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Controlling molecular orientation of Stilbene-derivatives by utilizing
one-dimensional nano space: Toward constructing novel wavelength-conversion
devices
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This study performed large-scale quantum chemistry calculations to propose a

strategy for constructing second-order nonlinear optical materials composed by
dimethylaminonitorostilbene (DANS) molecules inside a carbon nanotubes. A key in this strategy is
utilizing of confinement of carbon nanotubes to control molecular orientation and alignment of inner
DANS aggregates. In fact, the theoretical studies revealed potential energy surface of insertion of
DANS molecules, and the activation energy for the insertion process. According to the current
study, one can kinetically control the alignments of the DANS molecules inside a thicker tube whose
diameter is larger than 1 nm, and accordingly one can construct linearly-aligned DANS aggregates,
which can exhibit significant second-order nonlinear properties. The above findings provide an
important step to effectively construct wavelength conversion devices derived from
stilbene-derivatives inside carbon nanotubes.
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Fig.1 Optimized structures for two DANS molecules encapsulated in a nanotube
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Fig.2 Potential energy surfaces of the formation of the formation of (a) 1XDANS@(m.m) where m is 7 or 8. and (b) 2xDANS@(8.8).

Bzls [5]
DANS (Bzly)
. , 123Bzl;, 124Bzls;, 135Bz1;
, 4 Bzl;
(Dthreshold) ’ (D)
AD (AD: Dthreshold - D) 3

} , AD ) (

) ’ Dthreshold BZ I 3 - 3

AD 1.4 Bzl



) , BZ|3
BZ|3

mx Bzls@(m,m)
BZ|3
124Bz1; s
nx 124Bz10(8,8)

, 124Bzl;

DANS

, , SDGs

[1] (a) Yamashita, H.; Yumura, T. J. Phys. Chem. C 2012, 116, 9681. (b) Yumura, T.;
Yamashita, H. J. Phys. Chem. C 2014, 118, 5510.

[2] Cambre, S. et al., Nature Nanotech. 2014, 10, 248.

[3] Yumura, T.; Yamamoto, W. J. Phys. Chem. C 2018, 122, 18151.

[4] Yumura, T.; Miki, R.;Fukuwura, S.; Yamamoto, W. J. Phys. Chem. C 2020, 124, 17836.

[5] Yumura, T.; Fukuura, S.; Miki, R. in preparation.



11 11 0 0

Imoto, H.; Wada, S.; Yumura, T.; Naka, K. 2019

Transition Metal- Catalyzed Direct Arylation of Caged Silsesquioxanes: Substrate Scope and 2019

Mechanistic Study

European Journal of Inorganic Chemistry 2202-2207
DOl

10.1002/ejic.201900126

Sasaki, H.; Imoto, H.; Kitao, T.; Uemura, T.; Yumura, T.; Naka, K. 55

Fluorinated Porous Molecular Crystals: Vapor-Triggered On-Off Switching of Luminescence and 2019

Porosity

Chemical Communication 6487-6490
DOl

10.1039/c9cc02309g

Yumura, T.; Ishikura, M.; Urita, K. 123

Why Interlayer Spacing of Nanopore Carbon Materials Determines the Preferred Solvated States of 2019

Alkaline Cation: A Density Functional Theory Calculation Study

The Journal Physical Chemistry C

21457-21466

DOl
10.1021/acs. jpcc.9b03568

Imoto, H.; Konishi, M.; Nishiyama, S.; Sasaki, H.; Yumura, T. Naka, K. 48
Construction of a Bidentate Arsenic Ligand Library Starting from a Cyclooligoarsine 2019
Chemistry Letters 1312-1315

DOl
10.1246/cl.190540




Yumura Takashi Yamamoto Wataru

122

Kinetic Control in the Alignment of Polar 1t -Conjugated Molecules inside Carbon Nanotubes

2018

The Journal of Physical Chemistry C

18151 18160

DOl
10.1021/acs. jpcc.8b05455

Imoto Hiroaki Fujii Toshiki Tanaka Susumu Yamamoto Shunsuke Mitsuishi Masaya Yumura 20

Takashi Naka Kensuke

As-Heteropentacenes: An Experimental and Computational Study on a Novel Class of Heteroacenes 2018

Organic Letters 5952 5955
DOl

10.1021/acs.orglett.8b02660

Oda Akira Ohkubo Takahiro Yumura Takashi Kobayashi Hisayoshi Kuroda Yasushige 58

Room-Temperature Activation of the C?H Bond in Methane over Terminal Znl1?0xyl Species in an 2018

MFI Zeolite: A Combined Spectroscopic and Computational Study of the Reactive Frontier

Molecular Orbitals and Their Origins

Inorganic Chemistry 327 338
DOl

10.1021/acs. inorgchem.8b02425

Yumura, T.; Miki, R.;Fukuwura, S.; Yamamoto, W. 124

Energetics of Hybrid Structures between Cycloparaphenylene and Carbon Nanotubes: A 2020

Dispersioncorrected Density Functional Theory Study

Journal Physical Chemistry C

17836 17847

DOl
10.1021/acs. jpcc.0c05485




Inaba, R.; Kawashima, I.; Fujii, T.; Yumura, T.; Imoto, H.; Naka, K.

26

Systematic study on catalytic arsa-Wittig reaction

2020

Chemistry A European Journal

13400 13407

DOl
10.1002/chem. 202002792

Sumida, A.; Kobayashi, R.; Yumura, T.; Imoto, H.; Naka, K. 57

Dibenzoarsacrowns: a novel class of heteroatom-fused crown ethers 2021

Chemical Communication 2013 2016
DOl

10.1039/D0CCO7191A

Kobayashi, R.; Yumura, T.; Imoto, H.; Naka, K. 57

Homo- and hetero-metallophilicity-driven synthesis of highly emissive and stimuli- responsive 2021

Au(1)-Cu(l) double salts

Chemical Communication 5382 5385

DOl
10.1039/D1CC01316E

13

2019




Takashi Yumura

Controlling properties of 1t -conjugated molecules inside carbon nanotubes by tuning inner molecular alignments

1st International Symposium of Soft Molecular Activation Research Center (SMARC)

2018
2020
1
Yumura, T.; Ohta, Y.; Yoshizawa, K. 2020
Springer 29

Enzymatic Methane Hydroxylation: sMMO & pMMO: A Review (Chapter 3 in Direct Hydroxylation of
Methane edited by Yoshizawa K.) )

https://ww.hyokadb. jim_kit.ac.jp/profile/ja.16cald7af00e4743f5e4906c77130F8d. html







