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Study of multiferroic materials by polarized and unpolarized neutron diffraction
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BT Fk 21X, JESHIINICE 5T 1.0
uClem? A — % —DE KRR EL WA HBL
% DyMnO; (2% LT, 8.0 GPa £ TOH
JET) FIZ 3\ TR, FE R - [a] 47 92
BraiT o7z, [EJ1ZHNT 5 & 4.0GPa LA
FEDENT X - T RABTE I IS
MHEEA L7720 (X1 (b)), Mn A B> D
SAEENY A 7 oA NIREfEE» D 3 Y
=T LR D LR R L, ZOER
2R, ENFEERER SR Y =
THREIEIC L D R EN EEKTH D Z B1:(a) PHETFEITEBRAANAA 7Y v KT8

ERHLNE AT, [5] JLE/L. (b)DyMnOs @ 8.0 GPa (Z351F % 7[Rl
AGHEE T, BEEOMERS, THETE 4. (c) DyMnOs O HHE Rk o 58k & GHE O g
BRDIF 250 THEIT T %, & (DIRIE S HUTz 5 I AH ORI,

e PN

[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).
[3] N. Terada, Trans. Mater. Res. Soc. Jpn. 44 1-5, (2019).

[4] N. Terada, N. Qureshi, L. C. Chapon, and T. Osakabe, Nat. Commun. 9 4368 (2018).
[5] N. Terada. N. Qureshi, A. Stunault, M. Enderle, et. al. Phys. Rev. B 102 085131 (2020).
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Observation of Nanoscale Stress Distribution in Nanoparticle-filled Rubber Under Tensile
Deformation by Transmission Electron Microscopy
PPN =] !
DRAERT: Lo E R TR RT
e-mail: hiroshi.jinnai.d4@tohoku.ac.jp

FonEO®E S E O BT, BEBES X OZ O, 8RR EOB L, S0, 72T
v 7 HREEW 72 EOMELT N ZALELTH YD . TS OFMIEEEF K OWEMWE £ 03T A E
XA TWET, BMEETEPEMSHEIICRNSE TH Y | Bkx R EtoEAic L0 25
ZRROFEM BRI SN TEE L, FFlZEm FIREEND Y 7 T VT Ve T ) A7 —
VDB B O— R~ 7 U 7 V) OB AR B ORI Ot L 72 DA EDETH Y |
ZOEH7 “F/aAVRIy R ICB HikE & BEREOFEBIRR OB X, IR BIFEITARD T
EELE S ET, B ML TERNR Y =7 2R L 05 [RE#KERIL T T 2 F v 7
72 TS MBI O R bR L2l L 2 £7

T arARYy NOBEEICBWTRETTRNEHEB X220 £33, BEMEO Y 7 F~
T U T AR TOSEIRENEDEOFIEEE CHL L, FEERATHLH 0 ORBEINTEE
U7oo HEREMVE D 3 RIS IOV TR, X BEGELIC X 2N Ao nsd —J5, Rl 0 %l
TSRS (TEM) oEBME M (SEM) 2k 2 FEEGBENEKRANTH Y £9, Stk
WEADE AR NE T 77 435 GDTEM) [1OBIGIE, T/ 2 R Y b OREENT IR X 2
LT LELE, TOFREICEAE, VT heT U T AP TOEBEAE O 3 R ICHEE O BB
FUEREBLRRE L 22 5100 Tl 3WIBEARERELLKICHNDLZ LT, F/a R Y
v NOTIFEHED TR ATHEE 720 £ L7Z[2], 2D X 9 72EBR BDTEM) &atRESE (AIREFE
1%, FEM) OREWITEIE, AR Z 1 v OSEMEMESLICHBR L [3]. 2 OHEANMIFEMR Z 1 vizd Tz
IS STV ET,

LML, ZO@ENEIZIEZ—2MESARH Y £9°, 3DTEM OEBRFERILIFEM OA T —4 &
LTINS 7T T, GEMHCIERE e & D) BRREOF 7 2R Yy b ONEREEIL, FEM 2LV
FRENT2 S DO TERMRHRD L SNTVRNT=D, MBI OIEH T TORER T S -k
&R E D DIRFEDIR Y TIEH Y A, LIER-o T, BETOMEEERT L2 &1
FEM OZ YA REET H7oOICbEE L 720 £9, £ 2T, Al blid, REBEHALE — %2 HH
B L[4, SE T DT/ a Ry y MO EBRICBET 52 L2k AE L[5, £/, 20
K ORERAZITO Z LT, MBRND (BH L) ISI0MEFERICAEET S22 & brlies 720
FTLEHTIE. T ar R Yy hOFRT U Rl E ZOFERIZOWTHER L2 E B ET,

BE R
[1] H. Jinnai, R. J. Spontak, T. Nishi, Macromolecules, 43(4), 1675-1688 (2010).
[2] K. Akutagawa, K. Yamaguchi, A. Yamamoto et al., Rubber Chem. Technol., 81(2), 182-189 (2008).
[3]NEDO 7/ 7 7 - Seliiibs BRI FERE % T =Rt 7/ B E s bl L 2 BRI # 1 v
= L EFOMFFERSE ). 2009-2011, WF7EREFHE - F)IEE (K 7V FR bY)
[4] T. Higuchi, T. Gondo, H. Miyazaki et al., Microscopy, 67(5), 296-300 (2018).
[5] T. Miyata, T. Nagao, D. Watanabe et al., submitted.
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Measurement of hydrogen diffusion in metal using time-resolved electron stimulated desorption.
AW, Ry ERE8 !, AHEETR 2, HOEIR S, EAES
'NIMS £ A EEFHN G, 2NIMS B ARG G, IR

e-mail itakura.akiko@nims.go.jp

1. Introduction

& BT TOKFEOIER - FRHRE D Z L IIKFEORE - Ir - ke & OREEM B O
Te O REBEZIRHR & T 5. 5&/\7 A EBASE L7o AT o RREBMEE DoRFEZHLL,
TER B D JR T A 22 R 38 G B AEE « s BRI - i B L7 &) & KR 2T O BIFR 2 R4 S b9t &
1T>TW5D. B & MEAT (Electron Backscattering Diffraction ; EBSD) 35 & OV %43 43 T (Principal
Component Analysis ; PCA)Z X 0 KB 2 08 L, IEBiREZ2 R Lo THiET 5.

2. Experimental set up

FRT v RAKFEWERII SRR L VKR EITEKRFELRE L, A2 Em L okFEE
B IERHEIEEEDIET E)IC K> T ook 238E TH 5. #BHE, SUS304 SodEEHH
DA —=ATF A MEGITINTERAL A A, VLR 2 Z & T 50-150 p FEE OfE R A X1
FHEE U7 (100 1 ) & V2. BN O ZEBR CIEaEHREE 475 K THAKFEZHE L, SEM Hifgs
KO UNZE T OREE 2 & DK FEEig A2 PCA PR L, Hbdbhl = & /K RIRHeEEE 4 FH L7z,

3. Result and Discussion

SEM & & /K& (65 REfE(520 BOREHR) 2 <7, SEM 18 T < B4 S L D HRALD A - T i bl
e, S <EE S D Austenite (FCC-like)ff i OFESLRIN HAKBEN L M S D Z &b o
S 7=(Fig.1)?. fiShr FCHENL 0 F 704 15 T d % Martensite (BCC-like)f 15 D1 9 2%, KFEOHLHA
BN EREIHILTW DA, 65 REfEIFER Tl Austenite 2> 6 DR % < 72 o7z,

il i e O KE B ORFHRIAL b, ZOBREZHMATE 5. EBSD & PCA (2L D Austenite il
Wi, BRAL & E TR ahI A B L, %Eﬁf®%%m$ﬁ%ﬁﬁyFLt@ﬁngf%é.Mmm
LRI fitting L72FE5H, 220 2.5X10 “m¥s, 4.6X10 B m¥s & 720 i@ED CHEE & F & D72
VMl 72 - 7=, Austenite & B A FES0KIClE, Austenite T D /KFBILHUR S & Martensite DKL
jﬁbﬂ-ﬁ@%ﬁo 2 BRI S AL, — 07, WAL A A TSRS AR ClE Martensite H O 7K FEHLAREAS

Rt sz, £z, B E(Flux)OE W 3451 S IS T O KR ORI 2 KBk LTk v, BCC Hik
I3 FCC MG T ~KFDERIREEDN /NS N L &, KL TS, ZORER, Austenite H1 O KFEHL
BBV EE &KX <, Martensite ! OKFILBUT R WA FEEEN D &< 785 P, £/, EBSD
HIEND, HEIE & /KR O BN O R 22 31U 1T 23 ORISR R & 5 Z &b oTz.

1) N. Miyauchi et al., Scripta Materialia 144, 69-73 (2018). 2) N. Miyauchi et al., Appl. Surf. Sci.527 (2020) 146710.

Fig.2 Hydrogen counts from austenitic grains (left),
dislocation included grains (middle) and unknown
relation area (left). The curve was fitted by the
equation of Fick's low.
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Study of Photovoltaic Conversion Process in Perovskite Solar Cells by
Operando Profiling of Electrical Potential Distribution
FH 2!
" WE - BT TERE S

e-mail: ishida.nobuyuki@nims.go.jp

N7 A4 NKRGEIL, e T 204 MRS (ABX;) O A YA MNIHEEM LT A,
BV A NMZ&RI T4 (FEIZEH), XA MeraF A7 =4 2H/T5, Wb L HHE—
HERENA 7 U FEEERMEZ B & L CTHIAT 28 LW A 7O REEMTH 5, 2009 4
WD THEN S, 20%, b EETREIC T R VF —FBHghERmEL 23, Yo
VRKBEMIELZENTH D FERSMIT 255% Y, LrL, 2aetEgEn EaxKsns —
5T, REBTRNX—EHBBROZEM (B — BT O4ARL, BATDHE BAHE%) 2L, EAKN
REMERBOBMRIIH EVEL TRV, 4B I LR LR LK D 21, =L F—E )
KOWRAEZREL TWDLERZHLC L, MEOMAICIRS LT 30 ARG - & HE 217
IENEETH D, KEEMOMREITEY OBEXFHICLVFMEIND Z B2V, w7 ak
PIVERHAI > & 7 3 A ZABHEIZRBET 22 < OB EZHD Z LN TE D0, B BECERRE L L,
TR T COFEMARF v U 7 OIRDBENEZLET HIZEIAT 0 THD, ZOMBEELRRT D720
ZIE, T ANTRO I 7 e ePEEREZBG L, ~ 7 vk T N\ AL bt TERTHZ
EREETH D,

AFFE CIIREm BN 2 @ WER SRR CET 22N TE L7 ey 7 —7 7 — A
#i (Kelvin probe force microscopy: KPFM) % H\\\C, Xa 7 A A N KFEMOFHEZIT 723,
FRREHZ & > THE L DNEREN D
AL EFT 5 2 & C, pn AN
TERL S 3L D e 0w A 4y B B 5
LBREEAT oI, RITRE RN D,

77 AHA ~KRGERIE, TS A
MO B DAL K - TER 5
BEALEDN R E LSBT D2 L35
Molo, £72, 2 7 alhEiEH (&
N AR) &~ a2 3 A AR

(=N =L H) & T 5
T LT, A BDF AL ARSI A 1 : (a) KPFM FHRIOHAK,  (b) BRIRAEHS KOV T T

RN ELND T LA FEIELT, DN KPEMBEZDT A T a7 7 A )L,

BE R
1) A.Kojima, K. Teshima, Y. Shirai, and T. Miyasaka: J. Am. Chem. Soc. 131, 6050 (2009).
2) M. M. Lee, J. Teuscher, T. Miyasaka, T. N. Murakami, and H. J. Snaith, Science 338, 643 (2012).
3) M. A. Green, A. Ho-Baillie and H. J. Snaith, Nat. Photonics. 8, 506 (2014).
4) NREL. Efficiency chart. https://www.nrel.gov/pv/cell-efficiency.html.
5) M. Cai, N. Ishida et al., Joule 2, 296 (2018).
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Alignment-dependent O, adsorption on stepped Pt surfaces studied with a quantum-state

selected O; beam
iR Y
D - MEHIFTCHERE  Jeimhd BHRAT B FE 4L AR

*kurahashi.mitsunori@nims.go.jp

FBRE D O WA IXHET AW b, BV EMEEFE TS OWHNERE . L THEETHH D,
FRICOPHERT ECO O, WAEFEITFE L SRS NTE Tz, —J7, Efiit e LTER I DT/ HL
FREITIX, AT v o7 REEDPMFEL, 20 OIEFEHEE @ FHRR XL &0
SOz 7T, A4 EHE TO O, WaEMERIL, (111)E T 0.05-0.3 S\ /2, FEFHFEE XS
J R RENCIBUT D BERRIEISIC KR EL FE L TCWD SRS D, L, ASIETFHER
DOISFEEL, B 2 HZBRIFZE 0 R I I LN CIEF IS D Tz BB I TV,
Oy 3 FIXEMA T T D72, Oy WAEMEIIREIT T D AS 0 43 FOBLANIZIR AAKAFT 503
[1,2]. & OEBRBIH 2 fEEIC T 2 H—EEK RSN 02 /0 F B — L 2T 4 3B ICHFE L2[1], &
[A], AH AT & A misEE 2 O, Oy WEHERN AT v 7 JRFTEE I8 5 024 FELANC K AE
HZEEPOTRNE LD THEITT 53],

NG~ & B IS T K0 AR U 72 F— AR B8RRI O, 201 B — A &2 HV, Pt(533). (553)
BT D O WAEMEZNE L-, (533)HE. (553X, (11)T T AELAT v TN 4JRFBEILE
BN AT EZ b (B, W& CTAT v 7B HRF
BOHIN 720 | (533) AT v FNXIE TS (553) AT v 713 3 f4
T ORFESNE & D, —F, W& FZRIZ AW T [BlERR AE s
O 3 T E—L T, IR LIZ L DT, 025 T RllsE O [h) &

NEFMICR L CERE M Z ML, o TAT v 7HNCx L
T 238 Y OIEFAM/RBLE BFAE L, Cy. Cz Bl T, 025 11l
HRIEL AT v Ik L CENENFAT, EE LD, CyBEET
DOWAEREHREN Cz BB LV b <, (533)& M DT 03(553) KM IC
HARTHBdiE DR AR E N (FR), AR RIE, Oy 5383 2
T X U CTEATOSEICRAEMRENRN D & WE LIRS
RIFAT v 7ICBT 2 RFNR RS OREL 2T 52 L2 R
K95, A CIX, ASEBTIEIC X DAV R KFES T OEERR

HERAI B — ABRIZOWVWT LN T ETH S, X.Pt 2T v PRI T
ZE 3k % Oy W35 DR AHEAFEME3]

1) M. Kurahashi, Prog. Surf. Sci., 91, 29 (2016).

