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Welcome Message 

  
Dear Colleagues, 

On behalf of the Organizing Committee, it is a great pleasure for us to invite you to attend 2019 

Pusan-Gyeongnam/Kyushu-Seibu Joint Symposium on High Polymers (19th) and Fibers (17th) 

(PGKS2019). The symposium will be held at the Conference Center of Sangnam International House 

in Pusan National University from 17 to 19 October, 2019. 

The Organizing Committee is making every effort to ensure that your participation is being pleasant, 

scientifically fruitful and giving rise to new ideas, contacts and cooperation. 

The first Pusan-Kyushu Joint Symposium was held in Pusan National University, Korea on November 

2, 1984 to stimulate the research activities among the polymer scientists in both the Pusan-

Gyeongnam branch members of the Polymer Society of Korea and the Kyushu branch members of the 

Society of Polymer Science, Japan. 

This symposium dates back to an informal talk between Prof. Tisato Kajiyama (Kyushu University) 

and Prof. Sung Chul Kim (Korea Advanced Institue of Science and Technology) at Gordon Research 

Conference in the winter of 1983. They intended to provide a forum for polymer scientists in the 

Pusan-Gyeognam area of Korea and Kyushu area of Japan, which turned out to be a huge success. An 

obvious reason behind such a success was the geographical closeness between two branches. 

Followed by the first symposium, the second one was held in Fukuoka, Japan in 1985. Two branches 

in the fiber society, Pusan-Gyeongnam branch of the Korean Fiber Society and the Seibu branch of 

the Fiber Science and Technology, Japan, joined the third joint symposium in 1987, held in Cheju, 

Korea. It was named as 'The Third Symposium on High Polymers and the First Pusan-Seibu Joint 

Symposium on Textiles'. Finally, the present name was employed in the joint symposium held in 

Kumamoto in 1997. 

PGKS2019 will provide an interesting and stimulating forum of exchange and interaction with 

academic researchers from Korea and Japan. 

We invite colleagues working in related areas to come to Busan to present your recent results, 

exchange ideas, build and strengthen research collaborations. 

Your participation will contribute to the success of this conference. 

We look forward to seeing you in Busan in October 2019. 

 

 

On behalf of the Organizing Committee, 

Nam-Ju Jo 

Chairman of the Symposium 
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Presentations and Proceedings 
 

Language 

 

The working language of the conference is English for all 

activities, papers and presentations. 

 

Oral Presentation 
 

Invited Lectures; 45 minutes including discussion 

General Lectures; 20 minutes including discussion 

 

The invited and general lectures will be held at Hyowon Hall(2F). 

The session room is equipped with an LCD projector and personal 

computer as well as microphone and laser pointer. Please up-load 

your presentation file at least 30 minutes before your presentation. 

Also please contact the chairperson for detail information. 

 

Poster Presentation 
 

Poster presentation will be held at Moonchang Hall(1F) on October 

18 (14:00 – 16:00). Posters should be in place before the exposure 

time indicated in the program, and be removed immediately after 

the presentation. The space available for each poster is 100 cm 

width and 180 cm height. 

 

 

 

Registration 

 

The registration fee includes invitation to the welcome reception 

on October 17, 2019, access to all scientific sessions, abstract 

book and symposium documents, lunch and coffee/tea breaks during 

the symposium (October 18, 2019) and banquet on October 18, 2019. 

 

 Symposium 

Regular 100,000 KRW 

Student 20,000 KRW 

 

Registration Desk 

 

Registration Desk is available at the Entrance Hall on 2F. 
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Welcome Reception and Banquet 

 

Welcome Reception; October 17, 18:00 at Hyowon Hall (2F) 

Banquet; October 18, 18:00 at Moonchang Hall (1F) 

 

 

Restaurants and International House 

 

Participants can have their lunch meals at the International House. 

(The fee was included in registration fee) However, you can also 

enjoy cheaper Korean food at many restaurants near the 

International House and Pusan National University campus. (The fee 

has to be paid by yourself.) 

 

Accommodation 
 

Rooms at the International House and the Nongshim Hotel are 

reserved for on request only.  

 

 

 

Introduction for Conference Hall 
 

- Conference Office and Preview Room: Ahmi Hall (2F) 

 

October 17 

- Poster Preview Presentation: Hyowon Hall (2F) 

- Welcome Reception: Hyowon Hall (2F) 

 

October 18 

- Invited Lecture: Hyowon Hall (2F) 

- General Lecture: Hyowon Hall (2F) 

- Poster Presentation: Moonchang Hall (1F) 

- Banquet : Moonchang Hall (1F) 

 

October 19 

- The Joint Meeting Session 
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October 17-19, 2019 
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Program  
 

Thusrday, Oct. 17 (Hyowon Hall, 2F) 
 

       14:00-15:00   Registration 

 

15:00-15:10   Opening Ceremony 

 

15:10-18:00   Poster Preview Presentation 

 

18:00-         Welcome Reception 

 

 

 

Friday, Oct. 18 (Hyowon Hall, 2F) 
 

08:00-09:00   Registration 

(Chair: Seunggeol Lee) 

(IL-1)  09:00-09:45   Jinhwan Yoon, Pusan National University, Korea 

STRETCHABLE UNDERWATER STRAIN SENSORS COMPRISING MECHANICALLY 

TOUGH HYDROGELS 

 

(Chair: Seunggeol Lee) 

(GL-1)  09:45-10:05   Ji Ha Lee, University of Kitakyushu, Japan 

Tuning of the Aggregation Number of Platonic Micelles with Binary 

Mixture of Calix[4]arene Surfactants 

 

(Chair: Takeshi Yoshimi) 

(GL-2)  10:05-10:25   Hyun Ho Choi, Gyeongsang National University, 

Korea 

PHOTO-INDUCED CHARGE DYNAMICS IN ORGANIC FIELD-EFFECT TRANSISTORS 

 

10:25-10:45  Coffee Break 

 

(Chair: Takeshi Yoshimi) 

(IL-2)  10:45-11:30   Yoshiko Miura, Kyushu University, Japan 

Development of Nanomedicine via Controlled Polymerization 

 

(Chair: Ildoo Chung) 

(GL-3)  11:30-11:50   Kukhyun Jo, Pusan National University, Korea 

The luminescent solar concentrator integrated 1,8-naphthalimide 

for transparent photovoltaics device 

 

11:50-12:00  Group Photo 

 

12:00-14:00  Lunch 

 

14:00-16:00  Poster Presentation (Moonchang Hall, 1F) 
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(Chair: Ildoo Chung) 

(IL-3)  16:00-16:45   Ki-Su Kim, Pusan National University, Korea 

NON-INVASIVE TRANSDERMAL NANOMEDICINE USING HYALURONATE 

DERIVATIVES 

 

(Chair: Tomohiro Shiraki) 

(GL-4)  16:45-17:05   Yuji Higaki, Oita University, Japan 

Hydration State and Interaction Potential of Zwitterionic 

Poly(sulfobetaine) Brushes in Aqueous Solutions 

 

(Chair: Tomohiro Shiraki) 

(IL-4)  17:05-17:45   Shigeru Yao, Fukuoka University, Japan 
Advanced Plastic Mechanical Recycle Method Based on Physical 

Degradation Concept 

 

16:00-         Banquet & Poster/Oral Award Ceremony  

(Moonchang Hall, 1F) 

 

 

 

Saturday, Oct. 19 
 

08:50-16:00   The Joint Meeting Session 
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Poster Presentation  

(Oct. 18, 14:00-16:00, Moochang Hall, 1F) 
 

(PS-001) Tsubasa Tsuji, Kunio Tsuboi, Shingo Yokota, Tetsuo 

Kondo 

(Kyushu University, Japan) 

SURFACE ANALYSIS OF AMPHIPHILIC JANUS STRUCTURE ON ACC-

NANOCELLULOSE 

(PS-002) Akiko Goto, Shingo Yokota, and Tetsuo Kondo 

(Kyushu University, Japan) 

CHEMICAL-FREE FABRICATION OF BAMBOO ACC-NANOFIBRIL VIA 

AUTOCLAVE PRETREATMENT 

(PS-003) Yul Eum, Nam-Ju Jo 

(Pusan National University, Korea) 

DESIGN OF ALL SOLID POLYMER SECONDARY BATTERY BASED ON 

3,4-ETHYLEE DIOXY THIOPHENE ELECTROLYTE 

(PS-004) Chan Su Park, Nam-Ju Jo 

(Pusan National University, Korea) 

PREPARATION OF HEAT RADIATING MATERIAL WITH HIGH 

EFFECTIVE HEAT TRANSFER CHANNEL 

(PS-005) Sang Yeol Jeon, Nam-Ju Jo 

(Pusan National University, Korea) 

FABRICATION OF PARAFFIN FILLER ENCAPSULATED WITH 

POLYURETHANE FOR HEAT RADIATING MATERIAL 

(PS-006) Atsushi Kanda, Daisuke Tatsumi, and Tetsuo Kondo 

(Kyushu University, Japan) 

REGENERATED CELLULOSE NANO-ROD OBTAINED BY AQUEOUS 

COUNTER COLLISION 

(PS-007) Go Takayama, Tetsuo Kondo 

(Kyushu University, Japan) 

AN ATTEMPT TO ACHIEVE SEMI-ARTIFICIAL CELLULOSE FIBER 

SYNTHESIS USING PLASMA MEMBRANE SHEETS OF A BACTERIUM, 

ACETOBACTER 

(PS-008) Vijay Mohan Nagulapati, Jin Hong Lee, Il Tae Kim and 

Seung Geol Lee 

(Pusan National University, Korea) 

ENHANCED ELECTROCHEMICAL PERFORMANCE OF SbTe BIMETALLIC 

ANODES IN SODIUM ION BATTERIES: ROLE OF BINDER AND 

CARBON SUPPORT MATRIX. 

(PS-009) Sung Hyun Kwon, So Young Lee, Hyoung-Juhn Kim and Seung 

Geol Lee 

(Pusan National University, Korea) 

Molecular dynamics simulation for distribution 

morphologies of PTFEbinder on Pt/C surface in high-

temperature polymer-electrolyte membrane fuel cells 

(PS-010) Nguyet. N. T. Pham, Sung Gu Kang, and Seung Geol Lee 

(Pusan National University, Korea) 

THE EFFECT OF GRAPHENE QUANTUM DOT ON 

METALLOPHTHALOCYANINE FOR IMPROVING OXYGEN REDUCTION 

PROCESS BY MEAN OF DENSITY FUNCTIONAL APPROACH 

(PS-011) Hayate Kuroyanagi, Shingo Yokota, Tetsuo Kondo 

(Kyushu University, Japan) 

FABRICATION OF ELASTOMER REINFORCED WITH NANOCELLULOSE 

HONEYCOMB CELL 
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(PS-012) Hikari Utsunomiya and Tetsuo Kondo 

(Kyushu University, Japan) 

FLUORESCENT VISUALIZATION OF NANOCELLULOSE IN WATER BY 

USING MODIFIED “CELLULOSE NANOANEMONE” 

(PS-013) Min Seok Kim, Yeong Nam Hwang, Soon Taek Kwon, Hyun Hok 

Cho and Seung Geol Lee 

(Pusan National University, Korea) 

PHYSICAL PROPERTIES OF HYDROPHILIC POLYAMIDE COPOLYMERS 

BASED ON NYLON 6 AND NYLON 4,6 

(PS-014) Min Gu Kim, Ji Eun Lee, Kang Seok Kim, Jeong Min Kang 

and Seung Geol Lee 

(Pusan National University, Korea) 

SYNTHESIS AND HEAT TREATMENT OF BI-CRYSTALLINE PHASE 

TiO2 AND THEIR PHOTOCATALYTIC PERFORMANCE OF FABRIC 

APPLICATIONS 

(PS-015) Masato Kamogawa, Satomi Tagawa, Gento Ishikawa, Shingo 

Yokota and Tetsuo Kondo 

(Kyushu University, Japan) 

CRYSTALLIZATION BEHAVIOR OF POLYPROPYLENE ON 3D-HONEY 

COMB SCAFFOLDS OF ACC-NANOCELLULOSE 

(PS-016) Koichiro Ishida, Shingo Yokota, and Tetsuo Kondo 

(Kyushu University, Japan) 

ADSORPTION PROPERTIES OF ACC-NANOCELLULOSE TO 

POLYSTYRENE MICROSPHERE HAVING DIFFERENT DIAMETER 

(PS-017) Jeffrey Roshan De Lile and Seung Geol Lee 

(Pusan National University, Korea) 

FIRST-PRINCIPLES INVESTIGATION OF POLARON FORMATION IN 

ANATASE AND BROOKITE TIO2 

(PS-018) Haisu Kang, Sung Hyun Kwon and and Seung Geol Lee 

(Pusan National University, Korea) 

Molecular dynamics simulation study on nanostructure of 

Nafino ultrathin film at Pt/C catalyst later in PEMFC 

(PS-019) Yuki Obayashi, Daisuke Tatsumi, and Tetsuo Kondo 

(Kyushu University, Japan) 

PICKERING EMULSIFICATION CHARACTERISTICS OF NANOFIBERS 

DERIVED FROM SOYBEAN HULLS PREPARED USING AQUEOUS 

COUNTER COLLISION 

(PS-020) Ryo Takahama, Honami Kato, Satomi Tagawa, Kenji Tajima 

and Tetsuo Kondo 

(Kyushu University, Japan) 

Bio-directed assembly of polysaccharides into 

nanofibers using genetically engineered bacterium 

(PS-021) Vishal Gavande, Donghyeok Im, Youngup Jin, Seungjae 

Lee, Won-Ki Lee 

(Pukyoung National University, Korea) 

A NOTE ON 3D BIO POLYBUTYLENE SUCCINATE ELECTROSPUN 

NANOFIBER SCAFFOLDS FOR BIOMIMETIC STRUCTURE 

(PS-022) Seungjae Lee, Donghyeok Im, Vishal Gavande, Won-Ki Lee 

(Pukyoung National University, Korea) 

Synthesis and properties of UV-curable polyurethane 

acrylates with polydimethylsiloxane side chains 
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(PS-023) Donghyeok Im, Seungjae Lee, Vishal Gavande, Youngup 

Jin, Hakyong Lee, Chang-Han Lee, and Won-Ki Lee 

(Pukyoung National University, Korea) 

Synthesis and properties of multi-armed enantiomeric 

polylactidepolycaprolactone block copolymers blend 

(PS-024) Sawa Miyake, Shingo Yokota, Tetsuo Kondo 

(Kyushu University, Japan) 

QUANTIFICATION OF ADSORPTION ENERGY OF 

ACCNANOCELLULOSES AT OIL/WATER INTERFACE BY USING 

PENDANT DROP TENSIOMETRY 

(PS-025) Wenbo Ye, Tianjuan Jie, Shingo Yokota, Yimin Fan, 

Tetsuo Kondo 

(Kyushu University, Japan) 

SURFACE FUNCTIONALIZATION VIA TEMPO-MEDIATED OXIDATION 

OF CHITIN NANOFIBERS PREPARED BY AQUEOUS COUNTER 

COLLISION 

(PS-026) Yutaro Tsujita and Tetsuo Kondo 

(Kyushu University, Japan) 

“COLLAGEN NANO-BLOCK” PREPARED BY SEQUENTIAL AQUEOUS 

COUNTER COLLISION 

(PS-027) Dae Hwan Kim, and Mun Ho Kim 

(Pukyoung National University, Korea) 

SYNTHESIS AND APPLICATION OF HOLLOW AND PORED POLYMER 

MICROPARTICLES 

(PS-028) Alexander David Ardianrama, and Mun Ho Kim 

(Pukyoung National University, Korea) 

COLORIMETRIC DETECTION OF MELAMINE BASED ON TRIANGULAR 

SILVER NANOPLATES 

(PS-029) Astrini Pradyasti, and Mun Ho Kim 

(Pukyoung National University, Korea) 

SYNTHESIS OF Ag-Ag2S HYBRID NANOPLATES BASED ON 

SELECTIVE SULFIDATION OF HEXAGONAL SILVER 

(PS-030) Kwang Hun Park, Seongyu Lee, Jong-Hoon Lee, Hyungcheol 

Back, Minjae Sung, Jinho Lee, Jehan Kim, Heejoo Kim, 

Kwanghee Lee, Yun-Hi Kim, Soon-Ki Kwon 

(Gyeongsang National University, Korea) 

Effect of the Side Chain Engineering of ITIC-Based 

Nonfullerene Acceptors for Printable Organic Solar 

Cells 

(PS-031) Seulye Kim, Jinhwan Yoon 

(Pusan National University, Korea) 

SWELLING KINETICS AND THERMAL BEHAVIOR OF DRY-FREE 

POLYMER NETWORKS IN NON-VOLATILE SOLVENTS 

(PS-032) Dowan Kim, Nhi Tuyet Lam, and Jinhwan Yoon 

(Pusan National University, Korea) 

HIGHLY SENSITIVE AND MECHANICALLY STABLE SOFT STRAIN 

SENSOR BASED ON CONDUCTION POLYMERS AND DOUBLE NETWORK 

HYDROGELS 

(PS-033) Akane Shimizu, Yuji Higaki 

(Oita University, Japan) 

Salt Concentration Dependent Transformation of 

Zwitterionic Block Copolymer Aggregates in Aqueous 

Solutions 
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(PS-034) Kusuma Betha Cahaya Imani, Jinhwan Yoon 

(Pusan National University, Korea) 

STIMULI-RESPONSIVE TUBULAR HYDROGELS IN VARIOUS 

GEOMETRIES PREPARED BY MICROFLUIDIC SYSTEM 

(PS-035) Bernard Timothy, Hiep Dinh Xuan, Dowan Kim and Jinhwan 

Yoon 

(Pusan National University, Korea) 

MECHANICALLY ROBUSTAND CONDUCTIVE DOUBLE NETWORK 

IONOGELS 

(PS-036) Yudai Yamashita, Reika Takasu, Takayuki Narita, and 

Yushi Oishi 

(Saga University, Japan) 

NON-EQUILIBRIUM PHASE-SEPARATED STATE OF LANGMUIR MIXED 

MONOLAYER OF PALMITIC AND LIGNOCERIC ACIDS 

(PS-037) Emina Orita, Akemi Kubo, Takayuki Narita, Masanao Era, 

and Yushi Oishi 

(Saga University, Japan) 

A NOVEL PREPARATION METHOD OF LAYERED PEROVSKITE THIN 

FILMS WITH SMOOTH SURFACE 

(PS-038) Ho An Kim and Il Kim 

(Pusan National University, Korea) 

VEGETABLE OILS - BASED HYPER BRANCHED POLYMERS AS 

ENVIRONMENT-FRIENDLY PRECURSORS FOR POLYURETHANE 

(PS-039) Rimesh Augustine, Saji Uthaman, In-Kyu Park and Il Kim 

(Pusan National University, Korea) 

TADPOLE SHAPED TRIPLE RESPONSIVE POLYMER NANO MICELLES 

FOR EFFICIENT CHEMO-PHOTOTHERMAL THERAPY 

(PS-040) Wenliang Song and Il Kim 

(Pusan National University, Korea) 

STABLE HYPERCROSSLINKED POLYMERS WITH PRECISELY 

CONTROLLED ARCHITECTURES AND SYNERGISTICALLY ENHANCED 

CATALYTIC PROPERTIES 

(PS-041) Yu Zhang and Il Kim 

(Pusan National University, Korea) 

FACILE SYNTHESIS OF MORPHOLOGY-CONTROLLED POLYPEPTIDES 

WITH ENHANCED ANTIMICROBIAL ACTIVITIES 

(PS-042) Yui Iwamoto, Yushi Oishi and Takayuki Narita 

(Saga University, Japan) 

PREPARATION OF COLLAGEN TUBE GEL FOR HOLLOW SUTURE 

(PS-043) Ryota Haraguchi, Kazuki Matsunaga, Yushi Oishi, and 

Takayuki Narita 

(Saga University, Japan) 

STUDY OF LIGHT-DRIVEN SWING MOTION OBSERBED IN TiO2/Pt 

PARTICLES 

(PS-044) Momoka Yamanaka, Shunsuke Nakamura, Yushi Oishi and 

Takayuki Narita 

(Saga University, Japan) 

DEVELOPMENT AND CONTROL OF A LIGHT-DRIVEN SELF-SWING 

HYDROGEL SYSTEM 

(PS-045) Sang Woo Park and Il Kim 

(Pusan National University, Korea) 

SYNTHESIS OF HARD SEGMENT BY POLYMERIZATION OF DIOL AND 

TEREPHTHALATE USING ORGANO-CTALYSTS 
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(PS-046) Minwoong Lee and Il Kim 

(Pusan National University, Korea) 

SYNTHESIS OF POLY(GLYCEROL CARBONATE) POLYOLS BY 

COPOLYMERIZATION OF GLYCIDOL AND CARBON DIOXIDE USING 

DOUBLE METAL CYANIDE CATALYSTS 

(PS-047) Anuraj Vryambath and Il Kim 

(Pusan National University, Korea) 

TUNING THE HYPER-CROSS-LINKING UMPIRED SELF-ASSEMBLY OF 

BIPHENYL-BASED POLYMERS: STUDY ON ADSORPTION OF ORGANIC 

POLLUTANTS 

(PS-048) N. Okawa, S. Masuda, C. H. Cheng, K. Kamitani, T. 

Kajiwara, K. Kojio, A. Takahara 

(Kyushu University, Japan) 

DIRECT EVALUATION OF MOLECULAR AGGREGATION STRUCTURE OF 

POLYETHYLENE SINGLE CRYSTAL 

(PS-049) N. Dechnarong, K. Kamitani, C. H. Cheng, S. Masuda, S. 

Nozaki, C. Nagano, Y. Amamoto, K. Kojio, A. Takahara 

(Kyushu University, Japan) 

IN SITU SYNCHROTRON RADIATION X-RAY SCATTERING STUDY ON 

MICROPHASE-SEPARATED STRUCTURE OF THERMOPLASTIC 

ELASTOMER UNDER ELONGATION 

(PS-050) H. Ichioka, K. Kamitani, S. Masuda, K. Kojio, A. 

Takahara 

(Kyushu University, Japan) 

ANALYSIS OF CHEMICAL SPECIES DURING VULCANIZATION 

ADHESION PROCESS BY X-RAY ABSORPTION NEAR EDGE 

STRUCTURE 

(PS-051) Han Byeol Jang and Il Kim 

(Pusan National University, Korea) 

RING-OPENING POLYMERIZATION OF PROPYLENE OXIDE USING 

DOUBLE METAL CYANIDE CATALYST BEARING NOVEL COMPLEXING 

AGENT 

(PS-052) Chinh Hoang Tran and Il Kim 

(Pusan National University, Korea) 

RING-OPENING POLYMERIZATION OF GLYCIDOL USING DOUBLE 

METAL CYANIDE CATALYST 

(PS-053) Seon-a Kim and Il Kim 

(Pusan National University, Korea) 

EFFECT OF PREPARATION CONDITIONS ON DOUBLE METAL 

CYANIDE-CATALYZED POLYMERIZATION OF PROPYLENE OXIDE 

(PS-054) Jihwan Lim, Hanseong Kim 

(Pusan National University, Korea) 

Effects of CNT/PVDF Nanoweb Behavior on Acousto-

piezoelectric Performance 

(PS-055) Hye Kyeong Sung,Hanseong Kim 

(Pusan National University, Korea) 

A study on piezoelectric properties of LiCl-PVDF 

nanofibers via electrospinning with various PVDF 

concentrations 

(PS-056) Yoshiaki Niidome, Tomohiro Shiraki and Tsuyohiko 

Fujigaya 

(Kyushu University, Japan) 

Near Infrared Photoluminescence and Its Solvatochromic 

Properties of Chemically Modified Carbon Nanotubes 
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(PS-057) Hoon HAN, Tsuyohiko FUJIGAYA 

(Kyushu University, Japan) 

Effect of Acidic Side-chain Distance on Poly(2,5-

benzimidazole) for Proton Exchange Membrane 

(PS-058) Ryo Yoshihara and Tsuyohiko Fujigaya 

(Kyushu University, Japan) 

Utilization of acid-grafted carbon black for the 

catalyst layer of polymer electrolyte fuel cell 

(PS-059) Hyelim Kim, Sunhee Lee 

(Dong-A University, Korea) 

Thermal Insulation Property and Effect on Relative 

Humidity of Graphene-Based Fabric Heating Element with 

Various Aramid Fabric 

(PS-060) Shahbaj Kabir, Hyelim Kim, Sunhee Lee 

(Dong-A University, Korea) 

Tensile Property of 3D Printed Pattern and Its 

Composite Fabric Using Shape Memory TPU Filament 

(PS-061) Sang-Gu Yim, Yong Jin Kim, Ye-Eun Kang, Byung Kee Moon, 

Eun Sang Jung and Seung Yun Yang 

(Pusan National University, Korea) 

SIZE FRACTIONATION OF GRAPHENE QUANTUM DOTS USING 

TANGENTIAL-FLOW FILTRATION 

(PS-062) Yechan Lee, Keum-Yong Seong, Hyeseon Lee, Sou Hyun Kim, 

Young-Suk Jung and Seung Yun Yang 

(Pusan National University, Korea) 

TRANSDERMAL DELIVERY OF GLUTATHIONE USING MICRONEEDLE 

PATCHES FOR SKIN WHITENING 

(PS-063) Kazuki Sumiya, Hiroto Izumi,Yasuo Morimoto,Shinichi 

Mochizuki, and Kazuo Sakurai 

(University of Kitakyushu, Japan) 

YB-1 ANTISENSE IS DELIVERED TO DECTIN-1 RECEPTOR BY 

COMPLEX OF BETA-GLUCAN BASED ON POLY(DA) TEMPLATED 

(PS-064) Doan Thi Hong Van, Mizuha Sakashita, Shota Fujii, Kazuo 

Sakurai 

(University of Kitakyushu, Japan) 

SYNTHESIZE CYCLODEXTRIN-BASED HYPERBRANCHED POLYMERS 

ENCAPSULATING ALPHA MANGOSTIN 

(PS-065) Gyeong Won Lee, Sang Gu Yim, Seong Il Yoo, Seung Yun 

Yang 

(Pusan National University, Korea) 

FREE-STANDING BIODEGRADABLE POLYMER NANOPILLAR ARRAY ON 

FLEXIBLE SUBSTRATES 

(PS-066) Keum-Yong Seong, Sung-Min An, Sang-Gu Yim, Young Jun 

Hwang, Seong Hwan Bae, Beum-Soo An, Seung Yun Yang 

(Pusan National University, Korea) 

INTRACUTANEOUS DELIVERY OF GELATINS INDUCES LIPOLYSIS 

AND SUPRESSES LIPOGENESIS OF ADIPOCYTES 

(PS-067) Jun Katsuki, Shota Fujii, Rintaro Takahashi, Ji Ha Lee, 

and Kazuo Sakurai 

(University of Kitakyushu, Japan) 

β-CYCLODEXTRIN BASED NANOPARTICLES PREPARED WITH 

SURFACTANTS AS PHASE TRANSFER CATALYSIT 
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(PS-068) Jun Matsuno, Shota Fujii, Rintaro Takahashi, Ji Ha Lee 

and Kazuo Sakurai 

(University of Kitakyushu, Japan) 

RELATIONSHIP BETWEEN POLYMER STRUCTURES ON 

NANOPARTICLES AND THEIR RETENTION IN BLOOD 

(PS-069) Kyoungho Kim, Junyoung Ahn, Mirim Park, Hana Lee, Yeon 

Ji Kim, Taihyun Chang, Heung Bae Jeon, and Hyun-jong 

Paik 

(Pusan National University, Korea) 

Study on Molecular Weight Distribution of Living Chains 

in Polystyrene Prepared by Reversible Addition-

Fragmentation Chain-Transfer (RAFT) Polymerization 

(PS-070) Kyung-Su Kim, Aruna Kumar Mohanty, Junyoung Ahn, Meehee 
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Introduction 

In recent years, highly stretchable soft 
strain sensors that can monitor health conditions 
and motion have attracted increasing interest for 
potential applications in wearable devices and 
soft robotics. Even though there has been an 
extensive development in soft strain sensors, 
developing materials with high linearity as well 
as the stretchability and low hysteresis is still an 
unresolved challenge. Linearity and hysteresis 
are important to obtain reliable and 
reproducible data upon large strain, however, so 
far it is still changeable to achieve high linearity 
more than 400 % with ignorable hysteresis and 
high reliability. In this work, we have developed 
the double network (DN) hydrogel microfibers 
containing conducting polymers or multi-
walled carbon nanotubes (CNT), which were 
simply prepared by using microfluidic devices 
in aqueous condition.1,2 

 
Results and Discussion 

We found that microfluidic fabrication 
is critical to increase the linearity of strain 
sensor due to the shear thinning effect that 
enable the alignment of conducting polymer 
and CNT along the flow direction. The 
fabricated strain sensors showed excellent 
performance including high stretchability up to 
550%, high linearity for 400% strain, ignorable 
hysteresis, fine resolution of 0.1 %, fast 
response time of ~30 ms. We also revealed that 
the resistance change induced by the elongation 
of microfiber are fully reversible and repeatable 
over 50,000 strain cycles at 300 % elongation. 
Owing to these mechanical and electronic 
properties, we envision their application for the 
wearable sensor that accurately detect human 
motion such as bending of finger, mild touching, 
walking, running, and jumping in real time. 
Based on the high linearity and reliability, strain 
sensors enable to quantitatively convert 
measured resistance change to the extent of 

stimuli as well as the simple detection of the 
motion. (Figure 1) 

 

 
 

Figures 1. Microfluidic fabrication of 
stretchable and durable microfiber containing 
carbon nanotubes for underwater strain sensors 

 
Furthermore, we revealed that the 

developed strain sensors show nearly the same 
electrical performance even in water. We 
demonstrated the bending of finger in water and 
water wave can be well detect with developed 
strain sensors.  
 
Conclusion 

In conclusion, the developed 
stretchable strain sensor exhibited high 
performances including high linearity and 
sensitivity, fast response, and negligible 
hysteresis, which could be utilized for the 
monitoring of human motions in air and water. 
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Introduction  
  Biopolymers such as proteins and antibodies 
have been utilized as medicine, which exhibit 
precise molecular recognition based on the 
controlled 3D nano-structure. Such 
biopolymeric medicines have excellent activity 
but are extremely expensive. If synthetic 
polymers can perform the same function as a 
biopolymer, it is very useful and enables to 
provide the nanomedicne with cheap price. In 
this study, development of nanomedicine with 
controlled polymerization was studied.  
    Glycopolymer having pendant saccharides 
were investigated.1 The glycopolymers show 
the strong interaction to proteins with 
multivalency. Since the saccharide-protein 
interactions relate the various diseases, the 
glycopolymer with precise structure is a 
candidate for nanomedicine.  
 
Results and Discussion 
Glycopolymer Nanoparticle2 
 Controlled nanostructures were investigated by 
the synthetic nanoparticles. The glycopolymer 
nanoparticles were prepared by radical 
polymerization.  An acrylamide derivative 
having sulfonated glycosamine (3,4,6-sulfo 
GlcNAc phenylacrylamide) was polymerized 
with N-isopropyl acrylamide, bisacrylamide 
and tert-butyl acrylamide, and 
glyconanoparticle with nm order was obtained.  
   The nanoparticle exhibited the 
glycosaminoglycan (biopolysaccharides that 
play important roles in the living systems) 
mimic functions to interact with growth factors. 
The glycopolymer nanoparticle interacted with 
vascular endothelial growth factor (VEGF). 
VEGF relates to not only cell growth, but also 
tumor growth. The glycopolymer nanoparticle 
captured the VEGF in tumor, and inhibited 
angiogenesis. The glycopolymer nanoparticles 
can exhibit the VEGF antibody mimic functions.  
 
Controlled Polymerization and Molecular 
Recognition3-5 
 Glycopolymers show strong molecular 
recognition ability based on the multivalency to 

sugar recognition proteins in viruses, cells and 
bacteria.  Glycopolymers with well-defined 
structures were synthesized via living radical 
polymerization.  
       Glycopolymers, which interact with 
influenza virus hemagglutinin, were 
investigated. The glycopolymers were prepared 
with reversible addition fragmentation chain 
transfer (RAFT) polymerization. 
Glycopolymers with different molecular weight 
(25, 50 and 100 mer) and various sugar densities 
were prepared. Glycopolymers with high 
density saccharides (70 %) showed the strong 
inhibitory effect to hemagglutinin, and the 
effect was also dependent on the molecular 
weight.  Since the glycopolymers have a 
triangle structure, the star glycopolymers was 
suitable multivalent ligand for hemagglutinin. 
The star polymers were prepared with trivalent 
RAFT reagent, resulting in the efficient 
inhibitory effect.  

  
Fig 2. A star polymer for influenza hemagglutinin 
inhibitor.  
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INTRODUCTION: A variety of drug delivery 
systems have been investigated for high 
therapeutic efficacy via easy administration. 
Among them, transdermal delivery is presented 
as an attractive alternative to needle-based drug 
delivery because of patient preferences. 
Although transdermal microneedles are less 
invasive promising alternatives, needle‐free 
topical delivery without involving physical 
damage to the natural skin barrier is still sought 
after as it can further reduce needle‐induced 
anxiety and is simple to administer. However, 
this long‐standing goal has been elusive since 
the intact skin is impermeable to most 
macromolecules. Here, we show an efficient, 
noninvasive transdermal delivery using 
Hyaluronic acid (HA) derivatives as carrier. 
 
METHODS: At first, the drugs and 
nanoparticles were conjugated with HA for 
transdermal delivery. Then, the samples were 
topically applied on the skin and investigated 
the efficiency of transdermal delivery and 
therapeutic efficacy. 
 
RESULTS: For vaccine delivery, following 
topical administration in the skin, a model 
vaccine ovalbumin (OVA) and HA (HA–OVA 
conjugates) penetrated into the epidermis and 
dermis in murine and porcine skins, as revealed 
by intravital microscopy and fluorescence assay. 
Topical administration of HA ‐ OVA 
conjugates significantly elevated both humoral 
and mucosal antibodies, with peak levels at four 
weeks. An OVA challenge at week eight 
elicited strong immune‐recall responses. With 
pretreatment of the skin using non‐ablative 
fractional laser beams as adjuvant, strong 
immunization was achieved with much reduced 
doses of HA–OVA.  
In addition, we also developed implantable 
light-delivery devices using HA. With this light 
delivery system, we successfully demonstrated 
the facilitated photochemical tissue bonding 

(PTB) using hyaluronic acid (HA) – rose bengal 
(RB) conjugate and upconversion nanoparticle 
(UCNP). The UCNP emitting red and green 
light in the skin tissue by skin-penetrating near 
infrared (NIR) laser illumination could activate 
the RB dye and crosslink the collagen, inducing 
skin repair and deep tissue wound healing.  
 
DISCUSSION & CONCLUSIONS: We 
successfully developed non-invasive 
transdermal nanomedicine system using HA. 
HA can facilitate transdermal delivery of model 
vaccine and nanoparticles to dermal tissues, 
enhance therapeutic efficacy. These platform 
technologies might be successfully applied for 
the development of various futuristic 
nanomedicines. 
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Introduction 

  In these days, the amount of plastic waste is 

being extremely large, and become very serious 

problem. The best way to reduce them is recycle. 

An ideal approach would be to mechanical 

recycle, however, the ratio of mechanical 

recycle is still remained about 30% in JAPAN. 

This is because the mechanical properties of 

products made from mechanical-recycled 

plastics are inferior to those of products made 

from virgin plastics. Therefore, material-

recycled plastics are only used in low-value-

added products and have limited applications. 

  The poor mechanical properties of 

mechanical-recycled plastics are believed to be 

due to the chemical degradation. Such chemical 

degradation is thought to be irreversible 

because it is associated with the breaking of 

molecular chains. 

In this study 

However, our recent research indicated that 

the molecular properties of mechanical-

recycled plastics has not chemically degraded. 

We also found that the poor mechanical 

properties of the recycled plastics come from 

the change of the inner structure of plastics (that 

is “Physical Degradation”) and the mechanical 

properties can physically regenerate. Figure 1 

shows basic concept of this theory. Based on the 

theory, we constructed an advanced mechanical 

recycle process. By using the process, the 

tensile property, especially elongation, 

regenerate as same as virgin plastic. 

 
This research was supported by the Environment Research 

and Technology Development Fund (3-1705) of 

Environmental Restoration and Conservation Agency of 

Japan. 

 

Figure 1 Schematic relationship between polymer conformation-energy-temperature at melt state 

and crystallized state. 
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Introduction 

 

The first concept of micelles was proposed in 

1913 by McBain and has rationalized many 

experimental results of the surfactant micelles. 

It is generally agreed that the aggregation 

number (Nagg) for spherical micelles has no 

exact value and a certain distribution. However, 

our recent studies showed that they were 

monodisperse with a defined Nagg values chosen 

from 4, 6, 8, 12, 20, and 32, as shown in the 

attached table and figures. Interestingly, some 

of these numbers coincide with the face 

numbers of Platonic solids, thus we named them 

“Platonic micelles”.  

 

Results & Discussion 

 

We used two calixarene-derived molecules 

having sulfonic groups (SC5) and quaternary 

amine groups (QA7). The Nagg of sulfonic 

calix[4]arene having five alkyl chains is 6 under 

the condition of 50 mM NaCl solvent. We 

mixed a quaternary amine calix[4]arene, which 

has seven alkyl chains, with sulfonic 

calix[4]arene, which was in an enriched state. In 

previous work, we observed the morphological 

transitions when comparable amounts of cation 

surfactant and anion surfactant were mixed.  We 

observed the morphologies of spherical 

micelles in different mixtures, namely, 5% and 

10% QA7 in SC5, by atomic force microscopy 

(AFM). The micelles all had a size of 

approximately 3–4 nm and also had a uniform 

shape. The SAXS profiles of the micelles in 50 

mM NaCl solution with an increasing 

proportion of QA7 were investigated. The 

scattering profiles of micelles extrapolated to 

zero concentration and the weight-averaged 

molar masses of the micelles in 50 mM NaCl 

are determined from the intercept values [I(0)] 

obtained by extrapolating the scattering 

intensity to zero angle. These results led us to 

conclude that the aggregation numbers of the 

micelles are 6.0, 8.0, and 12 at SC5, 5% QA7 in 

SC5, and 10% QA7 in SC5, respectively. Even 

in a mixed system of calix[4]arene-based lipids, 

Platonic micelles can form and show 

monodispersity in terms of the aggregation 

numbers, which are consistent with the vertex 

numbers of Platonic solids (6, 8, and 12). 

 

Conclusion 

 

we prepared binary mixtures of calix[4]arene 

surfactants having opposite electric charges. 

When the surfactants with opposite electric 

charges were mixed with each other, we 

demonstrated that the 𝑁agg changed from 6 to 8 

and 12. This can be obtained the best coverage 

of a sphere surface with multiple identical 

circles.  The coverage ratio D(N) can be 

calculated maxima at N = 6, 8 and 12, matching 

with the observed Nagg values.  
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Recent progress in understanding 

charge carrier transport in organic 

semiconductors has been greatly facilitated by 

advances in organic field-effect transistors 

(OFETs) including synthesis of several types of 

high-performance organic semiconductors, as 

well as development of device fabrication, and 

novel techniques for powerful optoelectrical 

measurements. In particular, understanding 

charge transport under illumination becomes 

highly essential due to the interest in application 

of organic semiconductors into display and 

photodetectors. 

 

Here, we have explored photoinduced 

charge transport in organic semiconductors in 

OFET geometry. First, we investigated the 

transfer of positive and negative charges across 

the interface between organic semiconductor 

and polymer insulator, which can be 

significantly propagated by photoillumination, 

so-called photoinduced bias-stress effect.1,2 The 

direction of the transverse electric field at the 

interface determines the sign of transferred 

charge, and the transfer rate is controlled by the 

field magnitude, light intensity, and absorption 

coefficient. We also demonstrate that a 

photoinduced charge transfer can be used for 

recording rewritable accumulation channels 

with an optically defined geometry and 

resolution.3 

 

Second, it has been demonstrated that 

the photoillumination could be used in 

understanding the intrinsic charge transport of 

minority carriers. For an efficient determination 

of intrinsic charge mobility, we proposed a high 

resolving power technique for Hall-effect 

measurement.4 This methodology allows the 

clear investigation of minority carriers under 

illumination. Consequently, the rubrene single 

crystal with hole mobility of 22 cm2V-1s-1 

exhibited the substantially high electron 

mobility of 18 cm2V-1s-1 with following 

Fröhlich polaron instability. 

 

Finally, the strain-dependent charge 

transport of organic semiconductor has been 

studied. We discovered that photoconductivity-

strain relationship does not necessarily parallel 

to mobility-strain dependence, and highly 

depends on photocarrier generation mechanism. 

For instance, in the regime of photoconductivity 

dominated by bimolecular e-h recombination 

and triplet-charge quenching, the 

photogenerated steady-state carrier density 

decreases with compressive strain, while in the 

trap-dominated regime, photocarrier density is 

nearly strain independent. 
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TEXT 
Luminescent solar concentrator (LSC) is a 
devise for concentrating solar radiation by 
waveguide mode the light emitted from 
luminophore. PV (photovoltaic) is indirectly 
mounted to LSC, i.e it is mounted to the edge of 
LSC films to collect light using total internal 
reflection in the film.2-4 For high performance 
LSC devices, the concentrator must have 
excellent optical properties such as high 
absorbance, efficient emission and perfect 
waveguide. In this paper, we propose the 
possibility of transparent LSC through 1,8-
naphthalimide (NI) derivative dye V570 
(lumogen F violet 570, BASF), a fluorescent 
material. 
The transparent nature of LSCs is related to the 

optical properties of NI molecules, i.e they 
absorb UV light (373 nm) and emit visible light 
425 nm). LSC film was fabricated by doctor 
blade coating a V570/EVA (polyethylene-vinyl 
acetate, VA28%) solution on a glass substrate. 
We studied the relationship between dye 
concentration and the optical properties of LSC 
films. In addition, we performed synchrotron 
XRD (x-ray diffraction) to understand the 
observed optical properties of them. 
As a result, we found that the dye molecules 

formed a crystal structure in EVA matrix at a 
high concentration. At high concentration, the 
peak absorption coefficient and emission 
intensities reduced due to molecular 
aggregation. The crystal structure of the dye 
molecules in LSC film was destroyed by 
thermal annealing at 150°C for 10 minutes as 
shown in Fig. 1 (a). However, the optical 
properties were not recovered after destroying 
the aggregation by thermal annealing. This 
result indicates that the π-π interaction of the 
V570 dimer from the excimer was maintained 
even if the crystal was destroyed in thermal 
annealing due to weak van der Waals 
interactions between the molecules forming the 

crystal. (Fig. 1b) Finally, we applied LSC film 
to c-Si PV, and analyzed the changes of 
photocurrent properties of c-Si PV with/without 
LSC (Fig. 1c). 
 

 
Figure 1. (a) the V570 crystal structure broken 
by thermal annealing. (b) the excimer formation 
in V570 crystal structure. (c) the photocurrent 
measurement of LSC device coupled with c-Si 
PV under the AM1.5G condition. 
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Introduction 
Zwitterionic polymers exhibit outstanding 
properties distinct from nonionic polymers and 
polyelectrolytes. The extraordinary 
biocompatibility and wet lubrication 
performances have been attributed to the neutral 
net charge, however the deep insights for the 
hydration state and interaction of zwitterionic 
polymers are required to withdraw the potential 
of the zwitterionic polymer materials.   

In this study, ion-specific hydration states 
and interaction potentials of poly(sulfobetaine) 
(PMAPS) brush thin films were investigated by 
means of neutron reflectivity (NR) and vertical 
Brownian motion analysis through reflection 
interference contrast microscopy (RICM) 
imaging (Figure 1). [1, 2] 

 
Experiment 
PMAPS brushes were prepared by surface-
initiated atom transfer radical polymerization 
on silicon wafers. NR measurement was 
conducted using the reflectometer SOFIA 
(MLF, J-PARC) using homemade liquid cell. 
The particles-PMAPS brush interaction 
potentials V(∆h) were determined from the 
fluctuation of the vertical position of the 
particles calculated from the time-resolved 
RICM imaging data. 
 
Results and Discussion 
PMAPS brushes showed clear Kiessig fringes 
in the NR profiles under salt-free D2O and low 
concentration NaCl and NaSCN aqueous 
solutions, whereas the fringes smeared with 
increasing electrolyte concentration. The 
NaSCN induced more significant hydration of 
PMAPS brushes than NaCl. The dissociation of 
the sulfobetaine couples through the ion binding 
encourages the swelling of PMAPS brushes. 
The thiocyanate anions are strongly bound to 
quaternary ammonium cations, and the strong 
interplay induced the dissociation of the 
sulfobetaine couples leading to marked swelling 
of the PMAPS brushes. 

The height fluctuation profiles indicated that 
the vertical fluctuation of the particles damped 
at high [NaCl]. The calculated harmonic 
potentials are shallow at low [NaCl], while the 
potential curvature of parabola got sharpened 
along with [NaCl]. The particles were sharply 
confined at high [NaCl] indicating the large 
interaction of the particles and PMAPS brushes.  

As shown in NR studies, the PMAPS brushes 
are well swollen in high [NaCl]. Therefore, the 
well swollen PMAPS brushes with diffusive 
hydrated chain interface are supposed to 
interact with foreign substances probably due to 
the ion-binding induced screening of the 
electrostatic interaction.  

Figure 1. Schematic representation of the 
correlation in hydration state and interaction 
potential in PMAPS brushes. 
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Introduction 

Amphiphilic substances, irrespective of  

biomacromolecules and synthetic substances, 

have a potential to be allowed into new 

functional materials. We have focused on 

surface characteristics of cellulose nanofibrils 

prepared by the aqueous counter collision 

method 1,2), called ACC-nanocellulose (ACC-

NC). ACC-NC was supposed to be an 

amphiphilic nanofibril due to exposure of both 

hydrophobic planes derived from 

glucopyranose ring and hydrophilic planes 

derived from hydroxyl groups on their surface 
2-6). However, this amphiphilic Janus structure 

of ACC-NC has not been clarified yet. 

In this study, hydrophilic and 

hydrophobic planes on ACC-NC were 

visualized and comparatively determined using 

direct dyes of Calcofluor white (CFW) 7) for 

hydrophilic planes and Congo red (CR) 8) for 

hydrophobic planes, respectively.  

 

Experimental 

Bacterial nanocellulose (BNC), 

microcrystalline cellulose (MCC), bamboo- 

and hardwood-derived bleached kraft pulp 

(BBKP and HBKP) were used for starting raw 

materials. ACC-NCs were prepared from these 

raw materials by using ACC system (200 MPa, 

60 passes).  

The ACC-NCs double-stained with CFW 

and CR on a polypropylene sheet were 

observed by a confocal laser scanning 

microscope (CLSM). CFW and CR were 

excited by 405 nm and 514 nm, respectively. 

Fluorescence emission wavelength of 415-450 

nm was used for CFW and 550–650 nm for CR. 

Mixed dispersions of ACC-NCs and each 

dye were incubated to allow NCs to adsorb 

with dyes, and then were ultracentrifuged at 54 

kG. The supernatants containd only free dyes 

which was not adsorbed to the NCs. The 

amounts of the residual CR and CFW in the 

supernatants was determined from the 

absorbance at λmax: 495 nm and fluorescence 

intensity (λem: 360 nm / λex: 430 nm), 

respectively. The adsorption amounts of dyes 

per unit weight of NCs were calculated by 

substrate between added and remained 

amounts of dyes. The maximum adsorption 

amounts of dyes in each NC were determined 

from Langmuir’s adsorption theory 9).  

 

Results and Discussion 

ACC-NCs were stained separately with 

CFW and CR in a single nanofibril, which was 

confired by using CLSM observation. It was 

indicated to locally have both of hydrophilic 

and hydrophobic planes on a single ACC-NC 

to exhibit amphiphilic Janus structure. 

