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Preface

Joint Symposium on Materials Integration and Advanced Materials Characterization
- Practical Data Repository and Fusion of Materials Characterization with Informatics -
(2nd Workshop on Informatics in Advanced Measurements)
(Advanced Measurement and Characterization Symposium 2018)

Daisuke Fujita'*, Yuko Nagano'*
! Executive Vice President, National Institute for Materials Science
2 Director, Research Center for Advanced Measurement and Characterization
3 Director, Research and Services Division of Materials Data and Integrated System

Measurement technology is called "Mother of Science". Indeed, it can be said that innovative
discoveries and inventions in the field of science and technology have been born of new
measurement technology. Likewise, in materials research, cutting-edge measurement and
characterization technology will accelerate the creation of innovation. Meanwhile, with the
increase in processing speed and storage capacity of computers, advanced characterization
instruments in recent years are becoming a system that generates substantial amounts of
multidimensional data at extremely high throughput. Along with diversification of
measurement and increase of data size, advanced data analysis processing based on information
science (informatics) is required.

The symposium provides a stage for presenting the up-to-date advanced material
characterization and the progress of data utilization in NIMS and elsewhere. Oral presentations
will take up the precedent cases of using informatics in advanced materials characterization and
share global trends in data management in the present massive data era. Especially the sharing
of data will give you an overview of the development of experimental data repository aiming
at reduction of research cost, acceleration of materials development, and minimization of
unutilized data. In the poster session, the achievements of research and development promoted
by " Development of Advanced Characterization Key Technologies to Accelerate Materials
Innovation" project of NIMS seven-year term plan and NIMS Research and Services Division
of Materials Data and Integrated System will be presented.

We also provide a forum for industry and academic researchers and engineers to interact. We
invite you to participate in this symposium on cutting edge information science and
measurement technology which is the key technology of research and development and expect
active exchange of opinions and discussion.

Topics:
(1) Advanced characterization based on informatics processing
(2) High-speed analysis of massive data such as images and movies, etc.
(3) Construction and use of data repository system
(4) Materials development using data science
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P1
Predict Material IMFP Using Machine Learning ................................................
X. Liu, Z.F. Hou, Z.J. Ding, B. Da

P2

EFE—LER-BEEETIVY -MROCHLBHERL:

ELEMEDEED RIFEILTIRAR - vvrrererrerrrrrearra i
Unraveling structure of glass, liquid, and amorphous materials by a combination

of experiments, structure modelling, and topological analyses

INEFFF BB MRER. KM—F, BREX, BHRUE. FTHEBE

P3
2ERE MM HEAROMEEZBIRITITIFILX AVITAITAIRADRYES --vveeeee-

Materials Informatics for Acceleration of Development of All-Solid—State Battery Materials
HE #E. /K 2B 2F B REEOTW —ER. L

P4
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Liquid electrolyte materials search for secondary batteries by informatics technique

MILEKXRES. E+REEE. Az, RILEX, MBHEA. EILER

P5
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Eﬂﬁ Lf:ﬁfﬁ{fﬁ ﬂ%*j-*;”;%% ...............................................................
High throughput screening of novel thermal management and thermoelectric materials

by a combinatorial sputtering method combined with materials informatics

BBEER. EAREF. R

P6

Efficient high thermal conductive polymer design with Bayesian inference========x==r==r==x==:
Stephen WU, Yukiko KONDO, Masa—aki KAKIMOTO, Isao KUWAJIMA, Guillaume LAMBARD,
Kenta HONGO, Yibin XU, Ryo YOSHIDA Junko MORIKAWA

P7
T—3T59r I+ —Ltoi— MET—2FERADORHD NIMS [CHTE55ER -

Materials Data Platform Center: A new strategy in NIMS for Data utilizations and applications

BHESE TIEH F —H NRSHE HFAHEE SKHET FRR

P8
B DB ERIEESET TR YTPRISE - oovvvrerrrrerrerra

Representation and Learning for Materials Structure: software development

2lig, MU=, FTER

P9
Monte Carlo Tree Search with Bayesian Rollout for Materials Design===-=x=x====r=r=rmrrureren-
Thaer M. Dieb, Zhufeng Hou, Koji Tsuda

P10
9Cr—1Mo-V-Nb B R ZFZMF OV —THMHFR PR IaL—as oo

Prediction of creep rupture time by creep damage analysis in 9Cr-1Mo—V-Nb steel welds
INERRE, HIRIER, HAHEE, LIGKRE, B2

P11

;—Qﬂﬁéilﬁﬁﬁbf: Mod.9-1 ﬁﬁ':;ﬁ”—égu_j’m}ﬁw$iﬂ“ ..............................
Creep Curve Prediction of Mod.91 Steel in Data Scientific Approach

FEEFCE, HHHE, BFER AKB— BREA
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Descriptor selection on inherent creep strength of carbon steel by exhaustive search

RIFiEth, F LS HMHE ARE— ABEA, ILWGKE

P13

EEEBRARSURF /S AEDBIRE RG] e
Development of surface—sensitive operando nanoscale analysis techniques

and their application to the characterization of advanced materials

Bt

P14
Characterization of carbon dioxide surface structures on gold by simultaneous STM and AFM
Oleksandr Stetsovych, Tomoko K. Shimizu and Oscar Custance

P15

Characterization of meso—dibenzoporphycene using simultaneous

STM and AFM measurements .....................................................................
Tomoko K. Shimizu, Oleksandr Stesovych, Oscar Custance

P16

r't;jJEljjm SPM O)Fﬁ% ...........................................................................
Development of scanning probe microscopy for characterizing surfaces

under the application of tensile/compressive stress

EiREST. O. Custance., BEH KX

P17

ZRBRREICSTIERGETIRTORRELRTFEBECEYMEADEH -
Development of an electron transport measurement technique under multi—-dimensional
extreme conditions and its application to superconducting monoatomic layers

NERE. 5F BN —/8 B

P18

Operando Visualization of Li Distribution and Electrical Potential Distribution

in A"_Solid_State LIB ...........................................................................
Hideki Masuda, Nobuyuki Ishida, Yoichiro Ogata, Daigo Ito, Daisuke Fujita

P19

AN LTV BEWERICEDIRAT RO P RBEMD ZREF BB v
Observation of Secondary Electron Images of Perovskite Solar Cell

using Helium lon Microscope

BEH EEF.BHF BB EH RKE.HKE X0

P20

EFBRAYY LAAVEBESRADF /A—YEBHEDEA oo
Application of the NanoSuit Method to Scanning Helium Ion Microscopy

RAEEF.KHFEF. BBBAXT

P21
New applications for ultra—high brightness LaB6 nanowire cathode ==*========r===s=rrereranss
Han Zhang, Jie Tang, Lu—chang Qin

P22
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Measurement of molecular interactions on cellular membranes.
= e ot
BEFA

P23

Fe/W(1 10)5@“0)35‘/&@3@&*“1@[,1’: 02 q&%%sﬁ ....................................
Spin— and alignment—controlled 02 chemisorption on Fe/W(110)

BiEi
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Observation of Graphene on Ni(110) with Spin—Polarized Low Energy Electron Microscopy

BARE. AR B2, 28 Sic. IR ROEA K0, RII BX. ) Z8

P25
Time evolution of hydrogen permeation through grain boundary in stainless steel ====x====--*
N. Mivauch1, T. Iwasawa, Y. Murase, S. Takagi, A. N. Itakura

P26

Development of hydrogen gas sensor based on membrane—type

stress sensor (MSS) technology ..................................................................
Taro Yakabe, Gaku Imamura, Genki Yoshikawa, Akiko Itakura

P27

XAFS BT BI1T 2R FEELO B  DBEET I EZEHLLV R FREORE
Mathematization of atomic scattering in XAFS analysis:

Determination of atomic distance without using physical model

BHES

P28

B USSR E A= R R0 X BER DR oo,
Trial for X-ray diffraction analysis of multicomponent crystal

with unsupervised machine learning

BHES

P29

Development of integrated chip for high—speed data recording

and transmission using topological reduction of big data ==r=x====r=r=rmrmrrerarrniaaannea
Martin Timms, Anirban Bandyopadhyay

P30

Designing fusion of dielectric & cavity resonator based

ultra_low Vibrational atomic resolution SENSOr """ " "TttteteesssssEesazsssEsssEssEesnEEsEERanEes
Pushpendra Singh, Kanad Ray, Daisuke Fujita, Anirban Bandyopadhyay

P31
Time crystal based information processing technology for building advanced materials -**-*-
Komal Saxena, Soami Daya Krishnanda, Daisuke Fujita, Anirban Bandyopadhyay

P32
FEES R RI=E (AR B AT DBAZR TG v rrvrrrerrererrrmrrnrrarrnnanes

Information separation techniques for surface chemical analyses
EE:X:)

P33
iE%hT:ﬁﬁ%ﬁﬁﬁﬁ@T:&)dﬁﬁEﬁﬁﬁ'ﬁﬁﬁﬁ || R T e R TR T

Ultrafast spectroscopy on buried semiconductor heterointerfaces Il

BRI

P34
Data_dr.iven analysis measurement technique ................................................
B. Da, Z.F. Hou, J. W. Liu, H. Yoshikawa, S. Tanuma

P35

EI*)bﬁ_ﬁﬁgﬁg REELS %Ewﬁﬁ ......................................................
Introduction to high energy resolution REELS appratus

[REZEZ, Bo Da, &JI|%E 4t
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P36

BIEAEAFNE —LA—CRESHFRIDHTIZ&S HFO2/Si BMRDSHT -rrrrerrerrreeees
Auger depth profiling analysis of HfO2/Si specimen using an ultra low

angle incidence ion beam

IRESS, REAESL, F)IEH

P37
Active Shirley SEZEo7= XPS RARIMLBMBEDEEUE T ILTY XLDFER --vvrrevreereens

Development of the automated algorithm of the peak separation of XPS spectra
by the active Shirley method

B BEE. T R AL RPN AL Sh#t Brh Ex.EFR —#

P38
1 ;Ri’ 2 ;xi§+5ﬂll7_"_90)§$§’lﬁiﬂ .........................................................

Present status of 1- and 2— dimension measurement data registry in DPFC, MaDIS
EﬁilE;}L\T REET REFE WREWN BREGE, SHFX KAXER, BHKIERE,
=PIEx

P39

AT —EDETE IA—TYRSITER oo
Trial concept of measurement data registry format in DPFC, MaDIS

RE &F. oW S50 K8 Mo, Xk =5, 5K EE, F)I| EH

P40
ﬁﬁﬁ%w%%-l-iﬂ“;’iw Fﬁ%&l*)b;\ﬁ‘_*z*q/\wmm ....................................

Development of in situ characterization techniques for energy materilas

IRHEEth

P41
EEEEREETEMEONRLS /T ORI R oo

Advanced Electron Microscopy for High—Sensitivity and In—Situ Material Characterization

AEER

P42

IREFEQ—LYEMEEICSIBABMBED Y T/ RYT—IVAA—DUG rreeee
Sub—nanoscale imaging of magnetic fine structures using aberration—corrected

Lorentz microscopy

RAHER. KEER]. FERIEE. 11O M

P43
RUZ—IWKBERDORITEILN I« X L RERICEDBEBERRDBLED TR -vevveveeeeee

Experimental estimation of liquid—liquid critical point for the polyol aqueous solutions
wmARAER

P44
K& EDS #H 38 & Virtual pivot holder DA B hEIZKHPEDREIAHOMLE T -

Improvement of effective solid angle using virtual—-pivot holder and large EDS detector II

HAIE. AKEH

P45
Fﬁngﬁ)bﬁﬁﬁWd-/:/_l“o)ﬁkE&ﬁm ...................................................

Growth and characterization of topological insulator nanosheets

FHE

P46

STEM-ADF f%o)i%%-ﬁﬂ“(:;é:;ﬂiﬁﬂwﬁg*ﬁﬁﬁgﬁ .................................
Stacking Structure Analysis of Two—dimensional Materials

Using Quantitative Annular Dark-Field Imaging

TN, AEEE
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P47

Egiﬁﬁﬂ'gﬁﬁi;ﬁj—éﬁpﬁgq STM-AFM c/xj—_Ao) Eﬁ% .................................
Development of Light Illumination STM—-AFM System combined

with Fine Wavelength—-Tunable Light Source

=HIF

P48
YSZ(1 oo)gﬁw,rj-y&lx%;ﬁpﬁgq%gwﬁg ..........................................

Observation of the effects of ion and electron beams irradiation on YSZ (100) thin films

HERF

P49
In—situ TEM observation of the interaction among the oxides promoted by electron irradiation
Nobuhiro Ishikawa

P50
In—situ observation of graphene etching by catalytic nanoparticles ======x=r======rerererneres

BAEF. MEl

P51
Development of 4D-Scanning confocal electron microscopy (SCEM)  =rrrrrresessnrrrsenanns.
Masaki Takeguchi, Takumu Hamaoka, Ayako Hashimoto, and Kazutaka Mitsuishi

P52

ELS iAIC&YIA—ILFRTU—THRLIz A HSARBEARGEDAD= X LFRYT oo
Reveal the mechanisms of interfacial reaction between Al and glass formed

with cold spray by EELS

Minghui Song, Hiroshi Arak1, Seiji Kuroda, Kazuhiko Sakaki

P53
Detection limit of Lattice Constant Deviation from a Selected—Area Diffraction Map =*-"-*
K. Mitsuishi, R. Bekarevich, T. Ohnishi, F. Uesugi, M. Takeguchi Y. Inaguma, T. Ohno, K. Takada

P54

HHIEE A NMR B & USRS WIS RIICER T 2B MBAREE A v
Development and applications of solid—state NMR and optical properties

characterization at high fields

AK 8

P55

BEERARIMLEIZE DS RIEME T —RMERHT e,
Mobility Spectrum Analysis for high—field Magneto—Transport data
in Semiconductor devices

S B H

P56
AF VTN RSN Z BT ST DY AJARAD IR -ooeeerrerrreeereeeeeees

Cyclotron resonance on the ion—gel—-gated bilayer graphene

MingER. SPRE. S FER. BREH. sHES. BEEEEH

P57

gﬁmi%'?a'*\ybﬁﬁ% ...........................................................................
Development of high field magnets

WAER

P58
Terahertz Cyclotron resonance in AlGaN/GaN hetrostructures =:=:==r==xr=ssrerrrmsrranreanns
Dickson KINDOLE, Y. Imnaka ,K. Takehana , M. Sumiya, L. Sang

P59

947 AL MAS TO—TERNV=RARFIELLD 43Ca TR «wrveeeererrrrrrrseseeeseeeeees
Natural abundance 43Ca MAS—-NMR study by using the cryo—coill MAS probe

& E#HE. FKE, KEFH. FRFR. MEEHE
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P60
gﬁm%{* NMR jn_j":jsﬁ-égiﬁﬁo) Eﬁ% ..........................................

DeveloprPents of some probe components for high magnetic field solid—state NMR
mIFT. KK BEK E. R ER

P61

ARSI TAMEEZ LW :ZnGeN2-GaN D NMR [k B ¥ 592 E— 3> -
NMR Characterization of Quaternary Wurtzitic Nitrides in the System ZnGeN2-GaN
REMRZ. AFAEZE. BK 14

P62
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Development of generation and control techniques for hyperpolarization in semiconductors

& . ImETER. KK EBLUAK 8

P63

BT E— LS OB LD A S R—S U DI oeeeeeeereeeseseseees
Acceleration of advanced materials innnovation by development

of quantum beam technologies

JtiE%E

P64

TOF-SIMS (:J:é SI/A| ﬁﬁ-@o)ﬁﬁﬂﬁﬂﬁ%@ﬁiﬂ“ .......................................
Observation of interface melting in the Si/Al interface by TOF-SIMS

Hideaki Kitazawa, Norimichi Watanabe, Jakub Szabelewsk, Hiroaki Mamiya, Daisuke Fujita

P65
XI:O> 3/2 ﬁgﬁmﬁﬁgﬁwﬁ RCrGeO5 a)mﬁmﬁ .......................................

Magnetic excitations in antiferromagnetic alternating spin—3/2 chain compounds RCrGeO5

RA/IER., XAET—E. £ B, fHER. )12 X, BEE ., FHRE—. AFS

P66
Uq'rb-L\’fT):;k%ﬂﬂIE*Eiﬁ%E Li2MnO3 @ﬁ%*ﬁﬁ ....................................

Crystal structure of Li2MnO3 cathode material for lithium—ion batteries

e Aok e

IR 5

P67
SR /R3O DBBPIEF S HTEDBAFE - wovoeeereemeroeenenees

Development of transmission neutron spectroscopy for advanced materials innnovation

=LA

P68

El:T:jJ'F¢ﬁ?@?ﬁ£5ﬁ(:&67)b9‘71ﬂ4710)ﬁ3’€ ....................................
Study of multiferroic materials by high pressure neutron diffraction experiment

F A 4. Navid Qureshi, Laurent C. Chapon, Dmitry D. Khalyavin, Pascal Manuel. & EE£[&

P69

HTHRAE S P R3Pd20X6 (R = La, Ce: X = Si, Ge)l=HFBTvR)2 5T D

P T BT R BB v v verrrr e r e
Observation of rattling in cage—structured compounds R3Pd20X6

Naohito Tsujii, Hideaki Kitazawa, Melanie J Kirkham2, Ashfia Huq

P70
FKATETR DBRTEIE T DARAT v vvrerrererererr s

Theoretical analysis of ferromagnetic resonance of permanent magnets

FaEFIEIE

P71

Informatics—aided Confocal Raman Microscopy for 3D StressCharacterization

in opaque Materials ..............................................................................
Hongxin Wang, Han Zhang, Bo Da, Motoki Shiga, Hideaki Kitazawa, Daisuke Fujita
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P72

Refractory plasmonics: Evaluation of the nonlinear optical parameters

of TiN thin ﬁlm and TiN/PVA nanocomposite ...................................................
Rodrigo SATO, Satoshi ISHII, Tadaaki NAGAO, Masanobu NAITO, Yoshihiko TAKEDA

P73
Third—order nonlinearity in double—plasmonic resonance Au nanorod/PVA composite *-*-*
Rodrigo SATO, Joel HENZIE, Masanobu NAITO, Yoshihiko TAKEDA

P74
Optical Nonlinearity and Transient Response of Fullerene Compounds ====x=r=r===srererereese
Kejun LI, Rodrigo SATO, Hiroaki MAMIYA, Takatsugu WAKAHARA, Yoshihiko TAKEDA

P75

Optical nonlinearity and quantization of Au hanomaterials ======r=r===srerermrmermrernanenas
Boyi ZHANG, Rodrigo SATO, Hiroaki MAMIYA, Keiji OYOSHI, Mykhailo CHUNDAK,

Masato OHNUMA, Yoshihiko TAKEDA

P76

Study on photo—excitation dynamics of semiconductor nanocrystals (quantum dots)

With Ultrafast transient Optical response .........................................................
Elghool Kholoud, Sato Rodrigo, Naoto Shirahata, Takeda Yoshihiko

P77

RUSTeFLUF/EBEREET /HFONAT)YRIEERIME ST e
Structural control and optical properties of hybridized nanotube composed

of polydiacetylene nanostructure and gold nanoparticles

fRFBEHESRE ., Sato Rodrigo, /MNEFFFIEE. KERE. RIJIEK

P78
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Material modification utlizing swift heavy ion irradiation

— Comparison with 6 MeV C60+ Cluster lon Irradiation —

WE &
P79

B B A L A M E S DEEEERER - vvrrerrerrerrr e
Direct Imaging of Carboxymethyl Cellulose—mediated Aggregation of Bacteria

Using Dark—field Microscopy

hEFE.EH B, FERE—

P80

Investigation of stacking fault density of fcc Ru nanoparticles

using high energy powder X—I’ay diffraction ......................................................
Okkyun Seo, Osami Sakata, Jae Myung Kim,Satoshi Hiroi, Chulho Song, L. S. R. Kumara,

Koji Ohara, Shun Dekura, Kohei Kusada, Hirokazu Kobayashi, Hiroshi Kitagawa

P81

Electronic states of a nanoparticle/MOF composite revealed by HAXPES and XANES ------
Yanna Chen, Osami Sakata, Loku Singgappulige Rosantha Kumara, Anli Yang,

Chulho Song, Yusuke Nanba, Michihisa Koyama, Hirokazu Kobayash3, Hiroshi Kitagawa

P82

KABEENHDASADEE
_£E§.*ﬁiﬁ:Ej—-’Upg“.,{_:/xj—-quk:En:)‘_iﬁﬁb\f:ﬁ*ﬁ. ..............................
Structure of permanently densified silica glass revealed by a combination
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Deep learning in mass spectrometry imaging data

Spencer A. Thomas!, Alex Dexter!, Rory T. Steven', Adam J. Taylor, Rasmus Havelund',
Jean-Luc Vorng!, Josephine Bunch'? and Ian S. Gilmore'
' NiCE-MSI, National Physical Laboratory, 2 Imperial College London

spencer.thomas@npl.co.uk

The ability of mass spectrometry imaging (MSI) techniques to capture the spatial distribution and chemical
identity of unlabeled molecules has made them increasingly important in a wide range of research areas,
including biological sciences, pharmaceutical research, and material characterisation. Experimental and
technological advances have led to an increase in complexity and throughput of MSI data, through
innovations such as the world leading 3D OrbiSIMS instrument at NPL [1]. The unique capabilities of the
3D OrbiSIMS instrument in mass spectrometry and imaging experiments also introduce significant
computational analysis challenges, through increased data volume and complexity, to the development of
robust data integration methods. Large consortium projects involving multi-modal longitudinal studies such
as the NPL lead $20m CRUK grand challenge project [2,3] compound these issues by introducing additional
sources of variance. Deep learning has been introduced as a powerful and memory-efficient technique in MSI
data analysis such as in the areas of segmentation and classification [4,5]. We present the uses of deep learning
in MSI data in a wide range of applications including data from the 3DOrbiSIMS instrument and CRUK
grand challenge project. We demonstrate that deep learning can reduce the current bottlenecks and extend
the horizons of MSI data analysis leading to new insights. We also present traceable deep learning in MSI

and the transferability of our deep networks to unseen data providing comparability across datasets.

