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Design of structure and electronic properties of organic molecules have been achieved through organic synthesis.
On the other hand, connection of such unique structure and assemblies to unique novel function is still difficult, especially
in dynamic molecular assembly. Utilization of molecular motion in the assembly could develop new functional organic
material.

Herein, we introduce our recent work on unique functional organic materials based on molecular motion in the
condensed phases. Rotation of one-dimensional amide hydrogen-bonding chain of arenealkylamide derivatives in
response to external electric field afforded ferroelectricity. Collective and anisotropic molecular motion of twisted 7
molecule induced mechanical force in response to external heating (thermosalience).

A variety of molecular motions is possible in organic molecules, which has different mode of motions and
activation energies. With consideration of such factors, materials with new function could be proposed through the
assemblies of molecules with appropriate arrangement and degree of freedom of molecular motion. Coupling molecular
motion with its electronic, photophysical properties in the assemblies could develop new multifunctional organic
molecular materials.

Keywords: Molecular motion, Ferroelectricity, Thermosalient Effect.
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Fig.1 Our concept to develop functional organic assembly
based on molecular motion.
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Fig.2 (a) P-E curves of BAAs. (b) Dipole inversion in the 1D
N-He++O=C hydrogen-bonding interaction by the application of
E along the m-stacking column. (c) Different rotatability of
amide units in the assemblies of Ci4-3BC and Ci4-4BC to
determine their ferroelectricity. Figures are modified with
permission from ref 20. Copyright 2014 American Chemical
Society.
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Fig.3 (a) Molecular structure of C14-PTA. (b) Organogel of C14-
PTA in hexane under visible light (left), and UV light (right), at
365 nm. (c) Absorption (left scale) and fluorescence (right scale)
spectra of Cis-PTA in CHCIls. Concentration-dependent
fluorescence spectra were measured from 5 x 107 M (blue) to 5
x 107 M (red), with an excitation wavelength of 315 nm. Figures
are adapted with permission from ref 23. Copyright 2015
American Chemical Society.
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Fig.4 (a) Temperature-dependent dielectric (&1) response (left)
and frequent-dependent P-E hysteresis (measured at 390 K) of
C14-PTA (right). (b) Carrier transport properties of C14-PTA in
Coln mesophase (measured at 300 K) (c) Mechanism of
ferroelectricity and local electric field (Ewc) to affect I-V
characteristics of C14-PTA. Figures are modified with permission
from ref 23. Copyright 2015 American Chemical Society.
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Fig.5 (a) Dynamic behavior of Cn-CN-Acr in solution. (b)
Molecular structure of Cn-Acr and Cn-CN-Acr.
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Table 1 Classification of Crystals Cu-Acr and C,-CN-Acr
according to thermosalient properties and temperature-
dependent anisotropic expansion of the unit cell. The table is
reprinted from ref. 34. Copyright 2016 Wiley-VCH Verlag
GmbH & Co. KGaA.

Compd TER TDAE/!
Ci-Acr No NAF!
Ca-Acr Yes (~390 K) Yes
Cs-Acr No NAcl
Cs-Acr No Yes
Cs-Acr No NAF!
Ci-CN-Acr Yes (~473 K) Yes
C2-CN-Acr Yes (~473 K) Yes
C3-CN-Acr No NAlcl
CsCN-Acr Yes (~453 K) Yes
Cs-CN-Acr No Yes
C¢-CN-Acr No Yes

[a] TE: Thermosalient -effect.

[b] TDAE: Temperature-

dependent anisotropic expansion of the unit cell. [c] NA: Not
examined.
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Fig.6 Temperature-dependent crystal structure of jumping-active
crystal C4-CN-Acr. (a) Crystal-structure of Cis-CN-Acr. (b)
Temperature-dependent anisotropic change of unit cell size of Cq-
CN-Acr. (c¢) Molecular packing of jumping-active C4-CN-Acr
(left) and jumping-inactive C3-CN-Acr (right) to determine their
crystal jumping activity. Collective molecular motion along the
stacking of C4-CN-Acr induced its crystal jumping whereas that is
prohibited in C3-CN-Acr due to its inappropriate stacking fashion.
Figures are modified from ref. 34. Copyright 2016 Wiley-VCH
Verlag GmbH & Co. KGaA.
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L HERTHY, TAWESHEE L EOBLENG, T
RN TR TON T D FHEAKRTH 5, 3539 4
FMARFEAFHAEERICE Y B E WAL EN 2 A
T 5L L BT, HEROERNES THY, X ik
WERATIZ XD, ZOERBEENH LN TE IFERD
%, Z® HOF fElcEH T A2 &C, a7y 1oiEH
P& fER IR ST D e N T H AL,
DLEOHEMND, XA T I 7 ARYFFTE 29N
20 EEEZ AT 5 o BT RIEAEW2,3]ThTCA 22572
% HOF %%t L7= (Fig.7),% % 7[2,3]ThTCA Ok
DOrBETRIL, Vet rZT hTxr (COT) I
B7et ABIRERE 2R U, IR B ISy 1 I lin % 328
T 5,3 COT =272 HOF Z ik S ¥ 5 KkERKE2=
b &L THARFVVEEZSFMER < 4JEA LILE
W2,3]TATCA W TH—FH U = MEFROER %

Tetrathienylene
a7 DEE)

