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* Self-oscillating” polymer gels that undergo spontaneous cyclic
swelling-deswelling changes without any on-off switching of external stimuli, as with heart muscle,
were developed by the researcher. The self-oscillating gels were designed by utilizing the
Belousov-Zhabotinsky (BZ) reaction, an oscillating reaction as a chemical model of self-organization

in living systems. Self-oscillation in several scales such as contraction and expansion of polymer
chain, aggregation and disaggregation of polymer micelle and vesicle, sol-gel transition of polymer
solution, volume changes, peristaltic motion, were realized. Potential applications of the
self-oscillating polymers and gels include several kinds of functional material systems such as
biomimetic actuators, mass transport systems and functional fluids, e.g., artificial cilia,
artificial amoeba, artificial cell, artificial heart muscle, artificial transport tube, autonomous
soft actuator (soft robot).



1940 1960
~70 1978 “

1980
DDS
on-off
Belousov-Zhabotinsky, BZ TCA
Ru Fe
Bz
1996
self-oscillating gel
1
2) 3)
4

1

N-isopropylacrtlamide (NIPAAm)  N-3-(aminopropyl)methacrylamide
(NAPMAmM) N,N’-methylene- bis(acrylamide) (BIS)

NAPMAmM Ru
Ru(bpy)s-NHS Ru
2) [1-5]
SI-ATRP
SI-ATRP
NIPAAM NAPMAmM CuCl/MesTREN SI-ATRP

Ru(bpy)s Ru(bpy)s-NHS
NAPMAmM

Ru(bpy)s
SI-ATRP

ATRIFT-IR UV-Vis Ru(bpy)s



AFM Ru?* Ru®

GPC NMR
Ru(bpy)s Ru?* Ru*
LCST BZ HNOs3,
NaBrQOs, BZ
BZ
3) [6-9]
PEO poly(NIPAAm-co-Ru(bpy)s) AB
RAFT BZ
RAFT PEO-b-P(NIPAAmM-r-NAPMAmM) Ru(bpy)s-
NHS N-
BZ
uv
ABC -
SI-ATRP
(2]
(3]
RAFT (PEO) poly(NIPAAm-co-
Ru(bpy)s AB
BZ
(6]
[7]

ABC

(9]

~< 7 B R —)L LYW CEER 7 B R IR SN S E) 2 R RERIC BB L L, BEEeerE Y 7

1) T. Masuda, A. Terasaki, A.M. Akimoto, K. Nagase, T. Okano and R. Yoshida : RSC Adv,, 5, 5781-



5787 (2015).

2) T. Masuda, A. M. Akimoto, K. Nagase, T. Okano and R. Yoshida: Science Advances, 2, €1600902
(2016).

3) K. Homma, T. Masuda, A. M. Akimoto, K. Nagase, K. Itoga, T. Okano, and R. Y oshida : Small,
13 (21), 1700041 (2017).

4) T. Masuda, A.M. Akimoto, M. Furusawa, R. Tamate, K. Nagase, T. Okano and R. Yoshida :
Langmuir, 34 (4), 1673 (2018).

5) K. Homma, T. Masuda, A. M. Akimoto, K. Nagase, T. Okano and R. Yoshida: Langmuir, 35,
9794 (2019).

6) R. Tamate, T. Ueki and R. Yoshida: Adv. Mater., 27, 837 (2015).

7) R. Tamate, T. Ueki and R. Yoshida: Angew. Chem. Int. Ed., 55, 5179 (2016).

8) R. Tamate, T. Ueki, M. Shibayama, and R. Y oshida: Phys. Chem. Chem. Phys., 19, 20627 (2017).
9) M. Onoda, T. Ueki, R. Tamate, M. Shibayama and R. Yoshida : Nature Commun., 8, 15862 (2017).