References

[1] M. K. Passarelli et al, Nature Methods,
14(12):1175-1183, 2017

[2] J. Bunch et al,

http://www.cancerresearchuk.org/funding-for-

researchers/how-we-deliver-research/grand-

challenge-award/funded-teams-bunch
[3] J. Bunchetal,
http://www.npl.co.uk/grandchallenge/

[4] S.A. Thomas et al., IEEE SSCI, 2016, pp. 1-7. Figure 1. Illustration of the uses of deep learning
[5] S.A. Thomas et al., IEEE SSCI, 2017, pp. 1-8. in mass spectrometry imaging data
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Managing Petabytes of Experimental Data at Diamond Light Source
Mark Basham!
! Diamond Light Source, UK

mark.basham@diamond.ac.uk

1. Introduction

Diamond Light Source is the UK’s national synchrotron facility, currently housing over 30 photon
beamlines and 2 Electron Microscopy facilities EBIC and EPSIC. As such, Diamond collects between 20
and 50 Terrabytes of data daily when in operation. Since operations started, Diamond has now collected
over 11 Petabytes of data, all of which is available to users through an archiving system. Dealing with these

quantities of data effectively is complex, and requires specialized personnel, hardware and software.

2. Personnel

Several groups are responcible for the different elements in the managing the data collected at Diamond.
The controls group deal with the low-level device drivers, getting data off detectors in a standardized way if
possible. The Data Acquisition group write the user interface for the scientists to conduct experiments
using these detectors. The Data Analysis group write software to processes the raw data collected and
visualize it where required. Finally, the Scientific Computing group provide the computing infrastructure

such as network, cluster and storage infrastructures required to run all the software.

3. Hardware

Diamond has a high capacity network infrastructure, and over 4 Petabytes of high performance file
system for data collection and processing. A cluster with around 2000 CPU cores and 100 GPU cards is
available for processing tasks and connected with infiniband to the central storage. There is also a tape

storage system for long-term storage of all data once it has been collected.

4. Software

A diverse selection of software projects are used to collect, process and store data. Where possible the
software is open source, and includes projects such as EPICS for hardware control, openGDA for data
acquisition, DAWN for data processing, ISPyB for information management and ICAT for management of

the data archive.

5. Conclusion
Although Diamond successfully collects Petabytes of data every year, this requires the combined efforts

of many people, and significant hardware and software to achieve.
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Autonomous Materials Research Systems: Phase Mapping

A. Gilad Kusne!~, Brian DeCost!, Jason Hattrick-Simpers!, Apurva Mehta?, Ichiro Takeuchi?
! Materials Measurement Science Division, National Institute of Standards & Technology, Gaithersburg
MD, % Materials Science & Engineering Dept., University of Maryland, College Park MD, * Stanford
Synchrotron Radiation Lightsource, SLAC National Accelerator Laboratory, Menlo Park CA

aaron.kusne@nist.gov

Abstract: The last few decades have seen significant advancements in materials research tools, allowing
researchers to rapidly synthesis and characterize large numbers of samples - a major step toward high-
throughput materials discovery. Machine learning has been tasked to aid in converting the collected materials
property data into actionable knowledge, and more recently it has been used to assist in experiment design.
In this talk we demonstrate the next step in machine learning for materials research - an autonomous materials
measurement system. The software system controls X-ray diffraction measurement systems both in the lab
and at the beamline to identify phase maps from composition spreads with a minimum number of
measurements. The algorithm also capitalizes on prior knowledge in the form of physics theory and external
databases, both theory-based and experiment-based, to more rapidly hone in on the optimal results. Materials
of interest include Fe-Ga-Pd, TiO2-Sn02-ZnO, and Mn-Ni-Ge.
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Application of multivariate analysis and machine learning to chemical imaging and
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TRATHFRIR — kA A EBHT (TOF-SIMS) 13, Ar 77 F AR =12 EOEKT T ALX—AF 2D
AL o T, B AEREI O 3RTTA A=Y U 7B ARE DL 22 | & HIZUTHE T, Orbital

ion trapping (2 X2 EHESITOX T LEE
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ENNEETH > 72 “IRA F o B—7 & IEHE
WIRIETES X912 o7, LL, FD—
HTELNDLERN T T EIHARE 2D,
RN L < 725 WOl s &5, TOF-
SIMS Tld, #kx Ry FNORET LT T 7
AV M T OERDENDIZD, AT
RV DFEIRAEE L & D FRBEDLLRTD B
Hol-, BESWEHDOIIEL | L7 BT Y
X G-SIMSV 72 ED Z~LT R VR IE DS
FIZE > T LRTL Y H5EMEIZ TOF-SIMS A
X7 MNPRERTE DL LD IToTed, F
2% OMFRIIRS CTlriZe <. HEMNORFSE
FAZIIFH D EE LS B2, TOF-SIMS
X, bo L bBARITFA A=V T FiE
TlddH %73, TOF-SIMS |2 k> TE LI
WMAFELEFITIEB EHE T RN E NS
RN -S> TV D, T, AFKRTIE, Z
AUE T TOF-SIMS 7 —# OfEFUZIGEH S 1
T&E T —2BTEIC OV TE o b
T, SBRORBLELFEIOWTHLRET D,

BE W

spectrum of a pixel
(a sample)
| | |

Lightning

|

component 1

Fig. 1 Concept of MVA for TOF-SIMS data

Huge number of data

MACHINE TRAINED
LEARNING PROGRAM
PROGRAM e

All peaks are identified

(molecular and fragment ions)
(qualitative & quantitative analysis)

1) Alternative database (anyone can understand)
2) Interpretation of extremely complex data (images and spectra)

Data sets for learning (universal data format)
€ Huge number of appropriate data from all over the world

Fig. 2 Machine learning for spectrum analysis

1) IanS. Gilmore, 050819-1 J. Vac. Sci. Technol., A 31(5), Sep/Oct 2013

2) Y. Yokoyama, T. Kawashima, M. Ohkawa, H. Twai, S. Aoyagi, Surf. Interface Anal., 47, 439 (2015).
3) S.Aoyagi, I.S. Gilmore, I. Mihara, Y. Takeguchi, I. W.Fletcher, M.P.Seah, Rappid Commun.
Mass Spectrom. 26, 2815 (2012).
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Development of multidimensional X-ray imaging system using synchrotron soft X-rays
accelerated by machine learning
JKATIEA ' AR ERYERR 2, Z2 R 2 &)1 584 !
'NIMS Sl BHENTATFEILA, * AIST BEREMEL = B o T — 2 a AT VA UiigEt v 2 —
NAGAMURA.Naoka@nims.go.jp

1. 1ZC®IZ

B X #r e 7 m—7 & LIe Tz s v, RES HEIRMIERE DM Bz vy, G oo & 5 fif
RE(RFRE - 25« =3 LX) HRMICED ST D, T2 & VRIS T —F O E)N
R E720 | WERDOFIETIEMRHI DBV ON L WEENMEEIND, 1 A=V THfO—>T
HDHBEIH T, WD 2 Wot~ > B ZI2A, WS FMOHT. T3, AZEEIERN8 5
17947 FIE, BREEZ LDRESENELZ —XUATH [ZReA A—T 7| BA[EET
bD, BEMIMEE+ /T A —ZFHHATH LI KPR MT—X @m0l L, 2%
A 72 IR O FBhT & T 5 B M DWW TR T 5,

2. FEEFRNETHEMSE3D nano-ESCA”

R ARS8 13 X AP ETTHER LT
AEHZIRE Lo Bl 2 £ S THBEB DD 2 K
JeA A= TEITH FIETH D, AESMETHRITE
HNEFTFTIAY—%HBATHI LT, A7 MO
N A A RN S | IR CIRS F M OfES -
BEAREBOMOHEOND, LIS BT 5 i OE
JEEINBERS 2 0 2 T AT > FRIE % AIEEIZ L7273D
nano-ESCA”#£#[1]% . SPring-8 @ BLO7LSU TR L

Fo TREEALTANY MAVF—2 BB LTS, K1 BRODEE AT R AT

3. ¥ A~ OREE O REORSH

3D nano-ESCA TlE, LB IHONEANT MERET D720, ()b FT 7 b DOZERGA %
BT DR - it~ v B 7 (2)Fermi GO FRAOE{L A K LIz Rk L F—2 7 hD
2RI MBI T DRT v v~y BT O2 EOERPEOND, EH 6 bEHERIC
BT, fitting T TARZ MLV ORST 3 EEE B D Y — 7 O T XL X —EFE ZAT O LB
HDH, 2L~ v BT T TH 100 £(X) X100 £(Y)T 1 HARD AT KL% fitting 5 Z &1
725 (% 1), B OF7 — &2 I IIFAMEATHIR F O T N Y AL EREHTES2]E&E %
LD, BEORT Uy~ B T OE, AT MEBRT 2O NEEINTE D
TGS LTI 7 A= O3 AF—EAHEE L2 < TXR B RV, IR RS
EERT LT —HrO7 e y—TREZEMET LVE L TR, @YRETASMEZEHT 5
T, mRXX =T NORIERIA ERRB IR EALRIET DAY MLv BT T — A
BB /e = kL X — B — 7 AR OENTRE R A R TR oD,

HE T, FA TV E BARA72 3D nano-ESCA OF — X OE NS, T — Z NIV 5 4%
FRT LAY K5O HEHER RICOWTHEm T 2 TETH D,
2Z3#k 1) K. Horiba et al., Rev. Sci. Instrum., 82 (2011) 113701.

2) M. Shiga et al., Ultramicroscopy, 170 (2016) 43.
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Feature extraction from magnetic domain image using persistent homology
ANREAN D, IHEEE Y, SRR, SRRKEN !, KA, SERifpE 2
VHORERLR, 2R RE: AIMR, °MI2I-NIMS, 4 BEGF AIP &0 & —
kotsugi@rs.tus.ac.jp

PR, THFWEE LRV 2 B S UG smE BN OB Z NER(L L TR Y . WEMEHTHE S
NG A AL T 2N IC R E RERBEE > TV D, MBI OMRBIZZ A FEDIES
AR T 2 EERERETH DM, 0 RotD~ 7 T RE 2 Mg E & s CRERL S L= 2 kot
TH & BEfH T D 2 MR 720 . IRBEIFRHT O T IEGRIIRTEMES L S LTV, & 2 AR
BT =27y bAEr Y- ZEXKEEICEHAT S L & BI2, ERDOHT(PCA)IC &
LT E FEEOHT 5 2 & T RENICTHF ST 2R FO Rk E R ATz, S—T AT bk
Fr YIS T — 2 ORI FERE SR TE 57210 T <,

BERED DS T — Z ~ O W EMNT 8T A D DB R ERFFETH
Do FRICE = FRIX TR, BEXIECREBETZ R I AR — A AL &
NDZ M, R DITICAEZ TRWINE B X T,

FEERClI Kerr BAfEE 2 AW T YIG U —% » b BREShEIE Z 1) E
L. BB 72 RIS XA & £ 7= (Fig. 1a), RIZ/S— AT > bk
FToV—%Z#EAL, /=27 FMX(PD)% 1Bk L 7= (Fig.1b), PD
DR & MRl TR I3 1T D ZBEEDRA LIEBE TN ENER LT
BY ., HEHEOT — X LEOILED O IEBEIXNE O AR — V% Kb L7z
NABATFIE R TH D
PD D Z M2 RGES 2 72 ML 3[R — CRUIRAIRIE D 72 54
B DREIXAEE & AT L 7=, 7] S 4072 PD IEHEEHIC B DR %

BNERLEZ LD, BMEEEOFTR & LTHHATHDLZ &
Nbho Tz, WIT, BEXHEER X OV PD OISR 2 54 L
7o & DORER, BeXMEE O RZE(IZ > T PD b b3 2
DEENDHER S I RO E = 713G LTPD H =
T LHZERAGNERY RESOFTBRTE L THRRZ ER
Lo,
IHIZPCA L RXR—=V AT v MARER Y —Z A EDZ LT,
5577 D S BLIK 7 O Wi hT % ik AT, #35 PD I PCA %A L
RGN T 53 % PD Zfilit L. % D% birth/death position | & >
THRIXAE G ISt 2~ vy B 7 Lz (Fig o). &6 7-mEET
VNS B IS O f& I P I I — B L TR Y, BE= 70T
WHTDHRET — A EEOHN ORI LT &b, REED
W TIE, B R X — L REZ R L X — D AR L T
D ERBEINDTD, PRI O SR 1 O "R LT & L THIfF
PRI D Fig.1: a) Kerr BAfEE T H 41
[1] Edelsbrunner, et. al., Discrete and Comput. Geom., 28, 511, (2002). TG . b) BEXAE G D

[2] Obayashi et al. arXiv:1706.10082 ERL S 7= PD [X. ¢) PD [X] &
PCA 7> 5 JE DRGIX A 1S | 2 3 iR
Br U 7= 5
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Approaches to analyze data acquired by recent (S)TEM
EREXE! BREE, A RRER L AR
I'NIMS
e-mail address: UESUGI.Fumihiko@nims.go.jp

1. 1ICBIZ

P, (S) TEM OFENE L. INZEMIESRORIGIT K 522 M fFae D 1721 T2 <, TEM
WATRE 2 IEMR oM EHE Lo Z. BARRYITIE CMOS & o ¥—% V7o @l Cand
DIABFIREIR I A T DG ZNEFIET S CPU O@#bE A ML —VORERLIZLE D LD
Thbd. TNOENEEROFEIZL Y Fxr BEIGTE DT —F ORIIKIR & AN TRBICH 2 72
EELS X° EDS D A7 T LT —Z 213 T, HHEBOKSHENE 2 kIt Diffraction pattern
EREICBEGTED L)ooz, ZOX I L TS TE =T — Z 1380 i I3 507 2 b
72D TANEBRNEHENWBENT L TWeD TIE, b o2n. poTibo b7 —2 R
O EOELTWER, SN T T — X2 CE e TR TLE D RUICR STV D.

2 CHRXIIZEEMNT O F1ED—>TH5H ALS-MCR (Alternating Least Square - Multivariate
Curve resolution; fz/N " He-Z 28 A7 MVoE) & W TCREIZESSG LT — & Oft 2787 T
W5, AT NT AT —H2F T, K&EIZES L7z Diffraction pattern 07— & OFEHTIZ-DOU
THx ORBERETD.

2. FHik
o E LT TFZ T — e AW, BEIEEEE FEI #EH Titan cubed 2 AV, AN
7B/ 80kV (2T Diffraction pattern % 100x100=10,000 s B3 L7=. 1 4024729 0.05 0 CTHUS L7=.

3. MR

ALS-MCR (2 & - THfif LIz RO —E 2[4
WRT. B{ETF & ) 2— @D Monolayer D
HUZIERMEBFAE L, U L 0 VEBER o # 7
% Diffraction pattern #1554 5. HELL TW5
ARy NOAEIZSDWTIEEKFELTHY, =
NOENRLY G- TNDHEWVD & AMTIZZED
FEEBET 2 Z LITANFATRETH 5. ALS-MCR
EHWCHZETH 1 oL IZEFENTWD
Diffraction pattern & & FUZxfIsd 2 EIG % KD
HIENTET.

23 R
1) J.-H. Wang et al., Anal. Chimi. Acta 476,
93-109, (2003)

K 1 ALS-MCR 2 & o> THyfi# L 7=
Diffraction pattern (_E%) & % @ Diffraction
pattern D534 (FE%)
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Statistical machine learning for spectrum data analysis
BT 2

DR 2 BEA R A < & 3T
shiga m@gifu-u.ac.jp
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F—HBENERTH D012, HEEE OIS F— 2 iro Ak 2ENns. 25
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WaEHEMAREETET ML LEEN =D, 28T A N v 7 27 7 ua—FTh DI85 ik % H
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3. BAHUARAETNVED 3D T~ U DIART MAVOo R

T < A A= TR B A OAUE, B L7 W EE oV B S O F m 72 TR L,
WEDOHLEHDIEZ LIZART " A—VFHIITE 53], Lol s, FBICERZRKY
SHA SN2 AT MIVICIZBEET DD A7 AL DOS BN EEN TS0, G220
FEMBNT D Lo T MRITRE R A B ATREMEN D B ABFZETIE, v AREMEB L OER O
MIERIRGET VEMRE L, EEOETORA 2 BBRE M A7 M EHEET 5 L% B3
L7z, W URAREEMZTMEIOFZRT — % 2R L, ZOaMEE2RGE L. AREIL, ¥
B - MBI O Wang 18136 KON Zhang i+ 5 & OHLRIBIZEIC L DR TH D

ZE IR
1) Shiga M., et al., Ultramicroscopy, 170, 43-59, 2016.
2) Shiga M., et al., Trans. of MRSJ, 41(4), 333-336, 2016.
3) Dieing, T.Hollricher, O.Toporski, Confocal Raman Microscopy, Springer, 2010.
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Coherent X-ray Magnetic Imaging Utilizing Sparse Phase Retrieval Algorithm
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Data-centric repository in open science

Mikiko Tanifuji
Materials Data Platform Center (DPFC),
Research and Services Division of Materials Data and Integrated System (MaDIS),
National Institute for Materials Science

Email: Tanifuji.mikiko@nims.go.jp

Abstract: The National Institute of Materials Science (NIMS), Japan, plans to develop a national repository
for research data in the domain of materials science, to facilitate the capture, management, preservation,
'discoverability' and, most importantly, the use of this data. As an important component of this, we intend to
develop standardized vocabularies of metadata terms in order to describe and catalogue research data so that
it may be discovered and used. Repository systems are evolving with the growing importance of data as a
first-order research output. Individual repository system suppliers are working to meet the new challenges
associated with this change in emphasis, and the repository community is actively considering the future of
the systems it manages. Prominent in this is the recent work of the Coalition of Open Access Repositories
(COAR) and its Next Generation Repositories Working Group, which is developing a vision for the future of
such systems. NIMS has been following these developments, and now intends to develop a national 'next
generation repository' to manage its research data.

KEYWORDS: data-driven repository, discoverability, automation metadata, NLP, visualizations

Fig.1. Concept of next generation data repository. (By ANTLEAF)
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Predict Material IMFP Using Machine Learning
X. Liu'2, Z.F. Hou!, Z.J. Ding?, B. Da!"
I'NIMS, Japan 2USTC, China
e-mail DA.Bo@nims.go.jp

Introduction

Inelastic mean free path (IMFP) is an index of how far an electon on average travels through a solid
before losing energy, which is of fundamental importance for electron-based surface analysis techniques
such as SEM, XPS and AES. In detail, IMFP is one of the most effective parameter to describe inelastic
scattering of the detected signal electrons in AES and XPS, especially the primary electrons in AES. The
IMFPs could be calculated from experimental optical data using the Penn’s algorithm for energies above 10
eV. Generally, these calculated IMFPs could be fitted to a so-called TPP-2m equation [1], i.e. a modified
form of the Bethe equation, for simply prediction. This TPP-2m equation can be used to predict IMFP of
new materials at electron energies above 50 eV, using basic material-dependent parameters such as density,
Fermi energy and so on.