2) H. Ueta and M. Kurahashi, Angew. Chem. Int. Ed., 56, 4174 (2017)

3) Kun Cao, Richard van Lent, Aart W. Kleyn, Mitsunori Kurahashi, and Ludo B. F. Juurlink,
Proc. Natl. Acad. Sci. USA, 116, 13862 (2019).



NIMS sedmatifl S 2R 2 L 2021 S3

HWEE ZH UV EELS ARY RMLOET

Analysis of EELS spectrum using machine learning
WO JERE Y2, GEGRY, iETeiE |, Kunyen Liao!, 4R JEPE!
VR RS AR BERAN R, 2 R LERT 7 a7 « THMEMIFGEAT
e-mail: teru@iis.u-tokyo.ac.jp

BRI EAM E RN OMENLIZ K 0, Z B BMEE O 22 M /5 MERE IR B L, ST CiX
EEFE - F T o mn—T7 Ty 87— LAOEFEFIHRENRTRIE L2 LKLY, kR
FRIZF A L-UVRT 21T 5 Z E AR 7o T2, F£72, FHER O N— R = TR N A,
INETCURICEMTRREDT =2 2 G T 5 2 ENAREICRD 5DOb b, —FHT, Tib
ST —2ICEEND TAIR] Ry 7T VTHEDLL T TH L. S HIZ, ZOMIERT 7T
NVEFR D ZENTE LML DR (K12) EBUIRGNA TN S,

ZD LD IR T, EMEIEEO S T LI TEE L THERBIENEE Z2ED TN 5.
Btk 738 & SR A AL 2 G o 7oA JE1E 30 FEIE E R HATHATE Y, 7§ TIZ EELS/XAFS (2 H
L7eirE b s S Tunsd ),

RRELD T N—TITBNT S, BIRTEEZRM LIcks 205842 2 ZBFET-TE . Th
FTIZ, BBAZ Y —=2 7S Xfgiifk, BBTE R ELFIT 52 & T, MEfOREMER
T A & A B E 15 0 B BT EnE ISR E T 2 FEORFE 91 ) Fimtid & Rt & o Bk
12 PSR E A D TSR m O E TR 5 FIEORSE D TSI LT\ b, Bl T, B
WFE % EELS/XAFS A7 MUVENTIZIEH LT\ 5.

ARFEFR TS, HREEE VA7 FLOfFER 9, ELNES/XANES #HE ol 1Y,
ELNES/XANES 7> 5B/ A% il 19, 5 X OV ELNES/XANES % H\ /- $RE D &AL 17 19z
DWTHIT L, B OFZERRIZON TN D PETH 5.

E P

1) V. Kvasnicka, J Math Chem, 6,63, (1991) .

2) J. Timoshenko, D. Lu, Y. Lin, A. 1. Frenkel, J Phys Chem Lett, 8,5091, (2017) .

3) J. Timoshenko, A. Anspoks, A. Cintins, A. Kuzmin, J. Purans, A. I. Frenkel, Phys Rev Lett, 120,225502, (2018) .
4) K. Mathew, C. Zheng, D. Winston, C. Chen, A. Dozier, J. J. Rehr, et al., Sci Data, 5,1, (2018) .

5) C. Zheng, K. Mathew, C. Chen, Y. Chen, H. Tang, A. Dozier, et al., npj Comput Mater, 4,1, (2018) .
6) S. Kiyohara, H. Oda, K. Tsuda, T. Mizoguchi, Jpn J Appl Phys, 55,045502, (2016) .

7) H. Oda, S. Kiyohara, K. Tsuda, T. Mizoguchi, J Phys Soc Japan, 86,123601, (2017) .

8) S. Kiyohara, T. Mizoguchi, Phys B Condens Matter, 532,9, (2018) .

9) S. Kiyohara, H. Oda, T. Miyata, T. Mizoguchi, Sci Adv, 2,e1600746, (2016) .

10) S. Kiyohara, T. Mizoguchi, J Chem Phys, 148,241741, (2018) .

11) S. Kikuchi, H. Oda, S. Kiyohara, T. Mizoguchi, Phys B Condens Matter, 532,24, (2018) .

12) H. Oda, S. Kiyohara, T. Mizoguchi, J Phys Mater, 2,034005, (2019) .

13) R. Otani, S. Kiyohara, K. Shibata, T. Mizoguchi, Appl Phys Express, 13,(2020) .

14) S. Kiyohara, T. Miyata, K. Tsuda, T. Mizoguchi, Sci Rep, 8,13548, (2018) .

15) S. Kiyohara, M. Tsubaki, T. Mizoguchi, npj Comput Mater, 6,68, (2020) .

16) S. Kiyohara, T. Mizoguchi, J Phys Soc Japan, 89,103001, (2020) .

17) S. Kiyohara, M. Tsubaki, K. Liao, T. Mizoguchi, J Phys Mater, 2,024003, (2019) .

18) K. Kikumasa et al, submitted.
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2 1) eV ofi#HE (S)TEM-EELS
Milli-eV resolution (S)TEM-EELS

AT
VVE - BPEMTTEREE el BT TR L, ST S & 3T
KIKKAWA . .Jun@nims.go.jp

BB TIT O B kL X —HK 0t (BELS) 13, WE AT 2R+ ONRE TR
E DOk, 77 A€y (BWEEOIRD) [TRRSNLIFEMEREEZ, SO LESfERE T
ANXF =K A A=V T TEDLFRIETHD, £, BMBHEOHAKFEEZT~RDH Z & T,
FhEIRRE DIEB R (W7 hL) LR AX—0BMR, BlZIET T X' IR & &R
TE 5, ACEr(xy). EBE p(hke, Aky), =RV F—E 2L E LCEHIITE 5223, =¥ —4
REEDHIKI B HV . 12 A E DA 1 eV LA LB FHIRIZ R > T 5, TE, Z DRI
NEDYSoOH D, TRV —SREEITEFIO T RV — AN 0 T EM LD « st
RECRED, EBFHOTFAF—IENY CHEME) (X, 2 v FEF—TTR 0.7 eV, WI2HER
B TRI03 eV THHNEFHFICT /) 7 0 A —F ZflAaAte Z & THI0 LLFICH ETE 5,
E) 7 A—=FF FWVBTFRELS ko7l bbb, TR LHBDTND, =R —03fREEN
0.05eV UL FIZZ2 5 L, 02eV (=48.36 THz=1613 cm™) LA F Db, B 2 1EHIEE) (74 /)
R FIRIPRETED L 912725 TL 5, FREFBMEIN T I b OIRT R/ —hE 23
HT&E2FRIE, SWVLESMFRE T, EBEFROZO T, IR TELIRICHL, 74/ VI
L Tz, REROHRAICB T 2BYRED ERHWFIIHFE T + ) o THHZ b, T
) A= VEMREREOFHAIS A & L CORBEMEZ LD T D,

UHERETIX 2019 FEIC, m RV X —0fRBE EELS 73 Al fE72 1% 78 1 THM% S Themis Z (Thermo
Fisher Scientific)z & A L7z, &HET/ 7 0 A —X 2#E#H L, BRHZRTEINEELE (30kV~80kV)
ftEED > FL—2CCD I A Z & @EIEEE (120kV (80kV)~300kV) fIARDIET o F L —&
HKCMOS WA TD2EMKE L, 7TFVr—2 a7 b7 ETELLDOMHEREZBRINL
THATE 5, =RAX =B, B 21E 30kV DA, 14meV (B 12meV) . 80kV DA
l6meV (& 14meV) ThDH, TN DWVWOSRENOIIX, 27+ Vb TE 5L 91T
75T b EBRICWLS ODOYEEMELTHFE T+ ) BET+ 7 UEFIL TN D, BEIR
MEHZIR S 3, BHEMEL O TREFHII~BISH LW EE X T D, FHEMEHIE TR E A —
UNRKERMBEE 72 5, Themis Z@NIMS O HEERLIEZ. 30kV~300kV 0D [0 7 £ 15k (2
BWT, PRWVWAKHEFHTHE AEFZ2EEETHRIETESI LD L5 TS, KT,
EERNERZ N, 2V eV 4fEEE (S)TEM-EELS IZ DWW TR 5%,
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4DSTEM measurement using STEM pixelated detector
SRR PR 2 HEORER 2 LR — !
U WE - RPEMT TR SeiRA MR TR, * BRI A PESANT T ZERT
Mitsuishi.Kazutaka@nims.go.jp

1. XLz

WA, IR VSN TV 2 EEEIRE ML (STEM) (X, M<POR L8 7 calkl 2 &
HLEBICELNDEHEOESZ, RS L ITHBRROBRHGB TRE L TB 255 TIET
HbH, InLOBtESREAVTEA, HELSN B IR ETHE2ENTLE> TV DH A,
I AU - 2 AT U 72 BRI R BT i I SR IE 4T X (CBED) (Zxtiad 5 M e 2 —
DIAELNTEY, ARILDENLERPEENLTWD, 2 RIEDEESLZNENNED 2 R
DEFEEN G253 ARTOT —2 Yy NS L, TOT7 =%ty Mrbikx RiERa 5] &
9" 4DSTEMV I, Fol OftHEsoEE( L - mIEE L, PC OBREES O F7e 81T X - TR,
BURICEHA LD S5O H D, NIMS IZEBWTHEHE 7 % STEM fitgszEAL, ¥ A 27
Z 7 4 — (Ptychography) ¥/ ikl = k7 & ik (DPC) ¥ 7 EOMF 247> T D, AR

TIEZN OO A DE Z2 BT 5,

2. BMEY 7 BN STEM BRHZRC & 5 GaN F10 pn #2465 E DO FHA

DPC [FFEIH OB L D AR EFHRORME, BRT « A7 0T e LTHRITSF
HET, EE, RO EI SRR OE S A FETOMEZELE LTRSS, BBV
e E WD Z & CTHBRT 4 A7 OBELOTNEREELLGHIT L2 ENTE D,

X 1 1% GaN @ pn B4 Rl DBIEN TH 5, ()l XBRINRFHRE7E (ADF) (2 X %@ H O STEM 4.
(b)& (c)iX 4DSTEM T — X N B4 7 0 — 7 E TOFHBBT « A7 OO T I7EI(b) & A4 T71H
(DELIEDTNE R LD THY | RAIOAEIZ pn #6FET D, BH O STEM Tl
BESNTWARVD, OICOH pn HEEREOMBEIZHRN R 2 TEBY . LT HROBEBENFAELT
W5 ZERHIRICBIERIN TS, EETIEZOHBE~OEAR ELEOHREEIT,

(a) ADF-STEM (b) Centroid (up-down) (c) Centroid (left-r

ll&Nm&Aﬁﬁ@MBEMﬁ 2. (a)ADF-STEM, (b) LTI W)L T ROELME.
BEXER
1) C. Ophus, Microscopy Microanal. 25 563-582 (2019).
2) J. Rodenburg and A. Maiden, in Hawkes P.W. and Spence J.C. (Ed.), Springer Handbook of Microscopy,

822-904 (2019).
3) N. Shibata et. al., Sci Rep. 5 10040 (2015).
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Light/Quantum beam technology for dramatic progress of R & D in advanced materials
RHAREZ (V77 —<50—x—)!
VW - BPRMITTERERE kL — - BREEAPEMIEFEHLA
TAKEDA. Yoshihiko@nims.go.jp

1. 1ZC®iC

K URDT AT =y TS EA ) _R— g o a2 IS 5 fic S i S AR B o0 B %
IZBWTH 77—~ 5 T, T& B — A3 HISAEN OBTIC X 2 5EEME A 2 ~—2 2 ol
] ZEmLTVD

%%@Mﬂﬁnigﬁ ICHHESNFEREND Z &NV, FEZMEFCIEE 2 DR R 228 E
BiE CAY)— « REERMBEZTZHR L, BIBIICRENRET 5, @ELT 220 EFITL T
572, NIMS 2355 o 7= e 7R, (4. 74 b %o&E T v— a2 A=k
FHmEANAE A S DSBS E, AT 2 FRE T COFINECRFZER « =) VX —< /L F R 7 —
IIRHTEZBRZE L. EMEIORMEDOEEMICET 52 L2 HE LTV 5,

AFERTIE, SFEOREE PR ET D,

2. SEEEELERE

B E— AT KD MHREREO AT o REHGAL & K2/~ )V F A 7 — VRIS O T SEAl Y
WZEMB~O RO, AFEEE, FHEFFHITISESIERE S e L O R EE (7 GPa)
DERMZ B Uiz, X EHNTIEX bR g O b VIEITE 278 5 & oz L DS ﬁﬁ% :3_
AL, INETORBFEEZTAEET /R, PEEROFHMMICEA Lz, L—F—3HlT
WE TR LIt TiEZ =RV F — - BRSO BB 2 HEdE L 7=,

INHOEEICR L, FPEFEHITCI, 3 RCmIBAFAT EER % 8.0 GPa £ TOES) FTHIIE
iz (K1), XARFHTIE MR a & I VIRNTHIR 2 B EiR a2 k7, R o 3R 5
L7z, Blo, HR—EERFOH DY T A0 bR e U —0fEH, 1SS X1F 9 & btk o
2 E D EEIRIERIZIE R R F AR e O—ofitl WO R EHIT 7 (M2), L—F—FHHITiX
TRLF—  BEMEICHICEESE, v~/ 7L —HF— %ﬁ\EWMﬂﬁﬁA&%%%Lto

X2  (/£) EnOsiEEDERR
W2 v L r 5 A% —fE
B R —#ERRFOH 5 SiO;

T ADENEY TS
1 (@) v/VvF 7= A27 ADyMnOs D 8.0

GPa & TOfRMHMEFEPr/ 27— (b))
AR & ()R IE & LT BRI
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Development and applications of solid-state NMR and optical properties characterization
at high magnetic fields
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1. ZC®IZ

AWFTEIE, ZHETIZ NIMS IZBWTER L CE KRG 7 7 A DM AR 2 i b
LC, FHUA & L CENEEMERE L 70 2 BRI (NMR) 00tk atilsiiii 2 BR 32 &
b, B L2 MRS AT 5 2 & ©, SHEMEOBEMICET D LA ENE
T 5, KR, MEOME ARSI WEREICB W TGS 1« A 4 DX A F 27 AT 51
WEHDHT-HO NMR HIHT0, SR IE C & D IRH PR O B8 I AT
DA TND, LTS, ARFEEFEE L H5E - BB OMZEAT T,

2. KREFEOHZE - AR
[ NMR H i B Tl s R & B HEH © &
HART 2 FNMR ZEEICE Y| Li/Na A A EHLOEFEE
FriC k1T 2 AmO & RITIHBI S 2 ERFF CHIRI L, Eiho
FEKEFMOJFIK & 722 Db Fe i OS2 fR L7z (Lo
& OEFZE) [1], £7-. NMR 471G H Tk, NIMS s#if
PSHERERIFE . (b MOP, (REEIEFEDOHMEAIZEY, £
FEOMEERT GBS [2]D1F0, & F. BA b, &
HUATEL, SERAEE 22 & DT 21T B RO R AR
EHk L7, S ME Tl NIMS TBR¥E L 7 fset ROt
@?KiDﬂi§7m7%%§mm?mﬁﬁéﬁﬁﬁi% 51 1 B | 2 ST Un % NMR
WREOMINCE W L7z (A REOLFEZE) [3]. o O 9

3. ¥£L&®

[ A NMR HI7E 2 FHBER BTV RRE TIT 5 BAROBHZIC L 0 | Bk ke & 053 ~D)sH
DHEATZ, 7o ER NMR 2387 275> EREWHE ) 25 Totkx e ZAMEOSHC, et
NS K2 WPERHI T H KT, R EOEFEIC L RN TE T 5,

BiEE. AHFZCIE. B - A PUREISH AT —2 3 U EIOINMR 27— a v O In &
W25 L7z, AR O —E L NIMS-JEOL FHUEAN 7 A & OidEIc L > TR LN HE D TH 5,

[1]1 K. Gotoh, T. Yamakami, I. Nishimura, H. Kometani, H. Ando, K. Hashi, T. Shimizu and H. Ishida, Journal
of Materials Chemistry A 8 (2020) 14472, Hot Papers J&H, FHHEIZERIR,

[2] Q. He, R. Kusumi, S. Kimura, U. Kim, K. Deguchi, S. Ohki, A. Goto, T. Shimizu and M. Wada,
Carbohydrate Polymers 237 (2020) 116189.

