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Development of gyroid structure film that realizes dimensional expansion of
three-phase interface
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Fuel cell devices that convert h¥drogen into energy are a key technology in
building a hydrogen society. In order to create an excellent fuel cell, it is important to design
each of the fuel cell components such as electrodes, electrolytes, separators, and catalysts, but it
is also extremely important to control the interface of these components. In particular, the
interface where all three phases (fuel phase/electrolyte phase/catalyst phase) come into contact is
called three-phase interface, which functions as a reaction active site. It is important to expand
the three-phase interface in the system for improving power generation efficiency. In this research,
we attempted to create a material that contributes to the expansion of the three-phase interface by
utilizing the unique three-dimensional gyroid nano-structure.



B X C—19, F—19—1 @)

1. BB PO
T2 IR AT A DOPEHHIRZ FEBLT 25 BT RBICHLRVWT X (FERE A =5
L AT ADBRILEE 5 mfﬁA%%%ﬁéhf\(mﬂm)ﬂ( (ERH)

KFEH TR X— BT DIREVEMT N R L 2 BT B oo
7 ) ao—Tin %, BRI AR 2 72017 %, B Hz\*uff
ﬁ@@%ﬁf%é Bkl - AR - £ L— & - L7 B OfF < v
SEHLEECH DN, TH6OWH O (5] ZHET 5 2
k%ﬁ@f%gf%éqﬁLﬁﬁﬂﬁ/ﬁ EEAR /AR > =

ATHET AR (ZFERmE) ] 1 ESTEER & L THRE BFEEH
éﬁ?%@(l) Zo T=F5mE] i 2 &ismicE L (hiEaR)
DT EDRICHLS EE5TH5RFTH D, 1. BARIEICES I3 =HRE
2. DB

AWFFEO HR9IE, =M OILREZ EBT 5 HEim & LT, TH OmERE] & [7KEOfkRk
BE&J 23T LoV TIRAE LT2AP B2 R U REET A AR & FEARELAE 2 [R]— DL — RPN IS
BTH I LAY, HiZ, R EOASMBEREZ Z O X O R~ RMTES 2L T, A&
TR OFREEEE TROSEER] (SRR 2 HEmERET L2 L2 ANET 5,

3. HFREDFE
AL THET ZMHARAEOIEEZ FEB T 57200 2 DOEHELE L LT,
LHy (£721320)) OsfREs s HOREKZT 7 L)L E T LODIRESEDLZ &
II. ZNENORKENERBEOEGEAZHE L TND 2 &
DZONFET NS, ZD L 5 B2 =%t

*%Jﬂa:k LT, Eﬂ:%{ki@%{i Tﬂ@ffj’jﬁﬂ?l‘—t/ | il j'/?"\"/#ﬂl/

TIRERIIDTERT DY A v A N #dEIcE
HUL7, ZofEE, U288 10nm O FFE ~10 nme
WREEN G720 | ZORNNL KO R T, =
WIEDF ) Fx oV RAL Y (®2H) &%
DREY ZHi5eT D RAAL LV (K2 B) TRV L
STV, BED AL U, v A nA N g
IRECIR > TSR TS, 565 g e S S S
&Uﬁu&imfﬂ B E o TN B NG 7 2. KARTHEBLUES v1O1 RBEDIENE

INFE THIEREEFILZOMER Y 2 — B v 7R E R T 7200 [yHif ] 2 it
BRUITCH 2@ L C&ie, £70, ZOBREERICOVWTHBIMICED TE, flxiX, K20
HCTRLEESRIEDIET ) F ¥ o 2 EHWEY F 7 AL FUHERK 2 ORTRLE WG
Ty A A NN A Ltm$7 0k ARER PR L TE T, _zh%@ﬁ‘ﬁﬁﬁ%n%#
&E/_&E@f/%%/zw& oﬁ&@ﬁ%&%k/?%ﬂ%%ﬁdﬁ@ - 7= H Ol
%ﬁ‘é%%ﬁ*%%ﬁWKEﬁﬁf‘%ﬂ S OYETE & SREHL T A AR A FIERIC 2 5 O Tk
&w@&%zko9%4&4P%ﬁ@:@i5@ﬂﬁ$&mﬁﬁmm%%%mm&<\@bf@
Bl 27 7o —FTh b,

AT 5 E T, TRRDO 3OO RENEELEZEZ | ERrtEdT-,

HFERED : v 1 uA FMEEEZEANT 20 BE NS T 0%E
TFEERED : — KT ) F v RN RAAL &I Ltﬁxﬁ%&%®%%
THERE® : ¥ v A A FivhNRE Eo7 v I\/{K%O)ﬁﬁpﬁﬂ