Fig.7 Structural features of tetra[2,3]thienylenetetracarboxylic
acid [2,3]ThTCA. (a) Molecular structure of [2,3]ThTCA. (b)
Flipping/fluctuation motion of the central tetra[2,3]thienylene
core (X) of [2,3]ThTCA could serve to induce bulk mechanical
force in supramolecular assemblies. (c) Our strategy to construct
thermally stable molecular-motion-driven thermo-responsive
molecular crystal with [2,3]ThTCA. Symmetric connection of a
saddle-shape central 7 unit of [2,3]ThTCA could lead to robust
dimensional supramolecular assemblies. Figures are modified
from ref. 37. Copyright 2019 Wiley-VCH Verlag GmbH & Co.
KGaA.
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Fig.8 Crystal structure of HOF [2,3]ThTCA-(THF)1s. (a)
ORTEP drawing of [2,3]ThTCA. (b) Plot of relative energies of
[2,3]ThTCA and tetrathienylene (X) against the bend angle
(B3LYP/6-31G*). (c) The diamondoid structure formed by
hydrogen bonding assembly of [2,3]ThTCA. (d) The six-
membered ring substructure of [2,3]ThTCA. (e) Six-fold
interpenetration assemblies of the diamondoid structure to form
the HOF assembly of [2,3]ThTCA. Figures are modified from
ref. 37. Copyright 2019 Wiley-VCH Verlag GmbH & Co.
KGaA.

ATz, U], Fox RO SFRETH AR LI EA
SN TEOREEIT> TV, ZHTITEATE
TEMEIE A AT 25 HOF I3/ bR D272, 19 — 75, mixtFrk
THIVRF I IVEEE A LUT2[2,3]ThTCA % AW 7=Matns
O, IR T LI THF 226 B & 1T 9 Z & T HOF #i&
TR LT B S B v,

HAEA X RAEEART O E S, [2,3]ThTCA 1Tk &<
Praveh 23 o 72 % MgliE (P> COT BRI T Zif
#4:34.39,32.05°) L CHY (Fig.8(a)), KD 4->DH
IVRF UV T R TS 50 T & VAR U BKER S
BA =% LTz, 6 DOV FARS T3 KERHEE
WL VBRI GEEZER L, ThONE Iy FRIKEES
THEfETHZ LT, ¥AYEY NIROAKZEFEERY hT—
72X W HOF #i&E#IEAk L Tz (Fig.8(c), (d)) . FIE A
ORFED BN T HIKFEHE A THFE SN TN DT,
D 6 53FH 672 DB LR I TEAE < BROE
£:22.1A. 23.6A), TNBFAYEY K3y hT—7 i
DEWRFREICKMENTW 2, ZORAHOEWS A ¥
U Rxy MU= #E (2547A) 13, STl e HIC
HHEBEAN L2 =— 7 REREIEZIERT 5 2 & 23 iR
AUTZ FESR, a T IS 1 ROTOWEMET v r /L L [2,3]ThATCA
SF O n FEEHEESIEAR LTz (Fig.8(e)), THF F v X%

-
—



100

(@ ® |
©
VT HDRHE
hn#k

Force to Jump

HOFD &L

L el |
5> @&

LF

»

HOF [2,3]ThTCASTHF

JVOBTTHREIL 5.6 AX9.8A TH Y, FEdLEARICK LT 354%
DZERRTH o 7=, £72, [2,3]ThTCA 45 F D a #iin - 7=
T A XU N, i TR e Y —E Y = bR
BE2RTINEA D 4T Ca-CN-Acr D4y T4/ &R L
Tk (Fig.6(c)), /7 FHEEBICE S —EF U= MR
DORBNPEFTE S,

WO &V [2,3 ThTCAHOF # i3, Ca-CN-Acr i
fb & LRl U CRWEVZEME (iR >330°C) &R LTz,
FERONIENT, T ¥ RV OB 1 % BB <
52 ENBER (TG) HIEN OGRS, R,
T ORiEERIZ HOF MESHERF SN D Z &8, HERE
XRD JIEFR & OGS X A ERAT ) DD Dz,
Z O HOF #3i& D Na 36 & TN COx W A5 S8R AR 1T MR 1 7 T Y
O FEZFEEE R L, RER 465m? ¢!, ZEAL652A D
ZHIETHDZ ERENT,

[2,3]ThTCAHOF #&gh & MBS 5 LBy Y 735
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Fig.9 Crystal jumping behavior of HOF [2,3]ThTCA-(THF)i5 and its mechanism. (a) The crystal jumping behavior of HOF
[2,3]ThTCA-(THF)15 under polarized optical microscope condition. (b) TG chart of [2,3]ThTCA-(THF):s with its jumping
temperature. (c) Molecular mechanism of the crystal jumping of HOF [2,3] ThTCA-(THF):.s. (top) Significant change in the molecular
structure of the tetra[2,3]thienylene &t core from [2,3] ThTCA-(THF)1 .5 (before jumping) to HOF [2,3] ThTCA-(H20) (after jumping);
(bottom) Cooperative molecular motion of [2,3]ThTCA triggered by the removal of THF produced mechanical force for crystal
jumping. Figures are modified from ref. 37. Copyright 2019 Wiley-VCH Verlag GmbH & Co. KGaA.
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