesis of Monodispersed Zn-based
Imidazolate Framework (ZIF-8) in Water Solvent

Zeolitic

Donggyun Kim1, Jinhyeon Park2, Hojun Choi1, Minseok Jeong1,
Jeonghun Kim*1 (Yonsei Univ., Korea)

P-212

Preparation of Hydrophylic Coating of Montmorillonite Clay
on PET Fibers
Hisanao Usami1, Riku Hayata1, Kotaku Ozaki1, and Moto Suzuki2
(Shinshu Univ., Japan)

P-213

Fabrication of functional
electrospinning system

nanofiber

layer

based

on

Yangyang Xu and Kyung Jin Lee* (Chungnam Nat'l Univ., Korea)

P-214

Tuning Carbon Nanostructures for Electrocatalytic Water
Splitting
Jisun Lee2, Hyeonseok Yoon1,2,* (Chonnam Nat'l Univ., Korea)

P-215

A study on the synthesis of polyurethane adhesives for
automobile interior materials according to the length of the
chain extender

Hokyoon Jeon, Guni Kim, Doohun Kim, Dawon Park,1 Jungnam Lee,
Dongho Choi2 (Korea Institute of Footwear & Leather Technology,
Korea)

P-216

Research of BTX free Acrylic Resin and PVDF Dispersion that
can respond to for Environmental regulations
Hokyoon Jeon, Guni Kim, Doohun Kim1, Byunggon Kim, Dongyun
Kim2 (Korea Institute of Footwear & Leather Technology, Korea)
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P-217

A study on the synthesis of UV-curable resins for industrial
thermal insulation materials

Hokyoon Jeon, Guni Kim, Doohun Kim1, Seungmo Sung, Jaegyu Yang2
(Korea Institute of Footwear & Leather Technology, Korea)

P-218

ZnO-Plasma Polymer Fluorocarbon Nanocomposite Thin Film
for Battery and TENG Application

Aeran Song1, Jong Heon Kim2, Hyungseok Yong1, Yecheol Rho1, Eunmi
Cho1, Hyun-Suk Kim2, and Sang-Jin Lee1 (Korea Research Institute of
Chemical Technology, Korea)

P-219

Preparation and Thermal Barrier Properties of Cyanine-based
Compounds
Eun-Ji Kim,1,2 Hyun-Ju Park,1 and Jong-Seung Park,2,3† (Korea Institute
of Footwear & Leather Technology, Korea)

P-220

Preparation and Characteristics of Polydimethylsiloxane
(PDMS) - Based Waterborne Polyurethane Coatings with Cold
Resistance
Eun-Hye Bae,1,2 Jae-Hyung Park2, Hyun-Ju Park2,† and Il-Doo Chung1
(Pusan Nat'l Univ., Korea)

P-221

A Study on Application of Acrylic Tackifier to Improve
Adhesive Properties of Waterborne Polyurethane Adhesives

Hyun-Ju Park1†, Jae-Hyung Park1, and Chang-Gyeom Kim2 (Korea
Institute of Footwear & Leather Technology, Korea)

P-222

Synthesis and Properties of Fluorinated Acrylate Copolymers
Prepared by Emulsion Polymerization

Hyun-Ju Park†, Jae-Hyung Park, Ji-Eun Lee, and Jae-Wang Go (Korea
Institute of Footwear & Leather Technology, Korea)

P-223

A Study on Application of Diazonium Salt for Preparation of
Self-dispersing Pigment Dispersions
Hyun-Ju Park†, Jae-Hyung Park, Jae-Wang Go (Korea Institute of
Footwear & Leather Technology, Korea)

P-224

Neuromorphic devices based on Organic Electrochemical Diode
System

Dongmi Heo1, Youngseok Kim2, Il-Young Jo3, Ji Hwan Kim4, and
Myung-Han Yoon5 (Gwangju Institute of Science and Technology,
Korea)
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P-225

Fabrication of cracked DNA film via orientation control and
dehydration reaction
Soon Mo Park1, Soeun Lee2, and Dong Ki Yoon1,2*, (Korea Advanced
Institute of Science and Technology, Korea)

P-226

Transparent and Long-term Comfortable Skin Electrodes
Based on Conductive Microfiber Mesh and Ion Gel Composite

Jongwon Lee1, Youngseok Kim1, Gunwoo Kim1, Sungrok Wang1 and
Myung-Han Yoon1,* (Gwangju Institute of Science and Technology,
Korea)

P-227

Crystalline PEDOT:PSS-Pt
Electrochemical Catalyst

Nanoparticle

Composites

for

Da-Young Lee1, Hye-Min Shin1, Il-Young Jo1, and Myung-Han Yoon1*,
(Gwangju Institute of Science and Technology, Korea)

P-228

Optimization of Mixed Conducting Properties of PEDOT:PSS
via Polyvinyl Alcohol Crosslinking

Ji Hwan Kim,1 Matthias Wieland2, Beatrice Omiecienski2, Youngseok
Kim1, Jaeil Park1, Gunwoo Kim1, Sabine Ludwigs2, and Myung-Han
Yoon1 (Gwangju Institute of Science and Technology, Korea)

P-229

Extremely Low Dark Current Organic Photodetectors with a
Side-chain Fluorination of Conjugated Polymers

Byoungwook Park1, Juhyung Jung2, Dae-Hee Lim3, Hanbee Lee4,
Sungjun Park4, Minju Kyeong1, Seo-Jin Ko1, Seung Hun Eom1, SeungHoon Lee1, Changjin Lee1 and Sung Cheol Yoon1,2 (Korea Research
Institute of Chemical Technology, Korea)
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Polymer Synthesis
P-301

Development of Fused π-conjugated Molecule Containing
Naphthobisthiadiazole Unit for Semiconductor Application
Ryo Asakawa,1 Soichi Yokoyama,1 and Yutaka Ie1 (Osaka Univ., Japan)

P-302

Ion Conducting Channels of Hydrogen-Bonding Array of Crown
Ether Derivatives
Yuta Shimizu,1 Takashi Takeda,1,2
Akutagawa1,2 (Tohoku Univ., Japan)

P-303

Norihisa

Hoshino,3

Tomoyuki

Combining flow synthesis and heterogeneous catalysis for the
preparation of conjugated polymers
Seungjun Lee, Seung-Hwan Jin, Wonyoung Ko and Ye-jin Hwang* (Inha
Univ., Korea)

P-304

Synthesis of Au–Ag2S Bone-shaped
Photocatalytic Application

Nanorods

and

Their

Astrini Pradyasti,1 and Mun Ho Kim,1 (Pukyong Nat'l Univ., Korea)

P-305

Electroluminescence of New Blue Emitting Materials Including
Spirobifluorene Group

Sanshin Park,1 Seokwoo Kang,1 Sunwoo Park,1 Hyukmin Kwon,1 Godi
Mahendra,1 Hayoon Lee,1 Seungeun Lee,1 and Jongwook Park* (Kyung Hee
Univ., Korea)

P-306

Electroluminescence of New Blue Emitting Materials Having
Hexaphenylbenzene and Carbazole Groups

Sanshin Park,1 Seokwoo Kang,1 Sunwoo Park,1 Hyukmin Kwon,1 Hayoon
Lee,1 Seungeun Lee,1 Nikita khairnar,1 and Jongwook Park* (Kyung Hee
Univ., Korea)

P-307

Low-Temperature Processable and Photo-crosslinkable Polyimide
Gate Dielectrics for Flexible Thin Film Transistors
Jae Kyung Lee and Taek Ahn* (Kyungsung Univ., Korea)

P-308

Perfluorocyclobutane Containing Crosslinked Polyimide Gate
Dielectric for Hysteresis Free Thin Film Transistor
Jae Kyung Lee and Taek Ahn* (Kyungsung Univ., Korea)

P-309

Effect of catalysts and solvents on conjugated polymer synthesis in
a flow system
Jin Woo Jun1 and Ye-Jin Hwang1,* (Inha Univ., Korea)
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P-310

Renewable triblock copolymers of polylactide and polyether
polyol: bulk and monolayer properties
Yujin Kwon1, Sangho Kim1, Donghyeok Im2, Youngeup Jin1, and Won-Ki
Lee1 (Pukyong Nat'l Univ., Korea)

P-311

Synthesis and Characterization of Conjugated Polymers Based on
Dimethylaminopropyl Fluorene and Naphthalene Diimide for
Organic Solar Cell as a Cathode Buffer Layer
Rahmatia Fitri Binti Nasrun, Dong Hwan Son, Sabrina Aufar Salma,
Qurrotun Ayuni Khoirun Nisa, and Joo Hyun Kim1 (Pukyong Nat'l Univ.,
Korea)

P-312

Conjugated Polyelectrolytes with Diverse Chain Functionality as
the Interlayer on Organic Polymer Solar Cell
Sabrina Aufar Salma, Rahmatia Fitri Binti Nasrun, Dong Hwan Son, Sabrina
Aufar Salma, Qurrotun Ayuni Khoirun Nisa, and Joo Hyun Kim1 (Pukyong
Nat'l Univ., Korea)

P-313

Synthesis and Properties of Polyurethane Coating Agent Using
Polycarbonate Diol and Biopolyol
Suk Hun Sur, Na Young Kim, Pil Jun Chio, Jae Hak Sim (Korea Institute of
Footwear & Leather Technology, Korea)

P-314

Controlled Synthesis of Conjugated Polymers in a Flow Reactor
for High Performance Organic Photovoltaic
Chanseo Lee, Youngrok Kim Lee, Ye-Jin Hwang* (Inha Univ., Korea)

P-315

Effects on the Opto-electrical and Photovoltaic Properties of
Diketopyrrolopyrrole–based Polymer via Inserting Oxadiazoles on
their Main Chains

Rajalingam Agneeswari 1, Chnan-Gi Shin 1, Won-Ki Lee 2, Youngeup Jin 1,*
(Pukyong Nat'l Univ., Korea)

P-316

Indenofluorene-based Polymeric Donors Incorporating Structural
Isomers
of
Weak
and
Strong
Electron
Accepting
Pyrrolopyrrolediones for Non-Fullerene Organic Solar Cells
Rajalingam Agneeswari 1, Suhee Song 2, Chnan-Gi Shin 1, Won-Ki Lee 3,
Youngeup Jin 1,* (Pukyong Nat'l Univ., Korea)

P-317

A Polyelectrolytic Polyacetylene Derivative by the Quaternization
Polymerization of 2-Ethynylpyridine Using (6-Bromo-1oxohexyl)ferrocene
Yeong-Soon Gal1,* Taehyoung Kim2, Sang Youl Kim2, Sung-Ho Jin3,
Jongwook Park4, and Kwon Taek Lim5 (Kyungil Univ., Korea)
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P-318

Synthesis
and
Characterization
of
perfluorohexylpyridinium tetraphenylborate)

Poly(2-ethynyl-N-

Hae-In Kim1, Sung-Ho Jin2, Jongwook Park3, Sang-Yeon Shim4, Kwon Taek
Lim5, and Yeong-Soon Gal1,* (Kyungil Univ., Korea)

P-319

Research on improving the heat resistance of waterborne
polyurethanes containing epoxy resin contents
Booyoung Jeong, Yoonhee Chang, Misoo Choi, Jungmi Cheon and Jaehwan
Chun † (Korea Institute of Footwear & Leather Technology, Korea)

P-320

Synthesis of 2,5-diphenyloxazole covalently bonded conjugated
polymers as scintillators for nuclear radiation detection
Seonyoung Jo and Taek Seung Lee* (Chungnam Nat'l Univ., Korea)

P-321

High-performance/stability all-polymer photomultiplication-type
organic photodiode based on NDI-based acceptor polymer with
precisely controlled backbone planarity
Sangjun Lee,1 Gyeong Seok Lee,2 Mingyun Kang,1 Yeon Hee Ha,2 Yun-Hi
Kim,2 and Dae Sung Chung1 (Pohang Univ. of Science and Technology,
Korea)

P-322

Development of a fully biocompatible enzymatic time temperature
indicator for cold chain system

Yu Jin Jeong,1 In Seok Jo,1 Jae Hyeon Kim,1 Hyeon Jin Ju,1 Dae Seok Kim,
1,*
(Pukyong Nat'l Univ., Korea)

P-323

Synthesis and characteristics of cardanol-based acrylates as a
reactive diluent in UV-curing coatings
Suyeon Oh 1,2, Won-Ki Lee2 (Chemifolio, Korea)

P-324

Ultra-sensitive SERS Platform using Nanoarchitectured
Mesoporous Plasmonic Metal Film Fabricated by Block
Copolymer Micelle
Jisoo Park1, Sojeong Kim2, Yuli Kim1, Jieun Jang1, Jeonghun Kim1,* (Yonsei
Univ., Korea)

P-325

In situ growth of gamma-cyclodextrin-based metal organic
framework on fibers
Juran Kim1* (Korea Institute of Industrial Technology, Korea)
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P-326

A study on flame retardant properties of wallpaper by the addition
of non-halogenated flame retardants
Pil Jun Choi, Jae Yeon Lee, Jae Wang Ko, Kyoung Il Jo (Korea Institute of
Footwear & Leather Technology, Korea)

P-327

Synthesis of effective nonlinear optical molecules with short πelectron conjugation
Kenta Rokumyo,1 Alisa Bannaron,1 and Shiyoshi Yokoyama1 (Kyushu
Univ., Japan)

P-328

Deformable photonic crystals with thermal-responsive shape
memory effect
Min-Seok Park1 and Se-Um Kim1 (Seoul Nat'l Univ. of Science and
Technology, Korea)

P-329

Development of eco-friendly adhesives for marine leisure sports
textile materials
Hokyoon Jeon, Guni Kim, Doohun Kim1, Hyunbum Kim, Simyung Kim2
(Korea Institute of Footwear & Leather Technology, Korea)

P-330

A study on adhesion properties according to the addition of metal
chelate compounds in CR based adhesives
Hokyoon Jeon, Guni Kim, Doohun Kim1, Byunggon Kim, Dongyun Kim2
(Korea Institute of Footwear & Leather Technology, Korea)

P-331

Development of high-tech manufacturing technology for industrial
insulation that exhibits excellent thermal conductivity
Hokyoon Jeon, Guni Kim, Doohun Kim1, Seungmo Sung, Jaegyu Yang2
(Korea Institute of Footwear & Leather Technology, Korea)

P-332

Highly Oriented Liquid Crystalline Semiconductors for Circularly
Polarized Light-sensing Photodetectors

Taegyun Hong1, Dong Ki Yoon1,2* (Korea Advanced Institute of Science and
Technology, Korea)

P-333

Synthesis of PAN-Based Carbon Fiber Precursors Containing
Fumaric Acid or Maleic Acid as Novel Comonomers
Ji-Young Noh1, Yun-Su Kuk2, Tae-Eun Kim1, Ho-Jin Yoo1, Sung-Ryong
Kim2, Ki-Young Kim3, Jung-Hyurk Lim1, and Kyung-Min Kim1,* (Korea
Nat'l Univ. of Tranportation., Korea)
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P-334

Regioregular Polymer Donors Comprising Thienoisoquinolinone
or Thienoquinolinone for Efficient Non-Fullerene Organic Solar
Cells
Jong-Woon Ha,1,2 Byoungwook Park,2 Seo-Jin Ko,2 Do-Hoon Hwang1
(Pusan Nat'l Univ., Korea)

P-335

Synthesis of Phenoxy-Based
Characterization

Aramid

Nanofiber

and

its

Wonseong Song,1 Kyungeun Park,1 Jeamin Im,1 Songyeon Han,1 Soojin
Kim,1 Yujeong Jeong,1 Bharat Shrimant,2 and Hyun Ho Choi1,* (Gyeongsang
Nat'l Univ., Korea)

P-336

Preparation of poly(furfuryl alcohol) wrapped foam in deep
eutectic solvent for oil adsorption and electrocatalytic sensing
application
Thi Hong Anh Nguyen,a Thao Quynh Ngan Tran,b Dai-Hung Ngo,c Xuan
Thang Caob* (Ho Chi Minh City Nat'l Univ. of Technology, Vietnam)

P-336

Preparation of poly(furfuryl alcohol) wrapped foam in deep
eutectic solvent for oil adsorption and electrocatalytic sensing
application
Thi Hong Anh Nguyen,a Thao Quynh Ngan Tran,b Dai-Hung Ngo,c Xuan
Thang Caob* (Ho Chi Minh City Nat'l Univ. of Technology, Vietnam)
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Polymer Structure and Property
P-401

Molecular
Assemblies
and
Physical
Oligothiophenedicarboxamide Derivatives

Properties

of

Ryohei Mizoue,1 Takashi Takeda,1,2 Norihisa Hoshino,3 and Tomoyuki
Akutagawa1,2 (Tohoku Univ., Japan)

P-402

Ring Size Effect for Molecular Assembly of Dehydroannulenes
with Octylbenzoate Groups

Yotaro Kasahara,1 Takashi Takeda,1,2 Ichiro Hisaki,3 and Tomoyuki
Akutagawa1,2 (Tohoku Univ., Japan)

P-403

Ferroelectric and semiconducting properties of R-BTBTCONHC14H29 (R = H, C8H17)
Kohei Sambe,1 Takashi Takeda,1,2 Norihisa Hoshino,3 Wakana Matsuda,4
Kanae Tsujita,1 Shingo Maruyama,1 Shunsuke Yamamoto,1 Shu Seki,4
Yuji Matsumoto,1and Tomoyuki Akutagawa1,2(Tohoku Univ., Japan)

P-404

Physical Properties and Thin Film Structures of EthylsulfonateSubstituted Naphthalenediimide Derivative
Ryo Ide,1 Takashi Takeda,1, 2 Norihisa Hoshino3, Wakana Matsuda4, Shu
Seki4 and Tomoyuki Akutagawa1,2 (Tohoku Univ., Japan)

P-405

P-406

Crystal structure and physical properties of photoreactive
stilbene dicarboxylate salts with CnH2n+1NH3+ (n = 1, 3) and
(CH3)2NH2+
Yunya Zhang,1 Takashi Takeda,1
(Tohoku Univ., Japan)

Properties of
polypropylene
polypropylenes

,2

and Tomoyuki Akutagawa

blends of ultra-high molecular
with
various
low
molecular

Byeonguk Kim,1 Mingi Jeong,1 Vishal Gavande,
Won-Ki Lee1† (Pukyong Nat'l Univ., Korea)

P-407

1

1 ,2

weight
weight

Young Hwan Kim,2

Study on the physical properties of waterborne PU coating resin
according to the surface treatment of UHMWPE fabric

Jaehak Sim1, Jungmi Cheon1, Sejin Kim 1,2, Sukhun Sur 1, Jaehwan
Cheon 1, and Jaehak Sim † (Korea Institute of Footwear & Leather
Technology, Korea)
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P-408

Adhesion properties of primer containing reactive tackifier
resin
Won-Ki Lee,1 Jung Mi Cheon,2 Boo Young Jeong,2 and Jae Hwan
Chun,2* (Korea Institute of Footwear & Leather Technology, Korea)

P-409

Electroluminescent Property of New Chrysene Derivatives
Having Bulky Side Group of Aromatic Amine Moiety
Sunwoo Park 1, Hayoon Lee 1, Seokwoo Kang 1, Joohwan Kim 1
Hyukmin Kwon 1, Godi Mahendra 1, Raveendra Jillella 1 and Jongwook
Park 1* (Kyung Hee Univ., Korea)

P-410

A Study on the Physical Properties of Bio-Based Polycarbonate
Film by Electron Beam Irradiation
Na Young Kim, Suk Hun Sur, Jae Hak Sim (Korea Institute of Footwear
& Leather Technology, Korea)

P-411

Mechanical Properties of PTFE/Bronze Composites
Na Young Kim, Pil Jun Chio, Jae Hak Sim, Suk Hun Sur (Korea Institute
of Footwear & Leather Technology, Korea)

P-412

Study on synthesis and adhesion properties of water-based
acrylic tackifier
Lan-Ji Baek 1,2, Se-Jin Kim 1,2, Boo-Young Jeong 1, JungMi Cheon 1†,
Jae-Hwan Chun 1† (Korea Institute of Footwear & Leather Technology,
Korea)

P-413

A study on preparation and physical properties of hotmelt film
with a bio-based thermoplastic polyurethane using biomass
resources

Lan-Ji Baek 1,2, Jaehak Sim 1, Boo-Young Jeong 1, Se-Jin Kim 1,2,
JungMi Cheon 1†, Jae-Hwan Chun 1† (Korea Institute of Footwear &
Leather Technology, Korea)

P-414

Preparation of photo-curable biomass-based oligomers and the
result of coatings properties
Se-Jin Kim,1,2 Boo-Young Jeong, 1 Lan-Ji Baek, 1,2 JungMi Cheon, 1,†
and Jae-Hwan Chun 1, † (Korea Institute of Footwear & Leather
Technology, Korea)
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P-415

Study on Bio-based waterborne polyurethane synthesis and
physical properties for automotive internal parts

Se-Jin Kim,1,2 Jaehak Sim,1 Boo-Young Jeong, 1 Lan-Ji Baek, 1,2 , JungMi
Cheon, 1,† and Jae-Hwan Chun 1, † (Korea Institute of Footwear & Leather
Technology, Korea)

P-416

A novel thermos responsible hydrogel composite: Controlled by
infra-red irradiation

Shigeaki Abe,1 Mahdis Nesabi,1 Sirus Safaee,1 Atsushi Hyono,2 Yuko
Era,3 Mariko Nakamura,4 Alireza Valanezhad,1 and Ikuya Watanabe1
(Nagasaki Nat'l Univ., Japan)

P-417

Improving the hydrogen production rate of F8BT by
strengthening covalent bonds using photo-crosslinking agents

Sanghyeok An1, Syed Zahid Hassan1, Jin-Woo Jung2, Hyojung Cha3,
Chang-Hee Cho2, and Dae Sung Chung1 (Pohang Univ. of Science and
Technology, Korea)

P-418

Nano-segregated phases in a binary mixture composed of two
bent-core molecules
Jae-Jin Lee, and Suk-Won Choi * (Kyung Hee Univ., Korea)

P-419

Electrical Properties by Electrolyte
Crystal/electrolyte Mixing System

Ratio

in

Liquid

Dong-sun Park, and Suk-Won Choi * (Kyung Hee Univ., Korea)

P-420

Effect of Chlorine Groups in Soft segments on Self-healing
Properties of Polyurethane
Baohai Pan, and Kyung Jin Lee* (Chungnam Nat'l Univ., Korea)

P-421

Characterization of dragonfly wing using FTIR imaging and IR
dichroism imaging

Fumiya Nakamura,1 Minori Yamaguchi,1 Takashi Isoshima,2 and Hiromi
Kimura-Suda,1 (Chitose Institute of Science and Technology, Japan)

P-422

Correlation between the structure of inter-tube junctions and
thermoelectric properties of conjugated polymer/carbon
nanotube composites
Seong Hyeon Kim1 (Pohang Univ. of Science and Technology, Korea)
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P-423

The effect of polymeric-MDI content on properties of one
component urethane adhesive

Doo Hun Kim, Ha Eun Kwon, Han-sol Kim, Hokyoon Jeon, Guni Kim
(Korea Institute of Footwear & Leather Technology, Korea)

P-424

Study on Mechanical properties of Controlled Delamination
Urethane Adhesives

Doo Hun Kim, Ha Eun Kwon, Han-sol Kim, Hokyoon Jeon, Guni Kim
(Korea Institute of Footwear & Leather Technology, Korea)

P-425

Effect of modified filler and filler-linkage chains on adhesive
and mechanical properties of Urethane Adhesives

Doo Hun Kim, Ha Eun Kwon, Han-sol Kim, Hokyoon Jeon, Guni Kim
(Korea Institute of Footwear & Leather Technology, Korea)

P-426

Mechanical Characteristics of Polypropylene based Flame
Retardants by addition of Silane-modified Magnesium
Hydroxide and Phosphorus Materials
Jinwoo Lee,1 Jae-Hyung Park,1 and Ji-Eun Lee1 (Korea Institute of
Footwear & Leather Technology, Korea)

P-427

Cold Tolerance and Mechanical Properties of Thermoplastic
Polymer based Composite for the Marine Cables Operating in
Polar Regions

Jinwoo Lee,1 Seung-bo Shim,1 Jae-Hyung Park,1 and Ji-Eun Lee1 (Korea
Institute of Footwear & Leather Technology, Korea)

P-428

Physical properties of Polyolefin Elastomer by adding crosslinking agent and additives for photovoltaic module
encapsulation materials
Seungbo Shim,1,2 Ji-Eun Lee,1,2 Jinwoo Lee,2and Ildoo chung1 (Korea
Institute of Footwear & Leather Technology, Korea)

P-429

Free Volume-Induced Carrier Immobilization at
Semiconductor/Polymer Interface in Organic Transistors

the

Yujeong Jeong, Jaemin Im, Songyeon Han, Soojin Kim, Wonseong
Song, and Hyun Ho Choi (Gyeongsang Nat'l Univ., Korea)
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P-430

Understanding the efficient doping of diketopyrrolopyrrolebased conjugated polymer with longer thiophene groups
achieving enhanced thermoelectric performance
Taek Seong Lee,1 Na Young Kim,2 Da Yeon Lee,2 Jong Gyu Oh,1
Keunjin Lee,2 Jae Young Kim,3 Tae Kyu An,3 Yong Jin Jeong,3 Yun-Hi
Kim,2 and Jaeyoung Jang,1 (Hanyang Univ., Korea)

P-431

Rational Design of Cyclopentadithiophene Based Conjugated
Polymers for High-Performance Organic Thin-Film Transistors
Kyumin Lee,1 Moon-Ki Jeong,2 Eui Hyun Suh,1 WonJo Jeong,1 Jong
Gyu Oh,1 In Hwan Jung,1 and Jaeyoung Jang1 (Hanyang Univ., Korea)

P-432

Towards understanding the operational charge-trapping
mechanism in polymer semiconductors, using combined
spectroscopic investigation

Sangsik Park,1 Wookjin Choi,1 Seong Hyun Kim,1 and Kilwon Cho,1
(Pohang Univ. of Science and Technology, Korea)Gyu Oh,1 In Hwan
Jung,1 and Jaeyoung Jang1 (Hanyang Univ., Korea)
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HL-01
High Efficiency Stable Deep Blue OLEDs
Jang-Joo Kim,
Seoul National University, Seoul, Korea, jjkim@snu.ac.kr
The efficiency of organic light emitting diodes has been significantly improved during the last several
years by developing phosphorescent and TADF emitters with high horizontal emitting dipole
orientation and high PLQY along with the development of device structure with excellent charge
balance to get EQE reaching almost 40%, corresponding to almost the theoretical limit of the
efficiency. The most important remaining issue now is the development of stable deep blue OLEDs.
In this talk, we will firstly present a theoretical approach to understand the degradation process of
phosphorescent OLEDs followed by the three strategies to realize deep blue OLEDs including the
phosphorescent dye sensitized fluorescent OLEDs, deep blue TADF OLEDs using emitters with
narrow emission spectrum, high PLQY and horizontal emitting dipole orientation, and finally deep
blue OLEDs utilizing triplet-triplet annihilation (TTA) process based on anthracene derivatives with
the efficiencies overcoming the conventional theoretical limit.
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PL-01
Engineering Charge Transport Properties in Doped Semiconducting
Polymers for High-Performance Organic Thermoelectrics
Kilwon Cho
POSTECH, Pohang, Korea, kwcho@postech.ac.kr
Doping can easily tune the electrical properties of semiconducting polymers, providing great
flexibility to their applications. In recent years, highly doped semiconducting polymers possessing
superior electrical conductivity have been extensively exploited as bioelectronics and thermoelectric
materials. Nevertheless, their charge transport properties are significantly perturbed by the inclusion
of excess dopant amounts. The dopants incorporated into polymer films inevitably increase the
structural and energetic disorder of the host materials and consequently, influence the overall charge
transport properties of doped semiconducting polymers. Therefore, these altered charge transport
properties of doped semiconducting polymers need to be systematically investigated to enhance their
electrical performance toward a level comparable to their inorganic counterparts. In this talk,
engineering strategies for achieving excellent charge transport properties in doped semiconducting
polymers will be discussed from the perspective of structure-property relationships. In particular, the
influences of Coulombic interactions between dopant ions and charge carriers, energetic disorder, film
structure and molecular ordering of the doped semiconducting polymers on the charge transport
properties will be explored. At last, the excellent thermoelectric performances of doped
semiconducting polymers empowered by their enhanced charge transport properties will be presented,
highlighting the potential of organic thermoelectric materials as a future energy solution.
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PL-02
Dynamic Molecular Assemblies toward ferroelectric molecular
assemblies
Tomoyuki Akutagawa
IMRAM, Tohoku University, Sendai, Japan, akutagawa@tohoku.ac.jp
Unlike inorganic materials, diverse intermolecular interactions in molecular assemblies form a
variety of chemically designing freedom in terms of electronic structure and structural flexibility.
Electronic dynamics in molecular assemblies realize interesting dynamics related to the electron
localization-delocalization behavior, while the other dynamic such as proton transfer, ion transport,
molecular inversion, and rotation has a potential to fabricate a new functional molecular assembly.
We have been reported a dipole rotator type ferroelectric material in a metal complex by using a
supramolecular cationic structure. In solids, the rotational motion of m-fluoroanilnium was
responsible to an external electric field (Fig. 1a), which induced the dipole inversion and hysteresis in
the electric field-polarization curve. Similarly, the dipole inversion dynamics of intermolecular amide
type hydrogen-bonds in alkylamide chain (CnH2n+1NHCO−) indicates ferroelectricity derived from the
polarization inversion in the direction of polar hydrogen-bonding chain (Figs. 1a, 1b). The π-electron
cores bearing alkylamide chains have a diverse designing strategy from benzene, pyrene, helicene,
azobenzene, etc., making it possible to create multifunctional organic ferroelectric materials. It is also
possible to design ferroelectrics based on the bowl-to-bowl inversion of non-planar π- molecules such
as trithiasumanene (Figs. 1a, 1c). Researches on the integration of diverse dynamics in molecular
assemblies with physical properties will be presented.
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Figure 1: Molecular ferroelectrics using dynamics in molecular assembly. a)
Molecular structures of dipole rotator, alkyamide-substituted pyrene, and
trithiasumanene. b) Dipole inversion of the direction of amide-type N−H•••O=
hydrogen bond. c) T-dependent P – E hysteresis of trithiasumanene
derivatives.
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IL-01
Development of Functional pi-Conjugated Molecules for Electronic
Application
Yutaka Ie
The Institute of Scientific and Industrial Research (SANKEN), Innovative Catalysis Science
Division, Institute for Open and Transdisciplinary Research Initiatives (OTRI), Osaka
University, Osaka, Japan, yutakaie@sanken.osaka-u.ac.jp
π-Conjugated molecules have been extensively developed for the application to organic electronic
materials, and their structure-property relationship has been elucidated. Such organic materials have
advantages in terms of their diversity of molecular structures, which can be realized by versatile
synthetic protocols in organic chemistry. We have developed various 
-conjugated molecules for
single-molecule electronics and organic thin-film electronics. For example, several-nanometer-scale
oligothiophenes with periodically distorted structures showed efficient intramolecular hoppingtransport characteristics, which can function as molecular wires in single-molecule electronics. [1]
Long quinoidal molecules with benzene-annelation showed completely suppression of biradical
character, leading to the near infrared phototransistor characteristics. [2] In this contribution, we will
present the synthesis, properties, and device characteristics of our newly designed molecules in detail.

[1] Y. Ie, Y. Okamoto, T. Inoue, T. Seo, T. Ohto, R. Yamada, H. Tada, Y. Aso, J. Am. Chem.
Soc. 143, 599, (2021).
[2] K. Yamamoto, S. M. Quintero, S. Jinnai, E. Jeong, K. Matsuo, M. Suzuki, H. Yamada, J.
Casado, Y. Ie, J. Mater. Chem. C 10, 4424 (2022).
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IL-02
Evolution of Chiral Nanostructures from Achiral Block Copolymers
Dong Ha Kim
Ewha Womans Univ., Seoul, Korea, dhkim@ewha.ac.kr
The chirality of nanostructured systems has gained growing attention in catalysis, biotechnology, and
optoelectronics owing to their exotic enantio-/spin-selective interactions and intriguing chiroptical
features. However, large-scale fabrication of chiral inorganic nanostructures still remains a challenge.
Herein, we report a simple but generalized route for the synthesis of diverse chiral inorganic
nanoparticles (NPs) using block copolymer (BCP) templates. The self-assembled BCP inverse
micelles offered a specific environment, wherein chiral ligands induced left-handedness via hydrogen
bonding with the pyridines of polystyrene-block-poly(4-vinyl pyridine), for the evolution of chirality.
The BCPs were then used as a chiral host to transfer their handedness to the anchored diverse
inorganic NPs. We demonstrate unprecedented chiro-optical, magneto-optical and circularized light
emission properties from the resultant chiral inorganic nanostructures. Our design concept pinpoints
the steps required to construct an extended library of viable chiral nanostructures, and will aid in the
development of artificial chiral materials.
[1] L. Yao, X. Lu, S. Chen, J. J. Watkins, Macromolecules 2014, 47, 6547-6553.
[2] J. Yuan, X. Lu, Q. Li, Z. Lü, Q. Lu, Angew. Chem. 2021, 133, 12416-12420
[3] a) R.-M. Ho, M.-C. Li, S.-C. Lin, H.-F. Wang, Y.-D. Lee, H. Hasegawa, E. L. Thomas, J. Am.
Chem. Soc. 2012, 134, 10974-10986; b) P.-T. Chiu, C.-Y. Yang, Z.-H. Xie, M.-Y. Chang, Y.-C.
Hung, R.-M. Ho, Adv. Opt. Mater. 2021, 9, 2002133.
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IL-03
Drug Delivery System Using Nano-Prodrugs as A New Strategy
Hitoshi KASAI
Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University,
Sendai, Japan, kasai@tohoku.ac.jp
In this presentation, we propose a new concept, termed "pure nano-drugs" (PNDs), which are
comprised of drug ingredient and are delivered into cells in a carrier-free state without using polymer.
As the model of PNDs, the nanoparticles of SN-38 cholesterol succinate which is the derivatives of
SN-38（Fig. 1）having the high anticancer activity were fabricated with less than 100 nm in size
(Fig.2) by the reprecipitation method[1] developed at our laboratory[2]. Aqueous dispersion of the
nanoparticles has been shown to exhibit an extremely effective anti-cancer activity not only in vitro
experiment but also in vivo experiment (Fig. 3), when compared to irinotecan, a prodrug of SN-38
and a widely used water-soluble anticancer monomer [3].

Figure 1. Synthesis of SN-38 cholesterol succinate

Figure 2. SEM photograph of
nano-prodrugs for anti-cancer

Figure 3. In vivo antitumor activities of saline, irinotecan
and our nano-prodrugs in tumor-bearing mouse

[1] H. Kasai et al, Jpn. J. Appl. Phys., 31, L1132−L1134. (1992). [2] H. Kasai et al, Angew. Chem. Int.
Ed., 51, 10315 –10318 (2012). [3] Y. Koseki, Bull. Chem. Soc. Jpn., 92, 1305, (2019).
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IL-04
3D Network Acceptors for Efficient Solar Conversions
Feng He
Southern University of Science and Technology, Shenzhen city, China, hef@sustech.edu.cn
The morphology and organic photovoltaic materials are mainly decided by the secondary
intramolecular/intermolecular interactions from their constructing components, which includes the
types of backbones and substitution units. Over past five years, we have focused on the precise
regulation of non-covalent intermolecular interactions, such as Cl-S and Cl-π, to achieve series of
three-dimensional (3D) structures for elevated solar conversions. And more significant, we have
explored the relationship between different morphologies and performance from a single crystal view.
We have successfully realized the transformation of the molecular structures from the linear stacking
to 3D network arrangement by precise positioning of chlorine atoms, which provided a promising
pathway to design highly efficient non-fullerene acceptors with more isotropic electron transmission
identity. The single-crystal X-ray diffraction shows that the 3D interpenetrating isomer has a better
molecular planarity and a closer π-π interaction distance than the linear one. Recently, the
trifluoromethylation has been proved to be an effective strategy to achieve an ultra-narrow bandgap
acceptors (named BTIC-CF3-γ) with a 3D structure, a PCE of 15.59% has been achieved which is the
highest value in reported ultra-narrow bandgap acceptors. The single crystal structure of BTIC-CF3-γ
has also been successfully presented, which helps us to understand the charge transportation in blend
films and provide a facile method for efficient solar conversion.
The 3D network packing in those acceptors can promote the electron transport in acceptors, which is
similar to the isotropic transport in fullerene acceptors for favorable charge transfer. An understanding
of 3D networks could provide an insight into the electron transport behaviors for design of highperformance materials for next generation organic solar cells. Single crystals explored in this
presentation could help the researchers in the organic optoelectronics to understand the charge carrier
transportation processes in active layers. It also offers a guideline for development of new generation
materials with improved and balanced device performance.