[3]Y. Okamoto, H. Amano, N. Katayama, H. Sawa, K. Niki, R. Mitoka, H. Harima, T. Hasegawa, N. Ogita,
Y. Tanaka, M. Takigawa, Y. Yokoyama, K. Takehana, Y. Imanaka, Y. Nakamura, H. Kishida and K.
Takenaka, Nature Communications 11 (2020) 3144.
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Advanced Electron Microscopy for High-Sensitivity/Precision and In-Situ Material Characterization
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1. IICBHI

St 7 m ¥ =7 TR BAEIRmOFHBIN 2T 5 & & BT, tha=— XD @mVETEEE
~OREMZED TV D, sl FERD 5> BEFBMEY 77 —~ Tk, MBSO
D/ NE ORISR 2 BfE L T\ 5, BEFIEEEY 77—~ ICBET 2 e E 28~ %,
2. SEURHEFEMETFIEDORS & SEME~DREH

B2 % 1t FE - B (STEM) 2 W T BT IE 722 E O ZIRTTT — Z Z AT 5 i A TR Sl
WCEMEPEATEY A7 vy =7 P TIREERT — 2t (1o (2] 21D TV 5 (1
#2111, CRETU[3]), #&H TEM(Li « 75 1) => NIMS BHFE D BRI AS /L & — [ I AP RE O IRIA 12 /5 OV
WTH Y (AR T) (EELS O E = 3 /L — 0 fiFRE 1IR3 & OILFEFRICERA I TV 5 (I,
AV ha =g ASE TR ETRER A X0 X 4 v O IE e — Lo B E RN R A
NThd (BH), Z0I1E, EFHEHERTEZMEBIAEICFINT 285 (3 A)l) PIHFLE
BARTTR) & 2 WITBERM B R (HPERT) OMERITZ1ED T D,
3. MmN EFEMEFEOMBRERB IV, v 7+ ~<T 4 7 R L DOEE

STEM 14 2 =Nl Re 3 BIEHAI L. MBS EEN D ERTE TBIRT 280 &2 BRx 2 BHT B L T
Do T =A KBS HEAIE S U B sk (4] (14 1) JEAd AR KoCazTasON 2H0[5], A RS di
FePd(CN)[6] (X 2) 72 ECHRERDBHE LN TV D, TEM BT DFHAA 7 4+~ T 1 7 ADFET
m\%7%~vzk;0@%ﬁ®w®&@%b\mu%m&Am £ L@y AT A BICE AR
BEOF RS S (STEM, TEM, EELS, TED) %7 —# N—Z{L CT& ¥ 2% 2 [7], Research Data
&M%S&LTNMSWQ%%%WTwéOKﬁmvxﬁbxyﬂ~%£&bf5%@Nmsﬁé

ORA - =« = - Jfl - BJF) & LT, & IAmssEE (W - - B [al#r « CTEM » HRTEM - STEM -
E%EM&D—VVV@%%%HW@MHW%%ﬁ%bt%ﬁgm%4%%#?Tﬁmbto
2E IR

1) F. Uesugi, et al., Ultramicroscopy 221 (2021) 113168.
2) Y. Shibazaki, et al. Comm. Mater. 1 (2020) 53.

3) O. Cretu, et al. submitted (2020).

4) T. Yamamoto, et al. Nat. Comm. 11 (2020) 5923.

5) Y. Tang, et al. Inorg. Chem. 59 (2020) 11122. M1 7 =72 Kl 5 ks %
6) R. Ohtani, et al. Ange. Chem. 59 (2020) 19254. STEM #122[4], BB % p mA—
7) M. Suzuki et al. JVAST A, 38 (2020) 023204. 57— AT ’ Bl OWEIE 1.7 nm

8) WH - MEWIIFED =8 O Tt E 1 BIEEL GERRATL)
ISBN 978-4-06-520386-6 (400 E1) 2020.7.29 Hihi,

BWEE W NTEWTERO T 2 R L B ET (EAR

[FIGCFRIEG) 5 AR5 1R, &)1, ZHANG HAN, CRETU Ovidiu,

FEHHRAR, BNEE—, SfEE . sERAE, TR, &

AHEA FEER, AEMR, SISk, mNEE T, E

KM, RIS, 51155k, BRI, IR, 5

Uy, FRHEZ AR RAT, ARTCER - il A GIras i seim) |

KIGER GRS o [ 2 FePd(CN)4 o F & fi# At [6].
XRD & |37 HREIEE T VAR AR,
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1. B®
FKEEBIIRFEIOE um ETOSHDOL U PENH HWEERMTH L0, X E
A F w2 Ta—T7L LE-EEBEBCFFRTIIL S PHBORRLERNEET 5, FODF
FHANZ X 0 WV - MR OMSRER BIBIE 2 I3 2 121X, TN O EE LFHIER O 7= O & e
TBERATH AR DS MNECTH D, I L VEICE D NCEIN bR REEwIC kI L, T — 2 F
FOOLWNIA T A ~T 4 7 ZAEFH LIRS 2% 522 &, b Rmasat

FEOLFAREE - BIREBOEEMTIS LN FH - T o EE kA2 1T 9,

it

2. SEEfH

SeSEAEHIRNT AR JEHL R R LT 7 v — 7 e AR, KRR
AT EBISE - TR BT — 2 bt 7 v — 77 - &)1 5¢48f, Da Bo
AT EIBISE - AN BT — 2B 7 —7" 1 ks —

3. 2020 FFED BIER L OERCRTL

insitu + A% o REHAIO 720 OBREZEHIH S 2T b &5 — Z I « AT 7 L2 X A ORI
MEBARE 22 S HITHERE L DD, ZIREEML - BEMEADE « FERM B R E ARt g L LT, BRIl - T —#
BHEN 8T MBI OEGEICE T35 L O BiEA2 BT, et L7,

T AL —FEM B A~OI A 2 BE AL LT, FEREREIZ I T 2 4 [ R 1 o0 BRSO & fRHT
FTRHIODFRT o R XBOCEF IR ZHEE L, ¥ U a3 REAMMEI~D U F 7 A JiAH A
BREBNICBIZE LT, 1 7 AREO RN T Ch 2 B BIGCRIBIGIC & 0 £ U 5 A A
DAERAE R LTz, ZDEN, RISOZERPIARE—E2BIET 5720047 » REM X HOLE
TR A2, YEHNC LV BEONDZEO AT MNLEHEIfTT 2720070 77 A
DOBRFEIZH I L THEY . T b ZHAERITIEH LIz KB FIREGHRNZ 31T 2 [ B o
R ~O FLIEA L 2157,

Fio, BEIESEFHINC X2 FEEMEIOX v U 7 XA F 7 AFHA - 18 XRREELIEIC X 5
BWRAXNIA OB E W o T2 1. M ERHIEIN ORISR IZ & | BHE MRS DTV
Za X8

PRSI ONWTIEL, ENENDR A Y —IZBWTHRET 5,

% 1= (Kimihiko ITO) [k ZEEHLH D operando F&4 77 A 4347 |

Al HIL (Kunie ISHIOKA) HE & 4072 S # AT 0 72 8D O 8 im0 3 JeH iy 4 |

4 7R(Bo DA) "Data-driven spectral analysis method in electron-beam based techniques"

KA B E(Naoka NAGAMURA) 7 JEMANT SA A D HART MV A A= T~A T
~T A7 AEIER Lo T — 2 T~
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Development of operando surface nano-characterization techniques
or their application to the study of advanced materials
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1. XL

St 7 r e 7 NPT T == 1T, el B OB RE R EL O S A 1R D e R T B LT LS
T ZRRTRBREE T R LUV B RRE TR 2 720 D AT o KR mBUSGHAI BT 2 BA R L.
MEFEIIC BT 2 2 &2 BHIE LT\ D, B 3EE L, B BIO B/ A 3 KL O
B COKRBBRZEICET 247 v RetHHlL BREHC X DR 1 L~V il OB HIE, AKIR IR
TR 2R 7 BB SR, = REERA D T — A IS X 2R m MG - A E U ARGREA
EOaTHENOEEERIH, T2 BEEER LT IR OB At -, RO
M BHETH(02-04), RN A X —#H(P38-50)0 RSN 50, MEIILITO®EY Th 5,

2. W 3EEMIRE
()EHA R, KRFBA T FEHE

ey a—77 5 — ABEWE(KPFM)IZ X D AT v REM AT E2 2EE Y F 7 LA
F s, KIGEMFMIICH L, FRERERICB T 2EMOAE LR FIHFTRT v L
DO Y FELH BN LTZ[03], KBEH AT, BKkFEL~ v B 7T 547 FKEH
PREEIC LV . SEM THFE L 7= RPTILE T D /KB IEHUR I E & #EEMAT 2 3281 L 72[02],
Q)7 —T7EMESEROBEE/ L IEA

RASOSY & BREHT L 5 B4y 1B X 0 IRIE CIXREE 72 0 16k & 281 L 7= [P38], JE1-4)
fi#he AFM (Z X 23555 7 D53 T-RALF RS & OFEM[P41], JRPTEA N R EE TIRIEICE 2 D8
@ STM #22[P39], I IEIIN LA EIO A b L 2554 5HAlR LY AFM IZ & 2 4 a2 it
i o> BAFE & 3D 72 [P48],
Q)BT EAT DOBRFE & A

JE - JE RBAR SBR[ S Bs5 55 % RFAI 9~ 5 7 80 O v K BE RSG5 07 160 il B AT O R 3 T B 1 o 7 & oD 3
BT A D TZ[PA2], iz, A DB TN LY In [ FEBRERD A B L o3hR A 7 =
R NEfRY LT, B4 SQUID BAMMERIC X 2 IEHEERE R & 1 0 BRI 2 HE D 72 [P43],
@DETFIREEER v — ABAMTERAF LIS H

H—REDRAER O, iy F v — Ao L Bemfaiimz v, REAT v 72805 Oy WAEME=REN
AT T OJRFTREEICKTT D O 0 PRI T 5 2 & 2o L72[04], Mm@ BEIZ L0 B—%
A B - [BERRREER AL b Hy 43 B — DRI RS LT,
B)T —F B EETER Ui Bl o B %

NTFIREIZ K D AT FVERBFEIEDOBFE & o b ~D s H[P44]. AFM JIEIZ 31T 5 ML FREE
710 BB LR 21T o 72,
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Studies of quantum spin systems using neutron diffraction
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1. fvbtme¥rvay

PP EIT & ARROL R A B RITBAIE A R O L IEE 270, BRBRFESE S > Th, R
=AY PN ENZ ENE L BRMEZRD HNARNDD Th D, LnLAR D, ikTm
FREARBE LD, TNEOEBIZRNT S,

2. Cu3(P2,060D);

WAk & e IR EELORE RS, ZOME DAYV RIT, —, =, &0 0 3 fEEME (, =
111 K, /, =30 K) ThHDI &B0ho>TnD, T ofEFRITHIE T, MhfEe—A
FMED RSS2 BRI L (K1) D, 2 FEO Cu A hTOE— A2 FOMEIE M, = 0.43(2)
& M2=0.013(10) pu/Cu T, Z Dk 0.03Q2)1LH G TH & —H T 2, WhahiE— A FofEIL, &
EYROREICHFHATHL EBEZ LD,

3. K>Cuz0(SOy)s

B LW A 7O Haldane ME TH D @GSNz, TOHAE, WERRBIZIERNE L 7251379 C
b DN, EEIL, MK 2 ERT 2R PEARBH S iz, 72720, ThbidE T,
3FEIED Cu VA FRBH DD, BEMEEZRO DO L, tMoOFEBRERLEETHZ LT,
AREMED B DA REET T L ERETE R (K2),

4. FeVMoO,
AV 52 DRGRBENES A ~—In b D A
HFTHDHI, Tn=108 K LA F CTHKFF BN S
2, 4 K TORKE— A2 hOfEIX 4.00(7) ps/Fe
T, HHE 4.95 us/Fe (g=1.98) X W H/h &V, K
SEAELORTH, MPPLILLOMATT iy 6T 16 & 20K OEFFAH—2 0

A b ORERENBIR S T, 7 (%) o TFRRIE My = 0.43 & M3 =0.013 pp/Cu
D6 OFHHERE R,
BE IR
1) M. Hase et al,, Phys. Rev. B 102, 014403
(2020).
2) M. Hase et al., J. Phys. Soc. Jpn. 88. 094708
(2019).
3) M. Hase et al., J. Phys. Soc. Jpn. 88. 034711
(2019).

