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Development of a liquid crystalline pressure-sensitive adhesive

(‘Osaka University, °Kyoto University, *’Kagawa University, “Tokyo University of Science) O
Kota Ono,'? Kensuke Suga,'” Mitsuo Hara,® Katsuki Miyokawa,” Tsubasa Honda,” Kazuya
Otsubo,* and Shohei Saito'

Keywords: Columnar stacking; Pressure-sensitive adhesive, Nitrogen-doped m-system,; Liquid
crystal; m-stacking

Recently, the chemistry of Shape-assisted self-assembly Liquid crystallme
supramolecular adhesives has  Electron deficient ... [esAzalmpa)]
rapidly progressed in materials Ro“‘ e ; e
sciencel! and tissue M" / ’ ‘

. . [2]
engineering'”. Many structural °
R=n-CqHys

motifs with a variety of non-
covalent interactions have been
proposed for advanced adhesive
properties. In this field, we have Roorm
previously reported a liquid temp.

crystalline adhesive with a -

. . .31 Figure 1. A novel liquid crystalline pressure-sensitive
thotomduced melting funCtthI,l' 1 adhesive. Liquid crystalline molecules with a dppz-FLAP
ere, we propose a new materials

mesogen form a hexagonal columnar structure.
class of liquid crystalline

pressure-sensitive adhesive (LC-PSA)." Without the aid of hydrogen bonding or Coulomb
force, a cyclooctatetraene(COT)-fused electron-deficient dipyridophenazine dimer (dppz-
FLAP) forms a tight twofold columnar n-stacking based on its V-shaped molecular structure
(n-m distance: 3.32 A). With the dppz-FLAP core as a mesogen of liquid crystal, a high shear
LC-PSA bearing a well-defined packing structure in a hexagonal columnar phase has been
developed. This liquid-crystaline compound can adhere substrates simply by pressing. The
tensile shear strength reached approximately 1 MPa for glass, SUS and Fe substrates based on
dispersion interaction with significant ductility, while the easy peelability on a PET tape was
confirmed. The concept of LC-PSA based on the rigid/soft hybridization and hydrogen-bond-
free molecular engineering extends the potential of supramolecular adhesives as well as
molecule-based functional materials.

‘‘‘‘‘ ‘rm
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[1]1 D. Qu et al., SmartMat 2020, 1, €1012. [2] Y. Zhao et al., Chem. Rev. 2022, 122, 5604. [3] S. Saito,
S. Nobusue, M. Hara et al., Nat. Commun. 2016, 7, 12094. [4] K. Ono, K. Suga, S. Saito et al., ChemRxiv.
2024; doi: 10.26434/chemrxiv-2024-n73xg. (Preprint)
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Spherulites of supramolecular polymers formed from undercooled melts, and their adhesive
properties ('Graduate School of Engineering, Kyoto University, *National Institute for
Materials Science, *Graduate School of Advanced Science and Technology, Waseda University,
*Graduate School of Engineering, Kyushu University) O Yuichiro Watanabe', Takuma
Shimadall, Tsutomu Furuya', Koji Nishida', Sadaki Samitsu®®, Yutaka Wakayama®, Kazunori
Sugiyasu

The solid-state properties of crystalline supramolecular polymers have generally remained
unexplored. Herein, we investigated the isothermal crystallization of a supramolecular polymer
and showed that, depending on the temperature, it formed distinct structures at a higher
hierarchical level. Interestingly, the resulting crystalline forms showed distinct adhesive
properties and mechanical-failure modes.

Keywords : Supramolecular polymer, Spherulite, Isothermal crystallization, Adhesive bonding,
Hierarchical structure

BRI, — kB2 @m0 FAENC B 1T S BEEREE O h Tl LA OFSE I E 5 i
Th V., 2O vt ZDOHIHEIZET D RITEANATON TN D, fEamtEE s+
ZEREURIEN GRRR L C—EIRE TR T 2 &, 2L DGE, BEDER~A 71 A —
MRREDOEEDERT D, —F7 T, BATRY ~—OHML, WIS TBKT %
HDIZRENTIRY B FR Y ~— DR DT AOEFR T B3 2 WFZEIT AR Dl
Th D, AWFETIE, BHFRY ~—ORREIRIED S OfEdLIZH B L, mEEFEO
HIENC & 2B 7 AR Y ~ — B O BREEIE O FIE 2 32 7o, B TR AR Y v —
BT DARNT 4 U VHERE ) ~—(Por) V& W TEBREZTT > 72 (Fig.1A), 200
°C TR L=y TR ~—%fEmbLi-t A, TO7 oA EEICL->T2 M
FHOREEREE « D235 5472 (Fig. 1C.D), 15 b ALz SRR IEIZ K o THEAT RIS 7
HZEERHLE?