[1] Chen, H.; Hu, Z.; Wang, H.; Liu, L.; Chao, P.; Qu, J.; Liu, A., Chen, W., He, F.* Joule 2018, 2:
1623.
[2] Lai, H.; Chen, H.; Zhou, J.; Qu, J.; Chao, P.; Liu, T.; Chang, X.; Zheng, N.; Xie, Z.; He, F.*
iScience 2019, 17, 302-314.
[3] Chao, P.; Chen, H.; Zhu, Y.; Lai, H.; Mo, D.; Zhen, N.; Chang, X.; Meng, H.; He, F.* Adv. Mater.
2020, 1907059.
[4] Lai, H.; Zhao, Q.; Chen, Z.; Chen, H.; Chao, P.; Zhu, Y.; Lang, Y.; Zhen, N.; Mo, D.; Zhang, Y.;
He, F.* Joule 2020, 4: 688-700.
[5] Chen, H.; Lai, H.; Chen, Z.; Zhu, Y.; Wang, H.; Han, L.; Zhang, Y.; He, F.* Angew. Chem. Inter.
Edit. 2021, 60: 3238-3246.
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IL-05
Fabrication of Carbon Nanotube Yarn-PEDOT:PSS Core-shell Fibers
and Network Structures Via Self-fusion
Minju Choi and Myung-Han Yoon*
Gwangju Institute of Science and Technology, Gwangju, South Korea, mhyoon@gist.ac.kr
CNT (carbon nanotubes) yarns are one of the most commonly used electrodes for fiber-type energy
storage devices as they exhibit mechanical flexibility/durability, light weight, excellent electrical
conductivity, and thermal/chemical stability. Nonetheless, CNT yarns show relatively low capacitance
as they have electrical double layer capacitance only. Herein, we developed the CNT yarnPEDOT:PSS (poly(3,4 ethylenedioxythiophene):poly(styrene sulfonate)) core-shell fibers with
excellent electrical conductivity and high specific capacitance. The core-shell fibers were fabricated
by combining the CNT yarns with enhanced wettability (core) and PEDOT:PSS fibers with selffusion property (shell). The resultant core-shell fibers showed stable charging/discharging behaviors
with minimal voltage drop and capacitance degradation. Furthermore, the bundles of core-shell fibers
were successfully fabricated by self-fusion for highly scalable energy storage devices. We expect that
these core-shell fibers and bundles can be employed for flexible power sources in the future wearable
and textile electronics.
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IL-06
Modulation of Chemical Reactions in Optical Cavities
Kenji Hirai
Hokkaido Univ., Sapporo, JST PRESTO, Saitama, Japan, hirai@es.hokudai.ac.jp
Inside an optical cavity, cavity fields can exchange energy with the vibrational transitions of
molecules. When this energy exchange repeatedly occurs, the molecular and photonic wavefunctions
are hybridized, called vibrational strong coupling (VSC). Most recently, it was found that the
chemical nature of molecules in optical cavities is modulated under VSC.1,2 The exploration of VSC
chemistry has just started, and the field awaits the development in molecular chemistry.
We demonstrate that VSC of the aldehyde/ketone carbonyl stretch can modulate the rate of Prins
cyclization reactions. Under VSC of carbonyl stretch, Prins cyclization was decelerated.3 Under VSC
on ketone, the site-selective reaction of the aldehyde over the ketone in 4-acetylbenzaldehyde was
achieved.4 We also investigate the influence of VSC of solvent molecules on crystalization of metalorganic frameworks (MOFs).5 We show that VSC of the solvent (water) can influence the formation
of MOF structures. These results indicate the versatility of VSC as a tool to modulate chemical
reactions, opening a new cross-disciplinary area between quantum photonics and molecular chemistry.

Figure 1. (a) Schematic illustration of molecules placed in the optical cavity consisting of two parallel
mirrors. (b) Energy diagram of VSC. The vibrational mode and cavity mode are coupled to form VSC
that generates two distinct vibropolarionic states, called Rabi splitting.

[1] K. Nagarajan et al., J. Am. Chem. Soc. 143, 16877 (2021).
[2] K. Hirai et al., ChemPlusChem 85, 1981 (2020).
[3] K. Hirai et al., Angew. Chem. Int. Ed. 59, 5332 (2020).
[4] K. Hirai et al., Chem. Sci. 12, 11986 (2021).
[5] K. Hirai et al., Chem. Eur. J. in press.
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IL-07
Antiambipolar transistor for novel device architecture
Yutaka Wakayama
National Institute for Materials Science (NIMS), Tsukuba, Japan
WAKAYAMA.Yutaka@nims.go.jp
In this talk, we will introduce an antiambipolar transistor (AAT) as a key element for functional
device architecture. The uniqueness of AATs can be ascribed to their distinctive electrical properties:
the Λ-shaped transfer curve (red line in Fig. 1) and high potential for use in optoelectronic
applications. First, the fundamental mechanism of the carrier transport is discussed in terms of the
characteristic device configuration, the essential part of which is the PN-heterojunction at the
transistor channels (inset in Fig. 1). Second, the ATT applications are introduced, including
multivalued logic (MVL) circuits [1] along with their optical responsivity [2], reconfigurable logic
circuits [3], logic-in-memory and those on flexible substrates [4]. (Fig. 2) Despite their various
advantages, such as mechanical flexibility, light weight, solution processability, and cost-effectiveness,
organic electronics have, until recently, been recognized to have weak points in terms of integration
density and data processing capability, because of their incompatibility with conventional lithographic
processes. However, organic AATs appear to offer means to overcome such weaknesses, and thereby
open a new frontier in the field of organic electronics. The recent progresses have been summarized in
review articles [5, 6].

Figure 1: Device structure and transfer
curve of AATs

Figure 2: Variations of AAT applications

[1] Kobashi et al., Nano Letters, 18, 4355 (2018)
[2] Debdatta et al., J. Mater. Chem. C, 10, 5559 (2022)
[3] Hayakawa et al., Advanced Materials, 34, 2109491 (2022)
[4] Debdatta et al., Appl. Phys. Exp., 14, 081004 (2021)
[5] Wakayama et al., Materials Advances DOI: 10.1039/d1ma01206a
[6] Wakayama et al., Adv. Funct. Mater., 29, 1903724 (2020)
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IL-08
Nanopatterned Halide Perovskites for High-Performance Optoelectronic Devices
Jong Hyeok Park
Yonsei University, Seoul, Korea, lutts@yonsei.ac.kr
In Halide perovskites have attracted great attention due to ideal photophysical properties such as
tunable bandgap, facile charge-carrier separation/transport and retarded recombination kinetics.
Although composition, deposition and interfacial approaches contribute to developing highperformance halide perovskite-based optoelectronic devices, the growth has lagged so far. In this
regard, soft nanoimprinting lithography technique is presented as a breakthrough for developing stateof-the-art halide perovskite films and devices.
Herein, we report versatility of nanoimprinting lithography in terms of tailoring intrinsic property of
halide perovskite films. By inducing pressure with nanopatterned soft polymeric mold, intrinsic
crystallographic and electronic properties have been improved as well as surficial morphology. Due to
the pressure exerted during crystallization of halide perovskite, the preferred crystal growth of
MAPbI3 is achieved, which ultimately leads to enhancing photoconversion efficiency of photovoltaic
devices. Also, moisture-stability of MAPbI3 is improved by enlarging grain size and passivating grain
boundary, a vulnerable moisture penetration channel. Further, photoresponsivity of nanopatternedhalide perovskite-based photodetector is improved. With nanopillar structured-MAPbI3, 2-terminal
photoconductor exhibits enhanced photocurrent and suppressed dark current, which is indicative of
improved photoresponsivity.

Figure 1: Pressure-induced crystallization of halide perovskite by
nanoimprinting lithography process.

[1] J. H. Park et al., Adv. Energy Mater. 8, 1702369 (2018).
[2] J. H. Park et al., ACS Nano 12, 8, 8564-8571 (2018).
[3] J. H. Park et al., Nano Lett. 19, 9, 6498-9505 (2019).
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IL-09
Interface-Assisted Perovskite Modulations for High-Performance
Near-Infrared Light-Emitting Diodes
Sai Bai Chaoyang Kuang, Feng Gao
University of Electronic Science and Technology of China, Chengdu, China,
sai.bai@uestc.edu.cn
Metal halide perovskites perform remarkably in a range of optoelectronic and electronic devices, such
as solar cells and light-emitting diodes (LEDs), and transistors. The rich structural and chemical
diversity of perovskites makes it possible to effectively manipulate their properties utilizing many
facile approaches. In this talk, I will introduce our work on interface-assisted modulations of
formamidinium (FA)-based perovskite emitters for near-infrared (NIR) LEDs with high external
quantum efficiencies (EQEs), tunable emission wavelengths, and enhanced operational stability. I will
first report the synergistic effect of the precursor stoichiometry and ZnO-induced deprotonation of
organic components in modulating optoelectronic properties of perovskite emissive layers1. Besides,
the basic ZnO substrate is proved effective in promoting the ion exchange between Cs+ and FA+
cations, enabling the fabrication of phase-pure FA1-xCsxPbI3 perovskites with widely engineered CsFA alloy ratios and high-performance emission-tunable perovskite-based NIR-LEDs. Moreover, our
in-depth understanding of the chemical interactions between perovskite components and the ZnO
underneath has also enlightened some specific molecular engineering strategies for perovskite NIRLEDs with notably improved operational stability2.

Figure 1. High-performance near-infrared perovskite light-emitting diodes on ZnO substrate.

[1] Z. Yuan, et al., Nat. Commun., 10, 2818 (2019)
[2] C. Kuang, et al., Joule, 5, 618 (2021)
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IL-10
Fast Switching and High-Force Soft Actuators with Portable Battery
Moon Jeong Park
Department of Chemistry, Pohang University of Science and Technology (POSTECH),
Pohang, Korea, moonpark@postech.ac.kr
In this talk, I would like to present how actuation performance of low-voltage-driven soft actuato
rs have radically improved, which have potential for use in next-generation artificial muscles and
wearable electronics. Key to the improvement stems from the development of unique polymer el
ectrolyte layer comprising hierarchically ordered ionic crystals through the self-organization of th
e dipolar/ionic moieties under confinements. By precisely tuning the distances between ionic sites
and the dipolar orientation in the ionic domains with varied ionic additives, unprecedented diele
ctric constants close to those of aqueous electrolytes have been achieved, leading to the develop
ment of high-conductivity solid-state polymer electrolytes with leak-free characteristics. Our actua
tors show a large bending strain and millisecond-scale mechanical deformations at 1 V in air wit
hout fatigue, exceeding the performance of previously reported polymer actuators. Smart multi-re
sponsive actuators based on tailor-made charged polymers capable of programmable deformation
with high force and self-locking without power consumption are also suggested as candidates for
use in soft robotics.

Figure 1: Advanced soft actuators comprising nanostructured block
copolymer electrolytes.

[1] M. J. Park et al., Adv. Mater., in press (2022).
[2] M. J. Park et al., Adv. Mater., 30, 1706547 (2018).
[3] M. J. Park et al., Nat. Commun., 7, 13576 (2016).
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IL-11
Near-infrared photopolymerization for self-written optical waveguide
and for optical self-coupling
Okihiro Sugihara, Hidetaka Terasawa, Keisuke Kondo, Hidehiko Yoda, Tsuyoshi
Namekawa, Koji Horiguchi, Yasuhiro Hyakutake, and Tomohiro Kikuta,
Utsunomiya Univ., Tochigi, Adamant Namiki Precision Jewel Co., Ltd., Tokyo, Japan, okisugihara@cc.utsunomiya-u.ac.jp
We demonstrate light-induced self-written (LISW) optical waveguide formation using near infrared
(NIR) continuous wave (CW) laser light at 1310 nm and 1550 nm wavelength. It is suitable and
efficient for optical self-coupling between silicon photonics devices. To realize LISW optical
waveguide we developed novel photopolymerizable resin mixture with high sensitivity at
telecommunication wavelength region. We assessed this approach for LISW optical waveguide at
1310 nm and 1550 nm with 10 μW laser power. LISW waveguide fabrication on vertical-cavity
surface-emitting laser (VCSEL) and silicon waveguide were demonstrated. Moreover, as shown in
figure 1, the LISW interconnection between silicon photonics devices with self-coupling was
successfully realized. The approach offers the possibility of not only increasing the alignment
tolerance, but also reducing the alignment task time.
This research was supported by JSPS Grant-in-Aid for Scientific Research (JP20K05356), JST
A-STEP (JPMJTR20RK), and NICT Beyond 5G R&D Promotion Project (03301), Japan.

Figure 1: Photograph of optical coupling by LISW waveguide between
single-mode fiber and silicon waveguide.
SSC: Spot size converter, SMF: Single-mode fiber
[1] H. Terasawa and O. Sugihara, J. Lightwave Technol., 39, 7472 (2021).
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IL-12
DNA-mediated Colloidal Assembly to Low-coordination Colloidal
Crystals
Gi-Ra Yi
Department of Chemical Engineering, POSTECH, Pohang, Korea, yigira@postech.ac.kr
For programmable assembly, colloidal particles have been coated with DNA which can be assembled
with other one with complementary DNA or by themselves if DNA strands are self-complementary.
DNA-mediated colloidal assembly is dependent of the temperature and reversable. Recently, those
DNA-coated colloids can be crystallized by thermal annealing near melting temperature for which
areal density of DNA strands should be higher than 30,000 per 1- m sphere. In this talk, I will
present how high-density DNA-coated colloids can be prepared in scalable manner and assembled
into various types of colloidal crystals as programmed. Furthermore, I will discuss how this DNAmediated colloidal assembly can be extended to obtain the low-coordination colloidal crystals.

[1] J. S. Oh, Y. Wang, D. J. Pine, G.-R. Yi, Chem. Mater. 27, 8337–8344 (2015).
[2] E. Ducrot, M. He, G.-R. Yi, D. J. Pine, Nat. Mater. 16, 652-657 (2017).
[3] M. He, J. P. Gales, E. Ducrot, Z. Gong, G.-R. Yi, S. Sacanna, D. J. Pine, Nature 585, 524-529
(2020).
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IL-13
Orientation control of DNA for optoelectronics
Dong Ki Yoon
Department of Chemistry, KAIST, Daejeon, Korea, nandk@kaist.ac.kr
Crude DNA is cheap and abundant in nature as it can be readily isolated from different kinds of
biological sources such as plants and fish. This crude DNA material, when randomly sequenced,
shows large variation in length due to differences in the number of base pairs. However, it exhibits a
highly regular structure resembling a helical shape with a diameter of ~2.0 nm and the space between
the nucleotides being 0.34 nm. DNA is associated with varied chemical functions because of the
presence of negatively charged phosphate groups in the backbone and due to the presence of wellstacked nucleotide bases with strong π–π interactions. These structural and chemical features of DNA
enable it to guide or control versatile guest functional materials such as biomaterials, particles, and
liquid crystals (LCs). For these templating applications, it is essential to create well-ordered DNA
structures with proper orientation. Here, we fabricate LC display with the in-plane switching mode,
well-oriented gold nanorods, and the bio-organic field-effect transistor (BOFET).1-6
‘

Figure 1: Aligned DNA-based applications, (a) IPS mode LC cell, (b)
GNR-plasmonic film, (c) BOFET.

[1] Y. J. Cha and D. K. Yoon, Adv. Mater. 9, 1604247 (2017)
[2] Y. J. Cha et al., ACS Appl. Mater. Inter., 7, 13627 (2015)
[3] Y. J. Cha, D. S. Kim, and D. K. Yoon, Adv. Func. Mater. 27, 1703790 (2017)
[4] Y. J. Cha, S. M. Park, R. You, H. Kim, and D. K. Yoon, Nat. Commun., 10, 2512 (2019)
[5] M.J. Han, et al., Chem. Mater., 32, 688–696 (2019)
[6] M.J. Han, et al., ACS Nano 2021, 15(12), 20353-20363 (2021)
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IL-14
Polymer Waveguide-coupled Co-packaged Silicon Photonics-die
Embedded Package Substrate
Takeru Amano
National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan, takeruamano@aist.go.jp
Optical interconnection shows promise as a solution to eliminate input-output (I/O) communication
bottlenecks due to increasing data rates by reducing energy and latency compared with conventional
electrical wiring. A bandwidth breakthrough would require converting electrical and optical signals as
efficiently as possible to large-scale integrated circuits. For an extreme reduction in the length of
high-data-rate electrical links, co-packaging technologies of optics chips (e.g. silicon (Si) photonics)
and high-performance large-scale integration (LSI) chips have attracted considerable attention. We
proposed a new package substrate using a polymer waveguide and silicon photonics transceiver
modules. Our proposed optical and electrical hybrid active optical package (AOP) has Si photonics
dies, a polymer optical waveguide, and an optical connector. The AOP package has high bandwidth of
10 Tb/s and WDM optical links. The AOP substrate is an organic package substrate where Si
photonics dies are embedded, as shown in Figure 1. On the surface of the substrate, fan-in/out
polymer optical waveguides, connecting high density Si-photonics I/O, and a low density single-mode
fiber array are integrated. The polymer waveguides and the SMF are connected using an optical
connector at the edge of the AOP substrate [2]. However, a surface optical I/O is required for the
optical I/O of the embedded Si photonics dies. We have proposed and demonstrated the Si-photonics
vertical I/O with an integrated curved micro-mirror [3]. In this paper, we described an AOP substrate
and some key technology for an AOP substrate. The three-dimensional polymer optical circuits were
integrated, and their optical characteristics were evaluated.
(a)

(b)

Fig. 1: (a) The bird's-eye view and (b) cross-section schematics of the co-packaged optics using AOP
substrate.

[1] "Rockley Photonics showcases its in-packaged design at OFC," Gazettabyte, (2018).
[2] A. Noriki et al., J. Lightwave Technol. 38, 3147-3155 (2020).
[3] D. Hashimoto, et. al., IEEE CPMT Symp. Japan (ICSJ), 131 (2018).
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IL-15
Organic optoelectronics for wearable health monitoring sensors
Seunghyup Yoo, Hyeonwoo Lee, Seunghee Lee, Ramakant Sharma, Woochan Lee,
and Jaehyeok Park
Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea,
syoo.ee@kaist.edu
Organic optoelectronics represented by organic light-emitting diodes (OLEDs) and organic
photodiodes (OPDs) are promising not only for displays and photovoltaic technologies but also for
wearable or body-attachable electronic devices. This talk introduces a case where organic
optoelectronic devices are used for body-attached low-power pulse oximetry sensors that measure the
blood oxygen level and heart rate, which are physiological signals vital to human health whether in
clinical environments or for fitness monitoring.[1,2] It is demonstrated that organic optoelectronic
technologies have far-reaching implications for pulse oximetry sensors, enabling realization of
ultralow power consumption as well as wearable form factors.
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IL-16
Vacant-Orbital Engineering
Organoboron Compounds

for

the

Design

of

Functional

Yoshiaki Shoji, Takanori Fukushima
Tokyo Institute of Technolog, Yokohama, Japan, yshoji@res.titech.ac.jp
The structures, reactivity and properties of organoboron compounds originate from the electron
deficiency and low electronegativity of boron. Based on the concept of vacant boron p-orbital
engineering in combination with peripheral space design for boron, we have developed new
organoboron compounds, which exhibit exotic reactivity and properties and boron-mediated organic
transformations capable of constructing large π-conjugated systems.1 Here we present our recent study
by focusing on the following topics; (i) the synthesis of a new tetraaryldiborane(4) derivative
exhibiting viscosity-sensitive dual fluorescence (Figure 1a),2 (ii) a B2N2-heterocyclic analogue of
cyclobutadiene displaying room-temperature
delayed

emission

temperature

(Figure

in

solution
3

1b),

(iii)

at

room

a

B4N4-

heteropentalene derivative serving as a good
host material for OLED (Figure 1c),4 and (iv) a
new diborylacetylene derivative useful as a
component of OLED as well as a precursor for
boron-rich molecules (Figure 1d).5 These
molecules are unprecedented yet feature very
simple systems, and therefore demonstrate
intrinsic and new potential of organoboron
compounds.

[1] Y. Shoji, J. Kashida, T. Fukushima, Chem. Commun. 58, 4420 (2022).
[2] Y. Shoji, N. Tanaka, Y. Ikabata, H. Sakai, T. Hasobe, N. Koch, H. Nakai, T. Fukushima, Angew.
Chem. Int. Ed. 61, e202113549 (2022).
[3] Y. Shoji, Y. Ikabata, I. Ryzhii, R. Ayub, O. El Bakouri, T. Sato, Q. Wang, T. Miura, B. S. B.
Karunathilaka, Y. Tsuchiya, C. Adachi, H. Ottosson, H. Nakai, T. Ikoma, T. Fukushima, Angew.
Chem. Int. Ed. 60, 21817 (2021).
[4] J. Kashida, Y. Shoji, Y. Ikabata, H. Taka, H. Sakai, T. Hasobe, H. Nakai, T. Fukushima, Angew.
Chem. Int. Ed. 60, 23812 (2021).
[5] T. Tsukada, Y. Shoji, K. Takenouchi, H. Taka, T. Fukushima, Chem. Commun. 58, 4973 (2022).
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GL-01
Controlling the Average Number of Spin-Circulation in Thermally
Activated Delayed Fluorescence by Purcell Effect
Hyung Suk Kim, Sang Hoon Lee, Yeonghoon Jin, Soyeon Kim, Youichi Tsuchiya,
Jihoon Lee*, Kyoungsik Yoo*, Chihaya Adachi*, and Seunghyup Yoo*,
Kyushu University, Fukuoka, Japan, sanghoon.lee.390@s.kyushu-u.ac.jp
Thermally activated delayed fluorescence (TADF) can exhibit a specific exciton behavior, which is
called the spin-flip process between singlet and triplet excited states1. Through continuous spincirculation, TADF can harvest triplet excitons, realizing highly efficient organic light-emitting diodes
(OLEDs). However, the spin-flip processes conversely induce exciton accumulation at a high current
density region during TADF-OLEDs operation. To overcome this problem, the fast RISC rate
constant has been highlighted, but it caused the concomitant increment of the ISC rate constant. This
only increases the spin-circulation rate but could not suppress the exciton accumulation thoroughly2.
In this study, we control the average number of spin-circulation (𝑛𝑛�) in TADF-OLEDs by optical
engineering approach, i.e., the Purcell effect. In conclusion, the enhanced Purcell factor (F) realized
the decreased average number of spin-circulation in TADF-OLEDs, and it could reduce exciton
accumulation and relax the device efficiency roll-off behavior and OLEDs operational lifetime.

Figure 1: Efficiency roll-off behavior dependent on Purcell factor.

[1] H. Uoyama et al., Nature 492, 234 (2012).
[2] H. S. Kim et al., Adv. Funct. Mater. 31, 2104646 (2021).
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GL-02
Thermally stable organic bulk heterojunction solar cell prepared by
sequential deposition and quasi-orthogonal solvent
Shafidah Shafian, Jiyae Youn, Minjeong Hong and Kyungkon Kim*,
Department of Chemistry and Nanoscience, Ewha Womans University, Seoul, Korea,
shafidahshafian@gmail.com
The development of organic solar cell (OSC) devices based on non-fullerene acceptor (NFA) has led
to a rapid improvement in efficiency. However, a significant performance degradation at the early
stage of operation (burn-in) remains a challenge for NFA-based OSC.1 In this study, highly stable and
burn-in-free NFA-based OSC is demonstrated by utilizing the sequential deposition (SqD) process
and quasi-orthogonal solvents. The quasi-orthogonal solvent is prepared by adding a small amount of
1-chloronaphthalene (1-CN) to dichloromethane (DCM)). A Y6 (one of the efficient NFAs) is
dissolved in the quasi-orthogonal solvent and sequentially deposited on a PM6 (polymer donor) layer
without destroying the polymer layer. The incorporation of 1-CN reduces the vapor pressure of the
quasi-orthogonal solvent and allows Y6 to penetrate the amorphous domain of PM6 to form an
efficient bulk heterojunction (BHJ). It is revealed that the BHJ prepared by the quasi-orthogonal
solvent and the SqD process is composed of more crystalline PM6 domains compared to that prepared
by the widely utilized single-step deposition (SD) process. The SqD processed OPV exhibited PCE of
13.2% and a reduction of only 6.4% in PCE after thermal annealing at 80℃ for 140 h, whereas the SD
processed OPV demonstrated a reduction of 33.6% under the same condition.

Figure 1. Comparison of thermal stability of SD-OSC and SqD-OSC with improvement of film
quality with quasi-orthogonal solvent

[1] Mateker, W. R. et. al, Adv. Mater. 29 (10), 1603940 (2017)
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GL-03
SPEEK and tin oxide composite membrane for vanadium redox flow
battery
Amanpreet Kaur, and Jun Woo Lim
Department of Mechatronics Engineering & Graduate School of Flexible and Printable
Electronics & LANL-CBNU Engineering Institute Korea, Jeonbuk National University,
Jeonju, Korea, amankhamano@gmail.com
Vanadium redox flow battery (VRFB) is a large-scale energy storage component, regarded as a
possible contender to integrate sporadic renewable energy with the grid [1-3]. The ion exchange
membrane, a crucial part of VRFB, transports ions to complete the circuit during charge and discharge
processes. However, the cost of membrane and lower ion selectivity are the main drawbacks of
conventional membrane. In this study, the composite membrane with conductive nanoparticles tin
oxide in sulfonated polyether ether ketone (SPEEK) has been reported. SPEEK with different degree
of sulfonation (DS) has been synthesized. Optimum DS of SPEEK has been prepared with different
loading of the conductive nanoparticles. Different characterization techniques including water uptake,
mechanical properties and charge discharge test confirmed the optimized SPEEK membrane with tin
oxide particles. The composite SPEEK membrane possess excellent performance including high
coulombic efficiency, high energy efficiency and long self-charge discharge time as compared to the
PFSA. Moreover, the introduction of the conductive particles in SPEEK enhance the ion selectivity of
the SPEEK membrane due to the blocking effect of the conductive particles. Therefore, the hybrid
SPEEK membrane can be a promising substitute for the conventional PFSA membrane due to its low
cost and high performance.

[1] Amanpreet Kaur, Kwang il Jeong, Seong Su Kim, Jun Woo Lim, Composite Structures, Volume
290, 115546 (2022).
[2] Jun Woo Lim, Dai Gil Lee, Composite Structures, Volume 134, 483-492 (2015).
[3] Sangki Park, Hansung Kim, Journal of The Electrochemical Society, 163 (10) A2293-A2298
(2016).
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GL-04
Molecular Doping of Conjugated Polymers for Flexible and Printed
Organic Thermoelectric Generators
Boseok Kang
Sungkyunkwan Univ., Suwon, Korea, bskang88@skku.edu
Organic thermoelectric generators (OTEGs) have received significant attention as a promising
independent energy harvesting solution in the era of the Internet of Things. The OTEG device is
attached directly to the surface of heat energy sources and transforms waste heat energy into valuable
electricity based on the principle of the Seebeck effect. Several attempts have been made to achieve
high-efficiency solution-processed OTEG devices, but there still remains a challenge to improve the
thermoelectric figure of merits and the solution processibility for the device fabrication. Doping, in
particular, is critical for controlling the charge carrier concentration in the conjugated organic media
and governing charge transport physics, resulting in optimized device performance. In this talk, I will
discuss various doping and molecular design strategies for improving the thermoelectric efficiency
and solution processibility of conjugated polymers for flexible and printed OTEGs.

Figure 1. Concept of photoactivated doping for flexible and printed OTEGs
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GL-05
Norbornene-dicarboximide (NDI) based Electro-optic (EO) polymer
with a thiophene based chromophore for low driving voltage
modulator
Alisa Bannaron, Hiromu Sato, and Shiyoshi Yokoyama
Institute of Materials Chemistry and Engineering, Kyushu University, Fukuoka, Japan
Alisa@cm.kyushu-u.ac.jp
Over the past decades, electro-optic (EO) polymers have drawn a great attention in the
telecommunication industry as they offer much larger EO performance due to their conjugated system
and excellent flexibility enabling better integration with CMOS photonics components than that of
typical inorganic materials. EO polymer generally consists of polymeric host and EO chromophore
which allow the material to achieve excellent EO efficient r33 while maintaining its performance at
elevated temperatures. In this work, we prepare a side-chain EO polymer using norbornenedicarboximide (NDI) as the backbone. The NDI derivative is linked with two different substituents,
hexyl and FTC chromophore giving two distinct monomers. The copolymer is produced via ring
opening metathesis polymerization (ROMP) using 3rd generation Grubbs initiator (G3). The obtained
EO polymer contains 24wt% of FTC chromophore resulting in Tg of 151°C. The EO polymer is then
fabricated into silicon organic hybrid MZI modulator following by electrical poling at 150°C with
400V to realize the EO activity. The hybrid modulator exhibits excellent Vpp of 1.9V at 1550 nm.

Figure 1: Schematic illustration of NDI based EO polymer
EO modulator

fabricated

[1] H. Miura, F. Qiu, A. M. Spring, T. Kashino, T. Kikuchi, M. Ozawa, H. Nawata, K. Odoi, and S.
Yokoyama , Optic Express 25, 28643 (2017).
[2] A. M. Spring, F. Qiu, J. Hong, A. Bannaron, and S. Yokoyama, Polymer 119, 13 (2017).
[3] X. Piao, Z. Zhang, Y. Mori, K. Koishi, A. Nakaya, S. Inoue, I. Aoki, A. Otomo, and S. Yokoyama,
J. Polym. Sci 49, 47 (2011).
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GL-06
High-speed organic EO modulator for O-band
Hiromu Sato, Alisa Bannaron,and Shiyoshi Yokoyama
IMCE, Kyushu University, Fukuoka, Japan, h_sato@cm.kyushu-u.ac.jp
Demand for cloud services such as a video streaming is rapidly growing. As a result, increased
datacenter traffic and power consumption have become problems. Therefore, there is an urgent need
to develop high-speed and low-power consumption optical devices for datacenter. In case of the
optical modulator, organic material EO modulators are expected, and High-speed of operation of 100
Gbaud and less than 1 V half-wavelength voltage length have been reported[1,2]. These researches
only focused on long-haul communication because of organic EO material properties. However, we
succeed to synthesize new organic EO materials which can use for O-band [3]. In this paper, we
fabricated organic EO modulator for O-band and demonstrated low half-wavelength voltage and large
wideband operation.
In our device, the slot waveguide was applied to the phase shift sections of the modulator in order to
reduce the half-wave voltage and realize small foot print. Figure 1(a) shows the measured Vπ at 1
kHz. The measured Vπ of O-band (1.31µm) is 1.76 V, corresponding to VπL of 3.52 V mm and the
half-wave voltage could be further reduced by investigating the material structure in detail. To
demonstrate the performance of our device for high-speed data transmission, we used a simple nonreturn-to-zero (NRZ) on-off-keying (OOK) as a modulation format. The clear OOK eye pattern at 50
Gbps is obtained and shown in Figure 1(b). The device is connected to a signal generator adjusted for a
peak to peak voltage of 2.0 V. The modulation with larger bandwidth and higher speed operation
would realize by improvement of the fabrication process.

Figure 1: ( a ) The measured Vπ. and (b) OOK eye pattern at 50Gbpps

[1] H. Sato, et al., IEEE Photon. Technol. Lett. Vol. 33, 1507-1510(2021)
[2] F. Qie, et al., Opt. Express, Vol. 26, pp11213-11221(2018)
[3] A. Bannaron, et al., ICSJ, pp192-195 (2021)
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GL-07
Material Engineering for Efficient and Stable Colloidal Quantum Dot
Photovoltaics
Jongmin Choi
Department of Energy Science & Engineering, DGIST, Daegu, Korea
whdals1062@dgist.ac.kr
Solar energy is renewable energy source to meet recent energy demands, and colloidal quantum dots
(CQDs) have attracted considerable attention as a promising tool for effective utilizing solar energy.
The values of CQDs are tunable optical and electrical properties depending on their size and shape,
and these benefits allow the application of CQDs in thin-film optoelectronic devices such as lightemitting diodes, photodetectors, photovoltaics. The composition of CQDs, which have been used the
most to date, is lead chalcogenides, and lead sulfide CQDs used PVs shows promising properties such
as high-power conversion efficiency, outstanding ambient stability, and utilizing infrared lights. In
addition, recently developed metal halide perovskite quantum dots are also considered as promising
platform to exploit outstanding photophysical properties of perovskite and quantum confinement
effects. Progress in CQD photovoltaics has been achieved through advanced surface chemistry,
energy band engineering combined with device architecture optimization. Despite impressive progress
in CQD photovoltaics, several remaining challenges in materials using for CQD photovoltaics stand
to be improved further. In this presentation, I will introduce some of remaining challenges in CQD
photovoltaics, and propose appropriate approaches to address them.
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GL-08
Carrier Transport Mechanism in Organic Antiambipolar Transistors
Ryoma Hayakawa, Soichiro Takeiri, Yoichi Yamada, Keiki Fukumoto and Yutaka
Wakayama
National Institute for Materials Science (NIMS), Tsukuba, Japan
HAYAKAWA.Ryoma@nims.go.jp
Considerable efforts have been devoted to the development of antiambipolar transistors (AATs).1 This
is because the transistors induce negative differential transconductances (NDT) even at room
temperature. Due to the attractive feature, novel logic circuits such as multivalued logic circuits and
reconfigurable logic circuits have been demonstrated.2,3 However, the detailed carrier transport
mechanism still remains unclear. In this study, we used operando photoemission electron microscopy
(PEEM) to tackle this issue owing to the technique’s ability to visualize conductive electrons during
the transistor operation.4
Figure (a) show the drain current (ID)-gate voltage (VG) curve of the AAT, where α-sexithiophene (α6T) and N,N′-dioctyl-3,4,9,10-perylenedicarboximide (PTCDI-C8) are employed as p-type and n-type
transistor channels, respectively. Obvious NDT was observed at VG = 3.2 V. Consequently, Figures (b)
and (c) represent the PEEM images obtained at VG = 3.2 V and 6.2 V which are depicted by the blue
arrows in Figure (a). First, we successfully visualized the conductive electrons injected from the
source electrode (Figure (b)). Furthermore, a depletion layer was detected at the lateral p–n junction,
indicating that both channels have pinch-off states when the AAT is in on-state. The finding clarifies
that ID of the AAT can be explained as the overlapped currents in the saturation region of the both
transistor channels. In contrast, no conductive electrons appeared in α-6T layer at VG = 6.2 V (Figure
(c)), although the electrons were accumulated in the PTCDI-C8 layer. This result tells us that the
depletion layer formed in the α-6T layer is responsible for the NDT property. As shown above, our
technique provides a thorough understanding of carrier transport in AATs.
(a)

(b)
(i)

D
α-6T

S
PTCDI-C8
HfO2
Gate

(ii)

D

(c)

(i) VG= 3.2 V

Lateral p-n junction

α-6T

p p-n

Lateral p-n junction

PTCDI-C8

S

D

PTCDI-C8

α-6T

p p-n

n

D

(ii) VG= 6.2 V

S
Electron

Pinch-off region
Hole
accumulation (Depletion layer)

S

n

D

S
Electron
Depletion Pinch-off region
(Depletion layer)
layer

Figure: (a) ID- VG curve of an AAT. PEEM images obtained at (b) VG= 3.2 V and (c) VG= 6.2 V.
[1] K. Kobashi et al., Adv. Electron. Mater. 3, 1700106 (2017). [2] K. Kobashi et al., Nano Lett. 16,
4960 (2016). [3] R. Hayakawa et al., Adv. Mater. 34, 2109491 (2022). [4] R. Hayakawa et al., Adv.
Mater. 2201277 (2022).
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GL-09
Enhancement of carrier doping efficiency of polymer semiconductor,
P3HT:F4TCNQ, by spray deposition
Katsuhiko Fujita, Kayoko Cho and Shin Sakiyama
IMCE, Kyushu University, Fukuoka, Japan, katsuf@cm.kyushu-u.ac.jp
We have developed highly efficient carrier doping method for polymer semiconductors,
Evaporative Spray Deposition using Ultradilute Solution (ESDUS), which enables preparation of
polymer thin films using highly diluted solution at several ppm. The hole doping to the hole
transporting polymer, P3HT, by the dopant, F4TCNQ, has been performed in ESDUS and the
conventional spin-coating. The conductivity in the hole only device of P3HT:F4TCNQ(0.1wt%)
prepared by ESDUS is two orders of magnitude higher than that prepared by the spin-coating method
(Figure 1). The absorption peak attributed to the CN stretching vibration in FT-IR spectra should shift
depending on the charged state of F4TCNQ. The peak shift indicated that almost all F4TCNQ in both
doped films become radical anion at the integer charge transfer state. The significant difference in the
peak shift value of the ESDUS films and of the spin-coat films suggested that the doped F4TCNQ
locates at the alkyl chain region of the ESDUS P3HT films while that locates at the packed region of
the aromatic rings of spin-coat films. Since the crystalline of the P3HT grows during the deposition in
case of ESDUS, the dopant could not penetrate into the packed region. This should be why the
ESDUS films show higher conductivity.

Figure 1: Current density-voltage characteristics of the hole only devices
composed of P3HT deposited by ESDUS and Spin-coating.
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GL-10
Multiple resonance type thermally activated delayed fluorescence
nature on dibenzo[1,4]azaborine derivatives and their OLED
performance
Jaehyun Bae, Mika Sakai, Xian-kai Chen, Youichi Tsuchiya*, Shigehiro Yamaguchi*,
and Chihaya Adachi*
Kyushu University, Fukuok, Japan, bae.jaehyun.723@s.kyushu-u.ac.jp
Multi-resonance type thermally delayed activation fluorescence (MR-TADF) materials have great
potential as luminescent materials for OLEDs because of their narrowband emission spectra, while
those of conventional donor-acceptor TADF materials are broad. MR-TADF materials possess the
separation of the highest occupied and the lowest unoccupied molecular orbitals (HOMO and LUMO)
on each atom of aromatic rings by introducing the hetero atoms, e.g., boron and nitrogen atoms,
leading to TADF activity with narrow band emission and rather a high oscillator strength.[1] Here, we
investigated the photophysical properties of novel MR-TADF candidates, BN1-4, having the different
ring-fused structures based on dibenzo-1,4-azaborine, which correspond to a minimum component of
boron and nitrogen couple to achieve MR effect.[2] We found the calculation based on the STEOMDLPNO-CCSD level of theory can well explain the experimental data of BN1-4. In particular, we
confirmed that the ring-fusion forming the carbazole backbone enhanced the spin-orbit coupling. Also,
we disclosed that the T2 energy level plays an important role in providing the TADF property. As a
result, BN4 having the most ring-fused and planar structure showed the strongest MR-TADF
properties among them. Finally, we succeeded in obtaining a highly efficient blue-violet OLED with
9.1% external quantum efficiency (EQE). This EQE value well agrees with the theoretical value
taking into account nonradiative decay from the T1. The details will be discussed in this presentation.