X2  KyCuzO(SOs); DRERIEIEE T L,
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Development of Hybrid-Anvil-Cell for spherical neutron polarimetry analysis
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1. Uwic

YNTF T a7 AEMINTO DR TIE, WENTAE B LT 5 & A U HEE
HAEM S 20 U TR O FRIEDME T L. A B U BRI SRR ER 2 & B~ 7 v 725k
BN ECHEENH D, THETOMETIE, BFORFEMRICIEITALF 70 A7 R
DRTFEIMOKE ZIL2HU /NS EMEE (AFZ LA RAEY 22 E) ~ISHIE
WEETH 7272, RERBEBROBERT VT 7 2a A 7 AYWEDOIHELPRD LT D,

Fxld, INFETELATONTE MG ELIC L 2MKFEEOHIE TR, ENICE-
TYNLNTF T xzaAf 7 AMEFE, fIE L, /T TORAE AEEE PR ERIC L > TRE
T HRBEITH> TN D, [1-3]

2. MR
s & 1%, ®ED TREIZE T 5k
1 3 R ITIm AR ARAT F288k O R D 7= b |12 Pk
T DIRIGRER (BB L 22 W SE e A (R A B
WY E R EBR A O & E 'L O
BAF A 17720y, 75 A ILL I2BW\ T 5.1
GPa ¥ CTOHMT 3 WICImIBAET IR
HIHTRE Lz, [4]
ZOFERBRIZEIV KR LELYIC, =
NF T xuaA 7 ZAYE CuFeOr i, =2V =7
A B RAETIE, MEEEMEZ R SRV,
TN X o THD THRAFERE RAE & S T S
AU, [FIRFIC R BN 2 m T OB
MEND ZERNLPITIoTz, A £ m1 EES FHET 3 WILREBAATERIC L > C
7=, ‘i, EAOBEERBELRSWERT WRELE, /LT T zaA 7 A CuFeO, DIEFIRE
DyMnO3 (25 LT b [Akk DB %17\, fHE, [4]
e RRATIZ A L=, [5]

BE R
[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).
[3] N. Terada, Trans. Mater. Res. Soc. Jpn. 44 1-5, (2019)
[4] N. Terada, N. Qureshi, L. C. Chapon, and T. Osakabe, Nat. Commun. 9 4368 (2018).
[5] N. Terada. N. Qureshi, A. Stunault, M. Enderle, et. al. Phys. Rev. B 102 085131 (2020)
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Ferromagnetic resonance in spin-reorientation transitions
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1. £k &Eryay

ATV DR L R ) A RO K ARG & LT

B, B—F =R EMR AR TR I S
NTWB[L], L, Z ORBEIMEREIZEKIARE LT
KA DN L <. RN RN TS, =
IUFE CRABA OBRG, FHEIC L 2RIk A D
HELET IV (A 7 v~ T 2T 4 7 AGHH) TIT
P T&E T, FxlL, RmicEI3<ET bt
B FIEEHA WD Z LI LD RO LR T
EREE IR RN R A B JE L A R r— b D
REIISBOMAZ D S LT D, £O—HOME
(23T Nd A7 (Nd2FeldB) OSREEMEISEITE 1 Ngpem oBHEEE. 150 K AR
BB PR R 2 R LT, KBS E " B,

2. RFmiET UEB X O kiR

FELULTEFEHNOLEZI 7 a2BE T 2
— & W TR T T Wb E2iTo 72, X 1133
I LA DWALIBE TH Y . Z DORITHHEI 72 A

BB (T=150 K f31) 23 EERFHE CREL

INTWD, ZZTHALE A T I 7 2D FAEITE

(LLG FH#Ex) TR R & BV 1A A 7277 1

(Stochastic LLG %) [2]& M7=, A E > ® power
spectrum % FtHE 35 2 & CHRREETE LIS JE B A sk
Wiz,

3. BRRGVESCIRREIL O A PR AR 2 SRR SEIR I O IR R A
R & OUREEFE T C IR SL0E R A s i+

%, BHEO—HERITEDH DR TIE, TOFE WA > THEIZEML TN, &2 A,
A Y DA TIE T=150 K AT, 977200 HRECHRC A IRAAS L A 00T C a7 sR I ey Jol e 4 oD
BBV ERBIREL T TIEO ONSREICR D, Fox i, Z ORI 2O 2 PR
HIIZH B 8T \_®ﬁﬁﬂxﬁ/A&E@#@ﬁ%Tiﬁ< wxiﬁﬁﬁﬂﬁlfﬁ AL
FIER D Z 5 RICHEICE Z 28R THLH Z L 62T LZ[3],
2 Tk

1) S. Hirosawa, M. Nishino and S. Miyashita, Adv. Nat. Sci.: Nanosci. Nanotechnol. 8,

013002 (2017).
2) M. Nishino and S. Miyashita, Phys. Rev. B 91, 134411 (2015).
3) M. Nishino and S. Miyashita, Phys. Rev. B 100, 020403(R) (2019).
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Phase Transformation of InSn Superconducting Low-Melting Point Alloy
below Room Temperature
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In-Sn %&IE 120CH2 6 230 CREDRLE ZFF OG- TH Y | Bk CTRIZELZ RT, ZHUZ Ga
N Z 2% & FFEDOMBREIRIZ W CTRIRLL T CHEMISNE Z 0 |IELL T CRET 20T, @
FEIZRDEAEELE LTHATE % Y, BRICIE, FE2RIETIRAT 5 7210 TREM IR
L. FinlZegs B A O TICHBICEBIERAZTZAR L, 2 DOBIREROMICE=RTIh a2
T CRBAREEGMER CTE D, AR EIE B | |ENSWEIT S Z L THNOBREM
(InsSn, InSny) ZATH S DA, HEEEOEWIC L BIEEEBIRE LT 58BN A5
iz, E7-. Ga-In-Sn ROTIRLL T COREEAER % X B O HPEF ORIREIHT BRI X - THl%
T5 & FBEMTTEROVKRAR SN, 2 HDOERIZHOW TR LR E2®Ed 5,

Ga—In-Sn RIZBIT A EEEERIT. In-Sn RICBITA3ERLEW LA RLTWADT, InsSn iz
X250 THD, Klallrd L2, InSn OEZEPLOIREZ(LIZIL 150 K 2B =RIEOM T
FEN R S, FIELLTFCTE Z % InsSn #8205 InfH & InSny AH~DAESEEIC G L TWA 2, Z D
BRI AEE IR L TV T, B LARWEA T LM OB Z 228, 2% L72HA 1T
InsSn AHAMRIR CTEDOEEHKY . InsSn 48, In FHE N InSny#HD 3HHICBET 5, K2 1c@am L7
WEE &AM LTESEE D 100 KIZHE T2 XFREHT S 2 — 2", InsSn AHIZEM L7256 1203
Hrii 4228, Bm LanEEIidtrteFic, HEEICEY LoEWARET D, £/, K
b IZIFBHm LARWEA LW LERA O LiTFOBXIEIIOBEL(L 2RI, 2mLi-EE
DLDOFHKIT KELRoTHY, InsSn D LIZxfE LTV 5,

1 InsSn OEXIEIOEEZEA (a) & 2 InsSn DAB L7a WS (a) 2w LTE5E
I CcOBEBSEIOIREZ (b), (b) X MREHT/RZ—2
2 3k

1) T. Mochiku et al., Physica C 563 (2019) 33.
2) S. F. Bartram et al., J. Less—Common Met. 62 (1978) 9.
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Muti-scale Structural Analysis of Magnetic Fluids under External Magnetic Fields
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Hierarchal structures in magnetic fluids have been studied to ensure the optimal utilization of these fluids,
which exhibit both magnetism and fluidity, in various engineering devices and biomedical applications. In
this study, magnetic fluids were prepared by dispersing monodispersed magnetite particles with sizes of 10.0,
11.7, and 17.4 nm in kerosene. Dark-field optical microscopy and small-angle X-ray scattering (SAXS)
experiments showed no results indicating destabilization of colloidal dispersion in the absence of magnetic
fields. Under magnetic fields, the formation of needle-shaped micrometer-scale condensed phase was
observed on the macroscopic level, irrespective of the differences in the average diameter of the particles.
Analyses of SAXS profiles under magnetic fields revealed that loosely bundled chains of nanoparticles were
formed in the magnetic fluid containing particles with a size of 17.4 nm, whereas other magnetic fluids lacked
local spatial ordering of nanoparticles. Thus, the results indicate that the microscopic arrangements of
nanoparticles inside a macroscopic structure vary with size, despite the similarity exhibited in their outward
form. The results are discussed based on magneto-static energy and interparticle dipolar interactions. These
different hierarchal structuring conditions are key to fully exploiting the properties for each application, for
instance, an excellent design for magnetic fluid hyperthermia treatments involves both the individual delivery
of well-dispersed nanoparticles as thermal seeds and cooperative magnetic heat generation of chained

nanoparticles under exposed magnetic fields.

REFERENCE
1) H.Mamiya et al, J. Phys. Chem. C 125 (2021) 740-748.

Figure Two-dimensional contour maps of interparticle structure factor for magnetic fluids containing
magnetite nanoparticles with sizes of 10.0 nm (a) and 17.4 nm (b), respectively, where a magnetic field of

25.5 kA/m is applied horizontally.
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Valence states of Cu and Fe in chalcopyrite CuFeS:
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Development of spin-resolved ARPES and PEEM apparatus
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Visualization of exopolysaccharides produced by lactic acid bacteria
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Lasing action controlled by plasmonic-induced cavitation
Rodrigo Sato,' Joel Henzie,' Boyi Zhang,' Satoshi Ishii,' Ken Takazawa,' and Yoshihiko Takeda'*
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The use of plasmonic metal nanostructures into optical gain media has introduced laser designs that do not

require precise fabrication and alignment of resonant cavities [1]. Plasmonic nanoparticle (NP) provide near-

field optical confinement that modulates the brightness and photostability of fluorophores. Numerous

research groups have observed how suspensions of plasmonic NPs in solutions of organic dye can generate

coherent random lasing. The underlying mechanism is typically attributed to the large local-field and

scattering enhancements in the vicinity of plasmonic NPs. Here, we propose an alternative mechanism that

does not directly require the plasmon resonance.

Using a high-speed camera coupled to a
microspectroscopy setup we observe the formation of
microbubbles in solutions containing molecular dye
molecules and plasmonic NPs. Results show a
correlation between the lasing emission and the
detection of microbubbles. Controlling the quantity and
size of the microbubbles, whispering gallery mode
(WGM) and random lasing actions were observed.
Figure la shows the random lasing emission of
rhodamine b in ethanol with and without TiN NPs under
552-nm excitation (193 mJ/cm?). When the NPs are
added to the gain medium, spikes are observed in the PL
emission. The dominant peak exhibits a full-width at
half-maximum (FWHM) of 0.83 nm. Figure 1b shows
WGM emission spectra of a ~4.8 um diameter droplet of
ethanol with C500 containing a single plasmonic NP [2].

These results suggest that the lasing modes are not
directly associated with the plasmon cavity but can arise
from its photophysical processes, which provides a new
insight into the nature of random lasing with plasmonic

nanoparticles.

References
1) F. Luan et al., Nano Today 10, 2 (2015).
2) R. Sato et al., Opt. Exp. 29, 21 (2020).
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Figure 1. (a) Random lasing emission of
rhodamine b in ethanol with and without TiN
NPs. (b) WGM lasing emission of a droplet with
C500 in ethanol with a single Au NP.
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Investigation of third-order susceptibility of Au nanostructures
Boyi ZHANG"2, Rodrigo SATO!, Yoshihiko TAKEDA!2
!National Institute for Materials Science, 2University of Tsukuba
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Abstract: Complex shaped plasmonic nanoparticles provide a promising route to achieve control of their
optical properties at the nanoscale. However, little is known about the effects of geometrical parameters to
the optical nonlinearities and underlying mechanisms of the plasmon modes. Here, we obtained the y® of
Au with different shapes featuring a narrow plasmon resonance that is tunable in the visible and near-IR
regions.

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 nonlinear optical response for Au nanomaterials.

2. Results and discussion

Au nanoparticles (spherical particles, plates, bipyramids) were embedded in PVA matrix by spin coating.
Spectroscopic ellipsometry was applied to analyze the linear optical structure. Femtosecond Pump and probe
spectroscopy was used to obtain the nonlinear response. From these combined analyses, we evaluate the
spectra of third-order optical susceptibility for various Au nanomaterials.

Figure. 1 shows the obtained ¥ ®) of the PVA composite embedded with different Au nanoparticles (spheres,
triangular nanoplates and nanobipyramids, respectively). Shown in the figure, the complex dispersion of
x® is crucially influenced by the geometry. Compared with spherical nanoparticles, by manipulating shapes,
x® can be tuned to near-IR region while keeping a sharp dispersion at LSPR. Real and imaginary
components of ¥y exhibit a strong wavelength-dependence resulting from the interaction of interband
transitions and LSPR. For nanobipyramids, two polarization modes were observed, corresponding to the
transvers mode and longitudinal mode, respectively. In particular, the maximum amplitude of real
(imaginary) component shows a significant shift towards longer (shorter) wavelength compared with linear
LSPR. This result indicates the importance of the dispersion of the quantity y®) to optimize the nonlinear
absorption or refraction properties at a desired wavelength.

Figure 1. Spectral dependence of third-order susceptibility of Au nanoparticles with different geometries.
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Characterization of a high resistivity deposited overlay on SOI grating coupler
for lateral transmission & exciting Dirac Cone in Photonic Crystal arrays

B. Afshan 12, Y. Yao 3, Y. Takeda 2, K. Sakoda *
1 3-1-3 Sakura, Hydrogen Materials Engineering Group, NIMS Japan
2 1-1-1 Tennodai, Graduate School of Pure & Applied Sciences, University of Tsukuba
3 1-1 Namiki, Research Center for Functional Materials, NIMS Japan
SAKODA .Kazuaki@nims.go.jp

We characterize Silicon dioxide overlay, that will be deposited covering entire device footprint in SOI,
over a grating coupler & Photonic Crystal array. Gratings in SOI are well known for coupling optical
frequencies to & from waveguides [1], which will now be used to excite Dirac Cone frequencies in PhC [2].
We propose to characterize a coupler that has enhanced efficiency due to deposited oxide overlay. The large-
scale deposition of oxide layer, is required to be stoichiometric, without formation of metal-like-Silicon
pockets arising due to oxide poisoning. Avoiding Silicon pockets, is key to small conductivity of layer,
ensuring a large propagation constant for light. Given the insulating nature of Silicon dioxide, the
conductivity is already very small, thus, a requiring a challenging characterization. We begin by probe
measurement on a high resistivity Silicon wafer & modify thereon. This characterization can be confirmed
at last, by propagating light over a few cm distance.

We expect to obtain a
least conductive layer
with high propagation
constant, to excite Dirac
Cone frequencies in PhC
arrays.

References
1) D. Taillert et al,
“Compact efficient
broadband grating
coupler for silicon-on-
insulator waveguides”,
Optics Letters, 29(23),

2004.