4. WrFEER
iR 3 1 JNDS YT R 5 % i
Uy A nuA NEGEEERNT OO BE TS T ORFHI O W T oM 2D -, B
IREGIZ I 2R [ A Zwitterion @ U /ﬂ*ﬁ@ﬁé@ﬁgf WZDWT SRR L 72,
TN =R F L AR REE) U= LT+ E2 G L. %ﬂ%@ﬁan‘ﬂﬁﬂlﬁ
FENZFEMICIRT 5 Z & T, HIOME (V¥ A vA M) OFARICHE L7-0FeHc 4
LEBRAMRLAER/GDZENTE L, o, ERIE. HFREBUENE Zwitterion & 8 & /KA R /3T
o ZHETH—ITREADOE T, H—REAEREE-L W, FilceFEEZRB L, 7.
ﬂ%ﬁ”ﬁﬁﬁﬁZwmerlon/ﬁa@ KEfET 5, ZOBEAEIZILVA P—IROARX T T v 7FEE
BT Dy ZTOARATF v 7HERLTCVSY U P2 INEEHR FICHE TS & WiRHSR N
179 %, FHXHEECHERMZAESTHZ LT, GKEELZa br— L TE, ZHUIffV, B
OPEREFX =2 —Ey JHEFETE LI L2 L (M 3), £/, 20X LTHELRTE
BELEWT e M AREMNEERT I E AL E Lz, 2D ORREO—FIZ DWW T F iR



& LTHE L7z (Hikaru Oshiro, Tsubasa Kobayashi, and Takahire Ichikawa*, "Molecular design of a
series of gemini-type zwitterionic amphiphiles with various linker lengths: control of their self-organisation
for developing gyroid nanostructured proton conductive membranes" Molecular Systems Design &
Engineering, 2022, 7, 1459-1466.) ,

Molecular Design

T

Linker —/M‘”
Length
group

In Situ
Polymerization
Smectic phase
H',

1. Acid addition / Biconlinuous

II. Co-organization cubic phase
Bl Water absorption l*

@; from humidified air l
4 UV irradiation

3. BADESDZS v O RMEEREETFEDHMR

Phase Formation

Phase Control

H*
3D Continuous
[H* Conduction Pathway)|

along a Gyroid surface

FFZEsiBE@R - T B A
Ty A v FEETIZRT D =R/ N Z T e s =konT ) F v RV AR KT A
(RTCZIMBAR) @D &9 BB 2S5 2 &2 TE T A E O IRIRIZ Fii 72 &y
T A D DT E BB LT, B2 22y TRRGH D 5 T, =Roohi/ Nl &
7a R BRSBTS TERBEIEE T OMB RS 5 Z LA TE, ZoREH 2
W2, ZRIET ) F v RS T NI DA A TEOREE TR TR EAEEL L, Tk &
brETHZE T, KEHA (FIFTMBEHTR) OBV BEELHEET L L2l Tz, ER LB
VR HENTKBE T AFENMEZ R T Z Lo Tehy HADEYIETH DT/ ZERIE, @14
BEOMEREFENA L TLE S 2 2R d 2 X5 RER GO, 2D X9 IetiEiEm
EMHT L HEL LT, T = VEER T SMORM R EA2RAR T, FREEDT,
B/BoNTZY ¥ A v A NESEHIER D T A FiaME 2 E &I D FIEIC T, LEEE &
L EBRE LY ARG ETELRT DI THY T2 LN TE L, ZHH DR
DO—HBIL, FiR s LTE & HDH Z LN TE 7= ([2] Tsubasa Kobayashi, Ya-xin Li, Yuichiro Hirota,
Asako Maekawa, Norikazu Nishiyama, Xiang-bing Zeng,* and Takahire Ichikawa*, "Gyroid-
Nanostructured All-Solid Polymer Films Combining High H" Conductivity with Low H, Permeability"
Macromolecular Rapid Communications, 2021, 42, 2100115. Selected as Outside Front Cover) ,

Pt T S b op N Ry

WHOT v N AREE S TP O 7 1 b AREL, BUKMEBEICERE N2 KT /) F ¥ RV THE
RENDEMA 1D £7/20% 2D F/ F ¥ RAET A THHAT L ENTE S, Z0F /) Frx
JVIZNTIE, 325078 NAGERA =X LBFET D, 1 DI Grotthuss A W =A LT, i
WXF 7 F v FADFNTH DNV 7 KGER, DF VKT =V TR FOKER-EEFRY NT—7
ORI Z N LT T b 2T DA =ALTT, 2001, KL= AF V=040 A
FUDKF 7 F X oRAOHNE (B HKEER) 2BET I A =L THDH, 3OHITE
70 bRy B RE (SPHC) A B = A LT, BKMEBEDRENC D A VR IED S B
DANKE~DT T bRy TR, T OKGFIZE o THBELINDGZ EITL->TAE