31 28 17 8

K. Homma, T. Masuda, A.M. Akimoto, K. Nagase, T. Okano and R. Yoshida 35

Stable and Prolonged Autonomous Oscillation in a Self-Oscillating Polymer Brush Prepared on a 2019

Porous Glass Substrate

Langmuir 9794-9801
DOl

10.1021/acs. langmuir.9b00928

T. Ueno and R. Yoshida 123

Pattern Formation in Heterostructured Gel by the Ferrocyanide?lodate?Sulfite Reaction 2019

J. Phys. Chem. A 5013-5018
DOl

10.1021/acs. jpca.9b02264

K. Okeyoshi and R. Yoshida 58

Polymeric Design for Electron Transfer in Photoinduced Hydrogen Generation through a 2019

Coil?Globule Transition

Angew. Chem. Int. Edn. 7304-7307
DOl

10.1002/anie.201901666

S. Matsui, K. Inui Kohei, Y. Kumai, R. Yoshida and D. Suzuki 5

Autonomously Oscillating Hydrogel Microspheres with High-Frequency Swelling/Deswelling and 2019

Dispersing/Flocculating Oscillations

ACS Biomaterials Science & Engineering 5615-5622

Dol
10.1021/acshiomaterials.8b00850




T. Masuda, T. Ueki, R. Tamate, K. Matsukawa and R. Yoshida

57

Chemomechanical motion of self- oscillating gel in a protic ionic liquid

2018

Angew. Chem. Int. Ed.

16693-16697

DOl
10.1002/anie.201809413

T. Masuda, A.M. Akimoto, M. Furusawa, R. Tamate, K. Nagase, T. Okano and R. Yoshida 34

Aspects of the Belousov-Zhabotinsky reaction inside a self-oscillating polymer brush 2018

Langmuir 1673-1680
DOl

10.1021/acs. langmuir.7b03929

E. Lee, Y. S. Kim, A.M. Akimoto and R. Yoshida 30

Reversible and directional control of chemical wave propagation in a hydrogel by magnetic 2018

migration through liquid interfaces

Chem. Mater. 5841-5845
DOl

10.1021/acsbimaterials.8b00850

T. Masuda, A.M. Akimoto, M. Furusawa, R. Tamate, K. Nagase, T. Okano and R. Yoshida 34

Aspects of the Belousov-Zhabotinsky reaction inside a self-oscillating polymer brush 2018

Langmuir 1673-1680
DOl

10.1021/acs. langmuir.7b03929




M. Onoda, T. Ueki, R. Tamate, A.M. Akimoto, C.C. Hall, T.P. Lodge and R. Yoshida 7

Precisely tunable sol/gel transition temperature by blending thermoresponsive ABC triblock 2018

terpolymers

ACS Macro Letters 950-955
DOl

10.1021/acsmacrolett.8b00477

K. Homma, T. Masuda, A. M. Akimoto, K. Nagase, K. Itoga, T. Okano, and R. Yoshida 13

Fabrication of Micropatterned Self-Oscillating Polymer Brush for Direction Control of Chemical 2017

Waves

Small 1700041
DOl

10.1002/smi1.201700041

T. Ueki, K. Matsukawa, T. Masuda, and R. Yoshida 121

Protic lonic Liquids for the Belousov-Zhabotinsky Reaction: Aspects of the BZ Reaction in 2017

Protic lonic Liquids and Its Use for the Autonomous Coil-Globule Oscillation of a Linear

Polymer

J. Phys. Chem. B 4592-4599
DOl

10.1021/acs/jpchb.7b01309

R. Tamate, T. Ueki, M. Shibayama, and R. Yoshid 13

Autonomous unimer-vesicle oscillation by totally synthetic diblock copolymers: effect of block 2017

length and polymer concentration on spatio-temporal structures

Soft Matter 4559-4568

DOl
10.1039/c7sm00563F




T. Masuda, N. Shimada, T. Sasaki, A. Maruyama, A. M. Akimoto, and R. Yoshida 56

Design of a Tunable Self-Oscillating Polymer with Ureido and Ru(bpy)3 Moieties 2017

Angew. Chem. Int. Ed. 9459-9462
DOI

10.1002/anie.201705277

T. Masuda, T. Kajisa, A. M. Akimoto, A. Fujita, K Nagase, T. Okano, T. Sakata, and R. Yoshida 7

Dynamic electrical behaviour of a thermoresponsive polymer in well-defined poly(N- 2017

isopropylacrylamide)-grafted semiconductor devices

RSC Advances

34517-34521

DOl
10.1039/c7ra05786e

M. Onoda, T. Ueki, R. Tamate, M. Shibayama, and R. Yoshida 8

Amoeba-like self-oscillating polymeric fluids with autonomous sol-gel transition 2017

Nature Communications 15862
DOI

10.1038/ncomms15862

R. Tamate, T. Ueki, M. Shibayama, and R. Yoshida 19

Effect of substrate concentrations on the aggregation behavior and dynamic oscillatory 2017

properties of self-oscillating block copolymers

Phys. Chem. Chem. Phys.