The degree of hydrophobicity of the 

ACC-NCs was estimated from the occupied 

area ratio of CR to CFW. It depended on the 

raw materials species as the following order: 

BNC > BBKP > HBKP > MCC. It should be 

noted that the plant-derived raw materials other 

than BNC were included hemicellulose in 

cellulose fibers. Thus, hemicellulose may 

affect exposure of hydrophobic planes or 

adsorption of dyes on ACC-NCs. 
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Introduction 

Bamboo is distributed widely in Asia, and has 
used in various forms closely related to lives of 
people. Meanwhile, nanomaterials such as 
carbon nanotubes and nanocelluloses (NC) 1) 
have attracted much attention as a functional 
material based on their nano-size effects. 
Accordingly, it is expected to exhibit a new 
material function by nano-pulverizing bamboo 
directly with keeping the nature of the bamboo 
itself.  

The aqueous counter collision (ACC) 2,3) is a 
method to reduce biomaterials into nano-
objects only using water, and the resulting bio-
based nanofibers exhibit various properties 
depending on the raw materials4). In this study, 
we tried to propose an all chemical-free 
process using the ACC method via autoclave 
pretreatment for preparing nanofibrils derived 
from bamboo. In the plant cell wall, cellulose 
is deposited as nanofibers, and hemicellulose 
and lignin are naturally combined. These 
components give the plant excellent properties. 
Among them, hemicellulose has the role in 
adhering among cellulose microfibrils, and has 
a lower pyrolysis temperature range than 
cellulose and lignin. Therefore, hemicelluloses 
were partially removed through the autoclave 
pretreatment, allowing easier production of 
nanofibrils by ACC.  
 

Materials and Methods 
Aqueous suspension of bamboo powder (3 

wt%) was autoclaved (180°C, 1 h) , and then 
filtered. The aqueous suspension of the residue 
was treated with the ACC apparatus at the 
ejecting pressure of 200 MPa. The 
pulverization process was repeated by 30 
passes. 

 The resultant dispersion was dropped onto a 
copper grid with formvar film, and then rapidly 
freeze-dried, followed by negative staining and 
air-drying. Transmission electron microscopy 
(TEM) was performed at 80 kV of the 
accelerating voltage. The samples after each 
pulverizing process were subjected to principal 
component analysis5). Furthermore, a water 
contact angle of the membrane prepared by 
filtering ACC aqueous suspension was 

measured. The same experiment was 
conducted for ACC-NC derived from bamboo 
bleached kraft pulp (BBKP) as a control. 

 
Results and Discussion 
 From the results of 
principal component 
analysis, it was found that 
the hemicellulose content 
decreased by the 
autoclave treatment. 
Nanofibrils with 5-15 nm 
in width were obtained by 
the ACC-treated samples 
after the autoclave pretreatment (in the above 
TEM images) . The nano-fibrils were thinner 
than the bamboo powder-derived nanofibrils 
without autoclave treatment. This indicates that 
the adhesion of cellulose microfibrils with 
hemicelluloses was possibly loosened by the 
autoclave pretreatment, which allowed easier 
production of ACC-nanofibrils. Contact angle 
measurements on nano-fibrious films indicated 
that surface of bamboo nanofibrils was more 
hydrophobic in comparison to the ACC-NC 
from BBKP, which might be due to 
hydrophobic lignin. 
 
Conclusion 

We have successfully constructed the all 
chemical-free nanofibrils preparation process 
using the ACC treatment via autoclave 
pretreatment. Since the obtained chemical-free 
nanofibril contains lignin unlikely pulp-derived 
NC, it is feasible to apply not only to structural 
materials, but also to fine chemicals such as 
cosmetics and medical products by utilizing 
lignin’s properties such as UV adsorption and 
antibacterial action. 
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The demand for lithium secondary batteries in the middle or large sized battery market such as electric 

vehicles and ESS has increased, and the market for secondary batteries has been developing, but lithium 

ion batteries have a risk of liquid electrolyte. In addition, if an explosion due to leakage of electrolyte 

occurs in a middle or large sized secondary battery, it can cause a bigger problem than the case of a 

small battery. Lithium polymer batteries with safety and good processability by introducing polymer 

electrolytes have attracted attention, but existing solid polymer electrolytes have a problem that their 

ionic conductivity efficiency is lower than that of liquid electrolytes. The reason for the low efficiency 

is the high interfacial resistance between the solid polymer electrolyte and the two electrodes.  

To solve these problems, an electrolyte capable of minimizing the interface resistance with 

homogeneous polymer electrodes is produced by introducing oligo (3,4-ethylene dioxy thiophene), a 

thiophene-based derivative with excellent electrical conductivity. The lithium secondary battery of a 

new system which reduces the interface resistance between the electrode and electrolyte is developed 

by introducing poly(EDOT-co-DMTP) having excellent   electrochemical stability as an anode 

material, p-doped PEDOT as a cathode material and oligo (3,4-ethylene dioxy thiophene) as an 

electrolyte, all the similar thiophene-based conductive polymer. And the characterization was done by 

FT-IR, impedance analyzer, linear sweep voltammetry and cyclic voltammetry[1,2]. 

 

 
 

All solid battery images (a) with the interfacial resistance (b) without the interfacial resistance 
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Conventional heat radiating materials are produced by simply dispersing ceramic fillers in a polymer 

matrix. Conventional heat radiating material forms a heat transfer path over 50 wt% of ceramic filler 

occurred which is the decrease in tensile strength of the heat radiating material due to the high content 

of ceramic fillers is a barrier to commercialization and market expansion.[1] In this study, we use 

amphiphilic block copolymer which can selectively disperse Al2O3, thermally conductive filler. If 

Al2O3 is selectively dispersed through interaction with a specific block in a phase-separated block 

copolymer, Al2O3 is concentrated in a specific block. And by adding carbon nanotubes to act as a heat 

transfer bridge between Al2O3 to form a 3D network heat transfer path as shown in Figure 1. Therefore, 

since the filler participates in the formation of the heat transfer path with a higher probability than the 

conventional ceramic filler heat radiating material, the heat transfer path can be formed even at    

50 wt% or less. Accordingly, it is possible to lower ceramic filler content of the heat radiating material, 

and dispersing the stress by the carbon nanotube, it is expected to develop an electric insulating heat 

radiating material having improved tensile strength as well as thermal conductivity. 

 

Figure 1. Composite diagram of AB diblock copolymer with Al2O3 and carbon nanotube filler. 
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Electronic devices used in automobiles, electrical and electronic fields, etc. are seeking to be lighter, thinner, 
smaller, and more functional. As the electronic device becomes more integrated, more heat is generated. This 
heat not only degrades the function of the device but also causes malfunctions of peripheral devices. Looking 
at the components of the heat dissipation material, most of the composite material is a mixture of carbon-
based material and high thermal conductivity fillers such as ceramics and polymer materials.[1] However, in 
order to achieve high thermal conductivity of the polymer composite material, a large amount of filler must be 
included. In this case, processing conditions become difficult and mechanical strength of the product is 
lowered. In this study, a new heat dissipating material filler was prepared by encapsulating paraffin, one of 
the phase change materials, with polyurethane (PU) containing alumina. The microcapsule and ceramic 
fillers, which are mainly used for heat-dissipating materials, are dispersed together in a matrix to form a 
composite, unlike the conventional method of releasing heat only quickly in a timely manner. It is expected to 
act as another heat sink by first discharging it and then dissipating heat during periods of inactivity. 
Therefore, the use of the prepared microcapsule with other conventional ceramic fillers can reduce the filler 
content because the efficiency of the filler increases. As a result, it is expected that the problem of 
deterioration in mechanical strength can be solved because it does not need to increase the filler content while 
acting as an efficient heat dissipation. 
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Introduction 

  Aqueous counter collision (ACC) method, 

which is a physicochemical method to prepare 

nanocellulose (NC),  provides single 

nanofibers from bio-based materials.1) -3) When 

natural cellulose is used as a raw material, it is 

refined into nanofibrils from one end of 

cellulose fiber by the ACC method.3) This 

suggests dependence of the downsizing 

process on the chain polarity of the cellulose 

fiber.4) 

  Natural cellulose fiber has a crystal structure 

of cellulose I, in which molecular chains are 

parallel-packed and their reducing ends are 

oriented in the same direction. On the other 

hand, mercerized and regenerated cellulose 

have another crystal structure of cellulose II, in 

which the reducing ends are alternately aligned. 

It is known that cellulose II has no clear 

microfibrils so that cellulose II fibers have 

more uniform structure than cellulose I fibers.5) 

  At present, it is unclear that ACC-NC can be 

produced from regenerated cellulose having 

more uniform internal structure. In this 

research, therefore, the ACC treatment was 

applied to regenerated cellulose to clarify 

whether NC can be made from regenerated 

cellulose. 

 

Materials and methods 

  Cupro (Benberg, Asahi Kasei Co.) was used 

as a regenerated cellulose. Deionized water 

was added to the cupro to adjust its 

concentration to 0.01 and 0.05 wt%.  Cupro 

was refined by using homogenizer of a 

rotational speed at 20000 rpm. After 10 

minutes homogenizing, the ACC treatment was 

performed under a condition of a number of 

collisions of 60 Pass and a collision pressure of 

200 MPa. 

  The morphology of cupro fibers after the 

ACC processing was observed by using atomic 

force microscope (AFM) and transmission 

electron microscope (TEM). For AFM, 

dispersed water was dropped on a mica 

substrate, followed by air-drying for 

observation. For TEM, dispersed water was 

dropped on a copper grid, then negatively 

stained and freeze-dried. The image obtained 

by each microscopy was subjected to analysis 

of fiber length and width by using a software, 

ImageJ. 

  The sample suspension after the ACC 

treatment was freeze-dried and then its 

crystalline structure was examined by wide 

angle X-ray diffraction (WAXD) in the range 

of 2θ = 5 to 40° under the conditions of a 

current of 40 mA and a voltage of 40 kV. 

 

Results and discussions 

  As a result of AFM observation, rod-like 

nanosized fibers were observed. TEM 

observation revealed the presence of NC 

having a shape cleaved from both ends of 

cellulose fiber. In constant, microcrystalline 

cellulose-derived ACC-NC having the crystal 

structure of cellulose I have been cleaved from 

one end of cellulose fiber.3) This suggests that 

the cleavage process for cellulose I and 

cellulose II is different with each other. It is 

also inferred that this fiber is fibrillated into 

fine branches from both ends of a single fiber. 
Nano-sized fibers obtained from cupro 

disagreed with the definition for NC, the aspect 

ratio of 100 or more, and there after the fibers 

are referred as regenerated cellulose nano-rods 

(RCNR). 

  The WAXD diffraction image showed the 

same diffraction peaks corresponding to (1 -1 

0), (1 1 0), and (0 2 0) planes before and after 

the ACC treatment. This result also indicates 

that the cupro retains the crystal structure of 

cellulose II even after the ACC treatments. 
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Introduction 

Cellulose is the most abundant and 

commercially available biopolymer on earth. 
The biosynthesis is achieved hierarchically by 

nano-scaled fibril spinning machinery of 

cellulose synthase complex (CSC), a 
membrane-bound multimeric enzyme 

complex1). Multiple cellulose molecular chains 

polymerized by cellulose synthase (CS) 

subunits are assembled into a cellulose fiber. 
This unique structural formation mechanism 

leads to the remarkable characteristics of native 

cellulose. Hence, fully understanding of the 
biosynthesis mechanism is essential, which also 

enables the production of tailored cellulosic 

structures for various possible applications. 

A cellulose-producing bacterium, Acetobacter 
xylinum, has been widely studied for a model-

organism of the cellulose biosynthesis. 

Although decades of studies using extracted CS 
clarified cellulose polymerization mechanism2), 

it remains still unclear. Considering that 

cellulose fiber fabrication is achieved by CSC, 
monitoring cellulose synthesis using the CSC 

with native arrangement would be a 

breakthrough for understanding of the 

crystallization mechanism.  
Here, we have attempted to construct semi-

artificial cellulose fiber secretion system using 

cellulose synthases with native-like 
arrangement. Namely, intact CSCs of A. 

xylinum were prepared by transferring whole 

plasma membrane onto substrate for incubation 
with reaction buffer (Scheme). 

Material and methods 

First, peptidoglycan cell wall of A. xylinum 

was enzymatically digested to prepare the 
spheroplasts, which are cells surrounded only 

by plasma membrane. CcpAx3), part of the CS 

component, with enhanced green fluorescent 
protein (EGFP) was used as a probe for 

visualization of CSs on plasma membranes of 

spheroplasts. Then, plasma membrane sheets 

were prepared by ripping off the plasma 
membranes from the spheroplasts using poly-L-

lysine-coated glass coverslip4). Finally, the 

membrane sheets on the coverslip were 
incubated with reaction buffer containing 5 mM 

UDP-glucose, 10 μM cyclic-di-GMP, and 20 

mM MgCl2 for 60 min at 25C. Products stained 

with Calcofluor White (CW), general 

fluorescent dye for cellulose, were observed by 
fluorescent microscopy. 

Results and discussion 

After enzymatic digestion, rod-shaped A. 
xylinum cells became spherical-shaped 

spheroplasts. The spheroplasts of CcpAx-EGFP 

tag line clearly showed thin curved fluorescence 

line. The curved line might be due to the 
spherical morphology of the spheroplast. This 

result indicates that spheroplasts retained their 

CS arrangements even after digestion of the 
peptidoglycan layer. Membrane sheets were 

successfully prepared by physical bursting, and 

their formation was confirmed by fluorescent 

microscopy. 
Fiber-like products were observed on the 

coverslip by staining with CW after the reaction. 

This result indicates the cellulose fiber was 
secreted by cellulose synthases embedded in the 

plasma membrane sheets of spheroplasts. More 

detailed characterization of the products is now 
in progress.  
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Scheme Semi-artificial cellulose synthesis using 

membrane sheets of Acetobacter 
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Introduction 

In the efforts to develop Sodium ion batteries as 

an alternative to lithium ion batteries, the 

synergistic effects of alloy materials[1] and carbon 

support matrix[2] in conjunction with binder[3] and 

electrolyte additives[4] are of utmost importance. 

In this work SbTe electrodes with 20%, 30% and 

40% carbon have been fabricated with PVDF and 

PAA binders and electrochemically evaluated 

with 0%, 2% and 5% FEC added electrolyte at a 

current rate of 100 mA g-1. The electrodes with 

PVDF binder showed enhanced capacity 

retention with the cells containing 20%, 30% and 

40% carbon and 5% FEC added electrolyte 

exhibiting reversible capacities of 34, 69 and 168 

mAh g-1, respectively retaining 8.1%,17.4% and 

44.8% of their respective capacities after 100 

cycles. However, the electrodes with PAA as 

binder and 5% FEC added electrolyte in the cells 

with 20%, 30% and 40% carbon exhibited a 

reversible capacity of 408, 373, and 341 mAh g-1, 

respectively, retaining 93.5%, 93.4% and 94.4% 

of their respective capacities after100 cycles.  

 

Results and Discussion 

Figure 1 -Cycle performance of SbTe-C20, 

SbTe-C30 and SbTe-C40 electrodes with PVDF 

and PAA binders and 0%, 2%, and 5% FEC. 

From figure 1, it can be observed that the increase 

in carbon percentage increases the retention 

capabilities of electrodes with PVDF binder. 

However, the electrodes with PAA as binder 

exhibit superior retention capabilities irrespective 

of carbon percentage. 

Conclusions 

Carbon support matrix has a significant role but 

the role of binder is much more prominent in 

enhancing the stability, cyclability and rate 

capabilities of anodes in sodium ion batteries.  
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Introduction 

High-temperature Polymer electrolyte 

membrane fuel cells (HT-PEMFCs) are good 

renewable energy devices due to the advantages 

of eco-friendly and high energy efficiencies. 

The electrode catalyst layers in HT-PEMFCs 

were included catalyst (mainly Pt), carbon black, 

a polymer binder, and a solvent to disperse these 

components. In addition, the contents and type 

of polymer binders in the catalyst layer are 

deeply affected to the cell performance of HT-

PEMFCs. Therefore, control of the binder 

distribution is necessary in order to understand 

and improve the performance of the electrode. 

In this study, we investigated how the binder 

distribution changes with changing binder 

content on a Pt/C catalyst using full atomistic 

MD simulations using PTFE binders.  

 

Results and Discussion 

Fig. 1 indicated that the PTFE binder 

increasingly covers the Pt/C surface with 

increasing PTFE contents. The PTFE-binders 

gradually covered the Pt particle and the carbon 

surface with increasing PTFE-binder content. 

 
Fig. 1 Equilibrated Pt/C-surface structures with 

PTFE contents.  

 The distribution of the PTFE binder on the Pt 

surface has a positive effect that fixes the Pt 

particle to the surface and enhances Pt 

durability. However, the negative electrical-

insulating effect of the PTFE binder results in a 

loss of the catalytic Pt surface in the electrode. 

Fig. 2 indicated Pt surface coverage which is 

the sum of the upper and lower parts of the Pt 

surface that are in contact with PTFE and the 

carbon surface. Pt surface coverage were 

gradually increased that the PTFE content was 

increased. At low content (4.0 wt%), the lower 

part of the Pt surface is predominantly covered 

by the PTFE binder. With increasing binder 

content (to 20 wt%), the upper part of the Pt 

surface becomes increasing covered with the 

PTFE binder; however, no significant change is 

observed as the PTFE-binder content exceeds 

20.0 wt%. We expect that the catalytic 

performance of the Pt will be significantly 

poorer at PTFE-binder contents above 20 wt%. 

We conclude that the optimum PTFE-binder 

content is around 20 wt% which is reasonable 

well agreed with the experimental results.1 

 
Fig. 2 Pt surface coverage between PTFE binder 

and the carbon surface, with changes in PTFE-

binder contents. 
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Introduction 

Growing worldwide demand for energy has 

seen the development of energy-storage and 

conversion technologies accelerate. Among 

various technologies, the polymer electrolyte 

membrane fuel cell (PEMFC) is a potential 

device that only produces water as a waste 

product1,2 .The efficiency of polymer electrolyte 

membrane cells (PEMFCs) depend highly on 

the rate of the oxygen reduction reaction (ORR). 

Metallophthalocyanine (MPc) complexes are 

attractive since their electrocatalytic 

performance can be tuned by using the different 

transition metal, the structure of the complex, 

the C-support matrix, and the oxidant that 

affects the outcome of the oxidation. In this 

study, we investigated the effect of graphene 

quantum dot (GQD) in MnPc and FePc on ORR 

activity by using density functional theory 

(DFT). 

 

Results and discussion 

Through all calculations, both  MnPc, FePc 

single-atom-catalyst and GQD-supported these 

MPcs would be able to facilitate four-electron 

oxygen reduction mechanisms suitable to apply 

for efficient non-precious electrocatalyst of 

PEMFC. Moreover, during two possible oxygen 

reduction reaction (ORR) mechanism, 

associative is the energy favourable route with 

OH* formation is the rate-limiting step in 

FePc/GQD, meanwhile, the formation of OOH* 

is the rate-determining step in all three 

remaining systems. We also show that the 

calculated HOMO-LUMO gap of the both 

MnPc and FePc functionalized with GQD are 

lower than that of in pristine systems. Therefore, 

GQD appears to significantly enhance the 

electronic properties of monolayer systems.  

 

 

Figure 1. ORR free-energy diagrams at zero 

potential (U = 0 V, blue),  equilibrium potential 

(U = 1.23 V, green), and the highest potential at 

which all reduction processes are exothermic 

(red) 

 

Conclusion 

The GQD significantly enhances the electronic 

properties and ORR activity of MPc. Moreover, 

GQD is a strong C-support-matrix candidate  

for   high-efficiency  catalysts  used  in  

PEMFCs. 
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Introduction  

Nanocellulose (NC) has attracted attention as 

a new bio-based material having excellent 

mechanical properties. In particular, its 

nanocomposites with resins have been 

extensively studied in order to take an 

advantage of the characteristics of NC. In most 

cases, a homogeneous random dispersion of NC 

in a resin matrix is considered critical. In 

contrast for nature, a functional emergence 

occurs due to a patterned hierarchical structure. 

For example, plant cell walls contribute to tough 

mechanical properties in a tree. If such a cell 

pattern can be embedded into a resin, it is 

expected to obtain a new type of nanocomposite 

resin material having superior mechanical 

properties. 

NC is believed to exhibit high hydrophilicity 

because of abundant hydroxyl groups present 

on its surface. However, NC prepared by the 

aqueous counter collision (ACC) 

method1,2)(ACC-NC) is supposed to have both 

hydrophilic and hydrophobic planes on a single 

fiber surface, inducing their amphiphilic 

properties3-5). Kondo et al. proposed that the 

ACC-NC adsorbs well to hydrophobic 

crystalline resins such as polypropylene (PP)6). 

In addition, this compounding process provided 

high impact-resistant into PP resins containing 

nanocellulose 3D honeycomb frames. Thus, the 

stress dispersion by the honeycomb cell is 

expected to contribute to improvement in the 

elastic modulus of the elastomer. Therefore in 

this paper, we have investigated introduction of 

honeycomb cell pattern of the ACC-NC into the 

styrene elastomers for fabrication of a new 

functional elastomer. 

 

Materials & Methods 

Preparation of NC/resin particles 

ACC-NC was prepared by the ACC 

treatment according to our previous papers3)   

from a pellicle secreted by Gluconacetobacter 

xylinus. 80 mL of the obtained NC dispersion 

was mixed with 4 g of elastomer fine particles 

(diameter 500 μm or less), and then shaken at 

250 rpm for 30 minutes. The sample mixture 

was collected by using a sieve having a mesh 

diameter of 180 μm. Following the collected 

sample was washed to remove non-adsorbed 

NC, it was dried at 50 °C. The elastomer 

particles were molded into a sheet shape under 

predetermined conditions by hot pressing 

(110 °C).  

Confocal laser scanning microscopic (CLSM) 

observations 

 The obtained particles and their molded sheets 

were subjected to CLSM observation. Both 

samples were stained with calcofluor white 

(CW) that is supposed to indicate the 

hydrophilic surface of cellulose nanofibers (Ex: 

405 nm, Em: 430-470 nm).  

 

Results & Discussion 

CLSM images showed CW fluorescence on 

the surface of the elastomer particles, indicating 

ACC-NC was adsorbed onto the surface of 

elastomer particles.  

The sheet prepared by hot-pressing of the 

NC-coated elastomer 

particles had cellulose 

honeycomb cell 

patterns in the 

elastomer matrix (Fig 

1).  The honeycomb 

patterns in this 

composite are ex-

pected to contribute to 

the unique mechanical 

properties.  
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Fig 1. CLSM image of 

elastomer sheet with 

honeycomb cell network  
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Introduction The aqueous counter collision 

(ACC) 
1,2)

 method using dual water jets was 

found to reduce bio-based raw materials into 

nano-size objects. The collision energy can 

overcome weak molecular interactions such as 

van der Waals forces 
2,3)

. When ACC was 

applied to the bacterial cellulose (BC) pellicle 

secreted from Gluconacetobacter xylinus 

cultivated in a dissolved oxygen atmosphere 
4)

, 

the resultant single has been formed to exhibit 

unique morphology
 
like sea-anemone (Cellulose 

nanoanemone). Furthermore, the tentacle-like 

ends appeared to be reducing ends (REs). In this 

study, fluorescent modification was applied for 

the REs as a reactive site, and then the Brownian 

motion of the fiber was monitored successfully 

in the water by using the fluorescent prove (see 

Schematic figure). 

 

 

 

 

 

Experimental According to the previous 

method 
4)

, two types of BC pellicles were 

prepared in normal and dissolved oxygen 

cultivations, respectively. After the ACC 

treatments of BC pellicles, phenylhydrazine was 

introduced into REs. Then, the modified BC 

single nanofibers were adsorbed onto 

polypropylene (PP) particles. Prior to confocal 

laser scanning microscopy, the cellulose 

nanofiber on the PP particles were stained with 

calcofluor white (CW). Following discoloration 

of CW under continuous UV irradiation, 

time-lapse observation was carried out for 

visualization of the phenylhydrazine modified 

region on single fiber. As a reference, the 

movement of phenylhydrazine modified fibers 

without CW was observed in water.   

Results and discussion By time-lapse 

observation, whole fiber and the area of REs 

could be distinguished in a single fiber. 

Fluorescent images were selectively observed on 

the branched area of cellulose nanoanemone 

after CW discoloration. These results indicated 

that the branch areas were all REs. In water, 

cellulose nanoanemone were behaved like a fire 

fly, whereas ACC-BC derived from normal 

culture was slightly observed. By monitoring the 

behavior, the hydrodynamic diameter of 

cellulose nanoanemone was calculated from the 

Brownian motion. The value of the 

hydrodynamic diameter indicated that the 

flexible branches of the cellulose nanoanemone 

were spread in an aqueous system. 
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Introduction 

The properties of nylon are high strength, 

elasticity, chemical resistance, and abrasion 

resistance [1, 2]. However, because of the low 

absorption rate, nylon fabric creates a layer of 

water vapor between the skin and the fibers, 

which is uncomfortable [3]. In order to develop 

new hydrophilic polyamide, co-polyamide 

based on nylon 6 and nylon 4,6 was 

polymerized with polyethylene oxide (PEO)-

polypropylene oxide (PPO) diamine. According 

to concentration and molecular weight of PEO-

PPO diamine, the structure of nylon 6 and nylon 

4,6 - PEO - PPO diamine copolymer in a fiber 

form were analyzed by X-ray diffraction (XRD), 

differential scanning calorimeter (DSC), 

dynamic mechanical analysis (DMA), gradient 

density column and gas pycnometry. The 

analysis of moisture regain and tenacity was 

revealed that new polyamide (NPA) exhibited 

7.38% moisture regain and 2.85g/denier 

tenacity. 

 

Experimental method 

In accordance with KS K 0220 : 2016 

regulations, sample was left for 2 hours at 

105±2℃ using convection oven (Dongwon, 

CO-72, Korea), and the dried weight of 

copolymer fiber was measured. Thereafter, 

sample was left for 24 hours at 20℃ and R.H. 

(relative humidity) 65% condition using 

constant temperature and humidity chamber 

(Dongshin R&H engineering co. Ltd., DW-TH-

1510T, Korea), and the standard weight was 

measured. The moisture regain was calculated 

using Eq. 1. O is the weight of the sample in 

standard state and D denotes the weight in dry 

state. 

    Moisture regain(%) =
O−D

𝐷
× 100          (1) 

Results and discussion 

According to the increasing content of PEO-

PPO diamine (Molecular weight : 900), 

moisture regain increased from 4.64% to 7.43%, 

tenacity decreased from 3.04g/denier to 

2.30g/denier. It is considered that moisture 

regain increases and tenacity decreases because 

PEO-PPO diamine increased amorphous region 

of NPA.  

Compared to molecular weight of PEO-PPO 

diamine in NPA, the NPA contained PEO-PPO 

diamine (MW : 2,000) has low moisture regain. 

It is considered that high molecular weight 

PEO-PPO diamine has high crystallinity. 
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Introduction 

Titanium dioxide (TiO2) nanoparticle is one of 

the most fascinating photocatalytic materials 

that has chemical stability, non-toxicity, high 

photo-reactivity and economic feasibility. In 

nature, TiO2 exists in three different crystalline 

phases: anatase, brookite and rutile[1]. Each 

phase has different physical and chemical 

properties. Anatase is a thermodynamically 

metastable phase which is widely used as a 

photocatalyst because of it’s high photocatalytic 

performance under UV-light. Also, brookite is 

thermodynamically metastable phase of TiO2 

and not only has excellent photocatalytic 

performance under UV-light but also has good 

photocatalytic performance under visible light. 

However, brookite hasn’t been researched well, 

because of the lack of manufacturing 

technology of  pure phase of brookite. Rutile is 

the thermodynamically stable phase; however, 

rutile is rarely used as photocatalyst since rutile 

has poor photocatalytic performance. Recent 

studies have shown that the bi-crystalline phase 

containing rutile has a synergistic effect of the 

photocatalytic performance[2]. Also, other 

researchers reported that the photocatalytic 

performance of TiO2 was increased after heat 

treatment[3]. Therefore, in this study bi-

crystalline phase of TiO2 nanoparticles were 

synthesized using hydrolysis method at low 

temperature. Raw samples were calcined at 

different temperatures to evaluate the effect of 

the calcination temperature on the 

photocatalytic performance of TiO2 

nanoparticles. Besides, self-cleaning property 

of TiO2 coated fabrics was also evaluated under 

UV-light irradiation through monitoring 

Methylene blue and organic pollutants removal. 

 

Results and Discussion   

Brookite-rutile phase of TiO2 was synthesized 

from the aqueous TiCl4 solution, which was 

prepared with adding 5M HNO3 solution by 

hydrolysis method at 80 ℃. After that, the 

synthesized sample was calcined at 800 ℃. The 

particle size of the synthesized and calcined 

samples and their phase transformation were 

investigated by X-ray diffraction (XRD). The 

XRD peaks indicated that, after heat treatment, 

the particle sizes were increased from 10 to 40 

nm which were calculated by Scherrer equation.  

The phase transformation from brookite-rutile 

to anatase-rutile phase was observed by 

monitoring each of their characteristic peaks (2θ 

= 25.3°, 30.8° and 27.5°; anatase, brookite and 

rutile, respectively)[4].  

The photocatalytic performance of bi-

crystalline phase of TiO2 coated fabric for the 

degradation of Methylene blue and organic 

pollutants was investigated. The calcined TiO2 

showed higher photocatalytic performance than 

unheated one and Degussa P25 which is 

commercially well known. 
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Introduction 

Aqueous counter collision (ACC) method, 

developed by Kondo et al., can provide a Janus 

type amphiphilic nanocellulose (ACC-NC) 1-3). 

In our previous studies, polypropylene (PP) 

micro-particles were successfully coated with the 

ACC-NC derived from bamboo bleached kraft 

pulp by mixing in water without additives. The 

adsorption of ACC-NC induced melting point 

depression on the surface layer of polymers 4). 

The NC-coated PP particles were collected and 

pressed on heating at a temperature where only 

the surface layer melts, resulting in forming 

network structure like 3D-honey comb of ACC-

NC embedded in PP matrix 5). When this novel 

compound was processed to be composited on 

PP/ACC-NC, the impact resistance of the product 

exhibited a significant improvement with the 

extremely few addition of ACC-NC. 

The key factors are related to ACC-NC 3D-

honey comb network and facilitation of PP 

crystallization due to ACC-NC coverage 

surrounding PP particles. In this study, 

differential scanning calorimetry (DSC) was 

carried out for the PP particle covered with the 

ACC-NC. The result was interpreted from the 

viewpoint of nucleating effect of ACC-NC on PP. 

PP crystallization on ACC-NC was also observed 

by polarizing microscope (POM).   

 

Experiments 

Aqueous dispersion containing 0.01 wt% 

ACC-NC and PP particles with 500 μm in 
diameter (Prime Polypro®) were mixed and 

stirred at room temperature for 30 minutes at a 

weight ratio of 1:4. The PP particles coated with 

ACC-NC were washed with deionized water and 

then dried at 50 °C overnight. 

Non-isothermal crystallization and melting 

were performed under a nitrogen atmosphere with 

DSC: the sample 5.00 ± 0.05 mg powders was 

heated from 20 °C to 200 °C at 200 °C/min and 

kept at 200 ° C for 10 minutes. Then, it was 
cooled to 50 °C at 10 °C /min to observe 

crystallization temperature. Next, the temperature 

was raised again to 200 °C at 10 °C/min to 

observe the endothermic melting point. The 

crystallinity was calculated based on the enthalpy 

of fusion of the peak.  

The ACC-NC on PP particles were stained 

with calcoflour white indicating hydrophilic 

surface of cellulose. Then, multipurpose test 

pieces were prepared from the stained particles by 

uniaxial injection molding. The test piece was 

provided for CLSM and POM observation  to 

visualize 3D-honey comb network of ACC-NC 

and epitaxial PP crystallization on the ACC-NC 

network. 

 

Results and Discussion 

The therrmogram of PP crystallization on 

the ACC-NC was broader than that of neat PP. 

This indicates that PP crystalline polymorph was 

generated, which implies formation of different 

crystals formed on the ACC-NC scaffolds. Both 

crystallinity and melting point of recrystallized 

PP coated with the ACC-NC were also higher 

than that of neat PP. Namely, the crystalline 

polymorph was thermodynamically more stable 

in comparison with the case of neat PP. 

 In the multipurpose test piece, 3D-honey 

comb network of the ACC-NC was visualized by 

CLSM. In addition, shish kebab-like structure of 

PP on the ACC-NC was observed by POM. 

In summary, 3D-honey comb scaffold of 

the ACC-NC suggested to promote crystallization 

of PP and the crystal was dissimilar from neat PP 

in the point of thermal stability. 
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Introduction:  
Nanocellulose (NC) has attracted interests as a 

filler for composite materials due to their 

superior properties such as mechanical strength, 

and renewable feature1). Aqueous counter 

collision (ACC) method proposed by Kondo et 

al.2, 3) is capable of preparing the amphiphilic 

NC (ACC-NC), whereas general NCs have 

highly hydrophilic surfaces. The ACC-NC has 

inherent hydrophobic plane exposed by ACC 

process together with hydrophilic OH-groups 

on its single fiber4, 5). Therefore, the ACC-NC 

exhibits unique adsorption characteristics into 

hydrophobic polymer particles in an aqueous 

system, which is under developing as a novel 

compounding process6). In this adsorption 

phenomenon, not only amphiphilicity of the 

ACC-NC but also morphological structures e.g. 

a polymer particle size and a surface roughness, 

which are assumed as a significant factor. Thus, 

this study has focused on the influence of a 

particle curvature and functional groups on the 

polymer surfaces on adsorption properties of 

the ACC-NC. 

 

Materials and methods:  

Bacterial cellulose pellicles produced by 

Gluconacetobacter xylinus were subjected to 

the ACC system under an ejecting pressure of 

200 MPa for 60 pass to prepare the ACC-NC. 

Polystyrene (PS) microsphere was synthesized 

from ammonium persulfate and styrene in the   

two phase system under N₂ atmosphere, 

following conditions: 65℃, 300 rpm, 24 h. PS 

particles (particle diameter: 137.7 ± 46.8 µm) 

were obtained by washing with water and 

ethanol using the nylon mesh filter (pore size: 

40 µm). UV oxidized PS microsphere (UVPS), 

which have polar groups, was obtained by UV 

irradiation at 254 nm, for 30 h to investigate 

influence of surface functional groups. The 

aqueous dispersion of ACC-NC and PS or 

UVPS particles were mixed, and then dried at 

50℃. After drying, non-adsorbed ACC-NC was 

removed by washing with deionized water, and 

the particles re-dried at 50℃. Adsorption 

density, height and length of ACC-NCs 

adsorbed onto PS/UVPS particle were 

measured by atomic force microscopy (AFM).  

 

Results and discussion:  
As a result of AFM observation, adsorption 

density of the ACC-NC on the PS/UVPS curved 

surface was increased with increase in the 

particle diameter. It was implied that the 

adsorption interaction between ACC-NCs and 

PS/UVPS microspheres are influenced by the 

rigidity of ACC-NCs. ACC-NCs adsorbed on 

PS were shorter and thinner (length: 2.31 ± 1.72 

µm, height: 12.85 ± 6.07 nm) in comparison to 

those on UVPS surface (length: 3.07 ± 2.07 µm, 

height: 15.28 ± 7.83). Smaller nanofibrils might 

be suffered by a higher degree of pulverization, 

and therefore have more hydrophobic plane by 

the ACC treatment. This leads to a possibility of 

strong interaction engaged between more 

pulverized ACC-NC and hydrophobic PS 

surface. Moreover, the inherent twist of 

bacterial cellulose is released during the ACC 

process7), and possibly it has flat shape, results 

in acceleration of the adsorption.  

 

Conclusion:  

Preferential adsorption of the amphiphilic 

ACC-NC onto PS particle can be due to surface 

properties of more nano-pulverized ACC-NCs. 

Therefore, not only surface modification but 

also control of morphological structure of the 

building blocks would be a key factor for 

fabrication of a new cellulose based composite 

materials.  
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Introduction 

- Although anatase and brookite consist of TiO2 

units, they possess different photocatalytic 

properties1. Here, a hybrid functional2 and the 

Hubbard on-site potential3 method were 

employed to determine electron- and hole-

polaron geometries for anatase and brookite, 

and their energetics. Localized electron and 

hole polarons were not observed in anatase 

using DFT with hybrid functionals4. In contrast, 

both electron and hole polarons were observed 

in brookite. The brookite has coexisting 

localized and delocalized states, with hole 

polarons mainly dispersed on two-coordinated 

oxygen ions. Hubbard on-site potential revealed 

that the brookite polarons are formed at U = 6 

eV, while anatase polarons are formed at U = 8 

eV. The brookite electron polaron was localized 

on a single titanium ion, whereas the hole 

polaron was dispersed over four oxygen atoms, 

consistent with the hybrid DFT studies. The 

electron polarons in anatase were dispersed at 

lower on-site potentials but were more localized 

at higher potentials. A higher driving force for 

the formation of polarons in brookite than in 

anatase was predicted by both methods. 

 

Results and Discussion 

 
Figure 1– Anatase plaron structures (upper 

panel) and brookite polaron structures (lower 

panel) predicted from Hubbard model. 

 

Figure-1illustrates our main results. Anatase 

shows more delocalized electron polarons, but 

the hole polarons are localized onto an oxygen 

atom in a twofold coordination. On the other 

hand, brookite demonstrates highly localized 

electron polarons and slightly delocalized hole 

polarons. Thus, at the high concentration limit, 

brookite produces both electron and hole 

polarons effectively.  

 

Conclusions 

Both hybrid functional and Hubbard model 

clearly predict that brookite has a higher 

polaron-producing driving force than anatase.  
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Introduction 

A typical polymer electrolyte membrane fuel 

cells (PEMFC) consists of a membrane 

electrode assembly (MEA), which mainly 

includes a polymer membrane (PEM) and a 

catalyst layer (CL). CL in PEMFCs is 

composed of catalyst and support material, 

generally using platinum and carbon 

respectively. When the PEMFCs operate, 

perfluorosulfonic acid (PFSA) polymer in PEM 

becomes segregated to hydrophilic and 

hydrophobic domains under hydration process 

due to their inhomogeneous structure. However, 

this segregated structure of the ionomer film 

shows different nano-structure in catalyst layer 

due to interfacial effect, which is the main cause 

of reduced transport properties.   

In this study, we performed full atomistic 

molecular dynamics (MD) simulations in order 

to understand nano-phase structure of the 

hydrated ionomer ultrathin film on the surfaces 

of CL at 353.15K. We studied Nafion ultrathin 

film on the two surfaces in CL; catalyst surface 

which is hydrophilic (platinum in this paper) 

and support surface which is hydrophobic 

(carbon sheet). 

 

Result and Discussion 
 

Fig.1 Top-view snapshots of equilibrated 

Nafion ultrathin film at the distance of 2.8 Å 

from (a) Pt surface and (b) carbon surface under 

different hydration level (λ). Color code: white, 

gray, red, blue, and yellow are hydrogen, carbon, 

oxygen, fluorine, and sulfur, respectively. 

 

Visual inspection in Fig.1 shows that water 

molecules, hydronium ions and sulfonic acid 

groups dominate on the nearest Pt surface, while 

Nafion PTFE backbones dominate the nearest 

carbon surface. Structural analyses confirm that 

inhomogeneous distribution of molecules leads 

to different hydrophilic regions on Pt and 

carbon surface, when they segregate to 

hydrophilic-hydrophobic domains. Compared 

to carbon surface, those segregated hydrophilic 

and hydrophobic regions on Pt surface show 

higher concentration of their composition with 

lower solvent volume and more aggregated 

chain morphology. Considering the distinctly 

layered hydrophilic-hydrophobic domains in 

Nafion ultrathin film from our results, possible 

transport mechanisms depending on surface 

hydrophilicity will be narrowed to certain 

respect. We expect that this investigation will 

shed light to the further researches to design 

highly performing PEMFC.  
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Introduction 

The aqueous counter collision (ACC) 

method1,2) was found to reduce bio-based raw 

materials into nano-size. The advantage of this 

method is that only intermolecular interactions 

are cleaved without chemical modification of 

the raw materials. Therefore, nanofibers 

reflecting the characteristics of the raw 

materials can be prepared1-3). 

 In order to use the raw materials for the ACC 

treatment, some pretreatments are required, e.g. 

pulping. We used a mild alkali cooking 

method4) that was developed as a pretreatment 

for bamboo. Since this method is milder than 

kraft cooking, the nanofibers obtained with this 

method should be more reflecting the properties 

of the raw material. 

To date, it has been reported that the ACC 

nanocellulose forms a Pickering emulsion2). It is 

considered that the chemical and physical 

properties of the nanofibers are greatly related 

to the formation of Pickering emulsions. In this 

study, we used soybean hulls (SH), which are 

one of unused biomass, as a raw material, and 

examined its emulsification characteristics of its 

ACC-treated products. 

Experiments 

As a raw material, SH (J-OIL MILLS, Inc.), 

bacterial nanocellulose (BNC) and 

microcrystalline cellulose (MCC) were used. 

SH was subjected to mild alkali cooking4) as a 

pretreatment. After pretreatment, they were 

subjected to the ACC treatment. Zeta potential 

of each nanofibers was measured. 

Emulsification experiments were performed 

using each nanofiber suspension prepared to 0.2 

wt%. As the oil phase, cyclohexane, toluene, 

oleic acid, and soybean oil were used. 3 ml each 

of the oil phase and the aqueous phase was 

mixed using a vortex for 2 minutes. In addition, 

emulsification experiments were conducted for 

cyclohexane and oleic acid on each nanofiber 

suspensions prepared with sodium chloride.  

Results and Discussion 

The zeta potential measurements provided the 

value of nanofibers derived from SH (ACC-SH) 

was -26.2 mV. This value was greater than 

nanofibers derived from BNC (ACC-BNC: -

19.0 mV) and smaller than nanofibers derived 

from MCC (ACC-MCC: -38.3 mV). 

As a result of the emulsification experiments, 

in the case using non-polar liquid oil phase  such 

as cyclohexane and toluene, the emulsion phase 

ratio was in the order of ACC-SH > ACC-BNC 

> ACC-MCC. In the case using oleic acid and 

soybean oil with a relatively higher polarity, the 

degree of emulsification was in the order of 

ACC-MCC > ACC-SH > ACC-BNC. When the 

oil phase were non-polar liquids, the smaller the 

zeta potential, and the easier they were to 

emulsify (except for ACC-SH). When relatively 

polar liquids were employed as the oil phase, 

the greater the zeta potential, and the easier they 

were to emulsify. 

The emulsification experiments were 

performed with each suspension added with salt. 

In general, the zeta potential decreases with salt 

addition. In the case of the oil phase using 

cyclohexane, the emulsion stability was 

improved by the addition of salt, regardless of 

raw materials. In the case of the oil phase using 

oleic acid, the degree of emulsification became 

smaller up to a salt concentration of 100 mM, 

regardless of raw materials. 

These results indicate that ACC-SH has other 

factors rather than zeta potential for affecting 

emulsification properties. It should be noted 

that the ACC-SH contains hemicellulose and 

lignin and its width is smaller than the other 

nanofibers. These may have affected the 

difference in emulsified state. 
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Introduction 

In vivo fabrication of composited bacterial 

nanocellulose (BNC) fibers with hyaluronic 

acid (HA) by genetically engineered 

Gluconacetobacter xylinus (G. xylinus; a Gram-

negative bacterium) was demonstrated. G. 

xylinus has long been attracted attentions for its 

unique cellulose (β-1,4 glucan) producing 

machinery which produces hierarchically and 

three-dimensionally structured nanofibers1. 

Previously, we engineered G. xylinus to secrete 

additional polysaccharide curdlan together with 

BNC, producing composite material with 

modified physicochemical properties2. In this 

work, by introducing a few genes required for 

synthesizing HA polymer, it was shown that G. 

xylinus can synthesize and secrete recombinant 

HA together with cellulose, assembling them 

into nanofibers. 

 

Results and Discussion 

HA synthase (pmhas3) and UDP-glucose 

dehydrogenase (ugd4) genes were derived from 

genomic DNA of Pasteurella multocida and 

Sinorhizobium melliloti, respectively. An 

expression plasmid vector was constructed by 

inserting these two genes together into pTI99 

plasmid, then transferred into G. xylinus cell.  

In the synthesizing process, HA is supposed 

to be at first accumulated inside of the cell, 

before its secretion into the culture medium. 

This was indicated by HA assay of the cultured 

products and confocal laser scanning 

microscopic (CLSM) observation for the 

engineered cells. Recombinant HA synthase is 

considered to be expressed on the inner 

membrane, so that the HA accumulation is 

probably occurring at the periplasmic space. 

In CLSM for the engineered G. xylinus cells, 

including which having cellulose synthesizing 

machinery visualized with fluorescent protein, 

it was also suggested that HA secretion is 

closely related to the inherent BNC synthetic-

secretory pathway.  

Namely, HA was 

secreted or extruded 

together with BNC 

through the same 

secretory pathway, then 

assembled into nano-

fibers (Fig.1.). 

Stationary culture 

of the engineered G. 

xylinus yielded a gel-

like membrane (called 

“pellicle”) consisting of nanofiber network. 

This pellicle contained very small amount of 

HA and the surface morphology seemed 

different from the native BNC pellicle (Fig.2.)  

This composited 

HA/BNC pellicle was 

then provided for 

human epidermal cell 

culture tests for 

evaluating biocompat-

ibility as a scaffold 

biomaterial. Even 

though the low HA 

concentration, this 

pellicle exhibited 

enhan-ced cell attachment and viability, 

compared to the native BNC pellicle.  

Accordingly, the current process can 

propose not only a novel pathway for self-

assembled nanofiber composites, but 

engineering of bio-functional materials using 

cellulose-producing bacteria. 
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Abstract 

In this study, the electrospinning machine was 

developed with a liquid bath support system, 

which is capable to achieve randomly 

organized three dimensional (3D) nanofibrous 

structure. These structures were fabricated 

using high speed stirring for liquid bath 

collector system resulting in fluffy and glibly 

structures. The resultant scaffold can satisfy 

requirement of structural properties such as 

macroscopic external shapes, internal 

architectures, porosity, and pore size. The 

structure and morphology of the nanofibrous 

scaffold were characterized by SEM. Our 

study encourages utilizing bio-PBS based 

nanofibrous scaffolds to have a great degree in 

biomimetic structures. 

Experimental  

Electrospinning has been carried out to get 

bead free fiber morphology for 2D as well as 

3D nanofibrous structures. The general setup 

of the electrospinning machine which was 

modified with the liquid bath setup and the 

battery-powered magnetic stirrer which 

facilitates the rotating of the small magnetic 

bar placed in the liquid of interest (Figure 1).  

 
Figure 1. Schematic design presentation of 

electrospinning machine setup for (a) 2D 

nanofiber and (b) 3D NSs. 

Results and discussion 
We realized all parameters for the 25% (w/v) 

PBS concentration, 15 kV applied voltage, 0.8 

mL/h flow rate, 15 cm gap between the 

electrodes and by using 21 gauge blunt-tipped 

needle, under ambient condition. The principle 

of nanofiber deposition and influencing 

parameters in electrospinning setup with a flat 

stationary stainless steel collector plate is the 

same as a liquid bath one. The interest of using 

liquid bath is thought to be that the fibrous and 

fluffy structure of deposited nanofibers can be 

easily reorganized without any fiber breakage. 

The liquid bath contains a non-solvent and it 

mainly depends upon the type of polymer and 

its precursor solution. The stirring creates 

circular motion in methanol solvent and it is 

easy to collect a bulk of dispersed PBS 

nanofibers. The collected bulk was transferred 

in a distilled water bath and washed 4-5 times 

to remove methanol from bulky nanofibers. 

Finally, 3D NSs were achieved by the freeze-

drying process (Figure 2).  

The nanofibers in the 2D nanofiber mats 

appeared closely packed together while in the 

3D NSs have a continuous and interconnected 

porous structure with the maximum surface 

area. It has been believed that cell attachment 

and growth accelerates on nanofibers with a 

smaller diameter due to the higher surface area. 