2) Y. Yao et al., “Mid-
IR Dirac-cone  Figure 1. Schematic of proposed design for grating system. (a) A comparison
dispersion relation  Of conventional system with the new system; (b) I-V characteristic

o . measurement for the sputtered layer; (c) fabricated Silicon grating, over which
materialized in SOl tne characterized layer would be deposited, inset aspect ratio - 60 nm/60 nm.

photonic crystal slabs”,
Optics Express, 28(3/3), 2020.
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Nanostructure design and spectral assignment to enhance the third-order
optical nonlinearity of plasmonic materials
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The enhancement field from localized surface plasmon resonance (LSPR) phenomenon in metal
nanoparticles when resonance conditions are achieved, is proven in increasing the effective nonlinear
susceptibility of composite materials up to 10,000 times higher. In this study, investigations on the
dependence of resonance phenomena on silver nanoparticles on the particle's shape and size and the
nonlinear response generated by the LSPR phenomena were examined experimentally and computationally.

The measurement of optical linearity and nonlinearity of bulk and silver nanoparticles were evaluated by
using UV-Vis, ellipsometry, and pump-and-probe spectroscopy. Also, a numerical calculation by using a
finite-difference time domain (FDTD) method was performed to assign resonance modes from silver
nanoparticles. In this simulation, the linear and nonlinear permittivity from silver thin films were used.

The results of this study indicate that there is a red shift in the resonance frequency of silver
nanoparticles by reducing the symmetry in the particle shape, which results in a higher order-pole
resonant such as quadrupole resonant occurs in the visible light regions. Furthermore, the type of
resonance generated to a different optical nonlinearity response. The transient transmission spectra
from the dipole resonance of the highly symmetrical spherical silver nanoparticles have a very high
positive enhancement at the
resonant frequency and the two (&)
negative wings, whereas dipole
resonances from lower
symmetrical triangular silver
nanoparticles generated one
positive and one negative gain in
the  transient  transmission
spectra. Also, a strong negative
gain at resonant frequency with
two positive wings in transient
transmission data was produced
by quadrupole resonance from
triangular silver nanoparticles.

— Extinction — AT/T

(b) (©)

References
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Dependence of the plasmonic random laser behavior on the scatterers
concentration and size
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1. Introduction

Random lasers, whose lasing emissions occurs as the result of a coherent optical feedback from multiple
scattering inside a disordered structure in a gain medium, have attracted widespread attentions due to their
unique physical mechanisms and potential applications [1]. However, recent research has demonstrated that
optical feedback provided by plasmonic-induced nano/microbubbles [2]. To clarify the size effect of
plasmonic-induced nano/microbubbles, different sizes and concentrations of Au nanoparticles have been

introduced.

2. Experimental details

Plasmonic random laser were
fabricated by Au nanoparticles with
diameter in 20 and 25 nm mixed with
gain medium solution (IR-140 in
methanol). These samples were triggered
with laser excitation at 1 kHz  with
pulse width 130 fs at 800 nm. A high-
speed camera helps to observe the

photophysical process of nanoparticles
Figure 1. Schematic view of confocal microscopy with a high-

while lasing. Figure 1 shows a schematic
speed camera

view of experimental setup.

3. Results and discussion

Figure 2 shows the emission spectrum of 25
nm Au NPs in the gain medium. With these
nano/microbubbles generation and growth, lasing
emissions were observed with Q-factor about 838
and the full width of half maximum in 1.0 nm,
despite the SPR of 25 Au NPs is far away from
the absorption and emission spectra of the gain

medium.

Figure 2. Emission spectrum of IR-140 solution with
25 nm Au NPs.
References
1) Y. Wan, and L. Deng, Applied Sciences 10, 199 (2019).

2) R. Sato, J. Henzie, S. Ishii, K. Takazawa, and Y. Takeda, Opt. Express 28, 31923 (2020).



NIMS sedmatifl S 2R 2 L 2021 P20

“REBFRODYA4 o0 OHIE

Cyclotron Resonance in two-dimensional electron systems at high magnetic fields
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1. Intruduction

The broad lines in the F1 axis (longitudinal axis) of the "**Ga (I = 3/2) multi quantum magic angle
spinning nuclear magnetic resonance (MQMASNMR) spectrum of nanocrystalline h-GaN was thought to
reflect chemical shift distribution at first glance [1].

However, the NMR shift distribution of the broad signal of was almost unrelated to the chemical shift but
was rather related to the Knight shift due to metallic properties [2], supporting NMR analysis by Yesinowski
et al., which electronic disorders were shown to be spatially correlated on the subnanometer scale [3].

Here, the sample dependence and nuclear dependence have been checked

2. Experimental

The sample was prepared by the different way reported former; using reduction—nitridation of Ga,Os in
the same atmosphere at 900 °C by a 5-h heating, yellow powders of compositions of GaiNo.992(6)O0.069(5) Was
obtained [2].

Three-pulse MQMAS sequence with a zero-quantum filter proposed by Amoureux et al. [4] was employed
for 7Ga MQMAS NMR measurements.

3. Results and Discussion
Explicit sample difference (Fig. 1) have not been observed. Although ®Ga nuclear is more sensitive than

"1Ga, the clear shift dependence has not been observed (Fig.2).

Fig. 1 7"Ga MQMAS NMR spectrum of Fig. 2. “Ga MQMAS NMR spectrum of
nanocrystalline h-GaN  sample (asterisks nanoc.rystaH.mG. h—GaN sample  (asterisks
denoting spinning sidebands). denoting spinning sidebands).

BE R
[1] B. Schwenzer, J. Hu, D.E. Morse, Adv. Mater. 23 (2011) 2278-2283.
[2] M. Tansho, T. Suehiro, T. Shimizu, Solid State Nuclear Magnetic Resonance 97 (2019) 25.
[3] J.P. Yesinowski, Z.J. Berkson, S. Cadars, A.P. Purdy, B.F. Chmelka, Phys. Rev. B 95 (2017) 235201.
[4] J.P. Amoureux, C. Fernandez, S. Steuernagel, J. Magn. Reson. A 123 (1996) 116.
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Development of High-temperature Pulsed-field-gradient NMR probe
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High Resolution (S)TEM Observation of Dynamics of Pt Nanoparticles in
Liquid Phase

Xiaoguang Li'", Masaki Takeguchi', Kazutaka Mitsuishi'
" In-situ characterization technique development group, National Institute for Materials Science
*L1.Xiaoguang@nims.go.jp

Liquid cell (scanning) transmission electron microscopy (LC(S)TEM) enables researchers to in situ
observe the dynamic processes in liquid phase. The liquid cell (LC) isolates the liquid sample from the high
vacuum environment of the transmission electron microscope (TEM). The sample is sandwiched between
two thin electron transparent membranes, which allow the electron beam to pass through the sample.
Comparing with other characterization methods, the important advantage of the LC(S)TEM is that the
technique can give images in high temporal and spatial resolutions (1).

Recently, we have successfully developed a static LC (Fig.1a) which is compatible with JEOL TEMs’
single tilt holder (2). We have in situ studied the aggregation and fusion processes of Pt nanoparticles in
subnanometer scale with the LC. The rotation and orientation attachment of the nanoparticles were found to
play a key role in the processes. Fig.1b shows TEM images with a time interval of 10 s extracted from a
recorded video. Fig. 1c depicts bright field STEM (BF-STEM) images with a time interval of about 1 s.
The orientation realignment of the crystal lattice before and after the nanoparticles’ attachment can be
clearly seen. The LC can be used to in situ observe other material and gets more functional by

incorporating electrodes or heaters into the LC.

References

1) de Jonge N, Houben L, Dunin-Borkowski R E,
Ross F M, Nature Review Materials, 2019, 4, 61-78.
https://doi.org/10.1038/s41578-018-0071-2.

2) Li X, Mitsuishi T, Takeguchi M, Microscopy, 2020,
dfaa076. https://doi.org/10.1093/jmicro/dfaa076.

Figure 1. (a) A home-made liquid cell loaded on
a JEOL’s single tilt holder and electron beam
transmission area, (b) TEM images of the Pt

nanoparticles’ evolution with a time interval of
10 s, (c) BF-STEM images of the Pt
nanoparticles’ evolution with a time interval of
about 1 s.
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Nucleation process of cubic ice in a glassy dilute glycerol aqueous solution
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Lorentz microscopy observation of metastable skyrmion in FeGe
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Iron Manufacture on Moon Surface - Development of Iron Manufacture Process
Assisted by Electron-Beam Excitation to Exploit Moon Mineral Resources
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Atomic-scale electrical field mapping of hexagonal boron nitride defects

Ovidiu Cretu!, Akimitsu Ishizuka?®, Keiichi Yanagisawa', Kazuo Ishizuka?, Koji Kimoto'
! Electron Microscopy Group, NIMS, Namiki 1-1, Tsukuba, Ibaraki 305-0044, 2 HREM Research Inc.,
14-48 Matsukazedai, Higashimatsuyama, Saitama 355-0055
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Atomic-scale defects determine properties of current materials. Determining the local structure and
properties of defects is therefore critical. Two-dimensional, monolayered materials hold great promise for
practical applications — as components of future devices — as well as from a fundamental point of view —
opening the way to the observation of new physical phenomena or as textbook materials for directly
visualizing the creation and evolution of defects. Electron microscopy has played a central part in this work,
providing excellent data over the last few years.

In this work, the distribution of electric fields in hexagonal boron nitride (h-BN) is mapped down to the
atomic level inside a scanning transmission electron microscope (STEM), by using the recently-introduced
technique of differential phase contrast imaging (DPC). The maps are calculated and displayed in real-time,
along with conventional annular dark-field images (ADF), through the use of custom-developed hardware
and software.

An increased electric field is observed around boron monovacancies, and subsequently mapped and
measured relative to the perfect lattice (Figure 1). The edges of extended defects feature enhanced electric
fields, which can be used to trap diffusing adatoms. The magnitude of the electric field produced by the
different types of edges is compared to monolayer areas, confirming previous predictions regarding their
stability.

These observations provide new insight into the properties of this interesting material, serving as a
suitable platform on which to test the limits of this technique, and open the way for further work, such as

dynamic experiments coupled with in-situ techniques.

Figure 1. (a)-(c) Phase and electric field maps of a point defect (B vacancy) in a multi-layer
h-BN region. (d) Difference between the field strength of the defect area and an identical nearby
region with perfect lattice.
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The NIMS LaB6-nano CFEG for low-cost workhorse electron microscopes
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Abstract

The resolution of electron microscope (EM) depends on the brightness of its electron gun. Cold field
emission gun (CFEQ) is the brightest type and thereby makes electron microscope with the highest resolution.
However, conventional CFEG based on W single crystal emitter could work stably only under extremely
high vacuum condition (~E-10Pa). Therefore, only top-class expensive EMs could use CFEG. For example,
SU-8000 SEM produced by Hitachi Hitech company costs over 1 million USD; GrandArm TEM produced
by JEOL company costs over 5 million USD. 90% of electron microscopes in the market can not use CFEG
and can only use W filament thermal emission gun (TEG), therefore suffers from low image resolution and
long data acquisition time (low beam current).

For the past 15 years, we matured an original LaB6 nanowire emitter technology, which can produce cold
field emission stably with a much lower vacuum requirement (~E-7Pa). (1,2) From 2019 to 2020, under an
industrial promotion program from MEXT, we succeeded in developing a general-purpose CFEG which can
even be used by the cheapest tabletop SEM (~60 thousand USD). Great improvement in image resolution

and beam current are evident.

References
1) Han Zhang, etc.. An ultrabright and monochromatic electron point source made of a LaB6 nanowire.
Nature Nanotechnology. 11 [3] (2016) 273-279;
2) Han Zhang, etc.. Ultrabright and monochromatic nanowire electron sources. MRS Bulletin. 42 [07]
(2017) 511-517.

Figure 1. The original W filament electron gun in a tabletop SEM was replaced by the LaB6-nano CFEG
and all other components remained. Pronounced resolution improvement was demonstrated.
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The iron-making from iron oxide with boron nitride
ANUETE, ZJFIE, AR, 7TOES, = AfE
ESZATZEBRFEIEN  WE - MEHIFSERERS
e-mail address ISHIKAWA.Nobuhiro@nims.go.jp

= =N
1. Fx

BRAZER O Z bR FHEHEIZENRED 15%1E< ZHDTWDH, O ERPEHIRITEFIC
KBTI TH D, ZHITM(bkaE Loy & T 285 A & IkFE & LAy &5 AR TEIL LT
WAHTZDTH D, HRPEHHIEZ Ry & LI2WE S Z2HATHOI TN D08, KIRZRHIBIC IS £ 720
MNMLEIRICH D, AFETIITEMNZ DSBS Z X >TICL TRFEE TR 0ET 2
v 7 ADWL ORISR EBOS L CTERZNTH S E 25 Z &2 RV Lz, Z OGS TIE bk
FITRAETT FFICBEA YR (BN) ZEETEETH S EZOTEORKRIZOWTHET 5,
2. EBRFE

oA OREERE S U8R A O £y TH DI bEk P i b L E IR A~~ X A b (FerOs) % iiffE
AMEHE LT Lz, ERERIIT VT UREEKH TN~ Z A FEZILAR Y FEEMLNOR
CHH T D S AR LTIV L 72
3. MR

B 1 IXERE 10mm O~~~ Z A hory REZEAR U RORICEETT VI URER, 1250CT
3WFMRFF LZ3CECH O 2 v a) ARG, bME:, c) EPMA I X B~ v B> 78T
b5, b) BRT L IITEEOREIZEENAREFF O CHEDLNTZA, ZoREaty HL T
EPMA CTw o B 7 a2 A, REOBEIIELTZEDO FMNIIFZIEZERTHY . ~~F A ME
FERES L o THBITHITHTLEY, EFUVHELRICTHE SN IZATEZ LV L
oo ZHUE—HITHY ., R 1150 CLL ETEEAAERTHZ ENHAL TS, LIrLIDX 7%
2V COMBATE T TIEBEN AR T 282 R Z LN TERW=d, TEM B L ER L TZ o
GBI bIT o T2 DO TEDOFEMIC O T HHET 5,

a) b)

[ZES

4&
N

10mm ST

K1 ~~HA honry RegRrERICHREE T 1250 T 3 FERR L7255 a) INEHET. bl
Bf%. c) EPMAIC K AW~ vy B 7% (EnbEk, BHE, RAuH)

4. HEE

AL U730 O E RO E AT FEBH R IE N - APBHIFITHERE  ERINBAZE - LA
FICARHE L. ARBFSE D —EBIERH AR st & il Bh 4 GREE 5 19K12409) . JFE21 fHACRARH, k4
RERGORIZEVITo T,



NIMS sedmatifl S 2R 2 L 2021 P32

K REBEMHAD operando FEH X o #r

Operando exhaust gas analysis for next-generation batteries
Oz !
" WE - MBI TERE S
ITO.Kimihiko@nims.go.jp