Figure 1: Chemical structures of dibenzo[1,4]azaborine derivatives.
[1] T. Hatakeyama et al., Adv. Mater. 28, 2777 (2016).
[2] M. Ando et al., Org. Biomol. Chem. 17, 5500 (2019).
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P-101
Defect related charge transport within the metal halide perovskite
single crystals
Won Jong Lee,1 and Jongchul Lim1
1
Chungnam National University, Daejeon, Korea, jclim@cnu.ac.kr
Metal halide perovskite semiconductors have sprung to the forefront of optoelectronic device and
materials research, largely due to their remarkable photovoltaic efficiency records above 25% in
single junction devices, and 28% in tandem solar cells, achieved within a decade of research. Despite
this rapid progress, ionic conduction within the semiconductor still puzzles the community and can
have a significant impact on all metal halide perovskite-based optoelectronic devices due to its
influence upon electronic and optoelectronic processes. This phenomenon thus also makes the
interpretation of electrical characterisation techniques, which probe the fundamental properties of
these materials, delicate and complex. For example, space-charge limited current measurements are
widely used to probe defect densities and carrier mobilities in perovskites. However, the influence of
mobile ions upon these measurements is significant but has yet to be considered. Here we report the
effect of mobile ions upon electronic conductivity during space-charge limited current measurements
of MAPbBr3 single crystals, and show that conventional interpretations deliver erroneous results. We
introduce a pulsed-voltage space-charge limited current procedure to achieve reproducible currentvoltage characteristics without hysteresis. From this revised pulsed current-voltage sweep, we
elucidate a lower bound trap-density value of 2.8 ± 1.8 x 1012 cm-3 in MAPbBr3 single crystals. This
work will lead to more accurate characterisation of halide perovskite semiconductors and ultimately
more effective device optimization.

P-102
Organic Layer Templated Nanostructured Back Electrodes for
Efficient Light Absorption in Perovskite Quantum Dot Solar Cells
Sanghun Han,1 Younghoon Kim,2 and Jongmin Choi,1
1
Department of Energy Science and Engineering, Daegu Gyeongbuk Institute of Science and
Technology (DGIST), Daegu 42988, Republic of Korea, whdals1062@dgist.ac.kr
2
Department of Chemistry, Kookmin University, Seoul 02707, Republic of Korea.
Developments in the surface ligand manipulation of all-inorganic CsPbI3 perovskite quantum dots
(PQDs) have enabled the fabrication of conductive PQD photovoltaic (PV) absorbers in nextgeneration solution-processed solar cells. However, PQD absorbers do not efficiently absorb incident
solar light, thus are not suitable for fabricating thick films. Here, we demonstrate that the introduction
of nanostructures in CsPbI3-PQD solar cells for efficient light absorption via the light trapping effect,
thereby improving their photocurrent and PV performance while maintaining the PQD absorber
thickness. We fabricate nanophotonic structures on a spiro-OMeTAD hole-transporting layer using
nanoimprint soft lithography. We also find that condition of nanoimprint soft lithography on organic
layer is highly related with glass transition temperature of organic materials. Moreover, by carefully
controlling the feature size of the nanostructures, we suppressed the electrical losses of nanostructured
CsPbI3-PQD solar cells. Thus, the nanostructured CsPbI3-PQD solar cells with a power conversion
efficiency of up to 15.0% and a current density of 16.5 mA cm−2 exhibit improved PV performance as
compared to the flat control device.
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P-103
MXene incorporated polyimide nanohybrid films for electromagnetic
interference shielding
Ha Ram Moon, Yong-Zhu Yan, Jun Seok Lee, Sung Soo Park, Chang-Sik Ha*
Department of Polymer Science and Engineering, School of Chemical Engineering, Pusan National
University, Busan 46241, Republic of Korea, csha@pnu.edu
In this study, polyimide (PI)/MXene hybrid films for electromagnetic interference (EMI) shielding
materials were fabricated via thermal imidization process using MXene (Ti3C2Tx) as a filler.
Polyimides (PIs) are well known for having excellent thermal stability, good chemical resistance and
good flexibility. The PI/MXene nanohybrid films were fabricated by casting an aqueous solution
containing water-soluble poly (amic acid) ammonium salt (PAS) and MXene colloid followed by
thermal imidization. PI/MXene hybrid films with different content (1.36 wt % ~ 20 wt %) were
prepared and characterized by Fourier transform infrared (FTIR) spectroscopy, X-ray diffractometer
(XRD) and scanning electron microscopy (SEM), low-resistivity meter with a 4-point probe and a
high-resistivity meter with a circle-type probe, microwave vector network analyzer,
thermogravimetric analysis (TGA), thermomechanical analysis (TMA), dynamic mechanical analysis
(DMA), and broad frequency dielectric spectrometer, universal testing machine (UTM), and moisture
contents test. The PI/MXene hybrid films showed electrical conductivity up to 1.78 ×10-1 S/mm when
the MXene contents were 20 wt. %. Contributed by relatively high conductivity, the PI/MXene (20
wt %) film with 60 μm thickness exhibited high EMI shielding performance of 159 dB/mm. The
PI/MXene films have low moisture contents and controllable dielectric constants. They exhibited
improved thermal stability and low coefficients of thermal expansion (CTE). Based on all the
obtained results, it may be expected that the PI/MXene hybrid films can be used as an EMI
shielding material and an energy-storage material.

P-104
Organic Field-Effect Transistors and Logic Circuits
Aggregation‐Resistant MXene and Polymer Dielectrics

Using

Tae Kyu An
Dept. Polymer Science and Engineering, Korea National University of Transportation, Chungju,
Republic of Korea, taekyu1985@ut.ac.kr
MXenes have been considered as attractive 2D materials in the field of energy and electronic devices
due to their excellent optoelectronic properties with metallic conductivity and high optical
transparency. Here, a promising strategy is suggested to obtain alcohol dispersible MXene nanosheets
suitable for printed electronics while enhancing the electrical conductivity of MXene. The
trifluoroacetic acid treatment contributes to intercalant modification between MXene nanosheets,
achieving long-term dispersity of the MXene in alcoholic media and balanced jetting conditions
during the electrohydrodynamic (EHD) printing process. Furthermore, high conductivity of the treated
MXenes allows their printed patterns to be applied as gate and source/drain electrodes of electronic
elements in organic complementary logic circuits, displaying good and robust operation in field-effect
transistors, inverters, NAND and NOR logic gates.

– 85 –

P-105
Three-Colored White OLED Emission Using New Blue Emitter
Sangshin Park,1 Sunwoo Park,1 Hyukmin Kwon,1 Changyu Lee,1 Hayoon Lee,1 Nikita khairnar,1 and
Jongwook Park*
1
Integrated Engineering, Department of Chemical Engineering, Kyung Hee University, Gyeonggi,
17104, Republic of Korea, jongpark@khu.ac.kr
Organic light-emitting diode (OLED) has drawn much attention since its first discovery in 1987. In
case of white OLED (WOLED), since Kido at Yamagata University fabricated emitting layers (EML)
with red, green, and blue light emitters in 1995, many research has been conducted to develop
materials and devices that have high efficiency, long life-time and excellent color purity. Nowadays,
WOLEDs are attracting particular attention because of their potential application in full-color displays
[1,2]. In this study, due to the long diffusion length of each emitting material, WOLED containing thin
layers was prepared with a simple device structure continuously deposited using 4-CbzBiz, Alq3, and
DCM2 for blue, green, and red. Since the fabricated device has a CIE (Commission internationale de
l’éclairage) coordinate of (0.30, 0.33) corresponding to cool-white, it is possible to apply it to a
display application.

P-106
Reshaping of silver nanoprisms and Its Application in a Temperature
Indicator
Hyeonbo Shim, and Mun Ho Kim
Pukyong National Univ., Busan, Korea, munho@pknu.ac.kr
Although the lack of stability of silver (Ag) nanoprisms poses a challenge to many of their
applications, other novel applications to exploit these nanocrystals can be developed by using this
weakness in a positive way.1 In the current work, we used bromide ions as a powerful etchant of silver
(Ag) nanoprisms. When aged with bromide ions at room temperature, these nanoprisms transformed
into ellipsoid-shaped nanostructures. This shape evolution permitted tuning of the localized surface
plasmon resonance (LSPR) peaks of the Ag nanoprisms.2 Interestingly, the rate of color change
resulting from the introduction of bromide ions was found to be strongly correlated with the aging
temperature, and this correlation allowed us to use this system to develop a novel type of colorimetric
temperature indicator.

P-107
Doping Effects of Metal TFSI in Poly(3-hexylthiophene) on
Photovoltaic Properties of Solid-state Dye-sensitized Solar Cells
Jina Kim, Seokhun Shin, Keong Ho Ryu, and Yoon Soo Han
Daegu Catholic University, Gyeongbuk, Korea, yshancu@cu.ac.kr
Since the first report on dye-sensitized solar cells (DSSCs), a power conversion efficiency (PCE) of
14.3% has been achieved in a co-sensitized solar cell featuring a cobalt (II/III) complex redox
electrolyte solution and graphene nanoplates as a counter electrode [1]. However, during solar cell
operation, volatilization of low-boiling-point organic solvents by solar heat can induce leakage of the
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liquid electrolyte from cells [2]. In this study, conventional liquid electrolyte was replaced with solidstate (ss) hole conductors comprised of poly(3-hexylthiophene) (P3HT), ionic liquid, dopant and
additive to get ssDSSCs. An ssDSSC with LiTFSI-doped P3HT showed a photovoltaic performance
of 6.99 mA/cm2 for the short-circuit current (Jsc), 0.658 V for the open-circuit voltage (Voc), and
60.26% for the fill factor (FF), which led to a PCE of 2.77%, while the PCE of an ssDSSC with
ZnTFSI2-doped P3HT was increased to 3.56% (Jsc = 8.63 mA/cm2, Voc = 0.672 V, and FF = 61.40%).
Meanwhile, when CuTFSI2 as dopant was applied, PCE of the cell was rather decreased to 1.45%.

P-108
Chemical Resistance and Adhesion Strength of UV-cured Resins
Based on Silicone-modified Urethane Acrylate for Applications to
Fabrication of Ultra-thin Glass for Display’s Cover Window
Keong Ho Ryu1, Ha Hyeon Jin Kim1, Baekseo Choi1, Younghwan Kwon2, and Yoon Soo Han1
1
Daegu Catholic University, Gyeongbuk, Korea, yshancu@cu.ac.kr
2
Daegu University, Gyeongbuk, Korea
Ultraviolet(UV)-curable resins based on silicone-modified urethane acrylate oligomer were prepared
for applications to fabrication of ultra-thin glass for display’s cover window, and chemical resistances
of cured specimens against acid and alkali were investigated. Averaged tensile strength of the cured
films was measured to be 1.30±0.11 MPa. When the cured films were exposure to an aqueous HF and
NaOH solutions for a week, their tensile strength values were reached to 1.75±0.22 and 1.68±0.11
MPa, respectively, indicating that they had excellent acid and alkali resistance. Meanwhile, by
incorporating 3-(trimethoxysilyl)propyl methacrylate (TMSPMA) as a silane coupling agent into the
UV-curable resins, adhesion strength between two glasses was improved to 233 KPa from 160 KPa of
the pristine resin without TMSPMA. We also investigated swelling ratios for various organic solvents,
and quantified the solubility parameter (Figure 1) with the content of crosslinker, cross-linking density
and the average molecular weight between cross-linking points of the cured specimens.

P-109
Photovoltaic Performance
of Hybrid
Solar
Graphene/MXene-mixed Layer as Counter Electrode

Cells

with

Baekseo Choi1, Minguk Son1, Younghwan Kwon2, and Yoon Soo Han1
Daegu Catholic University, Gyeongbuk, Korea, yshancu@cu.ac.kr
2
Daegu University, Gyeongbuk, Korea

1

Two-dimensional (2D) graphene has become a valuable and useful nanomaterial due to its
exceptionally high tensile strength, electrical conductivity, transparency, and being the thinnest 2D
material in the world [1]. MXene is a novel family of 2D transition metal carbides, nitrides,
or carbonitrides. MXenes have attracted increasing attention, due to their high metallic-like
conductivity, good chemical stability and controllable surface hydrophilicity [2,3]. In this study,
graphene and MXene were applied for replacing expensive Pt in hybrid solar cells (HSCs) with a
basic configuration of glass/F-doped tin oxide (FTO)/TiO2:N719 dye:I-,I3- electrolyte/platinized
FTO/glass. As shown in Figure 1, a HSC with pristine graphene layer as counter electrode showed a
power conversion efficiency (PCE) of 4.50 %, resulting from 15.96 mA/cm2 of the short-circuit
current, 0.628 V of the open-circuit voltage and 44.91 % of fill factor. Meanwhile, a PCE of 5.06 %
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(Jsc = 15.94 mA/cm2, Voc = 0.640 V, and FF = 49.57 %) was achieved, when a mixing ratio of
graphene and MXene was optimized.

P-110
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MXenes are created by selectively removing aluminum from layered MAX phases (Mn+1AXn, where n
= 1-3, M denotes a transition metal, A is an element such as aluminum or silicon, and X is either
carbon or nitrogen), and can be easily solution-processed in aqueous or polar organic solvents because
of their hydroxyl- or oxygen-terminated surfaces. With a high electron density at the Fermi level,
MXene monolayers are predicted to be metallic [1,2]. In this study, we prepared a liquid electrolyte
composed of Ti3C2 MXene, ionic liquid and Co complex for applications to hybrid solar cells (HSCs).
A HSC with the pristine electrolyte exhibited a power conversion efficiency (PCE) of 7.02 %,
resulting from 22.44 mA/cm2 of the short-circuit current, 0.612 V of the open-circuit voltage and
51.13 % of fill factor. Meanwhile, a PCE of 7.88 % (Jsc = 20.19 mA/cm2, Voc = 0.640 V, and FF =
60.99 %) was achieved by incorporation of Ti3C2 MXene to the electrolyte solution.
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Mixed ion gels were employed to achieve strain sensors that monitored human motion. Ion gels are
composed of ionic liquids and polymer networks. Ionic liquids are characterized by thermal and
electrochemical stability at room temperature, and they impart ionic conductivity to ion gels.
Mechanical properties of gels are primarily determined by the network type and architecture, and
desired properties such as stretchability and durability can be attained via rational design of polymer
precursors that form the scaffolds. The versatility of ion gels has enabled their implementations in
various electronic and electrochemical applications. Wearable strain sensors are attached to human
bodies and used to detect repetitive mechanical deformations associated with human motion. For this
reason, it is necessary to control the mechanical and adhesion properties of the ion gels for sensor
applications.
We previously reported the phase behavior and mechanical properties of mixed ion gels. The phase
separation dependence on the constituent composition of the ion gels was studied. This work
expanded on the prior research and examined the mechanical, electrochemical, and adhesive
properties of mixed ion gels. Mixed ion gels were prepared by blending two well-defined copolymers
with ionic liquids. The strain sensors that detect human motion were fabricated based on the
characterization results of the gel properties. The magnitude of the strains imposed on the devices was
carefully controlled using a motorized stage, and a gauge factor was estimated based on the resulting
change in the relative resistance. Long-term stability of sensor operation was also monitored.
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Perovskite solar cells have been extensively developed due to the flexible characteristics, low
manufacturing costs, and relatively high power conversion efficiency compared to the conventional
Si-based solar cells. However, they exhibit several limitations for the commercialization because of
their relatively insufficient stability and the use of expensive hole transporting materials. The 2,2′,7,7′tetrakis(N, N-di-p-methoxyphenyl-amine)-9,9′-spirobifluorene (Spiro-OMeTAD) exhibits unique
molecular structure which is proper for the usage of hole transporting layer (HTL) in PSC, but SpiroOMeTAD used dopant which reduces the long-term stability of fabricated PSCs. Therefore, it is
important to develop the dopant-free material for HTL with low-cost synthesis. The synthesized
material, PCDA1, could be synthesized by cheap monomer and simple synthesis process that were
great advantages over conventional Spiro-OMeTAD. As a result, the CsPbI2Br-based PSCs with
PCDA1 exhibited the promising power conversion efficiency of 11.01 % which was similar with the
state-of-the-art PSC with the doped Spiro-OMeTAD (11.88 %). Especially, the device stabilities
including shelf life, thermal stability, and photostability of the PSC with PCDA1 were dramatically
enhanced than those of the devices with doped Spiro-OMeTAD.1
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Organic photodetectors (OPDs) have been investigated for a decade year which can be
applied to various field including medical, military, optical communication. The photodetecting performances are commonly judged by the specific detectivity (D*) which is
determined by photo current density (Jph) and dark current density (Jd). However, organic
materials have intrinsic crystallographic defect which induce unexpected leakage current
without incident light. To decrease undesired Jd in OPDs, herein, we inserted non-conjugated
bridge to electron accepting polymers, and make p-n bulkheterojunction OPDs. Three kinds
of novel polymer acceptors were developed using non-conjugated bridges having three
different chain lengths. The polymer acceptors having non-conjugated bridges shows
extremely low Jd values and promising D* of 5.62×1012 Jones at -1 V.
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The development of nonfullerene acceptors (NFAs) it one of the key factors for promoting high
performance organic solar cells (OSCs). Compared to original fullerene abased acceptors, NFAs have
attracted attention due to excellent tenability of chemical structure as well as optoelectronic and
morphology properties. With this rapid development of NFAs, the power conversion efficiency (PCE)
of NFA based OSCs have reached over 18%. In special, NNFA fused-ring electron acceptors boost the
PCE of OSCs, but they suffer from high synthetic cost and low yield. From this point of view,
nonfused-ring acceptors, which can be easily synthesized from commercial materials and a facile
Stille or Suzuki reaction, are a potential candidate. Herein, we have designed and synthesized three
NFAs with unfused backbones possessing broad and strong absorption are developed by the
conjugation of a cyclopentadithiophene (CPDT) core to halogenated end groups. The NFAs are
markedly broadens the absorption to the near-infrared region. This work provides a design strategy for
NIR acceptors in the combination of nonfused electron donating core and halogenated terminal in
unfused backbones, which results in not only fine-tuning the optoelectronic properties but also
simplifying the synthetic complexities of molecules.
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Recently, organic neuromorphic devices are a very active topic of research. However, the
neuromorphic devices studied cannot be regarded as unique multifunctional devices because all builtin functions are mutually combined. To address this, we focus on the separation of electrical switching
and data storage functions in organic ferroelectric memory transistors.
A study was conducted to create a multifunctional neuromorphic device by mixing P(VDF-TrFE)
(poly(vinylideneflurodie-trifluoroethylene)), a ferroelectric polymer, and photocrosslinker (bisperfluorobenzoazide, Bis-FB- 𝑁𝑁3 ). High permittivity needed for electrical switching and the
ferroelectricity needed for data storage become compatible by restricting the motion of P(VDF-TrFE)
via photocrosslinking.
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As the time spent indoors rapidly increases due to the prolonged corona pandemic, interest in indoor
air quality and sales of air purifiers and ventilation filter replacements are rapidly increasing. However,
the situation is a blind spot for management offices such as apartment houses and offices, and it is still
leading to a lack of awareness among consumers about the existence of ventilation devices and the
need to replace filters. Recently, antibacterial filters are currently used as adsorption-type and
collection-type filters using metallic materials such as silver, copper, and zinc, but there are concerns
about the safety threat to the human body. In addition, the antibacterial performance is exhibited only
when direct bacterial and viral contact is applied, and durability degradation is a problem due to the
detachment of the antibacterial agent. Meanwhile, photocatalytic filters are being continuously studied,
and among them, antibacterial filters using TiO2 are being developed. TiO2 is a material that is
harmless to the human body without strong oxidizing power, low cost, and non-toxic and carcinogenic,
and is suitable for photocatalyst application. And compared to other semiconductor materials, TiO2 is
known to have the highest efficiency in decomposition of organic materials in aqueous solution or gas
phase. In this study, TiO2 antibacterial nanoparticles were prepared by introducing a transition metal.
Optimal manufacturing conditions according to the type of catalyst and the optimal amount of use
were suggested. The photocatalytic effect of TiO2 according to various types of transition metals was
analyzed, and the decomposition behavior of organic matter was observed at energies below UV. This
research was supported by the Ministry of SMEs and Startups of the Republic of Korea (contract
grant number: S3225141)
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The ultrasonication process has been widely used as a representative cleaning method to remove
undesired particles or residues on substrates for the fabrication of electronic devices. Recently,
ultrasonochemistry was introduced to use not only the dispersion of nanoscale particles in the desired
solvent but also in the synthesis of nanomaterials in the solution state. Especially, it enables the
formation of a thin film in a solution by attaching nano-sized metal spherical particles to a ceramic or
polymer substrate. However, there were negligible reports on the formation of conductive thin film by
the uniform assembly of giant 2D metallic nanosheet.
In this study, giant two-dimensional single-crystalline nanosheets were assembled on a substrate by
an ultrasonic deposition method that enables the formation of a uniform and monolayer assembled
metallic film. According to the surface properties of the substrate, concentration of the nanosheets
solution, processing time, and the polarity of the solvent, the degree of surface coverage of the twodimensional metal nanosheet on a substrate ware systematically controllable. Especially, we achieved
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max. 88 % of surface coverage of copper nanosheets on a glass substrate, exhibiting ~ 65 Ω/ ▢ of
sheet resistance value. From the above results, we believe that ultrasonochemical deposition is one of
the promising deposition methods for large-scale metallic particles.
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The active layer is the most important for the performance of organic photodetectors (OPDs).
Currently, several processing strategies such as solvent additive, post treatment, and bi-solvent system
were suggested to optimize the active layer. In this experiment, we carefully selected the processing
solvents considering surface energy of the active layer materials. The xylene (Xy) solvent has lower
surface energy with polymer donor than the commonly used halogenated solvents, which induced the
less aggregated morphology in an active layer. In addition, the Xy-based active layer exhibited the
inverted hierarchical structure by spontaneously induced hierarchical arrangement between polymer
donor and acceptor due to differences in interfacial energies. Due to the ideal morphological
arrangement between polymer donor and acceptor, the fabricated OPDs with Xy exhibited the
excellent specific detectivity value of 1.33 × 1013 Jones at -1.0 V bias and fast signal response time
of 3 μs at the self-powered mode.
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See-through transparent displays have been explored to create a new environment of human-device
interfaces.[1] However, conventional light-emitting diodes (LEDs) based on the combination of
indium-tin-oxide (ITO) transparent electrode and metal reflective electrodes cannot satisfy the desired
optical transparency due to the visible opaqueness of metals.[2] The demonstration of transparent
LEDs has been attempted by replacing metal electrodes with various transparent electrode candidates,
such as sputtered ITO,[3] oxide-metal-oxide multilayders,[4] carbon materials,[5] and metal nanowires,[6]
but they are either based on high-cost vacuum evaporation methods or solution processing techniques
that can demage underlying layers and therefore limit the device architectures, choice of materials,
and device stability. Herein, we demonstrate transparent polymer LEDs (PLEDs) by introducing
vacuum-free and dry-transferable conducting polymer (CP) top transparent electrodes. The plastic
electrodes prepared via simple solution processing on polydimethylsiloxane stamp substrates can be
dry-transferred as top transparent electrodes, in which the sheet resistance and visible transmittance of
the CP electrodes can be tuned by controlling the thickness. The resulting PLEDs based on ITO and
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CP transparent electrodes provide outstanding dual-side light-outcoupling performance with good
visible transparency. Our work is expected to offer a new way of realizing next-generation transparent
displays in a cost-effective way.
This work was supported by the Pukyong National University Research Fund in 2021 (CD20210973).

P-120
Crystal structures and proton conductivity in chiral imidazolium camphorsulfonate salts
Chisato Sato,1 Kohei Sambe,1 Takashi Takeda,1, 2 Norihisa Hoshinoand,3 and Tomoyuki
Akutagawa1,2
1
Graduate School of Engineering, Tohoku University, Sendai, Japan.
2
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai, Japan.
3
Graduate School of Science and Technology, Niigata University, Niigata, Japan,
chisato.sato.s2@dc.tohoku.ac.jp
The introduction of chirality into molecule has a potential to exhibit unique molecular assemblies and
physical properties. On the other hands, anhydrous solid proton conductors attract much attention
from viewpoints of their conduction above 373 K and clarification of the solid-state proton
conduction mechanism. Herein, we introduced proton conducting imidazolium (Im+) cation into
chiral camphorsulfonate (CS−). Two salts of chiral (Im+)(1S-CS－) and racemic (Im+)(rac-CS－) were
evaluated to examine the effect of asymmetrical crystalline environments for the dynamic behavior
and ionic conductivity. Both salts had isomorphic structure with chiral space group P21 and hydrogenbonding interactions between Im+ and –SO3– group of CS– were elongated at zig-zag manner along the
b- and c-axes (Fig. 1). In addition, both salts showed the order-disorder type phase transition at
different temperature. After the phase transition, the length of c-axis of both salts changed to half one
in contrast with the unit cell at 100 K, suggesting the in-plane rotation of Im+ and swing motion of
CS–. Proton conducting pathway was connected to each other and ionic conductivities were observed
by Cole-Cole plots using 3 mm compressed pellets. The ionic conductivities of (Im+)(1S-CS－) and
(Im+)(rac-CS－) at 480 K were 4.51 and 7.85 nS cm–1, which activation energies were 1.37 and 1.39
eV, respectively (Fig. 2). These results indicated the thermally activated proton conductivities in high
temperature phase were almost the same for both powder samples.

P-121
Control of internal structure of copper nanosheets grid for
transparent electromagnetic interference shielding
Ho Kwang Choi1 and Tae-Wook Kim1*
Department of Flexible and Printable Electronics, Jeonbuk National University, Jeonju, Korea,
hk.choi@jbnu.ac.kr