Conversely, increasing the pore size is an 

essential issue in biomimetic scaffolds because 

larger pores increase the possibility of nutrition 

and cell infiltration into the scaffold. Also, the 

obtained 3D NSs exhibit the retention 

properties after compressing manually. 

 
Figure 2. (a) Electrospun nanofiber dispersion 

in distilled water. (b) Pictorial presentation of 

freeze-dried 3D PBS NSs. (c) SEM 

micrograph 3D PBS NSs of top surface. 

Conclusion 
We successfully prepared 3D structural PBS 

nanofibrous scaffolds by using a self-modified 

electrospinning setup with a liquid bath system 

with the stirrer. This fluffy interwoven 

architecture 3D PBS NSs exhibits good 

retention properties also it will provide more 

surface area. We believed that the obtained 3D 

PBS NSs could provide cell culture and will 

have broad applications in the biomedical field 

like tissue engineering in a biomimetic 

structures. 
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Introduction 

Polyurethane acrylates (PUAs) have been 

widely used in the coating field because of its 

good mechanical properties and flexibility but 

water resistance is relatively poor due to the 

hydrolysis of ester groups [1]. It is well known 

that polydimethylsiloxane (PDMS) exhibits 

highly hydrophobic nature, results in low 

surface energy, and so widely applies in coating 

fields. In this study, mono-terminated reactive 

silicones (RS) which have two –OH groups in 

the PDMS chain were introduced into the side 

chain of polyester-based PUAs to utilize in 

coatings. 

 

Results and Discussion 

 
Figure 1 - FT-IR spectra of samples with RS. 

 

Figure 1 shows ATR FT-IR spectra of various 

cured films with different molecular weights 

and contents of RS. As the content of RS  

increased, the intensity of Si-(CH3)2 rocking 

peak at ca. 800 cm-1 increased in both DA11 and 

DA21 series.  

 
Figure 2 - Contact angles of samples with RS. 

 

Figure 2 shows the water contact angles of 

cured films. PUAs with RS show higher 

hydrophobicity than the reference sample. As 

the molecular weight of RS increased, water 

contact angles slightly increased [2,3]. 

 
Figure 3 - Tensile behaviors of samples with 

RS. 

 

Figure 3 shows the tensile behaviors of PUAs 

films with RS. Most PUAs with RS showed the 

improvement in mechanical strength compared 

to the reference sample. The mechanical 

strength of PUA film with RS shows the 

improvement in tensile properties with the 

inclusion of 1 wt% of PDMS. 

 

Conclusion 

To improve surface hydrophobicity and 

mechanical property of PUAs films for coating, 

PUAs containing RS as a side chain with two 

different molecular weights were synthesized. 

Various results recommend that the properties 

of PUAs can be improved with low content of 

RS and it lead to many applications in coating 

industries. 
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Abstract 

The degradability of degradable polymers is the 

most important property to determine the 

lifetime of commercial applications. To control 

degradation rate and thermal properties, 

enantiomeric block copolymers with lactide and 

hydroxyl terminated multi-armed 

polycaprolactone were synthesized. Thermal 

properties of various copolymers were 

determined by DSC and TGA measurements 

and the morphological changes during 

enzymatic degradation were identified by 

atomic force microscopy. The rate of enzymatic 

degradation of copolymers was faster than that 

of each homopolymer while the formation of 

the stereocomplex between the enantiomeric 

PLAs (L, D type) resulted in the improvement 

of thermal properties and retardation of 

enzymatic degradation. 

 

Synthesis 

Enantiomeric PLAs and multi-armed 

copolymers were synthesized by the ring-

opening polymerization of L-lactide or D-

lactide with/without polycaprolactone diol, triol, 

tetraol, in bulk at 145 ℃ for 6 hr using Tin(II) 

2-ethylhexanoate (0.2 wt% of lactide) as a 

catalyst in vaccum state. The obtained products 

were purified by the dissolution/precipitation 

method using chloroform as solvent and 

methanol and n-hexane as non-solvents. 

Polymer solution in chloroform (5 wt%) was 

spin-coated onto the 1x1 cm2 slide glass for the 

atomic force microscopy (AFM) and casted on 

the Teflon plate for weight loss experiments. 

The solvent was evaporated at room 

temperature for 3 days. 

 
 

Figure. Schematic representation of synthesis 

of 4-armed block copolymer. 

 

Enzymatic degradation 

The buffer solution was prepared with 0.1 M 

Tris(hydroxymethyl) aminomethane and the pH 

was adjusted to 8.6 by addition of 0.1 M 

aqueous HCl solution. Enzymatic degradation 

was performed by proteinase K with 0.05 mg/ml 

buffer solution at room temperature. All 

samples were placed in a cuvette and 1 ml of 

buffer solution containing the enzyme was 

added. For weight loss experiment, the solution 

was changed every 24 hr to maintain the 

original level of enzymatic activity. After the 

process of enzymatic degradation, all samples 

were washed 5 times with distilled water and 

then dried under vacuum at 30 ℃ for 24 hr. 

 

Conclusions 

PLLA-PCL, 2, 3, and 4-armed copolymers were 

synthesized to control the degradation rate and 

their properties. The enzymatic degradation of 

multi-armed copolymers with a similar Mn was 

strongly depended on the number of the arm 

because the increasing arm decreases the Mn of 

each block. The blends of multi-armed 

copolymers with a small amount of PDLA can 

form the stereocomplex and their degradation 

rate rapidly decreased with the degree of 

stereocomplexation. Therefore, the enzymatic 

degradation of PLLA can be controlled by the 

changing number of arm and the degree of 

stereocomplexation. 
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Introduction  

Aqueous Counter Collision
1,2)

 (ACC) method 

can produce the nanocelluloses (ACC-NCs) 

that have an affinity to hydrophobic substances 

from bio-based materials without any chemical 

modification
3)

. ACC-NCs can easily assist 

formation of Pickering emulsion
4)

 and also 

attach to polypropylene surfaces
5)

. To evaluate 

the hydrophobicity of ACC-NCs, it is needed 

to quantitatively analyze the surface free 

energy (SFE) of ACC-NCs. However, it has 

not been accomplished because the size of 

ACC-NCs is too small to apply conventional 

methods such as contact angle measurements. 

Now, we are seeking the solution based on 

the theories about adsorption energy and 

contact angle of spherical particle at the 

oil/water interface
6)

. As the first step for 

evaluating the SFE of ACC-NCs, this study 

has attempted to consider whether it is possible 

to quantify the adsorption energy of ACC-NCs 

at oil/water interface, by interpreting 

relationship between the amount of interfacial 

tension (IT) change and the number of ACC-

NCs adsorbed at interface.  

In this paper, we applied pendant drop 

tensiometry for observing the IT changes 

caused by adsorption. The photopolymerizable 

monomer, trimethylolpropane tri-methacrylate 

(TMPTMA), and isostearyl acrylate (ISTA) 

were used as oil phase, in order to observe the 

ACC-NCs adsorbed on the oil surface by 

Atomic Force Microscopy (AFM). 

Experimental 

1. ACC treatment   

The ACC-NCs were prepared from 

Microcrystalline cellulose powder (Funacel Ⅱ
®
). It was suspended to deionized water at 1 

wt% concentration and subjected to ACC 

treatment under 200 MPa of the ejection 

pressure with 60 cycle repetition times. From 

this treatment, the suspension of ACC-NCs of 

1 wt% concentration was obtained, and them 

diluted to 0.1 and 0.04 wt%.  

2. Pendant drop tensiometry 

An oil drop was allowed to form in water (Fig. 

1), before the IT was measured by the drop 

shape analysis using a Drop master DM-300 

and FAMAS, (Kyowa Interface Science Co., 

Ltd.). TMPTMA and ISTA were used for oil 

phase. Deionized water and suspension of 

ACC-MCC of each concentration were used as 

water phase. When 1 and 0.1 wt% of ACC-

NCs suspension were used, the drop shape 

analysis was difficult because of   turbidity. In 

order to more precisely detect the oil shape, the 

suspensions were diluted with deionized water 

after oil drops were formed. After the 

measurement, oil drop was polymerized by 

ultraviolet irradiation.  

 

 
Figure 1 image of pendant drop tensiometry 

3. AFM observation 

The surface morphologies of polymerized 

drops were observed by using AFM.  

Results and Discussion 

Without the ACC-NCs, the IT between 

TMPTMA, ISTA and water were 19.0, 27.7 

mN/m respectively. With the ACC-NCs, the IT 

differed from each other. In this poster 

presentation, the details of adsorption energy 

from the relationship between the amount of IT 

decrease and the packing density of ACC-NCs 

on the oil surfaces will be discussed. 

Reference 

1) US Patent 7,357,339 (2008), Kondo, T. 

et al. 2) Kondo, T. et al., Carbohydr. Poly

m., 2014, 112, 284-290. 3) Kondo T., Cell

ulose Commun., 2018, 25, 2-8. 4) Tsuboi, 

K. et al., Nord. Pulp Pap. Res. J., 29, 69-7

6 (2014). 5) Uchida, M. et al., International C

ellulose Conference, 2017, Fukuoka, Japan, Bo

ok of Abstracts, p.236. 6) Du, K. et al., Langm

uir 2010, 26, 12518−12522. 

PS-024

57



 

 

SURFACE FUNCTIONALIZATION VIA TEMPO-MEDIATED 

OXIDATION OF CHITIN NANOFIBERS PREPARED BY 
AQUEOUS COUNTER COLLISION 

 

Wenbo Ye†,‡, Tianjuan Jie‡, Shingo Yokota‡, Yimin Fan﹡†, Tetsuo Kondo﹡‡ 

 
†College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China 

‡Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University, Fukuoka 819-0395, Japan 

E-mail: wenboye@njfu.edu.cn 

 

INTRODUCTION 
Since natural chitin is strictly organized 
hierarchical architecture at various structural 
levels, chitin can be converted into micro- or 
nanofibers. For instance, chitin nanofibers 
obtained from crab shells by a simple aqueous 
counter collision (ACC) treatment having 
width of 10-20 nm were likely to engage a 
more favorable network

1
. The TEMPO-

mediated oxidation system is the most efficient 
developed so far to prepare fibrous TEMPO 
oxidized chitin. However, the NaClO as an 
oxidant caused remarkable depolymerization is 
inevitable and more excessively sharp 
accompanied by an increase in the amount of 
NaClO added to enrich carboxylate content in 
oxidized chitin

2
. The TEMPO oxidized chitin 

nanofibers has been studied as nanostructured 
materials for further applications, such as gels 
and films. To the best of our knowledge, the 
study on TEMPO oxidation of ACC chitin 
nanofibers (ACC-ChN) and further application 
has not been reported.  
In this work, chitin nanofibers were prepared 
by the ACC method and subsequently surface 
oxidized by mild oxidation using TEMPO-
mediated oxidation, and further functionalized 
as films and hydrogels. 
EXPERIMENTAL METHODS 
In ACC system as shown in Fig. 1(a), the 
sample was supposed to be downsized by a 
counter collision of a pair of high-speed 
sample/water suspension jets. As reported, 
ACC-ChN dispersion was obtained from the 
aqueous suspension with α-chitin powder (0.4 
wt%) using ACC method under 200 MPa of 
the ejecting pressure with 1, 5, 10 and 30 pass

1
. 

In the process of the TEMPO/NaBr/NaClO 
oxidation, different pass numbers of ACC-ChN 
(1 g) suspensions (0.4%, 250 mL) were mixed 
with TEMPO (0.016 g, 0.1 mmol) and sodium 
bromide (0.1 g, 1 mmol). The oxidation of 
ACC-ChN was initiated by adding a small 
amount of NaClO solution (2.5 mmol of 

NaClO/g of chitin) according to a previously 
reported method

2
. 

The ACC-ChN and oxidized ACC-ChN based 
films are prepared by vacuum filtration method, 
and the oxidized ACC-ChN based hydrogels 
are formed using gas phase coagulation. 
RESULTS AND DISCUSSION 
Chitin nanofibers were obtained using ACC 
method in (Fig. 1a). AFM images proved that 
morphology of different ACC-ChNs almost 
remained after oxidation. Besides, oxidized 
ACC-ChN films were more transparent than 
ACC-ChN films. Oxidized-ACC-ChN showed 
perfect gelation properties when pH changed 
during gas phase coagulation process, thus 
hydrogels were successfully prepared. (Fig. 1c) 
 

 
Figure 1 Schematic diagram of the ACC 
method (a), the photograph images of chitin 
nanofiber films (b) and hydrogels (c). 
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Introduction 

Collagen type I fibrils have been 

investigated due to their potentials inducing 

tissue strength and cell adhesion [1]. The 

collagen fibrils consisted of regular 

arrangements of collagen supramolecules via 

week interactions such as van der Waals forces, 

hydrophobic interactions and hydrogen 

bondings.  

Aqueous counter collision (ACC) method 

[2, 3] was proposed as a gentle nano-pulverizing 

method. The ACC method can down-size bio-

based materials having hierarchical structure 

into their nano-building blocks, which was 

often a nanofiber form, without any chemical 

modification. The theoretical energy providing 

for ACC pulverization was at most 14.3 kJ/mol, 

which can cleave week hydrogen bonding as 

well as van der Waals forces.  

When the ACC process was applied to 

collagen type I, two types of collagen 

nanofibers having 10 nm (CNF10) and 100 nm 

(CNF100) in width were obtained [4]. The 

nanofibers exhibited the tensile strength of 

CNF100 10 times higher than that of CNF10. 

Transmission electron microscopic (TEM) 

image showed that CNF10 was one of the 

building blocks of CNF100. These aspects 

indicated that interactions in longitudinal 

direction contributed to their strength. This also 

indicated that the preconcerted cleaving points 

remained in the resultant collagen nanofibers of 

CNF100 and CNF10, respectively.  

In this study, attempts to confirm 

presence of building block of collagen fibrils 

were made by employing CNF100 as the 

starting material for the ACC method 

(sequential ACC) [5]. 

Materials and methods 

Preparation of collagen nanofiber dispersions 

CNF100 and CNF10 were prepared according 

to our previous paper [4]. Aqueous dispersion 

of CNF100 was subjected to the ACC treatment 

at 200 MPa of ejecting pressure as a sequential 

ACC. 

Characterization of obtained samples 

The obtained samples were subjected to 

the TEM and atomic force microscopic (AFM) 

observations. The size of the samples was 

obtained from the images using Image J 

software. Sonication-induced fragmentation 

was applied to samples to measure a tensile 

strength. The limited length was also measured 

from TEM images. Viscoelastic measurements 

of sample dispersions at low concentration and 

dynamic viscoelastic measurements of 

contained water was performed. 

Results and discussion 

In the current study on “Sequential ACC 

process”, collagen fibrils were subjected to 

ACC treatments at 100 MPa with 30 pass and 

subsequently at 200 MPa with 30 pass as a 

single sequence. As a result, TEM and AFM 

images indicated the presence of a thinner 

building block out of CNF100. It exhibited a 

rod-like shape termed as CN-Block having ca. 

220 MPa of tensile strength, which was 

equivalent to that of CNF10. According to 

viscosity measurements, surfaces of the CN-

Block exhibited less water absorptivity than that 

of CNF100 and CNF10. Namely, CN-Block 

was more hydrophobic on the surface than the 

two nanofibers. 

Conclusion 
A building block (CN-Block) was 

successfully prepared by employing CNF100 as 

the starting material for the ACC method. The 

CN-Blocks would be feasible in a wide range of 

collagenous application.  
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Indroduction. Compared with hollow 

microparticles with a completely closed shell 

structure, hollow polymer microparticles with an 

open hole on their surface have attracted 

considerable attention because of the obvious 

importance of the open hole on their surface; 

however, the development of a facile method to 

synthesize such unique open-ended hollow 

particles has remained a great challenge. In this 

study, an easy-to-use method was developed to 

produce monodispersed hollow and pored 

microparticles in high reaction yield. Also, a 

plausible mechanism for the transformation of 

the PS microparticles during the swelling and 

drying processes was proposed on the basis of 

our results and observations. The structural 

features of the hollow and pored PS 

microparticles motivated us to use the particles 

as a catalyst support. By using modified 

heterophase polymer dispersion processing 

involving the addition of a Ag precursor, hollow 

and pored PS microparticles covered with Ag 

nanocrystals were obtained on the basis of the in 

situ reduction of metal precursor on the surface 

of polymer particles. The resulting Ag 

nanocrystals/PS hybrid microparticles exhibited 

enhanced catalytic activity at low concentrations 

of nanocrystals and could be reused several 

times without loss of activity. 

 

Results and discussion. The PS microparticles 

were observed by SEM and TEM. The most 

striking feature observed in the micrographs in 

Fig. 1 is a single open hole on the surface of 

each particle. These findings indicate that 

uniform hollow PS microparticles with an open 

hole on their surface were successfully 

fabricated during swelling and drying processes. 

 

Fig. 1. (A–B) SEM and (C–D) TEM images of 

PS microparticles with an open hole on their 

surface, as captured at different magnifications. 
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Introduction. In this study we developed a 

simple, rapid colorimetric detection method 

using triangular silver nanoplates as probe for 

detection of melamine. The assay relies on the 

fact that Sodium-vinylbenzenesulfonate  (Na-

VBS) can change the shape of nanoplates from 

triangular into nanospheroidal shape 

and  thereby results in their color change.1 

However, melamine can preserve the shape of 

the nanoplates after being exposed to the etchant. 

The rate of change of the color and spectral 

features of the Ag nanoplate solution exposed to 

Na-VBS was found to be strongly correlated 

with the concentration of melamine in the 

solution. Therefore, we apply this system to the 

development of a novel platform for melamine 

sensing. 

Result and Discussion. The triangular silver 

nanoplates used in this study show the intense 

peak at 830 nm. When it was exposed by Na-

VBS the LSPR peak show blue shift from 830 

nm to 511 nm after 1 hour.  

Fig 1 (a) Photograph and (b) extinction spectra 

of Ag nanoplate solutions for various durations 

of aging (10 min intervals) after addition of 1.92 

mM Na-VBS at room temperature. TEM images 

of the results of exposing initially triangular Ag 

nanoplates to Na-VBS at room temperature for 

(c) 0 min, (d) 20 min, (e) 40 min, and (f) 60 min. 

 

However, in the presence of melamine the shape 

of the nanoplates was preserved and the colour 

of the solution did not change in the same 

concentration. 

 

Fig 2 (a) Photograph and (b) extinction spectra 

of melamine-functionalized Ag nanoplate 

solutions for various durations of aging (10 min 

intervals) after addition of Na-VBS at room 

temperature in the presence of melamine. (c,d) 

TEM images of melamine-functionalized Ag 

nanoplates (c) before and (d) after being 

exposed to Na-VBS at roomtemperature for 60 

min (scale bar = 50 nm). 

Fig 3 (a) Photograph and (b) extinction spectra 

of Ag nanoplate solutions with various 

concentrations of melamine (0, 0.02, 0.04, 0.06, 

0.08, and 0.10 mM) exposed to 0.19 mM Na-

VBS at 500C. (c) Wavelength shifts of the 

various Ag nanoplate solutions containing 

different concentrations of melamine 

 

Conclusion. In this study, we have 

demonstrated that the triangular shape of Ag 

nanoplates can be degraded by Na-VBS and in 

the presence of melamine the color of the 

solution did not change. Because of this finding 

we developed a simple and rapid colorimetric 

determination of melamine in aqueous solution. 
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Introduction 

Ag-Ag2S nanostructures have attracted 

significant attention due to their synergistic 
properties that arise from the interaction 

between the two components. Metal-hybrid 

semiconductor nanoparticles such as Ag-Ag2S 
can exhibit physical and chemical 

characteristics of both the individual metal and 

semiconductor or display unique properties not 

seen in either component. In this study, a new 
approach of site-selective sulfidation at the 

corner sites of hexagonal Ag nanoplates has 

been suggested. The synthesize of Ag-Ag2S 
hybrid nanoplates was conducted by adding 

sodium sulfide (Na2S) to hexagonal Ag 

nanoplates with poly(vinyl pyrrolidone) (PVP) 
as a stabilizer. As a precursor for elemental S, 

Na2S can directly contact to elemental Ag and 

generate Ag2S. Reaction was initiated at the 

corner sites of hexagonal Ag nanoplates and 
grew to the center. 

 

Results and Discussion 

 
Figure 1. (a) TEM image and (b) UV-Vis 

spectra of hexagonal Ag nanoplates. 

 
Size of hexagonal Ag nanoplates was 

approximately 92 nm. Large peak at wavelength 

about 502 nm was due to the in-plane dipole 

LSPR mode of Ag. 
 

Upon the addition of aqueous Na2S, the color of 

the colloidal solutions of the nanoplates 
changed from orange to pink, purple, violet, and 

blue in 5 min depending on the concentrations 

of Na2S. The in-plane dipole plasmon peak of 

the Ag nanoplates experienced a red shift and 
became broad. 

    

    
Figure 2. TEM image of six different stages of 

sulfidation reaction. 

 

 
Figure 3. (a) UV-Vis-NIR spectra and (b) 

colloidal solution of Ag-Ag2S nanoplates with 

different Na2S concentration. 
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Abstract. 

 Organic solar cells having a high efficiency of 

over 15% has been reported, but reducing the 

performance degradation of the device 

according to the thickness of the photoactive 

layer is still important for successful 

commercialization of the printable organic 

solar cell. In this study, by synthesizing a new 

series of ITIC-based NFAs having alkyl or 

alkoxy groups, it is found that the bulk 

heterojunction morphology dependence on the 

thickness of the photoactive layer becomes 

more severe as the difference in the surface 

energy of the donor and acceptor increases. It 

is believed that present approach provides an 

important insight into the design of photoactive 

materials and morphology control for the 

printable OPVs using NFAs. 

 

References. They should be numbered all 

through the text and a list should be given at 

the end of the abstract (Times New Roman 10). 

1. N. S. Sariciftci; L. Smilowitz; A. J. Heeger; 

F. Wudl Science 1992, 258, 1474  

2. S. Zhang; Y. Qin; J. Zhu, J. Hou Adv. 

Mater.2018, 30, 1800868 

3. Y. Lin, J. Wang, Z.-G. Zhang, H. Bai, Y. Li, 

D. Zhu, X. Zhan Adv. Mater. 2015, 27, 1170 

4. S. Li, L. Ye, W. Zhao, X. Liu, J. Zhu, H. 

Ade, J. Hou, Adv. Mater. 2017, 29, 1704051 

5. C. Sun; F. Pan; H. Bin, J. Zhang; L. Xue; B. 

Qiu; Z. Wei; Z.-G. Zhang; Y. Li Nat. 

Commun. 2018. 9, 743 

 

PS-030

63



SWELLING KINETICS AND THERMAL BEHAVIOR OF DRY-FREE 

POLYMER NETWORKS IN NON-VOLATILE SOLVENTS 
 

Seulye Kim, Jinhwan Yoon 

 
Department of Chemistry Education & Graduate Department of Chemical Materials 

Pusan National University, Busan, 46241, Republic of Korea 

E-mail:jinhwan@pusan.ac.kr 

https://www.yoongroup.net 

 

Introduction 

Poly(N-isopropylacrylamide) (PNIPA 

m) is one of the most widely known polymers 

with lower critical solution temperature (LCST) 

behavior.1 PNIPAm hydrogels is interesting to 

be studied because its LCST is similar with 

human body temperature, which creates 

prospects for various applications, such as in 

drug-delivery, bio-engineering, sensors, 

thermal affinity separation, etc.2 However, 

currently there are some drawbacks for the 

usage of PNIPAm hydrogels, because it’s 

highly dependent on the water content in the gel, 

and water evaporates naturally from the system, 

limiting its applications. Therefore, in this study 

non-volatile solvents, such as ethylene glycol 

(EG), ionic liquid (IL) are used as replacement 

of water. 

 

Results and Discussion 

Figure 1 shows thermal responsiveness 

of PNIPAm gels with ratio of 99:1 to cross-

linker in ionic liquid (ionogel). Firstly, we 

immersed ionogel in room temperature (RT) for 

4-5 days and then moved to 40 °C. After 

measuring swelling ratio in hot temperature, it 

was moved to RT to observe its behavior. From 

the graph, it’s clear that the gel’s swelling ratio 

doesn’t change much in elevated temperature 

after 4 hours. The gel also remain stable 

swelling ratio of 0.84 in RT within the 

observation for 60 hours.  

On the other hand, Figure 2 shows 

PNIPAm gels swelling ratio in ethylene glycol 

as the solvent at room temperature. Compared 

to in IL with the same composition, the gels in 

EG shrinks more and it reach lower than 0.8 at 

20 h. In addition, it also takes longer time to 

reach equilibrium and doesn’t have elastic 

property which makes it difficult to handle and 

hindered the thermal responsiveness 

measurement. 

 

 

 
Figure 1. Swelling ratio of PNIPAm gels in 

ionic liquid at 40 °C for 5 hours before the 

placement in room temperature 

 
Figure 2. Swelling ratio of PNIPAm gels in 

ethylene glycol at room temperature 

 

Conclusion 

We prepared PNIPAm gels in IL and 

EG solvents. From this study, ionogel shows 

thermal responsiveness and stable dry-free 

behavior. Compared to IL, EG evaporates more 

even in RT. From this result, it can be concluded 

that even though both IL and EG are non-

volatile solvents, IL is more suitable for as 

solvent for applications in the future. 
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Introduction 

Strain sensors with high sensitivity and 

stretchability are the great promising appli-

cation for various fields, such as human motion 

detection, soft robotics and personalized health-

monitoring.1 To fabricate high-performance 

strain sensors, numerous studies using 

elastomers, polymer as the matrix of sensors.2 

Soft stretchable strain sensor which has similar 

characteristics of human organs such as 

cartilage and skin, can be used as wearable and 

implantable sensors. In this study, a 

mechanically tough and stretchable double 

network (DN) conducting microfibers was 

produced by the combination of soft poly-

acrylamide and brittle calcium-alginate and 

poly(3,4-ethylenedioxythiophene)-poly(styrene 

-sulfonate) (PEDOT:PSS) as conducting 

material.   

 

Results and Discussion 

By forming a DN hydrogel structure 

comprising brittle and soft networks, the 

strength and toughness of the matrix could be 

enhanced. The difference in resistance appro-

priate with the deformation of the conducting 

fibers based on the connection/partial dis-

connection of the PEDOT:PSS network. The 

microfibers can stretch up to 300% elongation 

with a resolution of 0.1%. The resistance 

changes are completely reversal and repeat over 

10,000 times of 200% elongation.  

Detecting the motion of a finger with 

DN microfibers indicate that the microfiber 

sensor effectively monitors the bending motion 

of the fiber with a high accuracy as shown in 

Figure 1. To detect walking and running 

motions of human in real time, the fabricated 

strain sensor was mounted on a human knee. 

The results show that the stride was measured at 

an adequate accuracy at the same speed.  

 
 

Conclusion 

 In conclusion, the developed DN 

microfibers are a potential candidate for stretch 

-able strain sensor with high stretchability and 

high sensitivity to detect human motion as well 

as bending of finger, walking, running and also 

measured the growth of a bamboo planed in a 

garden.  
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Introduction  
Polymeric micelles and vesicles have been 
thoroughly investigated because of the potential 
for drug carrier in capable of controlled 
encapsulation and release of bioactive 
chemicals.1) Zwitterionic polymers have betaine 
structure in which includes a positive charge 
and a negative charge linked with covalent 
linkage. Although the betaine groups involve 
formal charges, the charges are totally balanced 
then net neutral, thereby the zwitterionic 
polymers are hydrophilic but the betaine groups 
aggregate in aqueous solution depending on the 
salt concentration.2)  
In this paper, a new type of zwitterionic diblock 
copolymer composed of a poly(carboxybetaine 
methacrylate) (PCBC3) and a poly(sulfobetaine 
methacrylate) (PSBC4) was developed, and the 
salt concentration dependent aggregation state 
was studied by means of dynamic light 
scattering (DLS) (Figure 1).  
 

 
Figure 1. Schematic representation of 
PCBC3/PSBC4 diblock copolymer aggregates. 
 
Experiment 
Diblock copolymers composed of PCBC3 and 
PSBC4 were synthesized by reversible addition 
fragmentation chain transfer (RAFT) 
polymerization. The number average molecular 
weight (Mn) and molecular weight distribution 
(Mw/Mn) were determined by GPC 
measurement. The PCBC3/PSBC4 composition 
was determined by 1H NMR spectroscopy. The 
hydrodynamic radius of gyration (Rh) was 
verified by means of DLS at 25℃.  
 

Result and Discussion  
RAFT polymerization allowed molecular 
weight control of the block copolymers. The 
PCBC3/PSBC4 composition was 18/82. The 
PCBC3/PSBC4 diblock copolymer exhibited 
transparent appearance if the NaCl 
concentration was above 100 mM, whereas it 
showed opaque appearance in salt-free water 
and 10 mM NaCl aqueous solution. The 
PCBC3/PSBC4 diblock copolymer produced 
uniform spherical aggregates in salt-free water 
and 10 mM NaCl aqueous solution (Figure 2). 
The averaged Rh was approximately 44 nm. 
Meanwhile, the polymeric aggregate 
transformed to mixture of single molecules and 
large aggregates in high concentration NaCl 
solutions. The electrostatic interaction 
screening by the bound ions promoted the 
hydration of the diblock copolymers to lead 
detachment of them from the aggregates. 
 

 
Figure 2. Autocorrelation functions of the 
PCBC3/PSBC4 diblock copolymer at 25℃.  
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Introduction 

Hydrogels in tubular shape is 
interesting to be studied because of its potential 
to be developed in tissue engineering, such as 
for artificial blood vessel, muscles, or neurons.1 
However, there are a lot of difficulties to 
completely mimic human organs, such as the 
preparation of hydrogels with various stimuli-
responsive and ability to control the flow based 
on temperature change.2,3 In this study, we 
utilized microfluidic system, combined with 
alginate templating method to allow in-situ 
preparation of multi-stimuli tubular hydrogels 
in various geometries. 

 
Results and Discussion 

To prepare the tubular hydrogels, 
monomers and calcium chloride solution are 
injected through separate capillary inlets in a 
microfluidic device. The monomer solution is a 
mixture of monomers, sodium alginate, 
crosslinkers, and photo-initiators. Both 
solutions are injected coaxially into a calcium 
chloride, creating calcium-alginate templating.  
Through the template, monomers are exposed to 
UV continuously, forming hydrogels in tubular 
shape (Figure 1). 

 

 
 
Figure 1. Illustration of microfluidic 

system and double-walled tubular hydrogels 
preparation. (a) triple channels microfluidic 
device geometry (b) double-walled tubular 
hydrogels preparation via alginate templating. 

 
Geometries control in the hydrogels can 

be performed through modifications in the 
microfluidic system. Capillaries diameter or 
flow increase results in a larger hydrogels 
diameter and vice versa. The capillaries position 
can also be swapped to have a fiber or a tube 
shape, by applying calcium chloride solution in 
the outer and inner side for the latter. 
Modification by additional capillary was also 
utilized to prepare double-walled hydrogels 
microtube, allowing flow control based on 
temperature change  
 
Conclusion 

In conclusion, we prepared multi-
stimuli responsive hydrogels in various 
geometries by using microfluidic system, 
combined with alginate-templating method. 
The method is highly versatile, hydrogels 
geometry control can be achieved through 
physical modification in microfluidic system. 
The flexibility of this method allows for future 
applications such as to prepare artificial human 
blood vessel or for wearable biosensor. 
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Introduction 

 Ionogels is a good candidate for smart 
materials with tunable thermal, mechanical and 
also electrical properties.1 Poly(N-isopropyl- 
acrylamide-co-N,N’ diethylacrylamide) (PNN) 
was able to absorb ion liquid (IL) and swell 
upon heating above room temperature (~35 
°C),2 but the weakened mechanical durability 
has limited its application as stretchable 
materials. Here we prepared double network 
(DN) system of PNN ionogels. PNN ionogels 
were associated with chitosan as the second 
network (PNNC), which can be furtherly 
modified through different types of crosslinking 
to overcome this fault. 
 

Results and Discussion 

 PNN ionogels were associated with 
chitosan (PNNC), which take role as the 
sacrificial network (Figure 1). During 
stretching, chitosan will be broken first and 
formed additional physical crosslinking that 
enhance stretchability and stress uptake 
capacity, as well as preserving its thermal 
responsiveness of PNNC ionogels. Besides that, 
we selected tripolyphosphate (P) for ionic 
crosslink and glutaraldehyde (G) for covalent 
crosslink with chitosan network in order to 
strengthen the mechanical properties of the DN 
system. These ionogels showed significant 
increase in mechanical durability. 
 

 
Figure 1. Schematic preparation of interpene-
trated PNNC ionogels by free radical 
polymerization and solvent exchange with its 
photograph. 
 

 With the IL existence inside the 
network, the ionogels show stable conductivity 
during stretching and resistance of its were 
increased gradually as the effect of deformation. 
(Figure 2)   
 

 
Figure 2. Stretchable electrical test of PNNC 
ionogels (a) stretchable conductivity test 
connected with LED bulb (b) schematic circuit 
of ionogels strain-resistance measurement (c) 
resistance change during stretching. 

Conclusion  

 In conclusion, the tough and stretchable 
DN type ionogels showed good thermo 
responsibility. By the modification of chitosan 
crosslinking, the mechanical properties of 
PNNC was enhanced significantly in both 
stretchability and toughness. This ionogels can 
endure stretching, twisting and knotting without 
breaking. Last but not least, due to ionic 
conductivity property of IL, prepared PNNC 
ionogels can be used as stretchable conductor 
which can be applied further in the electrical 
sensors. 
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Introduction 
It has been reported that the molecular 

aggregation state of mixed Langmuir 
monolayers is classified into a molecular 
mixing state and a phase separation one based 
on the cohesive energy difference between 
constituent molecules, and also that the energy 
difference affects the phase separation size.1) 

The monolayer is formed through the 
evaporation process of the solvent. If the 
evaporation is faster than the morphogenesis, 
then the morphology is pinned on the way to 
phase separation and cannot be determined only 
by the equilibrium variable of the cohesive 
energy difference. In this study, the mixed 
monolayers of fatty acids were prepared with 
the solvent species and the amount of spreading 
solution as variables (evaporation time), and 
their molecular aggregation states ware 
examined based on atomic force microscopic 
observations. 
 
Experiment 
Two kinds of spreading solution of a binary 

mixture of palmitic acid (CH3(CH2)14COOH, 
C16) and lignoceric acid (CH3(CH2)22COOH, 
C24) with an equimolar fraction were prepared 
from chloroform and toluene. The monolayer 
was compressed to a surface pressure of 10 mN 
m-1 at a subphase temperature of 293 K, and 
then, was transferred onto a freshly cleaved 
mica by the vertical dipping method. Surface 
morphology of the monolayer on mica substrate 
was observed by an atomic force microscopy 
(AFM) in air. The monolayer thickness was 
evaluated from the hole depth for an AFM 
image, after artificially piercing a hole through 
the monolayer with the AFM probe. 
 
Results and Discussion 
Figure 1 shows AFM images of (C16/C24) 

mixed monolayers prepared from (a) 
chloroform and (b) toluene solutions. In each 
AFM image, the bright and dark portions 
corresponding to the higher domain and lower 

surrounding matrix regions at the monolayer 
surface, respectively, were observed. The 
height (film thickness) of domain and matrix 
regions were evaluated to be ca. 3 nm and 1.5 
nm, respectively, which were close to the 
calculated molecular length of C24 and C16 
based on extended CPK molecular model. Then, 
it is considered that the domains and the 
surrounding matrix are composed of the C24 and 
C16 molecules, respectively. The phase 
separation size of the monolayer prepared using 
chloroform as a solvent in spreading solution 
was smaller than that using toluene. The 
evaporation time of chloroform is probably 
short owing to the lower boiling point of 334 K 
(toluene: 384K) and the larger expansion 
coefficient of 13.2 (toluene: 6.8), This suggests 
that chloroform with a short evaporation time 
freezes the molecular aggregation state at an 
earlier stage of the phase separation process, 
and toluene freezes at a stage where the phase 
separation has progressed further.  It is, 
therefore, concluded that the mixed monolayer 
of C16 and C24 is in a non-equilibrium phase-
separated state.   
 

 
Fig.1 AFM images of (C16/C24) mixed 

monolayers prepared by spreading (a) 
chloroform and (b) toluene solutions. 

 
References.  
1) M. Kuramori, T. Ishikawa, T. Narita, Y. 
Oishi, Progr. Colloid Polym. Sci.,138,103 
(2011). 
 

2μm 2μm 

(a) Chloroform  (b)  Toluene  

PS-036

69



A NOVEL PREPARATION METHOD OF LAYERED PEROVSKITE 

THIN FILMS WITH SMOOTH SURFACE  
 

Emina Orita, Akemi Kubo, Takayuki Narita, Masanao Era, and Yushi Oishi 

 
Department of Chemistry and Applied Chemistry, Saga University, 

1 Honjo, Saga 840-8502, Japan 

E-mail:oishi@cc.saga-u.ac.jp 

 

Introduction 

It has been reported that the organic/inorganic 

layered perovskite structure is formed by 

collapsing and folding a Langmuir monolayer 

during compression on an aqueous lead 

bromide solution.1,2) However, its surface is 

uneven. The thickness uniformity and surface 

flatness of the perovskite film are desired for 

optical applications such as a cavity polariton 

device. We present here a novel preparation 

method of lead-based layered perovskite thin 

films with a flat surface in a molecular level. 

 

Experiment 

A chloroform/N,N-dimethylformamide (9:1) 

solution of docosylammonium bromide 

(CH3(CH2)21NH3Br, DAB) with a 

concentration of 1.0×10-4 M was spread on an 

aqueous       subphase      containing        PbBr2 

(1.0×10-3 M) and NaBr(1.0×10-2 M) at 293 K. 

After compressing the monolayer to 25 mN m-1, 

the reflection spectrum was measured on the 

water surface maintaining the pressure. The 

monolayer was transferred onto a 

hydrophobized substrate by the vertical 

dipping method to form multi-layered films. 

For comparison, a multi-layered perovskite 

film was also prepared at 40 mN m-1 by the 

conventional Langmuir-Blodgett (LB) method.  

 

Results & Discussion 

The exciton absorption peak at ca. 390 nm 

assigned to formation of a layered perovskite 

structure was not observed at the reflection 

spectrum of a DAB monolayer at 25 mN m-1 

on aqueous subphase containing PbBr2 and 

NaBr. This indicates that the perovskite 

structure is not formed in the monolayer by 

compression to 25 mN m-1 on the subphase. On 

the other hand, the exciton emission peak of 

395 nm was observed at the 

photoluminescence spectrum of the DAB film 

transferred on a hydrophobized substrate by 

two (down-up) strokes. These results suggest 

that the layered perovskite structure is formed 

during transfer of perovskite-unformed 

monolayer onto a substrate. Such a method 

constructing a layered perovskite film during 

transfer was designated the transfer-induced 

method. 

 Figure 1 (a) shows an AFM image of the 

surface morphology of the multi-layered film 

transferred the DAB film at 25 mN m-1 on 

aqueous subphase containing PbBr2 and NaBr 

by the transfer-induced method with ten 

(down-up-down-up-down-up-down-up-down-

up) strokes. And, an AFM image of the surface 

morphology of the multi-layered film 

transferred the over-compressed DAB film at 

40 mN m-1 on aqueous subphase containing 

PbBr2 and NaBr by the LB method with ten 

strokes is shown in Figure 1 (b). The surface of 

the multi-layered film prepared by the transfer-

induced method was much smoother than that 

by the LB method. Thus, it appeared that a 

layered perovskite thin film with a uniform 

thickness and a flat surface can be prepared by 

the newly proposed method which was 

designated the transfer-induced method. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 AFM images of the DAB films by the 

transfer-induced method (a) and the LB 

method (b). 
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Introduction 

·Hyper branched polymers (HBP) are multi-

branched, three–dimensional structured 

polymers with distinctive properties that 

distinguish them from linear polymers.  

·Our interest to use vegetable oils, which is 

a renewable raw material as an effective 

platform for the synthesis of HBP as green 

polyols.  

·HBP were synthesized via ring-opening 

multibranching polymerization of glycidol 

using vegetable oil-based polyols as eco-

friendly initiators.  

·The resultant HBP were characterized by 

nuclear magnetic resonance spectroscopy 

and gel permeation chromatography.  

·HBP with different molecular weight, 

moderate degree of branching, and high 

hydroxyl functionality were obtained, 

depending on the polymerization condition.  

 

Results and Discussion 

 
Figure 1. FT-IR Spectra of Soybean Oil, 

Epoxidation of Soybean Oil, Ring-opening 

of epoxidized Soybean Oil 

 
Figure 2. 13C-NMR Spectra of Soy bean Oil-

based Hyper branched Polymers according to 

the Molecular weight 

 
Figure 3. 13C-NMR Spectra of Soy bean Oil-

based Hyper branched Polymers according to 

the Molecular weight 

Conclusion 

·Considering the resultant polymers contain 

controllable number of hydroxyl groups on the 

periphery, they can be useful green raw 

materials for the design of novel polyurethanes 

and for the biocompatible building blocks for 

emerging applications. 
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Introduction 

Amphiphilic polymers recently gain more 

attention due to their potent use in drug delivery. 

The advantage includes biocompatibility, 

prolonged circulation time and targetability and 

stimuli responsive character which leads to 

cumulative drug release [1]. Block copolymer 

are attractive in self-assembly point of view and 

contribute additional stimuli responsive 

character [2]. We prepared a series of triblock 

liner-cyclic bio-conjugates, poly(N-

isopropylacrylamide)30-block-cyclic poly(L-

lysine)n-block-poly(N-isopropylacrylamide)30 

(p(NIPAM)30-b-Cyclic p(L-LYS)n- 

p(NIPAM)30) (n = 10,20, 30) by the 

combination of RAFT polymerization, click 

reaction and ROP of α-amino acid NCA. All 

the triblock copolymer forms spherical 

micelles in aqueous solution and micelles 

were stabilized using terephthalaldehyde 

crosslinker with successfully encapsulating 

doxorubicin (Dox) and IR-780 dye. 

 
Resuls and Discussion  

Tables 1 – Molecular chareacteristics of 

p(NIPAM)30-b-Cyclic p(L-LYS)n- p(NIPAM)30 

block copolymers. 

Sample 
Mn (g mol-1) Ð  

 Theor. NMR GPC 

p(NIPAM)30

-b-C(p(L-

LYS)10)- 

p(NIPAM)30 

8900 8400 10100 1.2 

p(NIPAM)30

-b-C(p(L-

LYS)20)- 

p(NIPAM)30 

9000 8600 12400 1.22 

p(NIPAM)30

-b-C(p(L-

LYS)30)- 

p(NIPAM)30 

9200 8700 12800 1.27 

 

Figures 1 – Time dependent Dox release from 

p(NIPAM)30-b-C(p(L-LYS)30)- p(NIPAM)30 in 

the presence of  10 mM GSH) 

 
Figures 2 – Cytotoxicity of micelles of 

p(NIPAM)30-b-C(p(L-LYS)n)- p(NIPAM)30 at 

various concentration towards Ht29 cells.

 
Conclusions 

Successfully prepared the triblock linear 

cyclic polymer bio-conjugate for the drug 

release study.. The drug loading efficiency and 

drug loading content is determined to be 51.2% 

and 15.1% respectively. Time dependent 90% 

Dox release was obtained as a result of triple 

stimuli responsive characteristics of from 

p(NIPAM)30-b-C( p(L-LYS)n)- p(NIPAM)30. 
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Introduction 

·Super stable porous organic polymers are one 

of the most important branches in the 

nanomaterial field due to their enormous 

potential in many fields, but synthesizing them 

in a well-controlled manner remains 

challenging. 

·We present a general strategy for the 

construction of hyper-cross-linked polymers 

with well-defined and precisely controlled 

architectures. 

·The hollow acidic catalysts can efficiently 

facilitate the mass diffusion, which together 

with the high dispersity and increased 

surface area are responsible for their 

significantly enhanced catalytic 

performances for the esterification and 

transesterification reaction.. 
 

Results and Discussion 

 

Figure 1. FT-IR analysis of HNTs, HHNP-B, 

HHNP-N, and HNSs. 

Table 1 Summary of the pore structure parameters 

of samples. a BET surface area from N2 adsorption. b 

total pore volume (P/P0=0.99). c the average pore 

size diameter. 

 
 

Conclusion 

In summary, we demonstrated a facile and 

versatile approach for preparing hyper-cross-
linked hierarchically nanoporous polymers 

with well-defined morphologies. 
 

Reference 

1. Qiao, Z.-A.; Chai, S.-H.; Nelson, K.; Bi, Z.; Chen, 
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Polymer 
SBET

a 

(m2
/g) 

Vtot
b 

(cc/g) 
Dp

c
 (nm) 

HNTs 757 0.97 5.11 

HHNP-B 1069 1.45 6.23 

HHNP-N 1142 1.32 4.61 

HNSs 1025 0.99 3.84 
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Introduction 

·Bacterial infection is a serious global issues 

threatening human health. 

·We present a facile approach to synthesize 

various morphology-controlled antimicrobial 

polypeptides (MCAPs), including linear-, 

hinged-, star-, and cyclic-poly(L-lysine)-

random-poly(γ-benzyl-L-glutamate) (Kx-r-BEy) 

with different K to BE ratios. 

·The tailored MCAPs possess superior 

antimicrobial activity against Gram-positive 

and Gram-negative bacteria. 

 

Results and Discussion 

 

 
Figure 1. Antimicrobial activity of MCAPs 

against E.coli and B.subtilis. 

 

 
Figure 2. SEM micrographs of control and 

MCAPs-treated group of E.coli and B.subtilis. 
 

Conclusion 

The tailored MCAPs are highly active against 

Gram-positive and Gram-negative bacteria and 

display low cytotoxicity. The results illustrate that 

antimicrobial activity is positive charge-dependent, 

related to hydrophobicity and architecture, and, to a 

lesser extent of the secondary structure. 
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Introduction 

Surgical suture is used to anchor and hold 

tissues together until the wound and surgical 

site heals adequately. However, it has the 

potential to lead to the inflammation of tissue 

and adhesion formation. Recent studies have 

reported that collagen xerogel threads prevent 

the fibrosis and tissue adhesion under 

inflammation1). The hollowing thread is 

expected to provide a function of encapsulating 

drugs with wound healing properties. The 

purpose of this study is to produce a collagen 

thread having a hollow structure. Our laboratory 

had found that a bovine collagen solution in 

capillaries turns into a follow gel rod by the 

immersion into a buffer solution. Here, we 

clarified the conditions to obtain the cavitation 

by the gelling under various conditions using 

porcine collagen which have a better affinity for 

humans. The effects on persistence length and 

size of the cavities were examined as functions 

of the capillary diameter and the concentration 

of buffer solution. 

 

Experiments 

Glass capillaries (inner diameter: 0.47, 1.05, 

and 1.89 mm) were filled with a 1, 3, 6 wt% 

porcine collagen solution (made by Nippon 

Ham). One end of the capillaries was sealed 

with a fluorine sealing tape. It was immersed in 

three types of carbonate buffers (pH 10) with 

different concentrations from another end and 

allowed to stand for 5 days under 7 ° C. The 

obtained gel was observed using an optical 

microscope under bright field and crossed 

Nicols conditions. The inner diameter of the 

cavity generated in the gel was measured from 

the captured image, and the cavity ratio was 

calculated. The swelling ratio of the resultant 

gel pulled out from the capillary tube was 

calculated by comparing the outer diameter of 

the gel after air-drying and that of the 

rehydrated sample by a distilled water or 

phosphate buffer (PBS) (pH7) after the air-

drying. 

 

Results and discussion  

Bright-field and between crossed polarizers 

images demonstrate that resultant gels formed a 

cavity with an inner diameter of roughly 0.2 mm 

when the collagen concentration was around 1.0 

wt%. The cavities could not be observed in the 

gel with a collagen concentration of 3, 6 wt%. 

