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Fundamentals and advanced applications of structural analysis by powder X-ray diffraction
(School of Science, Institute of Science Tokyo) OKotaro Fujii

Structure analysis from powder diffraction data is an effective approach to reveal crystal
structure, when single crystals of sufficient size are not available for the laboratory-based X-
ray diffraction. In this talk, the basics and some advanced examples of the structure analysis
from powder diffraction data will be presented.

Keywords : Crystal Structure, Structure Analysis, X-ray Powder Diffraction, Synchrotron
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Atomic Configuration Modeling Using Total Scattering Data and Topology Analysis of Battery
Materials (Faculty of Science and Technology, Tokyo University of Science) (ONaoto Kitamura

Recently, lithium-ion batteries have been used as a power source for vehicles to reduce CO,
emissions, and the development of new electrode materials with excellent electrode properties
and safety has been highly expected. In this study, we focused on TiNb,O7 with a Wadsley—
Roth phase as one of the candidates for negative electrode materials"?. We constructed the
atomic configurations via reverse Monte Carlo (RMC) modeling using synchrotron X-ray and
neutron total scattering data, and analyzed the obtained configurations via topological analysis
based on persistent homology?®. TiNb,O;-based materials were prepared by various preparation
conditions. It was found from discharge/charge cycle tests that the discharge capacity decreased
due to ball milling and increased by heat-treatment after the ball milling. To clarify the
relationship between the negative electrode properties and the atomic configuration, atomic
configurations obtained via RMC modeling were analyzed based on persistent homology. The
results demonstrated that the shape of the lithium ion diffusion path was distorted after the ball
milling, and this structural change had a negative effect on the electrode properties.
Keywords: Negative electrode, Wadsley—Roth phase, Total scattering, Local structure,
Persistent homology
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1) N. Takami, H. Inagaki, Y. Tatebayashi, H. Saruwatari, K. Honda, S. Egusa, J. Power Sources 2013,
244, 469.

2) N. Kitamura, H. Matsubara, K. Kimura, I. Obayashi, Y. Onodera, K. Nakashima, H. Morita, M. Shiga,
Y. Harada, C. Ishibashi, Y. Idemoto, K. Hayashi, NPG Asia Materials 2024, 16, 62.
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Structural Analysis on Micro-Single Crystals of Hydrogen-Bonded Organic Frameworks Using
Synchrotron X-ray Radiation (Graduate School of Engineering Science, Osaka University)
Olchiro Hisaki

Porous organic crystals in which molecules are assembled by reversible intermolecular
interactions such as hydrogen bonding often give single crystals suitable for X-ray structural
analysis. However, low-density hydrogen-bonded organic frameworks (HOFs) with large pores
constructed by expanded organic molecules that do not contain heavy atoms often show weak
diffraction intensities, and therefore, synchrotron radiation is required. The radiation focused
into several micrometers also allows to conduct local structural analysis. In this presentation,
we will show some examples of crystallographic analysis of HOFs using synchrotron radiation
and focused synchrotron radiation.

Keywords : Porous Crystal; Synchrotron Rradiation; X-ray Diffraction; Hydrogen Bond; Single
Crystal

KFERES THTFEDORIT T > MU — 7 §5dh1E Hydrogen-bonded Organic Framework
(HOF) 72 & LI L, ZALEMELE L CHEER S 72T D, oS4 R —F
HEREG RO ATEAME S FUEREE IR & le_C, HOF 1, KFHESFA DU & g
AR 2 P D HEE ALY RTRE T db 2 S0, W — WVEFRBE D fF IR 2 WIHEIC 3 2 WO s itk
WEBERFEETHD, L, ZOMEENER T HMEE LT, #MEHm L ES
NARNGEER, B T2 ERWVEEE 7L — LU — 7 OFIT 4 24 —F—LI=K
OB 12 & A IR E 55\ T2 D YL ORI & C I & s 1o 2 5
REWFT =2 B TERWI R H D, ZO L5 RIGEIT, KAt X SoFIHIX
HEFICHDTH D, X UIRTIEES T TR SN 5 2 FUE HOF o Bk S & gt
I, WIS R XBRE WD Z E THID THLNITHZ R TE ),

Flo. BT T v I ADOMEHEX MR E L~ A 7 v A — FUVIZEN L7OIRIE, Ak
T DA 038 % HOF #&dh O R TSR 2 FIRElc 5, FkxidZhE Tlo, s
MR L7z 2 MEOT T WVER UBREEEOEIS TIRA LI LRk o
HOF (Non-stoichiometric HOF: NS-HOF) DO#§ZE 2 WA LT\ 523, BN T ~ > 4 3tic
£V Z D NS-HOF D HFEFHIZIBNT, 2 DORBIIARE) —ITH0Mm L TWD Z &R
7Y, NS-HOF @ & HIZFEM MR A 2 i~ 2720, FLLOETH Y 23 b
B DR ORI A2 7T NTTA & BTTA % VW TREEEIC NS-HOF BiN-1 % {E5%
L7z, Hi%4y HOF BTTA-1 & NTTA-1 [3ZNENFHVEEAL LU L WEHAELE
RT, 7, Wi & IRA L7z NS-HOF BiNp-1 OHLfSS T, &, [, fk. fkktr
EE¥ e E R LTc, —RLOEAERORHMNE)— 2@ ez mT8H6 b biud, &
I K o TEICOP BB R 5 RE— @) % LOT 5L H 5, BiEm e A