CLAHETH D, EATALIBITA7 0 A8 RE, FTNFN 60, of, S TEENET,
ENTFEMREFEOMRER 7 2 N ARERIT 6% + 65 + 65 T9, Grotthuss HEFED 7' b L ARiE
REDEBIFIZ BV RS T 572, AU Grotthuss HKE 2 A ZNTHE FH 3 2 2 MBI 7= B AR s
EAEBHTT-OOEEREEZ LN TE T,

i, INFETHBLTCELEY v A va RMEERPICBIT 27 2 b AzE##IT, SPHC #%
HTHY ., ZOMERFITENT A 2L TEVZEERNE T TWADOTIZE BB L, RO
K3 FOWREE DSCHEIZL VR EZ A, BHAIZIEEAEWRNZ ERGND . R0ED
Grotthuss 1% & (X B 72 D8 CTh 2 FREMEZ R RIR T B KR Th o7z, 7'u N AREE DR
FERAFEME D HIEMHAb = R L F—Z RS S V. SPHC KR L RE L TR EA REL 72 & 2
Ay EBREEIEFICEN—FERLIZZENE, 0T SPHC DA TEWT 1 b AREE N
FEHLTWDZ R mhoT,

Fox DR LIV v A v A FEER (Fim-G(X) : X TEKREET,) TokOBBExE2E5H
\ZFAR D 71z, HERME R PE 7 0EL (QENS) JIEIZTEHE L=, QENS (X, KFEOKX 2T
PERGELBTE I L 0, o) 2 BoORMEE 72 br—ADE I A7 — /L TR T



DENX HFRDT-DOEII72FIETH S, ZOTFIEIT, Nafion 25T S £ XMk OKy
FOBEZHLNICT D7D S TS, EIZ C, O, S, F Ju& THRL S5 Nafion &
T2 | Film-G(X) (2132 < OKFRFDEENTND, ZD7=H, Film-G(X) F DK 1D
T LEMREHF D20, BEOK (H0) 25T Film-G(X)? QENS A7 hLLH
K (D0) Z&te Film-G(X)? QENS A7 MLDEWEFHD Z & 2ot Uiz, TR DK
EhHE (90.0wt%) ERAGERRE (164wt%) O 2 FEHO Film-G ¥ 7 V% | il & v 7-fxt
WESMETICES ZETHRBLE, BonlzR ) ~—7 4 L AIZIE, AVEAEDTZYV ZNER
3.0 E721% 6.0 HOKG TR EENTND,

BTz QENS AT L% SRMEHGELR oy & MEFPEGELR y OFN Tl 92 Z & T A D
TAF I 7 AN DT, FrlZ, BAREZGATFIRORREZRA LT, &0 S0 %4+
I A& ERIL, ENEREIC, BAKESATERORREMTT 522 & T, Ky FOXAFI7
it T2 Z LT L7z (M 4), Bl2iE K4 Da(d) iF, ZrREEH 0 #HAKE 3.0 (6.0)
5 ATERED QENS 227 kb b () XK EZ G AT, ¢ () 1XF DZEITH Y 3 2 B EGEL
R ThHDH, LEDOFERIY . ARSI K17 3.0 HEREORET, 13& A EKSTILH)
WTWZRWAN, KRFA. 6 R 72 5 LR S 2 L T\ D Z L sginolz, KT, 0
ERIFMEZ2 E2FARD Z LT, K TR RFTINZRER Th 2 2 L OERMIEH 72 &2 345 2
EMWTE Iz, BT, 70 N AREEND TS DB & kT 5 L IEFICREVWES 2R
L. BENO 7 a ki AZED SPHC XA CHEA TV D Sl 52 Z & 23 T& 7= (Takahire
Ichikawa*, Takeshi Yamada*, Nanami Aoki, Yuki Maehara, Kaori Suda, and Tsubasa Kobayashi, "Surface
proton hopping conduction mechanism dominant polymer electrolytes created by self-assembly of
bicontinuous cubic liquid crystals" Chemical Science, 2024, 15, 7034-7040. Selected as Outside Front
Cover),

a QrA™
1

o 1 2
8+ ‘
>
isi i
=
D ———
B “SS—
d QA"
1] 1 2
8.
e
e

|
4., SvA0OA RBEIRICH U TITo IR F AR IERELEDER

Fox BBHFE L C & 72 BUENE Zwitterion DR FHEIEIET 2 2 & T EFICEVEHETY v A
A NEEZAIN DR ZHENTHZENTET, o, FENO T o b oAZEHEIE, FiE
7a kR y B 5E (SPHC) BN XEIN THDL Z L2 EET 52 LN TE T, HIZ, M
BHZ SO 292 & T, VP AGZBEZH L5 CcE 3L RBTZ N TE R, TR
DT AR O TR0 15 77 T M DG R AN 2 Wl (23 2 /e EOBE NN E e Z & b5 0o
7o BAEHEETH D =M OIRIRIZEE 3 5 B 2 BRI T X 7o o 7o i3, fiEE v oA 4/
~— L LT 2R L3 A TR, MBS EERMERGONDLZ EH 00> TND