The shrinkage ratio calculated based on the 

cavity diameter increases as the buffer 

concentration and decrease as the capillary 

diameter (Fig.1 (a), (b)). These results support 

that the cavity formation can be explained by 

the osmotic pressure applied by the buffer 

solution penetrated the gel-glass interface. The 

air-dried xerogels re-swelled and reach an 

equilibrium swelling ratio of 2.8 and 2.5 in 

distilled water and PBS buffer, respectively, 

while the shape was maintained. It shows that 

the suture shape can be retained even under wet 

conditions. 

  

Reference 

(1) Shigehisa Aoki, et al., Biomater. Sci. 2019, 

7, 125-138 

Fig. 1. The cavity diameter and ratio as 

functions of the buffer concentration (a) 

and the capillary diameter (b)  
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 Fig.1. Sequential images of TiO2/Pt Janus particle 

in distilled water, captured every 20 seconds motion 
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TiO2/Pt PARTICLES 

 

Ryota Haraguchi, Kazuki Matsunaga, Yushi Oishi, and Takayuki Narita* 
 

Department of Chemistry Applied Chemistry, Saga University 

1 Honjo Saga 840-8502, Japan 

*E-mail: naritat@cc.saga-u.ac.jp 

 

Introduction 
Unique motions, (e.g., chemotaxis) have 

been observed for platinum-supported hetero 
metal particles in hydrogen peroxide solution 
[1]. These attractive motions have been 
considered due to an electron movement 
inside of the particle. TiO2/Pt particles are 
known as a light photocatalyst activated under 
UV light. Previously, our laboratory has 
found that TiO2/Pt Janus particles can perform 
a rolling or swing motion under a steady 
visible light (Fig.1). The observed results 
could be ascribable to a motion difference 
between two different material parts in a 
particle of that because it is unique to Janus 
particles. If this is true, the difference should 
be enhanced by the different abilities of 
photocatalyst or heat-light conversion 
between TiO2 and Pt. To elucidate the 
mechanism of the swing motion, we focus on 
the influences of ambient temperature and 
intensity of light on the particle motion. Here, 
we also pay attention to the effect of the light 
intensity of steady visible light and dissolved 
gas in the water in which particles swing. 

 
Experiments 
A masking method following the steps 

prepared the platinum-supported TiO2 particles. 
Scotch-tape used as a masking agent of TiO2 
particles. TiO2 particles were dusted onto the 
glass slide. Then, the glass plates were 
immersed in 1 mM of platinum chloride 
solution with oxalic acid and irradiated UV with 
2 h for platinum attachment. The scotch tape 
attaching platinum-supported TiO2 particles 
were calcinated at 600 ℃ in the air for 2 h. The 
resultant particles after the calcination 
introduced into two types of distilled water as 
the dispersion medium. One is normal distilled 
water. Another is introduced O2 by bubbling (1 
h). For motion observation, the particles 
irradiated with halogen light (3 kLux or 180 
kLux). The ambient temperature was controlled 
to 20 ℃ or 40 ℃. The motions of each particle 
were every 1 second by a CCD camera equipped 
with an optical microscope. 

Results and Discussion 
The swing period and the swing mode of the 

particles were independent of the ambient 
temperature when the range was from 20 ℃ to 
40 ℃ . The rising ambient temperature from 
20 ℃ to 40 ℃ converted to a simple raise of the 
average velocity (0.26 µm/s to 0.43 µm/s). On the 
other hand, the change of light source intensity 
from 3 kLux to 180 kLux transferred the swing 
motion into a random one. Only the light intensity 
change allowed the mode to change from swing 
to random motion. Therefore, the swing motion 
and mode change performed by the light intensity 
change were not directly explained by Brownian 
dynamics, which is influenced directly by 
ambient temperature. Since, the random kinetics 
of particles was not affected by the intensity of 
the light source, the mode transition from swing 
to random motion is due to an unidentified 
reaction between light and the Janus particles. 
The transfer period from swing to random mode 
under when changing the light intensity became 
short by the introduction of O2 gas into the 
dispersion medium. Considering the gas property 
in liquid media, dissolving gas in media appear as 
a gas phase in higher temperature. Because the 
nanobubble can reduce friction, the stacked 
particle can break free from a glass substrate by 
the nanobubble generated between the particle 
and the substrate by the light-heat conversion and 
can slip on the substrate.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PS-043

76



DEVELOPMENT AND CONTROL OF A LIGHT-DRIVEN 

SELF-SWING HYDROGEL SYSTEM 
 

Momoka Yamanaka, Shunsuke Nakamura, Yushi Oishi and Takayuki Narita  

 
Department of Chemistry and Applied Chemistry, Saga University 

Saga City, 840-8502, Japan 

E-mail: naritat@cc.saga-u.ac.jp 

 

Introduction 

In this study, we show that a light-driven self-

swing system can be achieved by using a light-

responsive material that consists of multi-

layered temperature-responsive gels with a 

pigment as a light-heat converter. Recent 

experiments in our laboratory had demonstrated 

that the tip of a multi-layered gel with different 

transition temperatures autonomously swings 

when a steady laser light irradiates the tip. To 

practically apply this concept, it is necessary to 

control the swing behavior. 

Here, we investigated the influence of the 

ambient temperature around the gel and the 

intensity of the laser beam on the swing 

behavior. 

 

Experiments 

The prepared gel consists of a three-layered 

hydrogel. The first layer is a transparent N-

isopropyl acrylamide (NIPAM) hydrogel, the 

second layer which sandwiched between 

other layers is acrylamide (AAm) hydrogel 

pigmented by carbon black, and the third 

layer is NIPAM-co-AAm hydrogel (95:5) 

pigmented white pigment. The layered gel 

was cut into 300×5×3 mm to obtain a gel bar, 

and one of the tips of the bar was clamped and 

hung vertically. Then the bar in which the 

unclamped side was downward was fully 

immersed into a glass cell filled with distilled 

water. The unclamped tip was irradiated with 

a semiconductor laser (532 nm) from the 

transparent gel side, and the behavior of the 

gel at that time was photographed with a CCD 

camera to evaluate the displacement. The cell 

temperatures were maintained at 10, 20 and 

30 ℃ using a water bath. The output intensity 

of the laser beam set as 800, 900 and 1000 mA.   

 

Results and Discussion 

Fig. 1 illustrates a snapshot of the layered 

hydrogel irradiated by the laser beam and the 

magnified image sequence of the swing-motion. 

The irradiated gel-head continuously swung 

back and forth during the beam irradiation.  

The lower ambient temperature allows the 

average swing amplitude to be smaller and the 

average period to be shorter (Fig. 2). A larger 

difference between the gel temperature heated 

by irradiation and the ambient temperature 

around the gel led the cooling rate of the gel to 

fast. Thus, the period during the gel temperature 

was more than the shrinking temperature of 

45 ℃ would be shortened, resulting in a weak 

shrinking of the third layer. It allows a shorter 

swing period and a smaller amplitude. We also 

found that higher laser intensity causes shorter 

periods of the swing (Fig. 3). With the higher 

light intensity, the irradiated gel quickly reaches 

the transition temperature and allows the 

shrinking period to be shorter. Hence, intensely 

irradiated light brings the swing period short. 

 

                 Fig. 2 

 

          Fig. 1                             Fig. 3 

Fig. 1. Swing behavior of the gel head under 

laser irradiation. Fig. 2. The dependence of the 

ambient temperature on the swing period and 

amplitude. Fig. 3. The dependence of the laser 

intensity on the swing period and amplitude. 
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Introduction 

Thermoplastic poly(ether ester) elastomers 

(TPEEs) have been synthesized by using metal 

catalysts such as titanium tetrabutoxide, tin 

complexes etc.1 

In this study we have designed certain acid-base 

organo-catalysts to enhance the performance of 

hard segment formation in TPEE synthesis. 

A series of hard segment of TPEEs have been 

synthesized by using 1,6-hexanediol (1,6-HDO) 

and dimethyl terephthalate (DMT) by varying 

the catalytic ratio (organic bases/organic acids 

ratio) towards 1:1 to 1:3. 

Results and Discussion 

 
Figure 1. 1H NMR Spectra of TPEEs prepared 

by different ratio of DMT : 1,6-HDO and 

Organic acid : Organic base. 

 

 
Figure 2. GPC Spectra of TPEEs prepared by 

different ratio of DMT : 1,6-HDO and Organic 

acid : Organic base. 

 

Table 1. Property of hard segment according to 

different ratio of DMT : 1,6-HDO and Organic acid 

and base. 

Base/acid DMT HDO Conv.a 
Mnb 

(g mol−1) 

TBT 1.0 1.5 81.25 2936 

3 1.0 1.5 96.875 7306 

3 1.2 1.0 81.25 2356 

3 1.1 1.0 83.13 3077 

3 1.0 1.1 86.25 3328 

3 1.0 1.2 88.75 3530 

2 1.0 1.5 93.75 2658 

2 1.0 1.3 91.25 3166 

2 1.0 1.2 93.75 2550 

2 1.0 1.1 88.75 4166 

2 1.1 1.0 85.53 3161 

1 1.1 1.5 99.38 2456 
aConversion. bMorecular weight. 

 

Conclusion 

Hard segments were successfully synthesized using 

organo-catalyst. The resultant hard segments have 

enhanced conversion and molecular weight compared 

to conventional hard segments using metal catalyst.  

 

Reference 
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Introduction 

Fixation of carbon dioxide (CO2) into valuable 

derivatives has attacked increasing attention in 

view of sustainable and environmental concerns. 

In this study, poly(glycerol carbonate) (PGC) 

polyols were synthesized by copolymerization 

of glycidol with CO2 using heterogeneous 

double metal cyanide (DMC) catalyst. 

Results and Discussion 

 

 
Figures 1. 1H NMR (MeOH-d4) spectra of the 

resultant PGC polyols. 

 

Tables 1 – Results of the copolymerization of 

glycidol and CO2 

Sample 
Pressure 

(bar) 
Conversion 

(%) 

Selectivity 
(%) 

PGC GC 

A 1 95 83 17 

B 3 95 80 20 

C 5 95 70 30 

D 7 95 68 32 

E 10 94 59 41 

F 15 92 55 45 

G 20 91 51 49 

H 30 94 77 23 

Reaction condition : Glycidol 20 ml, DMC 20 

mg, 6 h, 120 ℃ 

 
Figures 2. FT-IR spectra of the resultant PGC 

polyols. 

 

Conclusion 

Copolymerization of CO2 and glycidol was 

investigated by modifying parameters such as 

reaction temperature and CO2 pressure. The 

resultant PGCs have moderate molecular 

weight and high OH functionality. The 

carbonate content increased with increasing 

CO2 pressure. This work offers a promising and 

simple strategy for producing polycarbonate 

polyols as precursor for polyurethane. 
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Introduction 

Herein we demonstrate template free 

approach for hyper-cross-linking of 

biphenyl-based polymer by a FeCl3 

catalyzed Friedel−Crafts polymerization 

with formaldehyde dimethyl acetal (FDA). 

It was found that the monomer-FDA 

concentration play crucial role to form 

tubular, fibrous and wrinkled-micro 

particles.  Owing to the high surface area, 

strong organic framework and tuned 

morphologies, the obtained the hyper-cross-

linked polybiphenyl (HCPBPy) exhibit the 

outstanding adsorption capacity and 

efficiency towards p-cresol. 

 

Results and Discussion 

 
 

Figure 1.  The field emission scanning 

electron microscopy (FE-SEM) and 

transition electron microscopy (TEM) 

images: (a) & (e) HCPBPy-1, (b) & (f) 

HCPBPy-2, (c) & (g) HCPBPy-3 and (d) & 

(h) HCPBPy-4. 

 

 
 

Figure 2. Concentration of p-cresol in the 

supernatant after adsorption using a) 

HCPBPy-1 b) HCPBPy-2 c) HCPBPy-3 d) 

HCPBPy-4. e) Adsorbed amount and f) 

adsorption efficiency for each sample in 

various concentrations.  

 

Conclusions 

Demonstrate template free approach for 

hyper-cross-linking of biphenyl-based 

polymer by a FeCl3 catalyzed Friedel−Crafts 

polymerization with formaldehyde dimethyl 

acetal (FDA). The monomer-FDA 

concentration play crucial role to form tubular, 

fibrous and wrinkled-micro particles. Owing 

to the high surface area, strong organic 

framework and tuned morphologies, the 

obtained the hyper-cross-linked polybiphenyl 

(HCPBPy) exhibit the outstanding adsorption 

capacity and efficiency towards p-cresol. 
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Introduction 

Polyethylene (PE) is the typical crystalline 

polymer which is composed of the simplest 

primary structure and forms a wide range of 

scales’ hierarchical structure such as lamellar 

structure and spherulites. In general, crystal 

region and amorphous region of crystalline 

polymer provide mechanical strength and 

flexibility for multipurpose polymer material. 

Besides, PE expresses numerous excellent 

properties such as lightness, biocompatibility 

and high molding processability and therefore 

PE is utilized a variety of fields. 

 PE single crystal is usually prepared by an 

isothermal crystallization method from p-

xylene dilute solution of high density 

polyethylene and is formed hollow pyramid in 

dispersion solution to alleviate steric hindrance 

on folding surface and turns into planar plate 

crystal in dry state. However, crystalline 

morphology of PE in solution has not been 

evaluated directly yet and clarifying crystalline 

morphology is necessary for establishing 

knowledge in high functionality polymer 

material design. In this research, we 

investigated molecular aggregation structure of 

PE single crystal in solution and dry state by 

synchrotron radiation X-ray measurements. 

 

Experiment 

High density polyethylene (Mw=98.1k, 

Mw/Mn=7.6) after purification were dissolved in 

p-xylene at 110 ℃ and prepared 0.01 wt% 

dilute solution. The dilute solution was kept at 

crystallization temperature of 80℃ or 90℃ for 

48 hours and PE single crystal with different 

lamella thickness was prepared. The 

morphology of PE single crystal was evaluated 

using atomic force microscope (AFM) and 

polarization microscope (POM) observations. 

The crystalline morphology was investigated 

using synchrotron radiation wide angle X-ray 

diffraction (WAXD) measurement. 

Results and Discussion 

Figure 1 shows AFM image and height 

profile of PE single crystal. The lozenge shape 

plate crystal whose size is several 10 μm and 

thickness is approximately 10 nm was observed. 

 Figure 2 shows WAXD profiles of PE single 

crystal in solution and dry state prepared by 

isothermal crystallization at 80 ℃ for 48 hours. 

Scattering vector q is defined as q=4πsinθ/λ, 

where λ is the X-ray wavelength and θ is the 

diffracted angle. The diffraction peak position 

of PE single crystal in dry state was observed on 

the high q region compared to in dispersion 

solution. For the half width of diffraction peak, 

both samples indicated equivalent value. From 

these results, it was clarified that the order of 

crystal structure was maintained and the lattice 

spacing has become narrow after turning into 

dry state. PE single crystal that formed hollow 

pyramid in solution was crushed flatly in drying 

process and the stress derived from 

compression was applied in the perpendicular 

direction to molecular axis in lamellar crystal. 

Therefore, it is considered that molecular chain 

distance in PE single crystal decreased after 

turning hollow pyramid into plate crystal. 

Fig. 2. WAXD profiles of PE single crystal. 

(a) q = 15-18 nm-1 (b) q = 25-45 nm-1 

Fig. 1. (a) AFM image and (b) height profile of 

PE single crystal along the line shown in (a).  
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Introduction 

Polystyrene-b-poly(ethylene-co-butylene) 

-b-polystyrene (SEBS) triblock copolymer 

consists of glassy polystyrene (PS) end blocks 

and rubbery poly(ethylene-co-butylene) (PEB) 

middle block. As microphase separation occurs, 

PS domains play a role as physical crosslinking 

points of the PEB midblock. To improve 

mechanical strength of SEBS, mechanical 

stability of PS domain during sample 

deformation is a key point to control. 

Accordingly, it is important to investigate the 

deformation behavior of PS domains in 

mesoscopic scale using in situ small angle 

X-ray scattering (SAXS) technique under 

sample deformation. Furthermore, in situ wide 

angle X-ray diffraction (WAXD) technique was 

incorporated to determine orientation of PEB 

soft segment. 

 

Experiment 

Weight-average molecular weight of 

SEBS with 13 wt% of PS used in this study is 

1.6 × 105. SEBS films were annealed under 

vacuum at 170°C for 7 days. The films were 

observed during uniaxial and biaxial tests using 

in situ synchrotron SAXS and WAXD 

measurements. Wavelength of X-ray was 0.100 

nm. 

 

Results and discussion 

Figure 1 shows stress-strain curves, 

relationship of intensity ratio from WAXD, and 

strain calculated from domain spacing 

(d110/d110) of uniaxial and biaxial elongation. 

Deformation behaviors of glassy PS domains 

were observed from SAXS results. After 

annealing, characteristics of spherical PS 

domains packed in body-centered cubic (b.c.c.) 

lattice were observed from scattering vector (q) 

in SAXS profiles. During uniaxial elongation, 

structure and form factors shifted to lower and 

higher q region in parallel and perpendicular to 

the stretching direction, respectively. On the 

other hand, these factors shifted to lower q 

region in X and Y axes during biaxial 

elongation. The results of structure factor refer 

to a change in domain spacing (d) calculated 

from d = 2π/q. Strain from (110) spacing was 

obtained. Furthermore, deformation of PS 

domains was clarified using a model calculation 

method with the form factor. It was proposed 

that spherical PS domains deformed to prolate 

spheroid during uniaxial elongation and to 

oblate spheroid during biaxial elongation. 

Orientation of PEB soft segments was 

investigated by WAXD measurement. Only 

amorphous halo was observed in all strain of 

both uniaxial and biaxial elongation. Since 

intensity change along the azimuthal direction 

was not clear, intensity ratio from the 

amorphous halo between stretching (X-axis) 

and perpendicular to stretching direction 

(Y-axis) was calculated for confirming whether 

orientation occurs during stretching. It was 

found that the intensity ratio slightly increased 

from strain 4 in uniaxial stretching, while it 

remained constant in biaxial stretching. This 

reveals that soft segment weakly oriented 

during uniaxial, while no orientation was 

observed during biaxial testing. 

 
Figure 1 Stress-strain curves, relationship of intensity ratio 

from WAXD, and strain calculated from domain spacing of 

uniaxial and biaxial elongation at 1 mm/s 
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Introduction 

Steel codes are incorporated into rubber 

products like tires and conveyor belt in order to 

reinforce them. At that time, strong and durable 

adhesion between rubber and steel code is 

needed for good performance. Rubber and steel 

code are usually adhered by vulcanization 

adhesion. Thus, it is important for improvement 

of adhesion strength to understand mechanisms 

of vulcanization adhesion. The purpose of this 

study is analyzing the mechanisms of 

vulcanization adhesion by X-ray absorption 

near edge structure (XANES) analysis and 

adhesion test. 

Experiments 

 Rubber compounds were obtained by 

mixing polyisoprene, zinc oxide (ZnO), sulfur 

(S), stearic acid (StA), N-cyclohexyl-2-

benzorhiazolylsufenamide (CBS) and iron 

nanoparticle (Fe) by an agate mortar. 

Specimens for XANES analysis were prepared 

at 170 ℃ for 4, 6, 9, 12 and 23 hours. Sulfur K-

edge and iron K-edge XANES spectra of these 

specimens were obtained at BL-06 of SAGA-

Light Source.   

Table 1 Formulations of rubber compounds 

 Adhesion strength was evaluated by 

tensile shear adhesion test. Test pieces were 

prepared by applying rubber compound to 

stainless steel plates and bonding two plates 

together. They were heated at 170 ℃ for 1, 2, 4, 

6, 9 and 12 hours. These test pieces were 

measured by tensile tester.  

 

 

 

Results and Discussion 

 Figure 1 shows the S K-edge XANES 

spectra of SA2Fe. A white line peak shifted to 

high energy with increase in heating time. This 

indicates that polysulfide bonds of elemental 

sulfur were changed1). New peaks appeared at 

2475 eV and 2481 eV by heating. 2475 eV peak 

shows production of zinc sulfide. 2481 eV peak 

shows production of sulfate ion. 

 Figure 2 shows heating time 

dependence of average maximum shear stress. 

CBS improved adhesion strength. 

Figure 2 Heating time dependence of average 

maximum shear stress. 

 

References 

1. Chauvistre, R.; Hormes, J.; Hartmann, 
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Phys. 1997, 223, 293-302. 

 

Figure 1 S K-edge XANES spectra of 

SA2Fe. 

SA2Fe / phr SA2 / phr SA2CBS / phr

Polyisoprene 100 100 100

Zinc oxide 10 10 10

Sulfur 8 8 8

Stearic acid 2 2 2

CBS 0 0 1

Iron nanoparticle 8 0 0
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Introduction 

·Double metal cyanide (DMC) catalysts are 

among the most effective catalysts for ring-

opening polymerization of propylene oxide (PO) 

·Various water-soluble novel compounds as 

CAs for DMC catalysts were characterized 

using structural sensitivity analysis such as 

FRIR. 

·Produced polyols have narrow polydispersity 

index, low unsaturation level and tunable 

hydroxyl functionality. 

Results and Discussion 

 

 

Figure 1 FT-IR Spectra of DMC catalysts prep

ared at different amount of complexing agent. 

Synthesis condition: temperature = 50 ℃ 

Figure 2. Polymerization rate curves acquired by 

using various DMC catalysts prepared at different 

temperatures. Polymerization conditions: 

temperature = 115 °C, PPG-400 ( = 2) starter = 20 

g, catalyst = 100 mg. 

Table 1 result of ring opening polymerization DMC 
aInduction time. bTotal reaction time. cNumber 

average molecular weight measured by GPC in 

THF. 

Conclusion 
Although the induction time increase in the order of 

DMC 2 (21-34 min) < DMC 1(11-24 min) the 

deactivation is observed for DMC 1 at the end of the 

polymerization. The molecular weight (MW) is 

around 5500-6300 g/mol and polydispersity index 

(PDI) was calculated to be about 1.11-1.2. 

Reference 
1 C.H. Tran et al. / Journal of Catalysis 372 (2019) 

86–102 

Entry Catalyst 
 tind 

(min)a 

t 

(min)b 

Mn 

(g mol−1)c 

1 DMC1-0.1  17  56  5565 

2 DMC1-0.5  24 61 6275 

3 DMC1-1.0  17 49 5641 

4 DMC1-2.0  11.5  47  6219 

5 DMC2-0.05 26.5 57 5331 

6 DMC2-0.1  34  65  5565 

7 DMC2-0.3 31 58 5699 

8 DMC2-0.5 30 58 6305 

9 DMC2-0.8  21.5 49 5934 
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INTRODUCTION 

Conventional anionic ring-opening 

polymerization (AROP) of glycidol requires 

strict conditions like partially deprotonated triol 

(10%) as alkoxide initiator and slow monomer 

addition to prevent intramolecular 

cyclization.1,2 In this study, polyglycidols were 

synthesized via simple batch monomer addition 

polymerization of glycidol using heterogeneous 

double metal cyanide catalyst. The structural 

properties of catalyst and relative abundance of 

the structural unit of polyglycidol were well-

characterized. 

RESULTS AND DISCUSSION 

 
Figures 1. FTIR spectra of DMC catalysts. 

 
Figures 2. XPS spectra of DMC catalysts. 

 

 
Figures 3. 1H NMR (top) and 13C NMR spectra 

of polyglycidol (Table 1, run 4). 

Tables 1. Polymerization resultsa 

run Catalyst 
Tp

b
 

(°C) 

Χc 

(%) 

GPC 

Mn PDI 

1 DMC-1 90 82.62 1221 1.18 

2 DMC-1 100 88.57 1291 1.14 

3 DMC-1 110 94.97 1353 1.12 

4 DMC-1 120 95.67 1338 1.16 

5 DMC-2 90 81.10 1146 1.17 

6 DMC-2 100 92.62 1244 1.13 

7 DMC-2 110 94.30 1253 1.12 

8 DMC-2 120 95.62 1263 1.13 
aCondition: Catalyst = 5 mg, Glycidol = 1 mL.  

bPolymerization temperature, cMonomer 

conversion. 

CONCLUSION 

- Polyglycidols were successfully synthesized 

via batch polymerization of glycidol using 

DMC catalyst. The resultant polyglycidols have 

moderate molecular weight and narrow PDI 

values. 

 

References.  
1. A. Sunder; R. Hanselmann; H. Frey; R. 

Mülhaupt Macromolecules 1999, 32, 4240. 

2. A. Goodwin; D. Baskaran Macromolecules 

2012, 45, 9657. 
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Introduction 
Double metal cyanide (DMC) catalysts are 

prepared by reacting the water-soluble metal salts, 

preferably metal halides with the water-soluble 

metal cyanide salts in the presence of organic 

compounds as complexing agents (CAs). 

Considering the preparation conditions have a 

great influence on the catalytic behavior of 

catalyst, the effect of preparation parameters such 

as precipitation temperature, type and amount of 

CAs, and relative ratio of the metal components on 

DMC-catalyzed ROP of propylene oxide were 

investigated. The catalysts were characterized by 

Fourier transform infrared, X-ray photoelectron 

spectroscopy, elemental analysis, X-ray powder 

diffraction and scanning electron microscope.  

 

Results and Discussion 
 

 
Figures 1. X-ray powder diffraction of DMC 

catalysts. 
 

 
Figures 2. Polymerization rate curves acquired 

by using various DMC catalysts prepared at 

different temperatures. Polymerization 

conditions: temperature = 115 °C, PPG-400 ( = 

2) starter = 20 g, and catalyst = 100 mg. 

 

 

 

Table 1. result of ring opening polymerization DMC- 

SC series. aPolymerization rate in g-PPO g-cat-1h-1. 

bPolydispersity index. cMeasured by Brookfield DV- 

II+pro Viscometer. dOH functionality measured by  

ASTM E 1899-97. 

 

Conclusion 

DMC catalysts were prepared using a new type of 

CA. The catalysts exhibit very high catalytic 

performance in the polymerization of PO. 

The producing polyols have low viscosity (700-

850), narrow PDI (1.2−1.35), high functionality 

value and moderate molecular weights (Mn = 

4400−5000). 

 

References 
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C.E.A. Kirschhock, D. De Vos, Zn-Co double 
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ACS Catal. 3 (2013) p 597–607. 

 

2. Y.J. Huang, X.H. Zhang, Z.J. Hua, S.L. Chen, 

G.R. Qi, Ring‐ opening polymerization of 

propylene oxide catalyzed by a calcium‐ 

chloride‐ modified zinc‐ cobalt double metal‐ 

cyanide complex, Macromol. Chem. Phys. 211 

(2010) 1229–1237. 

Catalyst tind 

(min)a 

GPC Viscosity 

(cp) c 

 

OHV 

(mg 

Bu4OH/g) 

 

 

�̅�d 

Mn PDI b 

DMC-SC1 11 4600 1.31 - 32.56 2.69 

DMC-SC2 10 4200 1.33 - 35.62 2.67 

DMC-SC3 18 4900 1.26 756 32.26 2.52 

DMC-SC4 15 4500 1.29 745 33.26 2.39 

DMC-SC5 20 4700 1.29 756 33.36 2.52 

DMC-SC6 38 4800 1.35 844 31.62 2.43 

DMC-SC7 
19 

4600 1.26 
748 33.23 2.41 
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Introduction 
Polyvinylidene fluoride (PVDF) is a represent-

ative piezoelectric polymer that is more accessible 

because of its low cost and high production 

volume. It is remarkable to be used in varied fields, 
such as wearable devices. Even if ceramics is more 

effective in piezoelectric field, PVDF is being 

replaced in the field of that, due to its flexible and 
softness. 

 In addition, process of PVDF fiber, electro-

spinning can not only form β-phase, but also have 
very high specific surface area as a small diameter 

fiber, making it highly efficient, caused by the 

high electric field of the process itself.  

In this study, an acousto-piezoelectric flexible 
device was fabricated by electrospinning and 

spraying coating using PVDF and CNT dispersion. 

Knowing that the behavior of piezoelectric device 
and the variation in thickness of the PVDF web are 

related to efficiency, the study was conducted 

accordingly.  

 

Experimental 
Materials and methods 

 

PVDF (Mw = 534,000) powder was added to a 

solvent mixture of N, N-Dimethylmethan-amide 
(DMF) and Acetone at a ratio of 2: 3 in a 

concentration of 18wt%, and the mixture was 

stirred at 50 °C for 12 hours to complete a PVDF 
solution. SWCNT was dispersed in water at 0.1 wt% 

with 0.2 wt% of Sodium dodecylbenzenesulfonate 

(SDBS). Acousto-piezoelectric device was 

fabricated by electrospinning PVDF solution at 8.0 
kV, TCD 15 cm, and nozzle 21G. And then, Spray 

coating of the CNT dispersion was done with an 

air compressor on both sides of the prepared web.   
 

Figure 1. A Schematic showing process of an 
acousto-piezoelectric device. 

 

Measurement 

Figure 2. Scheme of acousto-piezoelectric Experi-

ment  

Fig. 2 shows a schematic diagram of the energy 
conversion experiment. Inside the booth, a speaker 

(XS-Xb160, SONY) and a device is installed, and 

sound waves are generated through a function 

generator (AFG-2105, GWINSTEK). The signal 
from the sensor was measured by DAQ (USB-

6212, National Instruments). 

Results and Discussion 

Figure 3. (a) piezoelectric maximum output voltage, 

(b) deformation velocity and (c) impedance with 
varying thickness of samples.  

 

Fig. 3(a) shows a slight decrease in output voltage 
as thickness increase. In fact, when the thickness 

increasing, the amount of PVDF that can cause the 

piezoelectric increase, but the impedance that 

interferes with piezoelectric increases and the rate of 
deformation decrease.    
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Introduction 

As a new enrergy storage device, much 

research has been studied on piezoelectric 
nanogenerator and energy harvesting capable 

of producing electrical enrergy by physical 

deformation. In particular, Polyvinylidene 

fluoride (PVDF), known as representative 
piezoelectric polymer, has been used as 

piezoelectric materials due to excellent 

chemical resistance, durability and flexibility. 
Furthermore, PVDF nanoweb production 

using electrospinning is expected to obtain the 

beta-phase crystal structure by electric field as 

well as the high specific surface area.  
In this study, we performed the formation 

of the beta-phased nanoweb and LiCl-PVDF 

nanoweb with various concentrations of 
PVDF using electrospinning. By analyzing 

the electrospinning behaviour of the LiCl-

PVDF nanoweb, we investigated the 
relationship between piezoelectric properties 

and structural properties. 

 

Experimental 

Materials and methods 

N,N-Dimethylformamide(DMF) and 2-

Butanone were mixed with DMF:2-Butanone 
weight ratio 6:4 as a solvent. The additive 

Lithium chloride anhydrous(LiCl,Duksan) was 

dissolved in solvent with concentration of 0.05 
wt%. PVDF (Mw = 534,000, Aldrich) powder 

was dissolved in solvent with various PVDF 

weight ratios, such as 13, 15, 18 as a solute, and 

stirred at 50 ℃ for 12 hours.  

Figure 1. A schematic diagram showing the process of 

electrospinning. 
 

Electrospinning was proceeded at stable drop 

with various time, such as 5,10,15,20,30 min, 
respectively. At this condition, metal nozzle and 

tip-to-collector distance (TCD) were fixed at 21G, 

15cm. The sample was fabricated as 

nanogenerator using Cu electrode tape during 
piezoelectric test. 

Results and Discussion 

Figure 2. Output voltage of LiCl-PVDF nanoweb as 
PVDF concentration (a) 13 wt%, (b) 15 wt% and (c) 

18 wt%.  

 
Fig. 2 is a graph showing the output voltage 

characteristics at the nanofiber thickness as 

PVDF concentration 13, 15, 18 wt%, respectively. 

The result can be explained by electrospining 
behavior and nanofiber mopholgy. Fig. 2(a) 

seems not to be effective. It is because the 

elongation viscosity of the 13wt% PVDF 
solution was too low to overcome the drawing 

force during the electrospinning process. On 

the other hand, the 15, 18wt% PVDF solution 
have the jet possesses which can be stretched 

owing to enough elongation viscosity. So, in 

forming nanofibers, as the nanofiber thickness 

increases, the output voltage increases at Fig. 2 
(b), (c). 

Conclusion 

The solution characteristics as PVDF 

concentration are important factors affecting 

electrospinning behavior. Consequentially, 
nanofibers formed in this way can obtain 

enhanced piezoelectric properties of LiCl-

PVDF nanoweb. 

(a) 

(c) 

(b) 
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Solvatochromism is optical bandgap changes 

by effects of solvents. This property has been 

gathering attentions in terms of not only 

fundamental theories but also optical 

applications such as environmental sensors and 

spatial imaging of living cells1. Solvatochromic 

spectral shifts are observed in near infrared 

photoluminescence (PL) from semiconducting 

single-walled carbon nanotubes (SWNTs) 1 that 

have highly -conjugated one-dimensional 

nanostructures. Recently, defect doping (e.g. 

oxygen atoms3 and sp3 carbons4 ) to their sp2 

carbon networks has been reported to enhance 

PL properties. The doping achieved by local 

chemical functionalization produces locally 

functionalized SWNTs (lf-SWNTs) that emit 

additional PL (E11*) with higher quantum yields 

in longer wavelength regions compared to 

original PL (E11) of non-modified SWNTs. 

In this study, we examined solvatochromism 

of the E11* PL of lf-SWNTs in order to 

characterize the local doped sites from the PL 

behaviors. We synthesized nitroaryl modified 

lf-SWNTs (lf-SWNTs-NO2) through diazonium 

reactions with solubilized SWNTs in D2O by 

sodium dodecylbenzenesulfate (SDBS) 

micelles. For various creation of organic solvent 

environments5, a water immiscible solvent, was 

poured into the lf-SWNTs-NO2 solution and 

vigorously shaken, then the separated aqueous 

layer was collected for measurements. By this 

treatment, various organic solvent layers can be 

created surrounding of the solubilized lf-

SWNTs-NO2. Figure 1 shows PL spectra of lf-

SWNTs-NO2/SDBS before and after o-

dichlorobenzene (oDCB) injection. The PL 

peaks of lf-SWNTs-NO2 were observed at 978 

nm and 1143 nm which were attributed to E11 

and E11* transitions. After oDCB injection, the 

PL peaks were redshifted to 987 nm and 1161 

nm, respectively, indicating that oDCB 

permeated into the hydrophobic regions 

between the nanotubes and the coating SDBS 

micelles. Other organic solvents were also 

injected in the same method and we observed 

different spectral shifts respectively. The 

observed energy shifts were analyzed based on 

a parameter of solvent orientation polarization. 

As a result, liner correlation between energy 

shifts and the parameter was found. The E11* PL 

shifts were always larger (~6 meV) than those 

of the E11 PL when aromatic solvents were used. 

It indicated high responsiveness at the doped 

sites to surrounding environments6. Therefore, 

the unique solvatochromic properties of lf-

SWNTs would be applicable to advance 

biomedical and environmental sensing with 

NIR PL (>1000 nm) having high biopermeable 

and low scattering features. 

 
Figure 1 PL spectra of lf-SWNTs-NO2/SDBS 

before (solid line) and after (dashed line) 

injection of oDCB. (ex = 570 nm) 
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Introduction. 

Polymer electrolyte membrane (PEM) is the 

key component of PEMFC. Nafion is the most-

widely studied PEM due to its good proton 

conductivity and durability. However, the 

proton conductivity of Nafion decreased under 

low humidity. In addition, the low glass 

temperature (~110 oC) of Nafion results in 

deformation of Nafion membrane at high 

temperature1. Therefore, new PEM design has 

been required.  

In this research, we focused on the influence of 

distance between acid side-chains on proton 

conductivity. Poly(2,5-benzimidazole) 

(ABPBI) grafted by sulfonic acid groups was 

designed, since ABPBI has good thermal 

stability and can afford high density of sulfonic 

acids groups. In order to confirm the influence 

of the shorten distance between acids, 

propanesulfornic aicd was also grafted on poly 

[2-2’-(m-phenylene)-5-5’ bi-benzimidazole] 

(PBI-PS), which has lower benzimidazole 

density. 

 
Figure 1. Chemical structures of PBI-PS (left) 

and ABPBI-PS (right) 

 

Experimental. 
NaH (0.186 g, 7.75 mmol) was added in 30 mL of 
dimethyl sulfoxide (DMSO) solution of ABPBI 
(0.300 g, 2.59 mM), and the temperature was 
maintained at 120 oC. After 24 h, 3-
bromopropanesulfonic acid sodium salt (2.33 g, 
10.4 mmol) was added to the solution, and the 
temperature was kept at 30 oC for 24 h. The 
solution was reprecipitated in acetone-water 
mixture (9:1 in vol:vol), and the precipitate was 
washed with acetone. After drying under vacuum 
at 60 oC for 24 h, brown powder (0.665 g, named 
as ABPBI-PSNa) was obtained. Then, ABPBI-
PSNa (200 mg) and pentaerythritol glycidyl ether 

2 mg in DMSO (10 mL) were poured into petri 
dishes and heated at 60 oC for 24 h. The obtained 
film (62 μm in thickness) was dipped in aqueous 
HCl (1.0 M) for 24 h to provide ABPBI-PS 
membrane. PBI-PSNa and PBI-PS membranes 
were produced in similar manner. 

 

Results and Discussion. 

From FT-IR spectra, both PBI-PS and ABPBI-

PS showed novel peaks at 1190 and 1050 cm-1 

which were assigned as asymmetric and 

symmetric stretching of SO3.  

Based on the 1H NMR proton integration, the 

grafting ratio of PBI-PSNa and ABPBI-PSNa 

are 99% and 90%, respectively. When the 

grafting ratio of ABPBI-PSNa was higher than 

60 %, the product was soluble in HCl, which 

made membrane fabrication difficult. Therefore, 

pentaerythritol glycidyl ether was used as a 

cross linker. The thickness of the membrane 

was controllable by the concentration of the 

solutions. Proton conductivity measurements 

were conducted from 30 oC to 120 oC with 

100% relative humidity (RH). Similar to the 

result from Kawahara et al.2. PBI-PS showed 

1.5 mScm-1 as its maximum conductivity at 110 
oC. Interestingly, the maximum conductivity of 

ABPBI-PS with grafting ratio of 90% was 14.5 

mScm-1 at 120 oC, which was 10 times higher 

than PBI-PS, even though the grafting ratio of 

ABPBI-PS was lower than that of PBI-PS. The 

close distance between benzimidazoles and 

grafted propanesulfonic acid of ABPBI-PS 

possibly contributed higher proton conductivity 

than PBI-PS. 
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Introduction 

Polymer electrolyte fuel cells (PEFCs) have 

been receiving ample attention as an efficient and 

clean power source for stationary and automotive 

applications.1 One of the challenges for 

widespread use of PEFCs is to minimize the 

amount of platinum (Pt) to lower the cost of 

PEFCs. Therefore, optimizing electrocatalyst 

design to improve Pt mass activity is required. In 

the conventional PEFC electrocatalyst, the proton 

conductive polymers such as Nafion are contained 

in order to transport protons to the Pt surface. It 

has been revealed recently that the SO3
− groups of 

the polymers are strongly adsorbed onto the Pt 

surface and decreasing Pt active sites to lower the 

catalytic activity.2 

In this study, a novel electrocatalyst without 

having the polymers for proton conduction was 

developed using sulfonic acid-grafted carbon 

black (SCB) as the proton conductive catalytic 

support. 

 

Experimental 

Sulfonic acid-grafted carbon black (SCB) was 

fabricated using p-sulfobenzenediazonium (Dz). 

The Pt nanoparticles deposition on SCB was done 

using polyol reduction method in the presence of 

60 % ethylene glycol as the solvent at 140 ̊C for 6 

h to obtain SCB/Pt. The prepared catalyst without 

polymer was spray-coated on both sides of the 

Nafion membrane, and hot-pressed with gas 

diffusion layers to obtain the membrane electrode 

assembly (MEA). With the same method, carbon 

black (CB)/Pt was prepared, and the MEA 

containing CB/Pt and Nafion in the catalyst layer 

was fabricated as the reference. The activity of 

these MEAs (SCB/Pt-MEA, CB/Pt-MEA) were 

measured by single cell tests. 

 

Results and Discussion 

The amount of sulfonic-acid groups on SCB 

was evaluated by X-ray photoelectron 

spectroscopy (XPS). The area of S 2p peak at 

168.1 eV was increased as increase the fed Dz for 

the grafting, suggesting the increase of acid 

density on SCB. The thermal property of SCB was 

characterized by thermogravimetric analysis 

(TGA) and the thermal decomposition 

temperature of SCB was found to be 450 °C which 

was lower than that of CB by 130 °C. The reason 

of the decrease was probably due to the 

introduction of the defect sites by grafting. 

SCB/Pt was observed by transmission electron 

microscope (TEM). It was revealed that Pt 

nanoparticles on SCB were agglomerated and the 

mean particle size was as large as 4.2 nm (Fig.1). 

Electrochemically active surface area (ECSA) of 

SCB/Pt calculated from cyclic voltammetry (CV) 

in the half cell test was less than half that of CB/Pt, 

which probably comes from the agglomeration of 

Pt nanoparticles. 

 
In the single cell tests (80 °C, 100 %RH), 

SCB/Pt-MEA showed lower maximum power 

density than CB/Pt-MEA. However, the 

maximum power density of SCB/Pt-MEA 

exceeded that of CB/Pt-MEA when the values 

were divided by ECSA. The results suggest that 

resolving the Pt agglomeration problem of this 

system is promising to realize electrocatalyst with 

high Pt mass activity. 
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Fig. 1. TEM image of SCB/Pt 

10 nm
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1. INTRODUCTION 

In order to maintain the body temperature in 

a cold environment, clothing has an excellent 

thermal insulation as the number of stationary 
air layers existing between the fabric layers is 

formed. Thermal comfort is greatly influenced 

by fabric structures and external environmental 
factors such as relative humidity. In this study, 

in order to apply graphene-coated fabric heating 

elements to clothing in extreme environments 

and protective clothing and so on, we analyzed 
thermal insulation property based on the 

electrical heating test of each of the outer, filler, 

and lining layers. Also, to investigate the effect 
on relative humidity, temperature behavior of 

samples was conducted at 25 and 55 %RH 

conditions.  
 

2. EXPERIMENTAL 

To fabricate graphene-based fabric heating 
element, we used the horseshoe-type by 

previous our study. 16 wt% graphene/PVDF-

HFP composite solution was coated on a flame-
retardant fabric of 50 mm × 50 mm and coated 

by knife edge method. It shows about 85 °C, 

0.12 A and 3 W at 30 V. Used fabric for each 
layer is prepared with 100 mm × 100 mm, those 

are indicated in Table 1. 

Table 1. Types of fabric used in this study 
Sample 

Code 
Type 

Thickness 

(mm) 

Weight 

(g/cm2) 

Used 

part 

HD_ARW Aramid 

woven 

0.28 0.021 

Outer 

LD_ARW 0.22 0.013 

AR_KT 
Aramid 

knit 
1.00 0.019 

AR_NW 
Aramid 

nonwoven 
1.00 0.013 

N3 Neoprene 3.00 0.061 filler 

WPB_F 

Waterproof 

brushed 

fabric 

1.00 0.033 Lining 

To confirm the thermal insulation property, 

samples were tested based on the electrical 

heating test. Each layer was place and then 

graphene-based fabric heating element was 
connected to the DC power supply. The voltage 

was applied at 5 V intervals 0~30 V for 3 min. 

Surface temperature of samples were measured 
with IR camera. To confirm the effect on 

relative humidity, KS K 0589 was used. A 
desiccator was controlled with water-sulfuric 

acid solution having 25 and 55 %RH at 25 °C. 

Temperature behaviors of samples were 
measure at 30 V for 30min with temperature 

data logger and temperature sensor.  
 

3. RESULTS AND DISCUSSION 

The surface temperature of lining/heating 
element/neoprene 3mm was added to the 

HD_ARW and LD_ARW as the outer, the 

surface temperature was about 45 °C, and 50 °C, 

respectively. In case of the AR_KT and 
AR_NW were used as outer, both temperatures 

were about 52 °C, those were increased than 

woven fabrics. Figure 1 showed the difference 
of temperature between graphene-based fabric 

heating element and each layer and relative 

humidity. ΔT between fabric heating element 

and filler was indicated less then lining and 
outer. ΔT between fabric heating element and 

lining is less than outer. At types of outer fabric, 

ΔT of AR_NW was showed smaller value than 
others. Also, ΔT of samples at 55 %RH tend to 

lower than samples at 25 %RH. It was 

confirmed that samples at 55 %RH to be better 
heat transfer from graphene-based fabric 

heating element to lining, filler, or outer fabric 

than 25 %RH.  
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Figures 1. Temperature difference of samples. 

 

Acknowledgements 

This research was supported by Basic 

Science Research Program through the National 

Research Foundation of Korea (NRF) funded 

by the Ministry of Science, ICT and Future 

Planning (NO. NRF-2016M3A7B4910552) 

PS-059

92



Tensile Property of 3D Printed Pattern and Its Composite Fabric Using 

Shape Memory TPU Filament 
 

Shahbaj Kabir
1
, Hyelim Kim

2
, Sunhee Lee

3*
  

 
1Department of Fashion & Textiles, Dong-A University, 2Research Institute of Convergence Design, Dong-A 

University, 3Deparment of Fashion Design, Dong-A University Busan, 49315, South Korea 

E-mail:shlee014@dau.ac.kr 

 

1. INTRODUCTION  

    Shape memory polymer (SMP) can deform 
its shape when heated over Tg and retain new 

shape at cooling. When reheated it recovers the 

original shape. Here, we studied on tensile pro-
perty of 3D printed auxetic sinusoidal sample 

and 3D printed auxetic sinusoidal samples/ ny-

lon composite fabric developed using raw ther-
mo-plastic polyurethane (TPU) and SMP TPU.   
 

2. EXPERIMENTAL 
Materials: This study used RAW TPU (E-sun. 

Co. Ltd., China) and SMP TPU (SMP tech. 

Inc., Japan) with diameter 1.75 mm. To 
fabricated 3D printed composite, nylon woven 

fabric (0.01mm, 96×80 yarn/inch) was used. 

FDM 3D printer was used for printing. 

3D modeling and 3D printing conditions: 

Auxetic sinusoidal pattern with 20mm × 20mm 

× 1mm repeat were developed using Autodesk 

123D. 3D auxetic sinusoidal pattern was 
transferred to g-code file by Cubicreator. Bed 

temperature was 0°C except 50°C for SMP 3D 

pattern. Nozzle temperature was 230 °C. 
Printing speed was 50 mm/s and filling 100%. 

Sample preparations: To analyze shape 

memory behavior, 3D printed auxetic siusoidal 

sample and its composite were heated and 
named each step as shown in Table 1. We used 

3DP and 3DP/N to denote 3D printed auxetic 

sinusoidal sample and its composite.  

Characterization: Tensile test was carried out 

to evaluate the 3D printed auxetic sinusoidal 

sample and 3D printed sample/nylon compo-
site. We obtained S-S curves and analyze load, 

elongation and initial modulus. 
  

3. RESULT AND DISCUSSION   

3D printed auxetic sinusoidal sample: 

Breaking load from TPU 3DP ORIGIN to 
HEAT increased from 49.0 to 55.6 N and then 

decreased to REHEAT 46.8 N. For SMP 3DPs, 

maximum load gradually from SMP 3DP to 
REHEAT was decreased from 72.6 to 57.8 N. 

In case of TPU 3DPs elongation, TPU 3D 

ORIGIN to REHEAT was tended to decrease 
from 688.9 to 647.3 %, whereas SMP 3DPs 

elongation, SMP 3D ORIGIN to REHEAT was 

increased from 80.3 to 208.8 %. Initial modu-
lus was increased from TPU 3DPs, TPU 3DP 

HEAT was most high value, 1.7 MPa. In case 

of SMP 3DPs, initial modulus gradually de-

creased from SMP 3DP ORIGIN 31.4 MPa to 
REHEAT 20.0 MPa. But SMP 3DPs value is 

about 30 times higher than TPU 3DPs.  
(a) 

 

(b) 

 
Figure 1. S-S curve of 3D printed sample and composite 

(a) RAW TPU (b) SMP TPU 

3D printed auxetic sinusoidal sample/ nylon 

composite: For TPU 3DP/Ns load increased 

from ORIGIN 296.3 N to REHEAT 309.1 N. 