1

Controlling the transmittance of electromagnetic interference (EMI) shielding film is an important
issue in the development and design of some EMI shielding applications1. In this research, we studied
the effects that an internal porous structures and transmittance tailored using size-controlled copper
nanosheets (Cu NSs) had on the EMI shielding performance of the resulting Cu NSs grid. In order to
identify the relationship between transmittance and EMI SE, the size-controlled Cu NSs film and
transmittance-controlled Cu NSs grid were prepared. After a spray printing process of Cu NSs, we
found that the resulting EMI shielding films had different film thicknesses, and EMI shielding
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effectiveness (SE) at a fixed loading weight of 0.6 mg/cm2. Especially, the larger Cu NSs clearly
formed a more hierarchical porous internal structure than the smaller ones, implying that multilayered porous structure of the larger Cu NSs provided a longer traveling path for incident
electromagnetic waves and allowed better EMI shielding performances. These properties are also
useful for a transparent EMI shielding film. The Cu NSs grid using large size Cu NSs showed a
shielding property of 24.7 dB at 10 GHz even with a transmittance of 78.8%, which was confirm to be
superior to the Cu NSs film using maximum size of 7 μm
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Sol-gel metal oxide semiconductors have great attention due to their outstanding electrical
performances, stability, and solution-processed processability. However, due to their high annealing
temperature above 350℃, it is hard to use as an active component of electronic devices on the flexible
substrates. Recently, UV assisted annealing of sol-gel based metal oxide semiconductor have been
reported. In this study, we introduced a novel low temperature post annealing process via electron
beam irradiation (EBI). We carefully prepared thermally annealed sol-gel In-Ga-Zn-O (IGZO) thin
film and employed as a channel layer of thin film transistors(TFTs). Electrical characteristics such as
on/off ratio, threshold voltage (Vth), S.S (subthreshold swing) and mobility were carried out before
and after EBI process. We clearly observed negative shift of Vth of TFTs after EBI. Additionally, we
study the effect of EBI on the electrical characteristics of the sol-gel IGZO thin films by varying
post annealing temperature below 350℃.
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In this study, we demonstrate an improvement of hole injection in bottom contact Ph-BTBT-10
organic thin-film transistors by using highly fluorinated self-assembled monolayers (SAMs) to modify
the surface of the silver source and drain (S/D) contacts. Recently, we have suggested a new OFET
material, Ph-BTBT-10 (Fig. 1a), exhibiting high mobility in polycrystalline thin films.1 This material
is expected for practical applications by the solution process. Most reports of OFETs used gold source
and drain electrodes due to their outstanding properties. Unfortunately, the high cost of gold has
overshadowed its applications in low-cost electronics. Therefore, we have investigated OFETs using
silver electrodes to fabricate high-performance low-cost OFETs. In order to lower the contact
resistance derived from bigger energy level mismatch, silver S/D electrodes were SAM treated with
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Pentafluorobenzenethiol (PFBT, Fig. 1b), which is well-known as a SAM material, and with 2,3,5,6tetrafluoro-4-(trifluoromethyl)-Benzenethiol (TTFP, Fig. 1c), which is newly applied to Ph-BTBTB10 OFETs, respectively. As shown in the transfer curve (Fig. 1e), both modified OFETs exhibited
outstanding performance compared to bare Ag OFETs. The current was increased an order of
magnitude and the carrier mobility is about 1.5 cm2/Vs on average. In addition, a characteristic Sshaped curve typifying the presence of large contact resistance also exhibited improved behavior in
the linear region as shown in the output curve. (Fig. 1f, g) For TTFP modified Ag devices, maximum
mobility is achieved over 2 cm2/Vs. Therefore, it implies that the Ph-BTBT-10 OFET using SAM
treated silver S/D electrode is a promising candidate for high-performance low-cost OFETs.
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In this study, three fluorescence materials using anthracene based naphtho-quinoline derivatives were
designed, synthesized, and characterized for efficient deep blue organic light-emitting diode (OLED)
applications. To investigate their electroluminescent properties, the OLED devices were fabricated as
following sequence: ITO (150 nm)/ 2-TNATA(30 nm)/ NPB (20 nm)/ Blue emitters (20 nm)/ Bphen
(30 nm)/ Liq (2 nm)/ Al (100 nm). Particularly, a fabricated device C using 7,7-dimethyl-9-(10phenylanthracen-9-yl)-7H-naphtho[1,2,3-de]isoquinoline as an emitter exhibited maximum values of
luminous efficiency (LE), power efficiency (PE), external quantum efficiency (EQE) at 2.28 cd/A,
1.09 lm/W, 2.48 %, respectively, with Commission International de l’Eclairage (CIE) coordinates
located at (0.15, 0.10) at 8.0 V.
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Flexible devices composed of soft materials, such as polymers and elastomers have attracted a lot of
attention as a next-generation device.1-7 An obstacle to developing flexible devices is the deterioration
of their performance during large, cyclic bending. To enhance the bending durability of devices, it is
effective to place brittle materials on a neutral mechanical plane (NMP) where strain is zero inside a
bending material. This device design requires identifying the position of the NMP in bending soft
materials. In this study, the NMP position in bending of a polydimethylsiloxane (PDMS), which is a
common soft material used in flexible electronic devices, is experimentally identified via internal
strain measurement using a cholesteric liquid crystal (CLC) strain sensor.8,9 The identification
revealed that the NMP of the bending PDMS film reversibly shifts toward the inner bending surface.
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Furthermore, a flexible electronic device with high bending durability was fabricated by considering
the NMP shifting. Identification of the NMP position will be helpful in developing flexible electronic
devices.
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Soft materials including polymers and liquid crystals have been utilized in various fields such as
electronics and photonics. In particular, controlling their molecular alignment plays an important role
in providing such soft materials with advanced functionalities. Among various alignment techniques,
application of mechanical stress is a common way for inducing one-dimensional alignment over large
area. On the other hand, a photoalignment method has attracted much attention due to its clean and
non-contact processes.1 Recently, we have proposed a novel photoalignment method based on the
molecular diffusion, termed scanning wave photopolymerization (SWaP).2-7 In this method,
spatiotemporal photopolymerization induces molecular diffusion and triggers the alignment of LC
molecules along the diffusion direction. In this study, we fabricated polymer films with uniaxial
molecular alignment using a methacrylate monomer containing a phenyl benzoate moiety and
investigated the effect of photopolymerization conditions on molecular alignment.
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The nonlinear optical effect causing the changes in optical properties depending on the incident light
intensity has attracted much attention. Oligothiophene dye-doped liquid crystals (LCs) exhibit a large
optical nonlinearity based on their photoinduced molecular reorientation.1-7 This phenomenon occurs
only by irradiation with a high-intensity beam above a threshold; thus, it can be applied to optical
switching and light dimming. However, the practical application is limited due to its high threshold
intensity needed for the molecular reorientation. Rational molecular systems design for increasing the
sensitivity is desired. We previously explored the effect of oligothiophene dyes and reduced the light
intensity threshold. On the other hand, the effect of host LCs on the nonlinear optical response in dye-
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doped LCs has been unexplored. In this study, we prepared dye-doped LCs with various host LC
structures and investigated their nonlinear optical response.8
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Inorganic nanomaterials with anisotropic shapes such as nanorods and nanotubes have attracted much
attention due to their unique properties. Controlling the alignment of nanorods allows for developing
anisotropic functional materials. We have recently developed unidirectionally alignable ZnO nanorods.
The ZnO nanorods are surface-grafted with liquid-crystalline (LC) polymers and have capability of
cooperative alignment with surrounding host nematic LC molecules on a surface-treated LC
alignment layer.1,2 The alignment control of LC polymer-grafted nanorods alone is preferable to
further utilize the properties of nanorods. In this study, we evaluated the alignment behavior of LC
polymer-grafted ZnO nanorods and investigated the surface-modification densities of LC polymers.
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The control of molecular alignment has shown significant promise in designing high-performance
optical devices. In particular, cycloidal molecular alignment enables the fabrication of the diffractive
optical elements.1 To date, cycloidal patterns are usually induced by polarization holographic
techniques based on photoalignment processes using the interference of orthogonally polarized
beams.2 However, there remain some challenges: low processability, necessity of polarized laser
beams, and difficulty in large-area patterning. Recently, we have developed a novel photoalignment
process using spatiotemporal photoirradiation, termed scanning wave photopolymerization (SWaP).
This method enables direct two-dimensional molecular alignment over a large area.3–8 In this study,
we demonstrate the fabrication of polymer films with a cycloidal alignment by SWaP and investigate
their optical properties.9
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Two-dimensional metal halide perovskites (2D MHPs) are promising candidates for transistor channel
materials because of their high mobility in the lateral direction; however, Sn-based 2D MHPs exhibit
poor film quality and oxidation stability. Here, we report a simple method to improve the performance
and stability of 2D MHPs transistors by incorporating sodium iodide (NaI) additive. By adding 1 vol%
NaI (Na1), the transistors with phenethylammonium tin iodide (PEA2SnI4) exhibited reduced dualsweep hysteresis, robust bias stability, and larger hole mobility (2.13 cm2 V−1s−1) than that of a pristine
device (0.39 cm2 V−1s−1). Improvements in film quality, such as increased grain size, crystallinity, and
better film coverage, were observed in the PEA2SnI4:NaI film. In addition, the NaI effectively
passivated the iodine vacancies at the grain boundaries, thereby suppressing the defects.
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Improvement of Photocatalytic Effect of Carbon Nitride Dispersed in
Calcium Alginate Thin Films by Using Platinum Cocatalyst and
Application to Water Decomposition
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1
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Recently, graphitic carbon nitride (g-C3N4) is expected to be a material for the next generation of
photocatalysts because it can be prepared from low-cost materials such as urea and can absorb light in
the wider wavelength range than that of TiO2.1 The vapor deposition method is a simple way to
deposit a carbon nitride film, but it is not water resistant and the film collapses in water. Therefore, the
film is deposited using a water-insoluble alginate gel made from sodium alginate (SA) as a
photocatalyst carrier (Fig. 1). In this study, platinum nanoparticles (PTNPs) were loaded on the thin
film to enhance the photocatalytic activity and to increase the hydrogen production. By comparing the
amount of hydrogen production with and without PTNPs, we were able to confirm a difference in
hydrogen production of about 84 times. From the PL measurement results, it was also confirmed that
the luminescence intensity was decreased by the loading of Pt nanoparticles. This is most likely
caused by the formation of a Schottky barrier by the loading of PTNPs on carbon nitride. In order to
increase the photocatalytic activity, the carbon nitride content dependence and the Pt density
dependence were evaluated. The results of the hydrogen production experiments showed that the
hydrogen production was highest at 20 wt % of carbon nitride and 3 wt % of Pt. The reason for this is
that increasing the amount of carbon nitride decreases the photocatalytic activity by diffuse reflection
of light, while the PTNPs react adversely.
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Electroluminescence (EL) was observed from organic materials, then it has applicated to organic
light-emitting diodes (OLEDs). Today, OLED devices are widely used to optical devices such as flat
panel displays and illumination light sources, because of their vivid colors, thinness, and flexibility. In
general, organic emissive materials are expensive. Thus, if the pigments contained in plants can be
applied to emissive materials, it would be helpful to supply abundant emissive materials. In addition,
the diversity of plants has the potential to be applied to other organic materials and to other fields.
Recently, we successfully fabricated red OLEDs in which red emissive pigments (chlorophylls)
extracted spinach were used.1 Moreover, we found that the extracted method of natural green emissive
pigments from cherry tomato.2 In this study, we selected Fraxinus lanuginose that contain blue
emissive pigments and investigated the extraction and deposition methods of blue-emitting organic
materials.
To extract blue emissive pigments from Fraxinus lanuginose, we obtain the solution that contain
several pigments. The photoluminescence (PL) spectrum of the solution reveals blue (460 nm), bluegreen (500 nm), and red light (671 nm). Absorbance and PL measurements results clearly show that
the pigments are esculin, fraxetin, chlorophylls a and b. We speculate that the blue luminescence
originates from esculin, the blue-green luminescence from fraxetin, and the red from chlorophyll a.
For performing the thin-layer chromatography (TLC), methanol is the best developing solvent for
removing the red fluorescent pigments (Fig. 1). By reversed-phase column chromatography, the
pigments are clearly separated. Absorbance and PL measurements showed that the brown layer, that
flowed out first from the column, do not contain chlorophylls a and b. NMR measurement results also
show that the main component of the solution is esculin, and it also contained fraxetin. The PL
spectrum of the solution emits blue and blue-green light. These results indicate that the extra
chlorophylls are successfully extracted from the solution. When we decrease the concentration of the
solution, the blue luminescence intensity increases because of the suppression of quenching
phenomenon. The unnecessary blue-green luminescence was suppressed.
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To control the surface properties of a material by depositing molecules on its surface, the selection of
the functional groups of the stacked molecules is critical.1–3 For example, the introduction of
functional molecules which respond to external stimuli to molecular layers enables the design of a
stimuli-responsive surface. Anthracene, which is a representative stimuli-responsive molecule, is
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interesting because it undergoes a dimerization reaction when irradiated with light of wavelength
above 350 nm, whereas either heating or irradiation with light below 300-nm wavelength causes
cleavage of the covalent bond in the photodimer.4–6 Thus, it is possible to change the composition of
the molecular layer on applying stimuli by using anthracene photodimers as the connection between
the molecular layers. However, studies on the stimuli-responsive chemical bond changes of
anthracene in a molecular layer are limited. The multimolecular layer system have a potential to be
widen a range of applications, such as a layer-by-layer assembly process that provides several unique
functions.7 Recently, we fabricated the photo/thermocleavable molecular layer, employing the stimuliresponsive chemical bond change of anthracene moieties.8,9 In this study, we investigated the effect on
surface properties of the chemical bond changes in the stimuli-responsive molecular layer.
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Multilayered Liquid Crystal Elastomers with Helically Twisted
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A programmable liquid crystal elastomer (LCE), with controlled molecular orientation, shows stimuliresponsive behavior and enables to realize next-generation applications such as reconfigurable
photonic/electronic materials, energy-harvesting devices, and flexible sensors.1–4 Although the LCEs
immediately change their macroscopic shape and microscopic molecular orientation as well as
materials properties when an external stimulus is applied to them, the recovery response after stimulus
removal is relatively slow (typically tens of seconds). Recently, we have demonstrated that our
proposed concept, where a LCE film is multilayered with other materials showing a desired
mechanoresponsive behavior, enables to arbitrary control the recovery response of both the
macroscopic deformation and molecular orientation change.5
In this study, we have employed a cholesteric LCE, intrinsically possessing helically twisted
molecular orientation and exhibiting reflection color. The cholesteric LCE changes its reflection color
depending on the periodicity of the helical structure under external stimuli such as mechanical force,
leading to a mechano-optical strain sensor in both macroscale and molecular-scale. Note that changing
the layering materials alters their recovery response time.5–7 Thus, we have demonstrated highly
sensitive, stretchable mechano-optical sensors with fast and/or ultraslow recovery times,
quantitatively detect an applied strain with high spatiotemporal resolution even by using a
commercially available camera.
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High quality CsPbBr3/ZnS Core/Shell quantum dots for Light
Emitting device through excess halide
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Various materials have synthesized into quantum dots but recently, perovskite quantum dots have
been expected to achieve high quality due to their high absorption coefficient, high quantum yield,
narrow photoluminescence spectrum, and band gap tunability through composition modification1,2.
Although they have low price, easy synthesis, and high performance, halide perovskite quantum dots
have poor stability3. Here, a high-performance light emitting device with high stability against
moisture and oxygen is reported using the ZnS shell on CsPbBr3 quantum dots. In previous reports,
there were difficulties in size controlling and maintaining quality4. In the process of core/shell
synthesis, high optical characteristics were achieved by suppressing the aggregation of quantum dots
and filling the surface defects through the halide ion excess state.
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Interfacial Engineering towards Stable and Safer Lead Perovskite
Solar Cell
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Perovskite solar cells have recently been mentioned as a technology that can replace silicon solar cells
as power conversion efficiency with 25.6% has been reported. However, in order to commercialize, it
is urgent to solve the following two problems: 1)Long-term stability and 2) Toxicity problems due to
lead leakage.
Our study aims to solve the lead leakage problem through interfacial passivation using Crown ether
materials. Crown ether has a giant ring molecule containing an ether group, which is capable to
capture oxygen atoms and small metal cations inside its ring by coordination bonding. Herein, we
applied crown ether materials on PSCs employing between perovskite and HTL for capturing free Pb+
ion to prevent Pb leakage into the surrounding environments. First, we obtained candidate materials
that showed effectiveness in hosting free Pb+ ion through DFT calculation. After device optimization
of selected crown ether materials on the device, it was confirmed that the crown ether has the lead
capture ability through test paper for Pb+ ion by the analysis of Tof-sims, ICP-OES. In addition,
photoluminescence study confirmed improved optical properties and the overall efficiency of the
PSCs.
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Highly efficient crosslinking strategy of organic-inorganic hybrid dielectric layer using azidefunctionalized ligand is suggested. Different to conventional crosslinking method, azidefunctionalized ligand covalently connects inorganic particle to polymer which enables highly efficient
inter- and intra crosslinking of organic and inorganic inclusions, resulting in dense and defect-free thin
film morphology. For this purpose, we newly synthesize azide-functionalized acetyl acetonate which
can be used not only for the dispersion of sol-gel synthesized ZrO2 nanoparticle but also for nitrene
crosslinking between ZrO2 NP and PMMA. From the optimized condition, we show outstanding
dielectric strength of over 4.0 MV/cm, high dielectric constant of ~14 and low surface energy of ~38
mN/m. Thanks to synergetic contributions such efficiently crosslinked hybrid dielectric layer, we
demonstrate exceptionally high performance, hysteresis free n-type solution processed oxide
transistors consisting of In2O3/ZnO double layer as an active channel with electron mobility of over
50 cm2V-1s-1, on/off ratio of ~107, and subthreshold swing of 108 mV/dec as well as outstanding bias
stability. From temperature dependent I-V analyses combined with charge transport mechanism
analyses, we show that the suggested hybrid dielectric layer provides percolation-limited charge
transport for In2O3/ZnO double layer under field effect condition.
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Organic phototransistors (OPT) exhibit a photoresponse and signal amplification function and are
attracting a lot of attention for flexible and wearable optoelectronic applications. Surface plasmon
resonance (SPR) can enhance light absorption in organic materials and should improve photoresponse.
This study investigated photoresponses in pentacene field-effect transistors utilizing propagating SPR
(PSPR)1 and localized SPR (LSPR).2
Figure 1 shows the structure of prepared OPT utilizing PSPR. An aluminum film as a gate electrode
was vacuum evaporated on a DVD-R substrate with a grating structure. The Al film was ultravioletozone treated to form an Al2O3 layer, which worked as a gate insulator. Next, we consecutively
deposited 70-nm-thick pentacene and 30-nm-thick Au top electrodes. PSPR on the gate Al film was
achieved by the grating-coupling method, and the intense PSPR electric field would enhance the
optical absorption in the pentacene film. Here, the thin Al2O3 layer would reduce the decay of the
PSPR electric field. The irradiation of p-polarized light inducing PSPR exhibited an improvement in
photoresponsivity P as shown in Fig. 2.
OPTs utilizing LSPR were also prepared by depositing Au nanoparticles (AuNps) on pentacene FET
on an SiO2/Si substrate. The photoresponsivity R increased by the AuNps deposition, but the dark off
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current also increased, hence the P markedly worsened. In contrast, the AuNps were deposited
through a mesh mask to form a discontinuous patch-like structure. The device exhibited an improved
R compared to the device without AuNps, and the reduction of P was suppressed as shown in Fig. 3;
this would be due to the high resistivity of the area between the patch-like AuNps
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Realization of Full-Color Perovskite Quantum Dots Light-Emitting
Diodes via Surface Passivation/Anion Exchange of CsPbBr3
Siwei He, Jae-Wook Kang*
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Perovskite quantum dots (QDs) exhibited high photoluminescence quantum yield (PLQY), pure color
emission, tunable bandgap, solution processability, and massive production potential, making them
highly promising candidates for low-cost and high performance full-color light-emitting diodes
(LEDs).1 To realize full-color perovskite quantum dots LED (PeQLEDs), the main limitation of the
current protocols, such as hot-injection and ligands-assisted reprecipitation methods, is tedious and
time-consuming. Besides, the conventional anion exchange based on colloidal solution can trigger
undesirable precipitation due to the solvent polarity discrepancy and ligand dissolubility. In this work,
an efficient, non-destructive ligand/anion exchange strategy is developed to fine-tune the optical
properties of CsPbBr3 QDs films. Specifically, the surface of the CsPbBr3 QDs films are passivated by
phenethylammonium halides, PEAX (X= Cl, Br, I) salts via a facile spin-coating technique, producing
PEAX-CsPbBr3 QDs (X= Cl, Br, I) films with tunable (blue/green/red) color emissions that cover the
entire visible spectrum. More importantly, this surface passivation strategy enables the fabrication of
full-color PeQLEDs using PEAX-CsPbBr3 QDs as a common emissive film.
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Multimode light-induced self-written optical waveguide using nearinfrared light
Kensuke Endo, Hidetaka Terasawa, and Okihiro Sugihara
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With the development of an advanced information society, the amount of information is increasing at
an accelerating rate, and it is required to process a large amount of information in a short period of
time. One of the key devices in optical interconnection is an optical transceiver that mutually converts
electrical and optical signals. Micrometer scale alignment accuracy is required to connect an optical
transceiver to a multimode graded index optical fiber with a core size of 50 μm. In this study, we
fabricated a multimode light-induced self-written (LISW) waveguide1 using near-infrared (NIR) light
for the purpose of self-coupling between an optical transceiver and a multimode fiber using the LISW
optical interconnection technique. The materials used in the experiment were a mixture of
multifunctional acrylate, urethane acrylate, photo-radical initiator, and infrared absorbing dye. Figure
1 shows a photograph of the fabricated multimode LISW optical waveguide. After mixing the
materials, the mixed solution was irradiated for 60 sec using an NIR fiber laser emitted at a
wavelength of 1310 nm with 1 mW power. As shown in the figure, a straight LISW optical waveguide
could be successfully realized with 30-40 μm diameter. In our previous research, we have realized
single-mode LISW optical waveguides with near-infrared light irradiation about 10 µm core size2.
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This time we have succeeded multimode LISW optical waveguide by NIR light irradiation with 1 mW
power. Although the laser power density of multimode fiber output is 1/25 than that of the singlemode fiber one, high sensitivity of the resin mixture at NIR wavelength region enabled the creation of
multimode LISW waveguide.
This work was supported in part by the Japan Science and Technology Agency (JST) Adaptable and
Seamless Technology Transfer Program through Target-driven R&D (A-STEP) under Grant
JPMJTR20RK, and in part by the Japan Society for the Promotion of Science Grant-in-Aid for
Scientific Research under Grant JP20K05356.
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Metal halide hybrid perovskites can work as the efficient light absorber of solar cells, with power
conversion efficiencies already surpassing 25%, which is comparable to silicon-based photovoltaic
technology. Additionally, hybrid perovskites potentially show efficient photoluminescence (PL). By
taking this advantage, perovskites can be used for fabricating high-performance light-emitting diodes
and laser devices. In this context, we are investigating optically pumped lasing from perovskite films
with the aim of realizing electrically pumped perovskite laser devices in the future.
There are many types of perovskite materials with different structural phases. We find that modulating
the perovskite structures from more two-dimensional (2D) phases to more three-dimensional (3D)
phases in films markedly decreases amplified spontaneous emission thresholds from ~120 μJ/cm2 to
~10 μJ/cm2 [1]. The pure 3D perovskite phase shows the lowest threshold. This would be because the
2D phases (n = 1 or 2) with poor PL are hard to form in films.
By combining a 3D methylammonium lead iodide perovskite film with a distributed-feedback grating
resonator, we achieved lasing, with a small full-width-at-half-maximum value of < 1 nm and a low
threshold of ~7 μJ/cm2 [2]. Replacing the lead-based perovskite with the lead-free methylammonium
tin iodide perovskite led to an even lower threshold value of ~5 μJ/cm2 in the near-infrared region
(~1,000 nm) [3], which is one important technology for the environmental loading reduction.
Perovskite lasers typically require nanoscale lithography to produce the needed cavity structure,
which adds significant complexity and cost. We demonstrate a way of replicating grating patterns in
lasing perovskite films on low-cost polyethylene terephthalate substrates [4]. The film is formed on
the master grating and transferred to the final substrate. The master grating can then be used
repeatedly. In this process, there is no need to repeat the lithography process and it does not require an
additional material to create the laser cavity. The cavity is made from the perovskite material itself.
Additionally, the film formation is largely independent of the final substrate, eliminating concerns
about solvent-substrate compatibility.
Among many reported perovskite materials, quasi-2D perovskites are known to have high PL
quantum yields and are, therefore, promising for lasing. We show that optical continuous-wave (CW)
lasing is possible from quasi-2D perovskite films based on phenethylammonium, formamidine, and
lead bromide even at room temperature in air (Figure 1) [5]. It is worth mentioning that CW laser
intensities are very stable over 30 min (Figure 1). In this way, hybrid perovskites are an excellent gain
medium for electrically lasing with low threshold and high durability.
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Recently a water droplet-based electricity generator (DEG), which utilizes triboelectric charging
between water droplet and dielectric material, has a lot of attention as a new nanogenerator.1 DEG has
a simple structure of metal substrate/dielectric/metal electrode, but it can obtain high power
instantaneously.2 The output characteristics are greatly affected by the behavior of water droplets on
DEG. The water droplets fallen on the DEG fixed at an inclination move on the substrate while
simultaneously performing bouncing and sliding motion. Therefore, it is considered that the shape of
the water droplet at the moment of contact with the electrode and how the shape of the water droplet
changes after contact with the electrode depend on the distance between the drop point of the water
droplet and the electrode. In this study, we investigated the relationship between the distance from the
water droplet drop point to the electrode and DEG output.
Figure 1 shows the change in the output of the DEG due to the difference in the drop position when
the water drop was dropped from a height of 45 mm. Figure 2 shows the change in the peak voltage of
the DEG output when the drop heights of the water droplets were 45 mm and 15 mm. In this
presentation, we discuss the relationship between the change in the shape of a water droplet and the
change in the DEG output voltage when the droplet is in contact with an electrode.
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Electrolyte-gated carbon nanotube (CNT) thin film transistors (TFTs), incorporating an ion gel as a
gate dielectric, have superior electrostatics due to electric double layer (EDL) formed at gateelectrolyte and electrolyte-CNT interfaces. However, the nature of ion-gel has limited the use of
electrolyte-gated transistors in thin film electronics because ion gels are (i) too soft to endure
mechanical touch or scratch, (ii) highly conductive so that each gate dielectric area must be patterned
not to cause device-to-device crosstalk, and (iii) not able to process with thin film due to their high
surface tension and viscosity. To address the above issues, here we adopt a solid-electrolyte gate
insulator (SEGI) which is a mixture of ion gel and insulating polymers. A solution-processed SEGI
thin film has mechanical solidity, low ion conductivity, and possibility of thickness scaling. We
fabricated SEGI CNT TFTs consisting of random network CNT active layer and SEGI film, thermally
evaporated gate and source/drain metals, and Parylene substrate and encapsulation layer formed by
chemical vapor deposition. As the TFT layers are all in solid-state, we also demonstrated the SEGI
TFTs can be integrated with other thin film electronic devices by vertically stacking process. The EDL
capacitance of SEGI was 1963 nF/cm2 from electrochemical impedance spectroscopy analysis – the
capacitance of the polymer dielectric without ion gel was 24 nF/cm2. The EDL forms surrounding
CNTs, thereby enabling superior electrostatic control. The SEGI CNT TFTs exhibited the on/off ratio
of >105, the field-effect mobility of 14.4 cm2/(Vs), and the subthreshold swing of 76.4mV/dec. The
transconductance 3-dB frequency of the SEGI CNT TFTs was about 4 kHz with gate-source and
drain-source voltage of -0.5 V. We believe monolithically stacked SEGI CNT TFTs show great
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potential for application on flexible integrated circuits with electrolyte-gated transistors.
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Recently, conductive smart textiles are in the limelight as potential applications to wearable electronic
devices due to their excellent stretching and recovery characteristics. To apply flexible conductive
fabrics to electronic devices, they should have outstanding elasticity against external forces and low
electrical resistance at the same time. Accordingly, several studies have been conducted to introduce
polydimethylsiloxane (PDMS) into smart textiles [1-3]. However, even though PDMS materials show
good stretchable properties, they are non-conductive, which can restrict their application range in
conductive fabrics. In this study, synergistic combinations of the microsized granule-type copper filler
and nanosized conductive fillers were applied to silicone-based conductive textile for improvement of
electrical conductivity. Conductive composite textiles (CCTs) were easily manufactured through a
simple screen printing process for patterning PDMS containing hybrid fillers and a thermal curing
process. We intend to examine the change in electrical properties according to the type and
concentration of nanosized fillers including silver nanowires, graphene nanoplatelets, and carbon
nanotubes (Fig. 1.). It is expected to improve the electrical conductivity of CCT composites by
penetrating the nanofillers into the voids between the copper fillers.
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Lead dioxide (PbO2) is an excellent electrode material for electrochemical catalysis such as batteries
and oxidation of organic compounds. However, to use as an electrode, oxide materials of lead, zinc,
and nickel have a problem in that some of the material is released and the dimensional structure
becomes collapsed during the water electrochemical catalytic process. This leads to shortening of the
electrode life and the replacement time span, and cost increase. In this study, we electrodeposited lead
oxide on electrospun Pt nanofibers, which were prefabricated on Ti plate.1,2 The decomposition of
nitrilotriacetic acid (NTA), which was frequently used as a decontaminating agent in nuclear industry,
was investigated using the prepared lead oxide-based electrode. The decomposition efficiency of lead
oxide-based nanofibrous electrode introduced on Pt nanofiber was compared with that of
electrodeposited lead oxide-immobilized on Pt-coated Ti plate.
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Smart electronic fibers, which can be applied to flexible electronic textiles and afford various
functionalities for wearable smart electronic devices such as flexible displays and smart glasses, are
currently under the limelight. To apply electronic components to smart textiles, they should be
stretchable and resilient. For this reason, functional soft materials such as silicone elastomer are
attracting much attention due to easy fabrication of flexible electrodes [1-3]. Silicone elastomers
typically exhibit strong viscoelastic properties, good workability, and no permanent deformation.
Herein, we propose an elegant method for fabricating mechanically robust and electrically conductive
composite textiles for next-generation smart clothing by controlling coating direction of the silicone
polymer. To prepare the silicone-embedded conductive textiles, a typical additive-type silicone
polymer containing conductive fillers was coated on the fabric in the wale or course direction. The
cyclic strain recovery test showed that the conductive textile coated in the wale direction showed
better elastic recovery than that coated in the course direction. Optical and electrical analysis
confirmed that the conductive fabrics coated in the wale direction exhibited small cracks and low
electrical resistance due to the deep penetration of silicone polymer, leading to the construction of
stable conductive network.
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Hybrid lead-halide perovskites solar cells (PSCs) are potential candidates for future photovoltaic
technology. However, their road to commercialization remains limited due to the high defect densities
and vacancies existing in the surface and bulk of the polycrystalline perovskite films which
deteriorates the performance and stability of PSCs. Bulky organic cations such as guanidinium are
highly effective in enhancing the performance and stability of PSCs when used as additives and
passivation agents. Here, we demonstrate guanidinium thiocyanate (GuSCN) as a potential additive
for FAPbI3-based perovskite materials. GuSCN as an additive in FAPbI3 perovskite films produces
ultra-large grain size with reduced grain boundaries. GuSCN-based PSCs exhibit enhanced power
conversion efficiency of ≈19.3% compared to the reference PSCs (≈17.4%). Moreover, GuSCNbased PSCs showed better stability, ≈85% of their initial value compared to only ≈60% for the
reference PSCs for 30 days.
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Currently, wearable smart devices such as flexible displays, smart lenses, and smart electronic glasses
are in the spotlight, and academic research on smart fibers used in these devices is being actively
conducted. To achieve these wearable smart devices, stretchable and resilient properties are required.
Generally, silicone elastomers with high viscoelasticity and low permanent deformation are suitable
for manufacturing flexible electrodes [1-3]. When a wearable smart device is attached to the human
body, it should have high thermal conductivity to dissipate heat from the body.
Herein, we propose an effective method for improving the vertical thermal conductivity of a
conductive silicone composite using thermally conductive hybrid fillers and double-sided coating
process. By applying the resin mixing and screen printing method instead of the conventional spray
coating, it was possible to prevent shrinkage of the conductive composite fabric. As a result of doublesided coating, the vertical thermal conductivity was higher than that of the conventional composite.
When the cycle recovery test was performed during 10 cycles, the recovery rate of the double-sided
coating was slightly reduced to 6.6%, and stable thermal conductivity was confirmed.
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Pohang, 37673, Republic of Korea
In this study, we conduct comprehensive studies focusing on 1) optimization of Schottky junction
between polymer semiconductor and porous source electrode, 2) improving the crystallinity of
polymer semiconductor, 3) crosslinking of polymer semiconductor in order to improve the overall
performances of a solution processed organic Schottky barrier transistor (OSBT) with a vertical
structure. First, we introduce an alkanethiol self-assembled monolayer (SAM) on the surface of the
AgNW source electrode to induce a decrease in the work function by adjusting the surface dipole and
show it is possible to maximize the Schottky barrier in the formation of a junction with a p-type
polymer semiconductor, as confirmed by ultraviolet photoelectron spectroscopy and temperature
dependent I-V analyses. Second, we show that the optimal crystallinity of polymer semiconductors
and thus maximized charge transport of OSBT can be realized via octyltrichlorosilane SAM treatment
of dielectric layer, as confirmed by 2D-GIXD as well as the charge mobility and trap density analysis
of the corresponding hole-only devices. Through these SAM-based interface engineering, we
successfully implement a high on/off ratio of over 105. Finally, by photo-crosslinking polymer
semiconductors with azide, thin film densification is induced, leading to decreased leakage current as
well as dramatically enhanced operational stability. This work has significance as a milestone that
shows that the SAM and azide crosslinking technology which were extensively used in the lateral
OTFT can be modified and applied to vertical transistor.
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High EQE photomultiplication type photodiode achieved by surface
engineered Ag2S as trapping molecules
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Photomultiplication (PM)-type photodiode is fabricated with heavy metal-free Ag2S nanocrystal as
trapping molecules. Ag2S nanocrystal is synthesized by surface stoichiometry tuned strategy and used
as a sensitizing center. Two prerequisites must be satisfied for PM mechanism. One is prolonged
capturing of minority charge carriers and the other is efficient band-bending at the electrode interface
for continuous tunneling injection of majority carriers. With precisely surface stoichiometry tuned
Ag2S nanocrystal, high EQE PM-type photodiode is achieved in conjugation with poly(3hexylthiophene) (P3HT) which is polymeric semiconductor. By PL, TAS, SCLC analyses and DFT
study, we confirm increasing acceptor-like and donor-like state density of synthesized nanocrystal
with increasing content of surface Ag and S atoms. As a result, when fabricating the PM-type
photodiode with the structure of ITO/PEDOT:PSS/P3HT:Ag2S/Al with hole as a majority carrier, Agrich Ag2S NCs become optimal sensitizing centers due to efficient electron trapping as well as low
hole trapping rate. The optimized hybrid PM-type photodiode renders high peak EQE of 250,000%,
responsivity of 580 A/W and specific detectivity of 6 ⨯ 1013 Jones, implying the successful operation
of Ag2S NCs as sensitizing centers.

P-151
Bacteriophage Templated Metal Hybrid Electrodes for Supercapacitor
Applications
Manoj Mayaji Ovhal, Jae-Wook Kang*
Department of Flexible and Printable Electronics, Jonbuk National University, Jeonju, Korea,
jwkang@jbnu.ac.kr
The bacteriophage templated-metal hybrid (BT-MH) electrodes were extensively explored due to the
unique charges of the peptide receptors on the bacteriophage which perturbed the nanostructure and
enhanced the electrochemical properties. In this work, the BT-MH electrode was synthesized by
growing the metal hydroxide nanodiscs on bacteriophage using an easy and low-cost hydrothermal
method. The two-dimensional preferential growth of metal hydroxide along the (001) plane and
nanodiscs was confirmed in the presence of bacteriophage. The BT-MH electrodes show areal
capacitance of ~17 mF/cm2 at a current density of 0.1 mA/cm2 with improved cyclic stability due to
the modified metal hydroxide structure. Looking forward, the current method provides the wellcontrolled growth of metal hydroxide nanodisc in presence of bacteriophage for energy storage
applications.

– 109 –

P-152
Synthesis and characterization of Sn precursor for solution process
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Tin monoxide (SnO) and tin dioxide (SnO2) are p-type and n-type material with a wide band gap.
These have excellent optical, electrical and chemical properties. It also exhibits semiconductor
properties due to its low oxygen vacancies, and is attracting attention as a sensing material for gas
sensors and transparent conducting oxide applications in photovoltaics and flat panel displays.
The solution-processed oxide semiconductor thin films have a simple process without vacuum, and
the nonvacuum-based solution process does not require expensive vacuum equipment, so it is low cost
and has large area processing. Amorphous oxide semiconductors (AOSs), which are attracting
attention for their high transparency and electron mobility, can be manufactured through a solution
process. Among them, inkjet-printing and spin-coating methods are used for solution-processed oxide
thin-film transistors (TFTs).
Here, we synthesized a novel Sn(II) complexes as potential precursors for solution process to
synthesize remarkable thin films. Sn(II) oxide reacts with (dmamp') (2-(dimethylamino)-2methylpropan-1-ol) to form Sn(dmamp')2 with the product Sn6(O)4(dmamp)'4. Among these
complexes, the Sn6(O)4(dmamp)'4 product was able to obtain tetragonal crystals through
recrystallization. The complexes were characterized by Nuclear Magnetic Resonance (NMR),
Elemental analyses (EA), and X-ray crystallography (XRC).

P-153
High-speed hybrid Si / thin-film lithium niobate electro-optic
modulation
Jiawei Mao,1 and Shiyoshi Yokoyama1
Kyushu Univ., Fukuoka, Japan, maojiawei182@gmail.com
As critical components of optoelectronic interconnections, electro-optic (EO) modulators have
attracted much attention in applications such as short-reach optical interconnects, long-haul fiber
communications, and on-chip optical links [1-3]. Over the past several decades, EO modulators based
on lithium niobate (LN) crystals have been explored in industrial applications because of their
relatively large Pockels coefficient (r33 = 31 pm/V), wide optically transparent window from 0.4 to 5.0
μm, and high Curie temperature [4]. The rib-loading waveguide on LN can not only avoid the
challenges of the direct etching process but also retain a strong overlap of the modulated electrical
field and optical field. Hybrid Si and LN waveguides were successfully demonstrated and showed
great advantages in terms of the overlap confinement factor between electric and optical fields.
However, previous hybrid Si and LN waveguides showed a relatively larger propagation loss, low EO
modulation efficiency, and limited modulation bandwidth.
In this work, we demonstrate a 6.0 mm-long phase-shifter-length hybrid Si and TFLN (Si/TFLN) EO
modulator. A propagation loss of 0.15 dB/mm, a half-wave-voltage length product of 1.9 V·cm, and
optical signal transmission up to 128 Gbit/s are measured. To the best of our knowledge, these values
are substantially better than those for previous commercial bulk LN modulators and are on par with
those for state-of-the-art devices based on TFLN.
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Reduction of NAD(P) using GABase and quantitative detection of
reduced NAD(P)H using Pdots
JongWoo KIM, SeonYoung JO, and TeakSeung LEE,
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Engineering, Chungnam National University, Daejeon 34134, Republic of Korea,
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Reduced NAD(P)H is a key enzyme in living cells due to its role as an electron carrier in redox
reactions. A method of regenerating oxidized NAD(P) has been required because it is an economic
burden to continuously supply NADP. Therefore, we propose a method of regeneration NAD(P)H
using GABase. Convert GABA to Succinic semialdehyde using GABase. The converted Succinic
semialdehyde reduces NAD(P) to NAD(P)H. Reduced NAD(P)H can be confirmed by measuring
changes in UV-vis and PL intensity.
We confirmed the conditions for reducing NADP a lot by setting the amount of GABA, the amount of
GABase, Temperature and time. NAD(P)H-sensitive semiconducting polymer dots (Pdots) were
prepared for NAD(P)H detection. As the concentration of NAD(P)H increased, it was confirmed that
the fluorescence of Pdots decreased based on electron transfer from Pdots to NAD(P).
Through this, an effort was made to quantitatively confirm the reduced NAD(P)H. Reduced
NAD(P)H was quantitatively analyzed by integrating a system that regenerates NAD(P)H using
GABase and system that quantitatively analyzes NAD(P)H using Pdots
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Zinc Doped Copper Iodide (CuI) as Hole Injection Layer for Lightemitting Diodes
Taesu Choi, Gi-Seong Ryu, and Yong-Young Noh*
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Organic light-emitting diodes (OLEDs) are currently increasing the market size due to its excellent
efficiency, flexibility and simple fabrication. The hole injection layer (HIL) in the structure of OLEDs
has significant influence on transport of holes and outcoupling efficiency of the device.
Among inorganic p-type semiconductor, Copper iodide (CuI) has received much attention due to its
large bandgap, high conductivity, optical transparency and its low cost. Its high hole mobility allows
CuI film to be deposited thickly in the device, while low-mobility organic materials are forced to be
thin. Thus, CuI film can improve the yield of large-area device fabrication. To optimize the properties
of CuI-HIL in OLEDs, charge carrier density of CuI film should be controlled precisely. In this study,
we suggested Zn-doping for modifying CuI. The Zn-doping can effectively control the carrier density
of CuI film and thus, the OLED with CuI HIL has better external quantum efficiency (EQE) and
stability compared to the organic HIL OLED.
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Fabrication of Transparent GaZnO Semiconductor Thin Films via
Sol–Gel Spin Coating Technique and Its Thermal Treatment
Temperature Effects
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Gyeongbuk, Korea, dokyung@cu.ac.kr
Recently, it has been reported that doping ZnO with suitable metal cations can be regarded as an
efficient method to improve the stability of transparent ZnO-based thin-film transistors (TFTs).
Among various metal cations, because the ionic radius of Ga3+ is close to that of Zn2+, it is possible to
minimize the distortion of ZnO lattice.1 Also, a strong Ga–O bonding effectively suppress the
generation of oxygen vacancies in the ZnO. 2 Therefore, Ga-doped ZnO (GaZnO) has potentials for
TFT channel material with high performance.
In this study, transparent semiconducting GaZnO thin films were prepared by sol–gel spin coating
technique, and effects of thermal treatment temperature on the structural and optical properties of
GaZnO thin films were investigated. The crystal structures and optical properties have been analyzed
by X-ray diﬀraction (XRD), field emission scanning electron microscope (FE-SEM), and UV-visible
spectrophotometer. XRD results indicate that the (002) peak dominates in all patterns for GaZnO thin
films, showing highly c-axis oriented growth. The grain size in GaZnO thin films increases with
increasing temperature of thermal treatment, which is confirmed by the FE-SEM observations. The
optical transmittances of GaZnO thin films are approximately 84% in visible region regardless
thermal treatment temperature. The optical band gap of GaZnO thin films increases with the increase
of thermal treatment temperature.

P-157
Effect of wetting behavior of water droplets on output of water
droplet-based electricity generator
Yusuke Aoki and Ryota Naganuma
Mie Univ., Mie, Japan, yaoki@elec.mie-u.ac.jp
The water droplet-based electricity generator (DEG), which utilizes charge due to contact and friction
when water droplets fall on a charged material, is attracting attention as a new energy harvester1.
When the water droplet is the contact area of a water droplet with a charged material in contact with
the electrode has a significant influence on the output of the DEG2. Therefore, the DEG output voltage
is affected by the differences in the electrode configuration on the substrate. In this study, we prepared
two types of DEG devices, Types A and B, in which copper electrodes were placed vertically and
horizontally, respectively, on the surface of the PTFE film, with respect to the sliding direction of the
water droplet.Figures 1(a) and (b) show the change in the output of the DEG due to the difference in
the electrode configuration when a water droplet was dropped from a height of 45 mm. In both types
of DEG, the output voltage was generated between the moment the droplet touched the electrode, and
the moment it left the electrode while the droplet slid across the electrode in Type A and along the
electrode in Type B. In Type A, the negative voltage was high and occurred for a longer time, whereas
the positive peak voltage was higher in Type B. We discuss the differences in wetting behavior of
water droplets due to different electrode arrangements and their effects on output voltage.
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Enhancing the Performance of Perovskite Solar Cells via Surface
Passivation with Bulky Organic Cations
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The power conversion efficiency (PCE) of formamidinium lead iodide (FAPbI3)-based perovskite
solar cells (PSCs) has advanced significantly in recent years. However, the performance and stability
of FAPbI3 perovskite are restricted by phase instability at high temperatures and moisture attack.
Herein, we deposit an organic overlayer consisting of bulky pyrrolidinium cations on top of the
perovskite film via spin-coating. The use of a pyrrolidinium cation as a surface passivator can
significantly enhance the moisture resistance and reduce the surface defects of the perovskite film.
After passivation treatment, the crystallinity of the perovskite film improved. There is a drastic change
in the morphology of the perovskite film. As a result of defect suppression and improved charge
transport, the PCE of the PSCs improved from ~19.5% to ~21.7%. Additionally, the PSC devices also
demonstrated better ambient stability. Overall, surface passivation with bulky cation is an effective
strategy to improve the performance of the PSCs.

P-159
Optimization of Green Solvent Based Emissive layer for Ink jet
Printed Organic Light-Emitting Diodes
Sagnik Chowdhury, Keum-Jin Ko, and Jae-Wook Kang*
Department of Flexible and Printable Electronics, LANL-JBNU Engineering Institute-Korea, Jeonbuk
National University, Jeonju 54896, Republic of Korea, jwkang@jbnu.ac.kr
Organic light emitting diodes are widely used in optoelectronics and have already been
commercialized in the display industry. The OLED displays available in the market are generally
produced via vacuum evaporation techniques which causes 70-90% waste of the expensive emissive
material [1]. To address this issue, scientists have studied solution processable techniques as an
alternative but the use of toxic solvents and industrially restrictive processes like spin coating come in
the way of commercialization of the same. Here, we propose an industrially viable coating technique
called ink jet printing to make the emissive layer of the OLED. We use green solvents with high
boiling point to produce this OLEDs which make this process apt for commercialization.

P-160
Bromide Incorporation Enhanced Vertical Orientation of Tin-halide
Perovskite Solar Cells
Du Hyeon Ryu1,2 Sang Huck Im,2 and Chang Eun Song1
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Design and synthesis of tin-halide perovskite solar cells (THPSCs) is inevitably challenging and their
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poor reproducibility remains a hurdle for high-performance perovskite solar cells (PSCs). Herein,
PEA0.15EA0.15FA0.70SnI2.70Br0.30 with improved optoelectronic and morphological properties, is
successfully shown to have an outstanding power conversion efficiency (PCE) of 10.12% with highly
reproducible PSCs. Furthermore, there are no previous studies focused on 2D/3D THPSCs. In this
study, we demonstrate how bromide works in the perovskite through a morphological analysis,
photovoltaic, and DFT calculation.
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Efficient Host-guest All Organic Light-emitting Electrochemical Cell
Incorporating Benzothioxanthene Imide Dyes
Kwang Keat Leong,1 Jinbo Kim,1 Pierre Josse,2 Korentin Morice,2 Yanghyun Auh,1 Clément
Cabanetos2* and Eunkyoung Kim1*
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Light-emitting electrochemical cells (LECs) have been widely explored using conjugated polymer
(CP) or an ionic transition metal complex (iTMC). However, there is still a lack of small organic
molecule to be incorporated into the emitting layer due to its low performance. Herein, we report a
new family of metal-free dyes to be used in the emitting layer based on benzothioxanthene imide
conjugated core. Impacts of the subtle host selection and combination in the LEC device were
carefully investigated in terms of energy transfer, host-guest interactions and film morphology.
Depending on the combination and rationalization over the conjugated polymer hosts such as
polyvinylcarbazole (PVK) and polydioctylfluorene (PFO), high luminescence and 3s on/off
switchability were obtained owing to efficient energy transfer and suppressed luminescence
aggregation caused quenching. This study established the potential of this novel class of dye in
organic light-emitting devices and these low-cost LECs would be particularly interesting for
lightweight military, security or point-of-care medical diagnosis and treatment.
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Most antibacterial plastic products have problems in harmfulness to the human body and antibacterial
lifespan by applying a chemical antibacterial coating to the surface.
In this study, the plasma discharge electrode was designed to double the number of discharge
electrodes in a plasma module of the same volume. In addition, it was designed to minimize ozone
generation when plasma was generated under the same voltage by coating titanium dioxide, a
photocatalytic material, on the electrode surface. In addition, the titanium dioxide coated on the
electrode surface was manufactured to effectively reduce the amount of ozone generated by using
ultraviolet rays generated during plasma generation. The antibacterial mechanism is when a high
voltage is applied to microorganisms such as bacteria when plasma is generated, thereby generating a
potential difference inside and outside the cell membrane and destroying the cell membrane, upon
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collision, OH radicals are generated in the energy, and by the generated radicals, they are combined
with H+ ions inside the microorganism, and finally oxidized to harmless water.
Acknowledgments: This work was supported by the Technology development Program (S2960799)
funded by the Ministry of SMEs and Startups (MSS,Korea)
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Here, we investigate perovskite solar cells (PeSCs) made with 3D printer-based brush painting. Brush
painting has many intrinsic advantages, such as high-speed fabrication, low materials loss, superior
compatibility with the typical roll-to-roll system, and superior processability on various substrates,
even on non-flat surfaces. Perovskite formation is the biggest challenge because the shape and
performance of the perovskite decrease due to uncontrolled high-speed crystallization. Therefore, we
focused primarily on optimizing the perovskite layer by controlling the additives and solvents. Brushpainted PeSC has been proven by optimizing the perovskite layer. In particular, the overall
performance of PeSC was investigated by the effect of N2 blowing system and anti-solvent and
additive on the morphology of perovskite active layer.