20627 - 20634

DOl
10.1039/c7cp03969g




Y.S. Kim, R. Tamate, A.M. Akimoto and R. Yoshida 4

Recent developments in self-oscillating polymeric systems as smart materials: from polymers to 2017

bulk hydrogels

Mater. Horiz. 38-54
DOl

10.1039/c6mh00435k

Tamate Ryota Ueki Takeshi Yoshida Ryo 55

Evolved Colloidosomes Undergoing Cell-like Autonomous Shape Oscillations with Buckling 2016

Angew. Chem. Int. Ed. 5179 5183
DOl

10.1002/anie.201511871

T. Masuda, A. M. Akimoto, K. Nagase, T. Okano and R. Yoshida 2

Artificial cilia as autonomous nanoactuators: Design of a gradient self-oscillating polymer 2016

brush with controlled unidirectional motion

Science Advances 1600902
DOl

10.1126/sciadv.1600902

R. Tamate, A. M. Akimoto and R. Yoshida 16

Recent advances in self-oscillating polymer material systems 2016

Chem. Rec. 1852-1867
DOl

10.1002/tcr .201600009




R. Tamate, T. Ueki, Y. Kitazawa, M. Kuzunuki, M. Watanabe, A.M. Akimoto and R. Yoshida

28

Photo-dimerization induced dynamic viscoelastic changes in ABA triblock copolymer-based 2016

hydrogels for 3D cell culture

Chem. Mater. 6401-6408
DOl

10.1021/acs.chemmater .6b02839

K. Matsukawa, T. Masuda, A.M. Akimoto and R. Yoshida 52

A surface-grafted thermoresponsive hydrogel in which the surface structure dominates the bulk 2016

properties

Chem. Commun.

11064-11067

DOl
10.1039/c6cc04307k

37

2016

3-11

DOl

NA

2016

S&T

52-60

DOl




NA

2016
_ 224-232
DOI
T. Masuda, A.M. Akimoto and R. Yoshida NA
Self-oscillating polymer materials 2016
Biomaterials Nanoarchitectonics (Ed. M. Ebara), Elsevier 219-236
DOI
M. Onoda, T. Ueki, M. Shibayama and R. Yoshida 5
Multiblock copolymers exhibiting spatio-temporal structure with autonomous viscisity 2015
oscillation
Sci. Rep. 15792
DOI
10.1038/srepl15792
T. Masuda, A. M. Akimoto, K. Nagase, T. Okano and R. Yoshida 27
Design of self-oscillating polymer brushes and control of the dynamic behaviors 2015
Chem. Mater. 7395-7402
DOI

10.1021/acs.chemmater.5b03228




R. Tamate, T. Ueki and R. Yoshida

27

Self-beating artificial cells: Design of cross-linked polymersomes showing self-oscillating 2015

motion

Adv. Mater. 837-842
DOl

10.1002/adma. 201404757

T. Masuda, A. Terasaki, A.M. Akimoto, K. Nagase, T. Okano and R. Yoshida 5

Control of swelling-deswelling behavior of a self-oscillating gel by designing the chemical 2015

structure

RSC Adv. 5781-5787
DOl

10.1039/c4ral0675j

T. Ueki, M. Onoda, R. Tamate, M. Shibayama, R. Yoshida 25

Self-oscillating AB diblock copolymer developed by post modification strategy 2015

Chaos 64605

DOl
10.1063/1.4921687

52 29 22

Li Xiang

- SAXS

31

2019




31

2019

31

2019

R. Yoshida

Novel biomimetic and smart materials with autonomous function; “ Self-oscillating”

polymer gels

China-Japan 1st International Symposium on Bio-Materials and Interfaces

2019

9 CSJ 2019

2019




2019

2019

R. Yoshida

Evolution of self-oscillating polymer gels as smart softmaterials

The 6th Hoffman Family Symposium International Symposium on Smart Biomaterials

2019

R. Yoshida

Self-oscillating polymer gels as biomimetic and smart softmaterials

2019 US-Japan Sympojsium on Polymer Chemistry: Macromolecules: Challenges and Opportunities for the 21st Century

2019

BZ

68

2019




R. Yoshida

Evolution of self-oscillating polymer gels as biomimetic and smart soft materials