And for SMP TPU 3DP/Ns load also gradually 
increased from ORIGIN 281.2 N to REHEAT 

321.1 N. Elongation of TPU 3DP/Ns was 

gradually increase from ORIGIN 720.9 % to 
REHEAT 788.8 %, whereas in case of SMP 

3DP/Ns were shown opposite tendency, from 

ORIGIN 323.7 % to REHEAT 265.9 %. For 
TPU 3DP/Ns, initial modulus increased from 

ORIGIN 4.6 MPa to HEAT 5.0 MPa and 

decreased to REAHAT 4.5 MPa. But for SMP 

TPU 3DP/Ns, the initial modulus gradually 
increased from ORIGIN 65.5 MPa to 

REHEAT 99.2 MPa. Also, the value of SMP 

3DP/Ns indicated more about 20 times than 
TPU 3DP/Ns. Thus, with heating, the SMP 

3DP/Ns strength and initial modulus increased.   
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Heating step Details 
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HEAT 
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Graphene quantum dots (GQDs) have received 

a great attention as a promising material for 

biological, opto-electronics, and energy 

applications due to its low toxicity, stable 

photoluminescence in moderate pH solutions, 

and high chemical resistance [1,2]. Especially, 

unique photoluminescent features of GQDs 

depending on its size and shape make it possible 

to exploit in bio-imaging applications [3]. 

Although many synthetic or manufacturing 

routes have been proposed to produce a GQD 

solution, the broad size distribution in GQD 

solutions limits its use as efficient optical agents. 

Several separation methods such as centrifuge 

and dead-end filtration have been used to get a 

narrow size distribution of GQD but more 

scalable and efficient separation method need to 

be developed [4,5]. Here, we present a 

straightforward method for size fractionation of 

GQDs dispersed in water using a tangential-

flow filtration system and a track-etched 

membrane with cylindrical uniform nanopores 

(Figure 1a). The GQDs with diameters in the 

range of 5-25 nm introduced in tangential flow 

were fractionated with a flux of 7.8 L/m2hr. 

After membrane filtration, we observed a clear 

blue fluorescence in the permeate side 

attributed by selective permeation of relatively 

small GQD molecules and it was estimated that 

the selectivity in terms of separation factor 

between green fluorescent GQD and blue 

fluorescent GQD was 0.74 (Figure 1b). Our 

results demonstrate a feasible method 

facilitating size fractionation of two-

dimensional nanostructures using a tangential-

flow membrane filtration system. Since 

membrane filtration is simple, cost-effective, 

and scalable, our approach can be applied to 

prepare a large amount of size-controlled GQDs. 

 
Figures 1. (a) Schematic drawing of the 

tangential-flow filtration system used in this 

study, (b) absorbance spectra of GQD solutions 

before and after applying the tangential-flow 

filtration (Inset: Photographs of the GQD 

solutions taken under ilumination with 365 nm 

light). 
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Glutathione is a natural anti-aging agent, 

preventing protein thiol oxidation from reactive 

oxygen species. In pharmaceutical industry, 

reduced glutathione (GSH) has been widely 

used for skin whitening due to tyrosinase 

inhibitory activity [1]. General method to deliver 

GSH is a topical administration to the target 

region in the form of creams, gels, or ointments. 

However, its low skin permeability and foul 

odor limit use in topical applications. Herein we 

report a GSH-loaded dissolving microneedle 

(MN) patch, enabling enhanced permeation 

across skin and reducing the foul odor of GSH. 

Several biodegradable polymers as a carrier of 

GSH have been investigated for odorless 

formulations and were used for MN fabrications 
[2].  

PDMS molds to fabricate a GSH-loaded MN 

(GSH-MN) patch were replicated from the 

positive bullet-shaped MNs array milled by 

using a CNC machine [3]. GSH-MN arrays (100 

MNs/1 cm2) were prepared by solvent-casting 

of MN-forming solutions with different GSH 

concentrations in a vacuum chamber. As shown 

in Figure 1, GSH-loaded MN (GSH-MN) arrays 

were successfully fabricated with good pattern 

fidelity. Each bullet-shaped MN had a height of 

750 μm, a base diameter of 250 μm, and a tip 

diameter of less than 10 μm. The GSH MN 

showed enough mechanical properties to be 

inserted into the skin. The MN tips loading up 

to 550 ug of GSH dissolve within 10 minutes 

following insertion into porcine skin and release 

the drug (GSH) without getting oxidized [4]. 

This painless MN-assisted transdermal delivery 

platform with minimal invasion could improve 

the skin whitening and antioxidant property of 

GSH. 

 

 

 

 
Figure 1. Photographic images showing the 

GSH-MN patches with different GSH 

concentration. (a) 0 wt%, (b) 1 wt%, and (c) 2.5 

wt%. 
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Introduction 

Silencing Y-box binding protein 1 (YB-1) 

can be an excellent target for cancer therapy 

with cancer cells expressing the polysaccharide-

recognition receptor Dectin-1. Antisense DNA 

are an interest field but easily degraded by 

nuclease enzyme and are not delivered to target 

cells. In our study, our attempt is to design a 

Dectin-1 targeting vehicle delivering YB-1 

antisense DNA.Our interest is to develop DDS 

carrier for delivering nucleotide medicine by 

using Schizophyllan (SPG). SPG is one of the 

β-1, 3-glucan, also recognized Dectin-1 

receptor. The other particular character of SPG 

is its ability of forming an oligonucleotide into 

complex (Figure1). 

 

Surprisingly, during process analysis of GPC 

chromatogram (Figure2), it was found that 

complexes are not monodisperse when 

molecular weight of SPG becomes small.  

In this study,we focused on structural analysis 

its complexes and cytotoxic effect. 

Results and Discussion 

 To comprehend structure, these complexes 

were firstly fractionated and then examined for 

local helical structure, shape by using CD and 

SAXS measurement, respectively and finally 

cytotoxic effect. 

From the CD measurement, each peak showed 

a spectrum is different from that of the nucleic 

acid, and thus was found to be a complex. 

Furthermore, GPC measurement showed that 

the molar molecular weight of each peak was an 

integer multiple from the low molecular side 

(Figure2). 

 

Nucleic acid molecules were formed into a 

complex by selecting a single-stranded SPG of 

just the right length during the formation 

process. In other words, it is suggested that a 

complex is formed based on nuclear acid as a 

template. Therefore, it is considered that 

multiple peak occurred. 

Finally, we examined the inhibitory growth of 

the complex using PC-9 cells expressing 

Dectin-1 and A549 cells without expressing 

Dectin-1.Our results demonstrated that the 

proliferation of PC-9 was suppressed by the 

complex, while there was not similar one-side 

in A549. 

Conclusion 

Complexes exist in solution with various 

sizes because of having one, two or three 

oligonucleotide molecules.They are also 

considered to be effective as a DDS carrier for 

nucleic acid drugs targeting Dectin-1-

expressing cells. 
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Figure.1.Feature of SPG 

 

Figure.2. GPC chromatograms of fractionated 

SPG/DNA complexes and the analysis results 
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Introduction  

α-mangostin (αMGS), which is one of 

xanthone derivatives, exhibits a variety of 

bioactivity and could be an efficient anticancer drug. 

However, the nanoparticles carrying αMGS has not 

been developed so far. Cyclodextrins (CDs) are one 

of the key polysaccharides and well-known as a 

non-toxic and biodegradable drug carrier. In this 

study, we prepared CD-based nanoparticles 

(CDNPs) by polyaddition reaction using 

epichlorohydrin (Figure 1) and characterized their 

colloidal properties by dynamic and static light 

scattering techniques. The encapsulation behavior 

of αMGS into CDNP and the cytotoxicity of the 

complexes were also examined in vitro. 

 
Figure 1 – Synthesis scheme of CDNPs. 

Results and Discussion 

Figure 2 showed that molecule weight (Mw) 

and hydrodynamic radius (Rh) of CDNPs increased 

with increasing the feeding molar ratio of ECH to 

CD but had no major change in αCDNP system. For 

βCDNP system, when the feeding [ECH]/[CD] was 

7.1, both Mw and Rh decreased. This is because that 

the reaction between ECH itself too much occurs, 

resulting in producing a water-insoluble polymer 

with CDNP. AF4-UV-RI fractogram described the 

βCDNP48 was detected around 16 minutes without 

any UV absorbance at 323 nm, whereas the UV 

signal of βCDNP48/MGS showed up at the same 

peak position of RI, indicating the βCDNP48 

successfully encapsulated αMGS (Figure 3a). The 

encapsulation behavior in CDNP shown in Figure 

3b suggests that polymerization of CD enhances the 

encapsulation ability for αMGS and βCD is the best 

system in both cases of native and polymerization 

of CD.  

 
Figure 2 – The dependence of feeding [ECH]/[CD] 

on the Mw and Rh  

 
Figure 3 – (a) AF4-UV-RI fractogram of βCDNP48 

and βCDNP48/MGS. (b) The dependence of 

feeding concentration of αMGS on the loading ratio 

of it for CDNPs and native CDs. 

The percentage of cell viability from αCDNP/MGS 

is close to MGS, and that from γCDNP/MGS 

dramatically decreases, but βCDNP/MGS still 

remains 20 percent alive cell after 48 hours. 

 
Figure 4 – Cytotoxicity of the series of CDNP72 and 

the complexes of CDNP72/MGS after 24- and 48-

hours incubation. 

Conclusions 

We demonstrated that the particle size and 

Mw of CDNPs could be controlled mainly 

[ECH]/[CD]. βCD showed the highest loading ratio 

of αMGS in CDs and in CDNPs. CDNPs created a 

higher loading ratio of αMGS than that of native 

βCD. It suggests that both of cavity of CDs and 

hyperbranched polymer network in CDNPs play a 

critical key to inclusion of αMGS; consequently, 

they affect the affinity between CDNPs and αMGS 

as well as distinct performance in cytotoxicity assay. 

33 wt% NaOH

30 OC, 6 hours
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Vertically Aligned polymer nanopillar array on 

substrates have received significant interest as a 

functional surface in a broad range of 

applications[1]. However, previous methods to 

prepare a polymer nanopillar array on substrates 

are fraught with poor dimensional 

controllability of the nanopillar[2]. In this study, 

we report a new method to prepare free-

standing biodegradable nanopillar arrays on 

various substrates by plasma etching with 

polystyrene-block-poly(acrylic acid) (PS-PAA) 

block copolymer micelles encapsulating Au 

nanoparticles inside (AuNP@PS-PAA)[3]. The 

Adsorption density of Au@PS-PAA micelles 

onto polyelectrolyte multilayers 

(PAH/[PSS/PAH]2) deposited on poly(lactic-

co-glycolic acid) (PLGA) films was controlled 

by adjusting pH condition of micellar solutions, 

which influence molecular interaction between 

carboxylic acid in the PAA coronas and amine 

group in PAH located at the outmost layer on 

substrates. Since the Au nanoparticles in the 

micellar structure can provide etching 

resistance, only the polymer layers underneath 

Au nanoparticles remain intact during plasma 

treatment. Thus, a vertically aligned 

biodegradable PLGA nanopillars array on 

flexible substrates can be fabricated from the 

density-controlled Au@PS-PAA micelles 

(Figure 1). The dimensions of PLGA 

nanopillars were controlled by adjusting plasma 

etching conditions such as treatment time and 

power. Our approach can be applied to prepare 

nanopillar arrays on substrates by using diverse 

soft and hard materials. 

 

 

 
Figures 1.  Schematic illustration for the 

fabrication of vertically aligned biodegradable 

PLGA nanopillars array on flexible substrates. 

The PLGA nanostructures were prepared by 

selective plasma etching of AuNP@PS-PAA 

micelles adsorbed on a PLGA film. 
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Due to growing interest in cosmetics and 

medical applications, therapeutic medications 

that reduce the amount of local subcutaneous 

adipose tissue have potential for obesity 

treatment. However, conventional methods for 

the treatment of a subcutaneous fat such as 

chemical injection or surgical operation are 

restrictedly used by trained clinicians to 

minimize the risk of complications [1,2]. Here, 

we report a simple and effective method for the 

local reduction of subcutaneous adipose tissue 

by using microneedle-assisted transdermal 

delivery of natural polymers affecting fat 

metabolism such as lipolysis and lipogenesis 

(Figure 1) [3]. Based on in vitro screening tests, 

gelatin was selected as a therapeutic polymer to 

reduce adipocytes and used to prepare a 

microneedle array for its painless and effective 

delivery through a transdermal route. Following 

application of gelatin microneedle (GMN) 

patches to high-fat diet (HD)-induced obese rats, 

the amount of subcutaneous adipose tissue (AT) 

was significantly reduced, which was 

confirmed by histological analysis and micro-

computed tomography scanning. It was found 

that transdermal delivery of gelatins suppressed 

expression levels of lipid metabolism-

associated genes including fatty acid synthase, 

sterol regulatory element-binding protein-1c, 

and peroxisome proliferator-activated receptor-

γ in both isolated adipocytes and rat 

subcutaneous AT. In addition, released glycerol 

level as an indicator of lipolysis was elevated in 

isolated adipocytes. These findings suggest that 

the GMN patches induce lipolysis and regulate 

lipid metabolism, thereby reducing deposition 

of subcutaneous AT in HD-induced obese rats.  

This platform using the GMN may provide a 

new strategy with minimal complications in the 

treatment of excess subcutaneous AT. 

 
Figure 1. Local reduction of subcutaneous 

adipose tissue (AT) by using MN-assisted 

transdermal delivery of gelatin. 
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INTRODUCTION 

Cyclodextrins (CDs) are biocompatible 

molecules approved by FDA as the material that 

can be injected into the human body and have 

already been used for a long time. The 

important feature of CDs is that they can contain 

hydrophobic molecules into their cavity, which 

is widely used in developing supramolecular 

materials. Owing to the supramolecular feature, 

it is not necessary to modify the chemical 

structure of drug molecules, which can preserve 

or enhance the bioactivity of the hydrophobic 

drugs.  

Due to these characteristics, CDs are 

expected as drug carriers in drug delivery 

systems (DDS). However, the size of CD itself 

is too small. The size of the carrier must be 

larger than 20 nm because smaller particles are 

rapidly trapped by a kidney and excreted. Due 

to this problem, the development of 

nanoparticles including CDs into polymers has 

been widely conducted. Among the developed 

polymers, hyperbranched polymer obtained by 

mixing CDs and ECH in basic solution is known 

as a simple method for preparing CD-

containing nanoparticles (CDNP). However, 

that reaction always provides smaller CDNP 

less than 20 nm. This is probably because of the 

heterogeneous reaction between CDs in water 

phase and oil molecule ECH. It is known that 

phase transfer catalyst (PTC) may improve that 

kind of heterogeneous reactions. The purpose of 

this study is preparing large size CDNP using 

PTC and controlling the size of CDNP. 

 

EXPERIMENTS  

As the PTC in the reaction, we employed 

Tetra-n-butylammonium fluoride (TBAF) and 

SDS. The PTC was dissolved into CD solution 

containing NaOH, then we added ECH into the 

solution and stirred for 24 hours at room 

temperature. After purifying the product by 

reprecipitation and dialysis, we determined the 

particle size by dynamic light scattering (DLS) 

measurements. 

 

 

RESULT & DISCUSSION  

   Figure 1 shows the DLS result of the CDNP 

with or without the PTC. When using TBAF,  

the particle size slightly increased but still was 

at enough as DDS carriers. The SDS system 

produce very large particles compared to that of 

the others.  

When changing the volume of ECH and 

concentration of SDS, the particle size also 

changed as shown in Figure 2 This indicates we 

can control the particle size by tuning the 

amount of ECH and SDS. We will discuss the 

mechanism of the reaction in this poster 

presentation.  

 
Figures 1 – DLS measure of CDNP, (a) 

Autocorrelation function. (b) Particle size 

distribution 

With TBAF (Rh = 4.7 nm) 

Without TBAF (Rh = 2.8 nm) 

With SDS (Rh = 67 nm) 
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Figures 2 – Dependence of CDNP particle size 

on epichlorohydrin addition and SDS 

concentration 

100

80

60

40

20

0

8765432

120

100

80

60

40

20

0

2.52.42.32.22.12.0

SDS conc.: 3.0 mM

EP amount / mL SDS conc. / mM

R
h

 /
 n

m

R
h

 /
 n

m

EP amount: 2.4 mL

PS-067

100



RELATIONSHIP BETWEEN POLYMER STRUCTURES ON 

NANOPARTICLES AND THEIR RETENTION IN BLOOD 
 

Jun Matsuno, Shota Fujii, Rintaro Takahashi, Ji Ha Lee and Kazuo Sakurai.  

 
Department of Chemistry and Biochemistry, University of Kitakyushu  

11-1 Hibikino, Wakamatsu-ku, Kitakyushu, Fukuoka 808-0135, Japan 

E-mail : sakurai@kitakyu-u.ac.jp  

 

Introduction 

Although micelles are one of the 

candidates of drug carrier as nanomedicines, 

their structures are easily collapsed by diluting 

down to their critical micelle concertation and 

by changing environmental condition including 

temperature, pH, and salt concentration, which 

are disadvantages for the practical application 

in vivo. Further, high share stress and 

interactions with plasma proteins in blood 

stream would induce premature drug release 

from micelles. For preparing particles 

demonstrating robust stability in vivo, we have 

synthesized PEG-bearing amphiphilic 

compound containing a vinyl group in the end 

of the undecyl alkyl chains (named PDU). After 

preparing nanoemulsion composed of this PEG-

based micelle and hydrophobic cross-linking 

agent,  and then a hydrosilylation reaction was 

performed to form network structures in the 

micelle core, producing core cross-linked 

nanoparticles name furry-nanoball (f-NB, and 

shown in Fiugre 1). The nano-ball structure was 

characterized using small angle scattering 

techniques, and their retention properties in 

blood was compared to that of the original 

micelle. 
 
Experimental Section 

For preparing f-NB, PDU was first 

dissolved in 150 mM NaCl aqueous solution to 

obtain a micelle solution. SiH-containing cyclic 

siloxane (D4
H), vinyl group-containing cyclic 

siloxane (D4
V) and Karstedt catalyst were added 

into the micelle solution and subjected to a 

hydrosilylation reaction inside the micelle core 

by ultrasonic treatment with a probe type 

ultrasonic homogenizer for 1 min (Figure 1). 

The progress of the hydrosilylation reaction was 

confirmed by 1H-NMR measurements and the 

particle size of the core cross-linked micelle 

was measured with dynamic light scattering 

(DLS) measurements. And also, the nanoball 

structure was characterized using small-angle 

scattering, and the retention properties in blood 

were compared to those of the original micelles. 

 
Results and Discussion 

1H-NMR spectra of the micelle after the 

hydrosilylatoin reaction, the peak assigned as 

the vinyl group of the amphiphilic compound 

disappeared, indicating the reaction worked. 

The particles size of f-NB was about ## nm in 

diameter, which is similar to that of original 

micelles. The particle structure did not 

decompose into unimer even in a good solvent 

of the amphiphilic compound, in other words, 

the stability was improved.  

Figure 2 shows the time-dependence of 

particle concentration of f-NB and the micelle 

after administering in vivo. The retention in 

blood for f-NB is extremely high compared to 

that of the original micelle. We will discuss the 

relationship between the polymer structure on 

the f-NB and their blood retention in vivo.  

Figures 1. Schematic image of synthesizing 

furry-nanoball (f-NB). 

Figures 2. Drug retention in vivo of micelles (red 

profile) and f-NBs (blue profile) 
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Introduction: Reversible addition-

fragmentation chain transfer (RAFT) 

polymerization allows the synthesis of 

polymers with a narrow molecular weight 

distribution (MWD)1. In RAFT polymerization, 

thiocarbonylthio compounds are employed as 

highly active chain transfer agents (RAFT 

agents). Since RAFT agents cannot generate 

radicals on its own without external stimuli, 

thermal initiators are typically used as an 

external radical source. A number of different 

polymer species can exist in an as-prepared 

polymer. Major species are the living chains 

possessing a thiocarbonylthio moiety at the 

omega chain end that are the dormant state of 

the living chains. There are two kinds of living 

chains differing at the alpha chain ends which 

originate from either the RAFT agent or the 

initiator2. Dead chains without thiocarbonylthio 

moiety are also formed by various termination 

reactions as well. In this study, we separated the 

polymer species generated in RAFT 

polymerization process and carried out a 

quantitative analysis of the living polymer 

species in detail.  

 
Results and Discussion: To achieve full 

chromatographic resolution of different living 

and dead chains, a polystyrene with distinctive 

end groups was prepared in RAFT 

polymerization by using a specially designed 

chain transfer agent (R–S–(C=S)–S–Z) with 

polar hydroxyl end groups at both R and Z and 

a thermal initiator without hydroxyl group, 

AIBN. The structures of separated living chains 

derived from the RAFT agent and initiator were 

characterized using 1H NMR and MALDI-TOF 

MS. Molecular weight distribution (MWD) of 

the living chains derived from the RAFT agent 

is close to the Poisson distribution. On the other 

hand, the living chains grown from the initiator 

has a broader MWD with low molecular weight 

tailing.  
 

 
Figure 1. Comparison of the as-prepared PS 

(black) and the living chains (blue and red). 
 

Conclusion: We successfully fractionated the 

living and dead chains in polystyrene prepared 

by RAFT polymerization. A specially designed 

chain transfer agent  with polar hydroxyl groups 

at R and Z was used to resolve various living 

and dead chains by HPLC separation taking 

advantage of the relative difference in the 

interaction strength with the polar stationary 

phase. The MWD of the two kinds of living 

chains were clearly distinguishable. The living 

chains initiated by the radical fragmented from 

the RAFT agent showed a narrower MWD than 

as-prepared PS. On the other hand, the living 

chains initiated by the radical dissociated from 

the initiator had a broader MWD with low MW 

tailing. 
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Introduction:  The combination of ATRP and 

click chemistry is mainly used to synthesize 

polymers with complex structures. By 

combining ATRP, end-group azidation, and 

click coupling reactions we first synthesize a 

disulfide (from coupling agent) containing 

tricycle polystyrene (TC-PS) which on 

reduction produce 8-shaped PS with thiol 

groups at both ends. This 8-shaped PS was used  

for synthesis of block copolymer and reacted 

with PEG block having norbornene groups at 

both ends through thiol-ene click chemistry. 

Thiol-ene click chemistry offers advantages 

over Cu(I) assisted azide and alkyne coupling 

(Cu-AAC) in some areas of bioconjugation 

chemistry.1 Here, we aimed to synthesize a 

topologically novel multiblock copolymer by 

thiol-ene step-growth polymerization reaction 

between the thiol groups of 8-shaped PS and the 

norborene end-functionalized PEO. Especially, 

hydrophobic and steric compactness of 8-

shaped PS on the polymer backbone may play a 

large role in defining the macromolecule’s 

rigidity and shape, which ultimately influence 

its overall physical properties. 

 
Results and Discussion: ATRP, azide end-

group modification, and Cu-AAC click 

reactions were combined to synthesize a 

tricyclic PS. ATRP ensured the synthesis of the 

polymer with a controlled molecular weight and 

PDI, and desired architecture. Then, click 

cyclization was carried out using the 

bimolecular slow  addition technique. The 

disulfide in the tricyclic polymer as then 

reductively cleaved to obtain an 8-shaped PS (1) 

in the presence of zinc and acetic acid. For 

preparing the PEG block (2), a commercially 

available PEG with hydroxyl groups at both 

ends was reacted with 5-norbornene-2 

carboxylic acid. Finally, the hydrothiolation of 

the highly reactive norbornene chain-ends of 

polyethylene glycol with the dimercapto groups 

of spiro-PS produced the multiblock ([(PEO-b-

spiro-PS)], 3) copolymer in quantitative yield. 

The multiblock copolymer was characterized 

using SEC, 1H NMR, XPS, and Raman 

spectroscopy. 

 

 
 

Figure 1. Synthesis of (a) 8-shaped PS, (b) Di-

NB-PEG, and (c) S-MBCP. 
 

Conclusion: Spiro-multiblock copolymers, S-

MBCP, were successfully synthesized using 

photoinitiated thiol-ene click chemistry. The 8-

shaped PS with thiol groups was conjugated 

with di-norbornene-functionalized PEG to 

synthesize amphiphilic multiblock copolymers. 

XPS and Raman spectroscopy confirmed that 

the S-MBCP prepared was indeed a thiol-ene 

product with C S linkages rather than a 

byproduct formed by thiyl–thiyl conjugation (S 

S linked). Due to the steric compactness along 

its backbone, it is expected that S-MBCP may 

show different  properties of structural rigidity 

in comparison to linear analogues, influencing 

self-assembly properties. 
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Abstract 

Poly[N-(2-Hydroxypropyl)methacrylamide] 

(PHPMA) is expected to be used as a carrier in 

a drug delivery system (DDS) due to the 

excellent biocompatibility. Further, anticancer 

drugs can be connected to the side chain of the 

polymer by hydrazone bond, which can be 

broken under low pH conditions such as 

around tumor tissues. However, the 

fundamental physical properties of the polymer 

have not been investigated so far, although it is 

important for the practical use. In this study, 

we have investigated the solution properties of 

HPMA copolymers with 

the various monomer 

composition, structure 

and polymerization 

degree.  

 

 

Experimental Section 

The HPMA copolymer before adding THP 

(P-NH2) was synthesized by free radical 

polymerization. P-THP was prepared by the 

reaction of P-NH2 with THP in methanol and 

acetic acid. The dilute solution properties for 

their copolymers were investigated by small 

angle X-ray scattering (SAXS) and size-

exclusion chromatography with multi-angle 

light scattering detector and viscometer (GPC-

MALS-VISCO). 

 

Results and Discussion 

Figure 1 shows the intrinsic viscosity [η] as a 
function of the degree of polymerization. The  
exponent of α  in the [η ] ∝  DPα  was 
determined to be 0.58 for P-NH2 and 0.13 for  
 

 
P-THP, respectively. α for P-THP is 
remarkably smaller than that for P-NH2. This  
result indicates that the conformation of P-NH2 
changes from a random coil to a shrank state
（P-THP）by linking THP.  
Figure 2 shows the results of small angle X-

ray scattering measures for P-NH2
 and P-THP. 

From the Berry plots and Guinier plot in the 
low q region the radius of gyration (Rg) were 
determined to be 11.4 and 9.5 nm respectively. 
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Chart1. Chemical structure 

of HPMA copolymer 

conjugates of THP (P-THP) 
Fig 1. Double logarithmic polts of the 
intrinsic viscosity [η] against the degree 
of polymerization (DP ) 

Fig 2. SAXS profiles and Berry plot of P-NH2 in 

0.1M NaCl, Guinier plot of P-THP in Arginine 

Buffer. 
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Introduction 
Liposomes are phospholipid vesicles 

consisting of lipid bilayers and can be used as 

drug-carriers for drug delivery system (DDS). 

Polyethylene glycol (PEG), one of the 

biocompatible polymers, often is introduced 

onto the liposome to endow the stealth effect 

meaning that the particles become undetectable 

to the reticuloendothelial system. This is due to 

the high flexibility of PEG and the large 

exclusion volume in water and is a property 

useful for suppressing proteins adsorption and 

cell adhesion. However, repeated administering 

the PEG tethered liposome sometimes 

contributes accelerated blood clearance (ABC) 

phenomenon (Figure 1), which attributed to 

antibodies against PEG. It was reported that the 

hydrophobic part attached to PEG might induce 

the phenomenon, but no clear evidence to prove 

it. Here, we have investigated whether PEG 

itself induce ABC phenomenon. We also 

discuss the effect of the molecular weight (Mw) 

on the phenomenon.  

Experiment 
The saline solution was added to a cast film 

including PEG-DSPE/DPPC (5/95 mol%) and 

subjected to ultrasonic treatment to obtain a 

PEG-bearing liposome. The structure of the 

liposome was characterized small angle light 

scattering (SAXS), TEM, DLS and 

asymmetrical flow field flow fractionation 

coupled with mulch angle light scattering (FFF-

MALS) measurements. For studying the blood 

circulation time of the liposomes, fluorescence 

labelled-liposomes were prepared and injected 

to mice, and then the concentration of the 

fluorescence molecule was monitored. After 

injecting pure PEG as the first administration, 

the PEG-bearing liposome (PEG-DSPE) was 

injected after 10 days, which is enough term to 

create the antibody for antigens. 

Results and Discussion 
Figure 2 shows the concentration profiles 

of fluorescence labelled-liposomes after 

administration in vivo. Although PEG-DSPE 

shows high retention in blood in the first 

injection, it was rapidly cleared in second 

injection, which is due to ABC phenomenon. 

The PEG-DSPE liposome also cleared in 

second injection after the creation of an anti-

body caused by pure PEG whose Mw is 5.0 ×105 

g/mol. This indicates that the anti-body 

produced by immune system for pure PEG 

(PEG without hydrophobic part) as well as for 

the PEG-DSPE liposome, which suggests that 

the ABC phenomenon could be occurred for 

any PEG materials. We will discuss the effects 

of particle size on the phenomenon in the poster 

presentation.  

References 
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Figure 2. Time dependence of blood 
concentration of PEG-modified liposome (red: 
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Introduction: Graphene is carbon allotrope of 

single atomic thickness (0.3 nm) with a two-

dimensional structure made up of conjugated sp2 

bonds1. Developing uniform dispersions of 

graphene would allow harnessing of the 

properties of graphene in wider application space. 

There has been considerable research with the 

goal of increasing the processability and 

dispersibility of graphene. 

We used a “grafting onto” technique 

employing a well-defined RAFT polymer to 

functionalize graphene using a thiol-ene click 

reaction. Click reactions are versatile methods of 

covalent functionalization due to their high 

specificity, nearly quantitative yield, and mild 

reaction conditions2. 

In this work, we prepared poly(sodium 4-

styrenesulfonate) (PSS) using RAFT 

polymerization. The chain transfer agent 

(benzodithioate part) in this polymer was 

converted to an end functional thiol group using 

a reducing agent. The RAFT polymer was then 

attached to graphene oxide (GO) using a thiol-

ene click reaction. Thinner particles of 

functionalized reduced GO (PSS-rGO) were 

achieved using wet GO cake as a starting material. 

 

Results and Discussion: We synthesized the GO 

wet cake for prevent of re-aggregation because of 

shrinkage by capillary effects when GO dried. 

RAFT polymerization and aminolysis was used 

to synthesize thiol end functional polymer. The 

structures of polymer were characterized using 
1H NMR, 13C NMR, FT-IR and UV-vis spectra. 

PSS is water soluble and can be used to disperse 

graphene in aqueous solutions. Thiol-ene click 

reaction could synthesize the PSS functionalized 

GO (PSS-GO). TEM and AFM showed that the 

prepared PSS-GO did not re-aggregate in water, 

even when it was reduced PSS-GO. PSS-rGO 

mixture was composed of dispersed particles of 

thin-layer (1.5 nm thick) graphene. Thickness of 

the PSS-rGO was close to that of GO. This 

indicates that there was no significant re-

aggregation during GO wet cake reducing 

process. 

 

Figure 1. Schematic presentation for the 

preparation of PSS-rGO. 

 

Conclusion: PSS-rGO was prepared from a 

stable dispersion of thin-layer rGO in the aqueous 

medium using wet GO cake, which contains 

thinner particles than GO powder, as a starting 

material. The PSS-rGO was prepared by the 

RAFT polymerization of PSS-CTA, reduction of 

end functional CTA groups in the polymer to thiol 

groups, the coupling of the polymer to the GO 

surface via a thiol-ene click reaction, and 

reduction of the PSS-GO. AFM and TEM results 

confirmed the lack of re-aggregation in our PSS-

rGO dispersions. The thickness of PSS-rGO was 

1.5 nm, which is only slightly thicker than GO (1 

nm). 
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Introduction: The field of polymeric 

macromolecular engineering has been 

increasingly improved in the last two decades 

due to the development of reversible 

deactivation radical polymerization (RDRP). 

This set of methods allows the synthesis of 

polymers with narrow molecular weight 

distribution and predetermined features, such as 

molecular weight, functionality, topology, and 

architecture. In addition, the combination with 

the functional group control techniques, such as 

post-polymerization modification, extend this 

area by allowing the use of well-controlled 

polymers as multipurpose building blocks.1 

They have a significant interest in the 

preparation of more complex structure,2  for 

example, branched polymer (graft, star, comb, 

bottle brush), and networks polymer (hydrogel). 

However, the direct introduction of a vinyl 

functionality into the growing polymer in the 

RDRP synthetic process is limited because they 

are consumed with high reactivity. In this study, 

we report the introduction of a vinyl group into 

a polymer simply through the sulfoxide-based 

protection-deprotection. When sulfoxides are 

present next to electron withdrawing groups, 

which can be removed easily applying heat, 

forming vinyl groups. Based on this, we 

protected the alpha site of vinyl with phenyl 

sulfoxide, which can be thermally deprotected 

to form a vinylic group. 

 
Results and Discussion: To prove this concept, 

we synthesized sulfoxide-protected (SP) 

polymers via ATRP using specifically designed 

SP-initiators and monomer. The vinyl 

functionalized polymers were prepared by 

deprotecting the SP-polymers at 110 oC in 

anisole. The polymers were characterized by 

SEC, 1H NMR spectroscopy, MALDI-TOF-MS 

and ESI-Q-TOF MS. The vinyl functionality 

was confirmed as more than 96%. 

Figure 1. 1H NMR spectra of SP-PMA62, and 

MA-PMA62 

 

Conclusion: We successfully synthesized well-

controlled vinyl functionalized polymers via 

ATRP with sulfoxide based vinyl group 

protection strategy. In particular, it has been 

proved that sulfoxide-based vinyl protection 

deprotection is sufficiently effective by 

confirming the content of vinyl functionality by 
1H NMR. The use of SP-initiator and monomer 

appears to be able to control the location and 

number of vinyl group in the polymer chain, 

which has great potential in macromolecular 

engineering. 
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Introduction: Reversible addition-

fragmentation chain transfer (RAFT) 

polymerization in heterogeneous media has 

been actively studied to synthesis of polymer 

nanoparticles1. Among them, RAFT 

miniemulsion polymerization (MEP) has been 

widely used for the designing of surface-

functionalized particles. In RAFT MEP, a 

thermal initiator is typically used as the source 

of radicals2. However, few reports have been 

published on RAFT MEP using redox initiator3. 

Redox initiator has high potential in production 

cost and encapsulation of temperature sensitive 

materials since it can initiate the polymerization 

at low temperature. 

We reveal that the design of macro-RAFT agent 

has crucial effect on control of redox initiated 

RAFT MEP. To know the effect of macro-

RAFT agent and introduce PEGMA on the 

surface of particle, we synthesized two macro-

RAFT agents, Poly(poly(ethylene glycol) 

methyl ether methacrylate) (PPEGMA) and 

PPEGMA-b-polystyrene (PS). In this study, we 

report the effect of the solubility of macro-

RAFT agent in redox-initiated RAFT MEP. 

 

Results and Discussion: RAFT MEP of 

styrene was conducted by two macro-RAFT 

agents, PPEGMA and PPEGMA-b-PS. When 

PPEGMA was used, it has broad molecular 

weight distribution(MWD) since PPEGMA get 

partitioned at the aqueous phase, droplet, and 

the interface of the droplet. PPEGMA cannot 

stabilize the particle effectively. However, 

when PPEGMA-b-PS was used in RAFT MEP, 

the polymer chain has narrow MWD since 

PPEGMA-b-PS can act as a steric stabilizer and 

chain transfer agent in styrene droplet. SEC-UV 

chromatogram was used to determine the chain 

was polymerized by RAFT process. 
 

 
Figure 1. SEC chromatograms of RAFT MEP 

using PPEGMA-b-PS (A) at different 

conversion and (B) from RI and UV detector at 

98% conversion 

 

Conclusion: We designed two macro-RAFT 

agents, PPEGMA and PPEGMA-b-PS, to study 

the effect of macro RAFT agent solubility in 

redox-initiated RAFT MEP. The RAFT MEP of 

styrene was successfully carried out at ambient 

temperature using PPEGMA-b-PS since it can 

act as a steric stabilizer and chain transfer agent 

in styrene droplet. When PPEGMA was used, 

however, the obtained polymer has broad MWD. 
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Introduction 

Polymeric nanoparticles are expected as a 
candidate of drug carrier for delivering 
hydrophobic drugs. For gene or oligonucleotide 
delivery, polyion complex (PIC)-based particles 
including PIC micelles or PICsomes have been 
developed so far. Precise size controlling of 
PIC-based particles is difficult due to the 
complicated formation process including both 
electrostatic and hydrophobic interactions. In 
this study, we employed bottle brush polymers 
(BBP) structure as a shell part in PIC micelles 
to try to control the particle size because the 
structure could reasonably be controlled by 
changing the degree of polymerization of the 
side chain in BBP. We first confirm the 
formation of PIC micelle using BBP-based 
unimer [pAPTAC-b-(piBIEM-g-pMPC), shown 
in Figure 1] and DNA, then examined the effect 
of the BBP structure on the resulting structure. 
 

Experiment 
The BBP-based unimer [pAPTAC-b-

(piBIEM-g-pMPC)] was prepared via RAFT 
polymerization and ATRP. The umimer 
solution was mixed with plasmid DNA (p) to 
form PIC micelles. The particle size of the PIC 
micelle was determined with dynamic light 
scattering (DLS) and multi-angle light 
scattering (MALS) measurements. 

 
Result and Discussion 

Figure 1 shows how the DLS result of the 
mixture of BBP and plasmid DNA at different 
N/P conditions. The size of the particle in the 
mixture solution is larger that of the BBP (about 
40 nm), indicating the formation of PIC micelle. 
We summarized the particle characteristic of the 
PIC micelle at each N/P conditions in Table 1. 
When N/P is less than 3.0, the number of the 
DNA in the micelle is just one, which is similar 
structural feature of virus. Further, the calue of 
Rg/Rh is close to 1.0 at N/P = 1.0, indicating the 
particle core is not so dense and probably 
includes water. 
 
 
Figure1. Hydrodynamic radius of PIC micelles 
ageinst N/P 

 
 
Table 1. Molecular weight, aggregation number 
of BBP and DNA, the particle size (Rh and Rg) 
and Rg/Rh of the PIC micelles 
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Figure 1. Chemical structure of PAPTAC-b-
(PiBIEM-g-PMPC) 

R h
  ( 

nm
 ) 

PS-076

109



MICELLES COMPOSED OF DNA NANOSTRUCTURES 
 

Miyo Soejima, Shota Fujii, Rintaro Takahashi, Ji Ha Lee, and Kazuo Sakurai 

 
University of Kitakyushu 

1-1, Hibikino, Wakamatsu-ku, Kitakyushu-shi, Fukuoka, 808-0135, Japan 

E-mail:sakurai@kitakyu-u.ac.jp 

 

Introduction 

Spherical micelles composed of amphiphilic 

compounds, which are representative examples 

of spherical supramolecular self-assembling 

structures, are basically formed by hydrophobic 

interactions in aqueous solutions. It has been 

theoretically asserted and experimentally 

proven that the aggregation number (Nagg) of 

micelles is distributed over a range of values, so 

our knowledge of the thermodynamics of 

micelle formation suggests that truly 

monodisperse spherical micelles would not 

emerge. However, we previously demonstrated 

that when the Nagg of spherical micelles 

composed of calix[4]arene-based lipids is 20 or 

less, the structures are discretized and the Naggs 

are always match the vertex numbers of regular 

polyhedra, that is, Platonic solids; therefore, 

these structures are named “Platonic micelles”.1 

This approach is promising for constructing 

micelles with true monodispersity in terms of 

Nagg. In this study, we applied this idea for 

constructing giant micellar system composed of 

DNA nanostructures instead of calixarene-

based building blocks. We have designed 

diblock copolymer containing polypod 

(tetrapod or tripod) DNA nanostructures 

including CpG array and poly (N-isopropyl-

acrylamide) (pNIPAm) (shown in Figure 1). 

Due to the lower critical solution temperature 

(LCST) behavior of pNIPAm, the diblock 

copolymer would self-assemble at high 

temperature.  

 

Results and Discussions 

We synthesized pNIPAm by atom transfer 

radical polymerization (ATRP), and prepared 

polypodna (tetrapod or tripod)-pNIPAm by 

azide-alkyne click chemistry. The formation of 

the polymer was confirmed structure by poly-

acrylamide gel electrophoresis (PAGE). 

 The polymers were dissolved in 300 mM 

Na2SO4 aqueous solutions, where the LCST of 

pNIPAm is about 18 °C. At 20 °C, the particle 

size is about 70 nm, but the size increased over 

25 °C to about 160 nm in tetrapod system (Tet-

P) (Figure 2). In tripod system (Tri-P), the size 

is about 13 nm and 180 nm at 20 °C, but the size 

changed to about 100 nm at 25 °C. (Figure 3). 

 

Conclusion and Future plans 

We found Tet-P and Tri-P self-assemble in 

the sodium sulfate aqueous solution over 25°C. 

We will investigate the Nagg of these particles to 

confirm if the particles are Platonic micelles or 

not. 
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Figure 1. Design of diblok copolymer 

containing tetrapod DNA and pNIPAm. 

Tetrapod DNA

pNIPAm

 
Figure 2. Autocorrelation function (left) and 

size distribution (right) of Tet-P at different 

temperature.  
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Figure 3. Autocorrelation function (left) and 

size distribution (right) of Tri-P at different 

temperature. 
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Introduction 

 Due to the low-molecular-weight of 

conventional anticancer drugs, they are 

transported to not only tumor tissues but also 

normal ones after administration in vivo, which 

cause severe side effects. It is well-known that 

macromolecules of certain sizes in 10-100 nm 

tend to accumulate in tumor tissue much more 

than they do in normal tissues, which is called 

the enhanced permeability and retention (EPR) 

effects and would solve the above problem. In 

our study, we prepared a N-(2-Hydroxypropyl) 

methacrylamide (PHPMA) copolymer-based 

tumor-targeting drug carrier containing 

anticancer drugs including Pirarubicin (THP) 

(named P-THP and shown in Fig. 1). PHPMA 

is known as a 

biocompatible polymer 

and THP would be 

released through the 

hydrazone bond 

cleaved at low pH 

around cancer tissues. 

The relationship 

between the polymer 

prodrug structure and 

drug efficacy for 

cancers will be 

discussed in the poster 

presentation. 

 

Results& Discussion 

 We synthesized P-THP and its chemical 

structure was confirmed by 1H-NMR spectrum. 

The molecular weight of P-THP was 

determined to be about 4.0×104 g/mol, the size 

of P-THP was also determined to be about 20 

nm by GPC-MALS measurements with a 

mobile phase consisting of 0.1 M arginine 

solution (pH 7.4) at flow rate 0.8 ml/min. The 

loading ratio of THP to P-THP was determined 

to be about 30 mol% by UV-vis measurements 

(Fig. 2a). 

 The drug release profile of P-THP was 

monitored in several pH buffer solutions, 

namely 0.1 M acetate buffer (pH 5.0), 0.2 M 

phosphate buffer (pH 6.0) and 0.25 M arginine 

solution (pH 7.4 adjusted with HCl).1 Fig. 2b 

shows the THP concentration profiles against 

the incubation time in each buffer determined 

by GPC-MALS measurements. At pH 7.4, the 

drug hardly released from the polymer, while 

acidic condition promoted the drug release. This 

indicates that the hydrazone bond could be 

cleaved in acidic atmosphere like tumor tissue. 

 
Fig. 2. (a) UV-vis absorbance spectra of free THP 

and P-THP at different concentrations. (b) Release 

profiles of THP from P-THP in different pH buffers. 

 

Conclusion & Future plans 

 We synthesized a tumor-targeting drug 

carrier P-THP. From the drug release profiles of 

P-THP described above, we found that the drug 

could be released in tumor tissue environments. 

 We will investigate anticancer effect of 

P-THP by using cells and mice in the future. 

 

References. 
1. Waliul Islam, HPMA copolymer conjugate with 

pirarubicin: In vitro and ex vivo stability and 

drug release study, International Journal of 

Pharmaceutics, 2018, 536, 108-115 

Fig. 1. Chemical 

structure of P-THP 

PS-078

111



Optical Properties of Near-IR Absorbing Metallo-Naphthalocyanine in 
Aqueous Solvent Systems 

 
Seong-Hun Han, Ho Seung Son and Jong Seung Park* 

 
Department of Organic Material Science and Engineering, Pusan National University 

Busan, 46241, Korea 
E-mail:jongpark@pusan.ac.kr 

 
Abstract 
Naphthalocyanines (NPcs) are macrocyclic 

molecules containing 18 delocalized π-
electrons, exhibiting high thermal and chemical 
stability, along with high tinctorial strength.[1] 
NPcs have been usually used as pigments and 
recently are extending the application in the 
photodynamic therapy (PDT) and near-infrared 
(NIR) blocking film. However, for these 
applications, some critical issues should be 
solved. As noted, NPcs have the limited 
solubility in most common solvents, let alone in 
an aqueous medium.[2] To improve the 
solubility and decrease the aggregation of NPcs, 
where we introduce the hydrophilic triethylene 
glycol (TEG) substituents at the pheripheral 
position.[3] Furthermore, maximum absorption 
wavelengths of NPcs were articulately modified 
in NIR ranges. Phthalocyanines (Pcs), an 
molecular analogue to NPcs, have a maximum 
absorption wavelength in the range of 650-700 
nm, but NPc derivatives generally absorb at 
longer wavelengths than Pc derivatives.[4] 
Besides, the optical properties of NPc 
derivatives can be readily engineered by 
replacing two central hydrogen atoms with 
diverse metal elements.[5] As a result, we can  
the modify the absorption position of NPcs from 
800 to 900 nm ranges. The chemical structures 
of prepared NPc were characterized by NMR 
and mass measurements. The photophysical 
properties were analyzed by using UV-Vis and 
fluorescence spectroscopy, and the solubility in 
aqueous solvent systems were also examined. 
The detailed experimental results will be 
presented in the poster.  
 
Keywords:Naphthalocyanine, NIR absorption, 
Solubility, Triethylene glycol. 
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Figure 1 chemical structure of metallo-NPc 
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INTRODUCTION 
Electronic display devices are extending their 

utilities for bendable, foldable, and distorted 
areas as a demand of production of innovative 
materials. So far, Indium tin oxide (ITO) 
electrodes has been widely used as transparent 
conductive electrodes (TCEs) in numerous  
optoelectronic devices,[1] especially in flat and 
smooth surfaced glass and film, but because of 
its brittle nature, the trial of production of ITO 
based flexible devices has not been as 
successful as expected. To meet the requirement 
of fast-growing technology, we need to find an 
effective alternative to the conventional ITO 
based electrode. Recently many TCE 
preparations have been proposed using various 
materials, among them poly(3,4-
ethylenedioxythiophene): polystyrene sulfonate 
(PEDOT: PSS) and metal nanowires [2-6] have 
been considered as promising materials. 
Meanwhile, spray coating has drawn an 
intensive interest as a simple and efficient 
method to produce uniform thin films, 
compared to other solution-based fabrication 
methods. 
 
Among the various optoelectronic devices, our 

interest lies mainly in electrochromic devices 
(ECDs), in which the reversible color switching 
occurs in response to an applied voltage. In this 
work, we present the preparation of PEDOT: 
PSS and silver nanowire based conductive 
electrodes for flexible ECDs prepared by spray 
coating method. The advantage of prepared 
ECD was demonstrated by examining 
electrochromic behavior of viologen compound 
on three plastic substrates, including 
polycarbonate, polystyrene and acrylonitrile 
butadiene styrene copolymer. Electrical 
property and surface morphology of TCE on 
plastic substrates were thoroughly investigated 
using various characterization methods. The 
detailed experiments and results will be 
presented during the poster presentation. 
 

  

  
Figures 1. Concept image of PEDOT:PSS-
silver nanowire electrode (left). SEM image of 
TCEs (right). 
 
