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Microphase-separated structure formed by block copolymers (BCPs) is
promising as a template for constructing nanostructures, and the application in nanofabrication with
single-nanometer resolution is highly expected. To achieve precise nanofabrication in such
ultrasmall size region, conventional polydisperse BCPs are no longer sufficient, and monodisperse
BCPs will become the mainstream in the future. In this study, we aimed to establish molecular design
guidelines of monodisperse BCPs for constructing asymmetric lamellar structures and network
structures required for engineering applications. We focused on BCPs based on monodisperse
oligosaccharides and carried out systematic synthesis. As a result, we succeeded in obtaining
asymmetric lamellar and network microphase-separated structures (DG, Fddd, and HPL).
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Y UBEREEREEEE L, Kt Rnov 7020 T ) — L~k T I LT AT N7 mn
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WFZEICRBWTIE. ZOMAE D BCP IZX L Tl EDE AL~ TELND I 7 afiy
BRSSO ZRL 20 o 72, A OB X % By HOHESH BCP o X 7 1 fi4) %«@%@%%
LNZT B, B3 IR LA T ABRL, AB B, BL N2 IO AB, BRI Syl iR B
IYHHESH BCP (A 1X~ /L hA U IhE, BIXY 71 Y —/V) 247-, 4% BCP OARITE BN O
fi, NMR 0% A A7 u~ v 777 4 =T K VR LT,

@ 7 v FEy B IE O RN

A EC L7 BCP O3V 7 MRABIZ T 5 X 7 a bRy BRI 13 R &2 - W T2/ VA XORRHGEL (SAXS)
k- TFEIC Mbto%xmw IEE T R —NEI 7 + v 7 7 27 MU —@ BL-
6A £7- BL-10C B — AT A Tfiolz, WEH Y 7P VIEZTFTTAT =—) 7 LIz,
TR T 4Nt & THRLL, IR EITNE - BEIT T SAXS HIE BT o T, BELR Y
MV g IEARANUEREROBELE B & ITKRIE LT,

4. WFFTER

OFEXRIFRT A T HEE DRESE

F£ 1 IZHERR LTZE B BCP Oy F/37 A—% L SAXS »mHHE L7z 2 7 m /Aoy BiiG
(BT y—E PR 2F & O, 27BN SAXS HIENS, @Ambtif@
BCP 237 A ZIKD I 7 nfH B E 2 B4 5 2 kﬂ%%#k@oto7f7ﬁk@ﬂ%%%
(d) 1L SAXS 7 7 7 A VDO—IRE—2 OHELRZ bV ¢"% b &1 Bragg DR DR TE %,
ZTORER., d 11X 3.59~4.99 nm OFPHIZH 0 . fid THENREA 2 FF> 2 L3R Sz, T 24
TEEEBT D~/ A ) afEL A IUATF ALY U OMEIL d 5Ty 7 ORE
FENPOBBXEHRFRETH D, & BHEFIEFESFED/NZ VY Gle-b-DMS)0-b-Gley THARIE %
KDL, FEHOMEN 1.1l nm, 4V TP AF L a3 OMEN 2.59 nm L7320 I
X235 & 70 o7, BH O BCP TIE 7 A ZHEEILMAIE DD 0.5 fHL CHIHI SN D720, 28K
BN SAREILRFREE & 72 B3, A EIEH L72 BCP Tldi K 2.3 fFDIERFRED T A THEEZ 5
nm LA~ OBRGIER T15 25 = & 75§Hj§|%7”:0 FYVIPAF A aFHramy M EISSITHINE
HHIET, I RERIERFEDOEENMFEIND,



(\16-0

) o
J—
o{'\)\,)H CuBr, PMDETA “'&‘ »(’\?k/)"‘
yed B THFIDMF NN g
\A/N_'J’

X= o y = 0: (Gleq)-b-Sol
A;B-type | X =0,y = 1: (Glc,),-b-Sol
X = NAc, y = 2: (Glcz),-b-Sol