However, the TPP-2m can not work for low energy electrons generally below 50 eV. In this work, we
plan to employ machine learning to estimate IMFP instead of TPP-2m equation (Fig. 1). The machine
learning method is quite suitable for such prediction problem and could be easily extended into low energy
range even below 10 eV. Another advantage of using machine learning is the model determined by machine
learning could be easily modified when new IMFP data are available. Here an example of IMFP predicted

by TPP-2m and our machine learning model is given as in Fig. 2, in which GPR model was adopted.

Figure 1. Using machine learning to instead TPP-2m equation

Figure 2. Initial results and advances using machine learning
References
1) S. Tanuma, C.J. Powell, D. R. Penn, Surface and Interface Analysis, 43, 689 (2011).
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1. Introduction

In this study, our goal is to automatically search for high thermal conductive polymers by taking
advantage of the PoLyInfo database V. The core of our framework is to perform inverse material design by
combining Bayesian machine learning methods and a chemical language model 2.
2. Methods

By the Bayes’ Theorem, the posterior distribution P(S|Y), where P(.) is a probability function, S is a new
material candidate and Y is the set of material properties defined by the user, can be calculated as a product
of a likelihood function P(Y|S) and a prior P(S). The prior represents a material space of interest without
any constraints on the material properties, and the likelihood is the probability of getting the desired
material properties given a material. The prior would be all the homopolymers and Y shall be some high
glass transition and melting temperature, speculating the potential correlation between these temperatures
and the thermal conductivity. The likelihood function
in igspr 2 is constructed by a machine learning model.
3. Results

For the prior model wused for generating
“homopolymer-like” molecules, we used all of the
14,424 homopolymers available in the PoLyInfo
database for training. Figure 1 shows snapshots of the
molecules  generation process, with an R
implementation using the SMARTS and SMILES
chemical language along with the rcdk package ¥ for
accessing the function groups # of homopolymers.

Considering the synthesis and processing abilities, Figure 1. Evolution of homopolymer design of
high glass transition and melting temperature using

additional likelihood model was introduced, and the o .
igspr. Orange dots denote the training data in

proposed new polymer has been actually synthesized. ~ PoLyInfo, and blue circles denote generated
References homopolymers with radius proportional to the
prediction uncertainty.

1) PoLylInfo, http://polymer.nims.go.jp/index_en.html,

2) H.lkebata, K.Hongo, T.Isomura, R.Maezono, R.Yoshida, “Bayesian molecular design with a chemical
language model”, Journal of computer-aided molecular design, 31(2017), 4:379-391.

3) R.Guha, “Chemical Informatics Functionality in R”, Journal of Statistical Software, 18(2007), 5.

4) D.W.van Krevelen, “Properties of Polymers”, 3rd Ed., Elsevier Science, Amsterdam (1990).
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1. Introduction

Materials design process is often represented as a black-box function f(x) optimization problem. In this
research, we propose a scalable informatics-based experimental design approach for optimal atom
assignment in a material structure by utilizing Monte Carlo tree search (MCTS) [1] with Bayesian learning
[2]. The source code is freely available at https://github.com/tsudalab/MDTS.

2. Method

The MCTS is an iterative, guided-random best-first search method that models the search space as a
shallow tree. Each node of the tree represents an assignment of an atom of certain type into a position in the
structure. At the beginning, only the root node exists. Within a predetermined number of required experiments,
the tree grows gradually in an iterative manner. Each iteration consists of 4 steps: Selection, Expansion,
Simulation, and Backpropagation. In the Selection step, the tree is traversed from root to a leaf node following
the child with the best score (children are scored using several methods, most commonly Upper Confidence
Bound (UCB) [1]). In Expansion step, children are generated under the selected node. The simulation step
checks the merit of the new children by evaluating a full solution obtained at each child using experiment or
simulation. Finally, the Backpropagation step updates the node information back to the root. A new iteration
then begins.

We use Bayesian learning to obtain full solution from a shallow tree. Bayesian optimization methods
maintain a surrogate model of f(x), most commonly, Gaussian process (GP) [3]. A pool of candidate is
generated where each data point represents a full structure. GP starts with an initial set of randomly selected
data points from the pool. GP is updated as more data points are observed. An acquisition function is, then,
used to determine where to query f(x) by quantifying how promising a data point is using both predicted

value and prediction uncertainty (Figure. 1).

Selection Expansion Simulation Backpropagation

References ©. © (o)
b ® @
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2) Figure 1. MCTS with Bayesian rollout for materials design

Expected optimal

Snoek J, Larochelle H, Adams R. Practical Bayesian optimization of machine learning algorithms. Adv
Neural Inf Process Syst. 2012;2951-2959.
3) Rasmussen C. E. and Williams C. K. I., Gaussian Processes for Machine Learning (MIT Press, 2006).
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Fig.1 Finite element model of welds
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Creep Curve Prediction of Mod.91 Steel in Data Scientific Approach
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Advance in Creep and Fracture of 20 1.00 0.00
Engineering Materials and Structure. 923 80 1.00 0.00
Pineridge Press;1982. P. 135-184. 70 1.00 0.00
3) Evans RW, Wilshire B. Creep of Metals 30 1.00 0.00

and Alloys. The Institute of Metals; 1985. )
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Descriptor selection on inherent creep strength of carbon steel by exhaustive search
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1) K. Kimura, H. Kushima, K.Yagi and C.Tanaka: Tetsu-to-Hagané 81 (1995) 757-762.
2) EEMEHEAGEHT ) — T T =42 —Nh, 7B (1992).
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Development of surface-sensitive operando nanoscale analysis techniques
and their application to the characterization of advanced materials
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1) Ishida et al., Joule 2 (2018) 1
2) Miyauchi, Itakura et al., Scripta Materialia 144 (2018) 69.
3) Uchihashi et al., Nano Lett. 17 (2017) 2287.
4) Ueta, Kurahashi, Ang. Chem. Int. Ed. 56 (2017) 4174; J. Chem. Phys., 147 (2017) 194705.
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Characterization of carbon dioxide surface structures on gold by simultaneous
STM and AFM

Oleksandr Stetsovych!?, Tomoko K. Shimizu!** and Oscar Custance'
! National Institute for Materials Science (NIMS), 1-2-1 Sengen, 305-0047 Tsukuba, Japan, 2 Institute of
Physics of the CAS, Cukrovarnicka 10, 162 00 Prague 6, Czech Republic, 3 JST-PRESTO, Japan
CUSTANCE.oscar@nims.go.jp

Understanding the interaction of carbon dioxide (CO,) with different surfaces is pivotal to engineer
strategies for effective CO» capture and reduction protocols in an attempt to remediate global warming
caused by greenhouse gasses.

In this presentation, we clarify the adsorption of CO, molecules on a model gold surface by means of
simultaneous scanning tunneling microscopy (STM) and atomic force microscopy (AFM) operated at
cryogenic temperatures. Surface CO, molecular structures were produced by cryogenic condensation using
either one-dimensional metal organic chains as precursors for an initial CO, growth or intrinsic active sites
of the bare surface. Functionalized AFM probes provide unprecedented high-resolution images of the CO,
structures that contrast with previous observations based on a STM characterization alone. Our approach
allows us to discern the binding configuration of the CO, as well as the nature of the different defects found
at the CO, molecular structures, and confirms the outstanding potential offered by the simultaneous

combination of STM and AFM for the characterization of surface systems.
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Characterization of meso-dibenzoporphycene using
simultaneous STM and AFM measurements

Tomoko K. Shimizu'?, Oleksandr Stesovych!, Oscar Custance!
! Nanomechanics Group, NIMS, 2 JST-PRESTO, 3 Czech Academy of Sciences
SHIMIZU.Tomoko@nims.go.jp

Porphycene is a structural isomer of porphyrin that shows improved light absorption in the visible region
and forms stronger hydrogen bonds in the molecular cavity than porphyrin. Two benzene moieties can be
fused at ethylene-bridged positions of porphycene, producing meso-dibenzoporphycene (mDBPc), which
exhibits further delocalization of the m-electrons and thus absorption in the infrared region. It has been
reported that the cis tautomeric form becomes the ground state of mDBPc, in contrast to all the other
porphycene derivatives whose most stable form is the trans configuration. [1]

Here we report experimental investigations of mDBPc adsorbed on Ag(111) and NaCl thin films formed
on Ag(111). Our study aims to obtain insights into the stability of the isomers and hydrogen dynamics,
having as reference previous studies of porphycene [2-4]. By combining scanning tunneling microscopy
(STM) and frequency modulation atomic force microscopy (AFM) using KolibriSensor™, we show that
the adsorption of mDBPc on NaCl films substantially differs from the one on Ag(111). On Ag(111) the
mDBPc appears asymmetric along the long molecular axis: one side of the molecule is brighter than the
other in STM channel and two pyrol rings become faint in the intramolecular resolution AFM images. On
the NaCl films, in addition to similar asymmetric appearance, we also found the molecule with symmetric
appearance. Difference arises from the orientation of the molecule with respect to the NaCl lattice.

Additionally, we found that it is possible to induce
flipping of the bright side of the molecule by injecting  (a) (b)
tunneling electrons at the porphycene ring, which is O G O 0
similar to the previously reported cis to cis
tautomerizaiton of porphycene on Cu(110) [2,4]. We trans cis
will address the role of the substrate on governing the

molecular reactions with both experiments and theory.

References

1) K. Oohora et al., Angew. Chem. Int. Ed. 54
(2015) 6227-6230.

2) T. Kumagai, et al., Nat. Chem. 6 (2014) 41-46.
3) J. Ladenthin, et al., Nat. Chem. 8 (2016)
935-940.
4) J. Ladenthin, et al., ACS Nano 9 (2015)
7287-7295.

Figure 1. Molecular structures of trans (a) and
cis (b) tautomeric forms of mDBPc. Constant
height STM (c and e) and AFM (d and f) images
of before (c and d) and after (e and f) flipping by
a voltage pulse.
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Development of scanning probe microscopy for characterizing surfaces under the
application of tensile/compressive stress
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Operando Visualization of Li Distribution and Electrical Potential
Distribution in All-Solid-State LIB
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Introduction

All-solid-state type Li-ion batteries (ASS LIB) are promised to be the next-generation energy storage
devices for the advantages of high densification, capacity enlargement, and satisfying safety demand. One
of the remaining issues is low power densities caused by high ionic resistivity at the interfaces between
electrode active materials and solid electrolytes (SE). For a breakthrough on this point, novel in situ
techniques for measuring the distribution of the internal electrical potential and Li ion concentration of LIB
cells are strongly required. We have so far developed a technique to observe the electrical potential change
arising from the LIB charging by in situ cross-sectional Kelvin probe force microscopy (KPFM) V. It was
suggested that depletion of Li ions from SE occurs in the cathode composite region. However, it is still
unclear whether Li ions are actually extracted from the SE. In this work, we used a time-of-flight secondary
ion mass spectrometry (ToF-SIMS) to directly detect the Li distribution at the cross-section of cathode
composite electrode. Then we compared with the potential distribution observed by frequency modulation
(FM)-KPFM.

Results & Discussion

We performed the measurements at the same
position on the cross-section of a cathode composite
electrode region before and after the 1st charging.
Fig. 1(a) shows a schematic of the cross-section of
our sample. We used composite-type cathode
electrode constructed from LiCoPO4 (LCP) as the
cathode active material, LijxAlTi>x(POs)s (LATP)
as SE, and Pd as conductive additive. Fig. 1(b)
shows the elemental map measured by ToF-SIMS
before the charging. The RGB colors stand for Li,
Co, and Ti, respectively. Therefore, LiCoPOs
appears as pink, LATP as yellow, and Pd as black.

Fig. 1(c) shows the CPD image obtained by ) o )
Figure 1. (a) Schematic illustration of

FM-KPFM  before the charging. The contrast ./ oo cection of ASS LIB. (b-e) Elemental maps

observed reflects the work function difference and CPD images, before (b, c¢) and after (d, e)
charging LIB, respectively. All images are

between each composite material. Figs. 1(d, e) are :
P gs- 1(d, ¢) measured at the same field of view.

the elemental map and the CPD image after the 1st
charging. After the charging, Li count decreases from LATP and LCP particles at the cathode composite
(Fig. 1(d)) and the CPD of LATP increase (Fig. 1(e)). As a result, we directly detected the actual extraction
of Li ions from the LATP SE of the cathode composite region after the 1st charging of the LIB.

1) H. Masuda et al., Nanoscale, 9, 893 (2017).
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Observation of Secondary Electron Images of Perovskite Solar Cell using Helium Ion Microscope
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Application of the NanoSuit Method to Scanning Helium Ion Microscopy
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New applications for ultra-high brightness LaBs nanowire cathode
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1. Introduction

Electron microscopes are powerful and essential tools for nano-scale observation and fabrication that are
widely used in both academic research and industry. Cold field emission of electrons is the brightest known
form of particle emission. Electron microscopy demands the highest brightness from an electron source in
order to exceed the current limits of image resolution. However, emission current instability and stringent
high vacuum requirement have made cold field emission gun less favored in the industry though it promises

the highest performance.

2. Results

More than 20 years ago, nano-structured electron emitters have been found with much higher brightness
and stability compared to the conventional W single crystal needle emitters. Difficulty in structure control
over these nano-objects and their poor performance repeatability have hindered further advancement towards
real-life microscopy applications. Here we want to describe a new breakthrough in the field: a LaB6 nanowire
with only a few La atoms bonded on the tip that emits collimated electrons from a single point with high
monochromaticity. Installed in a commercial scanning electron microscope, the tip demonstrated: 3000 times
current density gain over W (310) tips, no emission decay and noise level as low as 0.1%. The verified life
time over 1000 hours and 100 times higher tolerable operating gas pressure have staged the new cold field
emitter as the choice for the next generation electron microscopes. New applications in the field of ultra-fast

electron microscopy will also be described.

References
1) Han Zhang, etc. Nature Nanotechnology, 11, 273 (2016);
2) Han Zhang, etc. MRS Bulletin, 42, 511 (2017).
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Observation of Graphene on Ni(110) with Spin-Polarized Low Energy Electron Microscopy
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The behavior of hydrogen in metals should be made clear to understand the mechanisms
of hydrogen embrittlement and storage. To understand these phenomena, various hydrogen
diffusion models have been proposed. We have observed the behavior of hydrogen in metals
by visualizing sequentially spatial distributions of permeated hydrogen on the surface of
stainless steel membrane.

The distributions of surface hydrogen were obtained using ions emitted by the method of
desorption induced by electronic transition (DIET) process with the scanning electron
microscope (SEM) [1][2]. The two-dimensional pulse counting system is synchronized with
the scanning electron beam. The sample is SUS304 stainless steel, which has austenite
structure with martensite dislocations caused by cold working. The diameters of austenite
grains are 100 u m. The thickness of membrane is 200 u m. The back side of SUS
membrane was exposed to hydrogen (2.5X10° Pa) and the permeated hydrogen on the
opposite observation side was observed by DIET method. Fig. 1(a) and (b) are the secondary
electron image and the difference permeated hydrogen map which is obtained by
accumulating DIET ions at 473 K, respectively. A comparison of two kinds of image
suggested that the hydrogen permeation depends on the crystal structure. There is also a
difference in the distribution of hydrogen in one crystal grain, which is a difference in crystal
orientation. In addition, we have measured the difference of hydrogen distribution on the
surface depending on a time from the starting of hydrogen permeation. We detected hydrogen
through the membrane sample in a shorter time, which predicted from the hydrogen diffusion
coefficient of austenite stainless steel. The hydrogen distribution is concentrated due to the
quick diffusion shows in the grain boundary part of the
SEM image, indicating that diffusion at this position is
fast. On the other hand, hydrogen distribution due to
slow diffusion shows grain shape and grain structure,
similar as fig 1(b).

[1] N. Miyauchi,et.al., J. Vac. Soc. Japan, 58 (2015) 387-391.

[2] N. Miyauchi,et al., Scripta Materialia 144 (2018) 69-73. Fig.1: (a) SEM Image, (b) DIET image of

hydrogen passed through stainless steel.
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Hydrogen gas is one of the most prospective carriers as a clean and sustainable energy. However, it can
embrittle some materials, it is very difficult to handle one. Key technologies for hydrogen society are
production, storage and transport and so on. Sensing technologies for hydrogen are important for a safe
utilization. Various principals are researched for hydrogen sensing [1], a technique of a cantilever is one of
the promising method [2]. In this time we applied a membrane-type stress sensor (MSS) to a hydrogen
detection. The MSS is a unique device (Fig.1), it was optimized from a cantilever [3]. Figure 2 shows an
experimental result in mixed gases of hydrogen and nitrogen. As the concentration of hydrogen in the
mixed gas increases, the signal becomes stronger. We confirmed that this sensor responds from 5 ppm
(0.0005%) to 40,000ppm (4%). It was found that this sensor was more sensitive than the conventional
cantilever ones.

References

[1] T, Hubert et al., Sensors and Actuators B 157 (2011) 329.

[2] S. Okuyama et al., Jpn. J. Appl. Phys. 39 (2000) 3584.

[3] G. Yoshikawa et al., Nano Lett., 11 (2011) 1044.
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Mathematization of atomic scattering in XAFS analysis:
Determination of atomic distance without using physical model
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1. Conversion of big data into a nested geometry

One of the most critical problems associated with big data is that the information content could change
rapidly as a function of time, it is not possible to read all, analyze by writing & execute an algorithm. For
the last decade we have been developing a new information theory that do not convert all information into a
stream of bits, instead, converts all data into geometric shapes. When a big data change, we see it as a

changing geometric shape. Currently we are trying to build an interface for commercial prototype.

2. Geometric language of time crystals

We have patented the protocol on how to self-assemble geometric shapes and predict the future of an
event. Human bias in algorithm will be the greatest threat to humanity, as the big data would get bigger. For
that purpose we have developed a metric of random choices that could analyze events and mathematically
predict the future outcome. The objective of a scientific model is to predict future, scientists or engineers
think all future outcomes and make a model to predict what is going to happen. However, there could be
another way, generating a metric of randomness like astrophysics, instead of space-time, the metric would

link events.

3. Figures and tables

We have understood the mechanism of natures
program-free analysis of the future by studying
proteins, neurons, microtubules. These materials
information processing via time crystal shows the
ability of self-programming. Figure 1 shows how

microtubule's time crystal looks like.

Figure 1. From the resonance band and phase
shift of each resonance frequencies the time
crystal structure of a single brain extracted

We are designing various chips to advance the  mjcrotubule is made. The diameter of a sphere

random event linking technology that we have filed represents the wavelength.

for two patents. Our objective is to build an artificial

4. Conclusion and Future

brain that follows the principles of assembling the time crystals, a material without any matter.

References
1) Universal Geometric-musical language for big data processing in an assembly of clocking resonators,
Anirban Bandyopadhyay, Subrata Ghosh, Daisuke Fujita, JP-2017-150171.
2) Human brain like intelligent decision-making machine, Anirban Bandyopadhyay Subrata Ghosh,
Daisuke Fujita, JP-2017-150173
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1. Coaxial sensor for the instant capture of ultra-low vibration from surfaces:

Normal sensors pump a signal to a material and probe the response. The sensor could be a nanowire
made of metal that is hold at a higher potential so that the response from a material changes the probes
potential. There could be another way of detecting a signal. Say we have a pair of probes, coaxial, so, one
central wire (Pt) and another (Au) a hollow metallic cylinder, the gap in between is filled with glass or
different insulating/semiconducting material [1]. Then, a pseudo band could be created due to the metallic
pairs in the semiconducting region. This band could sense a material's emission at a very low power

(femto-watt to atto-watt). Three active elements read three signals alone, and three in pairs.

2. Advantage and application of this probe:

We have been trying to develop new kind of scanners for imaging a surface or material by measuring the
natural vibration of the material. Thus far we applied this probe measuring the natural vibration of proteins
so that one could detect protein mutation and predict the onset of a disease much earlier. However, it could
have significant applications in characterizing the topological insulators, specially revealing their surface

properties. Topological materials are of current interest since geometric editing is more robust than matter.

3. Figures and tables:

In the Figure 1, we demonstrate a coaxial probe
connected to an antenna for advancing our bio-STM
with an antenna set up with an operational range of a

wide frequency bandwidth.

4. Conclusion & Future:

We are changing the coaxial probe system with
various filters and interface circuits for optimizing its
operation, enhancing its sensitivity. Our target is to

make it sense 1Hz to 10'*Hz, and 10-*'watt.