 
Keywords: Electrochromic, PETDOT: PSS, 
Silver Nanowire, Spray coating 
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INTRODUCTION  
Surfactants form micelles in the aqueous 

solution. In general, the aggregation number 

(Nagg) is more than 60 and has a certain 

dispersity (1). The Nagg values of such a 

conventional micelle continuously changes 

with pH, added salt concentration, and 

temperature. 

Recently, our group found that calix[4]arene-

derived surfactants show a tendency to form 

micelles with smaller Nagg values are completely 

monodisperse. Interestingly, the Nagg is 4, 6, 8, 

12, or 20. These numbers match the number of 

vertexes of regular polyhedron. Further, the Nagg 

values discontinuously change with pH or salt 

concentration. However, temperature 

dependence of Nagg values has not been 

investigated so far, although temperature is an 

important physical quantity. In the present study, 

we address this issue using QACaLC5 by small 

angle X-ray scattering (SAXS), Field-flow 

fractionation with a multi-angle light scattering 

(FFF-MALS). 
 

EXPERIMENTAL SECTION 

3 identical QACaL5 samples were synthesized 

according to the previous report (2). It was 

solved by 50 mM or 200 mM aqueous NaCl 

solution and measured by SAXS and FFF-

MALS with increasing temperature. 
 

RESUTS AND DISCUSSION 

Results of SAXS measurement are shown at 

Figures 2. They are suggested that the shape of 

this micelle is sphere at all temperature and both 

of salt concentration. In case of spherical 

micelle, the Nagg value can be calculated from 

Guinier plots, ln[I(q)/Kc] VS q2. Here, I(q) is 

the differential scattering cross-section, K is the 

constant, c is surfactant concentration, and q is 

the magnitude of the scattering vector. The Nagg 

of Lot1 and 3 were decreased continuously by 

increasing temperature. On the other hand, the 

Nagg of Lot 2 is discontinuously changed from 

12 to 8. FFF-MALS measurement results are 

shown at Figure 2. When focusing on Figure 3, 

the profiles of light scattering intensity (LS) 

almost overlapped the ultra violet (UV) 

absorbance, and Mw / Mn calculated from FFF- 

MALS result is most of 1. Mw is weight average 

molecular weight and Mn is number average 

molecular weight. They suggested that the Nagg 

values are almost completely monodisperse. 

The Nagg from result of FFF was 20 at 25 oC and 

decreased to about 17. 

In summary, we could not exactly reproduce 

the Nagg values, probably because Nagg of this 

surfactant is sensitive to the small amount of 

impurities. However, in some conditions, Nagg is 

completely monodisperse and coincides the 

Platonic number. 
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Introduction 

It has been theoretically asserted and 

experimentally proven that the aggregation 

number (Nagg) of spherical micelles is 

distributed over a range of values, so our 

knowledge of the thermodynamics of micelle 

formation suggests that truly monodisperse 

spherical micelles would not emerge. However, 

we previously demonstrated that when the Nagg 

of spherical micelles composed of calixarene-

based amphiphiles is 20 or less, the structures 

are discretized and the Naggs are always match 

the vertex numbers of regular polyhedra, that is, 

Platonic solids; therefore, these structures are 

named “Platonic micelles”.1  

In organic solvents, some amphiphiles 

self-assemble into reverse micelles with the 

almost same thermodynamic manner as that in 

aqueous system. This suggests that we may also 

construct Platonic micelles in the reverse 

micellar system. Herein, we have found that a 

resorcinarene-based amphiphiles (named 

C11Re and shown in Figure 1) self-assemble 

into monodisperse small reverse micelles in 

organic solvents whose structures technically 

indicate the formation of Platonic “reverse” 

micelles.  

 

Results and Discussion 

Figure 2 compares SANS profiles of the 

C11Re assemblies in two different solvents: 

toluene-d8 and chloroform-d. The exponent (α) 

in the case of expressing I(q)∝q−α appeared to 

converge as α→0 in the limit of the small-q, 

such as q < 0.1 nm−1, indicating the presence of 

an isolated scattering object without any 

secondary aggregation. Two profiles are similar 

to each other, but the q value at the intensity 

minimum in toluene is slightly larger than that 

of chloroform, indicating the difference in their 

structures. We tried to fit the profiles by use of 

a hardsphere model. The toluene one was 

perfectly fitted by the hardsphere model. 

However, we could not fit the chloroform one 

with any parameters. To fit the data, we needed 

to use hollow-sphere model, which means that 

some solvent molecules are present at the core 

of the reverse micelle. The profile (solid red 

line) calculated from the best fitting parameters 

is compared with the data. The radius of 

gyration and molar mass were determined from 

the Guinier plot [i.e., ln I(q) vs. q2]. From the 

molar mass, the Nagg was determined to be 8 and 

6 for the toluene and chloroform, respectively. 

Interestingly, though it has been so far believed 

that Nagg of C11Re assemblies is 6 regardless of 

solvents,2 the SANS and AUC analysis 

demonstrated that Nagg = 8.0 in toluene. This 

fact indicates that the inside molecular 

arrangement of toluene is different from that of 

chloroform. 

 
Figure 2. SANS profiles of C11Re assemblies 
in chloroform-d (green circles) and toluene-d8 
(blue circles). The theoretical curves were 
calculated using hardspehere (black line) and 
hollow-sphere (red line) models for chloroform 
and toluene systems, respectively. 
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INTRODUCTION 

Electrochromism (EC) is a phenomenon of 

compound in which the color switches in 

response to an applied voltage. Compared to 

inorganic electrochromes, various organic 

electrochromic materials are used widely in 

many applications because of their low cost, 

solution processability, high optical contrast 

ratio, multi-colors display, facile color-tuning, 

high stability, and long cycle life.  

Especially, broad interest in conjugated 

polymers toward EC applications has brought 

about intensive research activities in related 

fields. The attractive performances were 

attributed to the ability to lower the bandgap 

energy and control inter-chain charge transfers 

by adjusting the HOMO and LUMO energy 

levels and, subsequently, rendering the 

intermolecular packing and backbone 

conformations. One successful approach to 

low-bandgap polymers is the alternation of 

strong electron‐donating and electron‐
accepting moieties along the polymer 

backbone.[3]  

As a measure to improve EC properties and 

reduce the band-gap of polymer, here we 

report the synthesis and properties of 

quinoxaline-thiophene based donor-acceptor 

(D-A) type electrochromic polymers. 

Thiophene is an excellent electron attraction 

unit, and quinoxaline has excellent planarity 

and abundant electrons due to two nitrogen 

atoms at 1- and 4-positions. The prepared D-A 

type conjugated polymers exhibited superior 

solution processing, excellent redox stability, 

and high switching speed. 

The bandgap energy of the polymer was 

examined by DFT calculation and cyclic 

voltammetry measurement. The polymers were 

spin-coated on the ITO glass, and the EC 

behaviors were investigated with liquid 

electrolyte in terms of cyclic voltammetry and 

spectroelectrochemistry. 

 

 

 

 

 
Figure 1. Chemical structure of donor-

acceptor type conjugated polymers (PH-Qx).  
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Figure 2. The cyclic voltammetric curve of 

PH-Qx 
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Figure 3.  The spectroelectrochemical curves 

of PH-Qx 
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INTRODUCTION 

 

Electrochromism (EC) is a 

phenomenon of a reversible spectral or optical 

changes in a material due to the redox reaction 

upon applying potential biases.[1] 

Electrochromic devices (ECDs) using this 

phenomenon are becoming increasingly crucial 

in promising applications for smart windows,[2] 

antiglare rearview mirrors[3] and electrochromic 

displays.[4] Recently, ionic liquids (ILs) have 

been used in the formulation of ion gel blended 

with dielectric copolymers, such as 

poly(vinylidene fluoride- hexafluoropropylene) 

(PVDF-HFP), as a measure to resolve the 

leakage problem during ECD operation.[5],[6] 

However, side reactions such as aggregation 

and dimerization of the electrochromic 

materials have often reduced the long-term 

performance of the viologen-based ECDs. 

 Here we present the enhanced 

electrochromic behaviors of viologen 

nanofiber-based ECDs prepared by 

electrospinning method. The ECDs were 

fabricated by sandwiching the prepared e-spun 

nanofibers between two ITO glasses. The EC 

behaviors of the ECDs were investigated in 

terms of cyclic voltammetry, 

spectroelectrochemistry, and kinetic stability. 

In order to understand the origin of the 

enhanced EC behaviors, the morphological 

structures of the nanofiber were examined by 

various characterization methods. Specifically 

scanning electron microscope (SEM) analysis 

revealed the surface morphology of nanofibers, 

in which the ionic liquid region enclosed the 

nanofibers in the solid phase. Increased IL 

contents in the interstices of nanofibers result in, 

which would subsequently lead to the 

enhancement in ionic mobility. Thus, the 

fabricated nanofiber ECDs showed much-

improved device performance in terms of 

switching speed, long-term cyclic stability, and 

coloration efficiency. Detailed results will be 

presented during poster presentation. 

 

 
 

Figure 1. Schematic illustration of the 

nanofibers electrochromic devices. 

 
Figure 2. Spectroelectrochemical curves of the 

viologens nanofibers based electrochromic 

devices. 
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INTRODUCTION 

 

Electrochromic devices (ECDs) are 

able to exhibit reversible color changes when 

voltage potential is applied. Transparent 

conductive electrodes have become an essential 

component of the ECDs for future display 

technologies which require both conductivity 

and transparency.[1-2] Indium thin oxide (ITO) 

has been commonly used as a transparent 

electrode due to high transparency and low 

sheet resistance. However, ITO is brittle in 

nature and can not be bent to manufacture the 

flexible electronics. In the flexible devices, an 

organic conductive film electrode has been 

often suggested by using silver nanowire and 

poly(3,4-ethylenedioxythiophene): polystyrene 

sulfonate (PEDOT: PSS)  on a polyethylene 

terephthalate (PET) film.[3] There are a few 

reports on the PET film electrodes, but the 

applications are still limited. Pressure sensitive 

adhesives (PSAs) can be attached to the 

substrate when appropriate pressure is applied 

for a given time. Acrylic PSA is most widely 

used for excellent transparency, adhesive nature, 

and chemical resistance.[4] 

In present work, we have prepared a 

transparent conductive adhesive electrode for 

flexible electrochromic devices, which can be 

attached on any surfaces. The conductive 

adhesive electrode was prepared by spray 

coating the AgNW/PEDOT:PSS hybrid 

conducting materials on the surface of the 

adhesive film. Divinyl Sulfone (DVS) was 

employed for the cross-linking of PEDOT layer 
[5], which significantly enhances the 

conductivity and stability of the electrode.  

An electrochromic ion gel, composed 

of PVDF-copolymer, ionic liquid, and 

viologens, was coated on the adhesive 

conducting electrodes, and then the flexible 

ECDs were produced by attaching ITO-PET 

film as counter electrode. The resulting optical 

and electrochromic performances of adhesive 

flexible ECDs were investigated, in terms of 

cyclic voltammetry, electrochromic transitions, 

and etc. which will be presented during poster 

presentation. 

 

Figures 1 – Image of conductive adhesive 

electrode fabrication method (left). SEM image 

of electrode 

 

Keywords: Electrochromic devices, Pressure 

sensitive adhesives (PSAs), Silver nanowire 
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Introduction 

Supramolecular assemblies like micelles 

and liposomes have been expected as the 

candidate of drug carriers and widely studied 

so far. However, since their assembled 

structures are in a dynamic equilibrium and 

very sensitive to stimuli such as pH, 

temperature, interactions with 

biomacromolecules, and dilution effects, 

premature drug releases would be induced just 

by administrating the particles into blood 

stream, resulting in a drastic increase of drug 

concentration in blood. This phenomenon is 

called “initial burst” and a problem when using 

such self-assemblies as a drug carrier. To 

prevent the particle structure from collapsing, 

we have tried to enhance the particle stability 

by cross-linking reaction vis emulsion system 

in this study. The cross-linked particles are 

named furry nanoballs (f-NBs), their structures 

are studied by small angle scattering 

techniques. Further, their potential as drug 

carriers is also evaluated by in vitro and in 

vivo experiments. 

 

Experiment 

We newly synthesized the amphiphile 

containing polyethylene oxide (Mw = 2,000 

g/mol) and methacryloyl group at the end of 

dodecyl chains of hydrophobic parts (PEO-

BDMA shown in Figure 1). In the preparation 

of f-NBs, PEO-BDMA were dissolved in 150 

mM NaCl aqueous solutions, then we added 

divinylbenzene (DVB) dissolved in acetonitrile 

and initiator. The polymerization reaction was 

carried out by ultrasonic treatment using a 

probe-type ultrasonic homogenizer for 1 min, 

and then put in a hot water bath at 65 
o
C for 5 

minutes. The particle structures were 

characterized small angle light scattering 

(SAXS), dynamic light scattering (DLS) and 

asymmetrical flow field flow fractionation 

coupled with multi-angle light scattering (AF4-

MALS) measurements. Also, we evaluated the 

drug release behavior of those particles using 

pyrene as a model drug. 

Result and discussion 

The proceeding of the cross-linking 

reaction was confirmed by 
1
H-NMR 

measurements. Figure 2(a) shows particle 

diameter determined by DLS against the molar 

ratio of DVB to the micelles defined by Φ. The 

micellar size drastically decreased by adding 

THF, which is a good solvent for the surfactant, 

while the size of f-NBs did not change very 

much, indicating the particle stability of f-NB 

is much higher than that of the original 

micelles. The micellar structure was 

characterized by SAXS measurements to be 

core-shell sphere structures, and their size 

could be controlled by changing the amount of 

DVB.  

Figure 2(b) shows the drug release profile 

of the micelle and f-NBs, whose Φ is 10 or 20. 

The pyrene was released relatively quickly 

compared to that in the case of f-NBs. This is 

probably due to the cross linked structure in 

the core of f-NBs.  

 
Figure 1. Chemical structure of PEO-BDMA 

 
Figure 2. (a) Particle diameter in 150 mM 

NaCl aqueous solutions (blue) and THF 

solution (green) determined by DLS vs. molar 

ratio of DVB to the micelles defined by Φ. (b) 

Pyrene release profiles for those particles. 
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INTRODUCTION 

Upon extending a hydrophobic polymer 
chain from end of a preceding hydrophilic 
chain in aqueous solution, the resultant block 
copolymers self-assemble to form micelles or 
vesicles. This process is often referred to as 
polymerization-induced self-assembly (PISA). 
PISA is a cutting edge technique to prepare 
micelles and vesicles with the various 
morphologies by facile manners. Thus, 
understanding of PISA is important in the field 
of polymer science as well as nanotechnologies.  
However, the kinetic process of PISA is quite 
complicated because the polymerization and 
micelle formation interplay, possibly leading to 
a highly complex process of structural 
development. In this study, we investigated the 
kinetics of spherical micelle formation with 
PISA for poly(N-acryloylmorpholine)-b-
poly(N-acryloylthiomorpholine) in aqueous 
solution via reversible addition fragmentation 
chain transfer (RAFT) dispersion 
polymerization by using in situ time-resolved 
small-angle X-ray scattering (SAXS) and 
nuclear magnetic resonance (NMR) 
spectroscopy.  
 
RESULTS  AND DISCUSSION 

Figure 1a shows the time evolution of 
SAXS profiles during PISA. Here, I(q) is the 
scattering intensity, Ke is the optical constant, c 
is the total solute concentration, and q is the 
magnitude of the scattering vector. The 
increase in I(q) at the low q region indicates 
the micelle formation and growth. The SAXS 
profiles were fitted by a spherical micelle 
model, and the aggregation number (Nagg) and 
radius of core  (RC) can be derived at each time 
point (t) by the fitting as shown in  Figure 1b. 

Concerning the kinetics, the chain 
propagation and the micelle formation/growth 
simultaneously proceed during PISA. However, 

 
 

 
 

we may assume that chain propagation is much 
slower than micelle formation/growth. 
Therefore, the kinetics of PISA could be 
modeled as follows: (i) The chain propagation 
of the hydrophobic block is determined by the 
kinetics of RAFT polymerization which can be 
easily modeled with the kinetic constants. 
These kinetic constants can be determined by 
the plots of the monomer conversion against t, 
obtained by NMR. (ii) Once the chain length 
of the hydrophobic block is determined, the 
Nagg and RC values are modeled by the theory 
of micelle structure. 

The calculated values in this way are 
represented by solid curves in Figure 1b, which 
nicely describes the experimentally-obtained 
data points. This result offers the 
unprecedented mechanism of PISA, which 
should be useful for considering future 
strategies for the preparation of micelles with a 
well-defined structure through PISA, and may 
be extended to nonspherical morphologies and 
other controlled polymerization. 
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Figure 1. (a) Time evolution of the SAXS 
profiles during PISA at 70 °C. (b) Aggregation 
number (Nagg) and radius of the micellar core 
(RC) as functions of time. The blue circles, red 
triangles, and green squares represent the data 
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The electrospun nanofiber of biomaterials has 
attracted many researchers in tissue engineering 

on they imitate extracellular matrix (ECM) with 

large surface area to volume. The nanoparticles, 
black phosphorus (BP), graphene oxide (GO) 

and reduced graphene oxide (rGO) have 

respectively exhibited remarkable properties, 

including cell adhesion, proliferation, and 
differentiation. Until now, it has been 

tremendous efforts to develop biomaterials-

incorporated nanofiber scaffolds for tissue 
engineering applications. 

 In this study, PLCL-Laminin (Lam) with 2D 

nanomaterials scaffolds were investigated for 

promoting neuritogenesis. Herein, PLCL-Lam 
based 2D nanomaterials scaffolds for facilitated 

neuritogenesis were prepared and characterized, 

and cellular behaviors of HT22 hippocampal 
cells on the nanofiber were investigated. Our 

results showed that the HT22 hippocampal cells 

behaviors were remarkably promoted on the 
nanocomposites.  

In conclusion, it is suggested that PLCL-Lam 

based 2D nanomaterials scaffolds can be 

promising candidates as neural tissue 
engineering scaffolds. 

 
Figure 1. Schematic illustration of PLCL-

Lam nanofiber with two-dimensional 

nanomaterials. 
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Introduction 

Polymeric nanoparticles have been regarded 

as one of the carriers in drug delivery system 

(DDS) because they tend to accumulate in 

tumor tissues much more than they do in normal 

tissues by enhanced permeability and retention 

(EPR) effect. For designing nanoparticles as a 

tumor targeting DDS carriers based on this 

effect, we have to control the particle size in the 

range of 20-100 nm. Moreover, pH-responding 

drug release strategy would be useful for 

treating tumors because of the acidic condition 

around tumor tissues. In this study, we have 

designed and synthesized an MPC-based bottle 

brush polymer conjugating doxorubicin (DOX) 

through acid sensitive linker hydrazone. The 

particle size could be controlled by changing the 

degree of polymerization (DP) of main chain or 

side chains. We characterized the particle 

structures using small angle scattering 

techniques and investigated their drug release 

behavior.  

 

Experiments 

We synthesized poly(2-(2-bromoisobutyry-

loxy)ethyl methacrylate (pBIEM) via RAFT 

polymerization, then conducted ATRP-based 

chain extension of MPC and BocHydMA. The 

obtained polymer was treated with TFA to 

deprotect the Boc group, and then DOX was 

introduced to produce pBIEM-g-pMPC-DOX 

conjugates (shown in Figure 1). The particle 

structures are characterized using DLS and 

SEC-MALS, and drug release was monitored 

by fluorescence spectroscopy.  

 

 
Figures 1 Chemical structure of MPC-based bottle 

brush polymer containing DOX (a) and the 

Schematic image (b). 

Results and Discussions 

We prepared three Brush-MPC-DOXs, and 

their determined Mws and particle sizes (Rh and 

Rg) are summarized in Table 1. When the DP of 

main chain (DPmc) and brush chain (DPbc) are 

54 and 65, respectively, the particle size Rh is 

about 20 nm, which fits the suitable range as 

DDS carriers. Further, we could control the 

particle size just by changing those DPs, 

producing larger particles named BP2 and BP3 

whose Rhs are about 35 and 30 nm, respectively.  

 
Table 1. Summary of the Structural Characteristics of the 
MPC-Based Bottle Brush Polymers (BP#) 

Sample DPmc
* DPbc

** 
Mw 

[106 g/mol] 

Rh 

[nm] 

Rg 

[nm] 
BP1 54 65 1.01 19.9 13.7 

BP2 108 108 2.84 34.8 25.1 

BP3 54 142 1.74 31.0 22.2 
*: Degree of polymerization of main chain. 
**: Degree of polymerization of brush chain when grafting 

efficiency is 100%. 

 

We introduced DOX for BP1. The particle 

size did not change very much, and the DOX 

loading ratio was determined to be about 9.1% 

by UV-vis measurements. Figure 3 shows the 

release profile of the DOX of BP1-DOX 

conjugate in Phosphate (pH 7.56) and acetate 

buffer (pH 5.02). The DOX was obviously 

released at acidic condition, showing the 

potential of the BP particles as a drug carrier.  

 
Figures 3 DOX release profile of BP1-DOX 

conjugate monitored by the fluorescence 

spectroscopy; pH 5.02 and pH 7.56 solution were 

adjusted using acetate buffer and Phosphate buffer. 
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Introduction 

Biocompatibile polymer attracts much 

attention towards biomedical applications such 

as artificial blood vessels. Poly (2-

methoxyethyl-acrylate) (PMEA; Chart 1) is 

known to show a tendency of an excellent 

biocompatibility. The origin of the 

biocompatiblity may be due to intermediate 

water which shows a properties between free 

bulk water and non-freezing water.1) poly [2-(2-

methoxyethoxy) ethyl methacrylate] 

(PMe2MA), PMEA, and poly (n-butyl acrylate) 

(PBA) in THF/water mixtures are also known to 

have intermediate water in this order in the 

film/water interface.2,3) In the present study, to 

clarify this phenomenon, we have investigated 

the dilute solution properties of these polymers 

and polystyrene (PS; having no intermediate 

water). The obtained conformation and 

intermolecular interactions of these polymers 

with the different volume fraction of water water 

have been discussed.  
 

 

 

 

 

 

 

 

 

 

 

 

Experiment 

Viscosity measurement with Ubbelohde 

viscometer and analytical ultracentrifuge were 

performed for each polymer in THF-water 

mixtures with the different water values. 

Results and conclusion 

Figure 2 show a plot of the intrinsic viscosity 

[η] against water. As the water value is increased, 

[η] for PMe2MA, PMEA, PBA increased at 

lower water but decreased at higher water. In 

other words, the polymer dimension becomes 

larger with water in the presence of a smaller 

amount of water. They are contracted in a larger 

amount of water. Contrary to this behavior, [η] 

of PS decreased monotonically with the 

increase in water. In the presence of a small 

amount water, it is possible that the water 

molecules are selectively hydrated to the 

PMe2MA, PMEA and PBA, which may be 

related to the intermediate water observed in the 

film state. 
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Abstract 

 The polymer solar cells (PSCs) can make solar 

cells affordable, flexible. The higher power 

conversion efficiency (PCE) of PSCs, the more 

attractive as an energy harvesting source. Thus, 

we have been researched various interlayer 

materials for the cathode buffer layer (CBLs) 

in other to enhance the PCE. Herein, small 

molecular electrolytes (C4-E-Br, C6-E-Br) 

were applied to the CBL on the ZnO layer. The 

synthesis of these materials is significantly 

simple, where we only use the quaternization. 

The C4-E-Br consist of two ionic compounds 

which are quaternary ammonium cation and 

bromide anion and consist of two hydroxyl 

groups. Two ionic compounds and hydroxyl 

group can generate the interfacial dipole 

moment, which reduces the Schottky barrier. 

As a result, the PSC introduced electrolyte as 

CBL showed 9.35% of the PCE and 17.96 

mA/cm
2
 of the short circuit current density 

(JSC), while the PSC without the electrolyte 

showed only 8.74% of the PCE and 17.52 

mA/cm
2
 of the JSC. 

 

Keyword: polymer solar cells, electrolytes, 

interfacial dipole moment 

 

 

 

 
Figure 1. The device structure in this research. 

 

 

 
Figure 2. The chemical strucecture in this research. 

 

 

 

 
Table 1. The parameter of devices in this research. 

Interlayer 
Jsc 

(mA/cm
2
) 

Voc 

(𝑉) 
FF 

(%) 

PCE 

(%) 

ZnO 17.52) 0.80 62.2 8.74 

ZnO/C4-OH 17.96 0.81 64.7 9.35 

ZnO/C6-OH 17.84 0.80 65.0 9.21 

 

a) 

PTB7-Th 
PC

71
BM 

b) 
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Abstract 

A series of conjugated small molecule 

materials with A1-π-A2-π-A1 (acceptor1-π-

acceptor2-π-acceptor1) type of structure based 

on benzothiadiazole (BT) (A2) as the 

conjugated backbone, electron-rich thiophene 

(D) as the π-bridge, and end-capped by 

dicyanovinylindandione (IDC) (A1) groups, 

BT-T-IDC and BT-T-tB-IDC, have been 

synthesized. Thermal stability of both 

materials showed the onset decomposition 

temperature (Td) upon 310 °C at 5 wt % loss. 

BT-T-IDC material has a low solubility due to 

its high planarity structure. In order to increase 

the solubility of BT-T-IDC material, t-butyl 

was introduced into the material. Consequently, 

the PCE of the device based on the material 

with t-butyl (BT-T-tB-IDC) (1.55%) was 

increased than that of the device based on BT-

T-IDC (0.06%). 

 

Introduction 

Recently, the strategy on the design of 

materials is based on a linear small-molecule 

acceptor with acceptor-donor-acceptor (A-D-A) 

type of structure has been achieved power 

conversion efficiency (PCE) over 13% of the 

OSCs. [1] Herein, we synthesized conjugated 

small-molecule-acceptor materials based on 

A1-π-A2-π-A1 type of structure, BT-T-IDC 

and BT-T-tB-IDC. Benzothiadiazole (BT) as 

the core electron accepting unit (A2), 

thiophene as the π-bridge and end-capped with 

the well-known 2-(3-oxo-2,3-dihydro-1H-

inden-1-ylidene) malononitrile (IDC) groups as 

the terminal acceptor unit (A1). [2] Introducing 

IDCs were aimed to enhance the electron 

affinity. 

 

Results and Discussion 
One can notice that the photovoltaic properties 

of the devices based on BT-T-IDC do not 

provide us valuable information due to poor 

performance. In order to optimize the device 

fabrication condition, OSCs based on BT-T-

tB-IDC as the acceptor with various blend 

ratios of PBDT-T as the donor from 3:4 to 3:7 

(w/w) were fabricated. The presence of t-butyl 

groups improves the solubility of BT-T-tB-

IDC up to 10 mg/mL and improves the PCE 

from 0.06% to 1.55%. 

 

Table 1. The best photovoltaic performances 

of OSCs based on PBDT-T as the donor at 

different processing condition. The averages of 

each device are shown in parentheses. 

Accept

or 

Blend 

ratioa 

DIO 

vol.
% 

J
sc

  

(mA/c

m
2
) 

Voc 

(𝐕) 

FF 

(%) 

PCE 

(%) 

BT-T-
IDC 

3:6 1.5 
1.36 
(1.34) 

0.14 
(0.13) 

32.3 
(30.8) 

0.06 
(0.05) 

BT-T-

tB-IDC 

3:6 - 
3.16 

(3.15) 

0.89 

(0.86) 

34 

(33.7) 

0.96 

(0.91) 

3:6 

1.5 

3.89 
(3.89) 

0.86 
(0.86) 

40.2 
(39.7) 

1.34 
(1.32) 

3:6 
4.09 

(4.03) 

0.88 

(0.88) 

43.0 

(42.9) 
1.55 

(1.52) 

3:6 
3.90 
(3.87) 

0.83 
(0.83) 

44.2 
(44.2) 

1.43 
(1.41) 

 

Conclusion 

We successfully synthesized and characterized 

small molecules acceptor(A1)-donor(D)-

acceptor(A2)-donor(D)-acceptor(A1) type of 

structure, BT-T-IDC and BT-T-tB-IDC. The 

device based on PBDB-T:BT-T-tB-IDC (3:6, 

w/w) with the addition of DIO 1.5% exhibited 

the best PCE of 1.55% with a high Jsc of 4.09 

mA/cm
2
, VOC of 0.88 V, and FF of 43.0%.  
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Abstract 

 Indacedithieno[3,2-b]thiophene (IDTT) which 

is well known as a donor moiety was handled 

for new small molecule materials with 

phenylisoxazolone (OX) and malononitrile 

derivatives (EPMP-IDC) as acceptor moiety. 

IDTT-OX and IDTT-EPMP-IDC have been 

successfully synthesized for enriching the 

performance of devices through the broad 

absorption with small bandgaps, 1.88eV and 

1.60 eV, respectively. For investigating the 

differences derived from disparate acceptor 

moieties in donor material, IDTT-OX and 

IDTT-EPMP-IDC as a donor, PC71BM as an 

acceptor were fabricated to inverted-type solar 

cells. The power conversion efficiencies (PCEs) 

of the devices were accomplished up to 0.29% 

for IDTT-OX and 2.07% for IDTT-EPMP-IDC. 

 

Keyword: Organic solar cell, Malonitrile 

derivatives, Indacedithieno[3,2-b]thiophene 

 

 

 

 

 
Figure 1. The energy diagram of the materials in 

this research. 

 

 

 

 

 

 

 

 

 
Figure 2. The current density-voltage curve of the 

device with IDTT-Qx:PC71BM. 

 

 
Figure 3. The current density-voltage curve of the 

device with IDTT-EPMPIDC:PC71BM. 

 

 
Table 1. The parameter of the device in this 

research. 

Donor 
Jsc 

(mA/cm2) 

Voc 

(𝑽) 

FF 

(%) 

PCE 

(%) 

IDTT-OX 
1.34 

(1.33) 

0.75 

(0.74) 

29.3 

(28.7) 

0.29 

(0.28) 

IDTT-

EPMPIDC 

4.89 

(4.69) 

1.01 

(1.00) 

42.0 

(40.6) 

2.07 

(1.90) 
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Abstract 

The polymer solar cells have been attractive 

due to their affordability, flexibility, and high-

performance. Although the polymer solar cells 

have been reaching high-performance, it is not 

enough to be commercialized. Thus, we took 

advantage of the interfacial dipole moment and 

enhanced the power conversion efficiency 

(PCE) of the PSCs from 7.5% to 8.6% by 

introducing the electrolyte as a cathode buffer 

layer (CBL). Like this result, the reduction of 

the interfacial barrier layer by layer can 

contribute to the enhancement of the PCE. 

Especially, we investigated the interface on the 

zinc oxide (ZnO) by spin-coating the 

electrolytes, which are synthesized by simple 

quaternization. The electrolytes (Vio-C4 or C6 

or C12-TsO) consist of viologen core with two 

quaternized cations and two p-

toluenesulfonates. The PSCs showed 

8.1%(C4)/8.3%(C6)/8.6%(C12) of the PCEs 

and 0.37(C4)/0.30(C6)/0.23(C12) of the 

Schottky barrier, respectively, where the 

Schottky barrier was calculated by the 

difference between active material’s LUMO 

and ITO. Not only the PCE but also the 

photogenerated current density matched with 

the reduction of the Schottky barrier well. 

 

Keywords: Interface, Schottky barrier, 

Polymer solar cells. 

 

 

 

 

 

 

 

 
Figure 1. The chemical structure and the 

device structure in this research. 

 

 
Figure 2. The energy diagram of the device in 

this research. 
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Abstract 

Simple small molecular electrolyte (C6-E-OTs) 

was synthesized as an electron transport layer in 

inverted polymer solar cells. This material was 

hybridized with ZnO by containing 10.0 wt. % 

of C6-E-OTs, which enhanced the power 

conversion efficiency (PCE) up to 8.8 %. 

Generation of dipole moment caused by ions in 

electrolyte increased the short circuit current 

density (Jsc). High Jsc is important parameter of 

improvement of PCE. 

Introduction 

Polymer solar cells (PSCs) are attractive green 

energy due to their lightweight, low-cost process 

and flexibility [1]. Many small molecules have 

been introduced as an electron transport layer 

(ETL) in inverted PSCs (iPSCs) for improved 

(PCE). Herein, new small molecular electrolyte 

(C6-E-OTs) was synthesized easily, which was 

hybridized with zinc oxide (ZnO) to solve the 

problem about thickness control (~5 nm) of 

interlayer on ZnO layer [2]. This electrolyte 

contains quaternary ammonium cation and 

tosylate anion with two hydroxyl groups for 

forming an interface dipole moment and 

increasing the magnitude of dipole moment.  

Results and Discussion  

A Schottky barrier at the cathode interface of 

the device with C6-E-OTs hybridized ZnO will 

be smaller than the device based on pristine 

ZnO. The work function data of pristine ZnO 

and hybridized ZnO were measured to -4.5 and 

4.23 eV by the KPM, respectively. This is 

caused by the formation of interface dipole at 

the cathode interface. The device with C6-E-

OTs hybridized ZnO shows obvious differences 

of electron transport property, which have value 

of 1.33 × 10
-3

 cm
2
 V

-1
 S

-1
 when that of pristine 

ZnO is 1.04 × 10
-3

 cm
2
 V

-1
 S

-1
. High mobility 

of electron transporting property was observed 

in the device with hybridized ZnO. 

Conclusion 

iPSC with the structure of [ITO/C6-E-OTs 

hybridized ZnO/PTB7:PC71BM/MoO3/Ag] have 

been fabricated to investigate the effect of C6-E-

OTs on the photovoltaic performances. The 

devices with C6-E-OTs hybridized ZnO, the 

highest PCE of device was achieved to 8.8 % 

(short circuit current (Jsc) = 17.6 mA/cm
2
, open 

circuit voltage (Voc) = 0.74 V, fill factor (FF) = 

67.6 %), which is improved than the device 

based on pristine ZnO (PCE = 7.6 %, Jsc = 16.0 

mA/cm
2
, Voc = 0.72 V, FF = 65.6 %).  
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Figure 1. Chemical structures of materials 

 

  
Figure 2. Device structure of iPSCs with C6-E-

OTs 
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Introduction. 

A polymer nanofiber mat has a high specific 

surface area, thus, this has been widely used for 

many applications such as filter membranes, 

cell scaffolds, and so on.  However, a surface 

effect on mechanical properties of the nanofiber 

mat has been unclear even now.  In this study, 

we examine the surface effect on dynamic 

mechanical properties of poly(methyl 

methacrylate) (PMMA) in nanofiber mats.   

Experimental. 

PMMA with a number-average molecular 

weight of 350k and a polydispersity index of 

1.07 was used.  The glass transition temperature 

(Tg) of PMMA was 404 K by differential 

scanning calorimetry (DSC).  Nanofiber mats 

were prepared by electrospinning from a N,N-

dimethylformamide (DMF) PMMA solution.  

Nanofiber mats were dried under vacuum for 12 

h at room temperature.  The morphology of the 

nanofiber mats was observed by scanning 

electron microscopy (SEM).  Thermal property 

of the mats was examined by thermo-

gravimetry in conjunction with differential 

thermal analysis (TG-DTA).  Also, to reveal 

thermal molecular motion of PMMA in the mats, 

dynamic mechanical analysis was made.  As a 

reference, PMMA films were also used.   

Results and Discussion. 

TG-DTA curves showed evaporation of 

DMF which remained in the nanofiber mats 

occurred at 350~400 K and the amount was 

estimated to be approximately 0.5 wt%.  Figure 

1 shows temperature dependence of dynamic 

storage and loss moduli (E and E) for the 

PMMA nanofiber mat and film at various 

frequencies (f).  E peaks observed around 410 

and 310 K, respectively, in both samples were 

dependent on f.  Thus, these peaks were 

assigned to - and -relaxation processes, from 

the higher temperature side.  The -relaxation 

was attributed to the segmental motion because 

the temperature observed was good accordance 

with Tg by DSC.  The -relaxation was 

attributed to the hindered rotation of side chains.  

In the case of the nanofiber mat, additional E 

peak not depending on f was observed around 

350 K.  Taking TG-DTA data into account, this 

was assigned to the evaporation of DMF.  The 

apparent activation energies of segmental 

motion (H*) were calculated based on 

Arrhenius plots.  Generally, the thermal 

molecular motion at the surface is activated in 

comparison with that in the bulk.  Thus, H* 

for the nanofiber mat with a higher specific 

surface area should be lower than that of the 

film.  However, the value for the nanofiber mat 

was 75030 kJmol−1, being higher than that for 

the film (64020 kJmol−1).  It is known that the 

dipole-dipole interaction between carbonyl 

groups in the side chains appears to be a key 

factor to determine the difference in Tg between 

the two stereoregular forms.  Considering this, 

a possible explanation for the H* difference 

is that the size of the cooperatively rearranging 

region in the nanofiber mat became larger than 

that of the film.  Dynamic mechanical properties 

of the mats composed of nanofibers with 

various diameters will be discussed in our 

presentation. 

Figure 1.  Temperature dependence of E and 

E for PMMA (a) nanofiber mat and (b) film.  

(Inset) SEM image of the PMMA mat. 
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Introduction. 

Recently, poly(2-ethyl-2-oxazoline) 
(PEOXA) and its derivatives have been much 
attention as a novel class of bio-inert polymers.  
However, it is unclear why the PEOXA 
derivatives show excellent bio-inert properties 
even now.  This is because PEOXA is high 
water soluble, thus, it is hard to form a stable 
thin film in water.  Here, we design an 
amphiphilic graft polymer containing 
hydrophobic methacrylate backbones with 
hydrophilic oligo(2-ethyl-2-oxazoline) (EOXA) 
side chains.  Figure 1. shows a schematic 
illustration for the construction of a stable bio-
inert film via the surface segregation of EOXA 
units.  Aggregation states of the films and their 
effects on bio-inert properties are examined.   

 

Figure 1.  Schematic illustration of bio-inert 
surface using PMMA-b-PEOXAMA. 

 
Experimental.   

Poly(methyl methacrylate)-block-
poly[oligo(2-ethyl-2-oxazoline) methacrylate] 
(PMMA-b-PEOXAMA) was prepared by a 
combination of living cationic ring opening 
polymerization and atom transfer radical 
polymerization.  Thin films of PMMA-b-
PEOXAMA and homogeneous PMMA were 
prepared by a spin-coating method on solid 
substrates.  The PMMA-b-PEOXAMA and 
PMMA films were annealed for 12 hours at 393 
and 413 K, respectively.  The aggregation states 
and stability of the films in water were 
discussed on the basis of static contact angle (θa) 
measurements using an air bubble as a probe.  
Bio-inertness of the films were examined 
through cell adhesion tests using NIH3T3 
fibroblasts. 

Results and Discussion.   
Figure 2 shows time dependence of θa for 

each film.  The initial θa for the PMMA-b-
PEOXAMA film was 129.7±1.2˚ and almost 
unchanged within 24 hours.  In the same period, 
the θa for the PMMA film changed from 
112.5±0.8˚ to 114.0±0.5˚.  These results 
indicate that EOXA side chains were well 
segregated toward the outermost surface of the 
film and kept without any dissolution into water. 

 
Figure 2.  Immersion time dependence of θa for 
PMMA-b-PEOXAMA and PMMA films. 
 

Figure 3 shows optical microscope images 
for adherent cells.  The number of cells was 
smaller for the PMMA-b-PEOXAMA film than 
for the PMMA one.  Also, the cell morphology 
on the PMMA-b-PEOXAMA surface retained 
the initial round shape.  These are quite 
reasonable, postulating that the EOXA units 
were segregated at the water interface. 

 

Figure 3.  Optical micrographs of adherent 
NIH3T3 cells on (a) PMMA-b-PEOXAMA 
and (b) PMMA films. 

 
The surface morphology and chemical 

composition of each film will be discussed 
based on atomic force microscopy and X-ray 
photoelectron spectroscopy in our presentation.   
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Introduction 

In recent years, industrial dyes play a major role 

in environmental pollution. The extreme 

toxicity requests the need of proper treatment or 

degradation method for the reduction of these 

dyes. Metal nanoparticles such as Ag, Pd and Pt 

are widely used for the catalytic degradation of 

dyes. Metal nanoparticle act as electron relay 

between the reducing agent and dyes, which 

store electrons from the reducing agent and 

transfer into the dyes for the degradation. The 

nanoparticle itself agglomerates so a supporting 

material is needed. Herein, a smart pH-

responsive poly(methacrylic acid) 

functionalized SBA-15 was synthesized by free 

radicle polymerization and impregnated with 

silver nanoparticles by co-reduction approach. 

The resultant Ag-SBA-15-PMAA catalyst was 

used for the reduction of congo red using 

NaBH4 as reducing agent. 

 

Results and discussion 

 
Figure 1. Schematic diagram of the synthesis of 

Ag-SBA-15-PMAA nano-hybrid catalyst. 

 

Figure 1 shows the schematic diagram of the 

synthesis of Ag-SBA-15-PMAA catalyst. In the 

first step the SBA-15 was functionalized with 

TMSPM. In the second step the modified SBA-

15 was polymerized with poly(methacrylic 

acid) and then decorated with the silver 

nanoparticles. 

Figure 2 displayed the small angle XRD pattern 

of synthesized samples.SBA-15 shows well 

resolved peaks at (110) and (200), indicates the 

formation of well-ordered SBA-15. 

Modification of SBA-15 with TMSPM not 

affected the meso structure of the SBA-15. For 

the polymerized SBA-15, there is a shifting and 

broadening of the peaks towards right. 

   
Figure 2. Small angle XRD patterns of SBA-

15, SBA-15-TMSPM and SBA-15-PMAA.  

 

The reduction of congo red follows pseudo first 

order kinetics with a rate constant of 0.33 min-1. 

Various other toxic dyes such as metanil yellow 

and methyl orange were also reduced 

individually and simultaneously under the same 

reaction condition. 

 

Conclusion 

In this work we successfully fabricated a pH 

responsive catalytic system Ag-SBA-15-

PMAA. The hybrid catalytic system was found 

to be an efficient catalyst for the reduction of 

various toxic dyes individually and 

simultaneously at low pH.  
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Introduction 

 

Rod-shaped SBA-15, was designed to exhibit 

dual responsive character by grafting poly [2- 

(N, N-dimethylamino) ethyl methacrylate] 

(PDMAEMA), via free radical polymerization1. 

Palladium nanoparticles were then incorporated 

in the synthesized m-SBA-15/PDMAEMA. The 

morphology of the resulting materials was 

characterized by various techniques. 

Synthesized materials were tested for their 

stimuli-responsive catalytic activity in the 

reduction of 4-nitrophenol (4-NP) to 4- 

aminophenol (4-AP). It was observed that the 

catalytic activity of the Pd/m-SBA- 

15/PDMAEMA hybrid catalyst was 

significantly higher at a given pH and 

temperature2. 
 

Results and discussion 

 
Scheme: Schematic diagram of the synthesis of 

Pd/m-SBA-15/PDMAEMA hybrid catalyst. 

 

FTIR spectroscopy applied to verify the 

structural changes of the catalyst. Structural 

ordering catalyst analyzed through XRD. The 

morphology was analyzed through FESEM. 

Surface configuration of chemical states of m- 

SBA-15/PDMAEMA catalyst was examined by 

XPS. Decomposition temperature of the catalyst 

were analyzed through TGA3. All the analysis 

results which confirm the formation of the 

stimuli responsive hybrid catalyst. For the 

study of this study, reduction of 4- nitrophenol 

used as a model reaction. 

 

Conclusion 

 

The new stimuli responsive hybrid system- 

based SBA-15 was synthesized by the free 

radicle polymerization. The catalytic activity of 

the m-SBA-15/PDMAEMA catalyst was 

significantly higher at a given temperature and 

pH than that of either SBA-15 only, without Pd 

NPs, or Pd NPs incorporated m-SBA-15 

without grafting PDMAEMA. In addition, the 

catalyst exhibited better catalytic effect at lower 

temperature and ph. These results further 

suggest that the catalyst have wider application 

in biomedicine as well as catalysis. 
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Introduction 

In this work, we synthesized poly(acrylic acid) 

modified MCM-41 to apply as pH-responsive 

nanocarrier. (3-Trimethoxysilyl) propyl 

methacrylate (TMSPM) functionalized surface 

was prepared by post-grafting method, then 

free-radical polymerization of acrylic acid(AA) 

was proceeded using potassium persulfate as an 

initiator. The structure and morphology of the 

modified mesoporous silica nanoparticles 

(MSNs) were characterized by various 

techniques. We studied on the controlled 

releasing behavior of guest molecules, 

Rhodamine B(Rho B).  

 

Results and discussion 
 

 
Figure 1. Preparation of MCM-41-PAA and 

pH-responsive behavior of the prepared 

nanoparticle samples.   

 

Figure 1 illustrates the preparation scheme of 

the  poly(acrylic acid) functionalized MCM-41 

and their pH-responsive behavior. Figure 2 

presents the N2 adsorption-desorption isotherms 

of synthesized nanoparticles. After 

polymerization, the surface area and pore total 

volume were reduced. This result evidences the 

surface modification of MCM-41-PAA. The 

carboxyl groups of the polymer in outer surface 

of nanoparticles acted as a gate of the pores, and 

thus remarkable pH-responsive activity was 

observed based on the result of Rhodamine B 

releasing test. 

 
 

Figure 2. N2 adsorption-desorption isotherms 

and pore size distribution curves of MCM-41 

and MCM41-PAA. 

 

In acidic environment(pH 5.5), polymeric gate 

of MCM-41-PAA helped to proceed  sustained 

release and also prevent burst release of 

Rhodamine B. Meanwhile, high releasing rate 

was observed at pH 7.4 due to the swelling of 

polymer chains on the surface of  the MSNs. 

 

Conclusion 

We successfully synthesized pH-sensitive 

MCM-41-PAA nanoparticle system. This pH-

responsive property of the synthesized material 

may be helpful to be used as effective delivery 

system for catalyst or drugs. 
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Introduction. 

Nanocelluloses (NC) are a new class of 

materials with a diameter of several tens of 

nanometers and a length of over several 

hundreds of nanometers.  Recently, NC are 

expected to be an addictive for a three-

dimensional cell culture medium, which makes 

it possible to suspend somatic stem cells in a 

dormant state.[1]  To accelerate such an 

application, it is necessary to examine the 

structures and physical properties of the cell 

culture medium containing NC at various length 

scales and their correlation with cell suspension 

properties.  We here examined local physical 

properties of a NC-containing medium by a 

particle tracking technique, where local 

properties can be accessed by observing the 

thermal motion of embedded probe particles,[2] 

to propose how they affect the cell suspension 

properties.   

Experimental. 

An aqueous dispersion of NC was obtained 

from microcrystalline cellulose by a counter 

collision method.[1]  Repeating cycles of 

centrifugation and decantation, water of the NC 

dispersion was replaced by normal Roswell 

Park Memorial Institute (RPMI) 1640 medium.  

The resultant NC-containing medium with a 

concentration of 0.1 wt% was sonicated for 1 

hour and then aged at room temperature for 72 

hours (sonication treatment).   

For the particle tracking measurement, 

polystyrene (PS) particles with a diameter (d) 

ranging from 1 to 45 m were used as a probe.  

20 particles at different locations in the NC 

media with and without sonication were 

individually tracked.  Each particle was 

monitored 10 times to average the motion. 

Results and Discussion. 

From the two-dimensional trajectory of PS 

particles embedded in the NC medium, non-

Gaussian parameter (2(t)), which related to a 

ratio between the second and forth moments of 

the particle displacement, was calculated.  

Larger 2(t) indicates larger variation in the 

particle displacement depending on the location, 

at which a particle exist, and thereby larger 

heterogeneity in a system.[2]  Figure 1 shows 

the correlation between d and 2(t) for 

particles in the NC medium before and after the 

sonication treatment.  The 2(t) value denotes 

2(t) averaged over lag times ranging from 0 to 

1.6 s.  For the original NC medium, a maximum 

was seen at d = 20 m on Figure 1.  This 

indicates that the NC medium was spatially 

heterogeneous at the length scale of 

approximately 20 m.  After the sonication 

treatment, the d value showing the maximum 

2(t) was down to 10 m.  Thus, it can be 

claimed that the length scale of the 

heterogeneity decreased by the sonication 

treatment.  Taking into account that the cell size 

is in the range of 10 − 20 m, the sonication 

treatment, thereby the length scale of the 

heterogeneity should affect the cell suspension 

properties.  Such an issue will be discussed in 

our presentation. 
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Figure 1.  Correlation between d and 2(t) for 
PS particles in the NC medium before and after 
the sonication treatment. 
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Introduction. 
The demand for clean and safe water 

increases as the world population rises.  