P-164
Multifunctional additive engineering strategy for efficient metal halide
perovskite solar cells
Fuqiang Li a, Ying Lia, Xiaofeng Huang b, Fengwu Liu a, Danbi Kim a, Hyun-Seock Yang a, Bo Ram
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We report a simple and effective multifunctional additive engineering strategy for producing highquality perovskite films. By including 2-hexyl-thiophene (2HT) with a thiophene electron-pair donor
and a long hydrophobic alkyl chain as an additive in the perovskite precursor solution, we
successfully obtained a perovskite film with high crystallinity, decreased trap density, and hindered
ion migration. These features are attributed to the strong coordinative interaction between the sulfur
atom in 2HT and Pb2+ in the perovskite film. The long alkyl chain of the 2HT additive assisted the
production of a superior perovskite film with enlarged grain size, smooth surface topography, and
hydrophobicity. Consequently, improved efficiency and prolonged operational stability are realized
simultaneously for an inverted MAPbI3 perovskite solar cell with the 2HT additive. The device with
2HT delivers a higher power conversion efficiency of 20.61% compared with that of the control
device (18.65%) and exhibits negligible hysteresis. Moreover, the stability of the device with the 2HT
additive is superior to that of the control device under various testing conditions.
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Various strategies such as compositional engineering, self seeding growth, and antisolvent-assisted
crystallization result in rapid improvement of efficiency of perovskite solar cells (PSCs) from 3.8% to
25.2%. Although antisolvent-assisted crystallization using the chlorobenzen or toluene in N2
atmospheric conditions has been considered as a promising process to produce pin-hole free
homogeneous perovskite layer, strong toxicity of chlorobenzen and toluene and precise control of
process in N2 condition have emerged as important issues to realize PSCs. On the other hand, when
perovskite is fabricated by solution process at the low temperature, the films are polycrystalline with
grain boundaries and high defect densities inducing recombination of photogenerated carriers and
acting as channels for water and oxygen. Therefore, control of defects and formation of fewer grain
boundaries is required for the high efficiency and long-term stability.
In this work, we report on the green anti-solvent assisted crystallization with additive, which is
suitable for humidity tolerant air-process, to produce high quality perovskite layer with lower defect
densities. A green anti-solvent with additive containing cyano group, benzene ring, and carbonyl
group was used to optimize perovskite layer. Effect of antisolvent and additive on the performance of
PSCs will be discussed.
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Flexible and Semi-Transparent Organic Electrochemical Transistors
based on Ultra-Thin Au/PEDOT:PSS Hybrid Electrode for Human
Skin Electronics
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61005, Republic of Korea
In comparison to other organic-based electronics, OECTs have several advantages including high
transconductance, low voltage operation, and long-term stability. Since it is suitable for measuring
bio-signals from on-skin, signals from various body parts such as electrocardiogram (ECG), and
electroencephalography (EEG) could be measured using OECT. Here, we suggest an ultra-thin hybrid
electrode was fabricated by thermally depositing ultra-thin sub-nano thickness Au electrode on
crystalline poly(3,4 ethylene dioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) thin film, which
has a transmittance of ~60 % at visible range wavelength and low sheet resistance of ~20 Ω/sq. Based
on this structure, a semi-transparent and flexible top-contact structure OECT was fabricated that
shows a transconductance of 1.5 mS, and the performance was maintained even in the highly bending
state. Finally, this semi-transparent OECT is attached to human skin to successfully perform EMG,
ECG measurements.
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Despite recent improvements in their power conversion efficiency (PCE), organic photovoltaics
(OPVs) cannot yet be guaranteed stable in the indoor environment. In this study, the destabilizing
effects of morphological evolution and molecular-ordering variation on photoactive layers containing
two to four photoactive components are investigated under realistic indoor photo-thermal (>55 °C for
1000 h) and mechanical (10% strain and 1000 cycles) deformation conditions. Layers with morestable morphologies are obtained by increasing the number of photoactive components; consequently,
the quaternary OPVs show the best PCE retentions (over 90% and 82% of the initial values after the
photo-thermal and mechanical stresses, respectively). The increase in entropy caused by the additional
components in the quaternary blend leads to a more balanced molecular arrangement and excellent
photo-thermal stability1,2. Stronger intermolecular bonding and less variation of molecular ordering
likewise occur in the quaternary OPVs, enhancing their mechanical endurance.
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Thin films of NiOx nanoparticles were employed as a hole transport layer (HTL) in inverted
perovskite solar cells (PSCs), however they were unable to attain high efficiency and stability due to
inherent surface defect and hydroxyl groups. To address the issues, we introduced the self-assembling
molecule, (3-Aminopropyl)triethoxysilane (APTES), at the interface between NiOx and perovskite.
We demonstrated that the self-assembling APTES monolayer was formed via a hydrogen connection
between the amino group of APTES and the hydroxyl group on the surface of NiOx, which reduced
defect density through passivation. Furthermore, the APTES monolayer induces a positive dipole,
resulting in a deeper work function at the NiOx interface and better energy level matching in PSCs, as
well as boosting charge extraction-transportation capabilities and reducing charge recombination at
the interface. As a consequence, NiOx- APTES -based PSCs demonstrated up to 20.21% increased
PCE and long-term stability in ambient air (varying moisture over 60 days).
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Light energy harvesting and detecting are promising technologies in various optoelectronic
applications. The high absorption capability and bandgap tunability of organic semiconductors are not
only essential characteristics but also make them noteworthy candidates for such applications.[1] Here,
a poly(3-hexylthiophene-2,5-diyl) (P3HT):indene-C60 bisadduct (ICBA) bulk heterojunction-based
organic photodiode (OPD) was reported, where attesting dual functionality as an artificial light cell
(ALC) and a high-speed photodetector. This OPD established satisfactory ALC performance with a
power conversion efficiency (PCE) of (11.6 ± 0.5)% under a 1000lx light-emitting diode (LED) lamp.
As a photodetector, OPD demonstrated a decent photoresponsivity of 0.15 A/W (green light) with a
surpassing linear dynamic range (LDR) of over 127 dB within the optical power range 3.74 × 10−7 to
9.6 × 10−2 W/cm2. Moreover, high-speed photoswitching behaviors were envisaged with the
rising/falling times of 14.5/10.4 μs and a cutoff (3 dB) frequency of 37 kHz. These results may
suggest a pioneering point for further developing and expanding organic optoelectronic applications.
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Recently, high-efficiency perovskite solar cells (PSCs) have emerged as an alternative to silicon-based
solar cells. However, the complex crystallization process of perovskite still limits the fabrication of
large-area PSCs with high efficiency. In this study, we have tailored the surface tension and viscosity
of the perovskite precursor to control the nucleation and growth of the perovskite film. This approach
made straightforwardly deposition in one step slot-die technique at the ambient environment, resulting
in a uniform, high quality, and large grain size of perovskite films with high-throughput processing.
By modifying the rheology of perovskite ink, we obtained high power conversion efficiency (PCE) of
19.5% and retained over 90% efficiency of more than 1000 h.
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Understanding modulation of electrical performance in organic field-effect transistors (OFETs) under
light irradiation is highly significant when the device’s target applications are photo sensors. In
general, the light irradiation applied to OFETs is known to temporarily modulate the electrical
properties (threshold voltage shift, current rise, etc.). In this study, we investigated a unique memory
effects under light irradiation when an organic semiconductor dinaphtho[2,3-b:2’,3’f]thieno[3,2b]thiophene (DNTT) and designed novel polymer insulators are used as a thin film in OFETs. The
devices confirmed that the threshold voltage shifted rapidly due to the photo- and field-induced charge
transfer effect when light illumination and gate-bias are applied at the same time. Furthermore, it was
found that this finding highly depends on the wavelengths. Consequently, we demonstrated highly
stable photo-sensitive memory OFETs, which allows the development of a memory device with a
novel driving principle. This research was supported by Korean government with the following
acknowledgement numbers: 2020R1C1C1012690 and 2020R1A6A1A03038697
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During repetition of on/off switching in organic field-effect transistor (OFET), mobile charge carriers
possibly encounter with immobilization due to various origins, leading to the degrade of electrical
properties. Herein, we proposed the facile methodology for the recovery of degraded OFETs via
temporary monochromatic illumination. In the bias-stressed OFETs, we found that the recovery rate
was significantly dependent on the wavelength of light and non-linearly proportional to the light
intensity. The 630 nm wave was impossible to heal trapped charges, whereas the 460 nm wave rapidly
recovered the device performance in a few minutes. When the bias-stressed device was irradiated to
460 nm light, the onset and threshold voltages reverted to the unstressed state, which is attributed to
the mobilization of charges in deep trap. The recovery rate (R) as a function of illumination power
follows power law, dependence with exponent of 1/2. In this device, the photo-induced recovery
follows the mechanism of exciton annihilation and hot carrier generation by exciton-charge collision.
This investigation can provide more efficient way of photo-related organic electronics, such as OFETs,
photodetectors and phototransistors.
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Lead (Pb) halide perovskite nanocrystals (NCs) are interesting materials owing to their outstanding
optical characteristics, such as high quantum yield efficiency, narrow band emission and wide spectral
tunability.1, 2 However, these NCs have several critical problems, which include the high toxicity of
Pb, their accumulative nature in the human body, as well as phase instability.3 In recent, although it
has been attempted to prepare Pb-free perovskite NCs by replacing the B-site cation with less toxic
metal (Bi, Sn, etc.) ions, they still exhibited poor optical and electrical properties, as well as abundant
intrinsic defect sites. 4, 5
To overcome such limitations, in this work, we synthesized Pb-free cesium ytterbium triiodide
(CsYbI3) cubic perovskites NCs with highly narrow size distribution and high crystallinity using a
conventional hot injection method. Additionally, by using a variety of optical spectroscopic
techniques, we could verify that our perovskite NCs exhibited strong-excitation independent emission
and high quantum yield.
Taking one step further, in order to assess the feasibility of using CsYbI3 NCs in practical applications,
we utilized our Pb-free perovskite NCs as an efficient photoactive layer in organic-inorganic hybrid
photodetectors. It was found that the resulting devices show clear on-off switching behavior as well as
high photoresponsivity (2.4 × 103 A W−1) and external quantum efficiency (EQE, 5.8 × 105 %) owing
to effective exciton dissociation and charge transport. These results provide tremendous opportunities
for CsYbI3 NCs to electronic and optoelectronic applications, such as light emitting diodes (LED),
and energy conversion and storage devices.

P-174
Tuning the Morphology of Anisotropic
Nanocrystals for Phototransistor Applications

Layered

Perovskite

Haney Lee2, and Hyeonseok Yoon1,2,*
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Korea.
2
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61186, South Korea, hyoon@chonnam.ac.kr
We synthesized various forms of cubic-phase layered perovskite nanocrystals (PNCs), such as thin
nanoplatelets, thick nanoplatelets, and nanocubes, to examine their response characteristics in a
phototransistor device. The PNCs were shear-force deposited into a layer of a few tens of nanometers
thickness using a solvent washing procedure in conjunction with spin-coating technique. Under
illumination, the drain current of PNC-based phototransistors increased by 40–350 percent when
surface ligands and residual organic molecules were removed from the deposited PNCs (purified or
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annealed). Nanocubes had the highest photosensitivity and longest radiative lifetime among the PNCs,
with a photocurrent of up to 1.74 A cm-2 at a bias of 3.0 V. The enhanced photosensitivity resulted
from the longer radiative lifetime and more uniform charge-carrier transport of the nanocube channel
in the transistor.

P-175
Suppression of Oxidative Degradation of Formamidinium-Based Tin
Perovskite Solar Cells via Chlorine Ion Doping
Jinhyeok Choi1, and Kilwon Cho1
1
Dept. of Chemical Engineering, Pohang University of Science and Technology, Pohang, Korea,
kwcho@postech.ac.kr
Pb-based perovskite solar cells (PSCs) with efficiency over 25% and high stability have been reported,
however, Pb-free PSCs should be developed for the commercialization of PSCs due to the toxicity of
Pb. Among the metal candidates for replacing the Pb, Sn-based PSCs are promising for their low band
gap and high carrier mobility [1]. However, the facile oxidation of Sn2+ have become a serious
challenge to obtain high efficiency and stability for Sn-based PSCs. Here, a simple Cl¯-doping
method is introduced to suppress the oxidation of Sn2+ in Sn-based PSCs. Cl¯-doped perovskite film
had coarsened grain and highly oriented crystals which is ascribed to the retarded crystallization rate
by Cl¯ which has the Lewis base characteristics [2]. In addition, the theoretical simulation revealed
that Cl¯ mostly located at the surface defect, thereby weakening the interaction between Sn2+ and O2
(Fig. 1a). As a result, the Cl-doped PSCs showed highest power conversion efficiency (PCE) of 6.89%
with high reproducibility (Fig. 1b), and retained 60 % of its initial PCE after 6 h in ambient air (Fig.
1c).

P-176
Highly Stable Cesium Lead Halide Perovskites in Mesoporous Liquid
Crystal Polymer Particles
Geunjung Lee1, Geonhyeong Park1 and Dong Ki Yoon1,2,*
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2
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The caesium lead halide perovskites have been spotlighted due to their high photoluminescence (PL)
efficiency, narrow emissions, and tunable wavelengths. Therefore, they have great potential in
optoelectronic device applications. Despite their advantages, the perovskites encounter several
problems. Among them, most representatives are very vulnerable to some environmental conditions
such as water and temperature. To overcome the challenge, many strategies have been studied. The
strategies are typically divided into two types: (1) changing the external environment of perovskite or
(2) reforming its internal structure. In this work, we developed the mesoporous liquid crystal polymer
particle (MLPP) by using the emulsion polymerization technique which is similar to (1). MLPPs are
fabricated by using reactive mesogen and nematic liquid crystal as a dispersion phase and water as a
continuous phase. After emulsification, the reactive mesogens are polymerized and washed in the
unreactive nematic liquid crystal to obtain mesoporous polymers. The perovskite precursor solutions
are infiltrated in the MLPPs to synthesize the lead halide perovskite @ MLPP composites, showing
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highly stable photoluminescence in the various environmental conditions. Compared to the previous
studies on stabilized perovskite particles, this method provides simple fabrication of mesoporous
polymer particles and enhanced stability, such as a water-stable luminescence. We expect this
perovskite @ MLPP composite applies to the display due to its enhanced durability and chemical
reaction as a catalyst due to its large surface area

P-177
Simple and effective pressure-assisted fabricating method for efficient
perovskite solar cells
Seongbeom Lee1, Danbi Kim1, Woo Hyeon Jeong2, Hyun-seock Yang1, Semo Son3, Bo Ram Lee1,
Hyosung Choi2, Sung Heum Park1
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Nam-Gu, Busan 48513, South Korea
Perovskite solar cells have been rapidly improved in device efficiency and are in the spotlight as a
next-generation eco-friendly energy source. Achieving high-quality photo-active layer influenced by
processing parameters is critical to the device performance of organic-inorganic hybrid perovskite
solar cells. In this study, a pressure assisted annealing process (PA method) was developed to control
the evaporation speed of the solvent inside perovskite layer. By applying pressure during the
annealing process for crystallization of the methylammonium Lead Iodide (MAPbI3), we could
control the evaporation speed of solvent to promote crystal growth of MAPbI3 which enables to
manufacture high-quality perovskite photo-active layers. As a result, the PA device exhibited a high
PCE of ~17.3 % with significantly enhanced short-circuit current of ~24.4 mA cm-2, an open-circuit
voltage of 0.96 V and a fill factor of 0.75.
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Temperature via Pattern Dimension Control

Tunable

Color-
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White light is attained by combining different-colored emissions. White organic light-emitting diodes
(WOLEDs), therefore, should be fabricated to obtain mixed emissions from different organic
luminophores while suppressing energy transfer between each other. Here, we present a simple mean
to realize this goal by forming two-color strip-patterns of light emitting polymer (orange) and an
iridium complex (sky-blue) luminophores entirely through solution processes. The formation of the
two-color patterns was facilitated by (i) the use of a highly efficient crosslinker permitting the
construction of structurally robust orange primary strip-patterns and (ii) the contrast in the surface
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energy allowing selective wetting of the secondary sky-blue patterns between the orange primary
patterns. The emissive layer comprising the two-color strip -patterns allows for the mixing ratio of the
two colors to be adjusted by simply varying the areal ratio of the two patterns, which in turn, controls
the white emission color-temperature from 2119 K to 7994 K.

P-179
Additive Engineering With Alkali-Metal Formate For HighPerformance Perovskite Solar Cells
*

Sakshi, **Sung-Nam Kwon, **Seok-In Na
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Perovskite solar cells (PSCs) are attracting a lot of attention in the field of photovoltaics due to their
excellent photovoltaic properties. However, inevitable non-radiative charge recombination caused by
defects on surface and bulk has restricted to achieve high efficiency and stability. In this study, to
reduce interior and exterior defects and suppress charge recombination, alkali-metal formates
(RbHCOO and KHCOO) were introduced into perovskite precursor solution. It was demonstrated that
the perovskite layer with alkali-metal formates formed a compact film with less grain boundaries.
Consequently, defect densities of perovskite film reduced, and charge extraction and transportation
capability improved, suppressing charge recombination. RbHCOO doped inverted PSCs showed
improved efficiency up to 20.4% with long-term ambient air stability up to 800 h (maintaining initial
efficiency of 70%).

P-180
Fabrication patterned parylene nanofiber via controlled liquid
crystalline templating and their application
Jeongyeon Han and Dong Ki Yoon*
Department of Chemistry, Korea Advanced Institute of Science and Technology, Daejeon 34141,
Korea
Parylene, p-xylene and their substituent-based polymer, are used in various area because of their
perfect insulating property and chemical stability. Especially parylene coating is commonly used in
electronic packaging process for electrically and mechanically protecting the devices. Forming a
polymer fibril structure can widen the applicability by enhancing its hydrophobicity and friction. One
can easily get parylene nanofiber surface using chemical vapor deposition on liquid crystalline film
and anodic aluminum oxide template. Chemical vapor polymerization (CVP) with liquid crystalline
templating has been studied.1, 2 However, more complicated fiber surface fabrication is insufficient.
Here, a complicated parylene nanofiber film is demonstrated via patterned liquid crystalline template.
Liquid crystalline template including periodic zigzag line disclination is induced by applying an inplane electric field. CVP is conducted on the template to results in oriented parylene nanofiber pattern
(Figure 1). This can improve the compatible property of parylene packaging by inducing
hydrophobicity and uniqueness
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Low-temperature chemical vapor deposition growth of PtS2 thin film
via single-source precursor for high performance optoelectronic
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Two-dimensional (2D) noble metal dichalcogenides (PtS2, PtSe2, PdS2, PdSe2, NMDCs) have been
attracted as next-generation materials for optoelectronic devices due to their high mobility and wide
band gap tunability.[1] Sulfurization of a noble metal film has been commonly used for the large-scale
growth of 2D NMDCs.[2,3] However, since most noble metals have a very high melting point, a hightemperature process, such as e-beam evaporation or chemical vapor deposition (CVD), is essential to
deposit a metal film, and it leads to an increase in the process cost. Here, we suggest a new strategy
for low-temperature and one-step CVD synthesis without additional sulfurization using a singlesource precursor containing both Pt and S. This method was successfully extended to the synthesis of
large-scale PtS2 thin films, which was confirmed by scanning electron microscopy, atomic force
microscopy, and Raman spectroscopy. In addition, PtS2 thin film based photodetector was fabricated
and it had good photoresponse under 532nm laser irradiation. Our final goal is to synthesize highquality monolayer PtS2 film by fine control of the source flow using the metal organic chemical vapor
deposition technique.
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Polymer/Small-Molecule Binary-Blend Hole Transport Layer for
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Metal halide based perovskite light-emitting diodes (PeLEDs) are promising candidates for next
generation commercial display products due to their excellent high color-purity and recent dramatic
improvements in their device efficiencies. However, the performance of blue PeLEDs falls far short of
the requirements of commercialization, for which one of the main reasons is a wide band gap of blueemitting perovskites, resulting in inferior hole injection and imbalanced charge transport in the
emissive layer. Here, we introduce a facile method for overcoming the charge balance issue by
developing polymer/small-molecule binary-blend hole transport layer (HTL) with poly(9vinlycarbazole) (PVK) and 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4oxadiazole) (PBD). The
binary-blend HTL allows a systematic modulation of hole injection barrier that enabled a balanced
charge transport between electrons and holes for an effective recombination within perovskite
emissive layer. In particular, the PeLED based on our optimal blended HTL exhibits one of the highest
external quantum efficiency (EQE) values of 5.30% for blue PeLEDs with emission peak at 478 nm.
Our work provides a simple and effective concept for forming an energy ladder for an efficient charge
transport which will contribute towards developing high performance blue PeLEDs.
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Although light-emitting devices (LEDs) based on metal halide perovskite nanocrystals (PNCs)
developed rapidly in recent years, the luminance of pure red LEDs with the Rec. 2020 standard
Commission Internationale de l’Eclairage (CIE) 1931 color coordinates of (0.708, 0.292) cannot meet
the requirement of outdoor display. Herein, a facile in-situ modification strategy was proposed to
prepare the efficiently luminescent CsPb(Br/I)3 PNCs, where metal bromides were used to create a
halide rich environment and inhibit the formation of nonradiative surface defects. Synchronously,
appropriately increased surface ligands improved the effective exciton confinement. Hence, the
modified CsPb(Br/I)3 PNCs exhibited a high PLQY of 92.0%. Additionally, the electrical conductivity
was improved due to the increased hole mobility and the Auger process was inhibited caused by
balanced carrier mobilities. Consequently, LEDs based on the modified CsPb(Br/I)3 PNCs exhibited a
maximum luminance of 11233 cd m-2 with the pure red color coordinate (0.704, 0.292) and a peak
EQE value of 13.2%. Furthermore, the luminance reached 5198 cd m-2 under the driving voltage of
4.4V. This is the first work to realize a pure red PNC LED with high luminance under low bias, which
can meet the requirement of outdoor display.
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In this work, a double-perovskite Ca2LaNbO6:Pr3+ color-tunable phosphor was synthesized. The
emissions (blue, green, red1, and red2) from Ca2LaNbO6:Pr3+ phosphor have different temperaturedependent properties because of the thermal quenching channel generated by the intervalence charge
transfer state between Pr3+ and Nb5+ ions. They can be used to realize four fluorescence intensity ratio
models (Green/Blue, Green/Red2, Red1/Blue and Red1/Red2) to measure temperature with high
absolute and relative sensitivities. Moreover, using the Ca2LaNbO6:Pr3+ phosphor and the carbon dots
with green afterglow to create anti-counterfeiting patterns, the multi-mode anti-counterfeiting under
different portable lamps (254 nm and 365 nm) was realized. Therefore, the prepared multifunctional
phosphor indicated a potential application in both optical temperature sensing and anti-counterfeiting
simultaneously.
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Next-generation electroluminescent displays require efficient and stable light-emitting diodes (LEDs)
with low cost, excellent color purity for which perovskites-based LEDs (PeLEDs) are a promising
candidate. Among the three primary colors, the low efficiencies and poor stability of blue color
PeLEDs is the major hurdle to their commercialization. Here, we demonstrate an surface engineering
strategy incorporating a simple hot injection method with one pot synthesis for surface passivation of
cadmium ions (Cd2+) into blue-color all inorganic Cs base perovskite nanocrystals (PNCs). The
optimized PNCs containing 0.2% Cd show improved photoluminescence quantum yield (PLQY;
66.8 %) and ambient stability, compared to the neat PNCs (25.5%) at an emission wavelength of 475
nm. PeLEDs with the PNC show a luminance of 51 cd/m2 and EQE of 3.71%.
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Despite their high optical transparency and electrical conductivity, the commercialization of
percolated silver nanowire network materials as transparent electrodes is challenging owing to the
lack of a scalable micropatterning process. This paper proposes a versatile method for photopatterning
silver nanowire networks, based on photoinduced nanowire–nanowire and nanowire–substrate
crosslinking. Because the proposed method requires only a small loading of the photocrosslinking
agent (<3 wt%), the intrinsic physical characteristics of the silver nanowire network can be preserved.
Furthermore, through the roughness-assisted wetting phenomenon, the resulting patterns can be
selectively hybridized to form bilayered nanowire/conducting polymer electrodes. The resulting
hybrid transparent electrodes exhibit a low roughness (< 6.5 nm), excellent tolerance to oxidation or
electrochemical processes (Faradaic and non-Faradaic processes), and mechanical stability against
bending (over 800 bending cycles at 1% tensile strain) without compromising the excellent
optical/electrical characteristics achievable from the pristine silver nanowire network. These benefits
are integrated to assemble an active-matrix-driven electrochromic display. The proposed method can
thus facilitate the practical application of silver-nanowire-network-based transparent electrodes.
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Organic light-emitting diodes (OLEDs) have undergone rapid development with the appearance of the
"solution processing" technique over recent years of efforts. However, further improvement of device
performance and of cost-effectiveness in fabrication remain necessary for practical applications. We
designed a series of novel quinoxaline-phosphine oxide small molecules (QPSMs) that can be utilized
as the electron transport layer (ETL) in solution-processable OLEDs. QPSMs can be dissolved in
isopropanol owing to the strong dipole moments within their molecular structures, thereby allowing
their convenient and effective deposition onto the emission layer without annealing.1 Furthermore,
electron injection/extraction can be improved in QPSM-based device thanks to the well-matched
energy levels in OLEDs. In particular, optimized OLEDs with QxTPPO1 exhibit external quantum
efficiency of 6.12%. These promising results highlight the significant potential for the future use of
QPSMs in organic semiconductor devices.
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Triplet Excited States Management in Boron-based TADF-OLEDs
Using Fast Spin-flip Process for High Efficiency and Low Roll-off
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100% internal quantum efficiency (IQE) can be achieved in organic light-emitting diodes (OLEDs) by
improving the spin-flip from triplet to singlet excited state, generally familiar as reverse intersystem
crossing (RISC). Considering the challenge of high efficiency and stability in thermally activated
delayed fluorescence (TADF) based OLEDs, two donor-acceptor-type TADF emitters (TMCzBCO
and DMACBCO) containing a boron-carbonyl (BCO) hybrid acceptor unit are introduced. The
carbonyl group induces 3nπ* state of the acceptor in the triplet multifarious intramolecular charge
transfer (ICT) compounds, which is a highly T2 level preferred for fast RISC. Strong spin-orbit
coupling (SOC) is induced with a 1CT (S1) state that achieves fast RISC with a constant kRISC of more
than 106 s-1, and near 1µs of fluorescence lifetime. External quantum efficiency (EQE) exceeding 20%
at 5,000 cd m-2 and 18% at 10,000 cd m-2. The maximum external quantum efficiency of 24.7% for
green emission (TMCzBCO) and 28.4% for yellow emission (DMACBCO) with extremely lowefficiency roll-off. These findings indicate that the 3nπ* state of BCO increases the RISC rate, which
reduces the exciton lifetime and ameliorates the TADF-OLEDs optoelectrical performance.
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Perovskite light-emitting diodes (PeLEDs) have been a great candidate for different optoelectronic
applications due to their narrow emission bandwidth for high color purity and efficiency. External
quantum efficiency (EQE) of PeLEDs has recently been rapid growth at over 20%. There are diverse
strategies to improve EQE for better performance. However, due to the high refractive index of the
perovskite emission layer, EQE of PeLEDs is limited by outcoupling efficiency and restricted up to
20%. Herein, we indicated randomly distributed nanohole array (NHA) with high-index contrast can
improve outcoupling efficiency and realize direct benefits to EQE, especially in the red/near-infrared
spectral range. NHA effectively compensates for the high refractive index of the perovskite emission
layer and reduces optical energy losses by beneficial outcoupling. As a result, PeLEDs with NHAs
exhibit 1.64 times higher light extraction and enhance EQE from 8.9% to 14.6%.
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Optical Simulation to Enhance External Quantum Efficiency of
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Organic light-emitting transistors (OLETs) have been a great candidate for combining the dual
functions of transistors and a diode in a single device. OLETs have shown good electrical
performance in different application fields. However, it shows limited optical performance. A
comprehensive optical simulation is performed as a strategy to improve the optical performance and
reduce optical losses in OLETs. This simulation focused on layer thickness, the refractive index of
transporting layers, and gate materials. In OLETs, waveguide mode is the main reason for optical
energy losses, which occur through organic layers and the gate materials' absorption. These losses can
be reduced by adjusting simulation parameters, thickness, refractive index, and gate materials. The
OLETs device yields an external quantum efficiency as high as 40%.

P-191
Blue phosphorescent OLEDs with enhanced efficiency and lifetime
based on Bicarbazole-triazine hybrid type mixed host materials
Seung-Hyun Baek, Jee-Hun Jang, Jeong-Hwan Lee
Department of Materials Science and Engineering, Inha University, Incheon 22212, Korea, jeonghwan.lee@inha.ac.kr
We developed a series of four p-type blue host molecules and an n-type host molecule to achieve blue

– 128 –

phosphorescent OLEDs (PhOLEDs) with a long operational lifetime and high efficiency. With
different substitutional positions of carbazole and triphenyl-silyl groups, we effectively control the
photophysical- and charge transport behaviors and binding dissociation energies of the molecules.
Using one of four p-type hosts and an n-type host, we properly controlled the charge carrier balance
and reduced the trapped polarons in the emitting layer under electrical operation. As a result, we
realized high-performance blue PhOLEDs, showing a maximum external quantum efficiency (EQE)
of 20.1%, a low-efficiency roll-off (13.3% of EQE at 10,000 cd m2 ), and an operational lifetime of 51
hours (T50 at 500 cd m2 ).
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Thermally activated delayed fluorescence (TADF) organic emitters without heavy metal atoms have
attracted significant attention in organic light-emitting diodes (OLEDs). Multi-resonance (MR) TADF
emitters have significant advantages of superior color purity, and efficient light-harvesting ability
from singlets and triplets. However, boron and nitrogen-based MR-TADF emitters suffer from their
strong 𝜋𝜋 − 𝜋𝜋 interaction owing to their rigid flat cores.
Herein, a boron-based multi-resonance blue TADF emitter with suppressed intermolecular interaction
and isomer formation is developed through a simple synthetic process by introducing meta-xylene and
meta-phenyphenyl groups to the core. The MR-TADF emitter, mBP-DABNA-Me, shows a
narrowband blue emission with a peak at 467 nm, along with full width at half maximum of 28 nm
and a photoluminescence quantum yield of 97%. Notably, a highly efficient pure blue organic lightemitting diode (OLED) is realized using mBP-DABNA-Me, showing a maximum external quantum
efficiency of 24.3% and a stable blue emission with a Commission Internationale de L’Eclairage
coordinate of (0.124, 0.140). The color purity of the OLED is maintained at a high doping
concentration of over 20%, attributed to the suppressed intermolecular interaction.

P-193
A Novel Device Architecture for ECLDs
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Electrochemiluminescence (ECL) has been extensively studied in analytical and sensing techniques to
develop alternative light emitting devices in recent years. Conventional ECL devices (ECLDs) operate
by applying external power to the electrode-electrolyte-electrode sandwiched structure. However,
those have two critical issues, low luminance efficiency and short lifetime.
We introduce floating electrode architecture, which has a third electrode without connection to the
external power source. The floating electrode can form a new electric field direction and show a
difference in luminescence characteristics depending on i) the distance between the floating electrode
and the bottom electrode and ii) the resistance of the floating electrode.
By applying this architecture, we confirmed the increase in luminance intensity proportional to the
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area of the floating electrode and the extended lifetime compared to the conventional sandwiched
ECLDs.
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Light Engineering towards Highly Efficient Organic Solar Cells by
M13 Bacteriophage
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Organic solar cells (OSCs) have shown rapid progress in recent decades. In particular, as the
development of electron donor polymers and non-fullerene acceptors accelerated, the power
conversion efficiency (PCE) has been improved up to 19%. However, there is a limit to increase the
efficiency of OSCs due to the saturation of new materials development. Herein, we improved the
efficiency of OSCs by light engineering to enhance the transmission of incident light into the active
layer resulting increased photocurrent density. We found that M13 bacteriophages are effective at
increasing the light absorption by manipulating sunlight such as an anti-reflection coating layer
between ITO and hole transport layer (HTL). To analyze the optical property of M13 bacteriophage
layer, transmittance was measured with UV-vis spectroscopy. As a result, the transmittance was
increased at 300-400 nm, where donor polymer PM6 has absorption wavelength. Consequently, OSCs
employed M13 bacteriophage layer between ITO and HTL showed approximately 13% higher
photocurrent density(Jsc). with 23.8mA/cm2 (Jsc), 0.85V (Voc), 0.70 (FF) and 14.1% PCE. These
results present the potential of M13 bacteriophage to enhance the efficiency of organic solar cells.
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Chemical Dedoping of Highly Doped Conjugated Polymers for
Organic Field-effect Transistor Applications
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Molecular doping and dedoping are simple but powerful techniques that can easily control electrical
properties of conjugated polymer materials. These techniques can tailor optoelectronic properties of
conjugated materials, and even can change the role of conjugated material between semiconductor
and conductor. For practical application of organic transistor, not only electrical properties, but also
mechanical robustness also should be improved. The molecular doping of polymeric conjugated
materials can be one possible strategy to obtain both goals simultaneously. Both strategies, chemical
dedoping to create channel on highly doped conjugated polymers, or using chemical doping to create
electrodes on neutral conjugated polymers, can form a well-connected polymer source-channel drain
layer. Here, first strategy using highly doped conjugated polymer and chemical dedoping will be
discussed. In particular, amine-based chemical dedoping on poly(3,4-ethylenedioxythiophene)
(PEDOT)-based highly doped conjugated polymer and their optoelectronic, spectroelectrochemical,
and transistor device characteristics will be discussed.
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The photooxidative stabilities of polymer:small-molecule organic solar cells (OSCs) are difficult to
predict because small-molecule acceptors (SMAs) exhibit contradictory stabilization/destabilization
effect on the photooxidation of polymer donors. To investigate the origin of this phenomenon, we
focus on the influence of nanomorphology of SMAs on the photooxidation of polymer donors.
Experimental characterization demonstrates that polymer:small-molecule blends exhibit compositiondependent photooxidative stability, which originates from different nanomorphology of SMAs.
Photophysical analyses demonstrate that dispersed SMAs phase is the critical factor causing tripletmediated singlet oxygen generation and accelerated photooxidation of polymer donors, whereas the
aggregated SMAs phase reduces triplet generation and photooxidation of polymer donors. These
results emphasize the importance of controlling nanomorphology of SMAs for high photooxidative
stability of OSCs.
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Application of Luminescent Organic Material as UV-filtering Downconversion Layer for Efficient and Stable Organic Solar Cells
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1
KAIST, Daejeon, Korea, syoo.ee@kaist.edu
While silicon solar cells have a broad absorption spectrum, the absorption of organic solar cells
(OSCs) is limited by the organic semiconductor material.1,2 Down-conversion (DC) is one of the
suggested approaches to overcome this limit wherein high-energy photons are converted into lowenergy photons with longer wavelengths to minimize the transparency loss due to unabsorbed photons
and reduces the thermalization of the charge carriers due to high-energy photons.3,4
In this work, we realize the effect of an ultra-violet (UV)-filtering down-conversion (UVDC) layer
based on a luminescent organic material on the performance of OSCs. With the application of the
UVDC layer, devices exhibit an improved photocurrent due to the absorption of the down-converted
photons which causes an increase in the power conversion efficiency. Since the DC layer absorbs in
the UV range, this layer can also mitigate the degradation in the active layer caused by UV radiation.
Furthermore, the proposed approach can be applied to any existing solar cell device structure without
altering any chemical properties.

P-198
Near-Infrared Organic Photodiodes with Charge Transfer Absorption
of Polymer Donor and Non-Fullerene Acceptor Mixture
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The need for a near-infrared (NIR) light source or detector is on the rise due to their application in
various areas, e.g. pulse oximetry sensors, vein-imaging-based identification, and transparent organic
photovoltaics. [1-4] In this respect, OPDs absorbing the light in the NIR spectral range are being
studied intensively in recent years [4,5]. Among them, in particular, those with non-fullerene
acceptors (NFA) have shown a very high performance partly for their good morphology and high
molecule planarity [4].
This study aims to fully utilize the potential of the bulk heterojunction of conjugated donor polymers
and NFA for enhanced NIR sensitivity via charge transfer (CT) absorption between them. With the
optimized optical design that strengthens CT absorption at a specific wavelength, we demonstrate NIR
OPDs exhibiting photosensitivity at a wavelength that is far longer than that corresponding to the
nominal energy gap of the active materials (Fig. 1), illustrating that the proposed approach holds a
great promise in detecting NIR photons with relatively long wavelengths
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Mixture Highly sensitive organic phototransistors with a thin polymer
blocking layer
Sanghoon Park1, Dongho Choi1, Haechang Lee1, Hanul Moon2* and Seunghyup Yoo1*
1
KAIST, Daejeon, Korea, syoo.ee@kaist.ac.kr
2
Dong-A University, Busan, Korea, hmoon@dau.ac.kr
Organic photodetectors have attracted the interest continuously owing to their intrinsic flexibility and
selective absorption spectra that can be easily tuned via molecular engineering.1,2 Among them,
organic phototransistors (OPTs) are beneficial for constructing image sensor arrays due to their
capability of signal amplification and switching operation as well as light detection. However, OPTs
have large dark current because they turned on at the operating voltage regardless of illumination.
Therefore, it is crucial to reduce the dark current of OPTs for large signal-to-noise ratio and low idle
power consumption.
This study investigated the effect of the blocking layer between the source and the active layer of
OPTs in terms of the dark current reduction. We applied the ultrathin poly(1,3,5-trimethyl-1,3,5trivinyl cyclotrisiloxane) (pV3D3) layer synthesized by initiated chemical vapor deposition (iCVD)
as the blocking layer.3 The carrier injection was suppressed under dark condition even if the operating
voltage was applied. In contrast, the photo-generated holes accumulated at the interface of the active
layer and the blocking layer under illumination so that the band bending of the blocking layer allowed
the electron injection. Due to the excellent insulating property of pV3D3, we observed the current
limited by quantum tunneling. With the proposed approach, the OPT devices showed two orders of
magnitude larger photosensitivity ((Ilight – Idark)/ Idark) compared to conventional counterparts.