Figure 1. The current optimized design of a
coaxial probe system for advancing the
bio-STM operations. Here we show a simple
1) S. Ghosh et al, Inventing a co-axial atomic basic probe, which were simulated using CST

References

resolution patch clamp to study a single resonating protein complex and ultra-low power communication
deep inside a living neuron cell; J. Int. Neurosci.,15(4), 403-433 (2016).
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1. Time crystal is the next frontier of materials science

Time crystal is like crystals of matter but not made of atoms, but phase cycle or clocks. How simplest
biomaterials like virus or bacteria even amoeba cells process complex information without programming is
still a mystery, artificial intelligence cannot replicate an ant. If we design a material that vibrates like
self-assembled clocks, architecture of phase, it could process information by itself. This will begin a new
generation of materials science, where without any programming the material would process information
by vibrating like clocks [1]. Imagine in future, one designs property first in a computer for life-like
materials.
2. Understanding & developing the design of new functional materials

Every matter vibrates at particular electromagnetic frequency, one could build database of materials, not
by their composition of atoms and elementary measurement properties, composition of vibration could be
another way of identifying the basic matters. For time crystal, we look into material that vibrate like a clock,
or oscillates periodically. Several parts of the material, one inside another, like a fractal build these
architecture of clocks. By learning from proteins and vibrating clocks, we are designing the key features of
futuristic materials whose properties would be designed first as time crystal, matter will be synthesized last.
3. Figures and tables

Figure 1 shows time crystal structure of human brain. We are showing the brain because it is considered
the most complex material and several global attempts are being made for replicating the human brain.
4. Conclusion and future
We are working on nano-brain, our primitive organic
version of time crystal to convert it into a supramolecular
architecture that carries out complex information
processing. Eventually, we want to develop and material
design protocol for a life like machine systems, that
would run by themselves.
References:
1) Reddy, S. et al, A Brain-like Computer Made of Time

Crystal: Could a Metric of Prime Alone Replace a "

User and Alleviate Programming Forever? in Studies Figure 1. Time crystal architecture of entire
human brain, phase architecture for all
operations. We have taken all components from
Springer Nature Singapore Pvt. Ltd, (2018); a real human brain (Rajat Jain, 25) who died in
ISBN:978-981-10-8048-7; an accident and simulated all components of his

https://doi.org/10.1007/978-981-10-8049-4 brain structure (ack. UCSD).

in computational Intelligence vol. 761 (1-44),
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BT 2 Y F—L LTOICHNARETH D, BEOHNIZITERE&EEEOEET + ) V1A
MTHLP, TNETERLSNTZHEEOEET + /) 3R T/ G2 Ul R S8
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[1] A. Beyer, A. Stegmiiller, J.O. Oelerich, K. Jandieri, K Werner, G. Mette, W. Stolz, S.D. Baranovskii, Tonner,
K. Volz, "Pyramidal Structure Formation at the Interface between I1I/V Semiconductors and Silicon," Chem.
Mater. 28, 3265 (2016).

[2] K. Ishioka, A. Rustagi, A. Beyer, W. Stolz, K. Volz, U. Hofer, H. Petek, C.J. Stanton, “Sub-picosecond acoustic
pulses at buried GaP/Si interfaces.” Appl. Phys. Lett. 111, 062105 (2017).
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1. Introduction

Characterization techniques available for bulk or thin-film solid-state materials have been extended to
substrate-supported nanomaterials, but generally non-quantitatively. This is because the nanomaterial
signals are inevitably buried in the signals from the underlying substrate in common
reflection-configuration techniques. Here, we propose a big-data driven measurement technique [1],
inspired by the four-point probe technique for resistance measurement as well as the chop-nod method in
infrared astronomy, to characterize nanomaterials without the influence of underlying substrate signals

from four interrelated measurements.

Figure 1. Two problems when using energy-filtered SEM for investigating substrate-supported
nanomaterial which can be solved by proposed big-data driven measurement technique.

This technique is an attempt to introduce general informatics idea into measurement technologies to
extract and reconstruct those incomplete information (latent information) of target material hidden in
individual measurement into complete information with physical meaning (manifest information) by
applying lessons learned from several interrelated measurements. Implementing this method in secondary
electron (SE) microscopy, a SE spectrum (white electrons) associated with the reflectivity difference
between two different substrates can be tracked and controlled. The SE spectrum is used to quantitatively
investigate the covering nanomaterial based on subtle changes in the transmission of the nanomaterial with
high efficiency rivaling that of conventional core-level electrons. The virtual substrate method represents a
benchmark for surface analysis to provide “free-standing” information about supported nanomaterials.
References

1) Da, B. et al. Virtual substrate method for nanomaterials characterization. Nature Communication 8,

15629 (2017).
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1) H. Jin et al., J. Appl. Phys. 107, 083709
(2010).
2) Yubero et al., Appl. Phys. Lett. 87, 084101
(2005).
3) K. Tsuno, JSA. Vol.19 (2013) pp. 159-169.

1 (a) elastic peak (b) REELS spectrum from
Cr-O on SUS sub.
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Au(11D) R BEMRZ KFERICE Y 7 =— L L7t Pd DT Z & 70 WENLIZARFE L7tk iE
THEAL X T U U LR ST BRI & i S, B E A ER Lz, UPD B—7
DEH%, 7LV 7 O PATH (F——RT v LUHTH ; OPD) 2BHAET DIERTE CEM 2 EA T
HZ LXKV PAUPD HiF FEAHE Lo, M= /L X —IIHaE oD v — A7 1 PF-AR
NW 10A (2B W T, Z Ok PdK edge (22T PTRF-XAFS JIE #1772,

3. R

p BLU s @AEBREICEL > TH LN EXAFS IRV E: 7 — V2B, I—T 74T 47T
5 & WO RPTEE E%&éwﬁﬁﬁémﬁmsﬁﬁfipmmﬁAﬁimm BN,
G HEEREITE R O Pd AL IZEHBIT D PA-PAAEE LV E<. AufEfibicBiT 5 Av-Aufa B L F—%
Té%é&@oﬁo;ﬂiPMﬁ?ﬂTﬂ®AMHD1XI%L& HLHEAEE T L
WHZEERLTWD, — ., pRIGIZEBWTIL, @O AufiimlcB i 5 Av-Au fEA L v <,
Pd #Edm Iz TéPMM#AiDﬁwﬁAﬁ%TPmm¢%Wﬁééﬂto_®i9ﬁPdﬁmk
Y Au Faak%iiﬁ‘éﬁ%ﬁaﬁl WEFREEZT2—=27 L, TNENOHMKE TR RS, B
TR EZ B L TCWA LD EEZX LD, MEROFEMIZO VW TEY HRET 5,

BE R

1) H. Naohara, S. Ye, K. Uosaki, J. Phys. Chem. B 102, 4366 (1998).

2) H. Naohara, S. Ye, K. Uosaki, J. Electroanal Chem. 500, 435 (2001).

3) M. Takahashi, Y. Hayashi, J. Mizuki, K. Tamura, T. Kondo, H. Naohara, K. Uosaki,
Surf. Sci. 461, 213 (2000).

4) T. Masuda, H. Fukumitsu, S. Takakusagi, W.-J. Chun, T. Kondo, K. Asakura, K. Uosaki, Adv.
Mater, 24, 268 (2012).

5) T. Masuda, K. Uosaki, J. Electron Spectrosc. Relat. Phenom., 221, 88 (2017).

6) T. Masuda, Y. Sun, H. Fukumitsu, H. Uehara, S. Takakusagi, W.-J. Chun, T. Kondo, K. Asakura,
K. Uosaki, J. Phys. Chem. C, 120, 16200 (2016).

7) T. Masuda, K. Uosaki, Chapter 6, “Novel In Situ Techniques”, Electrochemical Science for a
Sustainable Society A Tribute to J.O’M Bockris, Springer International Publishing, 2017, 147-174.

8) T. Masuda, T. Kondo, K. Uosaki, Section 5.13, “Solid-Liquid Interfaces”, XAFS Techniques for
Catalysts, Nanomaterials, and Surfaces, Springer International Publishing, 2016, 505-525.
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Advanced Electron Microscopy for High-Sensitivity and In-Situ Material Characterization
AAREF]
U WVERP R TERE RS Seim A BT B e A
kimoto.koji@nims.go.jp www.nims.go.jp/AEMG/

1. IXL®IZ

et 7w Y = 7 T, EemmOFHIEIN 2R T 5 L &b, TORIF R tE=—
ADEVMEHE~NENT 52 LA LTS, REENORE « RiEdH 5T 7 2l T
&5 S F I E RO 23T, B BB T B D720 2 K E R O S fi#t 2 B
L TWD, REETFHIFIEOREEZED 57200 TIRES | ME~DREBICI W T H RS
HILTWD, LLTFEFBEMEIY 77 —~ICBT 2RO 2k~ 5,

2. T FEERE ORI & S R E E T BRI BEE OB

NIMS TIE 2 FE TEDOEFHANC LI 2 ZRFkE AR V2 — R BR L C& 7o, HAEA - &l

Z OB, MEMS BERE AT —V I RAF v 78K ) A ZAT =2 IFRBHREAT —
72 8 TR GO B8 D = — RNt L2 S BB A D (= - ) - AR - RARIED) |
T UL BE AT A AR BB AR TRCR MG DAL TN D, BB AR 3L £ SR 7 BRIMBE L (Scanning
Confocal Electron Microscopy: SCEM) iXitfld/L & —ZF]H L7= NIMS OM B M T, 2N ET
3R TLBIER AN OBHSE & il B~ DB 21T > T& 7z, AT e —7 CidlE{ e 2 AT 5
FABIX, ®RSEE (0. 04%) DR EEGHZ ~ v B 7T 2 R FEICE R L TV (1], &
512 SCEM &3¢ Jig X1 4D 7 — % Z 535 4D-SCEM OfRF 21T > T\ D (T H « = A < iEARIE D) o

B— LY BMEEIRIE, BN OBKEEE OT FIE L L TRAPREITa ez 2L L
TR S, Skyrmion DWFYIOBIL/R EORR G TS o, AFITEREIAEMIEL £/ 7 1 A
— 2 —ZMAEDOETYT T ) A—F —DEMGRE THR ZBET 5 Z LITkh LT (2]
(BH1ED),

B BB OREECRE 217 ESE 5T, NIMSME DY 7 h =7 ORFEREIC L vT-
T &7, FRICAFEE GaN REAM AR AEIR & D15 /712 K 0 FiBERIE D38 I D723 5 72 DI NIMS O
FHUFENEEM BB ISR NOWBITH D [3] (=f « KRIEDN), EOENEEREZ M L
S D 2O DUFEFHA T 15 (NIMS Fr7F) 2 BRI IGEMTIELEE TV 2B D2 E M 2 FHI L 72 k5 R
mEBME L2 [4] ORKIED), LlmitllFELE TS5 2L T, REOT =213 E6n 5, f
AT EEFGEEFEBE L A TEITXE 2SIl L 52 & T, 4RET — 4 ZBEHk S,
T2 B EM L WENICEWRDN B D RaHER 2 fhiH T 20178 bt TV D (EZ21ED) (6],
3. Y77 —~< L DEHE

JeuEtl 7 e = 7 R E LT, BRI VT A~ T o 7 AREIZANT T T T~ [ T
LTV %, FRICAEEFEIE STEM, EELS, BIHFEEICEET 5 A # 7 —Z 2O\ T, 7—# 7T v b7
F—bt i F— L REICEEE DT, ERREY T T —~ O LaBs )/ F v THIEITLRY | TEK
DEFHOTRNVF—MECEHT 57 — 2 #2IR EbiT> T 5,

1) Bekarevich R. Mitsuishi K., et al. Proceedings of EDGE2017 (2017) P053; Microscopy (accepted)

2) Nagai T., Kimoto K., et al., Phys. Rev. B. Rap. Comm. 96 (2017) 064511.

3) Mitsuishi K., Kimoto K., et al., Jpn. J. Appl. Phys. Rap. Comm. 56 (2017) 110312.

4) Kimoto K. and Ishizuka K., Ultramicroscopy 180 (2017) 59. R#F5E 4942000 5.

5) Uesugi F., Mitsuishi, K. Koshiya S. Kimoto K., Proceedings of EDGE2017 (2017) P050.
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Sub-nanoscale imaging of magnetic fine structures using aberration-corrected Lorentz microscopy
RIFHER ' AARWER] ' BRG] 2 P oo !
VIS - MARMTICREE, P AR T A — - T A
NAGAI.Takuro@nims.go.jp

17— L Y ISR IR R OB R G & M T ) A — VRIS T S iR L LTTRY
LNTWD, ZOFETEMNM L A& T T 2O FTHICMET S L XaRbVICHWS -
D, ZO L AOKENER L ORI XD B0 HREIIRE SHIRIND, ABFZE CTIEEkiE
WAEMEEBERSIONE /70 2 =2 2R TINoDOREAKT I, a— L2 B0 %R
REZ 1 L ST, KM S A7) ) A — LV CEEMBIET 52 L 2R,

Fim A EE - BAM%EE FEI Titan Cubed (NIEEFEJE 300 kV) ZHW, o —2 7 4 WX HIE ) 71 R
— X ROA A — VTR HERE I SR IE L E 2 O CTER AT - 72, WM IE BT O BRI I 2550
8000 mm CTH o723, Cs AL 7 X —%FAWIZMHIEICLY 6 mmIZE TR Lz, EHIZE/ 71
A =R EHWTARE RO XL —IE% 0.88 eV D 0.14 eV (T S5 & IHFHRIRAIT 0.6
nm ECH LT3 ERHEMNCREoT, B 1 KAFESRAOERTEESR Y A7 12w A(Dy)
D 127 K \ZBIT D BIEHE R A 7759, 18 3 nm FEE DOIINL L 72 38BEH — R A A L TH AR Y U b
YIRANU BOVRBEER E I LT D 2 E DR TTE S, BRI T OIS NLABR Y U R IEAR
FIEZ X PIOTEREEMIZBWNTEEZE SN, o, PHETFREITERICK VR I Dy 128
T % WS R SR AR D BEDS AT VA K0 222 B S A, T/ R — /L OFH ST EERALR & FE2E R T
WADZENTET,

X1 (a) AWIBASE L7ZWGERMIE 7 — L o Y BAEHEZ VT, 127K ICBWTRR DT 7 4 —
A (£3.2 um, £6.4 um) CEIE SN DA T n Y U LD — L 8, (b) EAKR TR LT
PO ENAL AT, (c) ~V FIVEEMERR & 37T o5 U b v DfiERAE S DX,

BE R

1) T. Nagai, K. Kimoto, K. Inoke, and M. Takeguchi, Phys. Rev. B 96, 100405(R) (2017).
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Experimental estimation of liquid-liquid critical point for the polyol aqueous solutions
AR IR
WHE - MEMITTERERE (NIMS)
SUZUKI.yoshiharu@nims.go.jp

1. 1ZC®IZ

VTAE D IEGHE K K ONEBm HIK OBFFEIE. [/KIZ 2 S DifAIREE (low-density liquid :LDL & high-
density liquid :HDL) 23 77E L, 2 D OWRIKIZBIFR L 7= iR i A (liquid-liquid critical point : LLCP)
DIFET D AlREEA R L T\ 5, LLCPIEfFCTAEL D 2 DOKDIRREDFE S I MEIE Tt =
HIKDETW RO~ EEZ BN TWD, ZO LLCP fTDFE s OB L, #KZT Tl
SKBRDIBED TN L KIETEA S, LnL, WEHOHFIENBEEKOR Y TENLT 14 v 7 Tolk
DI Z DB ONTRIZ E A LB I TRV, AR TlE, I8 OFIERREEK D
RUTENT 4 T IRIRDTENNCE X DB LR D700, ARRER Y A — NIRRT 7 A D
RUTEIT 4 v TEIEITEE D R 2B ICHIE L, WEKORY 7EILT 4 v 7 I2RREZL
(L DRFERATME - WEIKTFMEN S LLCP OALE 2 KBRS TRIL, ZTOMBRICOWTHERT D,
2. EBRFE

ABEtE LT~ vafbEniz=F1L 7Y a— (EG), ZVktwe—n, U K b—/1,
XU b=, VE b LKIRIE EERERE x=0.02~0.15 E/L5R) NHAVWLNT-, KEEK
WK EYEIRBEEN T AT 572012, REHIRIETE A by« VU U X —JE A% E S H
T 0.3GPa ITHIE S 4, IRIRZEFE T 77K G (AR ~40K/min) Sz, @#ET 7 A1t
L 72 aBHEIEE — & TNE « BUE (0.01~0.60 GPa OJEfEE) Xiv, RYU TENLT 4 v JEREIC
PO BB O IRFEZAL RSB ICHIE STz, IRFEHIE T 135~ 155K O EESEI TTT L7z,

3. WRLEBE

FEONIE dh#R & T AR O 72 % 1 [UEOMBRFE THL L2 AVo(P) &R, Z DR « IRk
Pz RD=, (K1) BEOEINE & HITRY A—VKEEH T A D AVy(P)Di KRBT/ &< 7
0. ZTOMNBIHMEEMICS T R L, K10 145K @O EG KIEROEE. x=0.14 LI EOEETA
Vo(PWZIFIF IR0 (R TENLT 4 v VEBERS R

W, 2T x=0.14 £HITIC LLCP MFE(ET A Z L 2R LT

W5, AVo(P)YDRERFEEDINT /M. 145K D EG /KIE

KD LLCP O E % x=0.145, P=0.055GPa &RE L7z, [A

RIS DR Y A — )L KSR D LLCP ONLE % Rk - 7=,

Fo. M1 BEEEOHEME & HI2 1 XUE, 145K O
EG /KIFIEDIRBLRAENY LDL 7 A 27 275 HDL 7 A 7 7234k
REICHEFAICE Y o TnD I EE2REL TN D,

SE R
1) Y. Suzuki, O. Mishima: J. Chem. Phys., 141, 094505 (2014).  [¢| 1 EG /Kix% (145K) O
2) Y. Suzuki: J. Chem. Phys., 147, 064511 (2017). KORY T EILT 4 v 7 IR EEK
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KE#E EDS #H 28 & Virtual-pivot holder DA EHEIZL S
ERHIAADR L 11

Improvement of effective solid angle using virtual-pivot holder and large EDS detector I1
B AtE . RS
I'NIMS
KOSHIYA.Shogo@nims.go.jp

1. H& - BHY

BBAMEE B AG DT XL —5 800 X 0 GEEDS)IL, T/ A— Mt A XDkF
TEOR/NMERZ IR L, 0~20 keV 72 EDJLNT RV F—FHO X AT MLV ERIETE 572
W, B EREILESIT O & oo TS, TH, KEfEd 5 WIFEE O EDS g% H
WTEWRRHISZAR A VR S AV TW A A, FERN R TR A TR A L F Rt B O v v K
AT ONRDOTDITART LT LE S, BHEREE OR#EIZ L2 EZRA M LIZHO0N Tk
ITRRFEDTHONTND V2D 3 KR E LTU Y RuA » Zid@meh RN a2 2METhH - 7,
AT, KEfE(100 mm?) EDS #iHi25 & Virtual-pivot holder®? ##iAH/HETHWD Z &Ik
0. ERHSIAA AR LTS EEENET DY,

2. EBRFGE

FERIZIE, EEFEIRE 7 BEMBEI(FEI #:4, Titan®) & EDS #& H #7(Oxford Instruments #H%L, X-Max™
100TLE)Z W7o, @BHZ . Ar A A 2 BFEEIC & 0 FERL L 72 NiO Hif A4 5UEH(Single crystal NiO; o, m)
3 L OV ER(Ted Pella Inc. #:88)0> NiO 2 S EHNIOX; x, A)Z W=, Zh b0k %, WE D
o3 M A EEE AR /L & (Standard  holder; o) & BUEHRFFEl /0 DMK & ME % b L7 R v &
(Virtual-pivot holder; m, x, AWZFRE LT X #RAL7 hLZEIE L, REHEE & 7 0 — 7 Eifk & Bl
AT D Z IR ERHENARA Qe TR L7z, F7o, Y RUA T ETATAHIAX
DERAAENEIZ DWW T S EHI A T 7=,

3. MR

X 142, fix OREIRLF LB OB G DI L VEIE « BEEZIT 72, Qe DFREHMERL A
AR A v, R R ORI L0 . FEMEARM EERIFE -25° < a <-15¢ IZBUWVT Qe 23
BHFEICM ET D2 E(e—mm)B LN o7, Fl2, MEIAHICE DT ¥ RUA T OFE (merx)
PHER L7, S 62, EHBIROEEILEZITH) Z LIV, vy FUA 77 —DFHI(A)E 5
L7, 2D ORERIT, KiEfE EDS it
#x & Virtual-pivot holder DFLAADED, &
RO XA SAFHINCES TH D Z
EERLTND, YAEIE, BV
T TAF v I EHND L TUVAT ALY