Seawater desalination and water treatment 

using a reverse osmosis (RO) membrane have 

become one of the most-energy efficient 

technologies for creating sustainable water 

supplies.  A typical RO membrane consists of 

a highly cross-linked polyamide (PA) thin film 

on a microporous polymeric support, wherein 

the separation of water from solutes occurs 

through the PA layer [1,2].  It can be expected 

that the surface of the support layer will affect 

the aggregation states of the PA thin film and 

will further affect the membrane performance. 

Here we examine the impact of a substrate on 

aggregation states of model cross-linked PA 

thin films.   

 

Experimental. 
As monomers, trimesoyl chloride (TMC) 

and m-phenylenediamine (MPD) were used.  

As substrates, pristine and piranha-treated 

(H2SO4:H2O2 = 80:20 vol% at 373 K for 2 h) 

silicon (Si) substrates were used.  Cross-linked 

PA thin films were prepared by a layer-by-

layer (LbL) deposition on silicon substrates.  

At first, a Si substrate was immersed into a 0.5 

wt% TMC solution in toluene for 30 sec and 

subsequently rinsed with acetone to remove the 

unreacted TMC.  Then the resultant film was 

dipped into 0.5 wt% MPD solution in toluene 

for 30 sec and rinsed with toluene.  This was 

one cycle of the LbL process and repeated until 

the desired thickness was obtained.  Surface 

morphology of the PA thin films was 

characterized by atomic force microscopy 

(AFM).  Thickness of the PA thin films were 

measured by ellipsometry.  

 

Results and Discussion. 

Fig. 1 shows AFM topographic images of 

the first TMC layer prepared on pristine and 

piranha-treated Si substrates.  In the case of a 

pristine substrate, protrusions with a height of 

2.4~2.8 nm and a diameter of hundreds of 

nanometers were observed.  On the other hand, 

in the case of the piranha-treated Si substrate, a 

uniform film was formed.  Since the piranha 

solution removed organic residues and gave 

many OH groups on the substrate surface, 

TMC molecules would homogeneously react 

and/or adsorb onto the piranha-treated Si 

substrate.   

Fig. 1 shows an effect of cycle number on 

thickness and roughness for PA thin films 

prepared on piranha-treated Si substrates.  

Thickness increased with increasing cycle 

number, indicating that the LbL process was 

successfully attained.  However, the roughness 

also increased, meaning that the roughness was 

amplified by the process as well.  The swollen 

state of PA thin films which is related to the 

membrane performance, will be discussed in 

the presentation.  
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Figure 1.  AFM topographic image for a TMC 
layer fabricated on (a) pristine and (b) piranha-
treated Si substrates. 
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Introduction 
Minoxidil (MXD) is the most widely used drug 
in alopecia treatment. However, in the case of 
MXD administration, it can be denatured or 
lost easily because of external environments. 
Therefore, many studies have been 
investigated to improve the transdermal 
delivery efficiency of MXD applied to the skin 
and the therapeutic efficacy in alopecia, 
through the transdermal routes. Here, we 
designed transdermal delivery of MXD using 
biocompatible nanoparticles. 
 
Experimental 
MXD and Rhodamine B (Rho B) encapsulated 
poly(Lactide-co-Glycolide) grafted hyaluronic 
acid nanoparticles (HA-PLGA NPs) are 
prepared with W/O/W solvent evaporation 
method. The NPs are characterized their 
structure by 1H-NMR, DLS, TEM and, loading 
efficiency by UV-Vis spectrum and HPLC. 
The NPs are investigated their cytotoxicity in 
cell viability test using WST assay and 
feasibility as drug delivery carrier in cellular 
uptake and skin permeation test by Franz 
diffusion cell and histological analysis.  
Control group experimental using PLGA NPs 
is conducted in same manner.  
 
Results and Discussion 
The spherical core-shell structure having 250 
nm of diameter is confirmed by DLS and TEM 
and, 55% of encapsulation efficiency is 
calculated measuring an amount of Rho B in 
supernatant. Sustained release is confirmed in 
7 days of release profile test. In addition, the 
NPs are uptaken into the follicle cells without 
any significant cytotoxicity in cellular uptake 
and cell viability test. Furthermore, the NPs 
applied on the skin surface can be penetrated 
into skin with 50% of MXD delivery 
efficiency in Franz cell test   and, the NPs are 
permeated and distributed to surrounding 
tissue in 12 hours of histological analysis test. 

Conclusion 
Take together our analysis, HA-PLGA NPs are 
suitable for transdermal delivery of MXD. In 
addition, it can be an effective delivery 
platform for the treatment of other various 
diseases.  
 

 
Figure 1. Fluorescence microscopic images of 
histological section of rat skin at 4 and 12 h 
after topical application of Rho B encapsulated 
HA-PLGA NPs 
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Introduction
Recently, the transdermal drug delivery system
(TDDS) has been widely investigated as an
alternative to needle injection, because it offers
various benefits including being noninvasive
and encouraging patient compliance. [1-2]
Previously, we reported that the poly(Lactic-
co-Glycolic acid) grafted hyaluronic acid
nanoparticles (HA-PLGA NPs) can load
various drugs and be used for TDDS. [3]
However, it was difficult to fix the solution of
NPs on the surface of skin. To resolve these
issues, we have designed HA-PLGA
incorporated gelatin nanofiber (GE /HA-PLGA)
complexes. Gelatin nanofibers have a three-
dimensional structure with high surface area
and porosity, so it has the advantage of being
able to store relatively more NPs.

Experiment
The GE NFs were fabricated by
electrospinning. The HA-PLGA NPs that store
the Rhodamine B (Rho-B) as a model drug
were prepared by W/O/W solvent evaporation
method [4] and save it into the electrospun GE
NFs by dropping. Permeability to the skin and
drug delivery efficiency of GE/HA-PLGA
complexes are studied through in vitro release
test and histological analysis.

Results
The successful synthesis of HA-PLGA is
confirmed by characteristic NMR peak. The
morphology and size of HA-PLGA NPs were
confirmed by TEM and DLS. The mean
hydrodynamic diameter of NPs is 226.7nm
(PDI=0.316), which is enough to pass through
the skin. The successful formation of GE/HA-
PLGA complexes was confirmed by field
emission SEM and FT-IR spectroscopy. When
only GE nanofibers were used in the in vitro
release test, all Rho-B were released within the
initial 6 hours, whereas the GE / HA-PLGA
complex tended to gradually increased linearly
release after a initial-burst release. After 12

hours in histological analysis, clear red
fluorescence of Rho-B was observed up to the
deeper layer of skin.

Figure 1 - The mechanism for transdermal
drug delivery system using GE/HA-PLGA
complex.

Conclusion
The complexes have delayed and extended
release behavior of drugs compared to that of
GE nanofibers and HA-PLGA nanoparticles
can be released from GE nanofibers and
successfully penetrate into the skin. Therefore,
this GE/HA-PLGA complexes and can be a
suitable candidate for novel TDDS.
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Introduction 
Advances in photonics have stimulated 
significant progress in medicine with many 
techniques. Photomedicine is an advanced 
technology using light for various biomedical 
applications like laser surgery, dermatology, 
optical diagnosis and cancer therapy. Among 
these applications, photochemical tissue 
bonding (PTB) is a dye-assisted 
photochemical technique for wound closure. 
The scattering and absorption of light limits 
transport distance in biological tissues. On the 
way to resolve this issue, biodegradable 
polymeric waveguides. transporting light 
efficiently into deep tissue and inducing the 
activation of RB dyes for PTB was developed. 
However, this method need to invasive 
implantation or injection for the application 
of polymeric waveguides. And this can cause 
problems like pain issues.  
 
Experimental 
At first, HA and RB was conjugated by the 
coupling reaction of HA-DAH with RB dye. 
And then, UCNP/PAAm/HA-RB conjugate 
complex was prepared by simply mixing HA-
RB conjugate and UCNP/PAAm. The 
complexes was applied on skin wound and 
NIR light was illuminated for 20 min. The 
adhered skin tissues were tested on the Instron 
with a 10 N load cell at the crosshead speed 
of 5 mm/min until complete separation. 
 
Results and Discussion 
It was successful to prepare UCNP/PAAm/HA-
RB conjugate complex for non-invasive PTB in 
the deep tissue under NIR light illumination. 
HA in the conjugate appeared to help the 
penetration of RB dyes into deep and wide area 
from the area of incision. UCNPs in the 
complex showed the effective light-guiding 
ability into the deep tissue as an alternative to 
the implantable or injectable light-guiding 
materials. The facilitated transdermal delivery 
of the complex into the dermal tissue was 
revealed by two-photon microscopy. After 
demonstrating in vitro collagen fibrillogenesis, 
we performed ex vivo and in vivo skin tissue 

bonding and it revealed the photochemically 
accelerated tissue bonding effect of 
UCNP/PAAm/HA-RB conjugate complex 
under non-invasive NIR light illumination. The 
higher resulted tensile strength was showed in 
UCNP/PAAm/HA-RB conjugate complex than 
that of the conventional suture without allergic 
side effects.  

 
Figure 1.Schematic illustration for photo-
chemical tissue bonding. 
 
Conclusion 
UCNP/PAAm/HA-RB conjugate complex was 
successfully developed and demonstrated for 
photochemical tissue bonding. These platform 
technologies might be successfully applied for 
the development of various advanced 
photomedicines. 
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Introduction 

Vitamin E is a group of eight compounds that 

includes four tocopherols and four tocotrienols. 

Among all tocopherol isoform, 

α–tocopherol(α-TO) has the highest antioxidant 

and biologically activity andcan be used in 

cosmetic, pharmaceutical, and food industry. 

Also, vitamin C, also known as L-Ascorbic acid 

(AA) is one of the interesting and well-known 

acids in nature which has bioactivity and 

anti-oxidation property.  

 α-TO and AA are readily oxidized by light, air, 

oxidizing agents or heat, resulting in the 

reduction of their antioxidant value. 

Cyclodextrin (CD) can enhance the solubility 

and chemical stability of compounds in aqueous 

solution and finally increase the bioavailability. 

To increase bioavailability and solubility of 

L-Ascorbic acid (AA) and α–tocopherol(α-TO), 

we prepared carboxylic β-cyclodexrin with AA 

and α-TO. 

Experimental 

C-β-CD was synthesized by the oxidation of 

β-CD using TEMPO, NaBr, NaClO in H2O 

under pH 10 conditions. The C-β-CD-TO and 

C-β-CD-AA were synthesized from C-β-CD 

with α-tocopherol or ascorbic acid by using 

DCC, DMAP in DMSO. At that time, DCC and 

DMAP was used as catalyst. b-CD & TO or AA 

incluson complex was synthesized by reacting 

b-CD in H2O. 

Results and Discussion  

 Carboxy-β-CD are characterized by FT-IR, 

1H-NMR, 13C-NMR spectroscopies. 

Carboxy-β-CD-TO and Carboxy-β-CD-AA are 

characterized by FT-IR, 1H-NMR, 13C-NMR 

spectroscopies. TO and AA inclusion complex 

are are characterized by FT-IR, 1H-NMR, 

UV-Vis spectroscopies and DSC thermogram.  

 

 

Figure 1 - Scheme of C- β-CD 

 

Figure 2 - Scheme of β-CD & AA inclusion  

 

Figure 3 - Scheme of C-β-CD-TO 
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Introduction 

Polybenzimidazole is well known for its 

thermal stability chemical resistance, and 

excellent mechanical properties. Most resin 

monomers, which have been used in dental 

applications, need strong durability, small 

shrinkage, biocompatibility, and easy 

polymerization. Therefore, based on the 

properties of PBI, it is expected to overcome the 

problems of conventional dental restorative 

materials. 

In this study, poly[2,2 ’ -(m-phenylene)-5,5 ’ -

bibenzimidazole](PBI) was synthesized 

through condensation polymerization from 

isophthalic acid(IPA) and 3,3 ’ -

diaminobenzidine(DAB) in polyphosphoric 

acid(PPA). In addition, diamine-terminated PBI 

oligomer(diamine-PBI) was synthesized by 

adjusting the mol ratio between IPA and DAB. 

Photopolymerizable PBI was also synthesized 

from diamine-PBI oligomer and methacrylic 

acid(MAA), and characterized by FT-IR, 1H-

NMR, 13C-NMR, TGA and GPC. 

The synthesized polymer was formulated with 

ethoxylated bis-GMA(EBPDMA) in various 

ratios, and irgacure 819 as a photoinitiator, 

photopolymerized by DLP 3D printer, then 

finally used to evaluate their compressive 

strength by universal testing machine(UTM). 

 

Experimental 

 First, PBI and diamine-PBI was synthesized. 

The reaction was carried out in PPA at 200℃ 

for 24 hours. When the reaction was completed, 

reaction mixture was poured the hot solution 

into cold water. Then, it was stirred in NaOH 

solution 2 times, followed thoroughly washed 

with water until filtrate was neutral to pH. Then 

photopolymerizable PBI, MA-PBI was 

prepared. Diamine-PBI and DCC was dissolved 

in DMF, respectively. DCC solution and MAA 

were injected into PBI solution and then stirred 

for 5 days. The reactant was  filtered and stirred 

in distilled water and ethanol. 

 

Results and Discussion 

Synthesized PBI was confirmed by FT-IR, 1H-

NMR, 13C-NMR spectroscopies, GPC and TGA. 

In the PBI, the strongest characteristic peaks at 

3415, 1612, 1286, 800 cm−1 were attributed to -

NH stretch, C=C/C=N stretch, imidazole ring 

breathing, C-H stertch respectively. 1H-NMR 

spectrum showed the aromatic proton signal at 

9.1-7.6 ppm, and imidazole proton at 13.3 ppm. 

Diamine-PBI showed terminal peaks in contrast 

with high molecular weight PBI. The intensity 

of these peaks were decreased as molecular 

weight increased. In the TGA thermogram, the 

thermal degradation temperature was found to 

be about 600℃. 

 Then, MA-PBI was synthesized and 

characterized by 1H-NMR spectroscopies and 

TGA. The NMR spectrum of MA-PBI showed 

amide peak at 9.58 ppm, vinyl peak at 5.87, 5.56 

ppm, and methyl peak at 1.86 ppm. 

 

 

 
Figure 1 – Synthesis of PBI and MA-PBI 
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Introduction 

Actin cytoskeleton, which is a fiber and 

network structure inside cell, mainly governs 

cell morphology, motility, and mechanical 

property. By analyzing these cell characters, 

we can know the states of actin cytoskeleton 

supporting these characters. For instance, force 

measuring an indentation process of nano-

sized probe to cell surface by atomic force 

microscopy (AFM) enables us to obtain cell 

surface mechanical properties. This 

mechanical property represents the cortical and 

surface vicinity actin cytoskeleton 

architectures. Furthermore, by choosing cell 

types, we can obtain the states of certain actin 

cytoskeleton. In this study, we used leukocytes 

whose major actin cytoskeleton is cortical actin, 

and measured the mechanical properties of 

leukocytes to understand reaction and change 

of cortical actin of leukocyte to stimulation 

reagents.   

 

 

Methods  

We used 3 types of leukocytes; KG-1 is human 

acute myelogenous leukemia, Jurkat is human 

T lymphoblast, and CCRF-CEM is human T-

leukemia cell lines. These floating leukocytes 

were anchored on the dish coated with 

biocompatible anchor for cell membrane 

(BAM) material (NOF Corporation). The 

mechanical properties of the cell surface were 

measured by indentation of cone probe to 

leukocytes with AFM. Young's modulus was 

calculated from the force-distance curve to the 

probe by fitting with the Hertz model. We 

analyzed more than 500 force curves in each 

condition.  

 

 

Results and Discussion 

The mechanical property of leukocytes was 

different in cell types; Young’s moduli of KG-

1, CCRF-CEM, and Jurkat cells were about 1.9, 

0.82, and 0.77 kPa, respectively. These 

mechanical properties dropped to around 0.21 -

0.48 kPa by treatment with actin 

depolymerizing reagent cytochalasin D. Thus, 

the surface stiffness of these leukocytes is 

largely constituted by actin cytoskeleton. Then 

we treated KG-1 and Jurkat cells with phorbol 

ester PMA, which stimulates leukocytes and 

induces leukocytes adhesion. By treatment 

with PMA, adhesion to fibronectin substrate of 

these cells increased, and Young’s modulus of 

these cells decreased. Then we treated with 

leukocytes with Staurosporine, another inducer 

of leukocyte adhesion. Young’s modulus of the 

cells treated with Staurosporine also decreased. 

When we treated the cells with Calyculin A, 

which is a protease inhibitor and inhibits cell 

adhesion, Young’s modulus was maintained. 

Thus, the leukocyte stimulation reagent 

decreased cell surface stiffness, which is 

depending on cell surface cortical actin. 

Furthermore, we found that natural anti-

oxidation material α-mangostin decreased 

Young's modulus of KG-1 cells. α-Mangostin 

has activities against various diseases 

including cancer and inflammation in vivo. We 

recently reported that α-mangostin suppressed 

the subsistence, migration, and invasion of 

lung cancer cells in vitro (1). α-Mangostin may 

also have various effects for many diseases by 

affecting the activity of leukocytes.  

 

 

Conclusions 

Using AFM, we found that leukocyte 

stimulation reagents decreased cell surface 

stiffness, which is depending on cell surface 

cortical actin.  
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Introduction 

Co-culture is a method culturing two or more 

types of cells in same dish, and is more 

effective culture method to mimic in vivo 

conditions. For example, when cancer and 

normal cells are co-cultured, cancer cells kill 

and invade their surrounding normal cells. By 

evaluation of the invading speed of cancer 

cells, we can use the co-culture system of 

normal and cancer cells for anti-tumor drug 

screening. Usually, to distinguish normal and 

cancer cells, these cells must be labeled with 

different fluorescent dyes. However, the 

process of fluorescence labeling damages cells, 

and fluorescent dyes are often degradated and 

diluted during cell culture. Therefore, there is a 

need for developing a method for identifying 

and evaluating cells using phase contrast 

microscopy images of co-cultured cells. 

Recently, many researchers have developed 

new AI image analysis methods to identify 

cells using phase contrast images. In this study, 

we developed a new method to evaluate the 

invading speed of cancer cells to normal cells 

from co-cultured images using AI image 

analysis system, Deep Learning.  

 

 

Methods 

Normal (RGMs) and cancer (RGKs) cell lines 

of gastric mucosal epithelial cells were used. 

These cells were labeled with green (DiO) and 

red (DiI) fluorescent dyes. Normal and cancer 

cells were co-cultured and taken photos by 

phase contrast and fluorescence microscopy 

over time. The fluorescence images were 

analyzed by MATLAB software.  

 

 

Results and discussion 

First, we optimized Deep Learning parameters 

for identifying normal and cancer cells from 

phase contrast microscopic images. Using best 

tuned parameters, normal and cancer cells 

were identified with 94.8% accuracy. Then we 

co-cultured these cells and obtained 

fluorescent and phase contrast microscopic 

images. From the fluorescent microscopy 

images, we could observe the progress of red 

fluorescence cancer cells invaded into green 

normal cell area. However, from the phase 

contrast microscopy images, it was very 

difficult to grasp the progression of cancer cell 

invasion to normal cells. Then we analyzed 

these phase contrast microscopy images to 

identify the cancer cell area using the Deep 

Learning system. We succeeded to distinguish 

the normal and cancer cells from phase 

contrast microscopy images (Figure 1). The 

area which recognized as a cancer cell by Deep 

Learning system was observed red color in 

fluoresce images. Using the system, we could 

obtain cancer cell area from phase contrast 

co-cultured images. Furthermore, we analyzed 

co-cultured phase contrast cells images over 

time, and obtained the transition of cancer cell 

area. That is we succeeded to evaluate cancer 

cell invasion speed to normal cell area using 

Deep Learning system.  

 

 
Figure 1: Classification results of normal and 

cancer cells using Deep Learning System 

 

 

Conclusion 

We succeeded to evaluate the cancer cell 

invasion speed to normal cell area from 

co-cultured phase contrast microscopy images 

using Deep Learning system. 
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Introduction 

 

β-glucans are the most abundant forms of 

polysaccharides which are found at the grains, 

microorganisms and fungi, with representing 

significant physicochemical differences depend 

on their source [1-2]. Among of them, it is 

known that microbial β-glucans extracted from 

cell walls or extracellular polysaccharides of 

mushrooms and micro-organism are having a 

superior water-solubility and functionalities 

against others [2]. 

  The formations of glucans are arranged in six-

sided D-glucose rings connected linearly at 

varying carbon positions, although most 

commonly β-glucans include a (1,3) glycosidic 

link in their backbone. Technically, β-glucans 

are chains of D-glucose polysaccharides linked 

by β-type glycosidic bonds, by convention not 

all β-D-glucose polysaccharides are categorized 

as β-glucans [3]. 

Because of their unique and firm triple-helix 

structure, β-glucans generally show stable 

viscoelastic behaviors even with changes of 

temperature, pH value, and the concentration of 

electrolytes [2]. Also, the heterogeneous group 

of β-linked polyglucoses from the microbial β-

glucans (e.g. Schizophyllan or Curdlan) can 

exhibit interesting phycochemcial properties 

like gelation and pharmacological reactions 

such as immune stimulation, anti-inflammatory 

and antimicrobial abilities [2-5,8]. 

Based on these benefits and characteristics, 

β-glucans are extensively used in the food, 

cosmetic and medical products [5-6]. Moreover, 

with increasing demands and consumption of 

cosmeceutical products for beauty and effective 

treatment, they are being gradually applied as a 

dermal filler composition and wound dressing 

material [6-7]. 

In manufacturing and evaluation of above-

mentioned commercial products, it is critical to 

understand the rheological characteristics of β-

glucans under the various circumstances. It is 

possible to provide meaningful information and 

insight about flow characteristics, sensory  

 

 

texture and storage stability of the material and 

their commercial products [6]. 

  The main aim of this research is to measure 

and characterize the rheological properties of β-

(1,3)-(1,6)-D-glucans which is extracted from 

Schizophyllum commune. To investigate their 

concentration dependency, test samples are 

prepared in four different concentrated aqueous 

solutions. The experiments are performed in 

several well-defined shear flow fields using 

strain-controlled rotational rheometer. 
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Introduction 

 

Shea butter is a natural phytogenic fat 

extracted from kernels of shea tree (Vitellaria 

paradoxa) mostly existing in sub-Saharan and 

east Africa [1]. Natives of those regions 

traditionally have treated several diseases (e.g. 

dry skin, burns, eczema, wrinkles and arthritis) 

by using a shea butter. It contains amount of 

biochemically activated compositions, which 

shows effectiveness such as remarkable skin 

moisturizing and anti-inflammatory abilities [2]. 

Approximately 85-90% of shea butter is 

consisted of stearic acids and oleic acids. It has 

high level of triperpene alcohols including 

alpha/beta-amyrin, lupeol, and butyrosperomol 

which is playing an important role of anti-

inflammatory and anti-tumor agents. In addition, 

shea butter has alpha-tocophenol, which is more 

commonly known as vitamin E, it excellently 

mitigates sunburn and skin oxidation induced 

by ultraviolet ray [3-5]. Due to its various 

functionalities, shea butter has become one of 

the most frequently used as base ingredients in 

many types of cosmetic products, such as 

creams, lotions and lip balms [3-6].  

In the view of manufacturing consumer-

acceptable cosmetic products containing shea 

butter, understanding the quantitative physical 

properties in regard to spreadability, texture and 

sensory feelings should not be overlooked, but 

rather become essential conditions. 

Because the above-mentioned characteristics 

are closely related to the viscoelastic properties 

of base materials, rheological approach to shea 

butter can be most effective method to predict 

and evaluate the various features of producing 

and using the cosmetic products. 

In spite of this importance, few articles deal 

with the rheological properties of shear butter in 

terms of cosmetic. Under certain temperature, 

especially, shea butter can cause excessive 

crystallization of its structures [5], which 

become a crucial factor that greatly affects the 

viscoelastic behavior of shear butter. 

  

 

 

Thus, this study is to characterize and analyze 

the viscoelastic behaviors of refine shea butter 

in several fundamental shear flow fields, under 

well-controlled temperature environment. 
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Introduction 

 

Aloe vera, a tropical plant that belongs the 

liliaceae family, is known as the oldest 

medicinal plant in nature. The aloe leaf is 

formed two major parts, namely the outer green 

rind, containing the vascular bundles, and the 

inner colorless parenchyma including the aloe 

gel [1]. 

The central part of the material is a 

transparent, soft, moist and slippery tissue 

which is made up of large and thin walled 

parenchyma cells. In addition, it is composed of 

approximately 98.5% water and the remnant 

containing 200 different potentially active 

compounds such as polysaccharides, vitamins, 

minerals, enzymes, saponins and organic acid 

[2]. Among them, the major monosaccharides 

(glucose and mannose) form a linear chain in a 

ratio of 1 to 3, which generate a polysaccharides 

called acetylate-mannan by gathering about 30 

to 40 kDa. The remarkable thing is that the 

polysaccharides perform almost the whole dry 

matter of aloe vera and contribute to the 

biological and therapeutic activities of the 

mucilaginous gel [1,3]. Acetylate-mannan 

binds moisture into the skin and improves the 

skin integrity. It promotes not only the synthesis 

of collagen and hyaluronic acid in the dermal 

layer, but also treatment wrinkle [4]. 

Glycerin, meanwhile, is commonly used as 

viscosity modifier in cosmetic products; 

C3H8O3 is a highly hygroscopic, colorless, 

odorless and viscous liquid. It has three 

hydrophilic hydroxyl groups usually obtained 

by saponification of lipids [5]. These three 

hydroxyl groups attract water, which prevents 

the initial loss of skin moisture. 

Based on the above-mentioned characteristics, 

rheological approach of mixture of aloe vera 

and glycerin is essential to provide objective 

information on manufacturing process and 

evaluation of consumer-acceptable cosmetic 

products. 

 

 

 

 

The purposes of this  study are to  

systematically characterize the rheological 

properties of aloe vera and glycerin mixture and 

evaluate the applicability of the material as the 

cosmetic ingredient. 
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Introduction 

 

Panthenol, the biologically active alcoholic 

analog of pantothenic acid, is a pro-vitamin of 

the B complex group (vitamin B5). When 

applied topically, panthenol is decomposed and 

converted to pantothenic acid, a component of 

coenzyme A, which is a cofactor for a variety of 

enzyme-catalyzed reactions that are crucial in 

the metabolism and holo-fatty acid synthase [1].  

Panthenol is a water-soluble vitamin and the 

most stable form of pantothenic acid in liquids. 

These characteristics are commonly used as a 

moisturizer based on good skin penetration and 

high local concentrations when meditated in an 

adequate medium, such as water-in-oil 

emulsions. It is noteworthy that, especially, it 

improves stratum corneum hydration, reduces 

transepidermal water loss and maintains skin 

softness and elasticity. In addition, panthenol is 

one of the specialized materials to induce the 

activation of fibroblast proliferation, which is of 

relevance in wound healing in burns, fissures, 

corneal lesions and allergic dermatitis with 

minimal risks of skin irritancy. Through many 

previous studies, it is well known that the 

pretreated of panthenol has protective effects 

against skin irritation [2].  

For these reasons, panthenol (especially, at 

concentrations of 2 to 5 %) is frequently added 

to cosmetics and hair care products, which is 

well absorbed through the skin and quickly 

converted to pantothenic acid affecting the skin 

barrier function of healthy skin [4]. 

The most distinguishing feature is that only 

appropriate functions (such as moisturizing, 

wound healing, skin softness and elasticity) can 

be applied to the final products without 

significant changes in their properties [2-3]. 

Therefore, the objective of this study is to 

measure and quantify the rheological properties 

of panthenol solutions in various shear flow 

fields using a strain-controlled rotational 

rheometry system [Advanced Rheometric 

Expansion System (ARES), TA Instruments, 

USA]. Furthermore, it is to provide the effect of  

 

 

panthenol and the meaningful information (e.g. 

texture, dermal absorability and spreadability) 

in cosmetics. 
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About 60% of energy in power stations is 

discarded as waste heat and difficult to be 

recycled. If it is possible to convert low-

temperature heat (<100 °C) into electricity, it’ll 

be expected as a new power generation process 

utilizing large-scale unused energy. Although a 

method using the Seebeck effect of 

thermoelectric elements to convert low 

temperature thermal energy into electricity has 

been reported 1), the low conversion efficiency 

about 0.2 mV•K-1 and high cost are problems. 

Therefore, development of inexpensive and 

highly efficient thermoelectric conversion 

material and conversion process is required. 

 

We have developed a temperature responsive 

nanogel particles (NPs) using proton imprint 

method. 2) The NPs containing acrylic acid 

(AAc) can reversibly change the pKa in 

different temperature due to hydrophilic and 

hydrophobic phase transition. In our previous 

study, an efficient thermo-electrochemical 

battery was developed using the proton-

imprinted AAc NPs (Fig.1). By optimizing the 

combination of the NPs and hydroquinone 

redox species, it was revealed that a potential 

difference of 6.2 mV•K-1 can be obtained 

from a temperature difference around 38°C. 

 

 
Figures 1 – Reaction of NPs & redox species 

 

 

In this study, in order to determine the output 

power and energy conversion efficiency of the 

thermo-electrochemical battery, we designed a 

flow battery system (Fig.2). The flow battery 

isolates the two half cells, which are hot and 

cold, and uses a pump as a power source to 

allow the electrolyte to circulate in the battery. 

This design ensures uniform temperature 

distribution at the platinum plate electrodes in 

the two half cells. In the flow path we set up 

two heat exchangers for cooling and heating to 

create the temperature difference. At the same 

time, we added a third heat exchanger to 

recover the residual heat of the electrolyte 

flowing out of the two half-cells. By designing 

this flow battery system, we can calculate the 

output power by the current and voltage 

generated on the electrode. And we can also 

calculate the heat input into the system 

according to the thermometer at both ends of 

the heat exchanger for heating, thereby 

obtaining the thermoelectric conversion 

efficiency. This will greatly promote its 

practicality and performance enhancement. 

 

 
 Figures 2 – Voltage reslut and Seebeck effect 
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Introduction 

 

Cellulose nanofibril (CNF) has been known 

as one of the most abundant and renewable 

biomaterials. It has semi-crystalized structure 

consisting of cellulose, hemicellulose and lignin, 

which is taking a role in maintaining and 

reinforcing the cell wall of plants. These 

composition form bundle of microfibrils 

connected with stiff β-glucose bondage. 

Because of their bio-chemical characteristics, 

CNF shows remarkable viscoelasticity and 

biocompatibility [1,8].  

However, due to structural firmness and 

flocculated fibril bundles which is originated by 

excessive hydrogen bonding of hydroxyl groups 

on cellulose chains, CNF requires high 

production energy costs and also appears wide 

fibril width range, poor optical property and 

unstable dispersibility [1-2].  

These problems can be improved by 2,2,6,6-

tetramethylpiperidine-1-oxyl radical (TEMPO) 

-mediated oxidation. This method converts C6 

primary hydroxyls of cellulose into carboxylate 

groups, which provides moderate ionic 

repulsive force [1,3]. Flocculated fibril bundles 

are chemically divided into thin fibrils without 

any severe chemical damages. Through this 

mechanism, TEMPO-treated CNF has superior 

dispersibility, optical transparency and much 

smaller fibril width compared to the non-treated 

one [2].  

In addition, converted functional groups on 

C6 position of cellulose can assign diverse 

functionalities to CNF. Especially, converted 

carboxylates of TEMPO-treated CNF induce 

different rheological behaviors of reaction 

product, by changing its chemical structure 

depending on pH value [4]. Based on this, the 

modified CNF is expected to have an 

applicability as a pH-sensitive smart polymer. 

In general, focused on its strong viscoelastic 

property and biocompatibility, TEMPO-treated 

CNF compounds are being applied widely in 

food thickener, anti-oxidation wrapping film, 

and wound dressing materials [1,4-7].   As the  

 

 

demands for mass-producible and non-toxic 

materials gradually increase in these fields, it 

will become more important to analyze and 

understand the quantitated rheological  

behaviors of TEMPO-treated CNF under 

various conditions.  

The main objective of this study is to 

systematically characterize the rheological 

properties of TEMPO-treated CNF and its 

rheological differences depending on 

concentration, degree of substitution and pH 

value in several well-defined shear flow fields.  
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Introduction 

 

Honey is a common name for natural 

viscoelastic sweetener produced by bees and 

some related insects. In the process of making 

honey, the main ingredients (such as flower 

nectar or honeydew) are partially dehydrated 

and chemically treated by enzymes of the bees. 

As an important food resources for them, it is 

stored at their beeswax nest [1-2]. 

It mainly consists of easily assimilable sugars 

(fructose, glucose), glycolysis enzymes, amino 

/organic acids and several kinds of nutrients [4]. 

In addition, there are many sorts of honey which 

are shown quite different physical and chemical 

properties depending on the ratio of above-

mentioned components [2]. For example, ratio 

between fructose and glucose is known for most 

relevant to honey’s sweetness, similarly, the 

water concentration and length of sugar chains 

can affect to its viscoelastic behaviors [4-6]. 

In the human history, honey has been utilized 

as food and medicine ever since the early stone 

age [3]. Due to its abundant nutrients and 

biochemically functional compounds, honey is 

not only known as a complete food, but also 

used as humectant and antioxidant agents [3-4]. 

Along with increasing of demands for natural 

and functional biomaterials, honey is even more 

widely applied to food, cosmetic and medical 

industries, too [4]. Especially, honey-based 

cosmeceutical products including facial pack 

and hair follicle care agents are consistently 

getting consumer’s attention in these days. 

Despite honey is industrially well-used 

typical viscoelastic liquid, there are few studies 

just dealing with rheological characteristics of 

honey at room temperature. In view of 

manufacturing and evaluating products, 

rheological analysis is the most quantitative 

way to properly understand and predict the 

viscoelastic behavior of the substances. 

The main objective of this study is to focus 

on measuring and analyzing the rheological  

 

 

properties of honey in several well-defined 

shear flow fields under various environmental 

conditions. All the samples are prepared from 

Korean acacia honey, which is one of the most 

popular honeys produced in Korea. 
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Introduction 

 

Cosmetic foundations are generally divided 

in to power and liquid base makeup types, 

which apply to the face to make uniform color 

to the complexion, keep the natural skin tone 

and conceal blemish. Recently developed 

products also have additional functionality such 

as strong persistence, moisture, cooling and 

sunblock [1-2]. 

The appearance of the cosmetics to improve 

complexion traces back to antiquity. The initial 

foundation was powder type to brighten their 

skin tone and cover the flaws. Because of 

powder’s weak adhesion, however, this type 

was easily blown off (or dry) and had poor 

makeup’s long-lasting ability and natural skin 

color expression [1,4]. 

To solve the adhesion problem, a new type 

called liquid foundation has been developed : It 

is typically has good spreadability and long-

lasting ability, and largely classified into water 

type and oil type. Water containing products can 

feel moisture and express natural coverage but 

poor coverage, while oil containing products 

have excellent covering ability [3]. 

From the cosmetic consumer’s point of view, 

proper coverage to correct skin defects, skin 

expression to show natural skin tone, long-

lasting ability (persistence to maintain the first 

makeup state) and spreadability are very 

important factors in selection of the cosmetic 

foundation [3-4]. 

What is noteworthy in this research is how to 

evaluate and improve the liquid foundation’s 

spreadability and long-lasting ability. Above all, 

rheological approach of cosmetic products is of 

great importance and their precise evaluation 

can offer objective information which can be 

used in actual use situation. 

The main target of this attempts is to 

systematically compare and evaluate the 

rheological behaviors of various cosmetic liquid 

foundation products with different types, 

viscosity and spreadability using a strain 

controlled rotational rheometer [Advanced  

 

 

Rheometric Expansion System (ARES), TA 

instruments, USA] in various well-defined 

shear flow fields including steady, oscillatory, 

and transient shear flow conditions. 
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Introduction 

There has been a rise in the prevalence of 

nonalcoholic fatty liver disease (NAFLD), 

NAFLD covers a range of histopathological 

findings, from uncomplicated liver steatosis to 

non-alcoholic steatohepatitis (NASH). 

Development of NASH is explained by two-hit 

model. First hit is fat accumulation mainly due 

to Western diet, resulting in NAFL. Second hit 

is inflammatory reaction in liver. One of the 

causes to induce inflammatory reaction is 

bacterial translocation from intestine to liver 

due to the loosening of tight junction in intestine 
[1]. Vitamin D3 (VD3) can be the candidate to 

treat NASH because of the ability to repair the 

tight junction between the epithelial cells of 

intestine. However, delivery of VD3 to intestine 

without raising dosage is difficult to achieve. 

We previously reported nanostructured lipid 

carrier (NLC) as a carrier of VD3 for effectively 

delivery to intestine [2]. Here we examined the 

therapeutic effect of NLC containing VD3 

(NLC-D3) on the NASH model mouse. 

Figure 1: NLC containing VD3. 

 

Results 

NLC-D3 was prepared by following our 

previous report [2]. Briefly, glycerin 

monostearate, phosphatidylcholine, L-α-

phosphatidylserine, α-tocopherol, and 

1,25(OH)2D3 were dissolved in toluene. Then 

this organic solution was added to aqueous 

solution containing Pluronic F127 which acts as 

the surfactant. The solution was homogenized at 

22,000 rpm for 15 minutes and sonicated (10% 

power, 20kHz, 50W) for 5 minutes. Then the 

solution was evaporated by stirring at 300 rpm 

overnight to move toluene. The size of NLC-D3 

was 110 nm and concentration D3 in the 

dispersion was 0.262 ug/mL). NASH model 

mice (C57BL/6) were established by feeding 

methionine, choline deficient (MCD) diet for 6 

weeks. NLC-D3 was daily applied via oral 

gavage at a dose of 10 mL/kg. 

We examined the intestinal permeability by 

using FITC-labelled dextran (4kDa). FITC-

dextran dissolved in water was applied to 

NASH model mice via orally at a dose of 0.6 

g/kg. After 4 hours, the serum concentration of 

FITC-dextran which was leaked from intestine 

was measured (Figure 2A). MCD diet caused 

increase in serum concentration of FITC-

dextran, while application of NLC-D3 

suppressed the leakage in normal level. Figure 

2B shows the effects of NLC on serum level of 

ALT and AST which are indicators of liver 

damage. The results show that the NLC-D3 

could reduce the increased level of AST and 

ALT caused by MCD diet. 

 
Figure 2: Effect of NLC-D3 on FITC-dextran 

leakage in serum (A) and serum activity of AST (B).  

 

Conclusion 
NLC-D3 has potential to prevent the 

progression of NAFLD from steatosis to NASH 

through enhancing the intestine tight junction. 
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Introduction 

Antibody drug is gathering a lot of attention 

for cancer therapy because of high and specific 

affinity to target antigen. Accumulation of 

antibody drug to tumor is depend on the unique 

feature of tumor blood vessels. The insufficient 

formation of tight junctions by the vascular 

endothelium, which allows leakage of large size 

molecules such as antibody and liposome1. This 

mechanism is called passive targeting. We 

previously reported tumor specific vasodilation 

to enhance tumor accumulation of liposome by 

loading small amount of nitric oxide (NO) 

donor into the liposome2,3. Because NO is 

representative vasodilator, liposome 

specifically vasodilated the tumor blood vessels 

to gather more liposome into tumor. Here we 

applied our strategy to antibody drug. We 

modified NO donor on to antibody drug by 

using S-nitrosylation (SNO) (Figure 1a).  

 

Result and discussion 

Anti-human EGFR antibody (cetuximab) 

was modified with 2-iminothiolane 

hydrochloride then ethyl nitrite to prepare Ab-

SNO. The modification ratio of SNO is 4 SNO 

per antibody.  

First, the binding ability of Ab-SNO to 

EGFR overexpressed on A549 cell was 

examined. The bound Ab-SNO was lebelled 

with FITC-labelled anti-human IgG and was 

detected by flow cytometry (Figure 1b). The 

dissociation constant (Kd) determined from the 

fitting showed that Ab-SNO is almost same 

with intact antibody (Ab), indicating that 

deterioration of the antigen recognition ability 

by modification of SNO is negligible. Next, we 

examined NO releasing ability of Ab-SNO by 

fluorescent probe (DAR-4M AM) in the 

presence of A549 cell. Fluorescence increase 

resulting from NO release was observed in 

concentration-dependent manner. 

Finally, we examined enhancement of tumor 

accumulation of Cy7-modified Ab (Ab-Cy7) by 

Ab-SNO (Figure 2). A 40% increase in 

accumulation in tumor region was successfully 

observed.  

Figure 1: (a) Design of Ab-SNO.  (b) Binding ability 

of Ab-SNO to A549 (EGFR-over expressing) cell.  

Figure 2: Enhanced tumor accumulation of Ab-Cy7 

by Ab-SNO. 

 

Conclusion 
Ab-SNO had its binding ability preserved as 

well as showing increase in accumulation was 

observed. 
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1. Introduction
Recent developement of flexible electronic
devices drived increasing demand of thin film
which has both high mechanical and adhesive
property. Because of the trade-off relationship
between two properties, there is a limit to
increasing simultaneously mechanical and
adhesion properties [1]. Thus, in this research,
the microwave-assisted exfoliation and
reduction process of graphene oxide (GO) was
applied to increase mechanical property [2],
and following surface treatment of
polydopamine improved adhesive property via
increasing surface affinity of GO with the
adhesive matrix.
2. Experiment
2.1. Chemical reagents and experimental
equipments
Graphene oxide-water solution were
purchased from Standard Graphene. Acrylate
oligomer resin was supplied by YONWOO
corporation. The other reagents including
dopamine were obtained from Tokyo Chemical
Industry Co., Ltd. Ultrasonic homogenizer
(Bandeline, HD4100), Doctor blade coater,
Universal test machine (P-2014, DRTECH)
were used for this research.
2.2. Preparation of dopamine coated
reduced graphene oxide
GO-water solution was dried in vacuum. GO
was placed in beakers covered by petri plates
and irradiated in commercial microwave oven
of 700 W. Microwave reduced GO (MWG) and
DA were dissolved in tris buffer and reaction
was carried out with vigorous stirring. The
resulting homogeneous black dispersion was
centrifuged and purified by D.I. water. The as-
prepared polydopamine coated MWG
(MWG/DA) was dispersed in acrylate
oligomer resin by ultrasonication. The resin
was casted by doctor blade coater and then
cured by UV irradiation. The mechanical and
adhesive properties of as-prepared adhesive
film were measured by ASTM standard

(D3330) and International standard (ISO 8510-
2) respectively.
3. Result and Discussion
The mechanical property showed the best
results in MWG/DA. The dopamine treatment
improved tensile strength, and adhesive peel
strength was almost maintained.

Figure 1 - Plot of tensile strength versus strain
for various samples.

Figure 2 - Peel strength for various samples.
4. Conclusion
Microwave irradiation improved dispersion
quality of GO and tensile strength of the
resultant adhesive film, and the dopamine
coating was able to obtain better mechanical
property with minimum loss of adhesion
property.
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1. Introduction 

 

Nowadays, lightening the vehicle is receiving a 

great attention due to worldwide carbon 

emission regulation and fuel efficiency. Various 

companies are trying to change their product 

parts from metal to composite material for 

weight reduction, and some of them have 

already begun mass production of composite 

parts. Fiber reinforced plastic (FRP) is a typical 

example of the candidate material for 

replacement of metal. The composite material is 

lightweight and has excellent mechanical 

properties. However, FRP has disadvantage of 

poor productivity because of its high material 

and processing cost. In order to overcome these 

problems, this study proposed a new process 

based on multi drop filling and tried to prove 

effectiveness of the novel method by comparing 

mechanical property of sample made by new 

process with that by the existing method. 

 

2. Experiment 

 

2.1 Material 

 

 In this study plain weave 3K tow carbon fiber 

WSN 3KY (Hyundai Fiber CO. LTD.) was used 

and epoxy resin and hardner, KFR-120V and 

KFH-163 (Kukdo chemical CO. LTD.) 

respectively were used to make carbon fiber 

reinforced plastic (CFRP). 

 

2.2 Experiment 

 

 Samples were made in a square shape of 150 

mm long and 1.15 mm thick by vacuum 

infusion process and newly developed multi 

drop filling (MDF) process 

 

3. Result 

 

 Compressive strength of specimen was tested 

followed by the ASTM 3410. 

 

Table 1. Compressive strength of MDF process 

specimen 

 

Case 

Maximum 

Load 

(N) 

Maximum 

strength 

(MPa) 

MC1 10050.7 354.0 

MC2 13056.3 455.7 

MC3 12315.9 431.9 

MC4 95701.1 338.8 

Average 11248.5 395.1 

 

Table 2. Compressive strength of vacuum 

infusion process specimen 

 

Case 
Maximum 

Load (N) 

Maximum 

strength 

(MPa) 

IC1 10520.6 364.8 

IC2 14019.5 466.5 

IC3 12288.9 438.3 

IC4 13758.2 443.1 

Average 12646.8 428.2 

 

4. Conclusion 

 

 We successfully produced Carbon fiber 

reinforced plastic (CFRP) with conventional 

and newly developed process. Also with these 

specimens, we measured each sample’s 

compressive strength and compared each other. 

Maximum compressive strength of two 

different sample was similar and this shows 

possibility of the developing process suitable 

for replacing traditional process. 
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Introduction 

Recently, electronic devices such as mobile-

phone or TV are making brilliant advances and 

flexibility has become one of the main 

keywords for next-generation devices. To make 

device flexible, various kinds of flexible 

functional materials have been investigated 

through the several approaches. Among these 

materials, a flexible pressure sensitive adhesive 

is important for assembly of device components, 

which requires strong mechanical and adhesive 

properties. However, the two properties have 

some trade-off relationship. In this study, an 

iron oxide nanoparticle (Fig. 1) was reinforced 

into the adhesive in order to create a synergetic 

improvement of the two properties. Moreover, 

the surface of iron oxide nanoparticle was 

modified with several ligands of different 

length and chemical functionality as shown in 

Fig. 2 in order to demonstrate the effect of 

ligand change on a dispersion of nanoparticles, 

an interaction between particle and matrix, and 

mechanical properties of the resultant adhesive. 

Nanocomposite adhesive films were fabricated 

by appropriate dispersion, film casting and 

curing processes as schematically represented 

in Fig. 3. Several experiments were conducted 

to confirm that the surface ligand was 

successfully changed and to investigate the 

effect of ligand change. 

 

 
Figure 1 – TEM image of Iron oxide 

nanoparticle 

 
Figure 2 – Surface ligand of Iron oxide 

nanoparticle, Acrylic acid (AA), [2-(2-

Methoxyethoxy)ethoxy] acetic acid (MEA), 

MR-79 (acrylate-PEG-COOH) 

 

 
Figure 3 – Fabrication steps of adhesive film 
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1. Introduction 

Recently, as the demand for electric vehicles 
starts to increase, the efficiency of batteries for 
long driving distances is drawing attention. 
Therefore, research to reduce the weight of the 
automobile is an important issue in the industry. 
As a solution, polyamide 6/carbon fiber 
composites have been proposed because of their 
light weight, high mechanical properties and 
recyclability. To manufacture this composites, 
we can use the thermoplastic-resin transfer 
molding (T-RTM) process which injects ε-
caprolactam with a viscosity of 100 to 1000 
times lower than conventional epoxy resin [1, 2]. 
However, since the anionic polymerization of ε-
caprolactam is occurred in the process, this 
process is very sensitive to the external 
environment (moisture, oxygen). In particular, 
the polymerization does not proceed when the 
relative humidity is high [3, 4]. In this study, 
water absorbing particles were added to the 
reaction mixture preparation step to increase the 
monomer conversion and molecular weight 
which is less sensitive to deviation of the 
external environment. In order to evaluate the 
effect of water absorbing particles, monomer 
conversion and viscosity average molecular 
weight were measured using soxhlet extractor 
and ubbelohde viscometer. With this results, we 
can verify the effect of water absorbing particles 
on the polymerization.  