P-201
A Furan-Substituted Polymeric Hole-Transporting Material for
Energy Level Regulation in PbS Quantum Dot Solar Cells
Hyung Ryul You, Duckhoon Lee and Jongmin Choi
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For efficient colloidal quantum dot solar cells (CQD-SCs), thiol-passivated p-type CQDs are
generally used as a hole-transporting material (HTM), however,but there are problems issues with the
control of optoelectricalelectrical properties, low thiol passivation rate, and poor morphology with a
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power conversion efficiency (PCE) of approximately 11%. Although polymeric HTMs have been
introduced to address these issues, it is necessary to maximizinge efficiency and achievinge greensolvent processability and thermal stability for commercialization is necessary. We synthesize a novel
benzodifuran (BDF)-based HTM (asy-ranPBTBDF) showing an electron-deficient state, low steric
hindrance, and low planarity compared to those of a typical benzodithiophene (BDT)-based HTM
(asy-ranPBTBDT). BDF properties lead to deep high occupied molecular orbital (HOMO) levels,
close π-π stacking, excellent solubility, and amorphous property properties related to efficiency,
green-solvent processability, and thermal stability. With these benefits, the asy-ranPBTBDF-based
CQD-SC showed enhanced open open-circuit voltage (VOC) (0.65 V) and PCE (13.29%) compared
to those of the asy-ranPBTBDT-based device (0.63 V and 12.22%) in toxic processes with
chlorobenzene. The asy-ranPBTBDF-based CQD-SC showed a PCE of 12.51% in a green-solvent
process with 2-methylanisole and improved thermal stability at 80 °C (83.8 % retaining after 24 h)
owing to less lateral crystallization than the asy-ranPBTBDT-based device (60.8% retaining after 24
h).
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Study of effect of ethylene and propylene oxide-modified polysiloxane
resins in coating agents on friction coefficient
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Polysiloxane-based coatings are widely used as sealing materials for automobiles and electronic
materials. In particular, for sealing materials, friction coefficient and noise characteristics are
important and greatly affected by friction coefficient characteristics.
In order to study the effect of friction coefficient on noise, coating agents were prepared by mixing of
ethylene and propylene oxide (EO-PO)-modified polysiloxane resin, olefin wax, carbon black, SiO2.
The effects of contents of resin and wax in the coating agents on static friction coefficient, kinetic
friction coefficient, and noise generation of coating agents with different contents of resin and wax
were investigated.
When the resin content increased and the frictional speed was low, the difference between the static
and kinetic friction coefficients decreased. As the frictional speed increased, the friction coefficients
difference increased rapidly. These friction coefficient characteristics reduced noise generation and
volume and increased matting properties due to the wax. As the amount of SiO2 used was reduced, it
was found that the generation and volume of noise were further reduced.
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Fabrication of Anti-inflammatory Nano Eye-Drops Composed of
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In recent years, many signs of progress have been made in the development of drug delivery system
(DDS) for eye diseases. It has been reported that the usage of nano eye-drops could improve the
intraocular permeate of drugs, whereas drug molecules are unable to penetrate the cornea.1 Our group
has developed novel nano eye-drops by the reprecipitation method which allows nanoparticles to be
fabricated by only prodrugs molecules without using nanocarriers.2,3 In this study, we attempted to
fabricate nano eye-drops composed of dexamethasone, an anti-inflammatory drug also used as eyedrops. Some prodrugs of dexamethasone (DEX-Cn-dimer) were synthesized, and the drug release
behaviors in the intraocular environment of their nanoparticle were evaluated.
DEX-Cn-dimer as dimeric prodrugs were synthesized by reacting dexamethasone with each linear
dicarboxylic acid under dehydration condensation conditions (Fig. 1). Spherical nanoparticles of 200
nm or less were obtained from synthesized DEX-Cn-dimers by the reprecipitation method, as
confirmed by SEM and DLS measurement (Fig. 2). In particular, DEX-C4-dimer was metabolized
within 30 minutes in the aqueous humour of rats. It was revealed that the fabricated nanoparticles
rapidly release dexamethasone in the intraocular environment.
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Effectively drug release from camptothecin nano-prodrugs with
sterically hindered esters derived from tertiary hydroxy groups
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In the field of drug delivery systems, nano-prodrugs (NPDs), which are nanoparticles comprising only
prodrug molecules, have been developed to reduce the side effects of anticancer agents. Although the
NPDs are expected to accumulate in tumor tissues via the enhanced permeability and retention (EPR)
effect,1) the currently reported prodrug molecules that construct the NPDs would be rapidly
hydrolyzed by the esterases, which are abundant in the body before reaching tumor sites. To
circumvent this limitation, we aimed to develop the NPDs that are stable against esterases and can
selectively release drugs in cancer cells, in which prodrugs with sterically hindered esters derived
from tertiary hydroxy groups are the component.
From this background, we synthesized the prodrugs (CPT-TML) composed of two types of trimethyl
lock (TML) groups linked to the tertiary hydroxy group of the anticancer agent camptothecin (CPT)
(Fig. 1), and fabricated their NPDs with a particle size within approximately 100 nm using the
reprecipitation method (Fig. 2).2) In the evaluation of drug release kinetics in mouse serum, CPTTML-OEt NPDs, which has low hydrolysis susceptibility ethyl ether as the protecting group (PG) of
the TML group, could not release CPT. On the other hand, CPT-TML-OAc NPDs, which has high
hydrolysis susceptibility acetyl ester as the PG, smoothly released CPT owing to the strong lactone
formation tendency of the TML group (Fig. 3). These results revealed that the sterically hindered
esters derived from tertiary hydroxy groups have high hydrolysis resistance with regard to the esterase
and the trigger for drug release is the regeneration of the phenolic hydroxy group in the TML group.
We are investigating the synthesis of a prodrug that can regenerate the phenolic hydroxy group in the
TML group in response to the tumor-specific triggers.
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Electrospinning is a straightforward method to fabricate continuous nanofibers from polymer
solutions. These fibers have unique characteristics like high aspect ratio, surface area, easy
processability, and scaling-up ability that make them attractive candidates as reinforcements. Here we
report on the facile in-situ fabrication method of nanofiber-reinforced polydimethylsiloxane (PDMS)
nanocomposites. Electrospun nylon nanofibers are embedded randomly in a PDMS matrix to achieve
high mechanical properties, optical transparency, and flexibility. The fabricated electrospun nylon
nanofiber-reinforced PDMS nanocomposite exhibits improved mechanical strength and optical
transmittance compared to the reference PDMS, and it can be utilized in soft electronic devices such
as electrolytes and separators for batteries and insulating/passivation layers, wearable electronic
devices, microfluidic devices, and epidermal electronics.
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Organic Photodetectors (OPDs) have been grown attention due to their unique advantages such as
tunable opto- and electrochemical properties, solution processability, and light weight. For the high
performance OPDs, the development of novel polymer donor materials is necessary. We introduced
the thiazole-based moiety into the polymer backbone which can effectively induce highly planar
structure. In addition, we modified the thiazole moiety in order to enhance the accepting property and
charge transfer by generation of dipole moment. We fabricated the bulk-heterojunction type fullerene
free OPD (FF-OPD) with blending of a novel polymer donor and a nonfullerene IDIC acceptor. The
fabricated FF-OPD exhibited the high responsivity value due to the superior charge transporting
property of the synthesized polymer donor. The detailed study will be provided in the presentation.
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Photosensitive PBOs (PSPBOs), which can be obtain the desired pattern, are used as buffer coating,
passivation layer, protection layer, and molding materials in semiconductor industries. In general,
PBO can be prepared by the thermal cyclization of a poly(o-hydroxyamide) (PHA) precursor (Figure
1) [1-3]. PHA precursors have acidic protons in the phenol moieties in the backbone, which are basesoluble functional groups to transfer a pattern by ultra-violet (UV) light irradiation. The phenolic
hydroxyl groups of PHA precursors make developable PSPBO photosensitive resists from an aqueous
base, such as a 2.38 wt. % tetramethylammonium hydroxide (TMAH) solution. Commonly, PSPBOs
are composed of a PHA precursor and a photo-sensitizer, diazonaphthoquinone (DNQ), as a
dissolution inhibitor. In this study, positive-tone PSPBOs based on PHA precursors which were
synthesized from the reaction of Bis-AP-AF, naleic anhydride, an end-capper, and various bis-benzoyl
chloride monomers, such as isophthaloyl chloride and bis(oxybenzoyl chloride), to reveal the effect of
the chemical structure of main chains in developing process. The photolithographic properties of the
PSPBOs were investigated in the aspect of main back-bone of the polymers.
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Polybenzoxazoles (PBOs) are representative thermal stable polymer because the chemical structure of
PBOs have aromatic backbone and heterocyclic unit. PBOs have excellent thermal mechanical
property, oxidative stability, insulating performance and good solvent resistance, and are rod-like
polymer with extended chain conformation.1-3) Owing to the extraordinary properties of PBOs, PBOs
have developed by the need of industrial field, such as ablative heat shields, electrical insulator, and
microelectronics uses. Recently, photosensitive PBOs (PSPBOs), which can be obtain the desired
pattern, are used as buffer coating, passivation layer, protection layer, and molding materials in
semiconductor industries. In this study, positive-tone PSPBOs based on PHA precursors which were
synthesized from the reaction of Bis-AP-AF, 4,4’-oxybisbenzoyl chloride, and various amines were
used as an end-capper to reveal the effect of the end-capper groups in developing process. Prepared
photoresists are composed of the synthesized PHA precursors and DNQ photo-sensitizer. And the
photolithographic properties of the PSPBO were investigated in the aspect of end-cappers.
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In electrochemical oxidation, mixed metal oxide based catalysts generate various oxidation products
such as reactive oxygen species (ROS) and reactive chlorine species (RCS), which have strong
oxidizing ability during oxygen evolution reaction (OER). In order to solve the problem of low
specific surface area of conventional 1D nanostructured electrodes1, NF (nanofiber) composed of 3D
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network structure of mixed metal oxide was introduced into the electrode to increase the
electrochemically active surface area. RuO2-IrO2-NF was bonded on the titanium plate used as the
current collector. The RuO2-IrO2-NF provided a large specific surface area for the reaction of organic
pollutants, and RuO2, IrO2 generated active oxidation products to decompose organic pollutants. To
prepare the electrode, first, mesoporous RuO2-IrO2-NF was prepared by eletrospinning a RuO2-IrO2
precursor solutions and heat-treating it, and it was adhered to a titanium substrate using Nafion. In
fact, it was analyzed electrolysis of organic pollutants was confirmed through UV-Vis analysis after
decomposition of organic dye under constant voltage conditions.
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A new molecular and synthetic method to improve the switching capabilities of organic transistors
built on diarylethene (DAE) is presented. We demonstrated that the molecular environment for the
reversible photoisomerization of DAEs can be optimized by adjusting the length of the alkyl side
chains of the biphenyl unit connected to 1,2-bis(5-biphenyl-2-methylthien-3-yl)perfluorocyclopentene
(DAE). In order to enhance the quantum yield of photoconversion while considering the
complementary absorption range of both materials, ITIC is chosen to form a semiconductor matrix
from four different DAEs (DAE_C0, DAE_C1, DAE_C6, and DAE_C10). The longer alkyl chains
prevent DAEs from intermolecular aggregation and enable to form more hydrophobic surfaces,
improving molecular miscibility with ITIC, according to photophysical, structural, and morphological
investigations. One of the biggest benefits of DAEs with ITIC is increased molecular compatibility.
The overall bulk heterojunction film becomes amorphous due to the enhanced molecular
compatibility of DAEs with ITIC, providing more free volume for reversible photoisomerization.
DAE_C6 has the highest quantum yield for both photocyclization and photocycloreversion. It allows
the fabrication of photoswitchable transistors with high light-controlled on/off ratio. Additionally,
with just a 30% decrease in the on/off ratio after 100 cycles, the extraordinarily high quantum yield of
DAE_C6 provides robust fatigue resistance under repeated photoswitching. Overall, our work
demonstrates that considerable switching performances for molecular switches can be endowed not
only by energy level but also by molecular compatibility.
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Metal organic frameworks (MOFs) are attractive functional materials because of their well-developed
porous structures, various species, and diverse applications such as membranes, energy storage system,
catalysts, adsorption/separation, electronics, and photonics. Among many kinds of MOFs, Zn-based
zeolitic imidazolate framework, ZIF-8, are widely used in various applications due to their large
surface area, uniform pore structure, and easy synthesis. In the development of nanoporous materials,
particle size and pore size distribution of materials are critical to achieve a high performance in
applications. From that point of view, many studies have been conducted to control the size and
uniformity of ZIF-8 particles using surfactants and solvents. However, the use of surfactants and
organic solvents is costly in the synthesis process and may cause environmental pollution. Here, we
report the large-scale synthesis of ZIF-8 having a uniform size in the water without surfactant. To
control the size of ZIF-8 nanoparticle size and size distribution of the ZIF-8 particles, various factors
such as molar ratio of reactants, water content, pouring time, pouring order, and temperature were
adjusted. The synthesized ZIF-8 particles show polyhedral crystal structure, good uniformity, and
controllability of particle size in a wide range from 100 nm to 1000 nm.
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Micro/nano plastics in rivers and oceans have been focused as sever environmental pollution from the
point of SDG’s. Micro/nano fibers contained in washing machine drain was pointed out as a major
cause of the pollution because of mass-production of PET fiber for the increase in the world
population1. Increasing production of bio-degradable natural fibers, such as cotton and wool, are
limited due to shortage of fields and pastures. Reducing the washing drain is another option to
decrease the emission of micro/nano fibers.
One of a realistic solution to reduce emissions of the micro/nano fibers is a coating of adsorbing layer
for dirt and sweat on the PET fibers (Figure 1). Surface of PET fibers were modified with polyamine
(PA) under mild condition to introduce amino groups, which charge positive in neutral water.
Polyanionic montmorillonite (MMT) clay layers were successively deposited on the PA-modified PET
surface by an electrostatic attractive interaction. Excessive MMT clay layers were deposited on the
most outer surface of the MMT layer with exchangeable sodium ions in the multilayers of MMT layer.
The thickness of the MMT coating layer was evaluated as much as 100 nm based on SEM observation
of the cross section of the fibers. Methylene blue dye (MB), a model cationic waste, was adsorbed in
the multilayers of MMT, close to the most outer surface of the modified PET. Absorption spectra was
measured by diffuse reflectance spectroscopy, which suggest that the MB were aggregated in the
MMT layers. The MB in MMT layer was easily removed from the modified PET fiber because the
inner layers of the MMT on PET fiber can be swollen and washed away from the PET surface. The
MMT with MB dyes were removed approximately 75% by washing with water under ultrasonic
agitation for 15 min.
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Electrospinning is a special fiber manufacturing process. The polymer solution is jet spun in a strong
electric field. Under the action of electric field, the droplet at the needle will change from spherical to
conical (i.e. "Taylor cone") and extend from the tip of the cone to obtain fiber filaments. We prepared
functional nanofiber layer by using the performance of electrospinning. Using this nanofiber layer, the
adsorption and filtration of chemical warfare agents were simulated by In-situ FT-IR system. We have
studied the adsorption and filtration efficiency of activated carbon, PAN(polyacrylonitrile) and the
mixture of PAN and activated carbon on chemical warfare agents respectively. It is hoped that with
this as the starting point, nanofiber films with high adsorption to chemical warfare agents and high
safety to people can be developed to protect the safety of people who may have to contact chemical
warfare agents. In this experiment, we used DMMP(dimethyl methyl phosphonate), which has similar
functional groups to chemical warfare agents but low toxicity, as the experimental reagent.

P-214
Tuning Carbon Nanostructures for Electrocatalytic Water Splitting
Jisun Lee 2, Hyeonseok Yoon 1,2,*
School of Polymer Science and Engineering, Chonnam National University, Gwangju 61186, South
Korea.
2
Department of Polymer Engineering, Graduate School, Chonnam National University, Gwangju
61186, South Korea. hyoon@chonnam.ac.kr
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We found that single-walled carbon nanotubes (SWNTs) can act as a surfactant to reduce the
interfacial tension between poly(methyl methacrylate) (PMMA) and polyacrylonitrile (PAN).
Electrospinning the SWNT/PMMA/PAN mixture resulted in microstructural nanofibers, and
subsequent heat treatment produced carbonized SWNT-in-polymer blend nanofibers (CSPNFs). The
CSPNFs exhibited outstanding electrochemical properties, furthermore which served as a support for
binary transition metal oxide (BTMO) nanocatalysts. In the hydrogen and oxygen evolution reactions,
CSPNFs decorated with NiFe2O4 outperformed those decorated with NiCoO2, CoFe2O4, or Ni/Fe
nanoclusters.

P-215
A study on the synthesis of polyurethane adhesives for automobile
interior materials according to the length of the chain extender
Hokyoon Jeon, Guni Kim, Doohun Kim, Dawon Park, 1 Jungnam Lee, Dongho Choi 2
Korea Institute of Footwear & Leather Technology(KIFLT), Busan, Korea.
2
Heungil Polychem Co. LTD, Busan, Korea. hkjeon@kiflt.re.kr
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There are 250 chemicals found in car interiors, some of which can lead to hormonal imbalances and
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even cancer if exposed to the body continuously. Therefore, automobile manufacturers are taking
various measures to protect occupants from harmful substances, and are trying to use eco-friendly
materials and exclude organic compounds.
Although the proportion of eco-friendly adhesives is increasing according to various domestic and
foreign regulatory policies for hazardous substances, adhesives containing organic solvents are still
used for bonding many automobile parts and materials. The reason is that water-based adhesives often
have poor initial adhesion and difficult drying conditions. Decreased initial adhesion deteriorates the
workability between synthetic leather and injection-molded products. In addition, compared to
solvent-type adhesives, the drying conditions are more complicated, so the defect rate is high, and the
price is high compared to imported products, so it is only applied to high-end products.
In this study, we intend to develop an adhesive for automotive interior parts with excellent initial tack
in order to strengthen eco-friendly policies and respond to actual regulations from big buyers.
Acknowledgment: This study(S3038511) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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The fluororesin steel sheet (PVDF steel) is manufactured by coating the surface of a hot-rolled steel
sheet with a special high-weather-resistance paint. The most representative of these special paints is
the PVDF binder, which is composed of acrylic resin and PVDF. Fluorine resin paints exhibit ultrahigh weather resistance due to the excellent molecular bonding strength of fluororesins, and are
widely applied in the automobile industry and building interior/exterior materials.
Commercially available acrylic resins for PVDF binder include 'Paraloid B-44, DOW', which is a
solid product manufactured through suspension polymerization. However, these products require an
additional process of dissolving in a solvent in order to satisfy the function as a paint, and thus have
many problems such as an increase in cost and a decrease in work stability.
In this study, the increase in demand for the coating system for the purpose of strengthening the
durability to shorten the product production process, alleviation of import dependence on the existing
PVDF binder acrylic resin and improvement of work process problems due to the separate melting
process, eco-friendliness of domestic acrylic resin of BTX type, acrylic resin. In order to achieve the
purpose of strengthening compatibility/dispersibility with resin and eco-friendliness of PVDF
dispersion, we intend to develop 'BTX-free acrylic resin and PVDF dispersion for environmental
regulations'.
Acknowledgment: This study(S2961857) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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In the case of insulation materials, it is essential to protect the surface with a coating agent as the are
exposed to the external environment. UV-curable resins are used in many applications due to their
low energy and eco-friendly properties, and are cured quickly at low temperatures to save energy. In
addition, the coating film performance and curing characteristics are excellent, and since it is a liquid
form using a reactive acrylic monomer instead of a solvent as a diluent, it does not cause atmospheric
environmental problems due to organic compounds.
The UV curable resin is largely composed of an acrylate-based oligomer, a reactive acrylate monomer,
and a photoinitiator. In the case of a reactive acrylate, 1~6 functional groups are used along or in
combination to have various physical properties.
In this study, a coating agent was prepared according to the type and content of the reactive acrylate
monomer and the physical properties of the film formed after light curing were considered.
Acknowledgment: This study(S2961857) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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In this study, we fabricated ZnO-PPFC nanocomposite thin film by sputtering using single composite
target. As is well known, ZnO is a material with very unique properties and is used in a wide variety
of fields. ZnO has high output characteristics and is of great interest as a battery anode material, but
there is a problem that its output characteristics are deteriorated during the charging and discharging
process. In this work, the ZnO–PPFC nanocomposite thin film exhibited very stable output
performance as an anode material for lithium-anode batteries. While the output of a ZnO reference
electrode decreased by approximately 74.5% after 100 cycles, the output of a ZnO–PPFC anode
decreased by only 12.4% and remained stable afterwards. In addition, the ZnO-PPFC can also be
applied as a transparent & flexible triboelectric nanogenerator with very good performance. The
TENG output voltage increased by approximately 15.8% from 28.05 V for commercial
polytetrafluoroethylene (PTFE)-based generators to 32.48 V for the ZnO–PPFC nanocomposite filmbased TENG.
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Due to the sunlight coming in through the glass windows of the building, the temperature inside the
building rises and energy consumption increases. In order to solve this problem, a heat blocking film
or curtain is used, but it has the disadvantage of blocking the light of the entire solar area. Sunlight
can be divided into near-infrared rays, visible rays, and ultraviolet rays. Among them, visible rays are
necessary for human life, so there is no need to block them together. Therefore, in this study, a
cyanine-based compound having a function of selectively blocking near-infrared rays, a heat source,
was prepared and characteristics were evaluated.
Acknowledgments: This work was supported by the Technology Development Program (S3238328)
funded by the Ministry of SMEs and Startups (MSS, Korea)
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Preparation and Characteristics of Polydimethylsiloxane (PDMS) Based Waterborne Polyurethane Coatings with Cold Resistance
Eun-Hye Bae,1,2 Jae-Hyung Park2, Hyun-Ju Park2,† and Il-Doo Chung 1
1
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2
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Recently, as the regulation of volatile organic compounds (VOCS) has been strengthened, the use of
waterborne polyurethane (WPU) using water as a solvent has increased due to contamination
problems due to the toxicity of existing PU solvents [1].
Polydimethylsiloxane (PDMS) is characterized by low surface energy, high thermal and oxidation
stability, and good water resistance. In addition, when polydimethylsiloxane (PDMS) is introduced
into the waterborne polyurethane, low-temperature properties are also improved. [1,2].
Therefore, in this study, waterborne polyurethane with excellent water resistance and low-temperature
characteristics that maintains flexibility at a maximum of -60℃ as a coating agent for cables used in
low-temperature polar oceans was synthesized and its properties were evaluated.
Acknowledgments: This research was supported by the Material and Component Development (No.20013166)
and Clean Factory Technology Development (No.20015609) funded by Korea Evaluation Institute of Industrial
Technology.
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Most of the adhesives currently used are organic solvent-based adhesives, which are heavily regulated
by volatile organic substances. As an alternative to this, interest in research and application of ecofriendly water dispersible polyurethane using water that is harmless to the human body and the
environment is increasing. Water dispersible polyurethane introduces ionic groups to increase water
solubility and dispersibility, which increases hydrophilicity and reduces adhesion. In order to prevent
such deterioration of physical properties, research into introducing an acrylic monomer having
excellent mechanical strength, water resistance, and weather resistance is in progress. However, when
the acrylic monomer is simply added to the water-dispersed polyurethane, there is a problem in that
phase separation and non-uniformity increase.
In this study, the addition of acrylic tackifier to waterborne polyurethane adhesive based on polyester
polyol, which has excellent properties of tensile strength, thermal stability, and chemical resistance
due to the strong interaction of ester bonds to improve adhesive strength.
Acknowledgments: This work was supported by the Technology development Program (S3257433) funded by
the Ministry of SMEs and Startups (MSS, Korea)
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Synthesis and Properties of Fluorinated Acrylate Copolymers
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The fluorine-containing acrylic monomer exhibits low surface energy because the fluoroalkyl group is
oriented in the outermost layer at the interface between the polymer and air. Therefore, in the case of
fluorine-containing polymers, due to their properties, they are widely used for surface coatings on
textiles, leather, and construction [1-3]. In particular, a lot of research on fluorine-containing acrylic
polymers has been conducted, and it is known that general acrylic monomers and fluorine and
fluorine-containing acrylic monomers have good reactivity [4].
In this study, the acrylic emulsion was synthesized using butyl acrylate (BA), methyl methacrylate
(MMA) and fluorine-containing acrylic monomers. The characteristics according to the length of the
CF2 tail were investigated by FT-IR spectrum, X-ray photoelectron spectroscopy (XPS), contact angle,
thermogravimetric analysis (TGA).
Acknowledgments: This research was supported by the Material and Component Development
(No.20013166 and No.20015835) funded by Korea Evaluation Institute of Industrial Technology.
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A Study on Application of Diazonium Salt for Preparation of Selfdispersing Pigment Dispersions
Hyun-Ju Park †, Jae-Hyung Park, Jae-Wang Go
Korea Institute of Footwear & Leather Technology (KIFLT), Busan 47454, Korea. hjpark@kiflt.re.kr
DTP (Digital Textile Printing) to give color to fabric is an IT grafting technology that can print an
image designed on fabric one-stop by completely digitizing the process from printing to printing.
As dyes used in this DTP method, there are direct dyes, reactive dyes, acid dyes, and pigments, and
most of them are pigments. Types include insoluble azo pigments, azo lake pigments, condensed azo
pigments, and metal salt azo pigments. Inorganic pigments are chemically inorganic pigments and are
also called mineral pigments. Compared to organic pigments, it is generally opaque and has
insufficient concentration, but has good light and heat resistance, does not dissolve in organic solvents,
and is inexpensive.
Pigments, unlike dyes, do not dissolve in water, so it is important to disperse them as fine particles in
water. To improve dispersibility, various surfactants or water-based resins are used as dispersants in a
way to easily wet the pigment particles with water and prevent settling of the pigment particles. As a
kind, its use is gradually banned in the European Union and Canada. To solve this problem, a selfdispersing pigment dispersion was developed using diazonium salt.
In this study, to apply the diazonium salt, p-toluidine-2-sulfonic acid and three types of pigments were
synthesized and used respectively.
Acknowledgments: This work was supported by the Technology development Program (S2964238) funded by
the Ministry of SMEs and Startups (MSS,Korea).
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Neuromorphic applications for devices and computing system have attracted many attention as a
candidate that can overcome limitation of conventional computing system due to their high efficiency
in processing massive data. For the energy-efficient neuromorphic computing system, hardware-based
brain-inspired devices have been required. Therefore, various architectures have been introduced for
the development of neuromorphic devices. Here, we report on Organic Electrochemical Diode
(OECD)-based neuromorphic devices. Due to asymmetric active layer based on organic mixed ionicelectronic conductors on OECD, it can be shown not only diode characteristic but also historydependent switching behavior with spiking signal. The underlying mechanism on ion
doping/dedoping leading to energy level shift is elucidated by in operando spectroelectrochemical
potential mapping. We expect the functions of biological synapses can be mimicked successfully with
along organic electrochemical diode system.
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Fabrication of cracked DNA film via orientation control and
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Cracks are a chaotic phenomenon that induces material failure. But if crack formation can be
controlled, it can be used as a tool that can replace the conventional lithography method. Crack
lithography has the advantage that it can be easily performed at a low price compared tothe traditional
method. Therefore, there are some studies that made cracks by residual thensile stress during
deposition, mechanical deformation using oxygen plasma, etc.
DNA is an attractive biopolymer with various topographic and chemical advantages such as periodic
structure and abundant negative charges. Additionally, DNA has lyotropic liquid crystalline phases
which makes it easier to control orientation. Therefore, DNA film that has a certain thickness and
orientation can be made by applying constant shear force. The orientation of DNA is decided by
competition between shear-induced pre-alignment and DNA elasticity. When the shearing rate is
about 5~10um/s, shear force and elasic force compete and it causes DNA zigzag orientation. On the
other hand, when the shearing rate is near 1um/s or higher than 10um/s, one force is so dominant that
no competition occurs. Therefore, the DNA molecules are oriented perpendicular or parallel to the
shear direction.
Here, we fabricate various shapes of cracks by using orientated DNA films. We made it possible by
controlling the concentration of the solution, shear rate, and shape of the contact line. When
tetrahydrofuran is dropped on the DNA film, a dehydration reaction occurs and it causes cracking.
The cracks made in this way have a zigzag or linear shape depending on the orientation of the DNA.
Also, we fabricate radial cracks by controlling the contact line between DNA solution and air using
the droplet method. DNA is a well-cracked material in dehydrating agents so it is suitable for crack
lithography based on dehydration. In addition, aligned paths created by cracking can be used in a
variety of fields, such as using as a template for liquid crystals and nanoparticles.
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Transparent and Long-term Comfortable Skin Electrodes Based on
Conductive Microfiber Mesh and Ion Gel Composite
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1
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As the human-machine interface becomes more important, skin electrodes that measure biological
signals and stimulate electrical signals are attracting attention. However, many electrodes currently
being studied are opaque and difficult to use in everyday life. Therefore, we intend to manufacture
semi-transparent skin electrodes that can be used in daily life using conductive microfiber mesh and
ion gel composite. The conductive microfiber mesh used for the skin electrode has higher ion
permeability and transparency compared to the film, and it is used with ion gel to protect it from
external impact and make it attachable to the skin. The resistance and capacitance of the conductive
microfiber mesh and the resistance of the ion gel composite have sufficient values to be used as skin
electrodes, and the transmittance in the visible light region is more than 60 %T. The fabricated skin
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electrode can measure bio-signal detection such as electromyography or electrocardiogram, and
showed similar performance when comparing the signal-to-noise ratio with commercial skin
electrodes.
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Recently, poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) is a widely used
as component for water-related electrochemical catalysis and photocatalysis due to its excellent
electrical properties, high transparency, excellent mechanical flexibility, and solution processability
[1]. However, several critical issues such as their high hygroscopic nature, inhomogeneous electrical
properties, and limited catalytic activity have limited their wide range impact in electrochemical
catalysts research area. Herein, we report PEDOT:PSS-Platinum nanoparticle composite electrode by
electroplating platinum nanoparticles within PEDOT:PSS nanofibrillar matrix and their application to
electrochemical-catalysis for hydrogen evolution reaction. The PEDOT:PSS-Pt nanocomposite
exhibited the successful impregnation of platinum nanoparticles into crystalline PEDOT:PSS films
with high aqueous stability, large electrochemically active surface area, and high reactant
permeability. Furthermore, we also investigated the catalytic activities, electrical, optical and
structural characteristics of platinum nanoparticles imbedded into crystallized PEDOT:PSS
nanocomposite.
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Despite possible toxicity issues, chemical reduction or non-polarizable electrodes incorporated with
highly reactive chemical species have been utilized to control the operation characteristics of organic
electrochemical transistors (OECTs) for the bioelectronics interfacing purpose. Herein, we
demonstrate that the crosslinking between highly conductive poly(3,4-ethylenedioxythiophene)
polystyrene sulfonate (PEDOT:PSS) and biocompatible polyvinyl alcohol (PVA) effectively
modulates the mixed conducting properties of PEDOT:PSS. The PEDOT:PSS-PVA films prepared by
simple PEODT:PSS and PVA blending at various ratios, spin-coating and sulfuric acid treatment,
were comprehensively studied with optical spectroscopy, x-ray diffraction, atomic force microscopy,
and electrical/electrochemical device characterizations. With PVA contents up to 20 wt%, the
resultant PEDOT:PSS-PVA-based OECTs show a linear threshold voltage shift with a marginal loss
of transconductance, suggesting an effective modulation of peak transconductance gate voltage.
Furthermore, the PVA content also affects the ion transport dynamics which is related to both
crystallite size and ionic functional group density in the PEDOT:PSS-PVA system. The detailed
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mechanism of delicately controlled mixed conduction in the PEDOT:PSS-PVA system is proposed
from the perspective of structure-property relations.
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Organic photodetectors (OPDs) have advanced rapidly and garnered significant interest because of
their potential in high color-selective, flexible/wearable, and high responsivity/detectivity image
sensor electronics. Dark current density (Jdark) is the key factor determining the signal-to-noise ratio
(SNR), linear dynamic range (LDR) and detectivity (D*) of OPDs. However, as a result of the limited
consideration of Jdark as a device factor, the origin of Jdark of OPDs has remained unclear owing to the
lack of the understanding of the relationship between the characteristics of photoactive materials and
Jdark. In this study, we suggest a simple but effective method for reducing the Jdark of OPDs based on
the introduction of fluorine to the alkyl side chain (FAC) of conjugated polymer (CP) (FAC-CP). To
elucidate the F effect of the alkyl side chain on device performance, the systematic study on the
suppression of Jdark in OPDs is performed by chaining the number of F in the side chains of CPs. As a
result, we found that the more closely ordered and reduced misorientation of the molecular structure
of FAC-CP result in the reduction of trap states and energetic disorder, thus leading to a significant
suppression of Jdark (~3.73 × 10-10 A cm-2 at -2 V) with high-external quantum efficiency (~78%).
Finally, the photoplethysmography sensor was demonstrated in a continuous measurement of the
pulse at the fingertip with the detection of injected light to 350 lux in a transmission mode.
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Development of Fused π-Conjugated Molecule Containing
Naphthobisthiadiazole Unit for Semiconductor Application
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1
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Organic semiconducting materials are essential components for the construction of organic electronic
devices. The molecular design of a donor (D) - acceptor (A) configuration is one of the promising
strategies for the development of high-performance organic semiconductor materials, because the
photophysical properties and frontier orbital energy levels can be tuned by the chemical modification.
Recently, we succeeded in developing new electron-accepting fluorinated naphthobisthiadiazole
(FNTz) unit, and its-based p-conjugated molecules were developed for the application to nonfullerene
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acceptors. In this study, we synthesized and characterized a novel fused 
-conjugated molecule
(BDT-NTz), which is composed of electron-accepting naphthobisthiadiazole (NTz) and electrondonating benzodithiophene (BDT) units, via SNAr reaction of fluorine atoms as a key step (Figure a).
BDT-NTz showed sharp absorption band with high absorption coefficient in visible light region and a
high photoluminescent quantum yield (75%), compared to those of non-fused molecules (Figure b).
The thin films based on BDT-NTz exhibited p-type field-effect transistor characteristics with the hole
mobility of 1.1 ×10−3 cm2 V−1 s−1.
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Electron donating o-phenylenediamine (oPD) has an ability to form hydrogen-bonding chargetransfer complex, which combination with proton donor molecules enables to form the proton
conducting network. Crown ethers can selectively encapsulate a cation according to the size-matching
property between the cavity and ion radius. Herein, we designed a supramolecular crystal of strong
electron donating crown ether derivative bearing oPD unit (Fig. 1).
Ion recognition electron donor molecule of tetraaminodibenzo[18]crown-6 (TA18) was prepared by
previous method.[1] The needle-shaped single-crystals of Na(TA18)(H2SO4)3•n(H2O) were obtained
by two phase diffusion method using MeOH and dilute sulfuric acid in presence of NaI. The crystal
structure revealed the formation of ion channel via the coordination from axial H2O molecules, while
the hydrogen-bonding network at –NH2 groups of TA18 and HSO4− anions was observed along the baxis (Fig. 2). Dielectric measurements of Na(TA18)(H2SO4)3•n(H2O) pellets showed a clear
temperature (T) and frequency (f) dependent responses (Fig. 3). The f-dependence showed the
dielectric relaxation around 270 K, suggesting in the existence of H+ motion. The ionic conductivity
obtained from Cole-Cole plot at 310 K indicated the H+ conductivity of 4.23 μS cm−1, which was
dominated by the thermal activated molecular motion of the hydrogen-bonding network.
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Combining flow synthesis and heterogeneous catalysis for the
preparation of conjugated polymers
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Conjugated polymer synthesis in flow reactors has been developed only with the use of homogeneous
catalysts. However, homogeneous catalysts have their limitations of poor air stability and high cost
which are major hindrances to mass production. Here, for the first time in a flow system, a conjugated
copolymer, PTB7, was synthesized utilizing a heterogeneous catalyst (Pd/C) via the Stille
polycondensation.1
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During our initial trials, a low molecular weight (Mn) of 8.2 kDa with a large molecular weight
dispersity (Đ) of 3.35 was obtained even after 30 minutes of reaction time due to the catalyst
deactivation during the reaction. We confirmed that palladium leaching and poisoning by monomers
deactivated catalyst with the highest rate at the early reaction stream. Triphenylphosphine (TPP)2 was
utilized as an antidote for the sulfur poisoning and resulted in the successful synthesis of PTB7 with a
Mn of 13.6 kDa and Đ of 2.9 in 30 minutes. For achieving comparable results with batch reactions, 72
hours of reaction time and additional days of purification were required. These results were highly
reproducible (2.15% errors in Mn between runs), and this demonstrates the great potential of
combining heterogeneous catalysts and the flow synthesis system for conjugated polymer synthesis.
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Hybrid photocatalysts consisting of plasmonic metal and semiconductor have recently been
intensively studied to overcome the limited photocatalytic activity of only metal or only
semiconductor nanoparticles. In this study, we synthesized Au–Ag2S nanorods with bone-shaped
structures with a controlled sequential procedure. Au nanorods were synthesized using a seedmediated approach and Au–Ag bone-shaped structures were generated through the additional AgNO3
and HAuCl4 aqueous solutions. By sulfidation reaction using Na2S, the bimetallic nanorods were
transformed into hybrid Au–Ag2S metal–semiconductor nanorods. The photocatalytic activity of Au–
Ag2S nanorods against methylene blue (MB) dye degradation were evaluated under a solar-light
irradiation. Hybrid nanoparticles significantly enhanced the light absorption and was found to
improve the MB degradation rate and the photoinduced charge generation and separation through the
synergistic effects between the two constituents.
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Electroluminescence of New Blue Emitting Materials Including
Spirobifluorene Group
Sanshin Park,1 Seokwoo Kang, 1 Sunwoo Park, 1 Hyukmin Kwon, 1 Godi Mahendra,1 Hayoon
Lee,1 Seungeun Lee,1 and Jongwook Park*
1
Integrated Engineering, Department of Chemical Engineering, Kyung Hee University, Gyeonggi,
17104, Republic of Korea *jongpark@khu.ac.kr
Since OLED was first developed by Tang and Vanslyke in 1987, it has been steadily developed
through continuous research. OLEDs have been successfully applied to televisions, mobile phones,
and lighting applications due to the advantages such as self-emission, ultra-thin thickness, ultra-light
weight, and flexible property. In order to realize a full-color display utilizing OLED, it is necessary to
develop an efficient blue light emitting material. Although many studies have been conducted to
improve the efficiency of blue light emitting materials, it is difficult to develop new materials that
simultaneously realize high efficiency, wide band gap, and excellent stability. [1,2]
In this study, BTPSF and BDTSF have been successfully synthesized as a novel blue light-emitting
material based on the spirofluorene moiety for organic light-emitting diodes. The synthesized
materials were applied as EML in non-doped devices, and current efficiency of 0.61 cd/A and EQE of
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0.46% in BDTSF device were achieved.