1. =
FEMOTLEERIEDORE Y R LIS, B - EBREOMEISIIC L0 KBS HET 5, K
HACEERE M OTIIX, UV F v AEKEMD X 5 IR & OB ADH A FHEAN T 22 5
bbb, UHTPRELE LI A5 AT L TIE, BIREICHEI RET R E2 D TILEA MK
MO HZENARETH D, UV F U LEREMEFIC, BONTRERICOWTRMNT 5,

2. EBREERDO—HI
WES AT LORA 2 M, EMEAVNOEEZ | [JEICHERF L, BAE LT T A2 B22 35 E T
HOERSHER MS) IZEL ZETHD, TDORDBIMICERED~y RAS—2%2#IT, i
7226 He H A &G, BV FIENAE 02mm, RS Sm OF ¥y 7 U —F2—7 T MS L
Too BMIZR TRICE D | WD TLRERIEET A0 % 10 FEFLL B35 Z E B3 ARE L 7p o 72,
FOFERDO—EE LT, ¥ 112 Li ZZREMFTERO T A WSRO —Fl % 7+, BRRO
BHEGA(T R T 7 T4 L) Th D, EICFENAREESE 80, 2 o, BEIZ XL Y LixO,—2Li+0r+2e
DO E D FE L TBO N EN D Z ERK 1@ Bbnd, m/iz=34 D717 7 A Wi 180,
CHRETH Y, FNARICTAZ 70 Lz 8000 LHEEsnD, — . m/z=32 D717 7 A
JAE EIR 2 DI O MNICERZ D, ZORKREZFRDL72D, M 1Ib)ICKREBREICKHTHEEAY
MOELER LT, RERIINC m/z=32 FLOEERBRMEI N TWD, WA TH-7ZED O
m/z=29,31, BLO3R2 DI/ u~ 7T LEK 1CICER LTz, ZHODOHIERE, 5F VY MS DA
FANMBICBIT DT T T AL MRZ NG, m/z=321F A% ) =L ThdEHESN, HICEER
T G4 172 0 /NS T2y 1 F THrfiR

A
rE
_
o
<

vvvvvvvvvvvvv

-1

SRTLED ZERbhoT, 373 sb ]
33 2 whewre ]
3. A%OEM R i ]
AR AT X051z, HE b A 0 b

SNBHANFIC L 0 BRSO O e 3 3

fig A S = X MIZI D 2 L STTHEC 24 —il 2% ]
B, % SOC IZ#51F 5 MS 247 hL 5 ol ”} E;? “““ —
BERETT TR TF—a v b EE = ] 3ﬁﬁs """" 1
LTT4 T 47 TENE EHIC 5 ok k
£ OWEANELND, Eo, mEYy I i Va
FRAED B\ MS & VLI, [ LK semnem” b
E%§&@4 2]‘/;%% %A/&ﬁj\%ﬁf:é’ N 0o mlio oo ACharge)mAh-c:n;[2

S OROMEEALZITDND L HIfFE B1 WMEHHT2 T 7 A1), BEIZED MS
N5, AT MV OEA(Db), BLRAZ  — Vi &R

TIITA AT DT aR T T A(c)



NIMS Fimatial S >R L 2021 P33

BEIN-REYHETEO-HDESED SN 4

Ultrafast Spectroscopy on Buried Interfaces [V
A [ AT
W - MOEMFTERERE  Sehnb B AR AT B ST A
ISHIOKA.Kunie@nims.go.jp

RERKGEBMEE L THFINLEE B4 7 )y FaNTA FROTX A4 ML
ibﬁwMA74rA@¢®Mﬁ&@¢ ﬁ%\%ﬁ+¢/ﬁ@wLint%L%ﬁ¢5<l1>
INEFTOEBAFRICLY ., B - BROITNOBRESR L ERTIFRWIREIFEAME & B0 E
MEEHDZ tﬁ% éﬂ\uﬂﬁi@‘%j%%%%ﬁ@ﬁﬁ%\Umfu%¥%¥ﬁﬁﬁﬁ
ENLTCHFy U TEEREABEAT 2ABEENMERINTLS, AEETIZ. RENBNAT
U/FMA74F~D7Xﬁ4FT%5CHNH%b SEIEOEFIREIZ A F 2 7X@LFWWW

FICL DMREZRET D, CHNH;POI; I(FAIRIKISFBVLATRINEZE L (K2 2588 KEHICEK
E%L:%Tt@'%f:&b\ AR TIERINA LB RIFE W IT RN (K2 REg) 2 HRE L’Cﬁ]b\

SICFHEXEE % <60 ul/cm? E{ECIIZ 7=, S/NA EDE=HIZRY 7 - 7O0—=T /0L X
@hﬁﬁk%mﬂtfﬁme%%L BERNESAETYLILFLARDI—7T1l~4FED
EE L7 (M3), BoNBERIMESICIE. Pbly ANEAEB L CHNH P A F 4 > OIRE)ICH
S 2IRENEL 1, 4,8 THz OFNEAN R SNz, MRNEEDEARE LB IZIN S DIREIEC
EERE Y 7 PRI N, CORBRIIEBHE CTUINLIREART > > v L DB WIERAR
MERBOICEI LD EMBIRTED [1],

photon energy (eV)
3.53.0 25 2.0 15
1 1 1 1 1

T
N
(6]

T
N
o

Absorbance
(uun -qJe) Ajisusyu| Jese]

T T
400 600 800 1000

wavelength (nm)
X 1 CH3;NH;Pbl; DfE @&, M2 L—HF—DAXT ML RER) BIOY

CH;NH;Pbly DRI R R 7 kL (BEHE),

3 WpATERAE s 5 | 7 & O 72l PR 7 O

233k 1) Ishioka et a., arXiv: 1911.10711 [cond-mat.matrl-sci].



NIMS Fimstial s v R L 2021 P34

Data-driven spectral analysis method in electron-beam based techniques
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1. Introduction

Popular surface analysis techniques and operating procedures have seen little improvement in recent
decades. These techniques take measurements on the surface of a material and then data are analyzed by
identifying weak features in core-level signals against strong secondary electron (SE) background with the
naked eye. Is there any method that is able to obtain information about nanomaterials from SE background
signals?
2. Abstract

Surface analysis techniques such as x-ray photoelectron spectroscopy (XPS) and Auger electron
spectroscopy (AES) are widely used for a broad range of materials, and provide quantitative elemental and
chemical state information from the surface of the material being studied. Nowadays, these techniques are
intensively employed to study nanomaterials and focus on a sole target, mapping the surface elemental
composition of nanomaterial. However, the capabilities of these techniques to play a greater role in
nanomaterial studies are limited owing to the lack of analysis approach that could make the full use of SE

signals obtained from the nanomaterial samples.

Figure 1. The main question when studying
substrate-supported nanomaterial by electron-
beam based techniques. Figure 2. The process of heuristic data-driven
method.

In this work, we propose a new heuristic data-driven spectral analysis technique [1,2] to overcome current
limitations. Instead of interpreting individual measurements in terms of only physically defined (PD)
descriptors, analytically defined (AD) descriptors obtained through the data analysis of many slightly
different conditions, are used to describe the background data. These AD descriptors are ranked according to
specified scores so that those with high scores may be effective for describing the measurements under
slightly different experimental conditions.

3. Conclusions

In summary, the Data-driven method represents a benchmark to provide ‘free-standing’ nanomaterial
information from measurements of substrate-supported samples, which does not demand extra investment in
equipment.

References
1) B. Da, et al. Phys. Rev. Appl. 13, 044055 (2020).
2) B. Da, et al. Nature Commun. 8, 15629 (2017).
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Fig. 1. Fitted result of a valence spectrum of SiO;,

and confidence intervals of peak parameters
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Effect of Molecule—Substrate Interactions on the Adsorption of meso-
Dibenzoporphycene Tautomers Studied by Scanning Probe Microscopy and
First-Principles Calculations
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meso-Dibenzoporphycene molecules adsorbed on the Ag(111) surface and on 2-monolayer-thick NaCl
films were studied using submolecular resolution atomic force microscopy (AFM), scanning tunneling
microscopy (STM), and first-principles calculations to clarify their stability and tautomerization behavior.
We have found that the bonding of the molecules with the surface is determined by the interplay of different
contributions, including the interaction of the m-aromatic orbitals of the benzene rings and the metal-
coordination bond of the lone-pair electrons of the imine nitrogen atoms with the metal atoms (Ag, Na) on
each substrate. The strength of the latter ultimately governs the molecular adsorption configuration and
determines the nature and energy barriers for tautomerization. On Ag(111), the interaction of the imine
nitrogen atoms with the Ag atoms deforms the macrocycle of porphycene, leading to a distinct AFM contrast
that allows a clear identification of the molecule in its cis tautomeric form. In contrast, on NaCl films, the
weaker interaction with the Na atoms leads to a flatter geometry and very similar adsorption configurations
for the cis- and trans-forms, which cannot be distinguished in AFM experiments. Although weak, the
dominant role of this local N—Na interaction, compared to the essentially non-directional dispersive
interactions, results in a new type of tautomerization process. In this case, the transfer of hydrogen atoms
within the porphycene cavity is accompanied by a significant displacement of the whole molecule to a new
site to reach a new minimum energy adsorption configuration. Our theoretical calculations indicate that this
lateral translation, rather than the intramolecular H transfer, dominates the activation energy on NaCl. This
novel tautomerization behavior, which we have identified on a rather inert ionic surface, might also be present

on other weakly interacting substrates.

References
1) T. K. Shimizu et al., J. Phys. Chem. C 2020, 124, 2675926768



NIMS sedmatifl S 2R 2 L 2021 P42

SYANBRFEBIGERICEITA2HMNRAE VEEEESE
R e EJ0): )
Atomic-layer Rashba-type superconductor protected by dynamic spin-momentum locking
BERGEAR 12, BRI PG 12
U WE - MR SEEERE EBR T 7T —F 7 7 b= ARRSEILR, 2 ARiRE KRB
SV - MBHITSURERE Seum b BT AT JEAL AT
e-mail address: YOKOTA Kenta@nims.go.jp

U, 777 2 0 RREBERS A IVl A RICRESND IR BWE ORIEIEANITH
NTW5, ZOXIRROFEIIWEORTAENEEREEZR-FT L THY ., ZDWIEF
MCIZR M 2B S TIREETIT ) 22 RNEE LW, A7 Y =7 FTik, 1) FrEwEo
TERI DRIl E T2 — B L TITH Z LD TE 5, ILWAMED R BKIR - T - 8 d B 225t
DOHF LWEBLRRE Y AT A2 RIS TR T2 &0 2) RENLWERICHLTE
DAERMEZIFZFREL DD, AV EFR—/ANRC, BIROEREZR & OB S 2 EERMIMEZ &
MCTHZ L, OO AE LIEMEEZIT-> TV, ZIVE TICERUSE A O & B 28kt
W T A F ALy FOBFICEE) LT, 3 CICRAREIEEREE 400 mK - & FIINESs 9 T- B2 107
OTorr ZEERL L TRV, ZIUIHR N> 77 T AOMREEZE D,

AEL, DO EZT> TE v ) a v EREm EoA oy NRTBIZET AR 2 H
B4 %, Si(111)-(V7XA\3)-In 1% Si R Bico B ¥ 2 v LR Lz In 2 B2 K 5 R sk
ZHLORTFEME THY ., BELE 3K CREEEET D D, RSB ET /N ROEE LME
WEEGERWKREMETHD Z 0D, BHEABEDEEZBAL GERT 22 ENARETH D,
EBHIZ, Si FERDOTFEID £ o ThEAL T 22/ SR B 2 S U C It B /e BB ABCAMTAE T B,
Fex 3B A L L—Y — 2 AV AE CAESGMRE T END, A VT AR TE
MO 7 2 VL EAHIEAESREOREBIC L > THHE L, BEPITHAICA E RS T M LE
HIHZ ExHLMNILE?,

AHFZE TIEL TeBREEE: F (BEE%2 1 ~1.0 X 107°Torr « HYKIE : ~400mK « 58EEE; ~9T)
BT 5 ) arERERE EOA Py AR EBEROE L NE 21T o 7o, FEBRRE R
O M N7 [ DB S%5 Bey2s T=0 128V T, N7 URFOK 3 fFICE THEINTNDL Z L a2 R
HL7, ZNETEZONTELL ) BN RAY VERRE D v X0 Vg CIX. BRSO
BRI ST VIRROVR (EFRETH DL Z LN, ZOEFICRKEIRBBOBHNTEX R, FTxlLE
BTN G, — RIS T A RAED g LT, A B HELIF Y 60-1000 52 £ C
B S, A BELR RSB EELRRICIZIESE LS R-oTWA Z L2 R LZ, Zhix
N7 R DRSS RIZB W T, Ay - EFBELE O B w v % 0 VR BB o) &
ZLTWLZEZRTHDTHD, DFV, BN X VR EFIHT 52 & T, 8 -
BEtEA B - 72 SIZ L B30 U E R R O P SR T X 5,

BE R
1) T. Uchihashi. Et al., Phys. Rev. Lett. 107. 207001 (2011)
2) T. Kobayashi. et al., Phys.Rev.Lett. 125, 176401 (2020)



NIMS sedmatifl S 2R 2 L 2021 P43

EZE SQUID BAMER 7 I L =AM B ¥ & it s

Materials Development and Physical Property Study using Scanning SQUID Microscopy
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1) “Experimental formation of a fractional vortex in a superconducting bi-layer,” Y. Tanaka a, H.
Yamamori a, T. Yanagisawa, T. Nishio, S. Arisawa, Physica C, 548 (2018) 44-49.

2) “Flattened remnant-field distribution in superconducting bilayer,” Y.Tanaka, H.Yamamori,
T.Yanagisawa, S.0oi, M.Tachiki, S.Arisawa, Physica C, 567 (2019) 1253489. «

3) “Epitaxial Non c-axis Twin-free Bi»SroCaCu,0s+s Thin Films for future THz devices,” K. Endo, S.
Arisawa, P Badica, Materials, 12(7) (2019) 1124-1134.
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Spectrum recognition by Al: Material hashing and its application to analytical chemistry
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absorption via adsorption
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[2] T. Yakabe et al., J. Phys. Comm. 4 (2020) 025005.
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Spin polarization measurements of metastable He atoms scattered from Fe304(100)
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[1]Kurahashi, M., et al. "Spin Dependence in the Survival Probability of Metastable He (2 S 3) Atoms during
the Scattering from Ferromagnetic Surfaces." Physical review letters 91.26 (2003): 267203.

