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Progress in technologies of measurement and analysis is notable because it enables to
enlarge the limitations such as sensitivity, spatial resolution, and data accumulation
time. Hardware like probing or detection system has been amazingly improving for a
couple of decades. Furthermore, development in data processing software based on
application of statistical and information technologies has been drastically rising
nowadays. This topical meeting is focusing on state-of-the-art technologies in the field
of measurement and analysis feasible to characterize emergent matter phenomena by
visualization of electrons, atoms, and molecules.

https://cems.riken.jp/topicalmeeting/004_visualization/
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RHFHQW DGYDQFHV LQ VWDWH-RI-WKH-DUW SUREH PLFURVFRS\ ZLWK D IXQFWLRQDOL]HG WLS DOORZ 
XV WR REVHUYH LQQHU VWUXFWXUHV RI PROHFXOHV RQ VXUIDFHV >1@. TKLV KLJK-UHVROXWLRQ LPDJLQJ 
WHFKQLTXH LV EHQHILFLDO WR LQYHVWLJDWH VLQJOH DQG VHOI-DVVHPEOHG PROHFXOHV, DV ZHOO DV 
SURGXFWV RI RQ-VXUIDFH UHDFWLRQ. FXUWKHUPRUH, FRPELQLQJ ZLWK WKH UOOPDQQ-W\SH UHDFWLRQ 
DQG/RU WLS-LQGXFHG PDQLSXODWLRQ RI DWRP DQG PROHFXOH, V\QWKHVHV RI YDULRXV QDQRFDUERQ 
PDWHULDOV EHFDPH SRVVLEOH >2@.  

IQ WKLV WDON, I ZLOO SUHVHQW RXU UHFHQW UHVXOWV RQ RQ-VXUIDFH FKHPLVWU\ VWXGLHG ZLWK KLJK-
UHVROXWLRQ DWRPLF IRUFH PLFURVFRS\/VFDQQLQJ WXQQHOLQJ PLFURVFRS\ XQGHU XOWUD-KLJK 
YDFXXP DW ORZ WHPSHUDWXUH. VDULRXV EURPR-VXEVWLWXWHG PROHFXOHV ZHUH GHSRVLWHG RQ 
PHWDO VXUIDFHV, DQG VXEVHTXHQWO\ DQQHDOHG DW 100a400 �C. SLQFH C-BU ERQGV DUH 
FOHDYHG LQ WKH SURFHVV, PROHFXOHV DUH FRQMXJDWHG ZLWK HDFK RWKHU. :LWK DSSURSULDWH 
SUHFXUVRU PROHFXOHV, QRYHO FRPSRXQGV >3@ DQG IXQFWLRQDOL]HG QDQRFDUERQ PDWHULDOV, 
VXFK DV ERURQ-GRSHG >4@ DQG ERURQ-QLWURJHQ-GRSHG >5@ DV ZHOO DV WKUHH-GLPHQVLRQDO 
JUDSKHQH QDQRULEERQV (GNR), KDYH EHHQ V\QWKHVL]HG. :H IRXQG WKDW WKHVH GNRV RIIHU 
DWWUDFWLYH H[SHULPHQWV VXFK DV IULFWLRQ >6@ DQG ORFDO SUREH FKHPLFDO UHDFWLRQ >7@. 
 
 
 
 
 
 
 
Fig.1: On-VXUface V\nWheVeV of a S-e[Wended dia]a[8] ciUcXlene (lefW)[3], boUon-doSed GNR 
(cenWeU)[4], and WhUee-dimenVional GNR (UighW)[7]. 
 
>1@ L. GURVV eW al., SFLHQFH 32�, 1110 (2009). 
>2@ J. CDL eW al., NDWXUH 4��, 470 (2010) 
>3@ K. NDNDPXUD eW al., J. AP CKHP. SRF. 142, 11363 (2020) 
>4@ S. KDZDL eW al. NDW. CRPPXQ. �, 8098 (2015) 
>5@ S. KDZDL eW al., SFL. AGY. 4, HDDU7181 (2018). 
>6@ S. KDZDL eW al., SFLHQFH 3�1, 957 (2016). 
>7@ S. KDZDL eW al., SFL. AGY. �, HDD\8913 (2020).  
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Crystal structure analysis essentially provides three-dimensional distribution of electron density 
in a crystal specimen. Using that distribution, molecular and crystal structure are constructed, 
refined, and evaluated. Due to this principle of crystal structure analysis, researcher who will 
perform crystal structure analysis carefully design a strategy of diffraction data collection for 
visualizing realistic and informative electron density distribution. In this talk, our developed 
methodology[1], which is useful to the strategy building via evaluation of to-be-collected 
diffraction data generated by information technology, is introduced with showing a practical 
example. 
 