C D

at130°C at 165 °C

@
1

Monomer Por,,

Fig. 1. A) The chemical structure of monomer Por12, B) DSC curves, POM images of C) I and D) II
obtained using isothermal crystallization at 130 and 165 °C, respectively, from the undercooled melt
(scale bar: 100 pm)

1) S. H. Jung, D. Bochicchio, G. M. Pavan, M. Takeuchi, K. Sugiyasu, J. Am. Chem. Soc., 2018, 140,

10570. 2) T. Shimada, Y. Watanabe, T. Furuya, K. Nishida, S. Samitsu, Y. Wakayama, K. Sugiyasu,
Chem. Lett. 2024, 53, upad030
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fRIEIZA) TJoO0xXHUEFEALE-D7/ILAOR) LUVERA
I FHEROEFEE & MBS
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Electron transport and nanostructures of difluoroperylene bisimide derivatives
bearing oligosiloxane chains ('Graduate School of Engineering, Kobe University, *Faculty
of Engineering and Design, Kagawa University, Health and Medical Res. Inst. AIST) O
Masahiro Funahashi,'* Shinobu Uemura®?

Perylene bisimide derivatives bearing oligosiloxane chains exhibit columnar phases at room
temperature, in which high electron mobilities were observed. In this study, difluoroperylene
bisimide derivatives were synthesized, in order to develop waxy organic semiconductor. The
fluorinated perylene bisimide derivatives exhibited a waxy columnar phase which can be
deformed like clay by a spatula at room temperature. On the other hand, the electron mobility
exceeded 2x107%2 cm*V s ! at room temperature. The AFM tomography of a spin-coated film
revealed formation of many grooves with a depth of several nm, which should be related to the
extraordinal softness of the columnar phase.

Keywords : Liquid Crystal; Columnar phase; Electron transport; Soft material

U Fvex UoHIT, MEREENKE S BEEOHHENEWO T, TAFLEH X
D BRI ZED D ZENTE D, TOH, T AMEREICA Y F
BXYUHEEA LAY LB AL I RFERIIEIRTY v 7 ZRON T L) —
FZRT, ZTDO—JT, 7/ FOHEC L0 PR o B R oS b 2R L, =5
TO01lem?VIs' 22D EmWETBEELHEBITX 5 '2)
%Ki%&ﬁ%@¥%%%%ﬁ¢ét@u\)v/tx4iP%ﬁm7y$%ﬁ
ALTALEW 1 AR LT (Fig. 1(a) ¥, {LEM1VIT=|ETH 7 2 —HEZxRL, IE
FAZZZ DN T v 7 ZART, ANRF 27 THBICEE T (Fig. 1(b), —7F. TOF
% Lo TROEZBEBABEEITEIET2x102em®V s TH Y | FEmA2 1 Kot n A
X 7 DGR RE S 372, Fig. 1R T AFM R Tld, TR S 3 nm R DD
ZEIER SN T2, T OIEOTEEIIAME OFE L BERAH DL LD EEX DD,

Figure 1 (a) Molecular structure of difluoroperylene bisimide derivative 1. (b) Waxy appearance of the

columnar phase of compound 1. (¢) AFM tomography of a spin-coated film of compound 1.

