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Accelerating Dynamic Analysis of Molecules by Electron Microscopy
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Aiming at the visualization of individual molecules and atoms with their
structural transformation or chemical reactions at atomic level, the analytical method and its peripheral
elemental techniques of high-resolution transmission electron microscopy (TEM) has been developed.
Imaging with high temporal resolution enhances the reliability of image quality by applying image
alignment of molecular and atomic positions. Simultaneous analysis of scanning transmission electron
microscopy and electron energy-loss spectroscopy (STEM-EELS) has clarified bonding states of individual
atoms, distinguished different elements and different molecules. In particular, elevated temperature
reduces the transformation of atomic structures, which has realized the acquisition of experimental data
with atomic position and its energy states. Further study by theoretical calculations has verified the
feasibility of the STEM-EELS technique.




1
CCD
0.5Hz 10
1. cco
2.
3.
4.
@
ccd GATAN  Orius
SC200
@
STEM-EELS
®) 4K
773K
(h-BN)  STEM-EELS
* @ ©) h-BN
STEM-EELS
@ cco

CCD

2011
UCSF
10
CCD
512x512pixels 5Hz
(USC)
fps
Gatan Digital
Microscopy Suite (GMS)
script
script GMS
filter
script
(2) TEM
( )
W

o ams , S AARN L
7.0x10*  3.2x10°
electrons nm™

C;oH,RU = bucky ruthenocene
TEM Ru



STEM

TEM

Signal (aw)

EELS

285.5 2019

2. N
STEM-EELS
(@) 1-5

©
EELS

3. armchair
773K
EELS

©)

(3) Fe, Ru

U ) E R )

Y
Energy {eV)

773K (@) ADF  (b)
K EEL
K EEL

(d) DFT

200 300 310
Energy (eV)

2828 2841 2920

J/\.\/m‘\
12 2017
1 28s0
2 2016
2850
1 4

T T T 1

280 280 300 30
Energy (V)
STEM-EELS
(a) ADF  (b)
(©)
Vi
(4K)

2411 PRGN
x10° e/nm?

4. 4K
C,oH,Fe = bucky ferrocene
@ 1-23
TEM (b-c)
© .
i, iv, viii,
i, vii
7

Cretu, O.; Lin, Y.-C.; Koshino, M ;
Tizei, L. H. G,; Liu, Z.; Suenaga, K.,
Structure and Local Chemical
Properties of Boron-Terminated
Tetravacancies in Hexagonal Boron
Nitride. Physical Review Letters 2015,
114, 075502.

Warner, J. H.; Lin, Y.-C.; He, K,;
Koshino, M.; Suenaga, K., Stability
and Spectroscopy of Single Nitrogen




Dopants in Graphene at Elevated
Temperatures. ACS Nano 2014, 8,
11806-11815.

Warner, J. H.; Lin, Y.-C.; He, K,;
Koshino, M.; Suenaga, K., Atomic
Level Spatial Variations of Energy
States Along Graphene Edges. Nano
Letters 2014, 14, 6155-6159.

Tizei, L. H. G,; Liu, Z.; Koshino, M ;
lizumi, Y.; Okazaki, T.; Suenaga, K.,
Single Molecular Spectroscopy:
Identification of Individual Fullerene
Molecules. Physical Review Letters
2014, 113, 185502.

Masanori Koshino, Multiple Reaction
Pathways of Metallofullerenes
Investigated by Transmission Electron
Microscopy. Dalton Transactions 2014,
43, 7359-7365.

Suenaga, K.; Kobayashi, H.; Koshino
M., Core-Level Spectroscopy of Point
Defects in Single Layer H-Bn.
Physical Review Letters 2012, 108,
075501.

Kazu Suenaga, Kotone Akiyama
-Hasegawa, Yoshiko Niimi, Haruka
Kobayashi, Midori Nakamura, Zheng
Liu, Yuta Sato, Masanori Koshino, and
Sumio lijima. Atomic imaging and
spectroscopy of low-dimensional
materials with interrupted
periodicities. J Electron Microsc. 61,
2012, pp. 285-291. DOI:
10.1093/jmicro/dfs054.

2013/9/3

Masanori Koshino, How Can We See
Molecules in Motion and Reaction?
The 2nd Canada-Japan
Nanotechnology Workshop, Tokyo Big
Sight, Japan, 2013/1/29.

Masanori  Koshino. Atomic level
imaging and spectroscopy of nano
materials. AtMol conference series
2012. 2012/9/24. Berlin, Germany.

25 DV-Xa , 2012/8/8,

Koshino. Atomic level
imaging and spectroscopy of
nano-carbon  materials.  Simposia
Metrology & Methodology: Thirteenth
International Conference on the
Science and Application of Nanotubes.

Masanori

2012/6/29, Brisbane, Australia.

. 68
. 2012/5/16,

20117974

Masanori__Koshino, Hiroki Kurata,
Suenaga.

Seiji Isoda, Kazutomo
Molecular Orbital Calculations
Small Graphene-Like Species

Interpret Their Site-Dependent EELS.

International
Computational
Challenges and Tools for Nanotubes.

CCTN11: Seventh
Symposium on

2011/7/15, Cambridge, UK.

Masanori__Koshino, Hiroki Kurata,
Suenaga.

Seiji Isoda, Kazutomo
Molecular Orbital Calculations
Small Graphene-Like Species

Interpret Their Site-Dependent EELS.
NT11 International Conference on the
Science and Application of Nanotubes.

2011/7/12, Cambridge, UK.

1

M. Koshino & K. Suenaga. Motional
Analysis of a Single Organic Molecule by
TEM Using Nanocarbon Materials: Scope
of Atomic Level Imaging and Spectroscopy.
in Imaging and Manipulating Molecular
Orbitals (L. Grill & C. Joachim Eds),

Springer, Sep 2013, ISBN:3642388086.

http://staff.aist_go.jp/m-koshino/



€Y
KOSHINO MASANORI

00505240

@

®