— AQD\ L :/(\n Z WT & ° _ .
7 ERB LR D T IRRT S X1 Flx OFERLAZ LB OMAE HEIT

KD Qe OFUEHERH A FEARAFE,
BE R

1) N.J. Zaluzec, Microsc. Microanal. 20 (2014) 1318. 2) W. Xu et al., Ultramicroscopy 164 (2016) 51.
3) S. Hata et al., Ultramicroscopy 111 (2011) 1168. 4) S. Koshiya and K. Kimoto, Micron 93 (2017) 52.
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Growth and characterization of topological insulator nanosheets
11
"W - MBI SE AR
KIKKAWA. .Jun@nims.go.jp

1. 1ZC®iC

3Tt bR \a UAERIRIL, SV OETREE LTI R — %¥/7%ﬁ0# e}
ITX Y v L ADERBIRETHY . ~NY DAY Ui L REE - ICHEETAMMENRER %
HEHOTWD, D REFEWOZR 3K SR DHAMRIAEE LT, Bl b 2<% (BisSe;) 0T /b
wmtxvxomﬁgﬁkhké X (=Se, Te) )& & Bi @R AHIC A-B-C-A-BfiE L
72 5 51 J8 DA% HAL % quintuple layer (QL) EFEOY, /L7 BipXs TIEA QL A7 7 T LT —
VAT THREA L CEIRREE 2 R L T 5, 6QL LA I L L7z BixXs Tlik, 73b 7 &3
HEIHELFEO L OBENRDH B, P —H T, HWIEL BiXs 1377 XE=27 28EE LTOER
HED TS, D KB TIE, EEAL BiXs OETHEE %2 EBRICH S22 T 5 HII T, BiXs
%//~b@¢%&%ﬁﬂé PSS (STEM) & W e+ 3 L X —H K056 (EELS)
A EAT o T,

2. EBRGE

BirTes 7/ ¥ — MIMELHHRRIEC L > TER L7, FEHZIE BiTes iR (M 99.99%. &
FEEALF) 2 I T IR B IR & 72 13N — T AR b~ AR S 72, U P ST KH-1300 (Hirox)
& R 7 B EE SPA-400 (Hitachi High-Tech.) Z# HWTCTAEBMOERE LRI ZH~, £/ 7 17 A
— X e PhE L7l - PSS Titan Cubed (Thermo Fisher Scientific. ) % F\ 7= STEM-EELS FtiHl
21127,

3. MR
R L7eT / o— MEEARCAAROMHE T, B SI3+ nam~% um & 5L Tz, T
MBSO R, ESII5~I5QLEETHSL Z L RNbhoT-, BFEHTORE R, Sl c
il 5 AL S T oD ISRk L C AL &ELTM% EEMER LT, FEME I LICRRE L
7eF /> — M & E#H: STEM-EELS FHl 23556, FEAE M H kO EELS (8 5Ok & &2 L5 &
DMENT EORIEE /2B, —H T, A— 7}%%)5}%\(%%43 WG LT — FEXHHKRET
B LTz, AU kb, slRER GERER) Nooi5ME LT, 7/ v— ko
ﬁ@Ems%%%Wﬁf%éié’EOK$HMEHS%M#%‘T/vwbmiyy%%%>
EWNILTIE, EELS A7 MUEBITEWRH D Z ENDoTz, sENEY BET 5,

BE R
1) Y. Ando, J. Phys. Soc. Jpn. 82, 102001 (2013).
2) Y. Zhang et al., Nat. Phys. 6, 584 (2010).
3) P. Di Pietro et al., Nat. Nanotechnol. 8, 556 (2013).



MI - 518 BRI VRO L P46

STEM-ADF D EEEHRIIC & 2 Z Rt OIEEBEEREHT

Stacking Structure Analysis of Two-dimensional Materials
Using Quantitative Annular Dark-Field Imaging
TN/ N NI
D WE - BPEMITTERERE SEiRA BT AT R LS. R BB v —
e-mail address: YAMASHITA.Shunsuke@nims.go.jp
1. %4
777 xBTS ET DRI EHE, V7 BB TR 2V A R TS O RS SRS
INTWD, ZRTTHEIOMMEITEECCREE O 5 AT 2720 £ OFEJEHE O3 HEL
Thbd, AL TIL, EAFZEE FIEMBNE (Scanning Transmission Electron Microscopy, STEM)
(2B 2 BRIRIE 1R ST (Annular Dark-Field, ADF) 2 FI\ T, “IRGeA Bt OREEMT 26 Z 2o 72,
STEM-ADF {3 Jf F-F S &2 KBk L7otg a7 X b &Rd720), RFTERIC T 2 /g o
BIRIZIKS BTV %, ADF BHISRICEE LI2ERO, AR T 0 —7Eilicxd 4 556 Ok
METIINZERT L M T A MEMES) ZEHI 5 2 & T AT v —7 &t &< ADF fiihid
DA D FREMNTARAT LIRWEDE H AL D[ 1], Fox 13 ADF BIC X 2 E mAY i i gt 4 H
& L, E5 RO ER M2 FEMICRIET 2 2 & T, EfERER=D S b T R FFHIAR
AREAR FVEABIR L2, TLC, B/ 9720 OERA L FTAMRY I 2 b— g ViR
LD TR BT HZLaMELTVD[3,4], AFRTIEL, ZEI 77 = L HE LT Y
77 MoS; D ADF Bz EBFHIL, EEa L I A e Y Ialb—va b HikT 524 TE
B OFEEHEE 2 iR L7z,

[l

2. EBFIE

AEHITR CVD 77 7 =&, =% ) — VERIED HAFR L 72 MoS #i R % v 7=, ADF D1
FFITIE, BRI ZE AT (E 24 1 1 STEM 21 (FEI #144 Titan®) | ADF % i %% (Fischione 184 Model 3000)
AL, EREOEET S M T A NOREEEEFH Lz, BRI A=V 2 RBT 5729
JERFEEIL 80 kV IZF%E L=, MoS, DEIZ TITRAEHEYZ KT 5 720, REVINEE L # —
(Protochips 18 Aduro500) % Hv>, 600°CCEHHI L7z, ADF D> I 2L — g 2T~/
ATA AWEEIEARL LY 7 b7 =7 xHREM with STEM Extension (HREM Research Inc.) %
L7z, FEEREIC X DEELIRE OE Wi T D 7-0ic, B oME#EE L2 O GREIN TO A
HWEr e —T7OEFOHFEY I ab—var L,

3. #R

L7772 DERAL NTANEYEEZERSE I 2 b— g O THR LSRR, B
O XV BEELTRE O RN e D Z E RN bnode, 7o, B MoS; TIZ2H AL & 1T
B W) BT K BELREN B2 5 Z Lo Tz, 2TNHOFEE D ADF B4 E &3 %
ZLTEET T T 2 OEESOMEEEE, BE MoS, DEZIENFEAITE DL ERH LN E ST,
[1]J. M. LeBeau and S. Stemmer, Ultramicroscopy, 108 (2008) 1653.
[2] S. Yamashita et al., Microscopy, 64 (2015) 143.
[3] S. Yamashita et al., Microscopy, 64 (2015) 409.
[4] IR, A5, AAREEF], BiREE 51 53 5 (2016) 181
BIRE « AW O —EBITH I T AT =4 AbEORIEL & e OXEEZ T E LT,
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RERRAIZENLEEZET SHEE STM-AFM Y X T LDEHHFK

Development of Light Illumination STM-AFM System
combined with Fine Wavelength-Tunable Light Source
= Ik
WHE - MPEMITTERERE  SeimA BT ILR SEBBR BT A BB 3 7 — T
MITSUIL Tadashi@nims.go.jp

1. #H&

FRt T RE 22 = X L X —JR & LT Si AR EMIT, BIE BB EMAEZH ESE 57200
WRBIRENPHED N TWD, FTHLTE/NT 7 A St KEGEMIZ. 7 AR FIZ iR TK
ﬁ%%%ﬁﬁﬁ#é:&ﬁf%étw\@%:xb%ﬁ<mié*&ﬁﬂ%f&é EHITTE
7 7 A Sl Si & S TR A K X <, Fidh Si R RBEEIO 10 70D 1, $um fRJE
®EE?%+%%%&W¢60%®tb\%@KIX»#~%%%&?%#%%%&@@%%%
MADHZENTE, BEREVHIFELH D, LoLERDL, NEICAT DX 7Y 7RV K
RRMEDIFEIT & 0 BB RNORIEL . £72. ZNODOXRMNEET S & S5 tHbHS
DIFEIN, A 7T L TOERE#EDD ETREEL RS> TN,

2. WEBEFIENEZ AW BRIEEEE ORI & RS STM-AFM ¥ 27 ADBR%E

K 11%, 7E/LT 7 A Si KGEMO G E @%%ix&7%WT%éo:®%%£x&7%
WX, 675nm fPTIZ AR BIENFET S22 L A2R LTS, —F T, ZOHEFBITETELT 7
X%%%ﬁ@ﬁﬁutlﬁék%bﬂéx%%wt 7%\ﬁ%%ﬂ@ﬂﬂgﬁo<hﬁ%§%
R (7)) EHINTWDHZ ERDbD, ZNLORREMRATLZHICE, TnEho e —
7 BN L, ZORENDAEZBET I ENENTHD, LHLRRL, —RIREA
N RANAT 4 )V Z — TR IR K E < (~15nm), £72, LL&E%ImnﬁﬂTEELﬂ
WD LIZREETH-7-, F 2Ty ABFZETIEREHE L TR ES A FEICE A LT =
—F T NN RANRAT 4 V2 e OISR IR f AR 2 i oakdt - BEL (K2) 2, 2k

=S BRE STM-AFM & A7 LA DOBR3E 21T > 7=, N I T e S
.
ZE IR
1) D. L. Staebler and C. R. Wronski : Appl. Phys.
Lett., Vol. 31, pp. 292 (1977).
2) http://www.deltaoptics.co.jp/products/ind = — iy
+ =

ex.html#prod 3

+ + t
wavelength [nm] wavelength [nm] wavelength [nm]

0.7 (b)

Voltage [V]

440 490 540 590 640 690 740
Wavelength [nm]

X2 Fa—TFTNNRRRRT 4NV
M1 7TENLT7 ARSI KEEMRONEE FAWN TR BRI 226,
Yeph#E 2~ v (a) BE&X., (b)sMEL
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YSZ(100)EERED A+ U RUEBEFHREHEZEDHRE

Observation of the effects of ion and electron beams irradiation on YSZ (100) thin films
H R
VSRR R R LR, S ER R B BASE 2 —
e-mail address: TANAKA.Miyoko@nims.go.jp

1. IL®IZ

A v MU TEE(L YV 3 =T (yttria-stabilized zirconia, YSZ)IZ ., BEMAVTREE ORI, A A AR E M
HICENTMEITHY, N T a— b oA — BREFEMSEICHW SN DM, 7Y — R
BeriE A AP OB TR E L THHIf SN TWD D, YSZ ~DA F o« BRI OBF7EN
ZarEDLNTHDER, ZRHEECETFAF—RIEIEZb0THY 2, IRETIHEZ LY
—HRCDOWVWT B - IEEFMOLER S H, AT, R ¥ — A 4 R OVETHE R
S L7z YSZ(100)70B DA EZE AL A - BAMER(TEM)IZ & 0 374l L 7= D THET 5,

2. EBFIE
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1. Introduction

Recently we found that several kinds of ceramics could reduce iron-oxide with in-situ electron microscopy.
They do not include carbon and no carbon dioxide produce by the reaction with iron-oxides. The analysis of
the reaction with silicon was also carried out to compare the reaction process with the use of silicon base
ceramics. The aim of our study is to investigate some special reductant which does not produce CO, by
reduction of iron-oxides.

2. Experimental Procedure

Reagent of a-hematite and other silicon based ceramics were utilized in our study. TEM specimens were
prepared using a focused ion beam (FIB). The stack of two specimens were prepared to ensure contact of
both materials because of the difficulty of including the contact surface inside the one specimen. The Aduro
Heating holder produced by Protochips company was used in our study. An in-situ observation and electron
irradiation was conducted using a JEM-2100F with the acceleration voltage of 200keV. EDS measurements
were also performed to identify the materials produced by the experiments.

3. Results

Fig. 1 shows the continuous observation of the precipitate at the contact point of a-hematite and
elemental silicon maintained at 973K in a stacked specimen. These photographs were captured from video
images, and several precipitates appeared in b) and then suddenly expanded after a certain period of time.
The expansion was happened in the precipitates which maintained on the elemental silicon seemed rupture.
There is the possibility that the first precipitate was reduction of hematite and next expansion was reaction
with silicon.

)

e . v N [
Fig.1 the continuous observation of the precipitate at the contact point of a-hematite and elemental
silicon maintained at 973K in a stacked specimen. a) is just before the precipitation start, b)is
9min passed after a), ¢) is 27min passed after b) almost all precipitates expanded.
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Development of 4D-Scanning confocal electron microscopy (SCEM)
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As pixelated array detectors or high speed cameras have become commercially available, a technique to
acquire 4D dataset comprised of a 2D convergent beam electron diffraction (CBED) pattern at each point of
2D raster in scanning transmission electron microscopy (STEM) by them, followed by computationally
construction of various kinds of STEM images such as bright field (BF) and high angle annular dark field
(HAADF) images, has widespread. This technique is called 4D-STEM.

We apply this 4D-detaset acquisition technique in an optics of scanning confocal electron microscopy
(SCEM), in where scattered electrons from the in-focus position of an incident probe is refocused on a
center of the probe image, and those from out-of-focus positions are displaced from the center of that. Since
this displacement corresponds to the depth position of the origin of the scattered electrons, a series of
depth-sections at different depth positions could be obtained from one dataset.

Figure 1 shows a schematic diagram of 4D-SCEM in an ADF mode. An
ADF aperture was fabricated with a focused ion beam machine and
inserted into the objective aperture position of JEOL aberration corrected
transmission electron microscope, JEM-ARM200F.

An incident beam was focused on a specimen with the convergence
semi-angle of 14.8 mrad. The ADF aperture cut off a direct beam and only
scattered beams were refocused on a Gatan ORIUS200D CCD camera
with a magnification of 400,000. The inner and outer semi-angles of the
ADF aperture were 26.0 and 34.8 mrad, respectively.

Figure 2a) is a conventional ADF-STEM image of polymerized carbon
with cobalt nanoparticles on a carbon film. Figs. 2b)-2f) are the result of  Fig.1 Schematic diagram for
4D-SCEM depth sectioning for the area in a red rectangle of Fig. 2a), 4D-SCEM in an ADF mode.
produced using the beam intensity at 0-0.57nm, 0.57-1.33nm, 1.33-2.09nm,
2.09-2.85nm and 2.85-3.61nm, respectively, from the center of the beam image. Depth values denoted in
the figures were calculated using an inner radius from the beam center. It should be noted that different
cobalt particles appear at the different depth sections, while all cobalt particles show bright contract in
ADF-STEM image.

Fig.2 a) ADF-STEM image, and b)-f) a series of depth sections of polymerized carbon with cobalt nanoparticles
on a carbon film produced by a 4D-SCEM. Depth values in the figures were calculated using an inner radius from
the center of the beam.
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The mechanism of interfacial reaction between Al and glass formed with cold
spray revealed with EELS
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Cold spray (CS) uses a high pressure gas to accelerate powder particles onto a substrate to form coatings
at temperatures much lower than the melting point of the sprayed particles. For its low working temperature
and flexibility in applications, CS process has been researched extensively and used increasingly in
industries for various coatings including the coating of metals on a ceramics or a glass substrate. Al, with
excellent properties, is one of the most widely used materials in CS applications. Furthermore, among the
several reported metals such as Al, Cu, and Ti, Al exhibits the best adhesion to substrates such as alumina !
and glass ». However, the adhesion mechanisms have not been well understood yet. For the interface
between Al and glass formed with CS, it has been reported that there is an interaction layer between the Al
and glass ¥. In the present work, in order to reveal the mechanisms of adhesion of Al onto glass, electron
energy loss spectroscopy (EELS) analysis was carried out combined with microstructure observation to
clarify the chemical status of the interface layer.

CS was performed using a spray system with a converging-diverging barrel nozzle. Al powder with
purity of 99.85 mass %, and an average size of 17.3 um, was used. Soda-lime glass plates in size of 76 mm
(L)x 26 mm (W) x 1.2 ~ 1.5 mm (T) were used as the substrate. Singly impacted Al particles were obtained
on the substrate. Cross-sectional TEM specimens were prepared using an FIB apparatus, JEM-9320FIB.
The TEM observations and EELS analysis were performed using JEM-2100F. EELS analysis was carried
out crossing the interface layer between an Al particle and a glass substrate. It was revealed that the
interface layer was mainly composed of O and Al, with almost no Si. Al was in compound status implying
that it bonded with O in the layer. Na and Ca were detected near the center of the interface layer, implying
that they were diffusing from the glass substrate during CS. The studies of O-K edge confirmed that the
shape and peak positions of O-K edge depend on the position in the interface layer. In addition to the main
peaks of O-K, there also existed some pre-peaks. The nature of the interface layer was discussed. The
results suggested that the interface layer was formed in a highly un-equilibrated condition in the CS process,
and that the reaction between Al and O played an important role on the adhesion of Al particles onto a glass

substrate.

References
1) K-R. Donner, F. Gaertner, and T. Klassen, J. Therm. Spray Technol. 20 (2011) 299
2) K. Sakaki, T. Idemoto, K. Takada, and Yuto D 2010 Proc. the 18" Meeting on Materials and
Process of The Japan Society of Mechanical Engineers (M&P2010), No.10-29 438
3) M. Song, H. Araki, S. Kuroda, and K. Sakaki, J. Phys. D: Appl. Phys. 46 (2013) 195301.
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1. Introduction
Strain mapping method by transmission electron microscope (TEM) combining nano-sized selected area
electron diffraction (SAED) with a two- dimensional sample scanning was proposed by Uesugi [1] by using
a holder developed by Takeguchi et al. [2 ] In this method the optical system of the TEM is fixed at the certain
position and less susceptible by magnetic lens issues, therefore relative lattice constant change can be
detected with high accuracy by measuring the inter-spot distances from different locations. Recently, two-
dimensional Gaussian function fitting with Levenberg-Marquardt algorithm was applied to this method to
locate the diffraction peak positions with subpixel accuracy.[3] In the paper, the technique was applied to
a thin film of SrTiO3 which was homo-epitaxially grown on SrTiO3 substrate by pulse laser deposition (PLD).
2. Experimental

The sample preparation was performed by FIB and was measured by an aberration corrected TEM (JEOL
JEM-ARM200F) equipped with SA aperture with diameter corresponding to 10 nm at the sample plane. 25
diffraction patterns (matrix 5x5) were acquired from the scanned area (300x300 nm). The diffraction images
were acquired with a 2048x2048 pixel CCD camera (Gatan Orius).

3. Results

Fig. 1(a) shows a TEM image of the
film. The inset is the area where the
diffraction map was taken. Fig. 1(b)
shows the lattice constant deviation
map obtained in the out of plane
direction. The average difference
between the substrate and the film is

0.7% which is the close to the result 300nm
obtained by XRD. Fig. 1(a) TEM image of the film observed. The inset is the area

where the diffraction map was taken. (b) lattice constant deviation

map.
References P
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Development and applications of solid-state NMR and optical properties characterization at
high fields
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1. Introduction

GaN and its related materials have received considerable attention for their potential application in the
power—electronic and opto—electronic devices owing to their excellent semiconducting properties such as
the high breakdown voltage and the wide bandgap energy, respectively!). However, important band
parameter such as the effective mass is still ambiguous, especially for the influence of electron—phonon
interaction. In our previous study?, cyclotron resonance (CR) measurements were carried out at low
magnetic fields. The effective mass (m*) was estimated as m* = 0.227 m, from the magnetic field
dependence of the CR. In the present study, we carried out CR measurements in the same sample at higher

magnetic fields in the THz region.

2. Sample and Experimental details
AlGaN/GaN sample were grown by metal-organic vapour phase epitaxy on sapphire substrate with AIN
buffer layer. The CR experiments were carried out using a FT-IR spectrometer in combination with

superconducting magnet and a Helium cooled bolometer was used as radiation detector of the transmission.