P-306
Electroluminescence of New Blue Emitting Materials Having
Hexaphenylbenzene and Carbazole Groups
Sanshin Park,1 Seokwoo Kang, 1 Sunwoo Park, 1 Hyukmin Kwon, 1 Hayoon Lee,1 Seungeun Lee,1
Nikita khairnar,1 and Jongwook Park*
1
Integrated Engineering, Department of Chemical Engineering, Kyung Hee University, Gyeonggi,
17104, Republic of Korea *jongpark@khu.ac.kr
In order to realize a full-color display, three colors of emitting materials are required such as red,
green and blue colors. Among them, phosphorescence with high efficiency and long life has been
developed for red and green. However, in case of blue, it is very difficult to develop a long-life
phosphorescent material due to the intrinsic wide band gap, so it is important for the development of a
blue fluorescent material having high efficiency and long device life time [1,2]. In this study, two new
deep-blue materials containing hexaphenylbenzene and ethylcarbazole units were synthesized. The
maximum ultraviolet-visible (UV-Vis) absorption wavelengths of 6P-VC and 6P-DVC were similar to
343 nm and maximum photoluminescence emissions exhibited at 417 and 426 nm in solution. The
devices doped with 6P-VC and 6P-DVC showed current efficiency of 1.8 cd/A, 1.5 cd/A and EQE of
3.7%, 1.9%, respectively. Especially, 6P-VC had excellent CIE values of (0.16, 0.05).

P-307
Low-Temperature Processable and Photo-crosslinkable Polyimide
Gate Dielectrics for Flexible Thin Film Transistors
Jae Kyung Lee and Taek Ahn*
Dept. of Chemistry, Kyungsung University, Busan, Korea *taekahn@ks.ac.kr
Organic thin-film transistors (OTFT) have received much attention of late due to the potential of this
technology because they are applicable to low-cost, large-area and flexible electronics such as
displays, sensor, smart cards and radio frequency identification (RFID) tags applications [1,2]. A
number of organic semiconductors have been developed, and performance of OTFTs has been
significantly improved in the past decade. However, to realize flexible organic electronics, not only
organic semiconductor bus also all other components for the thin film transistors (TFTs) need to be
replaced with organic materials. There is therefore increasing interests in using polymeric materials as
gate dielectrics. Several polymeric gate dielectrics, such as poly(4-vinylphenol) (PVP), poly(methyl
methacrylate) (PMMA), poly(vinyl alcohol) (PVA), and polyimide (PI) have been investigated [3].
Among them, aromatic polyimides are one of the families of high-performance specialty
thermoplastics and have been widely applied in electronic fields because of their good thermal
stability, chemical resistance, and excellent mechanical and electrical properties. In this paper, first we
have synthesized hydroxyl group containing polyimide through one-step condensation polymerization.
The polyimides (DOCDA-6FHAB: D6FC and DOCDA-HAB: DHC) were prepared from 5-(2,5dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic
anhydride
[DOCDA]
as
dianhydride monomer and 3,3'-dihydroxybenzidine [HAB] or 2,2-bis(3-amino-4-hydroxyphenyl)
hexafluoropropane [6FHAB] as diamine monomer. And then, photo-sensitive and photo-patternable
cinamoyl functional group was attached into the side chain of polyimide through the postfunctionalization method. Post-functionalized polyimide polymer (D6FC) showed good solubility in
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common organic solvent such as cyclohexanone and thin film could be fabricated at maximum 160 oC.
Pentacene TFT with D6FC as gate insulator on flexible PES substrate showed field effect mobility as
0.10 cm2/Vs with excellent current on/off ratio as 5.5×107.

P-308
Perfluorocyclobutane Containing Crosslinked Polyimide
Dielectric for Hysteresis Free Thin Film Transistor

Gate

Jae Kyung Lee and Taek Ahn*
Dept. of Chemistry, Kyungsung University, Busan, Korea *taekahn@ks.ac.kr
Organic thin-film transistors (OTFTs) have drawn much interest over the last decade because of
flexibility, cost effectiveness, and easy processability [1]. Numerous organic semiconductors have
been developed, but to realize flexible technology, not only organic semiconductor but gate dielectric
material also should be replaced with solution processable organic materials. There is increasing
interests in using polymeric materials as gate dielectrics [2]. Several polymeric gate dielectrics, such
as poly(4-vinylphenol) (PVP), poly(methyl methacrylate) (PMMA), poly(vinyl alcohol) (PVA), and
polyimide (PI) have been investigated [3]. Among them, PI currently considered promising gate
dielectrics because of their good chemical resistance, excellent thermal stability, and mechanical
properties. And also, perfluorocyclobutane (PFCB) containing polymers possess many advantages
over other fluorinated polymers such as their low surface energy, optical transparency, ease of
processing, and excellent thermal and mechanical properties. Therefore, PFCB polymers would be
expected to serve as good candidates for organic gate dielectrics because the solution processing of
semiconducting polymers or patterning of top electrodes is possible onto cross-linked PFCB polymers.
To increase the packing density and chemical resistance of gate insulator layers, the cross-linking
process of each polymer backbone is essential. In this paper, we firstly synthesized hydroxyl groupcontaining soluble PI (SPI) polymer. And then, SPI polymer was chemically modified by thermally
curable 4-(1,2,2-trifluorovinyloxy)benzoyl (TFVOB) moiety. A thermal cross-linking of the TFVOB
substituted SPI (TFVOB-SPI) was conducted and produced the cross-linked TFVOB-SPI containing
perfluorocyclobutane (PFCB) structure. The PFCB was formed by the radical mediated thermal
cycloaddition of trifluorovinyl ether of TFVOB. Thin film properties of a thermally cross-linked
TFVOB-SPI such as thermal property, surface roughness, and surface energy were systematically
investigated. The insulating property and the pentacene TFT device with the cross-linked TFVOB-SPI
as a gate insulator were also investigated.

P-309
Effect of catalysts and solvents on conjugated polymer synthesis in a
flow system
Jin Woo Jun1 and Ye-Jin Hwang1, *
1
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Energy and Materials, Inha University, 100 Inha-ro, Michuhol-gu, Incheon, Republic of Korea,
yjhwang@inha.ac.kr
Conjugated polymers have traditionally been synthesized using batch reactors. However, using batch
reactors is not ideal for scale-up. It requires increasing the size of the reactor, which reduces the
efficiency of mixing and heat transfer, and causes batch-to-batch variation. The molecular weight of a
conjugated polymer determines its optical and electrochemical properties and is therefore an
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important factor in determining device performance. Therefore, batch-to-batch variations in batch
synthesis reduces the performance reproducibility of the device.
In our previous reports, we have introduced a continuous flow system in conjugated polymer
synthesis to overcome this batch-to-batch variation. During the optimization of reaction conditions to
achieve the target polymers with large molecular weights, various parameters can play an important
role. Among them, we found that the type of catalyst and solvent were particularly important
parameters. In this work, we synthesized PTB7, a well-known conjugated polymer, in various
catalyst/solvent combinations, and studied their effect on the molecular weight of resulting polymers.
In this study, two different catalyst systems, Pd(PPh3)4 and Pd2(dba)3 with P(o-tol)3, were selected,
and toluene, chlorobenzene or xylene was used as a solvent.

P-310
Renewable triblock copolymers of polylactide and polyether polyol:
bulk and monolayer properties
Yujin Kwon1, Sangho Kim 1 , Donghyeok Im 2 , Youngeup Jin 1 , and Won-Ki Lee1,
1
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Korea Institute of Footwear And Leather, Busan, Korea, wonki@pknu.ac.kr
This study deals with the synthesis, characterization, and degradation of a triblock copolymer
containing poly(lactide) (PLA) and polyether polyol. PLA is a promising biopolymer derived from
corn-based starch. Polyether polyol was synthesized from 1,3-propanediol, which is produced by the
fermentation of glucose as bio-polyol. Because both blocks are biomass-derived, a copolymer
containing poly(lactide) (PLA) and polyether polyol appears more attractive and environmentally
friendly. The molecular structures were characterized by NMR and GPC analysis, and the thermal
properties were studied using DSC. Additionally, the degradation behavior of copolymers was
investigated by the Langmuir technique.

P-311
Synthesis and Characterization of Conjugated Polymers Based on
Dimethylaminopropyl Fluorene and Naphthalene Diimide for Organic
Solar Cell as a Cathode Buffer Layer
Rahmatia Fitri Binti Nasrun, Dong Hwan Son, Sabrina Aufar Salma, Qurrotun Ayuni Khoirun Nisa,
and Joo Hyun Kim1
1
Department of Polymer Engineering, Pukyong National University, Busan 48513, Korea e-mail:
jkim@pknu.ac.kr
We investigate the effect of a conjugated polymer based on fluorene and naphthalene diimide (PFNNDI) as an interlayer for organic solar cells (OSC). Furthermore, we prepare quaternary ammonium
salts with various counteranion (CA) such as bromide and iodide, in addition to the side chain
modification with hydroxyl groups. Ionic functionality in the side chain of these materials creates a
favorable interface dipole, while the magnitude of interface dipole is enhanced by polar hydroxyl
groups. An enhancement of PCE was achieved over the pristine ZnO device using PFN-NDI as the
interlayer from 8.40% to 8.51%. As a result of the significant improvement in 𝐹𝐹𝐹𝐹, the PCE of the
device based on PFN-NDI-Br was enhanced up to 9.02%. Due to the synergy effect in the interface
dipole moment, the presence of extra hydroxyl groups increases PCE by up to 9.15%. A significant
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improvement in PCE was achieved when PFN-NDI-I was used as the interlayer, up to 9.41%, mainly
due to 𝐽𝐽𝑠𝑠𝑠𝑠 enhancement. Hence, we can see a correlation between device performance and ionic
functionality modification.

P-312
Conjugated Polyelectrolytes with Diverse Chain Functionality as the
Interlayer on Organic Polymer Solar Cell
Sabrina Aufar Salma, Rahmatia Fitri Binti Nasrun, Dong Hwan Son, Sabrina Aufar Salma, Qurrotun
Ayuni Khoirun Nisa, and Joo Hyun Kim1
1
Department of Polymer Engineering, Pukyong National University, Busan 48513, Korea,
jkim@pknu.ac.kr
A series of conjugated polyelectrolytes based on dimethylamino propyl fluorene (FN), thiophene (T),
benzothiadiazole (BT), and dithienyl benzothiadiazole (TBT) were synthesized. The incorporation of
electron-rich (T), electron-deficient moiety (BT), and their combination (TBT) in the polymer
backbone represent the different effects of polarity. We systematically investigated the effect of
applying polyelectrolytes with different backbones and functionalities in the side chain. Different
backbones produce different molecular dipoles, and the side chain functionality induces an interfacial
dipole. Inverted polymer solar cells (iPSCs) based on a bulk heterojunction (BHJ) were fabricated
with the ITO/ZnO/CPE/PTB7- Th:PC71BM/MoO3/Ag structure. The device performance
enhancement was achieved by inserting CPEs as the interlayer. Modifying the polymer backbone
leads to improved efficiency and modifying the side chain func- tionality improves the performance
compared with that of the interlayered neutral polymer.

P-313
Synthesis and Properties of Polyurethane Coating Agent Using
Polycarbonate Diol and Biopolyol
Suk Hun Sur, Na Young Kim, Pil Jun Chio, Jae Hak Sim
Korea Institute of Footwear & Leather Technology, Korea. shsur@nate.com
In this study, the synthesis of polyurethane resin used as a coating agent for UHMWPE textile was
carried out by copolymerization of polytrimethylene ether glycol synthesized with 1, 3-propanedio
produced by fermentation from corn sugar as a biopolyol and polycarbonate polyol.
And the physical properties of the synthesized polyurethane resin were investigated. The bio-carbon
content of polyurethane resin according to the content of bio-polyol prepared through biomass was
confirmed by using graphite-free accelerating mass spectrometer. The tensile strength of the
polyurethane resin decreased and elongation of the polyurethane resin tended to increase as the
content of the bio polyol increased as the copolymer polyol.
Acknowledgement: This study was conducted with the support of the Materials and Parts Technology
Development Project (Project Number 200110685, Development of high performance low creep
UHMWPE component for replacement of lifting crane steel wire).
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Controlled Synthesis of Conjugated Polymers in a Flow Reactor for
High Performance Organic Photovoltaics
Chanseo Lee, Youngrok Kim Lee, Ye-Jin Hwang*
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Conjugated polymers have been widely used in organic photovoltaic devices, and their chemical
structure-material properties-device performance relationship has been extensively studied. In
particular, it is well known that the molecular weight of the conjugated polymer is an important factor
in determining the morphological properties, and thus is an important factor in determining the
photovoltaic parameters. However, the controlled synthesis of conjugated polymers in conventional
batch reactors is difficult and shows large variations in molecular weight between batches.
In previous studies, we developed a highly reproducible flow synthesis system by eliminating the
problem of diffusion from the reaction mixture to the carrier solvent.[1] In this presentation, we will
present the controlled synthesis of PM7 D1[2], one of the high-performance p-type conjugated
polymers, using this reproducible flow synthesis system. As mentioned above, conjugated polymers
showed high molecular weight dependent performance in organic photovoltaic devices.[3] Therefore,
we studied the reaction condition-molecular weight relationship, and the molecular weight of PM7-D1
was tuned from Mn of 32 kDa to 51 kDa. In addition, we present the reaction conditions for
synthesizing the optimum molecular weight (50 kDa) of PM7 D1, which exhibits the highest
performance in organic photovoltaic devices, in a reproducible manner.

P-315
Effects on the Opto-electrical and Photovoltaic Properties of
Diketopyrrolopyrrole–based Polymer via Inserting Oxadiazoles on
their Main Chains
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A new alternating copolymer, namely PDPP4TO, made up of diketopyrrolopyrrole (DPP) and
tetrathiophene-1,2,4-oxadiazole derivatives, was prepared. The photophysical, electrochemical and
photovoltaic properties of PDPP4TO were studied and briefly compared to those of the structurally
quite similar polymer (PDPP5T) [1,2], containing DPP and penta-thiophene derivatives, with the aim
understanding the effects of inserting oxadiazole units on DPP-based polymer backbone. Surprisingly,
the properties of DPP-based polymers were found to drastically change after inserting oxadiazoles on
their backbone. In detail, PDPP5T exhibited strong absorption between 500 nm and 850 nm with an
optical band (Eg) of 1.45 eV but PDPP4TO showed intense absorption from 300 nm to 700 nm with
an Eg of 1.75 eV. In addition, the highest occupied molecular orbital (HOMO, ⁓5.41 eV) level of
PDPP4TO was found to be notably lower than that of PDPP5T (⁓5.25 eV). Consequently, the
photovoltaic devices made by using PDPP4TO offered a maximum power conversion efficiency
(PCE) of 0.94% and which is lower than the PCE (⁓4.6%) achieved for PDPP5T. However, the
PDPP4TO–based photovoltaic devices provided a significantly higher open circuit-voltage (Voc) than
that of the PDPP5T–based devices. These results indicate that the insertion of oxadiazoles on DPPbased polymer backbone results in an enormous difference in their properties. It is certain that this
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study is helpful for molecular design in new organic materials for opto-electronic applications.
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Indenofluorene-based Polymeric Donors Incorporating Structural
Isomers of Weak and Strong Electron Accepting Pyrrolopyrrolediones
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Here, we synthesized three new polymers, namely P1–P3, incorporating electron-donating 6,12dihydro-6,6,12,12-tetraoctyl-indeno[1,2-b]fluorene (IF) and structural isomers of weak and strong
electron-accepting 2,5-dioctyl-4,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,3(2H,5H)-dione (IFPPD)
or 2,5-bis(2-ethylhexyl)-3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (LFPPD) or
both IFPPD and LFPPD units as an effort to study the performance of IF-based polymers on nonfullerene acceptor-based organic solar cells (NFA-OSCs). Polymer P1 exhibited absorption from
300 nm to 450 nm with an optical bandgap (Eg) of 2.39 eV but polymers P2 and P3 showed extended
absorption up to 700 nm with an Eg of 1.75 eV. The determined highest occupied molecular
orbital/lowest occupied molecular orbital (HOMO/LUMO) levels for P1–P3 were –5.44 eV/–
3.05 eV, –5.26 eV/–3.51 eV, and –5.39 eV/–3.64 eV, respectively. The NFA-OSCs made by using each
of P1–P3 as an electron donor and Y6 as an electron acceptor gave a maximum power conversion
efficiency (PCE) of 0.8%. We also utilized P1–P3 as a co-adsorber and fabricated ternary NFA-OSCs
using P1–P3:PM6:Y6 blends. It was noted that the performance of the ternary devices was lower than
that of the binary devices made from PM6:Y6 blend. Here, we report the preparation of IF-based
polymers containing pyrrolopyrroledione derivatives for binary and ternary NFA-OSC applications.
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A Polyelectrolytic Polyacetylene Derivative by the Quaternization
Polymerization
of
2-Ethynylpyridine
Using
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Yeong-Soon Gal1,* Taehyoung Kim2, Sang Youl Kim2, Sung-Ho Jin3,
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π-Conjugated organic polymers featuring a delocalized electronic structure have demonstrated real
promise in such electronic and optoelectronic devices as organic light-emitting diodes (OLEDs),
and organic photovoltaic devices (OPVs), organic photorefractive devices, and organic field-effect
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transistors (OFETs). Various types of polyacetylene-based conjugated polymers with peculiar
functional properties have been designed and prepared. A new class of polyelectrolytic polyacetylene
derivatives with extensive conjugation has been synthesized via the quaternization polymerization of
ethynylpyridines using halogens, acid halides, or various alkyl halides.1,2
Here, a new ionic polyacetylene derivative with the ferrocene-containing pyridinium substituents
was successfully synthesized the non-catalyst polymerization of 2-ethynylpyridine by using (6bromo-1-oxohexyl)ferrocene. The monomeric pyridinium salts were susceptible to the linear
polymerization to give the resulting polymer in high yield. Spectroscopic techniques such as NMR, IR,
UV-visible spectroscopy, and elemental analysis were used to characterize the molecular structure of
obtained polymer. The electro-optical and electrochemical properties of poly(2-ethynyl-N-(6ferrocenyl-6-oxohexyl)pyridinium bromide) were measured and discussed. This ionic conjugated
polymer exhibited the irreversible electrochemical behaviors between the doping and undoping peaks
as like with those of similar ionic conjugated polymers.

P-318
Synthesis and Characterization of Poly(2-ethynyl-N-perfluorohexyl
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A new class of ionic polyacetylene derivatives with extensive π-conjugation have been prepared by
the non-catalyst polymerization of ethynylpyridines by using halogens, alkyl halides, methanesulfonic
acids, or cyclic compounds. The polyacetylene polyelectrolytes with the functional pyridinium salts
have attracted considerable research interest in view of its promise for light-emitting divices, unipolar
WORM memory devices, fluorescence enhancer, intercalative nanocomposites, nanocrystalline CdS
polymer sensitizer, conjugated polymer-silver nanocomposites, and cathode interfacial layers for
organic solar cell.1,2
The precursor polymer, poly(2-ethynyl-N-perfluorohexylpyridinium iodide), was prepared by the
polymerization of 2-ethynylpyridine using 1-iodoperfluorohexane in high yield. We modified the
polymer properties of poly(2-ethynyl-N-perfluorohexylpyridinium iodide) by the simple ion-exchange
reaction using sodium tetraphenylborate in methanol solvent. The characterization results on the
molecular structure of poly(2-ethynyl-N-perfluorohexylpyridinium tetraphenylborate) using various
instrumental methods revealed the resulting polymer to have the conjugated backbone system with the
bulky N-perfluorohexylpyridinium tetraphenylborate substituents.
The electro-optical and electrochemical properties of poly(2-ethynyl-N-perfluorohexylpyridinium
tetraphenylborate) were measured and discussed. The photoluminescence peak was observed at 513
nm, which is corresponding to the photon energy of 2.51 eV. Oxidation and reduction stability of
polymer was tested under consecutive scans up to 50 cycles. As the cycle numbers were increased, the
oxidation and reduction current was not changed. The overall redox current shape and values were
very stable under repeated cylcles.
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Research on improving the heat resistance of waterborne poly
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Conventionally, polyurethanes have been made from oil because the hydrophobicity of the polyols
used is strong, but this method has problems such as the risk of fire and air pollution due to the release
of organic solvents in the manufacturing and use processes. In particular, in recent years, regulations
on volatile organic compounds (VOCs) have been started for environmental conservation and work
environment improvement, and the use of organic solvents has been restricted, so that water-based
polyurethanes (WPU), which are environmentally friendly water-based resins that use water as a
solvent as long as they do not cause air pollution, have been substituted.
Waterborne polyurethane is used to introduce hydrophilic structures into molecular structures to
increase water solubility and dispersibility to water. Due to the hydrophilic and hydrophobic nature of
this molecular main chain, it is dispersed in water in a form similar to a high molecular weight
emulsifier. The ionic group(or non-ionic group) used at this is excellent in mechanical strength and
elastic strength, but due to the hydrophilicity of the ionic agent, the final product has a drying rate,
water resistance, chemical resistance and heat resistance compared to solvent-based polyurethane, and
is used in limited applications.
In this study, in order to improve the heat resistance of polyurethane hydrochloride, hydrocarbons
having excellent strong toughness and thermal properties, hydrocarbons having hydrophobicity and
hydrophobicity are regularly distributed, and biphenol A epoxy resin and polyols having the
advantage of excellent adhesion were used in combination. And then the characteristics of the
synthesized epoxy polyurethane were measured using FT-IR, 1H-NMR, DSC, TGA, GPC and UTM.
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Synthesis of 2,5-diphenyloxazole covalently bonded conjugated
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Nuclear reactions emit high-energy α-, β-, γ-rays, and neutron rays, and a scintillator to monitor these
rays converts a single high-energy photon into multiple photomultiplier tube-detectable low-energy
photons. Commercially available plastic scintillators are manufactured by incorporating 2,5diphenyloxazole (PPO) as a fluorescent dopant into polystyrene, polyvinyltoluene, or poly(methyl
methacrylate) matrices. For optimal performance, a wavelength shifter can be added to the visible
region to increase the light yield. However, tedious formulation work is required to determine the
appropriate ratio for inducing energy transfer with a wavelength shifter. Therefore, developing a
dopant with high light yield and short emission decay lifetime has emerged as a new challenge. In this
study, we demonstrated a conjugated polymer (CP)-based plastic scintillator that addressed the
aggregation issue and improved the energy transfer between the PPO and CP as dopant. The plastic
scintillator was thermally cured using vinyltoluene and initiator and exhibited high transparency and
strong blue emission in the visible region. The scintillator exhibited detection efficiency of up to 50%
under Sr-90 radiation. Moreover, it demonstrated as 31% higher efficiency than a simply mixed
scintillator without covalent bonding.
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We show that the operational stability of photomultiplication-type organic photodiode (PM-OPD),
which is a complex function of exciton separation, charge trapping and band bending at the cathode
interface, can be significantly enhanced by employing all-polymer donor and acceptor with optimized
intermolecular miscibility. A series of new NDI-based copolymeric acceptors with different degrees
of backbone planarity is designed and synthesized: PNDI-Ph, PNDI-Tol, and PNDI-Xy. By
introducing benzene, toluene, and p-xylene as donors, the torsional angle between donor and NDI
moeity has increased. As a result, PNDI-Xy thin film shows the lowest crystallinity, confirmed by
two-dimensional grazing-incidence X-ray diffraction analyses. Moreover, PNDI-Xy having the lowest
surface energy owing to the additional methyl substituents, results in the smallest surface energy
difference with a hydrophobic donor, poly(3-hexylthiophene-diyl) (P3HT). Collectively, the less
ordered and low surface energy nature of PNDI-Xy endows minimized aggregation when mixed with
P3HT, realizing near-ideal morphology of PM-OPD. Consequently, the optimized all-polymer PMOPD with a weight ratio of 100:4 (donor:acceptor), yields high EQE up to 770,000% as well as high
specific detectivity of 3.06 × 1013 Jones. Physics behind the success of PNDI-Xy for PM-OPD are
investigated with the combination of temperature dependent J-V analyses and drift-diffusion
simulation. More importantly, due to the low molecular diffusivity of polymer acceptor, the resulting
PM-OPD maintained its gain-generation mechanism for 24 hours, resulting in remarkably enhanced
operational stability.1
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Time temperature indicator(TTI) is discolored dependent on the time and temperature, and its
principles are based on the reaction between starch, iodine and α-amylase. The rate of discoloration
can be controlled by adjusting the temperature and concentration of the amylase. The higher the
concentration of amylase and temperature, the faster the discoloration occurs. Previously, it was
widely applied to a smart packaging system that informs shelf life using TTI.
In this work, we solidify the liquid phase TTI using hydrogel and gelatin for more convenient
application and observed at room temperature(25°C), refrigeration(4°C), and freezing(-24°C).
Hydrogel is used thermal polymerization using Ammonium persulfate and TEMED, and under all
temperature conditions, it discolored within 7 minutes by exothermic reaction. Solidification using
gelatin is quickly discolored as the temperature increased according to the general TTI tendency. It
can be widely applied to the products with temperature sensitivity by utilizing solidified TTI, which
shows a difference in discoloration rate according to temperature.
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UV-curing is a promising alternative coating method to reduce volatile organic chemical compounds
(VOCs). Most of the materials for UV coatings are derived from petroleum-based products. Due to
the foreseeable limit of petroleum and increasing environmental regulation, renewable resources,
especially vegetable oils, are considered an alternative to overcome these limitations. Cardanol is a
promising starting material among vegetable oils because of its unique structural features of natural
phenol with C15-long alkyl chains.
In this study, we synthesized cardanol-based epoxy acrylate (CAR1) and methacrylate (CAR2) and
verified their applicability in UV-curable systems. The properties of CAR series (dilution effect,
curing properties, UV-cured film’s thermal and physical properties) as a reactive diluent were tested
and the results were compared to the commercialized reactive diluent, 2-phenoxyethyl acrylate
(PHEA).
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Raman spectroscopy using surface-enhanced Raman scattering (SERS) substrates is rapid, facile, and
powerful spectroscopic technique for molecule detection by plasmonic metals. The performances of
SERS such as limit of detection (LOD) and enhancement factor (EF) depend on the SERS substrate.
The SERS substrate contains plasmonic nanomaterials and the formation of nanogap between
plasmonic nanomaterials is the one of the most important factors. Therefore, the development of
nanomaterials and nanostructures is key factor for the high-performance SERS substrates. Although
many studies have been reported, the formation of rich nanogaps and reliable processes are remaining
tasks. In this study, we report a new nanoarchitecture technique using mesoporous metal film and
nanoparticles to form a rich nanogap. Soft-templating method using block copolymer micelles was
used to fabricate plasmonic nanoporous Au films through the electrochemical deposition technique for
a new type of SERS substrates. In addition, we designed a process that AuNPs with a proper size to
locate on the mesoporous Au films. Precise nanogaps were created by the surface modification and
control of surface charge of nanomaterials. Simulations of the electric field distribution indicate that
the insertion of 23 nm-sized AuNPs into a pore of mesoporous Au films generate high-density
volumetric hot spots within a detection volume, and result in a high plasmonic enhancement factor of
3.28×1014. Additionally, using a Ball-in-Hole SERS substrate provided sensitive detection of pesticide
residues on real-world surfaces, offering great potential for label-free and on-site detection of
hazardous molecules.

– 159 –

P-325
In situ growth of gamma-cyclodextrin-based metal organic framework
on fibers
Juran Kim1*
1
Advanced Textile R&D Department, Korea Institute of Industrial Technology (KITECH), Ansan
15588, Korea; *jkim0106@kitech.re.kr
In situ growth of cyclodextrin-based metal organic frameworks (CD-MOFs) are investigated for the
effective fabrication of MOF composites through the vapor diffusion method combined with O2
plasma treatment. Self-supported γ-CD-MOFs on poly(ethylene terephthalate) (PET) fibers are
developed and the effect of the in situ growth time on its properties are evaluated as well. The growth
rate of γ-CD-MOFs on PET fibers (CD-MOFs–PET) is determined for 136 h, and the CD-MOFs-PET
with 24 h growth time shows the highest surface area without crystal deformation. The specific
surface area of the CD-MOFs-PET grown with 24 h growth time is 142.88 m2 g-1, which is 235 times
higher than that of the pristine fibers. The 24 h CD-MOFs-PET shows the filtration efficiencies for all
PM sizes higher than 99% and a high adsorption performance against SO2 gas up to 95% removal
efficiency from the dynamic gas flow test. Furthermore, the CD-MOFs-PET demonstrated high
recovery of SO2 adsorption ability by the repeated cycles of adsorption-desorption with the vacuum
dry method, maintaining up to 90% of initial adsorption performance. This study intends to provide an
informative discussion of the applicability of textile-based CD-MOFs and the development of
reusable filters for the removal of SO2.
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A study on flame retardant properties of wallpaper by the addition of
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Korea Institute of Footwear & Leather Technology, fjchoi@kiflt.re.kr
Recently, worldwide regulations are being strengthened as the risks and harmfulness of chemicals
used in interior materials have been confirmed worldwide. We aim to develop a flame-retardant
adhesive for eco-friendly paper wallpaper that reduces the VOCs problem of existing PVC wallpaper
and improves stability through flame-retardant and eco-friendly processing, as well as the basic
function of wallpaper, aesthetics.
As a flame retardant material, two types of a phosphorus-based flame retardant and a phosphorusnitrogen-based flame retardant were used. Phosphorus-based flame retardants have a phosphorus
content of 23.5-24.5% with an average particle size (d50) of 2 to 3 μm, and in the case of a
phosphorus-nitrogen-based flame retardant, the phosphorus content is 29-31% and nitrogen content
14-15%, with an average particle size (d50) of 15±1 A flame retardant representing um was used. For
dispersion, a VOCs, silicone-free aqueous antifoaming agent was used, and a PC base type with a
solid content of 35±1% of aqueous polyurethane resin (PUD) was used as a binder.
In this study, water-based polyurethane resin was used to reduce the emission of harmful substances
and toxic gases. In addition, the characteristics were compared and analyzed using
phosphorus/phosphorus/nitrogen-based flame retardants instead of the existing halogen-based flame
retardants, and the flame retardancy was evaluated based on the Korean industrial standard KS M
7305. It was confirmed that the flame retardancy was excellent through satisfactory performance
indicators within 3 seconds of after flame time, within 20 cm of carbonization length, and within 30
cm2 of carbonization area. In addition, performance as an adhesive between paper and wallpaper was
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confirmed with an adhesive strength of 1.1 kgf/cm2.
Acknowledgment : This study was conducted with the research funds of the 2021 2021 Startup
Growth Technology Development Project (strategic type) (task number: S3043896) supported by the
Ministry of SMEs and Startups and the Small and Medium Business Technology Information
Promotion Agency.
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π-Electron donor-acceptor molecules with large nonlinear optical properties are of intense research
interest to explore these molecules into optical communications technology. Generally, it is accepted
that molecular hyperpolarizability of non-centrosymmetric

-electron-molecule
depends on the
strength of the donor and acceptor units. Previously, large attentions have been paid for preparing
nonlinear optical molecules with large molecular hyperpolarizabilities. However, these molecules
have a small optical window due to the extended absorption bands crossed to the near infrared
wavelengths. Thus, it requires specific efforts to synthesize new nonlinear optical molecules to make
a trade-off between optical transparency and non-linearity.
In this study, we synthesized and evaluated two types of donor-substituted 1,1,4,4tetracyanobutadiene (TCBDs) molecules. It was confirmed that asymmetrical molecular structure of
TCBD enhanced nonlinear polarizability, while short donor-π-accepter (D-π-A) bridge exhibited
relatively shorter absorption wavelength (λmax). In this study, we performed an extended work of our
previous research using D-π-A TCBDs. We measured absorption spectra of synthesized TCBDs in
different solvents to evaluate the solvatochromic Stokes shift to discuss the hyperpolarizabilities. The
hyperpolarizability can be expressed as the following equation (1), where 𝑟𝑟 is dipole moment, 𝜈𝜈 is
frequency. |𝑨𝑨| are measured results from the spectral Stokes shifts.
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Table 1 summarizes the values of |𝑨𝑨|, calculated hyperpolarizabilities, and wavelengths of the
absorption maximum. As expected, asymmetry is the key to obtain large hyperpolarizability. 3 shows
the largest hyperpolarizability due to the extended p-electron bridge of thiophene unit.
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We propose a deformable photonic crystal that exhibits a thermally-induced shape memory effect.
The chiral liquid crystalline polymeric scaffolds, which produce the structural colors from a helical
twist of the liquid crystal director, were first prepared through the phase-stabilization of reactive
mesogens in small molecular chiral liquid crystals (CLCs), polymerization, and removal of CLCs1.
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The prepolymer of polyurethane acrylate (PUA) was then infiltrated in the scaffold and subsequently
photo-polymerized to form the PUA-in-scaffold composite film, in turn, realizing the elasticity and
the thermally-induced shape memory effect. As shown in Fig. 1, the prepared PUA-in-scaffold
photonic crystals first show the blue shift of the structural color by the decrease of the helical pitch
and a scratch upon the instant compression at room temperature. As the temperature increases, both
the color shift and the scratch are recovered. The proposed concept in this study will be useful for
designing stimuli-responsive intelligent soft materials.

