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Recent technological innovations in electron microscopy, such as aberration correctors,
high-speed imaging cameras, and continuous sample rotation, have ushered in an era in
which the behavior of individual molecules can be analyzed. In addition to the visual impact
of the images obtained, electron microscopy has become a tool for clarifying the correlation
between molecular structure and function, as well as dynamics and function in materials
science and biological science. In this lecture, I will report on the new paradigms of
molecular electron microscopy opened up by single-molecule atomic-resolution real-time
electron microscopy. Examples will include single-molecule thermodynamics and kinetics
based on ultra-fast imaging of individual molecules and reaction events, in situ structural
and statistical analysis of crystal growth, and the mechanism of organic crystal degradation
in electron diffraction that has long confused people. We would like to reach a chemical
understanding by answering academic questions that have been obscured so far, such as
what we actually see and the essential meaning of what we see in electron microscopy.

\ NaCl
crystal

Selected References

(1) M. Koshino, T. Tanaka, N. Solin, K. Suenaga, H. Isobe, and E. Nakamura, Science, 316,
853 (2007).

(2) E. Nakamura, Acc. Chem. Res., 50, 1281-1292 (2017).

(3) S. Okada, S. Kowashi, L. Schweighauser, K. Yamanouchi, K. Harano, E. Nakamura, J.
Am. Chem. Soc., 139, 18281-18287 (2017).

(4) E. Nakamura, K. Harano, Proc. Jpn Acad., Ser. B, 94, 428-440 (2018).

(5) J. Xing, L. Schweighauser, S. Okada, K. Harano, E. Nakamura, Nat. Commun., 10, 3608
(2019).

© The Chemical Society of Japan - S08-1pm-02 -



S08-1pm-02 The 107st CSJ Annual Meeting

(6) H. Hamada, T. Nakamuro, K. Yamashita, H. Yanagisawa, O. Nureki, M. Kikkawa, K.
Harano, R. Shang, E. Nakamura, Bull. Chem. Soc. Jpn., 93, 776782 (2020).

(7) T. Shimizu, D. Lungerich, J. Stuckner, M. Murayama, K. Harano, E. Nakamura, Bu/l.
Chem. Soc. Jpn.,93, 1079-1085 (2020).

(8) H. Lu, T. Nakamuro, K. Yamashita, H. Yanagisawa, O. Nureki, M. Kikkawa, H. Gao, J.
Tian, R. Shang, E. Nakamura, J. Am. Chem. Soc., 142, 18990-18996 (2020).

(9) T. Nakamuro, M. Sakakibara, H. Nada, K. Harano, E. Nakamura, J. Am. Chem. Soc. doi:
10.1021/jacs.0c12100.

© The Chemical Society of Japan - S08-1pm-02 -