Generation of to-be-collected diffraction data is based on stochastic sampling from a probability 
distribution using a computer. In our methodology, the parameter inherent in a probability 
distribution of diffraction data peculiar to a subject crystal is precisely estimated from a 
preliminary-collected small diffraction data set by Bayes’ theorem, which is a theory basically 
used in information technologies. The generated data set is used for optimizing X-ray exposure 
time to collect quantitative diffraction intensities. Crystal structure analysis using diffraction data 
collected along the strategy with the optimized X-ray exposure time clearly visualized electron 
density distributions of equivalent three lone-pairs around an oxygen atom in a sulfonyl group 
(Figure). 

  
[1] M. Hoshino, Y. Nakanishi-Ohno, D. Hashizume, Sci. Rep., 2019, 9:11886 
doi:10.1038/s41598-019-48362-3. 

 

Figure. Electron density distribution around 
a selected oxygen atom in taurine ((2-
aminoethane-1-sulfonic acid, C2H7NO3S). 
Positive peak positions are marked by ‘*’ 
with the corresponding amplitude. The color 
scheme and the density limit [blue: positive 
(max.: 0.18 e Å−3); green: zero]. 
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Synchrotron radiation (SR), which is recognized as one of the most powerful analytical tools for 
materials and life sciences, allows us to visualize physical and chemical phenomena. Taking the 
advantages of SR, such as high brilliance, adjustable energy and polarization, coherence, and 
pulsed beams, gives us crystal and electronic structures on a wide scale in space and time. From 
SR X-ray diffraction data, crystal structure including electron 
density can be obtained [1]. In most cases, however, the 
applications are limited to a perfectly periodic system. Total 
scattering, which means both Bragg and diffuse scattering, is 
applicable regardless of structural periodicity [2]. Diffuse 
scattering is extremely broad and weak compared with Bragg 
scattering, and therefore total scattering is technically 
demanding. We developed a total scattering measurement 
system “OHGI” at the RIKEN Materials Science beamline 
BL44B2 of SPring-8 to cover a wide range of scattering 
vector Q with high Q resolution (Fig. 1) [3]. Furthermore, we 
have recently developed a data-driven correction approach 
“ReLiEf” to achieve high signal-to-noise ratio (Fig. 2) [4]. A 
data-driven analysis approach to atomic pair distribution 
functions is under development to visualize heterogeneous 
structure inside nanocrystals on a sub-angstrom scale. In this 
presentation, I will talk about recent advances in terms of 
both hardware and software. 
 
[1] K. Kato and H. Tanaka, Advances in Physics: X 1, 55-80 (2016). 
[2] T. Egami and S. J. L. Billinge, Underneath the Bragg Peaks, Structural Analysis of Complex 
Materials (2nd Edition), Pergamon (2012). 
[3] K. Kato, Y. Tanaka, M. Yamauchi, K. Ohara, and T. Hatsui, J. Synchrotron Rad. 26, 762-773 
(2019). 
[4] K. Kato and K. Shigeta, J. Synchrotron Rad. 27, 1172-1179 (2020). 

Fig. 1 Hardware development 

Fig. 2 Software development 



OcWRbeU 29, 2020 
CEMS TRSLcaO MeeWLQg OQOLQe 

AdYanced electron microscop\ for point defects  
 

R\R IVhikaZa1,2, NaR\a ShibaWa1,3, YXichi IkXhaUa1,3 

 

1Institute of Engineering Innovation, University of Tokyo, Bunkyo, Tokyo 113-8656, Japan 
2PRESTO, Japan Science and Technology, Kawaguchi, Saitama 332-0012, Japan 

3Nanostructures Research Laboratory, Japan Fine Ceramics Center, Nagoya, Aichi 456-8587, 
Japan  