3. Results and Discussion

Fig. 1 shows a typical CR transmission spectrum of AlGaN/GaN heterostructure. A single resonant
absorption peak was clearly observed in the THz region and a slight magnetic field dependence of the
effective mass was observed at higher magnetic fields. This could be due to the polaron effect because GaN
is a polar semiconductor with large electrons-phonon
interaction among III-V compounds. The electrons
effective mass of bulk GaN with taking account of
polaron contribution have been reported®. In this
presentation we will discuss the magnetic field
dependence of the effective mass from the view point

of the polaron effect in 2D system.

References
1) H. Amano et. al., Jpn. J. Appl. Phys. 32, L1001
(1993)
2) Y. Imanaka et. al., 2017 JPS Autumn Meeting,
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3) M. Dreschsler et. al., J. Appl. Phys. 34, L1179 Figure 1. A typical cyclotron resonance

transmission spectrum of AlGaN/GaN
(1995). heterostructure at B=15T, T=1.7 K
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Natural abundance 43Ca MAS-NMR study by using the cryo-coil MAS probe
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NMR I 2B TE BHEE LL(S/N)D [A]_Eid ) » TEEE 22 DWIEDO —>TH 5, SIN Dfh] L7
WIZT T4 A a4/l MAS-NMR e —7 (7 A4+ 7 a—"eHCTRIEZITH) 2 LaB 2T,
74 F a4/ MAS a—7 L3R EMHAIT S 2 L CEEICERE & ST A O EE
Th Y., FEDOWHITIHIT DRI TARFU EOREEZHFOND, ZOH, 1EREMNT
RE S IR & ST Rk BRI R~ DI I WD Z E R TE B,

754 F a4 MAS Fu—TDORIENSR LT HREDS
IHEREOEMEyETHY, £727 T4 F a1/ MAS 7
0—70 Q ENEWNTZDY X IRENE WS EN D
Ly ZOV XU 73RE LT EASY LW H LA —7
TUARMLBNTWAER), ZO/V Ay —7 T A%
acql TY VXU I EHFEF T NVHERDET %, acq2 TY U XU 7EHZOHRERD IARENDL D
FEANY NVERDZ LTI VXU TEBFOREHETENIBDOTH
%o ZDOEASY VEITIFUL T DX S R REDBH 5,

D 90° NAADOTNANRKENEY T NHKOEEHRENED D,

@ S/N 75 Single Pulse {£IZLEA_T 1Y 251272 > TLE 9,

@ T DEWRIZOWTIEMHE 2 220,

AR TILETOIZONWTH R EITo 7o, ARITRLTZE DT acql
Lacq2 ZRXICET D, 29T HZETY XU T EFOREZTRD
Ate, Z9925Z2LTI° SAANLDLTNITTHTHTH AT
HEARTH3IZEN 28 acq2 ORES, BGIZYF 2 b—1 a3 o Lt
BIZEIEZ L7e, ZD72, 90 FE/ UL ZANRFTI TV T HIE 5N
FI< 7D LWV D BT R,

RIZDIZOWTOREEITo T2, VX 7T 7 visko
EFICHA_RTHN DD ZRETO EASY TIEARY hraFELE  SnelePuse '
FEIMWVAALTW, RIFFETITR 2 IV IAATS acql & acq2 W%W'#Mb\ﬂﬁ
EZMEURESE THREE L A XORER ALY 2D ¥ L
TZE TSN ZBIT D HEEZRART, BREASY ’

ZND OREREARITRET@3Ca NMR, 2 T A AH A ), WWWWW
1 % 73 Single Pulse V£ TRV IAATERERTH Y | HAF NGB ! '
FHIZS B % F BEASY 15, | B EAED) e E SITED AAFREH 22 st geasy(zerofill) I
ATSNEHF MR THD, HRLIEEASY IRZHNDZ LT WM%WNWW%WM
Single Pulse 15 & D BARVWVESHRE TALY MANELRY U F R A i
VIDPINEL o THEY . BV IALRE & Rkt 5 2 LT SN R e
% Single Pulse b HE NV EDOLTICT —FZ/{OHNLTNDHZ ERD
No,
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Developments of some probe components for high magnetic field solid-state NMR
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1. 1ZC®iC

KRGS (NMR ) | SR R B B AN M R I E 12 38U T L fRRE D[] L 7= 8
Flids (B0O) OFMEIIRZFTKEWVZELELWVWEW ) ~mERH S, ITHETIE, 23, 5
T (1 HOMLEEREEICHRE T2 L 1 GH z) %82 25817250655 % 34 LS 2 BI5ER A )
BRZE S 4L, TERIINMRBIENLHETNMRBEEDOR RN TH o 7o L 9 EEMEICB VT, [EHR
NMRBIERTOIND LI IZ72oTRTNWD, A E L OB AR5 ORI pl T 25
T, WG ORENREL 25 & LBEEHHLREL D, ZHIZEDE T, NMREZOD
A IS b Z ORI RO BRSGOMWE AL O TRNPERSND L 51Tk TH,
Bl 21X, BEFONMR 7 r—738@E CiIdEElE (RF) M5B 1HRENARZLALTHY |
W OREZIEH LEN RN E WO RERBBEE LR TS, 72, ¥, 1GHzED XD
IR BRI 2 VA NMREEE CTlX, ko7 n —7@ETERBROH > -EBEXRIKEFED,
WY R R CTh o Th . YUiLE IO HEICHEMET 2N e BRI EFE ORI K
S>TC, NMRHUEIZHENELD LWV FFNBELTCEBY, EER-STWVS, ZDLH 7%
i 2 DFEEZ R T~ HANBAR 21T > T D,

2. BAR LIZEINEROME & Fi

NMRMPE = A ME, FEFZTEZHE- T, L CHIRFIEKE
LTS, REZRREF#Y (B1) Z28AET 5T, IEI
ICKENEHMTHAXERNH L, ZDL X, KEIZK
%ibﬁéB1ﬁﬂ@éﬂ5&w5%mﬁbﬁbﬁﬁ%¢
%o —HIENBED &, 2 OHEA, IEIEﬂ@HﬁTFWEETL
TLEY, K12k, BFORERER T (7 2%) |
%%T RENEAET DT E2 7T, I¢TE<tofw6

L7703, IERBHTCh 5,

l2 X, AFFZRICE O CBIRE LB ER 2 vz, o] B1 NMR7r—7HHEIETD
BRRFEFOME LR, B (F8) 13, NMR7a—  CEPET
THEENEORIEICEE S NN, RERELTHIEICK
DAY D E L, I ZEN AR L TV D, B2 (k
) 1, BEAOX Y vy S TEDLILTEY, BN EED
LE A IE L TW5, B2 D i ilﬁ@%%%ﬂnﬁ
fPFan<TEy, Znicky, \EEEZSEIL, #xr DRI
WD EMERH L T 5D, lﬁéﬁii%&i\ Z DRI
Va—UiEcEbLTWs, ZoXkoRfEEs 52812
L0, FEFIHEBLSTWERAETHL~Y UL (He) HIC .
BWTH, +oRMEEEEZMETE DL DI oTz, 2 AV CRI% L2
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NMR Characterization of Quaternary Wurtzitic Nitrides in the System ZnGeN2-GaN
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1. Introduction

We successfully synthesized fine powder samples of a new quaternary wurtzitic nitride system,
Zn1—xGei—xGaxNs (x < 0.50), via a facile reduction—nitridation process. The formation of the solid solution
in the system ZnGeN,—GaN was established, and the structural evolution was examined based on the results
of crystal structure refinement and "'Ga solid-state NMR spectroscopy. The optical absorption properties of
Zn1—«Ge1—xGaxxN, in the visible range were revealed by diffuse-reflectance and photoluminescence
measurements, and their potentiality for photocatalytic water splitting under visiblelight irradiation was

demonstrated.

2. Experimental

The "'Ga magic-angle spinning (MAS) NMR measurement was conducted at 11.7 T using a JEOL ECA
500 spectrometer equipped with a 4 mm CP-MAS probe spinning at ca. 13—15 kHz. The Larmor frequency
at 11.7 T was 152.55 MHz for "'Ga. The spectra were acquired by 3200—11000 scans using the single-pulse
sequence with a /6 pulse of 1.3 ps and a relaxation delay of 20 s and were referenced to O ppm fora 1.0 M

aqueous Ga(NOs3); solution.

3. Results&Discussion
We have developed a new quaternary wurtzitic nitride
system, Zn;—xGe—xGaxN». Fairly stoichiometric and
monophasic powder samples with fine particle sizes of
71-77 nm were synthesized in the quaternary compositions
of 0.1 <x < 0.5, via the facile reduction—nitridation process
conducted at 900 °C. This structural evolution was further

confirmed by the 71Ga NMR results showing a singlepeak at
~303 ppm for the compositions of x > 0.33

Figure 1. ""Ga MAS NMR spectra of the synthesized Zn;—xGe1-xGaxN, samples: (a) x = 0.10, (b) x = 0.20,
(c) x=10.33, and (d) x = 0.50. Asterisks denote spinning sidebands.

BE R
1) Suehiro, T; Tansho, M; Shimizu, T. Quaternary Wurtzitic Nitrides in the System ZnGeN,-GaN:
Powder Synthesis, Characterization, and Potentiality as a Photocatalyst. J. Phys. Chem. C 2017, 121,
27590-27596.
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Development of generation and control techniques for hyperpolarization in semiconductors
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B OE
#%Miﬂ‘/%L@%ﬁ FEIZ BT Dk 2 B R 2 BHRIIRIE TR 5720, BEAE O
fRiRIE T 2[RRI 2 HE%EPTICRME LS, T DO NMR 1n77%£mﬂﬁbfﬁéﬂjﬁ“é
EEfRAR 7 Y > 7] ZBRFE L THET,

2. VAT LD

Y N—TTHELENARE L NMR AT A (M 1) DEaR—2 L LT, #zicikE 2T
—T = Uy MER, KON, ZERMECEE AT AR L E Lo, B Tl AR
2R POBLSIN LB AT — U OME R L. SRR ﬂff%éXT*V%%%
F L7, £, BE TIE. BB A R ﬁ@#é LT, B AMER L, MENIZ
BIpBN RE Y v 7 H2GT DRI LT, BEOEITIRINICB R Z £ 5 2 & 23 AlEE
LD E L,

3. BREMT XY 7K D ¥EEAT v fE o SR EEi&k NMR

FRLTCHIE LI v AT A2 HWT, R~ T 1 fUmIc s 1T 2 Smigug NMR O SEGEZ HE s T
WET, THETIZ, GaAs/InGaP ~7 v SR Z R Ak LRfEb S5 2 LT f
M1 D NMR 5 2 IR T 5 Z LIk L TV ET 2,

E I3
AWEFE D FREIZ 720 . NIMS FABA%E « P EIG A 7 — v a VI T KEEE £ L,
AHWFZED—ERIL, ISPS BHFE (JP25287092, JP25610079) DB Z 31T 7= 6 D TT,

X 1A 27 NMR ¥ AT A

ZER
1) A. Goto, S. Ohki, K. Hashi and T. Shimizu: Jpn. J. Appl. Phys. 50 (2011) 126701.
2) A. Goto, K. Hashi, S. Ohki and T. Shimizu: Phys. Rev. Mater. 1 (2017) 074601.
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1. 1ZC®iC

ZHVE T, NIMS TIE. %5 2 #1(2010 4EE~2014 EJE) . 55 3 HIrPEHIZFE (2011 42 ~2015 4F
FE) Zi8 LC, RO, A A T bSO BTV — AET A O TR R E TR
UG LT FE A BB L. By X MR « PV s AT i, i X 2% 1 SO S G A 45
AR S DI A OFHAFATEAT 2 L ST E 72, 2016 NS A X — kN L7254 P EHGH
Tk, Fex, BTE—LHME L SRR X, FIC, SRR R LS AN BT T 5 7 e
T 7 MG THEMELA ) X— 3 U IR T 5 B Aema SR E O R ohov 77—
~5 &MY LTCNWD, VT T—~5TlE, INE TS CEEMADOE TV — A0S E £
L, (D) ZERRRESICH T A7 N (EEHEET) SllEN,. Q7R unn
<7 BRI HEFZER - TRV X — < )L F R — VETIE A B SE U, BRRROI e R R A
NR— g Uy E2IETHEEZ AL LTW5D, M 1Y 7T —~ 5 OFERAH %277, AK¥EE T,
YRR 29 FEEEIZ I T DAFFE BAE R O, R AR T 5.

2. YRR 29 SERE DRI BER OESIRDL
(1) WFFEH AR
FERIEMNENA 7Y » F7 e A0S, FEMMA PRI AT o FEHE O SRS
go. EHBMEMBE W Te SV AR FRER T T v Ty A A= 0 T VERROFHIE, #06 X 7
5y YERAIT TR O RRE & WIS RAE A 1 53 B AR BRATIATE . X ) PDF ARAF 5 2 OF X R B i
MR 7 | OBl RO C DB AP I BT 5 AT 2T .
(2) HEBIRT
FPEF-RHIITIX, 46Pa £ TOmES T 3 RoTlmmARHT FZERIZ I THID THREI L7, £z,
NAHFESER T T T2y VA A=V T A FERE O AR 7 = 7 4 MEICEB L Y,
XBREHH TR T T AT K72 E D FERMENT I LT RS mMBEEIIT 2175 & & b,
X L H BOELEL AT AR AT >~ 7 D A B ICBRSS LT, E£ 72,
Spring=8 @ NIMS B — AT A NINA AN—T v F4
BRELFHI 2 B 45 U7 5 d e mi 2 LI E LS E o
REZTET Lz, SHIT, #t X By eikIz ZE M o i
AE & REfEI o RBE 2 AT 5 L. ALZEBOG T O 5o 38 O Bl A
A=TU TR LT P b= = a2 WL
SO HGEHImTAIZ B U TIRERSM s & RO D TR R ik
BT DR ART MV Lz,
X1 W77 —~5DFEHIARH,

ZE IR

1) H. Mamiya et. al., Sci. Rep. 7, 15516 (2017).

2) W. Zhao and K. Sakurai, ACS Omega 2, 4363 (2017).
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Observation of interface melting in the Si/Al interface by TOF-SIMS

Hideaki Kitazawa', Norimichi Watanabe'-?, Jakub Szabelewsk', Hiroaki Mamiya', and Daisuke Fujita'
!'National Institute for Materials Science, > Faculty of Engineering, Kanagawa University, *> Faculty of
Materials Science and Engineering, Warsaw University of Technology

e-mail address: KITAZAWA Hideaki@nims.go.jp

The joint technologies of different materials by mutual diffusion are very important to realize more tough
strength, better thermal and electrical conductivity compared with mechanical connections by bolts and
adhesive materials. The TOF-SIMS (Time-of-flight Secondary lon Mass Spectrometry) has a greater
advantage to find 3D distribution of microelements than EDX (Energy Dispersive X-ray spectrometry).
Recently, we introduced a heating stage with the maximum temperature of 600°C to TOF-SIMS to observe
the diffusion phenomenon of microelements in the structural materials. Firstly, we have investigated the
interface melting in Si/Al interface by TOF-SIMS to understand the 3D diffusion of Al in Si because the
eutectic temperature of Si-Al alloy is 575°C below the maximum temperature. In this study, we
investigated how diffusion or melting progresses in the interface between different phases using TOF-SIMS.
We discovered the phenomenon of the interface melting in Si/Al interface reflected by the etching
anisotropy of Si.

Aluminum thin films with thickness of 200 nm were deposited on silicon (100) substrate by magnetron
sputtering. The Si/Al interface was observed by TOF-SIMS. In the TOF-SIMS measurement, the sample
surface is irradiated by 30 keV gallium (Ga") primary ions and the secondary ions generated by the
irradiation of the primary ions are analyzed by the time-of-flight mass analyzer. We heated the sample to
200°C, 400°C and 600°C using the heating stage in TOF-SIMS and we constructed 3D images of Si/Al
interface by analysing and sputtering the sample surface alternately using the primary ion gun and the argon
gas gun.

The interface between Al and Si is well separated below
400 °C and it became complexed at 600 °C. This complexed
interface at 600 °C must be caused by the eutectic temperature
which appears at 577 °C in the binary phase diagram between
Al and Si as shown in Figure 1. Figures 2 displays the SEM

image of surface of Al films heated at 600 °C. The valleys with
Figure 1. 3D images of Al film on Si

about 10 pm x 10 pm in area and domy bulges less than about
substrate at 600 °C.

5 pm in diameter were observed. The former valleys are

formed by planes with special angles. Those valleys resembles
the etch pits of Si (100). It suggests that interface melting at the
interface between Al and Si gradually grows to normal
directions, reaches to the surface and forms valleys like the
etch pits of Si (100). The strong joint by anchor effects above
600 °C must be caused by this interface melting.

This work was partly supported by Cross-ministerial

— - - . YT

Strategic Innovation Promotion Program - Unit D66 - Figure 2. SEM image of the sample
Innovative measurement and analysis for structural materials surface of Al thin film on Si SBbStrate which
was heated at 600°C.

(SIP-IMASM).



MI - 508 BRI VRO L P65

AE Y 32 REEEREEYE RCrGeOs DRI

Magnetic excitations in antiferromagnetic alternating spin-3/2 chain compounds RCrGeOs
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1. fvbiu&ryay

RCrGeOs @ Cr' O A B L RITA Y 32 ROBRAMEZRS VT, SHN O ZSHAH AL O,
YCrGeOs Tl 16.0 and 2.3 meV, '*SmCrGeOs Ti% 209 and 1.1 meV TH D P, TN HDfEIZEL LT
Cr-Cr BB T E B, BEPED Cr-Cr BRBEEAFIEZ F5 72012, RCrGeOs (R = Ho, '“Er or Nd)¥y RO H
M- FERMEBGELIIE 21T > 72,

2. EBRFHE
[EFE S iy 22 FAV T RCrGeOs Oy Kakkh 2 /ESL L 7=, J-PARC @ BLI12 ® HRC H ez VT, /|

PEF-FEHMEBELIE 21T - 72,

3. MREEL
Ho %2 & Er RDZI-EIVT, 10735 15meV & 9035 15 meV 12, FRVEIEZBRI L=, Z Db

\ZIE, Cr OREKUNL & i THEORE RG2S F T D, £72, Ho K& Br ROZNEILT, 24
L 25meV FHEE T, BVEIEN AL ONTZ, Y2 TIE, 8705 23 meV ICHAFBIENTFET D, Z1L5
3 OOWETIE, SN TITRET 5 Cr-Cr FEEEZNZIEIE U C. Cr OBEENE HIZIEF U= 1L F—h%i
FET 5, NdBR&E SmBATIH, THZN, 20705 25 meV & 18 705 23 meV 12, Cr DREEUINE A F
ETDH, B2 O0WETYH, $HNTIEET S Cr-Cr BEEXIZIER U CTh 5,

RCrGeOs ¥y R D HPEF-FEFEPERELIRZ D Q (BEL<Z hL) Lo (HUELT= /L% —) (K1

BE R
1) R.V. Shpanchenko et al., J. Solid State Chem. 181, 2433 (2008).
2) M. Hase et al., Phys. Rev. B 90, 024416 (2014).
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Crystal Structure of Cathode Material Liz2MnO3 for Lithium-Ion Batteries
Rt
"W - MBI TERRAE  Setm A BT AT TR AL R
mochiku.takashi@nims.go.jp

1. 1ZC®iC

UF T EAF Ly ZIREMIZEBNCREELZGEVIET EFEORTZ2L70T 2 ENHMLATY
Do L UL7eN 6 IEMIEWEINZ Liy osMng oCoo. 1503 2 W 723G FEHE DRV K LIZ L 5 FEOIK
TIFEAER BT 23[EIE 25 580 B OFERE T 2. 41%DHL L,V 2 Ofk kT,
[ AR R IEARTE W) O fE Al & L TS 23 & % a-NaFeO, B (= 07§k, £-3m) TIid72 < [ LiMnz0s
J& & LisJE 5 U7- LiMnOs Bp v (AL, . ¢2/m X 1) T, LiMngOg JBIZI W T Li & Mn DARA
BN H D E L HIT, Mn YA M Co BNEHLTWD, UV ZOWMEMNS Co DEHAEYRT S L.
AT 10~20 mAhg ' FRIETX LD TN DM, FkE (EREN 5.0 V) & 99 [mI#R D KT Z
LI LV RED 100 mAhg ' FREE & 5 5 LL RIZHERT 5, P FERCEERTH D LiMn0s OfE ik & % T
L. BREOHKLEEEEDBRICHOVWTER LM EEMET 5,

2. EB

EREWE LiMn0s O FEHERTH O PEFEIHTT — & % J-PARC O KRBT & fif Hr 2 &
iMATERIA 12 X ¥ SIRICE W TINEE L., Rietveld fiffir 7 1 75 A Z-Rietveld % FHV Tk bk 18 A i
Writ-, FEHORENL., LFIREAM (4.6 V, 4.8 V. 5.0 V) T 50 [AIFMEA K K L= Eilht
APHLENENRY B LD THLD, EREMIELS RDIZERMEOMRV IR LIZ L HEED
WEIIREL 2D, ?