[2] Kurahashi, M., X. Sun, and Y. Yamauchi. "Recovery of the half-metallicity of an Fe 3 O 4 (100) surface
by atomic hydrogen adsorption." Physical Review B 81.19 (2010): 193402.
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Mechanochemical regulation of interfacial interactions of cells by incorporation of synthetic polymers to
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Medical AFM: cancer diagnosis through nano-mechanics of cell
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Abstract

Cellular mechanical properties are potential cancer biomarkers used for objective cytology to replace
current subjective method relying on cytomorphology. (1) However, heterogeneity among intra/inter cellular
mechanics and the interplay between cytoskeletal prestress and elastic modulus obscured the difference
detectable between malignant and benign cells. (2) In this work, we collected high density nanoscale prestress
and elastic modulus data from a single cell by AFM indentation to generate a cellular mechanome. Such high
dimensional mechanome data was used to train a malignancy classifier through machine learning. The
classifier was tested on 340 single cells of various origins, malignancy, and degrees of similarity in
morphology and elastic modulus. The classifier showed instrument-independent robustness and classification
accuracy of 89% with AUC-ROC value of 93%. Signal-to-noise ratio 8 times that of human cytologist-based
morphological method was also demonstrated, in differentiating precancerous hyperplasia cells from normal

cells derived from the same lung cancer patient. (3)

References
1) Guo, M., etc. Probing the stochastic, motor-driven properties of the cytoplasm using force spectrum
microscopy, Cell, 158, 822 (2014);
2) Mandriota, N., etc. Cellular nanoscale stiffness patterns governed by intracellular forces, Nature
Materials, 18, 1071-1077 (2019);
3) Wang, H., etc. Mechanomics Biomarker for Cancer Cells Unidentifiable through Morphology and
Elastic Modulus, Nano Letters, http://dx.doi.org/10.1021/acs.nanolett.1c00003

Figure 1. (a) AFM tip pressing on a tension-bearing actomyosin fiber which composes the cytoskeleton
tensegrity that governs the shape of a living cell; (b) Stained microscopic images of a normal cell, a
hyperplasia cell and a cancer cell; (c) Mechanome data measured by the AFM for the cells in (b).
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Organic gel based optical vortex computing: Solving benchmark problems
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Text: A programmer ignores undefined events and uses argument to link facts side-by-side, develops
artificial intelligence. It is a time consuming process. People tried to develop computers' beyond algorithms,
but yet to make a versatile and commercialize. We built here a computer that consists of a supramolecular
gel? column, which acquires intelligence by naturally extracting and suitably arranging the hidden periodic
events from a rapidly changing big data. Here no one needs to understand or interpret the input data as nearly
all periodic characters inside the unknown event create 3D helices of electromagnetic fields inside the
gellation tube, wherein gel gets 3D printed according to the field-map. We designed and synthesized the
supramolecular gel, namely (S)-phenyl-tetradecanoylamino-acetic acid methyl ester by molecular
engineering approach which acts as a printing material inside the gel tube. The 3D printed intertwined helices
seize intricate relationships between the events even better than an algorithm and solve the associated
problems without learning further. The information is now memorized in gel, which can be read as 3D
hologram of optical vortices. A gentle
heating can erase gel memory for
rewriting other events as many times as we
require. We calibrated our computer by
using previously explored big-data for
diabetes and observed the same 40
subclass of diabetes as observed before.

Thereafter we have solved a series of
problems like 1) recognizing an animal
from its’ running dynamics, 2) predicting

the protein structure evolution of COVID- Figure 1Re-writing big data as composition of optical knots
and vortices: A. Rapidly changing big data. B. Each helix
form an optical vortex (follow red arrow). C. The cluster of
intelligence in starling and employing the  helices act as units and interact building scaler interference
loops of dark 3D lines (knots of darkness). Both vector and
scaler vortices assemble on a Poincare sphere. D. Arc
differences between dark regions on light rings are phase gaps

19 for future, 3) understanding the swarm

dynamics under falcon attack, 4)
classifying music based on Indian Ragas,
and finally 5) an open big data problem of

recognizing and interpreting events on pouring water.

References
1) S. Ghosh, K. Aswani, S. Singh, S. Sahu, D. Fujita, A. Bandyopadhyay. Design and Construction of a
Brain-Like Computer: A New Class of Frequency-Fractal Computing Using Wireless Communication in a
Supramolecular Organic, Inorganic System. Information 2014, 5, 28-100
2) P. Sahoo, R Sankolli, HY Lee, SR Raghavan, P Dastidar. Gel sculpture: Moldable, load - bearing and
self - healing non - polymeric supramolecular gel derived from a simple organic salt. Chemistry A
European Journal, 2012, 18, 8057.
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Aging analysis of reference sample surface using helium ion microscopy
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1) Y. Yokoyama, T. Kawashima, M. Ohkawa, H. Iwai and S. Aoyagi, Surf. Interface Anal.,
47(4) 439-446 (2015). (DOI: 10.1002/s1a.5731)
2) M. Ito, Y. Kuga, T. Yamagishi, M. Fujita, and S. Aoyagi, Biointerphases, 15, 021010
(2020). (DOI: 10.1116/6.0000010)
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BRIV FOE—ICL2BHRMZEAMDES & &K U RE T
Evaluation of mixing and interfaces of multi layers of organic materials
W REAT 'L ILWE S22t M BT
PN SRS
“aoyagi@st.seikei.ac.jp

1. IXC®IC

ARG 2 E 02 < OB CIE AR HIC IS < ZIROTIE 23 FTREZR AT RTE —IRA 4 ' E &
GiMTiE (TOF-SIMS) 132 < D38 Thk 2 Z2slERH i~ OIS 2 IfF S h Tnd, LinL, 5
Bk~ MY w7 2 R[141IC K0, ZkA A BEPRRT 5MEOREICE S THAIh
Ol END 2R3 H D70, EELREMNARNECRLMELH D, v~ MU v 7 AR
BA L T, MR FICESSMIED ARETH D2, MBI ITEERE R MNETH D, ARHF5E
TiE. A OIRAGIRESCHEFMIZ OV T, TOF-SIMS A7 hMLOIFRTY hr b —|2L5b
FRMTIC Ko T, WIET — 2 D BIE WM& 152 vRetE 2 BET L7,

2. ERFE

ETNARBT =& & LT, 1 2R &9 & D Irganox1010
(C73H108012, M.W. 1177.63) & Irganox1098 (Cs0HesN204, M.W. 636.95), I3

£ O Trganox1010 & Fmoc-pentafluoro-L-phenylalanine (C24H;6FsNOa,
M.W. 477.10)D —FEE O A &)@ B0 TOF-SIMS 7 — 4 [1,2]% H
Wic, T DB —IRA A PRI By ANy XY T A AR
\Z Ario00" & HIVYT TOF-SIMS CIE-RAZRA A DT F AT 07 7 A
NERIER] LT,
fFlmTy b=, FTRRIRT LI, MRIZESHWTEES
N,
S=- Zplog:p

TOF-SIMS A~/ F A LD —2BL T, #E—2s okl 21 AR Z RO Ot
L7ZABS BREE 22 4 —IRA A B =7 DA bV ETOMERLE LT
BT b —DEERH Lz,

3. MREEE

HIRS TO TOF-SIMS A7 VDT b u B —OfE, FEds L ONESREZEIIE T
TET D EWRRSNTe, A7 PADFE#RT Y brE—DZB LTRSS D REiT, <k
Uo7 AWRMHIE L2 —IRA AN K DS T 0 7 7 AV TREND il & AT 2 Z &R
SN, SHIT, FEZBLTOARYZ FADIFRTY hrE—DEZHNWTA A=V 745
ZEIZEY ., WEREOZR b Z MK KRS 6D Z LR ST,
ZE IR

1) A.G. Shard, R. Havelund, S.J. Spencer, et al., J. Phys. Chem. B, 119(33), 10784-10797 (2015).

2) K. Takahashi, S. Aoyagi and T. Kawashima: Surf. Interface Anal., 49, 721-727 (2017).

3) S. Nakano, T Yamagishi, A. Porty, M. Diirr, H. Iwai, T. Kawashima, and Satoka Aoyagi,

Biointerphases, 13, 03B403 (2018).
4) K. Mizomichi, T. Yamagishi, T. Kawashima, M. Diirr, and S. Aoyagi, Biointerphases, 15, 021008
(2020).
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APV RBEIRILT—FBFEMIEBEICL S FeNIO S EEEDOHXELE

Observation of magnetic domain structure of Fe/NiO polycrystalline thinfilms
with spin-polarized low energy electron microscopy
N RN o SNSRI SN S
VW - MPRMIT RS, 2 RO TR
SUZUKI.Masahiko@nims.go.jp

FRRENE (AFM)R RIS A B b o =7 Z~DISHOBLE N HER SHTW5, AFM #Efgik
X, WA R & 24 U2 WO/ RIS B S U & W o TR IS 2, BREEME (FM)E & OFE
JEHEEICR VT, @R OA Y Uik A FEE T D A REESRIBE SN TS, D%, ALk
FEMEOFEM 2 B 5 0MC T 2 B ORI INHE LED 5T b, £7-. FM/AFM fEEME &2
i BB AEE OWFIE H AT/ i, A B UARIRET %L X —E 7 BAMEBE (SPLEEM)IZ L % Fe/NiO Hi
FErmEIRE OBIZED 5 . FM/AFM S IZH T 2 ZZHAR AAEHIZ L > T, FM JBOMX B RF IS
K RDIERNHES TS D, LaL, MBS TARVWESCE L UIHL M~ TR, £
7o, AFM JEDIEH L OBR BB DN TR 572, £ 2T, SPLEEM (2L Y Fe/NiO £ di i 2
k% 72 Fe Jx OV NiO IRJZ. (dre, dnio)l 2 L CBUZR L IR S REX DY A X L OBIFRE T~ T2,

B 2, 5. 10, 20 nm @ NiO £ fE & Bl Si R RIZEIR CRF v 7R hr o ANy Z
Ik TTOERL, —H KR ZH#HE LT SPLEEM OMEBENICEA LTZ, £Dk, 200°C TDOT
U hARAEL Ar ARy XK DRETFEALEIT /e, EIR T Fe ZBE 5 nm £ TAEE LN S,
SPLEEM (2 L A Z DBEE 21772577, dre 23 1 nm £ TOMIIMX = T 2 MIBIER SR 0
ST, 1nm 2z 25 & EPNIC 8RR PED H D BIX N E DI, dre & HITHE LT BT
PBES N, N0 BIEKGTNDEA S, MERRETHET Rt e
IRoTZTETIEN, ORI EO Fe 8 ThH, X 1 IR RRICHEX A%
WERF-E D BB TETNWD, BROY A X1E, BN LHM TH
ST dnio=10 X 20 nm DEEIIFEFITNE LS R D ER -T2,
ZHUZxt L. daio = 2 X V5 nm OFA A7 FM ERECRIEE S
HRREORE ENH 7M., dyio < 5 nm DS, IR TIXHERMEZ TR
TEAKRLUEFEREWVWZ S, £72. dvio=10nm & 20 nm OFE R % L = — :
BT 5 & dee (SR DBEX ORI ISE VR H V| dyio =20 nm D [X] 1 Fe/NiO 254 S s
HEOFNB10nm OHE LD HR40% NS RDENGMho T, TV, BEXKESE (N,
Fe & NiO & OB OZZHAH BAEM A dnio & RIS R T 2 F 4"+ 252, d
W
ARFZEL, TR E B E R T /T 7 /0 —T Ty 7 4 — L E U T - FEEHIF 22 R T
RN 7 T b7+ — DK (FREE S IPMXP09AIONMO074), JSPS ELafF# (Nos. 19H00864,
26220604, and 26103004), v /M, fBAE 7], B EEHRE TS AARAE =7 2581y
N7 —27 (Spin-RNJ), JSPS %5078 E4&fihE (No. JP17J03624)DB)AkiA 52T CH =iz,

ZE B
1) N. Rougemaille et al., Phys. Rev. B 76, 214425 (2007). 2) H. Sakimura et al., Appl. Surf. Sci. 526,
146515 (2020).

io = 20 nm, dFe =5nm,
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El{A NMR Zi& 0= f=FI A

Remote control (monitoring/operation) of solid-state NMR systems
(7 I QNS Gl i~ N NS
VESZHFIERIE R NE - MOEHIETERERE Seimb BB T ZEILA [E R NMR 7 L— 7
*ENIATTEBHIIE N E - BPEMITZEEAE BRAivBRFE - HATEMY NMR 27— g &~
GOTO.Atsushi@nims.go.jp

1. XLz

BE{A NMR CITHIEICERMZET 52 0%, —REH7- 0 OREICEFHN LRV E &
WA A BT 5 2 L b7 v, ZOERIT, RIEROMBREHFRELE Z0%O (FEE
RZWIE NMR D72 D) EWEKHIEIZH 523, BUR CIEGHEF OBER b &, 20%< I
B CTOMFELZZELTRY, fiRke LTRFMZEEICHEOND Z LIZRVHERE ~OAHNKE
W, ZOXIREE, EEENMTOFX Y FU— 27 IR CERBER, S OIIERGIEE TEE
B9 5 TEMREbk] DA THL, ZHUCk v, WEETOAHBENKNSIED, EEOHHIEH
BELAN—T > bOm EHbHFFEND, 29 LBV EARTT RO A~— Mb, DX{bo—B &
LCEFERE R E 720 DD b o 1o, FEFER, Filaa A VAON T I v 7 BREAL
oz llck by, BIEMZRBEE L THES COEREL RIS 2 LENE T, BEIFIRO-DIC
HEEICENTICMEEZIT IO EE LS E o7, DX 52k A2, NEFF PRISM 1BV T,
anFRUF Ry FTOWMERSOMMEE B E LZEEEORERL - HEb 7 2 7 Z 40
BltE STz, Fx bEO—E L LT 500 MHz [E{A NMR & (X 1) OEpbzED TV 5D,

2. [Ef NMR & iR RLAS

NMR JEE DEF L THEE 2 D DI, BNEFF AT LADFR Y N U — 75t E@mER 7 7 A4 7 7
—VORESETH D, HEE NIMS ICFRE SN TVZER NMR @& 1L, B EOBEFEN LRy bY
— 7 Y0 EESNTIRRE TR L TR Y [FEROEEH 2D Linux EIZY AT AZHEEL T,
Z 2T RV AT A% Windows b CRHEI T D TS A
TACEFTDHE LI, ITEEBEO T, HXetv AT A