CREET—#), 5%, N0 ORFHE 2T, xR EHE I E G 2 K-> T
< Z & T, BEFEMOABIRE 2 —# T 2 EIFIC 2T EBIfF L T 5,



5 5 1 2

Ichikawa Takahiro Yamada Takeshi Aoki Nanami Maehara Yuki Suda Kaori Kobayashi Tsubasa 15

Surface proton hopping conduction mechanism dominant polymer electrolytes created by self- 2024

assembly of bicontinuous cubic liquid crystals

Chemical Science 7034 7040
DOl

10.1039/d4sc01211a

Iwasawa Hironobu Uchida Daisuke Hara Yoichi Tanaka Masaki Nakamura Nobuhumi Ohno 1

Hiroyuki Ichikawa Takahiro

Thermally Reversible On- Off Switching of Aggregation- Induced Emission via LCST Phase 2023

Transition of lonic Liquids in Water

Advanced Optical Materials 2301197
DOl

10.1002/adom. 202301197

Oshiro Hikaru Kobayashi Tsubasa Ichikawa Takahiro 7

Molecular design of a series of gemini-type zwitterionic amphiphiles with various linker 2022

lengths: control of their self-organisation for developing gyroid nanostructured proton

conductive membranes

Molecular Systems Design &amp; Engineering 1459 1466
DOl

10.1039/d2me00069e

Ichikawa Takahiro Kuwana Mei Suda Kaori 12

Chromonic lonic Liquid Crystals Forming Nematic and Hexagonal Columnar Phases 2022

Crystals 1548 1548
DOl

10.3390/cryst12111548




Kobayashi Tsubasa Li Ya- xin Hirota Yuichiro Maekawa Asako Nishiyama Norikazu Zeng Xiang- 42
bing Ichikawa Takahiro

Gyroid- Nanostructured All- Solid Polymer Films Combining High H+ Conductivity with Low H2 2021

Permeability

Macromolecular Rapid Communications 2100115 2100115
DOl

10.1002/marc.202100115

13 1 4

Takahiro Ichikawa, Takeshi Yamada, Yuichiro Hirota, Xiang-bing Zeng

Creation of Gyroid Nanostructured Polymer Electrolytes Having a 3D Continuous Proton Conduction Pathway: Conduction
Mechanism and New Functions

The 17th Pacific Polymer Conference

2022

Takahiro Ichikawa, Soki Obara, Nanami Uemura, Go Watanabe and Xiangbing Zeng

Double-Gyroid Nanostructure Formation by Aggregation-Induced Atropisomerization and Co-Assembly of lonic Liquid-Crystalline

Amphiphiles
32 MRS
2022
70

2021




2021

31 MRS-J

2021

Hikaru Oshiro and Takahiro Ichikawa

Development of molecular design principle of gemini amphiphilic zwitterions forming bicontinuous cubic liquid-crystalline
phases

The International Chemical Congress of Pacific Basin Societies 2021

2021

Soki OBARA XiangbingZENG Go WATANABE Takahiro ICHIKAWA

New design of bicontinuous cubic liquid crystals based on atropisomarization

The International Chemical Congress of Pacific Basin Societies 2021

2021




Misato Takeyama, and Takahiro Ichikawa

New design of a liquid-crystalline monomer for creating a gyroid nanostructured soft membrane with a 3D continuous proton
conduction pathway

The International Chemical Congress of Pacific Basin Societies 2021

2021

Asako Maekawa, and Takahiro Ichikawa

Design of liquid-crystalline molecules for creating gyroid nanostructured soft membranes

The International Chemical Congress of Pacific Basin Societies 2021

2021

70

2021

H+ zwitterion

70

2021




11 CSJ 2021

2021

Design of Liquid-Crystalline Monomers and Investigation of Polymerization Conditions for the Development of Cylindrical
Polymer Synthetic Method

31 MRS

2021

http://web.tuat.ac.jp/~ichikawa/

(Hirota Yuichiro)

(60632437) (13903)




(Watanabe Go)

(80547076)

(32607)