3. WEREEBE

Co f& #2728 72\ LiMnO; @ #% fih 1 & &

Li1. 9sMno ¢Cop 1505 & [A] U< LiMnO; A T,

LiMnaOs JEIZF VT Li & Mn DR A EHIN H 5.

FE MBS OFEmEE BRI U Th 553, LiMnyOs

JBAND L1 & Mn OBFNIE EREM R E < 7251

ERFAL LT 5, Lis JENTZ 1T T < LiMngOs

JERNTLL O5ED59 4 MBREELEDZ L

Tl Fmict Li REDERINT, RED

WRICHEG LTS LD EEZLND, BT LiMnO, ik i i

ZE IR
1) K. Ozawa et al., J. Electrochem. Soc. 159 (2012) A300.

2) Y. Nakano etal., J. Ceram. Soc. Jpn. 123 (2015) 589.
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Development of transmission neutron spectroscopy for advanced materials innovation
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BAE, BrOFHOAE L OMWEZRM L8 LWOEREM M BHCIE R N EE > TWA R, Zhb
DAY CEAN O, T B — 5% A L Z OB SEHT LT L D e 058 2 G
HPREIIFFRONTE T, LOL, ZOFETIETFETFBARE—L2NEAEEZ L > THIPTL
TL D120, HxoiREs 2 OMBEETE L2V E 5 WENSOEITIC ETFEET S 2 &
L. ZOZ LN, BB ACUEEMIERDO 70 T 4 7 ThABEE - B - BER /K
78 & DL ERIRERE T CRET 5 RN A L EF &2 34l - 7T 5 72D D EBR D K X 72 HI#)
Lo TN,

Alal, FoxiE, BT EFOBUEN AR E— A LR —ER ECH D70, FNEiHIT 554,
JEOREER T Z OFER B S DTN T TR, BRSSO EF O B HEE 2N TR 1Y
TV HMIAREREICER Lz, AR E—AO AR HIEZ D4 F5 i VT 0 5R B AN s
T 5720, BEFTHETEZBN L CTHLAEUVESOEFERPEOLNDITTTH L2, EBIZ L Efif
Br L7z 1370, £ 2C Fha i, KIRER F-Indg et J-PARC TR S5 20 2RO ik
T H MBI 22 2 & Bk B 2 R = VB LI NS L, i LT < D T O 58 & I
MR s CHIET 5 2 & C, B8 L RATRE (ER) & ORMREZFNTZ[1], TORER, H
L THIUE, = v 7 VBRIE O A E BTN D OBIR T 7 v Z S & D HE O E TF
gy ORI, ZRERTHNIK T 7 v ZEITNE X 55 2 NEEL EOfER T v VRICHE
WIRENKRESWOTHZEERAB LTz, ZNDOMHINDG, 20 K77y 77 4 v7 ) H
ELYZEMBPERE T TH AL VESINCEAT 2+ EREBONDLITHAD ZENHLNER
0. Sk, ACUDELHTHIEREOERTBEOIERICKE L TFENRIAEND, —F, BT
Ty Ty Y] HRAWEZAY CEAIOREEIT S EMREREE T O IZm2 e nb oo, ik
TRABRE DD CTHOGEAICAN R TIETH DL Z ERbro =0T, FEk, R ETIRZ H
WD EEREFALOMEE N K LT BT OBEMARE S, BB O BRRY 1 7 v
DEMEICRKES BT 5 Z LR HIRFTE 5,

BE IR
1) H. Mamiya et al. Scientific Reports 7 (2017)15516.
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Study of multiferroic materials by high pressure neutron diffraction experiment
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1. FL¥iz

YNF Tz 7 AEMEINTODBERNTAE U LT 5 & A Y U BEM B/EH % %
U CRESEOFENMET L, A E BN EERTIER D & W2~ 7 a ik E oy A4
CO%EENRHDL, ZILETOMETIE, @FOMFBERIHEASTIALTFT 2 A 7 ADPRT R
FBOBOR X X T 2HLL ENE L EME (L F L Ay RAEY 2 L) ~EHIIRETH -
el RERBRDWE RT~YNT Tz 7 APEORAPRD TN D,

Fxik, cNFETEIATON TE MG ERIC L 2MABEEORIE IR, Ehick-
TvNANTFT7xzaAf 7 AMEFE, fIf# L, £ FTOR Y S L PR EZRIC L > TRE
THRBEITH>TVD, [1,2]

2. FFFERRE
BT & 13, SES) TR BT 2 i1 3 IRt
TR AT S8R D EBLD 7= DI DRI IZ 2 L
72V SERIEREMEAR B 2 N 7o e 7[Rl 4T S BR A o
BENE VOB EITIR> TS, ZRE T, BED
T ToOHMET 3 R ITImARAENT BRI BEh L 7261372
VY, Fox i, R BV TEZE S e M
WEBRHADONATY v KT ELEALZKB L, Pt
T 3T LR DO SERIEWNENA 7TV v KT v
EABLVERRRE LT, T eI, T 7 A T HRE
A K OEREME 2 A T FEAM (E7213 Ni F5E
MEA OIEREME WC BREM) Z vz, (X 1) hnE
REROFER Z N E T, 4 GPa ETOIMEIZKHL, 7
TV AILLIZEB W T T2 727 A MEBRTIX, ®EE/LV
(2 KD T OfRBR O T ILR 6o iz,
< INNT T A7 AYE CuFeO: 2k L T,
FIROFTERIEHMENA TV v R T eV
Z AW TR T 3 oL miBiFAT £ 4 4 GPa
ETOEHTHO, TRETHH ST BT () 7747 R e
Do T RRBEOR A &S b (CBHTT I D) R
W2 L7z, [3]
[1] N. Terada, D. D. Khalyavin, P. Manuel, T. Osakabe et. al, PRB 89 220403(R) (2014).
[2] N. Terada, D. D. Khalyavin, P. Manuel, T. Osakabe et. al, PRB 93 081104(R) (2016).
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1. Introduction

Cage-structured intermetallic compounds are attracting attention both from scientific interests and

application possibility. Weak bonding between guest ions inside the cages and the host atoms often causes a

random vibration mode of the guests called 'rattling', which allows a low thermal conductivity without

deteriorating electrical conductivity. This characteristic behavior is believed to be useful for thermoelectric

applications. Here we study the lattice dynamics of R3PdxXs (R : rare earth, X = Si, Ge) by means of

neutron powder diffraction. These compounds have the crystal structure shown in Figure 1. There are two R

sites at the 4a and 8c position. Both of the sites are surrounded by Pd and X atoms to form cages. Atomic

displacement parameters of the elements are evaluated, and
are discussed in relation to the electrical and thermal transport

properties as well as magnetizations.

2. Experimental procedure

Polycrystalline samples were synthesized by argon arc
melting and subsequent annealing. Neutron powder diffraction
experiments were carried out with the time of flight method at
the POWGEN beam line in SNS, Oak Ridge National
Laboratory. The data were analyzed by the Rietveld method
using FullProf Suite. Magnetization was measured by a
SQUID magnetometer. Transport properties were measured

with bar-shaped samples using a PPMS.

3. Results

Isotropic atomic displacement parameters of LazPd»oSie are
displayed in Figure 2. It shows that all the sites show typical
temperature dependence for a crystal lattice. This suggests La
ions are strongly coupled with the host elements. Other results

will be shown at the site.
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Figure 1. Crystal structure of R3Pd2Xs (R =
La, Ce; X =Si, Ge).

Figure 2. Isotropic atomic displacement
parameters of LazPd»oSis as a function
of temperature.
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BRI A OBRIIE, LT T — 27 U —RiA O FEH LA THLED K ABLABIZED LR
MThD, 34T LA ITE VB 2 FFOKARA & LTHLIL, T2 —OREMK R SR
FEACTHAICFIH SN TV A1, L L., REIEEIIREHOE B2 <. OMEOMRIN
FHREABRBIIIRAIR E 7o TS, BADEREIX, v~ 7 a~ 7 X7 4 7 R TBT 5
BIRETNMICL DY I 2 b— g VOIENTEIZITbN TE R, TOHB D=0, JFF A7
—NVTCDEAFT I ADHGERHELNRNE WS BEN D o7, (REIEEDOI 7 aleXr—)L
235 ORI, IEET VS ZA T 27 ZADMBRVETH D, Fxld, FwmiE
TR FEEL UTo A OBRIRE OB AZ D I LT D, AIFIETIERA T A (Nd2 Fe14B )
WA DIF-FRIE 7T V& F T, SRS o B A Kk At 2 5~ 72,

2. NdFelBHH DRFMIIETNE XA T I T ADF iR

TTFINDNRT A== TG FEHRED D VITERNORD SN EEHH L. HERYEGEE
(T=150 K i) # &bt G on 2 F 2R L Cnd, £z, B AIE T~800 K & A
S HAL, ERED To~600-700 K K0 IID LEWa, 7 /MERZY R 2 L 2R L TV D,
Fox 1L, Wb X A F 7 A%l T 2 R TH 5 Landau-Lifshitz-Gilbert(LLG) 7 22U 1R
ZhEZITE L < UV IAATZ 54 (Stochastic LLG ¥%) [2]1% Z DR Z5E H L CRENT 21T - 72,

3. Power Spectrum
Power Spectrum DIEEMRIFIEZ TG L7223, K1 DX DI — 7 OFEENENEE EF-L &b
C—EEALTTRETLEWS FFAWARKRLIEVWE RN Lo, ZOEIZIL, mRESER DR
BRDHDHEBEZOLNDN, ZTOFFMIZONWTEET D

ZE SR
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013002 (2017).
2) M. Nishino and S. Miyashita, Phys. Rev. B 91, 134411 (2015).
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Confocal Raman microscopy (CRM) is a combination of two ingenious inventions of the past century:
Raman spectroscopy and confocal microscopy. The concept utilizes a pin-hole aperture confocal with the
specimen plane of interest to allow Raman scattering collection only from the excitation laser focal spot,
thereby realizing physical chemistry analysis in a three-dimensional space. ! Rigorously, only materials
transparent to excitation laser follows this ideal picture of laser-specimen interaction. For an opaque material,
signal attenuation may be caused by photon absorption besides the confocal exclusivity intended by the pin-
hole aperture. This effect leads to inseparable signals generated at close specimen depths. The signal collected
when the laser was focused at a single position would then contain spectral information from multiple
positions along the specimen depth direction. 2

This effect compromises spatial selectivity and becomes especially noticeable in stress characterization,
where Raman frequency shift caused by local stress in neighboring specimen regions usually differs by as
little as a fraction of wavenumber (as shown in figure 1). In this work, by calculating both laser attenuation
from adsorption and confocal aperture exclusivity to reduce complexity, we applied an informatic-aided
CRM approach to decompose true local stress values from the superposition of total Raman signals in three
dimensions. The method assumes the mixture effect among laser signals from different 3D layers, which can
be given by theoretical calculation, and then decomposes observed mixture signals into original ones to detect
peak positions of Raman signals, to avoid specifically pseudo-peak generated from different layers. Its
effectiveness was demonstrated by both synthetic dataset and real datasets in a silicon wafer pre-stressed by
indentation (as shown in figure 2). The local stress resolved from specimen planes separated with sub-
micrometer distance was found to develop at different velocity in
response to thermal annealing. Oxygen concentration gradient was
accounted for such depth-dependent stress dynamic variation through
impeding dislocation slip. Such mechanism was also confirmed
quantitatively by 3D elemental analysis using Time-of-flight-
secondary-ion-mass-spectroscopy (TOFSIMS). Figure 1. CRM laser-specimen

This work was partly supported by Cross-ministerial Strategic  interaction in an opaque material.
Innovation Promotion Program - Unit D66 - Innovative measurement

and analysis for structural materials (SIP-IMASM).
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CRM analysis.
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Plasmonic nanostructures offer the remarkable prospect of concentrating and manipulating
electromagnetic fields at the nanoscale. However, a fundamental understanding of the underlying
mechanisms that give rise to the optical nonlinearities is poorly understood [1]. Previous studies were mainly
performed at single wavelength and have led to conflicting results [2]. Better understanding of the nonlinear
mechanisms would allow novel nanostructures to balance losses and maximize nonlinearities, and therefore,

move the nanophotonics concepts forward to real-world applications.

The nonlinear optical properties of the TiN nanoparticles [3] embedded in PVA composite were
investigated by pump-probe spectroscopy and spectroscopic ellipsometry [4], In contrast to the standard
single wavelength Z-scan technique, the obtained changes in the refractive index range from 350 to 1200 nm.
In light of these results, we discuss the effective and intrinsic optical third-order nonlinearity of the TiN
nanoparticles in a broad wavelength region. These results can boost the applications of transition metal

nitrides for ultrafast light manipulation in nanophotonics.

b)

Figure 1: a) Absorption coefficient and b) complex permittivity of the TiN nanoparticles embedded in PVA

matrix.
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Nonlinear plasmonics are of great importance for a wide range of active functionalities in nanophotonics,
including biosensing, quantum information and ultrafast lasers [1]. Despite a growing number of studies
being performed, a fundamental understanding of the underlying mechanisms that give rise to the optical
nonlinearities is needed. Previous studies were mainly performed at single wavelength and have led to
conflicting results [2]. Better understanding of the nonlinear mechanisms would allow novel nanostructures
to balance losses and maximize nonlinearities, and therefore, move the nanophotonics concepts forward to
real-world applications. We will focus on the third-order nonlinear process. This process results in changes
of the refractive index and allows the all-optical manipulation of light at the nanoscale.

Here, combining pump-probe spectroscopy with spectroscopic ellipsometry [3], the nonlinear optical
properties of the double-plasmonic resonance Au nanorod [4]/PVA composite were investigated. In contrast
to the standard single wavelength Z-scan technique, the obtained changes in the refractive index range from
350 to 800 nm. In light of these results, we discuss the control of the plasmonic material properties in order

to eliminate the material constraints; thus, achieving large optical nonlinearity at a desired wavelength region.

20
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Figure 1: a) Linear complex permittivity and b) nonlinear third-order susceptibility of Au nanorods embedded
in PVA matrix.
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1. Introduction

Fullerenes have large optical nonlinearity due to the delocalization of n-electron conjugated systems [1]
and have been applied to optical limiting [2]. Experimental data for nonlinearity have been reported by
several papers, however, these data is fragmental and the whole picture has not been fully understood. The
aims of research are to figure out third-order optical nonlinearities of Fullerene materials experimentally and
to improve the function for device applications. Here we show experimental evaluation of third-order optical
susceptibility spectra and transient response of Cgo, C70 and ScsN@Cso solid thin films and discuss the
mechanism.
2. Experimental

Thin film samples were fabricated by vapor deposition. Femtosecond time-resolved pump-probe
spectroscopy was utilized to obtain nonlinear optical response and power modulation. The pulse width and
pumping wavelength were 146 fs and 400 nm, respectively. Spectroscopic ellipsometry was applied for the
linear optical characterization. Third-order optical susceptibility spectra were evaluated with the formula
below by combining linear response from spectroscopic ellipsometry with nonlinear optical response data

from pump-probe spectroscopy,
—ny® . 2
6£eff (wprobe ) - D)(eff (_wprobe ’ _wpump ’ wpump ’ wprobe )|E0 (wpump )|

3. Results and discussion

Figure 1 shows experimentally evaluated third-order optical susceptibility spectra of Ceo thin film and C7o
thin film. The amplitude indicates both of them are of the order of 1 x 107'® m?/V2. For Ceo, the real part of
the third-order susceptibility is positive and much larger than the imaginary, suggesting that nonlinear
refraction is dominant in the nonlinear optical process. For Cyo, the real part is positive while the imaginary

part is negative, suggesting that nonlinear refraction enhances and absorption weakens.

Fig.1 the third-order susceptibility of Cso and C7o thin films
References
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Abstract: Gold is one of the most commonly used material in nonlinear plasmonics, but
its nonlinear properties including size quantization keep unclear. Here the nonlinear
response and third-order optical susceptibility of Au nano sphere and thin film samples are
evaluated. The contribution of electron transitions to nonlinear response are discussed.

1. Introduction

Metal nanostructured materials have generated considerable interest owing to ultrafast response and large
nonlinearity in plasmonics. The promising properties will be widely applied to nanophotonics, such as
harmonic generations, ultrafast switching and so on. Gold is widely used in these fields due to its stability
and workability. To make active use of the optical nonlinearity, the complete understanding of the origin is
needed. In previous researches, the third order susceptibility x®) can be measured only at one single
wavelength and think the main contribution is from the interband transitions for gold. These fragmental
results strongly limit the understanding of the nonlinear behaviors. This research is aimed to analyze the
frequency dependent spectra and clarify the different size behavior of two different electron transitions.

2. Experimental

Gold nanoparticles are fabricated by negative ion implantation with 60 keV and the particle size is controlled
by ion fluence. The particle size is evaluated by small angle X-ray scattering(SAXS). Gold thin films are
fabricated by Magnetron sputtering. Spectroscopic ellipsometry is applied to analyze the linear optical
structure. Femtosecond Pump and probe spectroscopy is used to obtain the nonlinear response. From these
combined analysis, we evaluate the spectra of third-order optical susceptibility for various Au nanomaterials.

3. Results and discussion

These graphs give the transient modulation caused by nonlinearity of Au particles with a size of 4.5 nm.
Figure 1(a) shows the transient transmission change by pumping at 400 nm. Figure 1(b) shows x®) of
Au/Silica glass composite. The relationship between effective x*) and intrinsic one is described as the
following equation:
XS%“ective = pﬁzlﬁlzxi(rgtgrinsic ’ fl = %'

Figures 1(c) and 1(d) show the intrinsic x®
originated from two electron transitions. The transient
absorption around 500 nm (2.48 eV) is caused by
interband transition, while the bleaching part around
600 nm mainly reflects the intraband transition. The
latter contribution is not negligible small.

In this research, we experimentally evaluate the
nonlinear response of several Au nanomaterials with
spectra and discuss the contribution from two electron
transitions with size effects in detail.

Fig.1 Nonlinear optical response of Au
nanoparticles: (a)The transient transmission change
by femtosecond laser pulse excitation, (b)Effective
x®) of Au/Silica glass composite, (c)Intrinsic x®
originated from interband transition and (d)from
intraband transition.
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Abstract

Silicon nanocrystals with diameter less than 10 nm were developed through acidic etching of hybrid Si/Si02
matrix raised from hydrothermal treatment of triethoxy silane (TES). The produced Si particles were bare
from Si-O bonds, revealed by IR spectroscopy. Then, the surface of Si Ncs was functionalized using long
chain octadecene (OD) leading to ncSi-OD'. Those particles were well dissolved in most organic solvents.
Generated ncSi-OD have intense photoluminescence (PL); attained by reducing the crystal size. PL displayed
around 2 eV at room temperature under the UV radiation as illustrated in figure 1.

Being the dominant material in the microelectronic industry, it was desirable to investigate their nonlinear
optical properties for promising applications such as all-optical switching?. Therefore, an accurate knowledge of
both linear and nonlinear optical properties of these structures is crucial for the conception and design of highly
efficient photonics and for the control of their performance.

Based on ultrafast transient absorption measurements, using femtosecond pulses will supply broad discussion of
the third-order nonlinear susceptibility correlates to electronic and intraband transitions excluding free carriers and

thermal effects.

Figure 1. (a) Flow chart of synthesis procedure of Si Ncs (b) Si Ncs dissolved in CHCl3

(c) Si solution under UV radiation
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We investigated the structural analysis of synchrotron high energy powder XRD for newly synthesized fcc
Ru NPs with diameters of 2.4, 3.5, 3.9, and 5.4 nm. A comparison of the experimental results with those from
numerical calculations using the stacking fault model showed that the model explained the shifts and
quantitatively estimated the amount of stacking faults. We evaluated the quantitative stacking faults densities
for fcc Ru NPs, and the stacking fault per number of layers was 2—4, which is quite large. The B factor tends
to increase with the increasing stacking fault density. The Pgoo parameter yield large values for all particle
sizes of the fcc Ru NPs. This implies that the NPs have a disordered structure. We believe that stacking faults
in the fcc metal NPs are correlated with the crystalline domain size and B factors but with a different trend

from the Pgoo values.”