Email: ishikawa@sigma.t.u-tokyo.ac.jp 
 

  MDWHULDOV SURSHUWLHV LQ VROLGV DUH XVXDOO\ GRPLQDWHG E\ DWRPLVWLF VWUXFWXUH GHIHFWV VXFK DV 
YDFDQF\ DQG LPSXULW\, DQG LW LV WKHUHIRUH LPSRUWDQW WR FKDUDFWHUL]H QRW RQO\ WKH ORFDO DWRPLF 
FRQILJXUDWLRQ EXW DOVR WKHLU FKHPLFDO ERQGLQJ VWDWH. IQ UHFHQW UHPDUNDEOH SURJUHVV RQ GLIIHUHQWLDO 
SKDVH-FRQWUDVW (DPC) HOHFWURQ PLFURVFRS\ [1,2], LW EHFRPHV SRVVLEOH WR GLUHFWO\ YLVXDOL]H HOHFWULF 
ILHOG DQG FKDUJH GHQVLW\ E\ XVLQJ DWRPLF-UHVROXWLRQ VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 
(STEM) FRPELQHG ZLWK VHJPHQWHG RU SL[HODWHG W\SHV RI GHWHFWRUV. IQ WKLV VWXG\, ZH GHPRQVWUDWH 
WKDW WKH GLUHFW REVHUYDWLRQ RI DQLVRWURSLF HOHFWULF ILHOGV RI VLQJOH SL GRSDQWV LQ PRQROD\HU JUDSKHQH 
E\ DPC STEM LPDJLQJ [3]. TKH GLVWULEXWLRQ RI HOHFWULF ILHOGV RI VLQJOH SL GRSDQWV KDYH WKUHH RU 
IRXU-IROG V\PPHWU\ UDWKHU WKDQ FLUFXODU V\PPHWU\, ZKLFK UHIOHFWV WKH VXUURXQGLQJ DWRPLF 
FRQILJXUDWLRQ. WH DOVR GLVFXVV WKH REVHUYHG DWRPLF HOHFWULF ILHOGV RI SWRQH-WDOHV GHIHFWV DQG 
QDQRSRUHV LQ ELOD\HU JUDSKHQH.  
 
  IQ DGGLWLRQ WR WKH HOHFWULF ILHOG LPDJLQJ, LW LV DOVR LPSRUWDQW WR HOXFLGDWH WKH G\QDPLFV RI VLQJOH 
GRSDQWV LQ VROLGV. IQ STEM, ZH XVH UHODWLYHO\ KLJK HQHUJ\ HOHFWURQ EHDP VXFK DV 200-NHV, DQG 
WKH HOHFWURQ EHDP KDV D SRWHQWLDO WR H[FLWH ORFDO DWRPLVWLF GLIIXVLRQ ZLWKRXW KHDWLQJ WKH VSHFLPHQ. 
WH KHUH DFTXLUH PXOWL-IUDPHV RI DWRPLF-UHVROXWLRQ DQQXODU GDUN-ILHOG (ADF) STEM LPDJH ZLWK 
D IDVW VFDQQLQJ, DQG ZH VXFFHVVIXOO\ WUDFN WKH VLQJOH CH GRSDQWV HPEHGGHG ZLWKLQ FXELF ERURQ 
QLWULGH [4]. TR SXVK WKH ERXQGDU\ RI DWRPLF-UHVROXWLRQ STEM LPDJLQJ LQWR PXFK IDVWHU G\QDPLF 
REVHUYDWLRQV, ZH DOVR GLVFXVV WKH UHFHQW GHYHORSPHQW RI IDVW VFDQQLQJ FRLO DQG IDVW HOHFWURQ 
GHWHFWLRQ V\VWHP [5].  
 
 
[1] N. SKLEDWD HW DO, NDW. PK\V. �, 611 (2012). 
[2] N. SKLEDWD HW DO, NDW. CRPPXQ. �, 15631 (2017). 
[3] R. IVKLNDZD HW DO, NDW. CRPPXQ. �, 3878 (2018).  
[4] R. IVKLNDZD HW DO, PK\V. RHY. LHWW. 113, 155501 (2014). 
[5] R. IVKLNDZD HW DO, MLFURVFRS\ 6�, 240 (2020). 
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:H KDYH GHYHORSHG D WLPH-UHVROYHG SKRWRHPLVVLRQ HOHFWURQ PLFURVFRS\ WR YLVXDOL]H HOHFWURQ 
PRWLRQ LQ VHPLFRQGXFWRUV >1-2@. A WHPSRUDO UHVROXWLRQ RI 100 IV DQG D VSDWLDO UHVROXWLRQ RI 100 
QP FDQ EH DFKLHYHG VLPXOWDQHRXVO\ E\ XVLQJ D SXPS-SUREH PHWKRG ZLWK IHPWRVHFRQG ODVHU 
SXOVHV DQG D PEEM DV D GHWHFWRU. IQ DGGLWLRQ, LW KDV DQ HQHUJ\ UHVROXWLRQ RI 30 PH9 E\ PDNLQJ 
WKH ZDYHOHQJWK RI WKH OLJKW VRXUFH YDULDEOH LQ WKH 89 UHJLRQ >3,4@. FLJXUH 1 VKRZ D VFKHPDWLF 
GLDJUDP RI WKH 7R-PEEM V\VWHP.  

