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Soft-Crystal Motor Driven by Electron Beam Transmission
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We investigated the electron-beam-driven rotation of the smetic-E (SmE)
liquid crystal (LC) composed of binary mixtures of charge-transferred (CT) LC compounds. Our
experiment revealed that the constituent plate-like achiral LC molecules are alternatively arranged
to form a herringbone lattice in each smectic layer plane, which makes the SmE films chiral under
the normally incident electron beam. The rotational speed of the SmE films is nearly linear to the
amount of the transferred charge between the molecules and also to the electron beam intensity. The

result suggests that the electron beam could perturb the force balance between the CT molecules,
which then gives rise to the non-zero torque to cause the rotation. The system may be used for novel

supramolecular motors.



2
2
(Sm) Sm
4-n-octy-4-cyanobiphenyl 8CB diazene,bis(4-heptylphenyl)
TAB7 1:1 SmE
SmE
SmE
SmE
1 1
8CB  7ABY
SmE
@ SmE
SmE
2
@
8CB  7ABY SmE
(€Y) SmE X
SmE X b
~82 A
SE NATAAN
SHOILIHIE -84 4
SmE a
00 (0 0) SmE
a b
SmE 2 8CB 7AB7
X
(100) (010) 8CB
7Br(4-Bromo-4*-heptyl-biphenyl) 7AB7
SmE X
X 2
@

SmE



1 SmE

50
HOMO  LUMO
(¢)) X 2
20K SmE
X SmE
(100)
a=7.78A b=533Ac=2134 = l 0
a 7 L | s (103)
2 =
100 g~0.76 A~ e
10 £
o ca—
002
7Br  7AB7 . s . .
2 0.4 0.8 12
q (A1)
100
2 2 TBr-7AB7
X 20K
@
SmE 8CB  7Br
4" -n-Octyloxy-4-biphenylcarbonitrile (80CB), 4-hexyl-4-isothiocyanatobiphenyl (6CHS),
4" -pentyl-4-cyclohexylbenzonitrile (5CH) TAB7

diazene,bis(4-heptylphenyl) (9AB9), 4-Butyl-N-(4-methoxybenzylidene)aniline (MBBA) ,
p-[N-(p’ -ethoxybenzylidene)amino]-butylbenzene (EBBA), 4-pentyl-4"-pentylbiphenyl

(5B5) SmE
8CB-7AB7, 80CB-7AB7, 6CHS-7AB7, 5CH-9AB9, 8CB-EBBA, 004 ¢
6CHS-EBBA, 7Br-7AB7, 8CB-MBBA, 8CB-5B5 9
SmE 2 3 2keV
o [ ]
smE 3 %%
1 = °
50 § L4
% 0.024 °
on
SmE s
Z
0.01+4
SmE 100 -
[ ]
[ ]
0 I T T
HOMO 1 ? 3 4
LUMO 2 AE AE (eV)
Sm
okeV SHE HOMO LUMO
AE
3
AE
SmE 2
1 5keV

2 SmE



6

K. Nishiyama, S. Bono, Y. Maruyama, and Y. Tabe, “Direct Observation of Rigid-Body Rotation of
Cholesteric Droplets Subjected to a Temperature Gradient”, J. Phys. Soc. Jpn. 88, 063601 (2019).
DOI: 10.7566/JPSJ.88.063601

S. Takel, E. Matsui, and Y. Tabe, “Unusual Molecular Diffusion in an Induced SmA Phase
Composed of Charge-Transferred Liquid Crystalline Mixtures”, J. Phys. Soc. Jpn. 88, 044602 (2019)
DOI:10.7566/JPSJ.88.044602

S.Bono, Y. Maruyama, and Y. Tabe, “Formation and dynamics of the aggregates of cholesteric
double-twist cylinders”, Soft Matter, 48, 9798 - 9805 (2018).

DOI: 10.1039/C8SM01565A

S. Bono, S. Sato, and Y. Tabe, “Unidirectional rotation of cholesteric droplets driven by UV-light
irradiation”, Soft Matter, 13, 6569-6575 (2017).

DOI: 10.1039/C7SM00982H

S. Sato, S. Bono, and Y. Tabe, “Unidirectional Heat Transport Driven by Rotating Cholesteric
Droplets”, J. Phys. Soc. Jpn. 86, 023601 (2017).

DOI: 10.7566/JPSJ.86.023601

S. Sugisawa, and Y. Tabe, “Induced smectic phases of stoichiometric liquid crystal mixtures”, Soft
Matter, 12, 3103-3109 (2016).

DOI: 10.1039/C6SM 00038J

10
“Rigid-body Rotations of Chiral and Achiral Liquid Crystalline Droplets Driven by
Linear Fluxes”, Soft Matter Physics: from the perspective of the essential heterogeneity, Kyushu
University, Fukuoka, Japan, December 10-12 (2018)
“A thermomechanical coupling in cholesteric liquid crystals”, 13th International Meeting
on Thermodiffusion, Imperial College London, London, U.K. September 11-14 (2018)
, “Photo-induced Response of the Induced Smectic Phase”, 27th International
liquid cryetal conference Kyoto, July 22-27 (2018)
, “Unusual Viscoelastic Properties of Induced Smectic Bubbles”, 27th
Internatlonal liquid crystal conference, Kyoto July 22-27 (2018)

2017 9 6-8
“Unidirectional Rotation of an Achiral Soft Crystal Driven by Low-energy
Electron-beam”, Chirality 2017: ISCD-29, Waseda University, 9-12 July (2017)
. Rotation of Nonchiral Soft Crystal by Electron Beam Irradiation” , The 7th Toyota
RikenWorkshop, CHIRALITY IN SOFT MATTER, Nov. 22-24 (2017)
“ Flow-driven rotations of achiral 2D crystals and chiral nematic droplets embedded in
liquid films”, 26th International Liquid Crystal Conference, Kent, U.S.A. July 31-Aug 5 (2016)

, Rotation of Soft Crystal by Electron-Beam Irradiation”, 26th International
Liquid Crystal Conference, Kent, U.S.A. July 31-Aug 5 (2016)
“ Rotating SmE films under electron beam irradiation” , 8th Japanese-Italian Liquid Crystal
Workshop, Kyoto, July 5-7 (2016)



http://www. f.waseda. jp/tabe/index.html

€y

Shinji Bono

8 60778356

Shin-ya Sugisawa

8 90732743

@