© The Chemical Society of Japan - [G]3201-2am-03 -



[G]3201-2am-03 BALES B1055FES (2025)

TEBAROL /e KOG L2 e X MRS K 2 RATSIEART 24TV JeEE) &
il IS IS K OMHRR ORI Z T S8z LTc Y, AR TIE, 2o k5%, Lk
e X2 V72 HOF o Bt i i i AT (S HE R 2 29 0 BB 2 /i 9%,

CTPE

HOF CTPE-1 ) HOF ThiaT-1 HOF BPEx-1

Figure 1. Crystal structures of carboxylic acid-based HOFs (a) CTPE-1, (b) ThiaHAT-1, and (c) BPEx-
1, composed of expanded pi-conjugated molecules. (Inset) Photo of single crystal.
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Figure 2. (a) NS-HOF (BrNt-1) composed of NTTA and BTTA with a composition of y : y—1. (b)
Single crystals showing nonhomogeneous fluorescence under UV light. The local structures and
compositions were determined by SCXRD analysis using focused synchrotron X-ray radiation.

1) Y. Suzuki, M. Gutiérrez, S. Tanaka, E. Gomez, N. Tohnai, N. Yasuda, N. Matubayasi, A. Douhal, 1.
Hisaki, Chem. Sci. 2021, 12, 9607.

2) M. Yamaguchi, M. d. 1. H. Tomas, A. Fujiwara, R. Oketani, K. Okubo, K. Oka, N. Tohnai, A. Douhal,
1. Hisaki, Bull. Chem. Soc. J. 2024, 97, uoae004.

3) H. Yoshimura, R. Oketani, M. Naruoka, N. Tohnai, I. Hisaki, Precis. Chem. 2024, 2, 221.

4) T. Hashimoto, R. Oketani, M. Nobuoka, S. Seki, 1. Hisaki, Angew. Chem. Int. Ed. 2023, 62,
€202215836.

5) T.Hashimoto, M. d. I. H. Tomas, R. Oketani, B. Cohen, M. Naruoka, N. Tohnai, A. Douhal, I. Hisaki,
Angew. Chem. Int. Ed. in press. DOI: 10.1002/anie.202419992.
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Protein Microcrystal Engineering for Observing Invisible Structures ('School of Life Science
and Technology, *ASMat, Institute of Science Tokyo) OTakafumi Ueno' 2

We have developed a technique capable of determining the structures of chemical reaction
intermediates, which were previously considered difficult to capture, with high resolution. The
key feature of this research lies in constructing an environment within protein crystals that
allows for real-time tracking of target reactions at the atomic level through protein crystal
engineering. Using this composite crystal, we successfully tracked the reactions of metal
complexes in detail at the atomic level through time-resolved serial femtosecond
crystallography (TR-SFX).  Specifically, the synthetic metal complex Mn(CO)s was
immobilized within the pores of hen egg-white lysozyme (HEWL) crystals and irradiated light
to induce Mn—CO bond cleavage. This enabled us to capture multiple intermediates involved
in the dissociation process of CO. By establishing this approach, the scope of chemical
reactions observable via TR-SFX was expanded from natural enzymatic reactions to artificial
molecular reactions. These findings demonstrate the potential of protein crystal engineering for
detailed structural analysis of reaction intermediates and provide a new exploration method for
understanding enzymatic systems and designing novel catalytic systems.

Keywords : TR-SFX; Protein microcrystal; In-cell crystal; Organometallic complex
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1) B. Maity, et al., Nat. Commun., 15, 5518 (2024). DOI:10.1038/s41467-024-49814-9

2) M. Kojima, et. al, Proc. Natl. Acad. Sci. USA, 121, e2322452121 (2024).
DOI:10.1073/pnas.2322452121

3) M. Kojima, et al., Biomater. Sci., 11, 1350-1357 (2023). DOI:10.1039/D2BMO01759H

4) B. Maity, et al., Nat. Commun., §,14820 (2017). DOI:10.1038/ncomms 14820
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Reaction distribution analysis of all-solid-state batteries by confocal X-ray diffraction method
and its extension to high time-resolution reaction mechanism analysis using pink-beam X-ray
(‘Office of Institutional Advancement and Communications, Kyoto University) OSo Fujinami'

Confocal X-ray diffraction (XRD) is a technique that can investigate the depth distributions
of the periodic structures of materials. The author has employed the technique with a
synchrotron light source to investigate the reaction distribution of electrodes in all-solid-state
lithium ion batteries (LIB) being charged/discharged. The author introduces the recent progress.

The author also introduces a method currently being developed, which uses pink beam
(quasi-monochromatic beam) and achieves much higher time-resolution than the conventional
methods. Fig.1 shows the transition of the XRD patterns at the three different positions in the
negative electrode of a LIB being charged. The peaks correspond to the periodic distance
between grapheme layers; the depth distribution of the distance caused by lithium insertion are
visualized. 800
Keywords : Confocal X-ray diffraction, reaction
mechanism, all-solid-state batteries
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