A 0(\)\%” —
/ Glc,-C=CH m
o —
Nyt CuBr, PMDETA
0. THF/DMF
NH 0: Gley b(sm)2
A
1:6
2:
3

0
SR e
o -
N °*/§Nu Ny
3 Glc,-C=CH AN

X= 0 y=
AB,-type X =0,y = 1: Glez-b-(Sol);
X =NAc, y = 2: Glc;-b-(Sol),
; EDC, DMAP X =NAc, y = 3: Glcg-b-(Sol),
CH,CI,
%
N, O P N=N
%0 o Glc,-C=CH Ty o X AN Q W
o 0
f
CuBr, PMDETA
THF/DMF
Vi N H HO N=N
Ny 0 o 0, =N o VPN
¥ Ho. X AN, s
oH
X =0,y =0: 1,3-(Glcy),-b-(Sol),
1.3-Asz-tYPe{ X =0,y =1: 1,3(Glc,),-b-(Sol),
X = NAc, y = 2: 1,3-(Glcs),-b-(Sol),
HN 2 OH
N
A N Gle,-C=CH| 4o o ¢ “/Y\
yishs HO
o o f— OH
Nr‘"‘a CuBr, PMDETA
O{ Ay }u  THFIDMF 0
4 m
X=0,y=0:1,4- (Glc1)2 -b-(Sol),
1,4-Asz-type{ X =0,y =1: 1,4-(Glc,),-b-(Sol),
X = NAc, y = 2: 1,4-(Glcz),-b-(Sol),
OH
N [} o
w0 OH HO
oH
° 2 V"'NJ Ho OH o
o pZ
X SBSNon OH Nyt N3+4 me/
solanesol (Sol) o OH I _ . OH
Ny d X=0,y = 0: Gle;-C=CH
(N3),-COOH N3-(COOH), 1 3Ny (caou)z 1,4-(Ny)- 1coom2 X =0,y =1: Glc,-C=CH
X=NAc, y = 2: Gle;-CZCH
X = NAc, y = 3: Glc,-C=CH

X 3. </ hAY TPEE VTR — b 7 B EAE BCP D& B

T~V AL A ) IOAF LT UG R BB BCP O 2 7 v B4y BEE

sample M.W.“ fuga” | morphology = d (nm)
Glei-b-DMSs-b-Glc; 1250.08 0.34 LAM 3.59
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QIR IT DIERFRT A TB LRy T =28k I 7 v M55 Bl i OG5

FRTEONZIEE I 7 a oG2S ) R —= T DT T L— e LUNHT
DITIE, EE LN OESEE BT A2XLEND S, £ 2 T, Jdld BCP DS WNT,
VU arER DRy a—T 4 IS0 EREAZTR L RS SAXS (GISAXS) H 5%
R BESEE (AFM) (2 X 0 F ) #2147 - 72,

Ho & bIERMFREDE T X TH#EEE 2 L72 Gle-b-DMSi0-b-Gle; DRIV T GISAXS
ExIToT2, TORER, BIEPIZBWTH 7 A THEEOIERBPHER Iz, LoL, 7 X Tk
IEEEBICK U TRATICEBE L TWA Z ERMREIN, TOFEETRI VI T 7 4 ED/NRE —
=UTIIERATE RN EDVHB LT, EREROHFHEASCERAEm~D by 73— h o
N7 EOM#EY B 21T 9 2 & ¢, BERM LIZIERFRT 2 7 EOBENTIFFSND,

—J. Fv NU—=7 R 7 a B % 7~ LT 1,4-(Gler)a-b-(Sol)z 35 I OY 1,4-(Glea)z-b-(Sol),
DOFEFNZSWNT AFM JIE 21TV, REE/NL 7 0o —2 T L= (X 4), TOREE, DG ik
O 111 R L7282 — o B, 2 b0 BCP IREEFICE W T DG #id 2k L
TWAZ ENM RS, BEAEICEDHEHE T 2y 7 ORF(HDNVILY TR —VT
0y DX R ERITO ZE T, U A uA NEEER oo BEEM B O S HIFE
ha,