1) M. Funahashi, A. Sonoda, J. Mater. Chem., 22, 25190-25197 (2012).
2) M. Funahashi, A. Sonoda, Phys. Chem. Chem. Phys., 16, 7754-7763 (2014).
3) M. Funahashi, S. Uemura, J. Mol. Lig., 407, 125267-125267 (2024).
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Supramolecular polymorphism in hydrogen bonded merocyanine dyes (' Graduate School of
Engineering, Chiba University, *Azabu High School, > GSC ASCENT program, Chiba
University, *IAAR, Chiba University) OHiroki Hanayama,' Haruto Amano,>* Shiki Yagai*

Electronic properties of dyes and pigments are affected by their aggregation mode, such as
H- and J-aggregation. Merocyanine dyes are known to preferentially form anti-parallel H-
aggregates due to their large dipole moments, making it difficult to realize supramolecular
polymorphism between H- and J-aggregates. To control the stacking manner of merocyanine
dyes, we newly designed a hydrogen-bonding merocyanine incorporating barbituric acid
moiety, which connected with the naphthyl group and alkyl side chains. Upon cooling the dye
in nonpolar solvents, it self-assembled into a nanosheet by stacking a one-dimensional
hydrogen-bonded structure. On the other hand, the dye self-assembled into a nanofiber
structure based on different hydrogen bonding patterns when the THF solution was injected
into non-polar solvents, achieving supramolecular polymorphism in merocyanine dyes.
Keywords :Merocyanine; Self-assembly; Supramolecular polymer; Nanosheet; Hydrogen bond

DTFEREEROEFREBIZ. HEEERE TSGR E Vo TeaG kA RESEZEIN
%) HEa/ ke 126 ﬁtOD%Uﬁ$ BV TR B HE L — A 135 1 D858RO B &

ATHY, B ERFEO M THDH A0 T = ATBGRA-E— A > MISRCOEAT & 72
Dﬂ%ﬁL%QH HMEOEAREZTRIRNICE 2 ', B T2ENRBND Z L3 T

HDH 2, BAIIKEEEEZREHE LA T = OEBMBCES Ik, T, A
ny 7 = OFEERRREZ R CE 2 B2 ZEAREEREAT DUV E Y — L
GAEARY T =L E T AR AMMABEAE R T D1 2T AR LT, ARy T =1
L AR EA SR C—RCIT R LT KBS N F — e Lo TI &/ /v —h
hHZT0, —F. BT THF Z & 7256 TIIKRFERBEIC L 2 IONEERDFHE L
THE2AMWT/ 77A—% 52, Bo12EEER LR,

(a)

OC1zHzs
OC12H25

m@“‘

Figure 1. (a) Chemical structure of hydrogen-bonding merocyanine 1. (b,c) AFM images of
nanosheets (b) and nanofibers (c) formed by 1.

1) F, Wiirthner, Acc. Chem. Res. 2016, 49, 868.

2) S. Yagai et al., Angew. Chem. Int. Ed. 2010, 49, 9990.

3) F. Wiirthner et al., Angew. Chem. Int. Ed. 2023, ¢202314667.

4) S. Yagai et al., Acc. Mater. Res. 2022, 3, 259.
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Effect of Side chains of a supramolecular polymer on its viscoelasticity and hierarchical
structure ('Graduate School of Engineering, Kyoto University, *Graduate School of
Engineering, Tokyo University, *Core Facility Center, Science Tokyo) ONatsumi Fukaya,'
Yufuka Furukawa,' Ren Sato,” Takuya Katashima,? Takashi Kajitani,> Kazunari Sugiyasu'

Supramolecular polymers are an interesting class of materials in terms of their stimuli
responsiveness and self-healing property. In order to create a bulk material from a
supramolecular polymer, it is important to understand and control the interaction between the
supramolecular polymer chains. However, it is difficult to reveal the hierarchical assembly
process of supramolecular polymers on the basis of spectroscopic and microscopic
measurements. In this study, we investigated the relationship between the hierarchical
structures and the side chains of supramolecular polymers through viscoelasticity
measurements.