International Symposium on Stimuli-responsive Materials, Windsor, USA

2018

R. Yoshida

Self-oscillating polymer gels as biomimetic and smart softmaterials

Baltic Conference Series (BCS), Stockholm, Sweden

2018

30

2018

2018




2018

67

2018

67

2018

67

2018




29

2018

29

2018

UCST

29

2018

29

2018




R. Yoshida

Evolution of self-oscillating polymer gels as advanced materials

2017 MRS Spring Meeting & Exhibit

2017

R. Yoshida

Self-oscillating polymer gels as metal-containing functional materials

ACS National Fall Meeting

2017

39

2017

29 2

2017




2017

66

2017

66

2017

66

2017




66

2017

66

2017

UCST

27

2017

Kenta Homma, Tsukuru Masuda, Aya Mizutani Akimoto, Kenichi Nagase, Kazuyoshi Itoga, Teruo Okano, Ryo Yoshida

Unidirectional Control of Chemical Waves on Micropatterned Self-Oscillating Polymer Brush

The 15th International Conference on Advanced Materials(1UMRS-ICAM 2017)

2017




Eunjong Lee, Youn Soo Kim, Aya Mizutani Akimoto, and Ryo Yoshida

Design of a magnetically responsive self-oscillating gel for a control of spatiotemporal wave propagation

66

2017

UCST

66

2017

66

2017

39

2017




Youn Soo Kim, Narumi Takeda, Mareo Kinoshita, Aya Mizutani Akimoto, Takamasa Sakai, and Ryo Yoshida

The helical shaped self-oscillating gel showing large and uniaxial deformation

27 MRS

2017

R. Yoshida

Self-oscillating polymer gels as novel biomimetic materials

International Symposium on Advanced Manufacturing Science for Future Systems

2016

R. Yoshida

Self-oscillating polymer gels as active matter

Current and Future Perspectives in Active Matter

2016

R. Yoshida

Self-oscillating polymer gels showing autonomous biomimetic motion

CEMS Topical Meeting on Soft Robotics

2016




R. Yoshida

Advance in self-oscillating polymer material systems

International Symposium on Stimuli-responsive Materials

2016

R. Yoshida

Self-oscillating polymer gels as novel smart materials

Ewha Chemistry and Nanoscience International Symposium

2016

R. Yoshida

Self-oscillating polymer gels as smart functional materials

International Conference on Advanced Polymeric Materials Commemorating the 40th Anniversary of the Polymer Society of Korea
(PSK)

2016

R. Yoshida

Evolved biomimetic polymer gels undergoing autonomous oscillations like living things

The 2nd International Symposium on Biointerface Science and Engineering 4th Hoffman Family Symposium

2016




R. Yoshida

Self-oscillating polymer gel as a potential model of chemomechanical feedback system in mechanobiology

International Symposium on Nanoarchitectonics for Mechanobiology

2016

R. Yoshida

Evolution of self-oscillating polymer gels: Functional control from nanosize to bulk range

CIMTEC 2016

2016

R. Yoshida

Self-oscillating polymer gels as bioinspired dynamic softmaterials

2016 MRS Spring Meeting & Exhibit

2016

R. Yoshida

Self-oscillating polymer gels as smart bioinspired materials

The 3rd International Symposium for Green-Innovation Polymers (GRIP2016)

2016




R. Yoshida

Design of novel bio-inspired smart gels and the prospect of mechanobiology

International Symposium on Nanoarchitectonics for Mechanobiology

2015

R. Yoshida

Evolution of self-oscillating polymer gels as smart bioinspired materials

13th International Conference of Polymers for Advanced Technology (PAT2015)

2015

R. Yoshida

Design of self-oscillating polymer gels toward bioinspired autonomous micro- and nanomachines

2015 MRS Spring Meeting & Exhibit

2015

http://cross.t.u-tokyo.ac.jp




(Akimoto Mizutani Aya)

(10585805)

(12601)