Figure 1. Powder XRD patterns of the fcc Ru NPs with the size of 3.9 nm. (a) XRD line profile obtained
using a normal fitting method without a stacking fault model. (b) XRD line profile fitted using a stacking
fault model. (c) Stacking sequence of the fcc structure without stacking faults. (d) Stacking fault in the fcc

structure.
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Hybrid materials composed of metal nanoparticles and metal-organic frameworks (MOF) have attracted
much attention for various applications due to remarkable synergistic function between their constituent
materials. Here, we studied the electronic structures of Pd nanocubes supported by copper(Il) 1, 3, 5-
benzenetricarboxylate (HKUST-1), Pd@HKUST-1, with the significantly enhanced hydrogen storage
capacity.!

In order to investigate the electronic states of PA@HKUST-1 near the Fermi level, we performed hard X-
ray photoelectron spectroscopy (HAXPES) at NIMS BL15XU, SPring-8 and near edge X-ray absorption fine
structure (NEXAFS) measurements at BL12, SAGA Light Source, respectively.

We compared the observed valence band of PA@HKUST-1 with the physical mixing spectrum of Pd and
HKUST-1 using the Kerkhof-Moulijn model to analyze quantitatively.”*) There is a difference between the
observed and the simulated spectrum. This means that the interaction between the Pd nanocubes and MOF
(in particular, Cu in MOF) at the interface. To understand the difference, we compared with the density of
states (DOS) in the framework of density function theory and evaluated the deviation of the interfacial Pd 4d,
Cu 3d and O 2p DOS from the inside DOS, which were consistent with the HAXPES results. Furthermore,
NEXAFS results give an evidence the interaction between Cu 3d and O 2p. In conclusion, our results imply
the charge transfer behavior from Pd 4d bands to the Cu 3d and O 2p hybridization bands of HKUST-1 at
the Pd/HKUST-1 interface, which causes the hydrogen storage increased approximately twice in
Pd@HKUST-1 compared to Pd nanocubes. These results will be guidance to design new hybrid materials by

engineering the electronic structure for the functional properties.
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The present research uses a visible-light digital camera to see the composition and distribution of
chemical elements in materials'. In the experiment, samples are illuminated by X-rays, and the camera
works as an X-ray energy-dispersive imager. Element composition in the sample is analyzed by X-ray
fluorescence spectra, and element distribution is recorded in XRF images. Both of them are measured by
this digital camera.

The digital camera used in this research is a commercial sCMOS (scientific Complementary Metal Oxide
Semiconductor) camera. Initially the camera is sold for taking ordinary photos. It is named with “scientific”
because the camera is suitable for scientific research due to its high dynamic range and low readout noise.
Operational procedures of turning the camera into an X-ray energy-dispersive imager consist of three steps.
Firstly, the lens system and the glass front cover of the camera are removed to allow X-rays to pass, and an
opaque front cover with an X-ray window is installed to avoid the influence of visible light. Secondly, the
camera is used in single photon counting mode, which means taking many snap shots very quickly in order
to disperse X-ray photon events to different positions in images and record each photon event individually.
Thirdly, an integrated-filtering method is proposed to filter out the invalid photon events of incorrect charge
collection and retrieve the energy of valid photon events. In the final, the camera becomes resolvable to
X-ray photon energy, making it a powerful X-ray energy-dispersive imager. It is able to measure XRF
spectra to analyze the element composition in the sample. In addition, after placing a micro pinhole in front
of the camera, it is also able to measure meaningful XRF images to show the element distribution (Figure
1). Till now, this technique has been applied to much research including impurity analysis and visualization

of chemical diffusion.

Figure 1. Element analysis of an agate stone by using the digital camera. (a) Optical photo of the
sample. A white mark including titanium is pasted to locate the viewing area more precisely. The
viewing area is enclosed by the rectangle. (b) XRF spectra. (c) XRF imaging of titanium. (d) XRF

imaging of iron.
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X-ray optical sectioning microscopy: towards visualization of buried function
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Periodically-packed multilayers play an important role in many material systems including
semiconductors, magnets and optical devices. Generally speaking, performance of these materials are
mostly determined by the perfect periodicity of multilayers and the homogeneity of every layer. Therefore,
defects such as inhomogeneous impurity and layer distortion many dramatically decrease the performance,
and hence they should be carefully inspected and specially discussed. However, because every buried
function layer is generally only a few nanometers thick, it is very difficult to detect the exact depth of the
defects in a non-destructive way. For this reason, we developed a new technique of X-ray optical sectioning
microscopy.

The new technique of X-ray optical sectioning microscopy is a combination of X-ray standing wave
(XSW) and X-ray fluorescence (XRF) imaging. In this research, we used it to study the 3D inhomogeneity
of iron impurity in a sample which is a periodic repetition of nickel-carbon bilayers. Thickness of every
nickel layer and carbon layer is 1.4 nm and 3.6 nm, respectively. In the experiment, the sample is
illuminated by a thin grazing-incidence X-ray beam. When the glancing angle satisfies Bragg condition,
X-ray diffraction happens and an XSW field forms in the sample. The XSW field intensity distribution may
change along with slightly changing the glancing angle. Therefore, the detected XRF intensity of impurity
may also change, and the depth distribution of the impurity could be determined by fitting the XRF
intensity changing profile (Figure 1a). In this experiment, a sequence of XRF images were obtained,
providing XRF intensity profiles of every micro region (Figure 1b). Therefore, 3D inhomogeneity of iron
impurity could be found.

The X-ray optical sectioning microscopy has a nano-level depth resolution and it is especially sensitive
to buried function interface. It is going to be applied to many material systems such as Q-state

semiconductors preparation, 2D materials and so on.

Figure 1. (a) Simulated XRF intensity profile with respect to different incident angles. When iron
impurity is assumed at different layer sites, the corresponding profiles are totally different. (b) XRF
intensity profiles at different regions can be obtained from a sequence of XRF images. They indicate

the respective depth distribution of iron at different regions.
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Layering of cobalt stearate by LB method
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Q-state semiconductor particles may possess totally different property from their bulk substances.
Among them, Q-state cadmium sulfide is of wide interest due to its abnormal optical and
photoelectrochemical property. Thin layers of cobalt stearate (CoSt;) is a common precursor to prepare
Q-state CdS'. In this research, periodic thin layers of CoSt, was prepared by the Langmuir-Blodgett (LB)
method. In addition, advanced X-ray techniques were utilized to inspect the drying process and characterize
the structure of the final product.

To prepare periodic thin layers of CoSts, stearic acid is dissolved in hexane and a drop of the solution is
added to a water substrate containing Co?". After the hexane is totally evaporated, a monolayer of CoSt, is
formed on the water substrate by adjusting surface pressure. A clean silicon wafer is perpendicularly
immersed into the solution and subsequently perpendicularly pulled out. Therefore, one thin monolayer of
CoSt; is transferred to the wafer surface. After repeating this procedure of immersing and pulling-out for
many times, multiple thin layers are piled up on the silicon substrate. After drying, these multiple thin
layers become an ordered assembly structure.

Advanced X-ray techniques are utilized to characterize the structure of the final product. Its periodicity
and periodic spacing D can be characterized by small-angle X-ray diffraction, in which the X-ray
diffraction pattern shows its periodicity and the angle of diffraction indicates its D value. During the drying
process, the sample may have a gradual change from a less ordered structure to a highly ordered one. This
process can be inspected by acquiring many small-angle X-ray diffraction spectra quickly and continuously,
which could be performed with using our quick X-ray reflectivity (q-XRR) technique. When the sample’s
periodicity is finally stabilized, another technique of X-ray optical sectioning microscopy can be utilized to
investigate the conformal distortions of layers. Introducing advanced X-ray techniques into this study will
help to understand the formation process of the periodic thin layers of CoSt2. In addition, it can also

improve the understanding of the relation between structure and performance.
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Detection of underground heavy metals by high-energy X-rays
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The terminology “heavy metal” in this research refers to the high-Z elements of which the atomic
number is greater than 46. They are named as “heavy” because of their large atomic weight rather than the
density of their single substance. Many elements included in this class play an important role in human
society, e.g., toxic heavy metals such as cadmium, mercury and lead, rare earth elements such as lanthanum,
europium and gadolinium, and precious metals such as silver, gold and platinum. These elements are not
everywhere in the natural environment, but nowadays they appear here and there in human society due to
the influence of modern industry. Consequently, detecting underground heavy metals becomes a common
scenario, either in mining production or in environment protection.

In this research, we use high-energy X-ray fluorescence (XRF) analysis to detect underground heavy
metals. XRF is a powerful tool for identifying elements, because X-ray can penetrate opaque objects and
the photon energy of escaped fluorescence X-rays can tell the element species. In laboratory, the analysis
depth of XRF is several to hundreds of microns, because low-energy X-rays below 20 keV are easily
absorbed by the sample. However, a fact of X-ray is that, the higher energy it is, the thicker object it can
penetrate. For this reason, in our technique, we use high-energy X-rays to penetrate thick soils, and we
measure the high-energy fluorescence X-rays of heavy metals which can escape from thick soils. In the
final, the detection depth in soil is experimentally proved to be several centimeters, and it is expected to be
further extended by optimizing the X-ray instrument.

Searching for underground heavy metals is better to be conducted by a self-driving high-energy X-ray
robot, therefore, the searching work can become much efficient and laborsaving (Figure 1). This poster
shows necessary instrument parameters to build up the robot. The detection capability in expectation is also

discussed.

Figure 1. A self-driving high-energy X-ray robot searches for underground heavy metals. The robot
generates high-energy primary X-rays and the X-rays penetrate into underground. Fluorescence X-rays
of buried heavy metals can be excited by these primary x-rays and they can escape to ground. When

the robot detects such fluorescence X-rays, underground heavy metals are discovered.
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Poly-(N-isopropylacrylamide) (PNIPAM), which exhibits a transition ability between hydrophobic
and hydrophilic with temperature change around 33 °C, has been considered as one of the most promising
thermo-responsive materials for surface applications.. In the last decades, enormous works have been
conducted for its application, and some researchers noticed that even for the same material, the thermal
responsive behaviors can exhibit different with its structure and environment. In the ultra thin film system,
PNIPAM system is without bulk water, in which case, this thermo-responsive became more complicated
[1].

In this work, we have first observed the different thermal responsive behaviors of PNIPAM ultra thin
film with thickness change by X-ray reflectivity technique in different time scale [2] (Figure 1). Nearly
11.2% maximum thickness change is found after the repeated thermal treatment in room conditions, and it
is considered with water amount change in the ultra thin film system. Different to the recoverable phase
switch in water solution, PNIPAM ultra thin film exhibits LCST-type thickness increasing and monotonous
thickness decreasing in cooling and heating process respectively, and the thickness of PNIPAM ultra thin
film also exhibits the temperature dependence in heating process implying the temperature dependence of
hydration capacity of PNIPAM ultra thin film. On the other hand, different deposition and absorption
kinetic process at hydrophobic state are confirmed in static measurement. In the nearly one month
monitoring, we cannot observe any thickness increasing, but only thickness decreasing in heating process.
We propose these processes are contributed by different water transform kinetic at the different interface in
our system. Water absorption can only exist at the PNIPAM’s surface, but water desorption can happen at
the interface between substrate and PNIPAM film. Different to the nature property at surface layer, the
activation energy of water desorption can be reduced by the interface interaction at interface layer, which

result in the different kinetic in thickness change.

Figure 1. Different thermal responsive behaviors of PNIPAM ultra thin film with thickness change in temperature cycle.

[1] Y. Liu, K. Sakurai, Chem. Lett., 46, 495 (2017).
[2] K. Sakurai, M. Mizusawa, M. Ishii, Trans. Res. Soc. JAPAN, 32, 181 (2007).
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Thermal expansion which is considered as the basic thermal responsive behavior in every material can
exhibit different performance with the property and structure of materials. In the polymer material system,
thermal responsive behaviors can become more complicated. In the usual application, nearly 3 times different
in thermal expansion coefficient can be always observed beside the glass transition temperature (Tg), which
has been considered as onset of reputation with cooperative motion of several segments. However, its
complexity is far more than this. When the size factor goes to nano scale, this behavior can become more
controversial. In the last decades, negative thermal thermal expansion has been occasionally reported in
polymer ultra thin film [1].

In this work, negative thermal expansion has been first confirmed in the different thickness PVAc film
near the Ty 31 °C by X-ray reflectivity technique [2]. In the PVAc film with 100 nm, negative thermal
expansion has been found below Tg, and at the same time, suppression of thermal expansion from 713 ppm/K
to 363 ppm/K can been confirmed in the rubbery state. Future more, a slow shrinking process has been also
noticed in the rubbery state of PVAc film in the repeated experiment. With different temperature scan rate
experiment, the different negative thermal expansion kinetics has been found between cooling and heating
process. Depended on the special structure in our experiment, we proposed a shrinking behavior at interface
layer with the competition between interface interaction and internal stress. Two different layer parts
contribute the observation of negative thermal expansion in PVAc film (Figure 1). Bulk liked surface layer
performance the normal thermal expansion with temperature, and the shrinking process of interface layer is
hidden in our observations. In the process of verification, control experiments are repeated in the PVAc ultra
thin film with 10 nm. In this ultra thin film which can be only considered as interface layer, distinct negative
thermal expansion can be observed in the heating process from 19 °C to 45 °C, which would be conducted by

the interface interaction with modulus dropping near T,.

Figure 1. Different layer behaviors in the PVAc thin film with glass transition

[1] T. Miyazaki, K. Nishida, T. Kanaya, Physical Review E, 69, 022801 (2004).
[2] K. Sakurai, M. Mizusawa, M. Ishii, Trans. Res. Soc. JAPAN, 32, 181 (2007).
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1. Motivation

In the development of devices based on ultra-thin films, it is necessary to control interface structure to
obtain high performance. Surface-sensitive and non-destructive evaluation methods are needed to
evaluate the structure of the surface and interfaces in ultra-thin multilayers. We have tried to improve
X-ray reflectivity technique by combining X-ray fluorescence measurement [1] to obtain not only the
layered structure of the sample but also element distribution in depth in ultra-thin films.
2. Method

X-ray reflectivity profile was measured at small glancing angle of incidence, with X-rays from rotating
anticathode X-ray generator (Cu target) through the Si(111) double crystal monochromator. Angular
resolved X-ray fluorescence spectra were measured by a silicon drift detector (SDD) above the sample
surface with referring the X-ray reflectivity profile.
3. Results and discussion

We prepared a multilayered thin film sample by sputter coating for demonstration. The designed
structure of the sample is Ni (150 A) / Ti (50 A) / Cu (200 A) / Si (substrate) from the surface to the bottom.
We tried to evaluate in-depth distribution of the elements in the sample by our method. From the X-ray
fluorescence spectra, silicon in the substrate, titanium in the second layer, manganese and iron as impurities
in the sample were confirmed. Figure 1 shows the X-ray reflectivity profile and angular dependence of
XRF intensity of detected elements. In this case, titanium is in the second layer, then XRF intensity
rapidly increases near at the critical angle of total reflection (5.3 mrad) because of rapid penetration of
primary X-rays. XRF intensity of silicon becomes greater at larger glancing angle than other elements
because silicon is in the bottom of the sample. On the other hand, XRF intensity of manganese and iron
shows different tendency, the XRF intensities become the strongest at the glancing angle lower than the
critical angle of total reflection. This fact implies that manganese and iron are contained in shallower part
of the sample, for example, the top surface of nickel layer. Angular dependence of XRF intensity can be
simulated by assuming in-depth distribution of elements and the structure of multilayer. We estimated the
in-depth distribution of manganese and iron, then we
revealed that they are distributed in near surface of the
nickel layer. Proposed method can work to estimate
in-depth distribution of unexpected elements in the

thin film samples.

Reference
[1] K.Sakurai and A.lida, Adv. in X-Ray Anal. 39,

695-700 (1997).

Figure 1. X-ray reflectivity profile and angular
dependence of X-ray fluorescence intensity of
Si, Ti, Mn and Fe of the multilayered sample.
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1. Introduction

X-ray fluorescence (XRF) is one of the non-destructive element analysis methods for materials [1].
Now XRF method is employed in very wide purposes, especially for the environmental survey. To apply
this technique to various purposes, quicker measurement and lower power consumption are preferred. We
are developing a versatile XRF spectrometer with low power X-ray source and in-plane scanning sample

stage.

2. Method
We developed an X-ray fluorescence spectrometer equipped with a micro-focus X-ray tube (rhodium
target) and a compact X-ray detector (silicon drift detector). The sample stage is horizontal and it has

two-axes scanning stage. Element mapping is available by scanning the stage with finer X-ray spot size.

3. Preliminary results

We evaluated the sensitivity of our XRF spectrometer to detect the trace elements in the sample. The
specimen is the standard reference material distributed from The Japan Society for Analytical Chemistry.
The standard sample is made of acrylic plate, and it contains small amount of chromium (25 — 200 mass
ppm), lead (25 — 100 mass ppm) and cadmium (4.5 — 45 mass ppm). Figure 1 shows the XRF spectrum of
standard reference samples. Measurement time to accumulate XRF spectrum was 2 min in total. From
the spectra, XRF peaks of chromium and lead is confirmed and they can be seen even in the spectrum of
the sample with the lowest concentration. However, cadmium in the sample cannot be detected from XRF
measurement. We confirmed the lowest detection limit of our spectrometer, it is nearly 10 mass ppm for

chromium and lead in the plastic plate. Now we are
4000 T T T T T T T
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Figure 1. X-ray fluorescence spectra of standard
reference samples.  Concentration of trace
elements is the lowest in JSAC0611 and the
highest in JSAC0615.
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Copper ferrite (CuFe204) has both cubic and tetragonal spinel structure which is promising
for many interesting application such as Li-ion storage, catalysts and magnetic devices.
Copper ferrite was synthesized by a unique, and extremely versatile route, and comparative
with slow evaporation process. The crystal structure and thermal behavior were analyzed by
methods involving X-ray analysis and thermal analysis.

The synthesis of CuFe:04 powders uses only ethylene glycol (EG) as a solvent of
Cu(NOs3)2 and Fe(NOs)s. The rapidly boiled the solution containing copper and iron with
accurate mole ratio of 1:2. This time the hotplate (300°C) was used. In final stage of boiling,
the material spontaneously gets a flame, leading to the crystallization. The procedure consists
of only one pass, and it takes only 15 min in total. The role of EG seems extremely important.
Its help to maintain homogeneity of chemical composition of copper and iron in local level,
and works as a fuel for spontaneous combustion'. X-ray diffraction pattern shows the cubic
CuFe204 phase, which is quite efficiently obtained in one step by rapid boiling of solution. On
the other hand, slower drying process in oven at 100°C overnight requires subsequent
calcination at 1000°C and also more time to obtain the single phase of crystalline CuFe204,
and the structure is not cubic but tetragonal. The crystallite sized obtained by rapid boiling
process is much smaller than the case for slow evaporation and subsequent heating for
crystallization.

Fig. 1 Schematics of the rapid boiling synthesis of cubic phase copper spinel CuFe204 from
ethylene glycol solution containing copper and iron with the mole ratio of 1:2
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Epoxy being more and more used in industry as an adhesive material, it is necessary to
know and understand its behavior during ageing or under severe conditions, for durability
optimization purposes. Accordingly the structural changes of Epoxy under high temperature
and high moisture conditions have been studied.

A high moisture and high temperature treatment was used to simulate ageing of Epoxy
adhesive samples in standard condition. In another hand, such a treatment also informs on
real-time behavior under severe conditions.

Epoxy adhesive samples were sandwich of Epoxy mixture pressed between two glass
substrates.

The samples underwent treatments to show influence of different parameters on the
degree of degradation of adhesion: substrate surface quality, treatment duration and treatment
temperature.

It has been shown that the major risk of failure is a loss of contact between adhesive
material and substrate at interface, and that this phenomenon is strongly dependant on the
contact angle of the substrate. It has also been shown that standard Epoxy adhesive is not
suitable for use in severe conditions.
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Solvo-thermal synthesis of luminescent radiation sensor LaOHCOs:Eu
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X-ray and Neutron Reflectivity Imaging :

Interface structure as well as inhomogeneity

Jinxing Jiang and Kenji Sakurai
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Exotic functions of thin films are quite often connected to the unique atomic and molecular
features of buried layers and interfaces. In reality, the structures are far from uniform, but
seeing such inhomogeneity under the surface is extremely difficult. Generally, the use of
X-rays and neutrons is promising because of their non-destructive nature. The present
research concerns how to solve the difficulty by using X-rays and neutrons. The novel
technique developed in the present research is the X-ray and neutron reflectivity imaging.

While ordinary X-ray and neutron reflectivity gives very precise information on the scattering
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