Keywords : Supramolecular Polymer; Side Chain; Organogels;, Supramolecular Gel;
Viscoelasticity

BT R)~—ZBIbE /) ~—&it LT, n B FEHET I NEREZATDHE
FAZT VXNV EOMBEEZBAT HRF N O TND, SEIFE 7 o K%
FAIAT Z & TEARRE - EHRE 2 T 720, BH AR Y ~—I38S 7 - maTib
FICBTHEMELE LTHERESINTWD, BT RY ~—%2 L 7Rk~ & BT 5
kT, B AR ~—MOMAEREZEML, HET 52 LITEFICEERTH S,

AW TI, B TRY ~—ORIRFHMEICER L, 8o+ ~—MtHEA/ER &
SRR OB DWW T Hc LTz, B/ ~—¢ LT, N7 ==7 I U E2H.L
B E L, DT VX VA E U TEALZFHER BB LU Bss) A LT
(Figure 1a), W OFFEMRY, NT IR TRICROBS R ~—%A L,
FIERBREDOSGER A TT Z LN bho7= (Figure Ib,e) s —7J7, WHRETRMERE D
FERD G, SIS EE OO B HANT 1 )3 i YA 36 K OV I3~ D AR AR I R & 7p 2
BHZDZEPHLMNE TRl AERTIEZOFFMICOWTHRET 5,

a) RO

Figure 1. (a) Chemical structures of monomer B34 and Bss. AFM height images of supramolecular
polymers consisting of (b) Bas4 and (c) Bss and photographs of the corresponding solutions in dodecane.
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Lyotropic Liquid Crystals via Amphiphilic Charge-by-Charge Assembly (College of life
Sciences, Ritsumeikan University) O Yuto Maruyama, Hiromitsu Maeda

Meso-TEG-aryl-substituted porphyrin Au™ complexes with n-electronic anion as

amphiphilic charged m-electronic ion-pairing systems showed ordered assembled structures
depending on the external conditions. In this study, the charge-by-charge assembled
structures of porphyrin Au" complexes via ‘t—'r interactions in the absence and presence of
water were controlled by introducing the hydrophilic aryl groups at the two meso positions.
The PCCp™ ion pair formed lamellar structures, where charge-by-charge-based columns were
arranged in a sheet-like pattern. Furthermore, the lyotropic liquid crystals were observed in
the presence of water.

Keywords : charged m-electronic systems; porphyrin Au™ complexes; ion pairs; amphiphilic
assemblies

TEFREAETAVA ety 7 a7k Tl RV F Lo 7Y a—)L
(TEG) $H72 EDOBKMEREN T hr v —E#EoH EAERT, —F, mErE
FROEEIERIL, BE R R &L EFIREEZHT o061 4 ZfllABabELZ LT
I CE 2, D 2O, #EH LN OTE (oo HEIEH) 23, fifdE = &R
DOFEEEICRE R B2 525, o, BRIV 4 U > Au §5K % Bk b
LIRS TO n BT RA Ao ~T A (BmAEMAE) (ICRIIL, VA o
V' 7S 1 AEHEAKROIEREH G Lz, 2 ARBFJETIX, TEG $HE#RT &
Bra A N2 EPENCEA LRV ¢ U2 AU B PCCp A A7 24 L (Fig.
1) JEDE AR A FIH U7 WBr: » 1R A A 7 OEALHIE 2 MG L=, B
FHXRDIZE Y, BERFEEH T 203 — MRICELE L7 7 A TS 2Bk T 52 &
DR Sz (Fig.2a), 7o, KFETICBWTIU A ey ZiRMMEERE L, fif
Br BT RETO 'nn fHAAERZBESN ) & U2 AIELS ks J OMAISHE K 2 o
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Fig. 1 Fig. 2
N oN (a) absence ofswater (150 °C) (b) presence of water (25 °C)
N J X
ArTEG e NG @ GN 100, e
) “amphiphilic J ".
NC™"CN charge-by-charge . 4 / B i
PCCp- X ¥ = 4 0.66 nw
o'('\/o‘)g ¢ « . / “m‘l"’#
.4"“

ArYEG=—Q—o’f\/°7} "« € . -/ L
g g )7

s o . T

. ne Ui 3
hydrophilic group : TEG \4/\0); ’

1) Haketa, Y.; Yamasumi, K.; Maeda, H. Chem. Soc. Rev. 2023, 52, 7170.
2) Maruyama,Y.; Harano, K.; Kanai, H.; Ishida, Y.; Tanaka, H.; Sugiura, S.; Maeda, H. Angew. Chem.
Int. Ed. 2025, 64, €202415135.
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