(a) 1,4-(Glc,),-b-(Sol), (b) 1,4-(Glc,),-b-(Sol),

P T e |
[ 4. 1,4-(Glc1)a-b-(Sol)s 35 & T 1,4-(Glea)o-b-(Sol ), Wi D AFM (TAH,

@DF L

fE{E ) DREHE AR AT RE 72 LB BCP & LT, 3 & O W 2 X — A L L7z BCP I
EHLE, AFETIZA FAY T L THY IVRAF A I H o4 ) D4V F L
Z IR DR T A & TR L RRSORE 1 O By BB BCP DA RRICR T L. 6 D 2 7 milsy Bk ik
T RAREICEE T2 Z kT, ZORERE LT, ERRT A THEEZ T LD, DG, & 5HIC
3@ % D BCP TIXHREHI 25D TR B D Fddd <° HPL & W o> 7= % v b U — 274K 3 7 a fB4y B
&% 10nm UL T OFGIER CE 5 Z L ICkPh Lz, 256 O RIEE nm L)L O & i s
2 ) IMTHEMOERICKE S HIRT 20 L HIFEEIND,



10 10 9 2

Nishimura Taiki Katsuhara Satoshi Lee Chaehun Ree Brian J. Borsali Redouane Yamamoto 12

Takuya Tajima Kenji Satoh Toshifumi Isono Takuya

Fabrication of Ultrafine, Highly Ordered Nanostructures Using Carbohydrate-Inorganic Hybrid 2022

Block Copolymers

Nanomaterials 1653 1653
DOl

10.3390/nan012101653

Isono Takuya Komaki Ryoya Kawakami Nao Chen Kai Chen Hsin-Lung Lee Chaehun Suzuki 23

Kazushige Ree Brian J. Mamiya Hiroaki Yamamoto Takuya Borsali Redouane Tajima Kenji Satoh

Toshifumi

Tailored Solid-State Carbohydrate Nanostructures Based on Star-Shaped Discrete Block Co- 2022

Oligomers

Biomacromolecules 3978 3989
DOl

10.1021/acs.biomac.2c00813

Chen Kai Chen Chun-Yu Chen Hsin-Lung Komaki Ryoya Kawakami Nao Isono Takuya Satoh 56

Toshifumi Hung Du-Yuan Liu Ying-Ling

Self-Assembly Behavior of Sugar-Based Block Copolymers in the Complex Phase Window Modulated by 2022

Molecular Architecture and Configuration

Macromolecules 28 39
DOl

10.1021/acs.macromol .2c01929

Katsuhara Satoshi Takagi Yasuko Sunagawa Naoki Ilgarashi Kiyohiko Yamamoto Takuya Tajima 9

Kenji Isono Takuya Satoh Toshifumi

Enhanced Self-Assembly and Mechanical Properties of Cellulose-Based Triblock Copolymers: 2021

Comparisons with Amylose-Based Triblock Copolymers

ACS Sustainable Chemistry &amp; Engineering 9779 9788

DOl
10.1021/acssuschemeng.1c02180




Li Hong Mumtaz Muhammad Isono Takuya Satoh Toshifumi Chen Wen-Chang Borsali Redouane 54

Self-assembly of carbohydrate-based block copolymer systems: glyconanoparticles and highly 2022

nanostructured thin films

Polymer Journal 455 464
DOl

10.1038/s41428-021-00604-w

Isono Takuya Komaki Ryoya Lee Chaehun Kawakami Nao Ree Brian J. Watanabe Kodai Yoshida 3

Kohei Mamiya Hiroaki Yamamoto Takuya Borsali Redouane Tajima Kenji Satoh Toshifumi

Rapid access to discrete and monodisperse block co-oligomers from sugar and terpenoid toward 2020

ultrasmall periodic nanostructures

Communications Chemistry 135
DOl

10.1038/s42004-020-00385-y

Chiang Yun- Chi Hung Chih- Chien Lin Yan- Cheng Chiu Yu- Cheng Isono Takuya Satoh 32