IQ WKLV WDON ZH LQWURGXFH WKH 
7R-PEEM PHWKRG DQG 
SUHVHQW RXU UHFHQW ZRUN RQ 
WKH HOHFWURQ WUDQVIHU RI D 
ZHOO-GHILQHG VLQJOH-
FU\VWDOOLQH RUJDQLF P-N 
LQWHUIDFH (DQ HSLWD[LDO C60 
OD\HU RQ VLQJOH-FU\VWDOOLQH 
SHQWDFHQH(PHQ-6C) DV VKRZ 
LQ FLJXUH 2 (OHIW)). 7KH 
HOHFWURQ WUDQVIHU IURP PHQ-
6C WR C60 ZDV GLUHFWO\ GHWHFWHG 
by monitoring the electron 
density in the LUMO of C60 
(red plots in Figure 2 (right)) 
[5].  

 
 
 
 
>1@ FXNXPRWR HW DO., ASSO. PK\V. LHWW., (2014). 
>2@ FXNXPRWR HW DO., RHY. 6FL. IQVWUXP., (2014). 
>3@ KRVKLKDUD DQG FXNXPRWR, IQWHUQDWLRQDO PXE. NXP.: :O2018/159272. 
>4@ FXNXPRWR HW DO., J. PK\V. D: ASSO. PK\V. 53, 405106 (2020). 
>5@ IZDVDZD DQG FXNXPRWR HW DO., J. PK\V. CKHP. C 124, 13572 (2020). 

 

Figure 2: Results of TR-PEEM experiments on a 
C60/Pen-SC organic heterostructure. 

 
Figure 1: Schematic view of the TR-PEEM system. 
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Recently a variety of photofunctional materials have been intensively developed for solving 
energy and environment problems or for living a better life; however, there are a few in-situ and 
realtime observation methods for analyzing dynamical processes in these materials though the 
quick processes upon photoexcitation play key roles for their photofunctions. For now, mostly 
time-resolved photo-luminescent spectroscopy (TR-PL) and sometime time-resolved ultraviolet-
visible transient absorption spectroscopy (TR-UV/VIS) are utilized. Time-resolved infrared 
vibrational spectroscopy (TR-IR) is potentially powerful tools for analyzing such functional 
materials because complicated IR spectra particularly in the finger print region contain rich 
information on not only electronic states but also molecular structures, nevertheless applications 
of TR-IR to photofunctional materials are limited. Therefore, we developed TR-IR systems for 
exploring dynamics and unveiled many important phenomena or mechanism in a variety of 
functional materials (Fig.1): molecular crystals showing photoinduced phase transition [1,2], 
metal complexes for photocatalysts or artificial photosynthesis [3-6], photo-active liquid crystals 
[7], graphene oxide [8], and emissive materials for organic light emitting diodes (OLED) [9].  

[1] N. Fukazawa, M. Shimizu, T. Ishikawa, et al. J. Phys. Chem. C, 116, 5892 (2012). 
[2] N. Fukazawa, T. Tanaka, T. Ishikawa, et al. J. Phys. Chem. C, 117, 13187 (2013). 
[3] T. Mukuta, N. Fukazawa, K. Murata, et al. Inorg. Chem. 53, 2481 (2014). 
[4] T. Mukuta, S. Tanaka, A. Inagaki, et al. ChemistrySelect 1, 2802 (2016). 
[5] T. Mukuta, P. V. Simpson, J. G. Vaughan, et al. Inorg. Chem. 56, 3404 (2017). 
[6] Y. Yamazaki, K. Ohkubo, D. Saito, et al. Inorg. Chem. 58, 11480 (2019). 
[7] M. Hada, S. Saito, S. Tanaka et al. J. Am. Chem. Soc. 2017, 139, 15792. 
[8] M. Hada, K. Miyata, S. Ohmura, et al. ACS Nano, 13, 10103 (2019). 
[9] M. Saigo, K. Miyata, S. Tanaka, et al. J. Phys. Chem. Lett. 10, 2475 (2019).  

�

Figure 1. Examples of photofunctional materials studied by time-resolved infrared spectroscopy 