 
2. Experiment 

A monomer (ε-caprolactam), catalyst, and 
activator were used as the reaction mixture. 
Additionally, water absorbing particles were 
added to the reaction mixture.  

The soxhlet extractor and ubbelohde 
viscometer were used to measure the monomer 
conversion and viscosity average molecular 
weight. 
 
3. Result and Discussion 
 When the water content in the reaction mixture 
is high, the monomer conversion and the 

molecular weight of the polymer decrease. 
Therefore, water absorbing particles were 
added to the reaction mixture with controlled 
water content, and the effects on monomer 
conversion and viscosity average molecular 
weight of the polymer were evaluated as shown 
in the figure 1. 
 

 
Figures 1 – Conversion graph for the samples 
(polymerized with no water, controlled water, 
controlled water & water absorbing particles) 
 
4. Conclusion 

Water absorbing particles were added to the 
reaction mixtures and their effects are assessed 
by measuring monomer conversion and 
viscosity average molecular weight. Based on 
the influence of these water-absorbing particles, 
it is possible to ensure the performance of the T-
RTM process. In addition, we can reduce 
process time by reducing water removal process 
time such as nitrogen purging. 
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 Introduction 

Chitin is a natural polysaccharide, in which 

N-acetyl-D-glucosamine units are connected by 

β(1→4) -glycosidic bonds, and is an abandant 

biomass resource. However, it has strong 

crystallinity due to intramolecular and 

intermolecular hydrogen bonding, leading to 

poor in solubility and processability. On the 

other hand, it has already been reported that 

low molecular weight chitin hexanoate can be 

obtained by limited hydrolysis of the main 

chain in a parent chitin hexanoate in 

concentrated hydrochloric acid / acetic acid 1). 

 In this study, we found that a film was 

obtained from the low molecular weight chitin 

hexanoate by casting of the DMSO solution, 

followed by drying (Scheme 1). 

 

Result and Discussion 

Chitin hexanoate was synthesized according 

to previous reports 2,3). The limited hydrolysis 

of the product was conducted in a mixed 

solution of acetic acid and concentrated 

hydrochloric acid at room temperature for 8 h 

to obtain the low molecular weight chitin 

hexanoate. After completion of the reaction, 

the reaction mixture was neutralized with 

aqueous ammonia solution,  and the precipitate 

was washed with water to obtain the product. 

As 70% of the product was soluble in DMSO, 

a solution of the portion was casted on a glass 

plate, and dried under reduced pressure at 

45 °C for 10 h to obtain the transparent film. In 

the IR measurement of the obtained product, 

C=O absorption peak derived from hexanoyl 

group was observed at around 1740 cm-1 as 

detected in that of chitin hexanoate. However, 

the 1H NMR spectrum of the product indicated 

decrease of the degree of hexanoylation 

because some ester bonds were hydrolyzed 

during the limited hydrolysis. Furthermore, the 

XRD measurement of the product suggested 

that crystallise structure of chitin was hardly 

constructed since broad amorphous patterns 

was observed. Moreover, the diffraction peak 

assignable to chain packing of hexanoyl groups 

shifted to the higher angle area than that in the 

XRD profile of the parent chitin hexanoate. 

This result suggested that the distance between 

chitin main chains was shortened due to the 

lowered molecular weight and weakened 

hydrogen bonds. 
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Scheme 1. Film formation from low molecular chitin hexanoate. 
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Introduction 

  Oligosaccharides and polysaccharides have 

complicated structures, leading to difficulty in 

synthesizing them precisely by ordinary organic 

chemical methods. On the other hand, enzyme-

catalyzed reaction proceeds under mild condi-

tions and can be easily controlled in regioselec-

tivity and conformation, so it is useful for the 

synthesis of oligosaccharides and polysaccha-

rides with well-defined structures1).  

  Phosphorylase catalyzes consecutive glycosyl-

ations using -D-glucose 1-phosphate (Glc-1-

P) and maltooligosaccharide as glycosyl donor 

and acceptor, respectively, to produce a well-

defined (1→4)-glucan, that is amylose2). Phos-

phorylase also recognizes the Glc-1-P analog 

substrates due to its low substrate specificity 

and catalyzes the glycosylation reaction of the 

corresponding monosaccharide residues3). Glu-

cosamine, mannose, and 2-deoxyglucose 1-

phosphates, which are known to have different 

2-position structures from Glc-1-P, have been 

glycosylated by phosphorylase catalysis. Fur-

thermore, under selected conditions, phosphor-

ylase catalyzes consecutive glycosylations us-

ing such glycosyl donors to produce α(1→4)-

linked oligosaccharide chains. On the other 

hand, analog substrates such as xylose and glu-

curonic acid 1-phosphates with different struc-

tures at 6-position have also been recognized as 

glycosyl donors by phosphorylase, but which 

only transferred one residue enzymatically. In 

other words, the recognition of the 6-position of 

analog substrates by phosphorylase may be 

more severe than the 2-position.  

 

 

  In this study, 6-deoxyglucose 1-phosphate 

(6dGlc-1-P) was synthesized and used as a gly-

cosyl donor, whose 6-position structure is closer 

to Glc-1-P compared to Xyl-1-P and GlcA-1-P, 

in thermostable phosphorylase (from Aquifex 

aeolicus VF5)-catalyzed glycosylation to syn-

thesize 6-deoxyamylose oligomer. 

 

Result and Discussion 

  6-Deoxyamylose oligomer was attempted to 

be synthesized according to thermostable phos-

phorylase-catalyzed enzymatic glycosylation 

using 6dGlc-1-P as the glycosyl donor. The gly-

cosylation reaction was carried out for 4 days at 

40 °C in the presence of thermostable phosphor-

ylase in the magnesium ion-containing ammo-

nia buffer (pH 8.5) in 10 equivalents of the gly-

cosyl donor for maltotriose (Glc3) as the glyco-

syl acceptor. From the result of 1H NMR spec-

trum of the product, an anomeric peak and a me-

thyl peak derived from the 6-deoxyglucose 

(6dGlc) were observed. Also, from the result of 

MALDI TOF-MS measurement of the product, 

several molecular mass peaks, in which one 

6dGlc residue (673.21 m/z) and two 6dGlc res-

idues (819.34 m/z) from 6dGlc-1-P transferred 

to Glc3, were confirmed.  
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Figure 1. Thermostable phosphorylase-catalyzed glycosylation using 6dGlc-1-P. 
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Introduction 

Chitin is a natural polysaccharide composed of 

β(1→4)-linked N-acetyl-D-glucosamine units. 

Although chitin is produced prolifically in nature, it 

remains an unutilized biomass resource primarily 

because of its intractable bulk structure and 

insolubility in water and common organic solvents. 

We found that an ionic liquid, 1-allyl-3-

methylimidazolium bromide (AMIMBr), dissolved 

chitin in concentrations up to 4.8 wt % and the 

higher contents of chitin with AMIMBr gave ion 

gels. Previously, we reported that regeneration from 

the ion gel using methanol fabricated self-

assembled chitin nanofibers (ChNFs) film 1).  On 

the other hand, since poly(2-alkyl-2-oxazoline)s 

(POXs) are synthesized by living cationic ring-

opening polymerization of 2-oxazoline (Ox) 

monomers 2), we have successfully prepared poly(2-

methyl-2-oxazoline)-grafted chitin nanofibers 

(PMeOX-g-ChNFs) by the reaction of living 

propagating ends with amino groups on ChNFs 3). 

The products swelled gradually in DMSO or water 

to produce DMSO gel or hydrogel. By means of the 

swelling properties, in this study, composition of 

the material with hydrophobic polymers such as 

poly(methyl methacrylate) (PMMA) and poly(butyl 

methacrylate) (PMBA) was investigated. For 

efficient progress of composition, poly(2-isopropyl-

2-oxazoline) (PiPOX) was employed because of its 

higher hydrophobicity than PMeOX.  

Results and Discussion 

According to the previous study, PiPOX-g-

ChNFs was obtained by the reaction of living 

propagating ends with the amino groups on the 

partially deacetylated ChNFs surface. The 

product was then immersed in PMMA or PMBA 

solution in THF to progress composition as the 

gelation simultaneously occurred (Scheme 1). We 

found that PBMA was composited more than 

PMMA with PiPOX-g-ChNFs (45.3 and 39.7 

wt% respectively). The IR measurement   
confirmed the presence of PMMA or PBMA 

inside the composites. 
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Scheme 1. Procedure for composition of 

PiPOX-g-ChNFs with PMMA or PBMA 
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TEXT 

Liquid crystal elastomers (LCEs) are a unique 

class of active materials with the largest known 

reversible shape transformation in the solid 

state. The shape change of LCEs is directed by 

programming their molecular orientation, and 

therefore, several strategies to control LC 

alignment have been developed. Although 

mechanical alignment coupled with a two-step 

crosslinking is commonly adopted for 

uniaxially-aligned monodomain LCE synthesis, 

the fabrication of complex shaped LCEs at the 

macro- and microscale has been rarely 

accomplished. Here, we report a facile and 

solventless processing method for fabricating 

arbitrarily shaped LCEs at the macro- and 

microscales at room temperature by 

mechanically programming (i.e., stretching, 

pressing, embossing and UV-imprinting) the 

polydomain LCE, and subsequent 

photocrosslinking. The programmed LCEs 

exhibited a reversible shape change when 

exposed to thermal and chemical stimuli. 

Besides the programmed shape changes, the 

actuation strain can also be preprogrammed by 

adjusting the extent of elongation of a single 

polydomain LCE rather than preparing LCEs 

with multiple chemical compositions. 

Furthermore, the LCE micropillar arrays 

prepared by UV-imprinting displayed a 

substantial change in pillar height (83%) in a 

reversible manner during thermal actuation. 

Our convenient and environmentally benign 

method for fabricating reversible 3D shape 

shifting LCEs from commercially available 

materials may not only provide a scalable 

synthetic route, but also expedite the potential 

applications of LCEs in actuators, soft robots, 

smart coatings, tunable optics and medicine.  

 

 
Figure 1. Reversible shape changes of complex 

shaped LCEs during heating and cooling. (a) A 

biaxially-stretched LCE, (b) a ring-shaped LCE, 

and (c) a hat-shaped LCE. Scale bars indicate 5 

mm 
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Introduction 
Among various types of shape changing 
materials, liquid crystal elastomers (LCEs) have 
received a great attention due to their capability 
to exhibit reversible shape transformation (i.e., 
reversible actuation) in a programmed manner. 
The molecular engineering of LCEs is the key 
to manipulate the phase transition, mechanical 
properties as well as actuation performance of 
the LCEs. In this work, LCEs containing three 
different types of butylamine (n-butyl, iso-butyl 
and sec-butyl) were synthesized to investigate 
the impact of isomeric amine chain extenders on 
the thermal, mechanical and actuation 
properties of resulting LCEs. 
 
 
Result and discussion 

 
Figure 1. Isostrain tests of aligned nematic LCEs 
 
It was revealed that the choice of butylamine 
greatly altered mechanical and actuation 
properties. While n-butyl LCE possesses lower 
stiffness and a minimum blocking stress, sec-
butyl LCE demonstrates higher stiffness and a 
maximum blocking stress. Sec-butyl LCE 
shows larger strain and higher actuation 
temperature. These changes in the properties are 
potentially referable to the differences in 
packing of mesogens according to the choice of 
isomeric chain extenders. 

Conclusion 
In this study, we demonstrate liquid crystal 
elastomers including three different types of 
isomeric amines of butane. The thermal, 
mechanical and actuation properties of LCEs 
are dictated by the choice of amine. We foresee 
that this facile and promising method to control 
the abilities of LCEs may advance developing 
actuators for soft robots, 4D printing and 
aerospace applications. 
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TEXT 

Silicon has attracted great interest as a 

promising anode material for lithium-ion 

batteries due to their high theoretical capacity. 

However, a significant volume change of the 

silicon during charge/discharge causes 

pulverization in the anode, and thus becomes a 

major obstacle for commercialization. A 

potential way to solve this problem is to develop 

polymer binders that can alleviate volume 

change of silicon. For this purpose, we 

synthesized a series of poly(acrylic acid)-co-

poly(n-butyl acrylate) by RAFT polymerization. 

Thermal and mechanical properties of the 

binders were tailored by tuning the composition 

of random copolymers. Interestingly, it was 

found that electrochemical performance of Si 

anode made from these binders showed the 

highest performance when a portion of soft n-

butyl acrylate (10-30 mol%) was introduced to 

the rigid PAA. We have further demonstrated 

that the chemical crosslinking of these binders 

can improve the initial discharge capacity and 

Coulombic efficiency. 

 

 

Figures 1. the discharge capacities and 

corresponding Coulombic efficiencies of PAA-

co-PnBA binder-based anode by composition 

with the discharge/charge current of 500mA g-1 

over 300 cycles 
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Introduction 

Poly (acrylic acid) has been recognized as 

promising binders for silicon based Li-ion 

batteries due to the high density of carboxyl 
functional groups that can form strong 

interactions with the silicon surface. In silicon 

anodes, polymeric binders are desired to provide 
mechanical strength via dissipating the stress 

resulting out of repeated volume changes. 

Compared to linear polymers, branched polymers 
are more productive to do this function as they 

can effectively distribute the stress through 

multiple anchoring points. Herein, we 

synthesized a series of PAA-based bottlebrush 
polymer binders by combining RAFT and 

ROMP. Several molecular parameters including 

the length of the backbone, side-chains and 
grafting density have been varied to investigate 

the impact of these parameters on the 

electrochemical performance of the Li-ion 

battery. 

Result and discussion 

Figure 1. (a) GPC analysis NB-PtBA 

macromonomer and bottlebrush polymer 

PAA bottlebrush polymer with narrow PDI is 

synthesized by two-step polymerization reaction. 

Radical Addition-Fragmentation Chain-Transfer 

Polymerization (RAFT) to synthesize the 

norbornene-functionalised macromonomer 

followed by Ring Opening Metathesis 

Polymerization (ROMP) to afford the brush 

polymer. To study the impact of chain topology 

on the binder performance, we synthesized a 

series of bottlebrush polymers with different 

degree of polymerization and side chain length. 

For all the polymers the SEC showed sharp single 

curve and NMR revealed the successful 

conversion of NB-PtBA to brush polymer. All of 

these samples are de-protected and tested for 

cyclability. 

Conclusion 

In this work, we successfully synthesized PAA 

bottlebrush polymer having different side-chain 

length and degree of polymerization. We found 

that detailed exploitation of chain topology can be 

a useful strategy to develop novel polymeric 

binder with high capacity and cycling stability. 
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Introduction 
 
Liquid crystal elastomers (LCEs) are a class of 
smart materials renowned for their reversible 
shape transformation under heat, light and 
solvent. This work details an integrated 
investigation of liquid crystal (LC) oligomers 
that combines experiments and molecular 
dynamics simulations for obtaining a detailed 
understanding of the molecular structure of LC 
oligomers and the mechanism underlying their 
phase transition temperatures. We synthesized 
and characterized a series of LC oligomers 
prepared from diferent lengths of methylene 
spacers in the reactive LC monomers and n-
alkylamine chain extenders via aza-Michael 
addition reaction. In parallel, we performed 
isothermal-isobaric (NPT) ensemble coarse-
grained molecular dynamics (CG-MD) 
simulation of analogue mesogens that are 
connected to flexible spacers and extenders at 
varying temperature, spacer length and extender 
length. This approach allowed the effect of 
length in the flexible spacer as well as in the 
chain extender on the nematic-isotropic 
transition temperature (Tni) to be determined.  
 
Result and discussion 
 
The results showed that increasing the length of 
the extender decreases Tni for LC oligomers and 
amplifies the decrease of Tni in LC oligomers 
when the spacer length is short (Figure 1). We 
infer that the combination of spacer and 
extender changes the shape anisotropy of LC 
oligomers, changing packing behavior of 

constituent mesogens, thus affecting their 
ability to transition from the isotropic to the 
nematic phase. The detailed molecular 
structure-property relationships formulated 
enable prescribing design rules for LC 
oligomers geared towards molecularly-
engineered shape changing materials. 
 

 
Figure 1. Rate of Tni changes for LC oligomers. 
(a) Experimental and (b) simulation results. 
 
Conclusion 
 
The results on the molecular−structure property 
relationships reveal that Tni of LC oligomers 
gradually decreases with increasing the length 
of chain extender, which is the non-mesogenic 
moiety. Interestingly, the decrease of Tni in LC 
oligomers accelerates when the spacer length of 
LC oligomers is short. Based on the CG-MD 
results, we infer that such changes in Tni are 
primarily due to the change in shape anisotropy 
of LC oligomers and are dependent on the 
molecular structure, which affects the packing 
behavior of constituent mesogens. 
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Introduction 
Lipid nanodisks, disk-like particles of lipid 

bilayer membranes, have attracted much 
attention in biomedical and cosmetic fields. 
Since preparation of lipid nanodisks generally 
requires large energies1, a facile method with 
low energy to prepare them is requested. Thus, 
we focus on surfactin (SFNa) as an agent to 
induce the formation of lipid nanodisks because 
SFNa causes collapse of lipid membranes by 
complex formation with phospholipid.  
Therefore, it is expected that a facile preparation 
of lipid nanodisks is achieved by tuning the 
condition for preparation and composition of 
complexes of phospholipid and SFNa. In this 
study, we examined to prepare lipid nanodisks 
by mixing of SFNa and phospholipid. 
  
Experiments 

SFNa provided by Kaneka Co., Ltd. 1,2-
Dioleoyl-sn-glycero-3-phosphocholine 
(DOPC) used as phospholipid was purchased 
from Tokyo Chemical Industry Co., Ltd. SFNa 
and DOPC were dissolved in aqueous NaCl 
solution at desired mole fractions of SFNa 
(XSFNa) and then heated at 60 °C. For the 
resulting SFNa/DOPC mixtures, dynamic light 
scattering measurement (DLS), electrophoretic 
mobility measurement, small angle X-ray 
scattering (SAXS), small angle neutron 
scattering (SANS) and atomic force microscope 
(AFM) were performed. 

 
Results and discussion 

Fig. 1 shows changes in hydrodynamic radius 
(Rh) and electrophoretic mobility with mole 
fractions of SFNa in SFNa/DOPC mixtures.  
XSFNa dependence of Rh drastically changed at 
XSFNa = 0.5. Rh was decreased with increasing 
XSFNa in XSFNa < 0.5, although Rh was slightly 
decreased in XSFNa > 0.5. XSFNa dependence of 
electrophoretic mobility also drastically 
changed at XSFNa = 0.5. This means that complex 
of SFNa and DOPC has equimolar composition.  

To investigate appearance of SFNa/DOPC 
mixture at XSFNa = 0.5, AFM observation was 
performed. AFM images showed that 
SFNa/DOPC mixture of XSFNa = 0.5 is formed 
lipid nanodisks which a thickness down to 10 
nm and a diameter of several times the thickness. 
For the lipid nanodisks consisting of 
SFNa/DOPC complex, SAXS and SANS 
measurements were performed to reveal their 

internal structures. Fig. 2 shows the SAXS 
profile (red), the SANS profile (blue) of 
SFNa/DOPC mixture of XSFNa = 0.5. Because of 
difference of scattering contrast between SAXS 
and SANS, these profiles show different 
structural information. Since SANS 
measurements were performed for SFNa/DOPC 
mixture in D2O, lipid nanodisks are regarded as 
solid disks. On the contrary, in SAXS 
measurements, lipid nanodisks should be 
regarded as core-shell particles. The numerical 
analyses for SAXS with a core-shell disk model 
and SANS with a solid disk model revealed that 
lipid nanodisks maintain lipid bilayer structure 
in their inside and have about 13 nm diameter. 

In summary, we have achieved the facile 
preparation of lipid nanodisks by mixing SFNa 
with DOPC at equimolar composition and 
subsequent gentle heating. 
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Fig. 1 Changes in Rh and electrophoretic 
mobility of SFNa/DOPC mixtures with XSFNa. 

Fig. 2 SAXS and SANS profiles of 
SFNa/DOPC mixture at XSFNa = 0.5. 

PS-132

165

mailto:akiba@kitakyu-u.ac.jp


ENHANCEMENT OF OUTPUT PERFORMANCE OF 

TRIBOELECTRIC NANOGENERATOR USING MODIFIED OF 

POLY(DIMETHYLSILOXANE) SPONGE WITH POLYDOPAMINE/GOLD 

NANOPARTICLE 
 

Merreta Noorenza Biutty and Seong Il Yoo  
Department of Polymer Engineering, Pukyong National University 

Busan, 48513, South Korea 

E-mail:siyoo@pknu.ac.kr 

 
Introduction. 

Triboelectric nanogenerator (TENG) have great 

potential for harvesting mechanical energy 

because of their high efficiency. The concept of 

TENG is that when two materials are in contact 

then separated. So that the electrons can flow in 

the system by alternating potential [1]. The 

improvement of TENG’s performance can 

achieve by dielectric material modifications 

[2,3]. 

In this regards, we modify sponge 

polydimethylsiloxane (PDMS) with 

polydopamine (PDA) and gold nanoparticle 

(Au NPs) as effective dielectric of TENG. By 

using sugar templates, the flexible sponge-

structured PDMS has been successfully 

fabricated. Furthermore, we introduced a facile 

path for surface modification in which self-

polymerization of dopamine through the simple 

dip-coating method. Then, continuously dip-

coated in the Au NPs solution. 

 

Experimental. 

The PDMS sponge was made by sugar-

templating process [4]. The sugar templates 

were placed into a petri dish containing PDMS 

base and curing agent. Moreover, the petri dish 

was degassed in a vacuum oven at room 

temperature then cured at 80°C. Furthermore, 
the PDMS sponge was surface-modified by 

immersing in 2 mg/mL dopamine solution and 

12 nm gold nanoparticle solution, in sequence. 

The PDMS sponge/PDA/Au NPs was used as 

dielectric layer for TENG with using copper foil 

for the bottom and top electrodes. 

 

Result and Discussion. 

The structure of TENG model shown in fig 1. In 

the presence of catechol and N-H groups, Au 

NPs can chemically be attached to the pore of 

PDMS sponge [5]. We investigated the 

modification of PDMS sponge using 

polydopamine and gold nanoparticles to 

enhance output performance of TENG, which 

related to voltage and current. In this research, 

the output performance of TENG is enhanced 

by several times with apparently of Au NPs in 

the pore of sponge using polydopamine coating 

previously. Besides, dipping time of substrate 

in Au NPs affect the performance of TENG 

which increase along with time.  This simple 

dip-coating method is a promising method that 

may effectively improve material to use as 

dielectric layer for the triboelectric device. 

 

 
Figure 1. The structure of TENG model 

 

Conclusions 

With this structure (PDMS sponge/PDA/Au 

NPs), the TENG’s output voltage and current 

are enhanced by several times compared with 

only PDMS sponge, PDMS /PDA and PDMS 

sponge/Au NPs. 
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Introduction 

The selective transportation of ions through ion-

selective membrane results in the difference of 

chemical potential across the membrane, from 

which electrical energy could be harvested. 

Although many studies have been reported for 

the preparation of concentration-gradient cells, 

the utilization of nanopores of block 

copolymers has not yet been reported. In this 

study, nanoporous membranes of polystyrene-

block-poly(2-vinylpyridine) (PS-b-P2VP) 

diblock copolymers have been prepared by 

nonsolvent-induced phase separation (NIPS) 

method. The prepared membranes were treated 

with bromoethane to quarternize the surface of 

membrane consisting of P2VP block. The 

surface-modified membrane had positive 

charge and allowed the selective transportation 

of anion. We performed dye adsorption 

experiment to analysis ion selectivity, and 

applied the membranes to concentration cell to 

test their electrochemical performance.  

 

Experimental 

PS(440 kgmol-1)-b-P2VP(353 kgmol-1) was 

dissolved in tetrahydrofuran (THF)/N,N-

Dimethylformamide (DMF) mixed solvent. The 

polymer solution was casted on the copper foil 

by doctor blade. After that, casted solution was 

dried in room temperature and elevated 

temperature. The casted solution was immersed 

into deionized water to fix the structure. After 

being fully dried at ambient condition, 

membrane was treated with bromoethane to 

modify surface of membrane. Structure of 

modified membrane was examined by scanning 

electron microscopy (SEM). Ion exchange 

capacity and ion selectivity was tested by 

immersing the membrane in methylene blue 

solution. The rate and amount of absorption of 

methylene blue were monitored by UV-VIS 

spectroscope. The electrical performance was 

measured by building up a concentration cell.  

 

Result and Discussion 

Figure 1 shows the surface and cross-sectional 

images of the prepared membranes of PS-b-

P2VP copolymers. Basically, the membrane 

was composed of short-lamellar like pores, 

which are interconnected with each other. It 

needs to be noted that the nanopores were 

prepared by rapid solvent exchanging process in 

NIPS. For the purpose, DMF/THF solution of 

PS-P2VP copolymers was cast on substrate and 

dried at elevated temperature. Since THF is 

more volatile than DMF, more amount of THF 

could be evaporated from the cast solution, 

resulting in DMF-rich condition. In this 

condition, DMF is a slightly selective solvent 

for P2VP block. Hence, PS-P2VP copolymers 

start to self-segregate during solvent 

evaporation. Subsequent dipping of the cast 

solution in deionized water allows the diffusion 

of water through P2VP domains. Since water is 

poor solvent for both PS and P2VP blocks, PS-

P2VP block copolymers could be solidified 

with the formation of nanopore network 

consisting of PS frame and P2VP surface. 

  

 

Conclusion 

Confirming the formation of porous structures, 

we quarterized P2VP blocks, which covered the 

surface of membranes, by bromination. Then, 

the degree of surface modification and ion-

exchange capability of the membrane was 

examined by dye-adsorption experiments. 

Based on the relation, a concentration cell was 

prepared by placing the surface-modified 

membrane in between half cells composed of 

pure water and NaCl solution. From the 

concentration cells, electrical properties had 

been analyzed to test their energy harvesting 

properties. 

 

 
Figure 1 PS-b-P2VP membrane (a) surface and 

(b) cross section SEM image. 
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INTRODUCTION 

The antimicrobial activity of silver 

nanoparticles has been well established. Ag NPs 

have long been known to have strong 

bactericidal effect as well as non-toxic and 

environmental friendly because their toxicity is 

lower to human cells in comparison with 

bacteria. Hence, Ag NPs have been utilized in a 

wide range of biomedical and therapeutic 

applications [1-3]. Currently, improvements in 

the development of Ag NPs-containing material 

having potent antimicrobial properties are 

continuously sought after. For example, one can 

entraped Ag NPs inside polymer matrix. In this 

case, alginate hydrogels are utilized due to their 

biocompatibility [4-5].   

Thus, in this study, we fabricated 

alginate-based hydrogel containing Ag NPs to 

study their antimicrobial activity against E.coli. 

 

EXPERIMENTAL 

Briefly, to obtain silver nanoparticles, 

aqueous solution containing sodium 

borohydride and sodium citrate were boiled and 

vigorously stirred. Then, silver nitrate was 

added dropwise. Stirring was maintained for 20 

min. The obtain Ag NPs were centrifuged and 

washed before use. 

To prepare alginate based hydrogel, 

firstly the sodium alginate was reacted with 2-

aminoethyl methacrylate in the presence of 

EDC and NHS to form methacrylated alginate. 

Then, Ag NPs-containing hydrogels were 

fabricated by dissolving methacrylated alginate 

in different concentration of Ag NPs solution 

containing 0.05 % (w/v) photoinitiator under 

stirring. Subsequently, the reaction mixture was 

exposed to UV irradiation for 15 minutes. 

 

RESULT AND DISCUSSION 

Ag NPs having average diameter 12  

nm has been successfully synthesized by 

citrate-reduction method. TEM images of the 

obtained Ag NPs showed a well-defined 

uniform spherical structure. 

In addition, the formation of 

methacrylated alginate was successfully 

confirmed by H-NMR spectra. Next, Ag NP-

containing hydrogels were prepared by 

photocrosslinking method. The Ag NPs 

concentration inside hydrogels were varied as 

0.5, 1.5, and 2.5 nM. The antimicrobial activity 

of these hydrogels were then tested against 

E.coli using spread plate method. Result 

indicate that the antimicrobial efficacy increase 

with increasing the Ag NPs content inside 

polymer matrix. 

 

CONCLUSION 

In summary, we have presented a 

strategy to fabricate Ag NPs-containing 

hydrogel. The final hydrogel shows potent 

antimicrobial activity when tested against E. 

coli.  
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Introduction 

Supramolecular self-assemblies from discrete 
metal complexes have attracted much attention 
for many decades due to their exceptional 
optical, electronic and magnetic properties, and 
their potential in various application fields 
such as optoelectronics and biochemistry.  

We have reported that the optical properties 
of the fibrous self-assemblies based on chiral 
glutamide gelators with photo-functional 
group.1,2 The metal ligand-functionalized 
glutamide gelators showed unique chiroptical 
properties such as circular dichroism (CD) and 
circularly polarized luminescence (CPL) 
through the formation of metal complex. In 
this paper, the terpyridine-appended glutamide 
gelator was newly synthesized and their 
chiroptical properties were investigated in 
various conditions. Terpyridine forms 
complexes with most transition metal ions, and 
is often used as molecular building block 
because two terpyridines are bound through the 
complex formation.  

 
Results and Discussion 

Terpyridine-appended glutamide (G-tpy, 
Figure 1) was synthsized by coupling reaction 
of didodecyl glutamide with aminopropoxy 
terpyridine using diethylphosphocyanide. The 
chemical structure of G-tpy was confirmed by 
FT-IR and 1H-NMR spectroscopies. Gelation 
property of G-tpy was confirmed in some 
organic solvents and their mixtures.  

 
Figures 1 Chemical structure of G-tpy.  

Terpyridyl group is known as a metal-binding 
ligand,3 which formed complex with  transition 
metal ions such as Cu2+, Zn2+, Ru3+ and Eu3+. 
G-tpy was dissolved in a mixture of ethanol-
cyclohexane (1:9) at 70 °C, and the solution 

was cooled to 25 °C. Transmission electron 
microscopic observations proved that G-tpy 
formed twisted fibrous self-assemblies in 
ethanol-cyclohexane solution. UV-vis 
spectroscopic measurements revealed that the 
absorption peaks of terpyridyl moiety were 
appeared at 244 and 281 nm, and red-shifted 
by addition of Ru3+, which accompanied by the 
enhancement of  CD signals (Figure 2). The 
self-assemblies based on G-tpy–Ru3+ complex 
showed positive (328 nm) and negative (288 
and 415 nm) CD signals at 25 °C, and almost 
no change was observed in the wide range of 
temperature from 10 to 60 °C. Fluorescent 
(FL) spectroscopic measurements revealed that 
the emissions of terpyridyl group of G-tpy 
were quenched by addition of Ru3+. These 
results indicated that the terpyridyl moieties of 
G-tpy formed chiral J-aggregates in the fibrous 
aggregates.   

 
Figures 2 UV-vis and CD spectra of G-tpy (0.5 mM) 
without and with Ru3+ (0.5 mM) in ethanol-cyclohexane 
(1:9) at 25 °C.  
We will also present the chioptical properties 
of G-tpy in various conditions with different 
transition metal ions, temperatures and 
solvents.  
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Introduction 

Circularly polarized luminescence (CPL) has 

attracted attention as a next‐generation light 

source because of its distinct advantages over 

normal light; these include its extensive optical 

information and lack of angular dependence. 

Therefore, a wide range of possible 

applications in advanced optical technologies 

can be expected for CPL: e.g., optical security 

systems, 3D display, and agriculture. 

In this paper, we introduce a polymer film 

system exhibiting a strong and tunable CPL. we 

reported a cationic bilayer membrane system 

with chiral lipids as the chiral host system and 

an anionic non-chiral fluorescent dye as the 

guest molecule[1]. By combining these two 

components, we achieved the highest CPL 

intensity reported to date. However, the 

aggregation state of chiral template was 

changed by external stimulation such as heat 

and the chirality were disappeared so it is 

problem of low stability and weakness. To 

resolve this problem, we report the 

polymerization of chiral template – fluorescent 

dyes composite and the development of 

polymer film that generate CPL. It was expected 

that improve the stability and the usefulness as 

optical materials because of the immobilization 

of aggregation state by polymerization. 

 

 Results and Discussion 

 The amphiphilic L-glutamide with a carboxyl 

head group (G-CA) was selected as a 

nanotemplate. G-CA and toluene were added to 

a sample tube and heated at 85 ˚C for 10 min to 

dissolve G-CA. Then the solution was left at 

25 °C for 15 min to obtain a clear gel or solution. 

We prepared a dye (1 mM) dissolved in DMF, 

and added the dye solution (50 µL) and a 

predetermined amount of amines and agitated 

the solution until the color became uniform. The 

complex formation was also confirmed by CD 

spectroscopy. As shown in Fig. 1a, the cyanine 

dye and G-CA complex displayed an R- chiral  

Cotton effect. When pyridine or triethylamine 

(TEA) is added to this complex solution, the 

value increases by 5 times with pyridine and 38 

times with triethylamine. Fig. 1b shows the 

CPL spectra in the complex system formed 

from the cyanine dye and G-CA. Both the 

spectral pattern and the maximum wavelength 

resemble the cyanine dye CD spectra, so it can 

be concluded that cyanine dye generates CPL. 

These results indicate that strong CPL can be 

generated by strong interaction of the dye with 

the chirally-ordered aggregates. In this study, 

the maximum g value as a factor of CPL 

characteristics was 0.02. This is comparable 

to CPL values obtained with conventional 

organic molecule materials. In this presentation 

we will also discuss about CPL of the obtained 

chiral polymer films. 
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Fig.1 Optical properties of G-CA / NK-77 
toluene solution. (a) CD spectrum. Black is 
none base. Green line is pyridine. Red line 
is TEA. (b) CPL spectra. Excitation 
wavelength is 500 nm. 
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Introduction 
 Hydroxyapatite (Ca10(PO4)6(OH)2) has 
attracted much attention in various fields such 
as artificial bone and dental materials because 
of its bioactive properties1). In order to 
promote bone regeneration, bone substitute 
materials are required to be porous and rigid2). 
In this study, we adopted TEMPO (2,2,6,6-
tetra-methyl 	 piperidine 1-oxyl) -treated 
cellulose microbeads as a scaffold material for 
constructing bone substitute material. It is 
expected that the TEMPO-treated cellulose 
microbeads are suitable as a scaffold material 
because it has carboxyl groups that can interact 
with inorganic materials. Thus, TEMPO-
treated cellulose/hydroxyapatite core-shell 
microbeads for scaffold of bone substitute 
material were prepared.  
Results and discussion 
 The cellulose microbead used as the starting 
material, was obtained using viscose phase 
separation method based on the phase-
separation phenomenon between cellulose 
xanthate and polyanion in water (diameter: 10 
- 200 µm)3). TEMPO-treated cellulose micro-
beads were prepared using TEMPO oxidation 
method same as the preparation method of 
cellulose nanofiber (Fig. 2). Cellulose   

microbeads, TEMPO, NaBr, and NaClO were 
stirred in water at 20˚C for 2 hours (diameter: 
50 µm). Hydroxyapatite particles produced 
using simulated body fluid (SBF) method 
(diameter: 0.1 - 0.2 µm)4). TEMPO-treated 
cellulose/hydroxyapatite core-shell microbeads 
were prepared by mixing TEMPO-treated 
cellulose microbeads (COOH amount: 1.5 
mmol/g) and hydroxyapatite particles in water 
at 25˚C for 2 hours (Fig. 1, 3).  
Conclusion 
We could develop TEMPO-treated 
cellulose/hydroxyapatite core-shell microbeads 
for scaffold of bone substitute material. The 
amount of hydroxyapatite particles immo-
bilized on the TEMPO-treated cellulose 
surface increased with an increase of additional 
amount of hydroxyapatite particles. 
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TEMPO-treated 
cellulose. 

Fig. 3 Content of apatite 
particles (AP) on TEMPO-
treated cellulose microbeads 
(TC) versus additional am-
ount of AP. *AP vs TC 0.1 g, 
water 10ml  

PS-138

171



A FACILE AND GREEN FUNCTIONALIZATION OF SINGLE-

WALLED CARBON NANOTUBES BY POLYAMPHOLYTIC 

POLYMERS FOR DRUG DELIVERY APPLICATION 
 

Han Eun Park, Quoc Thang Phan, Chan Park, Kwon Taek Lim*  

 
Department of Display Engineering, Pukyong National University, Busan, 48513, South Korea 

E-mail: ktlim@pknu.ac.kr* 

 

ABSTRACT 

 

A novel process for the green chemistry 

approach of drug nanocarriers using sustainable 

conditions, and chemical methods involving 
one-pot synthesis of polymers and surface 

modification of SWCNTs is reported. Firstly, 

the polyampholytic alternating polymers were 
prepared with functional monomers by using 

thiol-ene chemistry in sustainable conditions 

[1]. Then, the obtained polymers were applied 
for a direct functionalization onto the surface of 

SWCNTs in aqueous media with 

ultrasonication support through Diels-Alder 

click reaction [2-4]. The synthesized hybrid was 
characterized by TGA, FT-IR, UV-vis, Raman 

spectroscopy and TEM. These hybrids were 

used as drug-nanocarriers to improve the drug 
loading capacity up to 150% [5]. Finally, the in-

vitro drug release profiles showed that there was 

a burst release of DOX at pH 5.5 when compare 
with the lower release rate at pH 7.4 in the 

physiological condition. These evidences 

shown the potential application of 

PMT/SWCNT hybrids in drug delivery [6]. 
 

Keywords: polyampholytes; single-walled 

carbon nanotubes; thiol-ene click reaction; 
Diel-Alder reaction; green chemistry. 

 

 
 

Figures 1 – Graphical illustration of PMT 
polymers grafted onto SWCNT for DOX 

loading. 

 
 

Figures 2 – Preparation of polyampholytic 
PMT polymers and PMTs grafted onto 

SWCNTs. 
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Abstract:  

In the present study, pH responsive supramolecular polymer micelles composed of four-arm star poly(N-

vinylpyrrolidone) (S-PNVP) as the shell and linear poly(DL-lactide-co-glycolide) (PLGA) as the core 

were prepared fromβ-cyclodextrin terminated-S-PNVP and adamantineterminated-PLGA, through host-

guest interaction between β-cyclodextrin and adamantine groups(Fig.1). Initially, the hydrophilic polymer 

S-PNVP was synthesized using CTA-β-CD by RAFT polymerization. In parallel, an adamantane 

terminated hydrophobic polymer ADM-PLGA was synthesized using ring opening polymerization (ROP). 

The synthesized polymers were characterized using 1H NMR, GPC. Formation of the supramolecular 

micellar nanoparticles were confirmed by means of DLS and TEM. A hydrophobic drug, Doxorubicin 

was chosen as a model drug to study the potential application of this pseudo-block copolymer in 

controlled drug release. The results indicated that the release rate of Doxorubicin-loaded micelles at pH 

6.4 was faster than that at pH 7.4. 

 

 

 

 

Fig.1.Preparation of supramolecular polymeric micelles via host-guest interaction 

 

References 

1. L. Peng; S. Liu; A. Feng; J. YuanMol. Pharm.2017,14, 2475. 

2. P. Shen; L. QiuNew J. Chem. 2018,423593. 

3. G. Chen; M. JiangChem. Soc. Rev.2011, 40, 2254. 

PS-140

173


	1. 앞표지.pdf
	2.Welcome_Message.pdf
	3. 프로그램.pdf
	3-1. Poster Presentation.pdf
	4. invited lectures.pdf
	IL.docx.pdf
	IL-1 JinhwanYOON.pdf
	IL-2yoshikomiura.pdf
	Department of  Chemical Engineering, Kyushu University
	Fukuoka, 819-0395, Japan
	E-mail:miuray@chem-eng.kyushu-u.ac.jp

	IL-3 PGKS2019_Ki Su Kim Abstract.pdf
	IL-4PGKS2019(Fukuoka Yao).pdf

	5. general lectures.pdf
	GL.pdf
	GL-1 PGKS2019_JiHaLee.pdf
	GL-2PGKS2019_hhchoi.docx.pdf
	GL-3Kukhyun Jo.pdf
	The luminescent solar concentrator integrated 1,8-naphthalimide for transparent photovoltaics device
	1Department of Organic Material Science and Engineering, Pusan National University, Busan 46241, Republic of KOREA
	2PAL, POSTECH, Pohang, Gyeongbuk 37673, Republic of KOREA
	3Photovoltaic Laboratory, Korea Institute of Energy Research, Daejeon 34129, Republic of KOREA
	E-mail: hyojkim@pusan.ac.kr

	GL-4Yuji Higaki.pdf

	6 poster presentation.pdf
	1 tsuji.pdf
	2 Akiko Goto.pdf
	3 음율.pdf
	4 chan su park.pdf
	5 sangyeol jeon.pdf
	6 Atsushi Kanda.pdf
	7 GoTakayama.pdf
	8 VijayMohanNagulapati.docx.pdf
	9 SungHyunKwon.docx.pdf
	10 PhamThiNhuNguyet.docx.pdf
	11 Hayate Kuroyanagi.pdf
	12 Hikari Utsunomiya.pdf
	13 Min+Seok+Kim.docx.pdf
	14 MinGuKim.docx.pdf
	15 Kamogawa Masato.pdf
	CRYSTALLIZATION BEHAVIOR OF POLYPROPYLENE
	ON 3D-HONEY COMB SCAFFOLDS OF ACC-NANOCELLULOSE
	Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University
	Fukuoka, 819-0395, Japan
	E-mail:tekondo@agr.kyushu-u.ac.jp

	16 Koichiro Ishida.pdf
	17 JeffreyRoshanDelile.docx.pdf
	18 HaisuKang_abstract.docx.pdf
	19 OBAYASHI Yuki.pdf
	20 Ryo Takahama.pdf
	21 Vishal Madhukar Gavande.pdf
	22 Seungjae Lee (abstract).pdf
	23 Donghyeok Im abstract.pdf
	24 Sawa Miyake.pdf
	25 Wenbo Ye.pdf
	26 Yutaro Tsujita.pdf
	27 Dae Hwan Kim.pdf
	28 Alexander+David+Ardianrama.docx.pdf
	29 Astrini Pradyasti.pdf
	30 Park,+Kwang+Hun.docx.pdf
	31 SeulyeKIM.pdf
	32 Nhi Tuyet Lam.pdf
	33 Akane Shimizu.pdf
	34 KusumaBethaCahayaIMANI.pdf
	35 HIEPDinhXuan.pdf
	Department of Chemistry Education & Graduate Department of Chemical Materials,
	Pusan National University, Busan, 46241, Republic of Korea
	E-mail:jinhwan@pusan.ac.kr

	36 Yudai Yamashita.pdf
	37 Emina Orita.pdf
	38 Kim HoAn.pdf
	39 Rimesh Augustine.pdf
	40 Song Wenliang.pdf
	41 Zhang Yu.pdf
	42 YuiIwamoto.pdf
	43 Ryota Haraguchi.pdf
	44 Momoka Yamanaka.pdf
	45 Park SangWoo.pdf
	46 Lee MinWoong.pdf
	47 Anuraj Vryambath.pdf
	48 PGKS2019_Naoki Okawa_Abstract.pdf
	49 nattanee_dechnarong.pdf
	50 Haruki_Ichioka.pdf
	51 Jang HanByeol.pdf
	52 Tran Hoang Chinh.pdf
	53 Kim SeonA.pdf
	54 Abstract_ Jihwan Lim.pdf
	55 Hye Kyeong Sung_Abstract.pdf
	56 niidome.yoshiaki.pdf
	57 PGKS2019 Kyushu Univ hoon HAN.pdf
	58 Ryo Yoshihara.pdf
	59 KIM HYELIM.pdf
	60 Shahbaj kabir.pdf
	61 부산대+임상구(Sang-Gu+Yim).docx.pdf
	62 yechan lee.pdf
	63 2019PGKS_Kazuki_Sumiya.pdf
	64 Doan Thi Hong Van.pdf
	65 Abstract+이경원.docx.pdf
	66 PGKS2019_Keum-Yong Seong.pdf
	67 jun katsuki.pdf
	68 jun_matsuno.pdf
	69 Kyoungho Kim.pdf
	70 PGKS2019-Kyung-su+Kim.docx.pdf
	71 Kiyomasa Doi.pdf
	72 Koichi_Arai.pdf
	73 PGK2019-Minho+Kwon.docx.pdf
	74 PGKS2019-Dongwoo+Kim_v1.docx.pdf
	75 Mirim Park.pdf
	76 maho ogata.pdf
	77 Miyo Soejima.pdf
	78 MomokoYanai.pdf
	79 Seong-Hun Han.pdf
	Optical Properties of Near-IR Absorbing Metallo-Naphthalocyanine in Aqueous Solvent Systems
	Department of Organic Material Science and Engineering, Pusan National University
	Busan, 46241, Korea
	E-mail:jongpark@pusan.ac.kr

	80 Jun Hong Choi.pdf
	Preparation of Transparent Conductive Electrode for Flexible Electrochromic Devices Using Spray Coating Method
	Department of Organic Material Science and Engineering, Pusan National University.
	Pusan, 46241, Korea
	E-mail:jongpark@pusan.ac.kr

	81 MoriyamaNaoto.pdf
	82 PGKS2019_Shota Fujii.pdf
	83 Jong+Han+Jeong.docx.pdf
	84 Jin Hui Choi.pdf
	85 HYEWON CHOI.pdf
	86 Rena-Tanaka.pdf
	87 RintaroTakahashi.pdf
	88 PGKS2019_by su-jin song.pdf
	89 ShinTakano.pdf
	90Takuma Kanamaru.pdf
	91 Sabrina Aufar Salma.pdf
	92 Ratna Dewi Maduwu.pdf
	93 Lee Jun Ho.pdf
	94 Jin Ho Cheol.pdf
	95 Jeong Mijin.pdf
	96 Ryo Matsumoto.pdf
	97 Jinhyeok Hong.pdf
	98 ANANDHU MOHAN.pdf
	99 anju maria thomas.pdf
	100 JungWon Kong.pdf
	101 Abst_PGKS2019_Shundo.pdf
	102 KeunwonSong.pdf
	103 정우엽.pdf
	104 soyunlee.pdf
	105 Mina Kwon.pdf
	106 mijin jeong.pdf
	107 minyoung lee.pdf
	108 PGKS2019_Nakahashi.docx.pdf
	109 PGKS2019_abstract_Taiki_shigematsu.docx.pdf
	110 Se-Bin Jeong.pdf
	111 Su-Bin Lee.pdf
	112 Jeong-Eun Park.pdf
	113 Ji-Hee Lee.pdf
	114 Benshuai Guo.pdf
	115 Geun-Seok Choi.pdf
	116 Hye-Eun Choi.pdf
	117 Ja-Myeong Jeong.pdf
	118 PGKS2019_Li.docx.pdf
	119 PGKS2019_Khanh.docx.pdf
	120 Seung Hui Lee.pdf
	121 Seung in Kang.pdf
	122 Seonghyun Kim.pdf
	123 Jae Hyo Lee.pdf
	124 Eisuke Sasaki.pdf
	125 LE HOOI LEE.pdf
	126 Seiya Kitasono pdf.pdf
	127 Lee Ji Eun.pdf
	128 Yoojin Lee.pdf
	Department of Polymer Science and Engineering
	Busan, 46241, Korea
	E-mail:skahn@pusan.ac.kr

	129 JINHA+SON_abstract.docx.pdf
	130 Anjali Nagapadi Preman.pdf
	131 Guo Yuanhang.pdf
	132 nagao ryosuke.pdf
	133 Merreta Noorenza Biutty.pdf
	134 Ja+Min+Koo.docx.pdf
	135 Maulida+Zakia.docx.pdf
	136 Tomoki Kawahara-abstract.pdf
	137 Hisashi Oishi-abstract.pdf
	138 Hitomi Kuraya-abst.pdf
	139 PGKS-Park Han Eun.pdf
	140 PGKS-Huong Hoang.pdf