Toshifumi Chen Wen- Chang

High- Performance Nonvolatile Organic Photonic Transistor Memory Devices using Conjugated Rod- 2020

Coil Materials as a Floating Gate

Advanced Materials 2002638
DOl

10.1002/adma. 202002638

Chuang Tsung-Han Chiang Yun-Chi Hsieh Hui-Ching Isono Takuya Huang Chao-Wei Borsali 12

Redouane Satoh Toshifumi Chen Wen-Chang

Nanostructure- and Orientation-Controlled Resistive Memory Behaviors of Carbohydrate-block- 2020

Polystyrene with Different Molecular Weights via Solvent Annealing

ACS Applied Materials & Interfaces

23217 23224

Dol
10.1021/acsami -0c04551




Isono Takuya Nakahira Saki Hsieh Hui-Ching Katsuhara Satoshi Mamiya Hiroaki Yamamoto 53

Takuya Chen Wen-Chang Borsali Redouane Tajima Kenji Satoh Toshifumi

Carbohydrates as Hard Segments for Sustainable Elastomers: Carbohydrates Direct the Self- 2020

Assembly and Mechanical Properties of Fully Bio-Based Block Copolymers

Macromolecules 5408 5417
DOl

10.1021/acs.macromol .0c00611

Mumtaz Muhammad Takagi Yasuko Mamiya Hiroaki Tajima Kenji Bouilhac Cecile Isono Takuya 134

Satoh Toshifumi Borsali Redouane

Sweet Pluronic poly(propylene oxide)-b-oligosaccharide block copolymer systems: Toward sub-4 nm 2020

thin-film nanopattern resolution

European Polymer Journal

109831 109831

DOl
10.1016/j -eurpolymj .2020.109831

29 6 5

Takuya lIsono

Oligosaccharides as Hard Segments for Bio-Based Elastomers

JTBPS2021

2021

Takuya lIsono

Oligosaccharide-based Block Copolymers: Synthesis, Self-Assembly, and Applications

APSMR2021

2021




Takuya lIsono

Designing Bio-based Elastomers by Installing Oligosaccharide Segments

2022 International Conference on Modern Challenges in Polymer Science and Technology

2022

Takuya lIsono

Post-Polymerization Modification of PS-b-PMMA: A Strategy for Fine-Tuning the Microphase-Separated Nanostructures

MNC2021
2021
ABA
70
2021
Brian J Ree
5 nm
70

2021




Brian J. Ree Kai Chen Hsin-Lung Chen

Fabrication of Ultrasmall Network Structure from Sugar-Terpenoid Hybrid Materials

70
2021
Brian J Ree

2021

2021
Brian J. Ree Kai Chen Hsin-Lung Chen

2021
2021
2021

2021




ABA

28

2021

Brian J. Ree

11 CSJ

2021

Brian J. Ree Kai Chen Hsin-Lung Chen

Construction of Ultrafine Microphase-separated Structure by Sugar-Terpenoid Hybrid Materials

Molecular Chirality 2021

2021

Brian J. Ree

70

2021




2021 56

2022

10 CSJ 2020
2020

Brian J. Ree

10 CSJ 2020

2020
Brain J. Ree
69

2020




69

2020
2020
2020
Brian J. Ree Kai Chen Hsin-Lung Chen
2021
2021
Brian J Ree
2021

2021




71

2022

71

2022

2022

2022

71

2022




Hsin-Lung Chen Li Feng

2022 57

2023

2022

2022

T. Nishimura, S. Katsuhara, C. Lee, F. Li, B.J. Ree, R. Borsali, T. Yamamoto, K. Tajima, T. Satoh, T. Isono

Fabrication of ultrafine nanostructures using inorganic-sugar hybrid block copolymers

AsiaNANO 2022

2022

(Satoh Toshifumi)

(80291235) (10101)




CERMAV-CNRS