P-329
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1

As the leisure population rapidly increases, interest in sportswear is increasing, and the demand for
the development of functional fabrics having excellent elasticity and fit is increasing.
Among the marine leisure sports fabrics, the wetsuit sector occupies the largest proportion. Wetsuits
are functional clothing worn to prevent loss of body temperature in the process of working in water or
playing leisure sports, and to protect the body from fish. Therefore, it has excellent elasticity, and is
manufactured by attaching an inner and outer skin such as a fabric (nylon or spandex) to a
polychloroprene foam in order to impart buoyancy, water resistance, heat retention, and elasticity.
In the 2000s, many studies related to water-based adhesives were conducted, and water-based
products are being applied in many areas, but solvent-type CR adhesives are still used to manufacture
wetsuit fabrics. This is because when the water-based adhesive is applied, it is difficult to control the
initial tack, resulting in poor adhesion. In addition, if the drying time is shortened to control adhesion,
a fatal problem occurs in that the flexibility of the final fabric is deteriorated due to a large amount of
the adhesive penetrating into the fabric.
Therefore, in this study, we intend to develop eco-friendly adhesives for marine leisure sports textile
materials in order to respond to substantial regulations of major overseas companies and eco-friendly
policies at home and abroad, and to improve the working environment and localize core technologies
related to adhesives.
Acknowledgment: This study(S2975197) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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Conveyor belts are a growth engine for the manufacturing industry, and play an essential role in the
entire logistics process, from the time raw materials or subsidiary materials are input to the production
site, production, shipment, transportation, unloading, packaging, and storage of finished products.
Conveyor belts are widely used in various industrial fields such as steel companies, electronic
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component manufacturers, power plants, cement companies, logistics centers, and mines. It is
expected that the demand for conveyors along with industrial robots will continue to increase.
Conveyor belts are very frequently torn or damaged due to shocks caused by repeated transport of
logistics and foreign substances mixed in the belt line. In this case, even if only a part of the belt is
damaged, the entire belt must be discarded, and significant economic loss occurs due to a production
setback during the replacement operation as well as waste of resources due to the replacement of the
entire conveyor belt.
In this study, by developing 'adhesive for maintenance and repair of industrial conveyor belts capable
of bonding at room temperature,' it is intended to enable immediate repair on-site for conveyor belts
damaged by repeated transport and impact.
Acknowledgment: This study(S3258293) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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Industrial thermal insulation material is a material that prevents heat loss or heat inflow to the outside
by covering the outside of an object to maintain a constant temperature. It is widely applied to various
pipelines.
The performance of the insulator is continuously deteriorated by various factors exposed to the
outside, and these factors reduce the thermal conductivity of the insulator. In particular, when exposed
to a high-moisture environment, adhesion failure, sagging, and swelling due to moisture absorption
occur, and when a continuous impact is applied from the outside, cracks in the insulation material and
heat loss due to the opening of the gap occur. this is urgent
In this study, in order to minimize the heat loss of the insulator, it aims to minimize the heat loss by
strengthening the adhesion between the insulators by applying the insulator in the form of an
assemblage of positive and negative blocks that break away from the conventional structure of the
insulator. In addition, in order to improve curing characteristics, by synthesizing an acrylic binder to
which a functional monomer containing functional groups is applied and introducing a specific
temperature dissociation-type reactive curing agent, we intend to develop a new insulating material
that dramatically shortens the curing temperature and curing time compared to the existing process.
Acknowledgment: This study(S3257595) was supported by the Ministry of SMEs and Startups, and
we are grateful for this.
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Chiral photonics is becoming increasingly important for future optoelectronics applications such as
photon-based spin information transfer and quantum-based optical computing for data processing and
encryption. Despite ongoing research into chiral photonics, developing devices capable of converting
optical power into electrical signals remains difficult. Previous research has been hampered by
complex individual layers used to distinguish chiral optical signals and convert them into electrical
currents, as well as poor charge transport performance due to poorly ordered molecular orientation. A
liquid crystalline semiconducting material equipped with a chiral alkyl pendant, [1]benzothieno[3,2b][1]benzothiophene (BTBT), was designed and synthesized here, allowing for the facile fabrication
of defect-free and highly oriented semiconducting layers in large areas. We believe that this novel
material will be useful in designing highly responsive circular structures.
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A series of Polyacrylonitrile (PAN) co- or terpolymers as PAN-based carbon fiber precursor were
prepared using methyl acrylate (MA) as neutral comonomer and fumaric acid (fa) or maleic acid (ma)
as acidic comonomer which is trans/cis isomer, respectively. In order to establish the optimized
condition of polymerization, PAN polymers with different acrylonitrile weight ratios (92, 94, and 96
wt%) were synthesized with appropriate yield via stepwise solution polymerization system.
The efficiency of cyclization reaction of PAN polymers containing fa or ma were dramatically
improved as compared to PAN homopolymer and initiation of cyclization showed a rapid progress at
210 oC despite short thermal treatment time during thermal oxidative stabilization. Additionally, the
char yield of PAN co- or terpolymers was reasonable value which was similar to PAN homopolymer.
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Wide-bandgap polymer donors, PBDT-TQO and PBDT-TIQO, feature greatly potential application
for non-fullerene-based organic solar cells (OSCs). However, irregular polymer backbones suffered
from weak degree of crystalline property because of asymmetric building block of thienoquinolinone
(TQO) or thienoisoquinolinone (TIQO), resulting in a low short circuit current. In this work,

– 164 –

symmetric electron-accepting building blocks based-on TQO or TIQO are carefully designed and
utilized in constructing polymers (PBDT-PQ, PBDT-TQ, PBDT-PiQ, and PBDT-TiQ) to address the
regioregularity of the polymers backbones. From the GIWAXS measurement, the synthesized
polymer donors are demonstrated strong degree of crystalline property compared with that of irregular
polymer after improving the regioregularity of the backbones. Notably, PBDT-PiQ and PBDT-TiQ
exhibit compact intermolecular π-π packing which is proved to a beneficial affect for effective charge
transfer in active layers. Consequently, PBDT-PiQ:Y6-based devices exhibit the best power
conversion efficiency (PCE) of 11.28 % while the evaluated PCE of PBDT-TiQ:Y6 is 8.50 %.
Contrasting to PBDT-PiQ and PBDT-TiQ, inferior PCEs (< 2.5 %) are shown in the PBDT-PQ:Y6and PBDT-TQ:Y6-based devices because significant bimolecular charge recombination induced by
too close HOMO-HOMO offset between polymers and Y6.
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Recently, research on high heat-resistant polymers with superior mechanical properties has been
intensively conducted with the development of the electric vehicle market and the aerospace
industry. Among them, aramid fiber, short for aromatic polyamide, has received great attention as a
relevant candidate due to its excellent mechanical properties and high heat resistance. In this study,
we proposed a novel diamine monomer with an ether group to develop a high-performance aramid
copolymer with high thermal and physical properties. We found that several process conditions,
which we usually overlook became highly important if we aim to synthesize high-performance
fibers. By investigating the correlation between the processing parameter for synthesis and
rheological properties, various polymerization strategies were proposed to identify and secure the
properties for fiber fabrication.
This research was supported by Korean government with following acknowledgement number:
(2020R1C1C1012690, 2020R1A6A1A03038697, and 2021M3H4A3A01043762)
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A novel route for preparation of poly(furfuryl alcohol) (PFA) wrapped foam in deep eutectic solvent
(DES) and their applications for oil adsorption and electrocatalysis were presented. Zinc chloride:
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choline chloride DES was used as a simple, low-cost and eco-environmental-friendly catalyst for
polymerization of furfuryl alcohol (FA) in the presence of melamine sponge (MS) to afford PFA/MS
composites. Different reaction conditions were investigated to verify the grafting density of PFA. The
as-synthesized PFA/MS were characterized by means of FTIR, TGA, XPS, Raman, SEM, EDX, and
XRD. The PFA/MS materials showed a hydrophobic property and good sorption capacities for various
organic solvents such as hexane, cyclohexane, CCl4, toluene and chloroform. Interestingly, pyrolyzed
PFA/MS based-electrode illustrated an electrocatalytic activity towards glucose oxidation reaction due
to the existence of zinc oxide. The result indicated that the PFA/MS hybrid offers great potential for
oil/water separation and biosensing application.
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Oligothiophene have been attracting much attention for the multifunctional molecular materials with
conducting and luminescence properties. In this study, we prepared hydrogen-bonding oligothiophene
derivatives bearing two tetradecylamide chains (−CONHC14H29) in α-position of thiophene. Three
molecules of thiophene, bithiophene, and terthiophene derivatives were utilized for designing
hexylamide-substituted π-molecular system of N,N’-dihexyl-2,5-thiophenedicarbox-amide (C6-1TC),
N,N’-dihexyl-[2,2’-bithiophene]-5,5’-dicarboxamide (C6-2TC) and N,N’-dihexyl-[2,2’:5’,2’’terthiophene]-5,5’’-dicarboxamide (C6-3TC), which redox behavior, optical properties, and dielectric
responses were evaluated.
Stability of cation radical species was evaluated by CV measurements. Fig. 1 summarizes CV curves
of C6-1TC, C6-2TC, and C6-3TC (in PhCN, TBAPF6, vs SCE, GC). The oxidation peak of C6-nTC
shifted to anodic direction from 1.55 V (C6-2TC) to 1.27 V (C6-3TC) as the number of thiophenering increased, which means the stabilization by increasing of thiophene-ring. The optical properties
were evaluated from the absorption - fluorescence spectra in THF. Increasing in the number of
thiophene-ring in C6-nTC indicated the red-shift of the absorption - fluorescence spectra. The
HOMO-LUMO energy gap was decreased by the extended π-conjugated system. The dielectric
properties were evaluated from temperature (T) and frequency (f) dependent dielectric constants and
polarization-electric field (P-E) hysteresis curve. Real part dielectric constants of C6-nTC showed the
enhancement at high-T and low-f condition. On the other hands, P-E curve of C6-nTC did not show a
hysteresis behavior like ferroelectric materials. Highly crystalline molecular assembly of C6-nTC
restricted the motional freedom of polar alkylamide chains.
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Dehydrobenzoannulene (DBA) is highly symmetrical and planar π-conjugated molecule with a pore at
center of the molecule surrounded by triple bonds. Ring size of DBA is adjustable by changing the
length of acetylene units. We recently reported that hexadehydrotribenzo[12]annulene with
octylbenzoate units (C8[12]DBA, Scheme 1) formed thermally stable glass phase.[1] In this work, we
investigated the molecular assemblies of dodecadehydrotribenzo[18]annulene and triphenylene with
octylbenzoate units (C8[18]DBA and C8Trip in Scheme 1), respectively, to discuss the ring size effect
for the molecular assemblies. To understand the ring size effect of C8[n]DBA, we performed a singlecrystal X-ray structure analyses of C1[n]DBAs (Scheme 1).
C8Trip and C8[12]DBA were prepared by the esterification of the corresponding carboxylic acid
under the acidic condition.[1,2] C8[18]DBA were prepared by cyclotrimerization of octylestersubstituted diethynylbenzene, according to the preparation of C1[18]DBA.[3] DSC curves and POM
images of C8Trip (Fig. 1) and PXRD pattern of C8[18]DBA (Fig. 2) were consistent with the
formation of crystalline phase at room temperature, which was different from that of C8[12]DBA with
the formation of glass phase. Therefore, the ring-size of DBA significantly affected the molecular
assembly of C8[n]DBA (n = 6, 12, and 18). The effects of ring size on molecular assembly will be
discussed from single crystal X-ray structural analyses of C1[n]DBAs and DFT calculation.
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[1]Benzothieno[3,2-b][1]-benzothiophene (BTBT) derivatives can form high performance organic
filed-effect transistors (OFET) with high hole mobility.1 In contrast, alkylamide-substituted πelectronic system shows ferroelectric behaviors resulting from the dipole inversion of polar amide
units.2 In this work, we synthesized alkylamide-substituted R-BTBT-CONHC14H29 (1: R = H, 2:
C8H17), which phase transition, molecular assembly, electrical mobility, and ferroelectric behaviors
were evaluated (Fig. 1). Thin films of 2 were deposited on n-Si/SiO2 substrate by vacuum deposition
at 413 K. The deposition films have well-ordered lamellar structure with a d-spacing of 3.7 nm based
on out-of-plane XRD measurements (Fig. 2). The thin film of 2 was applied for the channel layer of a
top contact bottom gate type OFET and it showed output curves of typical p-channel OFETs with µFET
of 2.1×10−2 cm2 V−1 s−1 (Fig. 3). Bulk 2 exhibited SmE phase at 369 K < T < 469 K. The polarization
– electric filed (P–E) measurements of 2 were conducted in a liquid crystal cell with 2 µm electrode
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gap. In the SmE phase, the P–E hysteresis behaviors were observed in a coercive electric field of Ec =
5.65 V µm−1 and remanent polarization of Pr = 2.21 µC cm−2, respectively (Fig. 4). 1 showed a similar
characteristics with much lower mobility and unclear P – E hysteresis behaviors.

P-404
Physical Properties and Thin Film Structures of
Substituted Naphthalenediimide Derivative

Ethylsulfonate-

Ryo Ide,1 Takashi Takeda,1,2 Norihisa Hoshino3, Wakana Matsuda3, Shu Seki4 and
Tomoyuki Akutagawa1,2
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In this work, we prepared a naphthalenediimide (NDI)-based cation-anion salts (1, 2 and 3) by
combining alkali metal cations (M+ = K+, Rb+, and Cs+) and dianionic bis(ethylsulfonate)–
naphthalenediimide (ES-NDI2– in Figure 1). From the TG analyses, all salts showed high thermal
stabilities up to 700 K, despite organic π-molecules. The crystal structures of these salts were
determined by single-crystal X-ray structural analyses at 100 K. The electrical conducting layers of all
salts had the 2D herringbone-type packing structures. The thin-film structures of 1, 2 and 3 were
determined by the PXRD and AFM measurements. The AFM measurements showed the formation of
highly crystalline domains at a scale of several hundred nanometers and steps of about 1.7 nm, which
correspond to the monolayer heights estimated from the PXRD patterns. The flash-photolysis time
resolved microwave conductivity (FP-TRMC) measurements were conducted for the thin films at 298
K to evaluate the transient conductivities (ϕΣμ). The ϕΣμ values of thin films of 1, 2 and 3 were
3.9×10–4, 1.5×10–3, and 8.3×10–4 cm2 V–1 s–1, respectively. Thin film of 2 indicated the highest ϕΣμ
value among them.

P-405
Crystal structure and physical properties of photoreactive stilbene
dicarboxylate salts with CnH2n+1NH3+ (n = 1, 3) and (CH3)2NH2+
Yunya Zhang,1 Takashi Takeda,1 ,2 and Tomoyuki Akutagawa1 ,2
1
Graduate School of Engineering, Tohoku Univ. Sendai, Japan.
2
IMRAM, Tohoku Univ. Sendai, Japan. Zhang.yun.ya.p6@dc.tohoku.ac.jp
The molecular arrangement is quite important for the photochemical reaction in the solid state, and
stilbene derivatives are one of the photodimerizable compounds. Schmidt reported that the two
parallel C=C bonds are needed to be arranged in 4.2 Å.1 Crystal engineering can arrange molecular
packing structures suitable for photodimerization, which provides a gateway to designing new
advanced materials. However, the creation of photoreactive functional materials is still challenging.
Here, we prepared three kinds of single crystals of cation – anion salts between CnH2n+1NH3+ (n = 1, 3)
and (CH3)2NH2+ for the photoreactive dianion of 4,4'-stilbendicarboxylate (SDC2−) (Fig. 1) and
examined the crystal structures, photodimerization reactions, and dielectric responses. Two kinds of
single-crystals were obtained as (CH3NH3+)(HSDC−) and (CH3NH3+)2(SDC2−)•2(H2O) y the
combination of CH3NH2. Although the former showed the π-dimer arrangement, it did not satisfy
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Schmidt’s rule. On the other hand, the latter crystal had a short π-dimer arrangement of 4.02 Å
suitable for photodimerization (Fig. 2a). Similarly, propyl ammonium salt of (C3H7NH3+)2(SDC2−)
formed a photodimerizable π-dimer structure. On the contrary, dimethylammonium salt
[(CH3)2NH2+](HSDC−) had a strong hydrogen-bonding chain (2.46 Å) and showed a dielectric
relaxation behavior (Fig. 2b). Detail of photodimerization and dielectric properties will be discussed.

P-406
Properties of blends of ultra-high molecular weight polypropylene
with various low molecular weight polypropylenes
Byeonguk Kim,1 Mingi Jeong,1 Vishal Gavande, 1 Young Hwan Kim,2 Won-Ki Lee1†
1
Division of Applied Chemical Engineering, Pukyong National University, Busan 48513,
Korea2Polymer Korea Petrochemical Ind., Ulsan 44785, Korea,wonki@pknu.ac.kr†
Ultra-high molecular weight polypropylene(UHMWPP) showed unique properties, such as high
mechanical strength and high thermal stability [1]. However UHMWPP showed very poor
processability because of high melt viscosity. To improve its processability, UHMWPP was mixed
with various low molecular weight polypropylenes (LMWPP) by a Kneader. Although LMWPPs used
in this study have similar number average molecular weights, they have different melt index due to
different polydispersity index (PDI) and contents of ethylene[2].The rheological, thermal and
mechanical properties of blends were depended on the type and content of LMWPP. As the content of
LMWPP increases, the mechanical properties of the blends tend to increase or decrease, depending on
the type of LMWPP. A melt index value of blend increase as the content of LMWPP increases.
However, the lower the melt index value of the LMWPP, the lower the melt index value of blend.

P-407
Study on Bio-based waterborne polyurethane synthesis and physical
properties for automotive internal parts
Se-Jin Kim,1,2 Jaehak Sim,1 Boo-Young Jeong, 1 Lan-Ji Baek, 1,2 JungMi Cheon, 1,† and Jae-Hwan
Chun1,†
1
Korea Institute of Footwear & Leather Technology, Busan, Korea.
2
Pusan Univ., Busan, Korea. jmcheon@kiflt.re.kr(JungMi Cheon), jhchun@kiflt.re.kr(Jae-Hwan
Chun)
Recently, among automobile materials, hot-melt adhesives and water-based polyurethane adhesives
have been used in place of adhesives for fabrics and plastic parts of automobile interior parts to
control harmful substances such as TVOC and odors.
Currently, environmental problems are becoming more serious, and various regulations are being
enforced to reduce the environmental load. In particular, the EU is strengthening various
environment-related regulations and actively inducing the production eco-friendly products.
In the case of automobiles, as one of the measures to deal with international environmental
regulations and trade regulations, the demand for biomass uses for parts and interior materials as well
as fuel tends to increase. To deal with this, therefore, it is necessary to replace the bio-based
waterborne polyurethane adhesive derived from biomass, which is an environmentally friendly
material.
In this study, we try to synthesize a bio-based waterborne adhesive using a biomass-based polyol,
isocyanate, and a chain extender to confirm the adhesion properties.
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Electronic devices such as mobile devices, tablet PC, and display panels are becoming thinner. The
width of the external frame due to the large-sized display has been gradually reduced. Diversification
of existing electronic equipment functions is required for high value-added.1,2 For this purpose, it is
required to characterize the film based on the adhesive material and the material used in the panel
module. In particular, it is necessary to improve the adhesion strength of conventional adhesive
materials. There is a need for low-voc type primers that can replace aromatic solvents. In this study,
the composition prepared by reactive tackifier resin in the thermopl- astic polyurethane (TPU) was
applied to the primer and the adhesion properties were examined.
Funding: This research was supported by the Ministry of Trade, Industry, and Energy of the Republic
of Korea (contract grant number: 20017585).
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Organic light-emitting diodes (OLEDs) were first reported in 1987 by C. Tang and S, Vansyke. In
particular, OLED is attracting a lot of attention due to its self-luminescence, fast response speed, full
color emission capability, and high luminance efficiency. The development of efficient blue emitters
is necessary for the realization of full-color displays that utilize OLEDs. In order to achieve an
effective full color OLED display, it is important to develop blue light-emitting materials with high
efficiency[1-3]
Two blue emitting materials, 4,4'-(chrysene-6,12-diyl)bis(N,N-diphenylaniline) (TPA-C-TPA) and
12-(4-(diphenylamino)phenyl)-N,N- Diphenylchrysen-6-amine (TPA-C-DPA) were prepared with the
composition of chrysene core moiety and dipenylamine (DPA) and triphenylamine (TPA) moieties as
the side group. Two compounds were used to emitting layer as the dopants (EMLs) in doped device.
The doped device using TPA-C-TPA showed CE of 2.49 cd/A and EQE of 4.26% at a current density
of 10 mA/cm2. The doped device using TPA-C-DPA exhibited CE of 2.28 cd/A and EQE of 3.52% at
a current density of 10 mA/cm2. TPA-C-TPA and TPA-C-DPA show the Commission Internationale
de L’Eclairage (CIE) coordinates of (0.15, 0.06) and (0.14, 0.06) corresponding to the EL peaks at
439 and 444 nm.
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A Study on the Physical Properties of Bio-Based Polycarbonate Film
by Electron Beam Irradiation
Na Young Kim, Suk Hun Sur, Jae Hak Sim
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In order to confirm the change of mechanical properties by irradiating electron beams to Bio PC films,
the tensile strength and elongation of the films not irradiated with electron beams and films irradiated
with transfer beams were evaluated using UTM. Fig. 1 shows Stress-strain curves of Bio PC films. In
the S-S curve, the modulus of elasticity increased as the amount of absorbed electron beam increased.
As a result of the mechanical property test, in the case of Bio PC, it is judged that as the absorbed
dose of electron beam increases, the crosslinking density increases and the packing density increases
significantly, resulting in brittleness.
Acknowledgement: This study was conducted with the support of the Materials and Parts Technology
Development Project (Project Number 20014436, Development of biodegradable polycarbonate
material and mass production process technology).
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Polytetrafluoroethylene (PTFE) is a synthetic fluoropolymer of tetrafluoroethylene that has numerous
applications. The commonly known brand name of PTFE-based compositions is Teflon. PTFE is a
thermoplastic polymer, which is a white solid at room temperature, with a density of about 2,200
kg/m3 and a melting point of 327 °C. Polytetrafluroethylene (PTFE) is currently finding increasing
utility due to its unique properties like high chemical resistivity, low coefficient of friction and high
temperature stability. In order to develop seal products using Teflon materials currently used for
construction heavy equipment technologies such as teflon/metal compounder and surface treatment
and plastic processing are developed, and finally, production technologies for Piston Seal products
In this study, the mechanical properties were analyzed after the sheet was molded by adding Bronze
and Mo to Teflon powder. As the Bronze and Mo content increased, mechanical properties decreased.
Acknowledgement: This study was conducted with the support of the 2020 SME Technology
Development Support Project (market expansion type, S2972960)
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Pressure sensitive adhesives(PSA) are classified into rubber type, acrylic type, and silicone type
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according to their chemical ingredient, and are divided into solvent-based type, solvent free type, and
water-based type according to the manufacturing method. As environmental issues persist, there is a
trend to prefer eco-friendly water-based adhesives by using water as a solvent instead of solventbased type adhesives that emit volatile organic compounds(VOC) due to the use of organic solvents
during manufacturing. However, water-based pressure-sensitive adhesives have disadvantages in that
physical properties such as transparency, heat-resistance, and adhesion are inferior compared to
solvent-type PSA. This disadvantage can be compensated by adding a tackifier, which is a low
molecular weight amorphous oligomer that increases the tackiness of the PSA surface, to the PSA.
Therefore, in this study, a water-based acrylic PSA with adjusted acid value and glass transition
temperature(Tg) were prepared in order to improve the adhesive properties and heat resistance of the
water-based acrylic PSA. The synthesis of the water-based acrylic tackifier was confirmed by
changing the graph of FT-IR, the accurate Tg of the synthesized water-based acrylic tackifier was
measured through DSC, and the acid value was confirmed by measuring the acid value. In addition,
we added a water-based acrylic tackifier synthesized to the water-dispersible acrylic emulsion, then
coated it and investigated the adhesion properties and heat resistance properties. (This research was
supported by the Ministry of Trade, Industry and Energy of the Republic of Korea (contract grant
number: 20010915))

P-413
A study on preparation and physical properties of hotmelt film with a
bio-based thermoplastic polyurethane using biomass resources
Lan-Ji Baek1,2, Jaehak Sim1, Boo-Young Jeong1, Se-Jin Kim1,2, JungMi Cheon1†, Jae-Hwan Chun1†
Korea Institute of Footwear & Leather Technology, Busan 47154, Korea
2
Department of Polymer Science and Engineering, Pusan National University, Busan 46241, Korea.
jhchun@kiflt.re.kr

1

Recently, environmental issues are increasing due to problems such as global warming caused by the
use of fossil materials such as coal, petroleum, and gas. To solve this problem, efforts are being made
to develop the bio industry around the world. Thermoplastic polyurethane (TPU), which is a plastic
with excellent mechanical properties such as chemical resistance, abrasion resistance, flexibility, and
elasticity, is applied to a wide range of industries such as automobile and electronic parts, sports and
leisure products, but generally uses petroleum material. In the case of petro-TPU, continuous carbon
dioxide emission occurs during product manufacturing and disposal, causing the above-mentioned
problems, and accordingly, the development of bio-TPU using biomass is required. Therefore, in this
study, bio-TPU for automobile headliner and seat adhesion was prepared, and bio-polyol with high
biomass content was used to increase the biomass content of bio-TPU and improve physical
properties. Synthesis confirmation of bio-TPU was observed through graph change of FT-IR, and
mechanical properties and peel strength were confirmed using UTM. (This research was supported by
the Ministry of SMEs and Startups of the Republic of Korea (contract grant number: S3103886))
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Deco sheets are defined as interior surface finishing materials for various furniture products, window
frames, doors, moldings, etc., and are widely used for improving functions such as scratch resistance,
weather resistance, chemical resistance, and environmental friendliness. A variety of surface textures
and designs can be realized by applying coatings to PET type and PVC type film sheets.
Generally, solvent-type coatings have the advantages of low price and excellent physical
characteristics, but they generate a large amount of volatile organic chemicals (VOC) in the
manufacturing process, which has become an issue due to environmental problems. There is a need
for coatings to solve this problem that has eco-friendly, physical properties of the coating film,
workability, and productivity, and uses raw materials that can reduce carbon dioxide.
Therefore, in this study, a photo-curable oligomer containing biomass materials was synthesized, and
then coated through photocuring, and its physical properties were evaluated.
Acknowledgement. This work was supported by the Ministry of SMEs and Startups (Project no:
S3246087).
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Recently, among automobile materials, hot-melt adhesives and water-based polyurethane adhesives
have been used in place of adhesives for fabrics and plastic parts of automobile interior parts to
control harmful substances such as TVOC and odors.
Currently, environmental problems are becoming more serious, and various regulations are being
enforced to reduce the environmental load. In particular, the EU is strengthening various
environment-related regulations and actively inducing the production eco-friendly products.
In the case of automobiles, as one of the measures to deal with international environmental
regulations and trade regulations, the demand for biomass uses for parts and interior materials as well
as fuel tends to increase. To deal with this, therefore, it is necessary to replace the bio-based
waterborne polyurethane adhesive derived from biomass, which is an environmentally friendly
material.
In this study, we try to synthesize a bio-based waterborne adhesive using a biomass-based polyol,
isocyanate, and a chain extender to confirm the adhesion properties.
Acknowledgement. This work was supported by the Ministry of SMEs and Startups (Project no:
S3275579).

– 173 –

P-416
A novel thermos responsible hydrogel composite: Controlled by infrared irradiation.
Shigeaki Abe,1 Mahdis Nesabi,1 Sirus Safaee,1 Atsushi Hyono,2 Yuko Era,3 Mariko Nakamura,4
Alireza Valanezhad,1 and Ikuya Watanabe 1
1
Nagasaki Univ., Nagasaki, Japan.
2
National Institute of Technology, Asahikawa College, Asahikawa, Japan.
3
Saitama Prefectural Univ., Koshigaya, Japan.
4
Kyushu University of Health and Welfare, Nobeoka, Japan. sabe_den@nagasaki-u.ac.jp
We investigated to develop controlled drug release materials based on sol-gel transition. On view
point of resistant bacteria, it is required to control the dose and timing of some drugs. For controlled
drug-release properties of required amount and required timing, it is required to develop an intelligent
DDS material, which can be controlled drug release behavior. In this study, we investigated in thermal
response of polyacrylamide-based composite hydrogels with a sol-gel transition. Polyethyleneglycol,
12- tungstophosphate and potassium persulfate were added into polyacrylamide aqueous solution and
then heated for 3 hrs. According alternative thermal cycle, obtained hydrogels clearly indicated solgel transition based on optical density at 550 nm as shown in Figure 1. To control the sol-gel
transition using infra-red irradiation, we are forced on carbon nanotubes derivatives (CNTs). CNTs
are known to infra-red sensitive, then are generated heat by the irradiation effectively. The lightthermo exchange response is effective compared with graphite, as a typical carbon material. Thus, we
investigated in sol-gel transition of the hydrogels contained CNTs under infra-red irradiation.
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A linear conjugated polymer particle in an aqueous phase is networked by covalent bonding three
dimensions by photo-crosslinking with azide groups, leading to significantly enhanced performance—
a high photocatalytic H2 evolution rate (11,000 μmol g-1 h-1 (λ > 420 nm)). The covalent bond
reaction between azide of photo-crosslinking agents and the alkyl chains of the polymer
photocatalysts gives more strengthening intermolecular polymeric interactions in the colloidal state,
thus suppressing physical swelling and inhibiting the unnecessary recombination of photo-excited
carriers. The covalent network efficiently facilitates exciton diffusion, which greatly facilitates charge
separation and transfer. The azide photo-crosslinking also leads to more stacked nanoparticles in the
aqueous phase and efficient transfer of excitons from inside to the outer surface of the nanoparticles,
which is an active site where photocatalytic reactions occur. These results indicate that photocrosslinking can suppress the negative effects of alkyl chains which inhibit photocatalytic
performance. Therefore, covalent crosslinking is a promising strategy for the development of
changing solar energy to hydrogen energy.
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Jae-Jin Lee, and Suk-Won Choi *
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Binary mixture composed of two different bent-core molecules was studied. This mixture showed
several nano-segregated phases generated by the phase separation between two bent-core molecules.
The nano-segregated phases were verified by means of differential scanning calorimetry (DSC),
polarized optical microscopy (POM) and X-ray diffraction (XRD). Chiroptical features of the nanosegregated phases were evaluated by circular dichroism (CD) and circularly polarized luminescence
(CPL). Details will be reported in KJF-ICOMEP 20222.
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Electrical Properties by Electrolyte Ratio in Liquid Crystal/electrolyte
Mixing System
Dong-sun Park, and Suk-Won Choi *
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We studied making channel in the electrolyte using nematic liquid crystal consisting of a carboxylic
acid group (trans-4-butylcyclohexanecarboxylic acid) at the end and an electrolyte (ethylene
carbonate). We measured the change in electrical properties according to the maintenance of nematic
phase and electrolyte content. The mixture was confirmed through the isotropic phase change of
liquid crystal using a differential scanning calorimeter (DSC). Changes in the liquid crystal phase by
the mixed electrolyte ratio were observed using an optical microscope (POM). We used non-rubbing,
parallel rubbing, and vertical alignment cells with a thickness of 3 um. An order parameter was
measured to confirm that the electrolyte was arranged under the influence of liquid crystals. Changes
in the dielectric constant characteristics of parallel and vertical align were observed.

P-420
Effect of Chlorine Groups in Soft segments on Self-healing Properties
of Polyurethane
Baohai Pan, and Kyung Jin Lee*
Department of Fine Chemical Engineering and Applied Chemistry, Chungnam National University,
Daejeon, Korea *kjlee@cnu.ac.kr
In this work, we synthesize a series of self-healing polyurethanes based on dynamic disulfide bonds.
By adjusting the content of chlorine groups in the soft segment, the rigidity of the soft segment was
adjusted to evaluate its effect on the self-healing properties. The results show that higher content of
chlorine groups in the soft segment lead to lower self-healing properties, but increased in mechanical
properties due to the increase of rigidity. After damaged, PU can self-heal without adding any external
energy due to the destruction and reorganization of dynamic disulfide bonds. When the temperature is
increased, the motion of the segments is accelerated and the reorganization of the disulfide bonds is
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accelerated. The rigidity of the material is an important factor affecting the motion of the chain
segment. This work provides a good evaluation of the relationship between mechanical properties and
self-healing properties of PU.
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The wing of a dragonfly has an attractive structure due to the geometric pattern of vein domain, which
is mainly composed of chitin. The dragonfly wings are formed by the flow of body fluids into the
wing veins. Therefore, the network structure of vein observed in the dragonfly wing plays an
important role in the process of forming the wing. Fourier transform infrared (FTIR) and Infrared (IR)
dichroism imaging are powerful tools for the characterization of membranes. In this study, three
different kinds of dragonfly wing removed from Sympetrum frequens, Orthetrum albistylum
speciosum, and Sympetrum infuscatum collected in Chitose city were characterized using FTIR
imaging, and orientation of the vein domains were assessed using IR dichroism imaging. Figure 1
shows a visible image and FTIR images of the wing from Sympetrum frequens. The distribution of
carbonyl band at 1735 cm-1 was observed in pterostigma (Fig.1-b), and the distributions of chitin (βchitin) and protein-derived amide I were observed along costa (Fig.1-c). The distribution of amide I
was found to account for approximately 23% of the wing and was consistent with the thicker
membrane. β-chitin was oriented along the primary vein. These features were also observed in the
wing of the other two species. We conclude that orientation of β-chitin in the wing membrane is
possibly dominated by the flow of body fluid during the formative stage.
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Conjugated polymer/carbon nanotube composites draw attention as fascinating thermoelectric
materials due to their unique properties such as solution processability, lightweight, and flexibility.
The composites exploit the high Seebeck coefficient of conjugated polymers and the high electrical
conductivity of carbon nanotubes simultaneously which consequently give a potential to increase the
thermoelectric power factor. However, heterogeneous nature of conjugated polymer/carbon nanotube
composites has impeded the advances of their thermoelectric properties by causing hardship in
organizing structure-property relationships.[1] Here, we reveal the correlation between the inter-tube
junctions’ structure and thermoelectric properties of conjugated polymer/carbon nanotube composites
by complementarily using experimental approaches and molecular dynamics simulations. The
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structure of conjugated polymers at the inter-tube junctions governs electrical and thermal
conductivity of the composite films.[2] Consequently, we demonstrate the highest thermoelectric
power factor in conjugated polymer/carbon nanotube composites not subjected to chemical treatments.
Our results will resolve the lack of structure-property relationships in this field and contribute to
brining breakthroughs toward the commercialization of conjugated polymer/carbon nanotube
composites as thermoelectric applications.
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The versatility of polyurethane adhesives can be ascribed to the use of different polyols and
isocyanates, as well as to the different ratio of these two components from which urethane
prepolymers, thermoplastic polyurethane adhesives and waterborne polyurethanes can be synthesized.
Polyurethane is generally used in various forms such as coatings, adhesives and fillers for textiles,
leather, plastics, wood, concrete, glass and metal materials. There are types and contents of polyols,
isocyanates, and curing agents. Many research results on improving the flexibility and wear resistance
of polyurethane using siloxane compounds have been published.
In this study, we introduced pMDI into 2K-urethane adhesives by content and evaluated the properties
of adhesion and mechanical strength.
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Polyurethane chemistry is considered one of the most versatile chemistries for adhesives. Due to the
ability to tailor polyurethanes’ molecular structures to specific property requirements, different types
of urethane adhesives can be synthesized and used in a variety of applications. Urethanes make good
adhesives for a number of reasons: they effectively wet the surface of most substrates; they readily
form hydrogen bonds to some substrates; their low viscosity allows them to permeate porous
substrates; and they form covalent bonds with substrates that have active hydrogens. Controlled
Delamination materials and technologies are very important technologies for future recycling
technologies. In order to improve recycling efficiency, it is necessary to quickly separate dissimilar
materials.
We conducted research on optimization of urethane synthesis and additives for the development of
controlled delamination materials and technologies.
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Polyurethane is generally used in various forms such as coatings, adhesives and fillers for textiles,
leather, plastics, wood, concrete, glass and metal materials. There is also growing industrial or
commercial interest in polyurethanes, which are characterized by their flexibility, durability, various
physical characteristics. Nowadays, high mechanical properties, and slip resistance are often required
depending on the application, and in order to improve such properties. Defects or cracks may occur at
the low-modulus adhesive layer when the occlusal load exceeds its inherent strength leading to the
failure of restoration. Reinforcement is primarily the enhancement of strength and strength related
properties, abrasion resistance, hardness, and modulus. It has also been reported that the incorporation
of fillers into the adhesives would increase the mechanical properties of the adhesive layer and
adhesion strength
In this study, We improved the performance of the urethane adhesive by introducing modified nano
filler and functional linkage filler by content.
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A representative flame retardant is a halogen-based compound that deteriorates combustion by adding
a compound to a material such as a combustible polymer. Although halogen-based compounds have
excellent flame retardant performances, their use is restricted as a chemical substance due to
strengthened regulations on stability. 1
Magnesium hydroxide, one of the inorganic hydroxides, is attracting attention as an eco-friendly
flame retardant as a substitute for halogen-based compounds. However, the high load of magnesium
hydroxide is known as a disadvantage.
In this study, a Polypropylene(PP)-based complex compound was prepared by modifying the surface
of magnesium hydroxide with silane and mixing it with a phosphorus-based flame retardant. When a
test piece was prepared using a press and its mechanical properties were evaluated, the tensile strength
and bending strength were found to be decreased. The impact resistance tended to improve as a
function of flame retardant addition.
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The increasing demand for ships operating in polar regions is due to recent rise in oil price. The
demand for cold-resistance for a low-temperature environment of the cable material is also increasing
by changing the polar environment of the ship's operating conditions. The importance of developing a
material at a temperature lower than the operating temperature of an existing cable for use in a subzero marine environment is increasing to develop a cable material having cold tolerance performance
in a polar environment.
Cold tolerance of a thermoplastic polymer largely depends on the type and content of about 20 or
more additives used to make the polymer. Observing the change of dynamic viscoelasticity as a
function of the temperature change through glass transition temperature measurement is a
representative method for evaluating cold resistance. 1
In this study, mechanical properties such as hardness, tensile strength, and glass transition
temperature characteristics of composite materials prepared by mixing various types of thermoplastic
polymers and various additive components were evaluated to improve their cold tolerance
performances. It was confirmed that mechanical properties were changed by using compatibilizers
and additives. The cold tolerance was improved by blending resin having an embrittlement
temperature lower than the operating temperature.
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The encapsulant material used in solar modules is an important part to protect against physical,
chemical, and optical damage by ultraviolet rays, light, and moisture. Ethylene-vinyl acetate (EVA) is
widely used in solar cell encapsulation materials due to its many advantages such as excellent light
transmittance, elasticity, low processing temperature, melt fluidity, and adhesiveness.[1] However,
EVA-based encapsulant materials are undergoing research to improve their durability in terms of
potential induced degradation (PID), which degrades power at high voltages, and solar and moisture
absorption. POE is known as a material that rarely causes PID problems because of its low moisture
permeability and excellent durability as it does not generate acetic acid. In this study, base compounds
with different crosslinking systems were prepared by adding a crosslinking agent on the
butene/octene-based POE. Mechanical properties such as strength, transmittance, adhesion, and
discoloration resistance were evaluated as a function of the addition of a coupling agent and UV
stabilizer on the POE-based polymer.
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Organic field-effect transistors (OFETs) are evaluated as the most suitable device for flexible
electronic devices. However, there is a problem of decreasing electrical characteristics caused by biasstress instability. Therefore, in this study, bias-stress was applied to various molecular weights of
polymethyl methacrylate (PMMA), a polymer insulator. When bias-stress was applied, the low
molecular weight of PMMA, the high variation in the drain current. In other words, the high density
of the chain-ends of PMMA was the greater bias-stress effect. Through this phenomenon, we
extrapolate that charge traps occurred at the chain-ends of the polymer insulator. Additionally, biasstress was applied in a humid environment and vacuum. In a vacuum, there was no bias-stress effect
from molecular weight, However, the bias-stress effect increased as the relative humidity increased.
Through this, we extrapolated the charge trapping by PMMA chain-ends adsorbed water vapor.
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The design of conjugated polymer backbones for improving doping efficiency can offer the possibility
of enhanced charge transport and thermoelectric performances. In this work, a novel
diketopyrrolopyrrole (DPP)-based conjugated polymer, EHT6-20DPP, was designed for enhanced
thermoelectric properties because of its long thiophene groups in a repeating unit. For the p-type
doping of EHT6-20DPP, the electrical conductivity and thermoelectric properties were measured to
be 93.3 S/cm and 56.7 μW/mK2, respectively. Because the thiophene groups play a role as electron
donor groups, the longer thiophene groups in EHT6-20DPP showed better thermoelectric
performance than the control DPP-based polymer with shortened one. Based on the experimental
results of EHT6-20DPP, they indicate the superior charge transport ability by fitting well with a
charge transport model which demonstrates the relationship between thermoelectric properties.
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Cyclopentadithiophene (CPDT) moieties are widely used in the conjugated polymeric semiconductors
for optoelectronic devices, but rarely applicated in thin-film transistors (TFTs). This is because the
crystallinity and solubility of the CPDT based conjugated polymers are deteriorated by the steric
hindrance at the tetrahedral center of the CPDT core. In this work, the CPDT was copolymerized with
diketopyrrolopyrrole (DPP) moieties, and the crystallinity and solubility of the resultant polymer was
enhanced through side chain engineering. The combination of the bulky 2-ethylhexyl CPDT and the
n-hexadecyl DPP based copolymers showed excellent molecular ordering and π–π interactions with
bimodal molecular orientation. As a result, the optimized TFTs achieve the highest hole mobilities of
1.08–1.64 cm2 V−1 s−1 among the reported CPDT with branched alkyl side chains based conjugated
polymers.
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Despite the astonishing progress in optoelectronic properties of conjugated polymer semiconductors,
their commercial viability is far from realization due to the low operational stability. The nature of
trapping phenomena involving multiple origins has made this problem more complex to be solved.
In this poster, the underlying charge trapping mechanism for operational instability was provided by
in-situ analysis of electrical properties and density of state spectrum under bias stress in cooperation
with photo-excited charge de-trapping upon incident lights; the electrolysis of ever-present water
molecules within the void of polymer semiconductors generate the trapping states and such reaction is
irrelevant to the insulator trapping. Further, we show that molecular design guides suppress
operational instability in polymer semiconductors.
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