MHNIMS NADT 78 A& RS D7 7 AT U+ —V%&

MEL, X2V T 2R L, TOLET, HI#EHY —

AT —var (WS) ZEERIEMOE 1IWS LT 7

TZAMOF 2WS IZ "HEk L, %&F I3 L THIE OEALHE

RS D 2 & T AN D ORIEEMHBRHIC T 7 & 2 2

Wi DT AT LERER LT, ks, EE~DIT 7R

&:Li\ Fﬁ‘ﬁ}io) Web é\%yxi‘_‘z)‘%;{ﬁﬁﬁ [/Tl/\éo 1 J&B%{K%@&)Tb\é 500

MHz 547 fRRER AR NMR 2£E
3. ¥¢&®
NMR D FRIIZ DUV TIFE NMR TOFRIHEIT L TWD A, [EAR NMR Tl /L ZGRE D
LBV HTENTH D1ED, B OA = ZHE S BB L R D72 DEEG ERE W, 5%, B
NMR %@ (2B 1T 2 EBEOESCUE R 2 2RV LR s, EHZED TV TETH D,

BIEE © PRISM iz [@ bkt Tk, NIMS HAFBH%E - IHEMO)IE - 4 g P &k OSF R hE
BEOHPMEKD ZWHHEBHY £ LT,

k PRISM: NEIFE RAFEBREEIER T v 75 &
1
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DigitalMicrograph script Z B f= TEM T—42 QO BEIRE A EIZDUINT

Auto TEM data acquisition using DigitalMicrograph scripts
B =
NIMS, & BB A7 — 3 »
UESUGI.Fumihiko@nims.go.jp

B ORIEREE D% AXZIEETEFHIEIC L - TEE, T—XORENMTAD L 912725 T
W5, FEAE M (TEM) b TlE, 74— ZAREBTFHROIRE T TR, K& ok
XHELOWMHAB R L ARR L EREDTZVIEDTZD LTBEISE LD TR, ar/—ilh
HIRZLOBMETDHIET, T—XEN L THETELL 1o TND. AT — U I
KD T NN THRIEL TBEIZ{T> TR, BEEI N7 v 7 R—A72 P2 CTE—F— K
TATTHUTNOBIHEIT>TWAD., S OLICUNeBENTIE = VBN L > TE—4— 71
7 X0 WA BB N AIREIC AR o TN D,

F72 TEM B OB BWTEH 7 4 L A5 CCD X° CMOS 1 * 7 7¢ Y oE A% A
HZENBL o TETWVS., ZRHAEHMET S Y 7 b =7 & L TiX Gatan tED
DigitalMicrograph (LLF DM) L2220 & W o TRVRILTH H. DM IZIZLARTL W X 27 U 7 M
BE(LLF DM 227 U7 K) MMl - TEY, B AT EELS 72 EORIEROHIE 21T 5 2 & 13 1990
FR DD > T2, DM 225 TEM Ol b 2T TE 72, IEFITRoNmB Lrs - T
Wirhotz, LL, BAERBID DM3x TIXAZ V7 ha<wr RBLREILZY bz TETEL,
AT =V OBERCEFHEMEO E— 22TV E— A2 BEIS TV L TX 5L 9> T
L. DM AZ VT MMM H Z L TADF
TIEmEE 72T — 2B bR LAITH Z LN
TEHEORDD, BUKTITELEZ DM 27
U7 REIERALTWSHIED 72 nE 9 icilb
ns.

LACBED Tl3%M# & HOLZ ## % [AIRF I B
THZENTEDLFETHD., £TZIZHND
HOLZ #IFBLIL TV DT Ok 1 E 72 & DOfF
WEfFHF-oTND., ZDi=®d, HOLZ#REY 7
IV OFARMLE % 2L 72235 LACBED %
BT 252 LR TEXT T VOB T EK
DODEAL=FBOHERREEBMHT D ENTE
%. LACBED TE—LA%Z A%y SHELHEE,
WFZRMENED>TLEI>OT, 7 LER
B TENT ZENTE D EHERL. DM A
7 V7T hEHWSHZ LT TEM OAT— D
YEZ4TUN 72235 LACBED 4% B39 25 Z & %
E 20

KFEFTIL, KRFEOREME L 08 TS
TERREDT — X OHTHIZ DOV TR T
5.

Condenser aperture

Specimen

Object plane

Objective lens

Image plane

Selected area

'\ perture

hkl deficiency line

RKI deficiency ine.. Transmitted disk

Fig.1 Ray diagram of LACBED
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ARAZFEK[TMERBARIILE - X T LORFRIT

Development of a gas environmental heating TEM specimen holder III
AR V20, RNV V2 REREE VO AT R O
YWIE - BAEHITZERERE (NIMS) FHB) BRBL R H AT BR 8 27 L — 7, 2HUEOGEAR R 2E T B E R
WFFERE, NIMSTE T-BIMEE A 7 — 2 a o, B2 BArR BB S < 2305
HASHIMOTO.Ayako@nims.go.jp

1. XLz

FRAE PSR (TEM) 1, R L L TR OREECE BN 2 B15E - o CEX 25HIITFETH
Lo LWL G, ETEHAWDTD, BMEINITEZEICHER LT IR 63, EEOMERN
RSN TWAERE L IFTRAEL T\ D, B, —rue ) 2R At chi, KHRHA T
HR - BIRCTHH SIS 2 EREW, Fox O 7 — 7 Tld, il & 5 Bl T o TEMELZE —
ZTOHBEICT, TAFHK T TMBNTE2REIRN A = AT AZAB L TE, FHEE
WA TFT, 797 xr EOAET /R T-0X Z iR 28122 - 045 2 LIS L7223,
BRI = 123891 Pak TEIELTE D W AENITRERGIRN S > 72, AWFFETIE, AL
S — el & Kl g L, 0V v 7 &5k 5 2 & C, REBEBEO T AFRAKOE ) #h ESE 5
ZEtEHE L,

2. HAFEIMBRAL RN F —DH R

AWFZE TR ZAFRSIMBGEE R F —2 27 AT, HABRBKOERICITZEBHER D
REFALTCND, REOETFIZAH) 740 27— FaiRiE L, AEhEFOE/IIC VD EDO T A %
LA, RERIEER D T2 OENZEL T2 LR L TWD, o, BEhEBEO T AET
i, B ERELCHEETE S LI LTWD, —J7, Bt MEX, MEMSE 25 H L
TSI =" BlELNTZ —& —F » 7 (Protochips, USA) &=, AIFFETIZ, £ —F—F
YTBIOERAY 74 AT L — FOENENTHIZOY 7 &% E L, BT D22 o K[E M
EEDT, ZEPERSROMERIZIITMPI E BT v o =2 H e, 72, BBEOBIRICIT, I8
FEMHIEASRERT 2 TEM (JEM-ARM200F, JEOL Ltd., Japan) Z{#/H L7-.

BIEF ¢ U N—TOPHERICEL Y EEF v o = LB EOENENRS EFTREL Y,
ZEEPERS RN E LD L RMER L, S5, BRIV A SR o a L Xy 2 R R EE
LR, 2N E&L ooz, D%, REVEALA—ZTEMICHRALTZE 2 A, X7 22 A
LORMEL V@Y, TEMNTKILT PaD T AFHKR AT TE D2 & ol LTz, £, FEERIZ,
10~15 PaDFgF I AR CHET / Wi 2853 LT (Z ORFOTEMBEEE 1IE X 1075 2 #EF) .
HE&OK - HIfEICBIZE S, TAFRHK TOEMRBEL AR TH DL Z L 2R LT,

3. BT

AREFFETIE, 4 F THRIEEIT > T AFRFEKINBGE ARV Z — D Jeimihizol) v 7 a#kiT 5
Ziick, RENEEO T AENEFKINT PaE TET S Z LN T2, UM IERARERT & TEMICHL
HiATe Z LT, HAFHK TOMBEO & fRRE/2BIZE, B =RV X—HRHIEIC L D050
P T2 2 K 912700 BIEHREPHDBIEN D Z ERIIFRFTE D,

BE R
1) S. Shoji et al., Chemical Science 10 (2019) 3701.
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In-situ TEM observation of MgO catalytic nanoparticles in oxidative coupling of methane condition
PEREEE | REAGET 2
VHBOREE P - MPEMIT e
HOZUMI.Ryo@nims.go.jp

1. Introduction

AL ATEE TR ER E UCAHRERPN IR SN 505, BUEITEMER TRAZ RV RT3
ELTHHTERY, 2D72, HHN e A X ARHRE OB RO bivd, £z, FEMZR OIS
REFER, HIEA D=L EITBNT, ARG, MRS FTOBENRD BN TND
Z 2T, ABRgEIE, MBIZBR¥E L2 ORBIEMRE R VA — 2R LT, T AFRHKH, m{ﬁ?fﬁi
#iA TEM B2 L, BSOS T OMEZHLNC T2 2L 2 RS T 5, HRITIMgO T/ K TH Y |
ZAUTHURIRY 7 A B R T d D OCM(Oxidative Coupling of Methane) s i & 41 A AR A 72 il i © &
%o % O Yy(In-situ)BLEEHE A, T IR T d 5 TEM H+F2BR(Ex-situ)f% O TEM BLEHRICBI L THRET 5,
2. Experimental

MgO 7/ Bi7-1% Mg U 7R > (L 99.9%) % 1 A /N—
FT—THREWTRAELIEEZ AT A R T A TRIT
HZETHELRE, 274 KT T A H MgO K%
& U TEM HEIRINZLF >~ 7 (Protochips, Inc.) D #1142
%H%J:KH% S 72, In-situ FEHR Tl In-situ HZEBPE
<M TEM A& —% HvwWT, TEM V\i“(i H A A
1 x 10' Pa (JRAHIZCH,: 0,:N, = 3:1:1) FHA FIC
T 800C T L 7278 HBIZE L7, Ex-situ 5k Tl
RIVH—Z T, E ©F ¥ U N—HNTRERDIRE W
2 ETHBEDT0IT Ar B A, 0,5 A, CHy W A1
Zi1x 10" Pa ;ﬁ?%ﬂ:f 800°C T 5 WffHIMEL L 7=
%, TEM B Uiz, £7-HE2%29THEERIC 800°C TS
RERNEL L, TEM B2 L7,
3. Results and Discussion

Fig. 1 IZHR AR D5 THRE L7z MgO T/ Ki+ D
TEM % a4, 1ERLUICRHIN TS THY . £
FFT(fast Fourier transform)!(Z & - T MgO O i [H] R
dyoo = 021 nmIZKHIET H AR v M)A HTWD Z
R L7z, Fig2 (28 T AR RISH% D MgO Kif-D
TEM & FFT ¥ —> %7, IRET AH ()& Ar
T A (N TENZIL 800CT 5 H#F'ﬁbu%ﬂa“é YA
Jidhi B AT AR O T g eI b L, 772“C
DOERERDO AT TR O E & ﬁbtb: Ar 5[
RTH MBS & R RE LA TS Z L b b
3o 72, St D FET 734 — 2 (b,d)IZ1E MgO D(200)
(L) E O E HFRISH IS T2 ARy bR 6D
3. MgO DOHEMRICKHIG LW AR Y hinZ < #K
T2 BOS DREE LI IR 2R A0,
4. Conclusion

TP D MgO =/ ki % 800°C T 5 Wefil Nl L
IRRICBIET D L. OCM RGN & 720 Ar FRPHAR
TTH OCM G F LT MED LA R HivTz, 5
FMAIIEZES, 0,0 CH X T D Ex-situ %%ﬁa:
DNT H A L. In-situ FEERIT L o THUERGIZ
gD EA, MEV: EoZhFRIZE D ﬁﬂz;g_,jz; L/ Fig. 2 TEM images (a,c) and FFT patterns (b,d) of
TV FPETH D, MgO after ex-situ experiments in (a,b) OCM and

(b,d) Ar gas.

Fig. 1 TEM images(a,b,c) and FFT pattern(d) of
cubic MgO as prepared.

References
1.P. Schwach, W. Frandsen, M.G. Willinger, R. Schlogl, A. Trunschke, J. Catal. 329 (2015) 560-573.
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In-situ TEM study on Ni-based catalysts for dry reforming of methane
HAN Yutian'?, Ayako HASHIMOTO!~
!Graduate School of pure and Applied Sciences, University of Tsukuba
’In-situ Characterization Technique Development Group, National Institute for Materials Science
HAN.Yutian@nims.go.jp

1. Introduction

Ni catalyst is useful for dry reforming of methane (DRM, CH4+CO,—>2H,+2CO) because it’s affordable
compared with noble metals and has good catalytic activities. During dry reforming of methane, Ni-based
catalysts are easily deactivated by coking which is generated from side-reactions. Although many researchers
have reported improvements in catalytic activities and stabilities, and managements of coking, the
developments of technologies to exactly reduce coking and deactivating of catalysts are still required. In this
research, we aimed to evaluate how Ni particles change in the DRM process by using in-situ observations
with transmission electron microscopy (TEM) and other analysis methods such as electron energy loss
spectroscopy (EELS).
2. Instruments

For in-situ observations, a heater Si-based chip (E-chip, Protochips, USA) is arranged in a specimen room
at the tip of the special specimen holder developed by our group, connecting with a heater controller outside
of a TEM column (JEM-ARM200F, JEOL, Japan). Sample temperature control was achieved by using the
specific instruments (Fusion, Protochips, USA) with the heater chip. The pressure in the sample room is
monitored as a voltage from a multimeter by using a tiny vacuum gauge near the heater chip.
3. Experiments

In this study, two Ni/Al,O3 catalyst powders with different mass ratios (5 wt% and 10 wt%) were prepared
by the impregnation method. 5 wt% Ni/Al,O3 was prepared with the processes below: 0.8 g Ni (NO3),-6H>O
and 0.3 g A1,Oj3 (particle size < 50 nm, Sigma-Aldrich Co., Llc, Germany) were dissolved into 20 ml ethanol.
After 8 hours of stirring, remained ethanol was evaporated at 80 °C. The powders were heated in 5% H»
+95% Ar at 600 °C for 6 hours to refine the particle size and reduce oxidized Ni. In this study, 5 wt% Ni/ALLO3
and 10 wt% Ni/ALLO3 were observed in gas conditions with pressure of approximately 0.3 Pa and 13 Pa,
respectively. To avoid carbon contamination, every observation started with 150 °C before introducing the
gases and kept the electron dose through the specimen lower than 10 pA/cm?®. Then, the specimens were
gradually heated to 350 and 450 °C to make reactions with CH4 or DRM (a mixing gas containing 50% CO,
and 50% CHy4) gases.
4. Results and discussion

During in-situ observation in the CH4 condition, the Ni nanoparticles had obvious change in their position
and shapes. Some graphite-like structures were observed at the surface of Ni particle without crystallization
in the case of both types Ni/Al,O3 specimens by in-situ TEM. A few small Ni particles were formed from the
larger particle (10 wt% Ni/Al,O3) with the continuous graphite generated from coking. Furthermore, in CHy
condition, pure Al was found near a NiO particle. In addition, NizC-like structure, NiAl,O4 and small Ni
particles were found in the DRM condition, but coking phenomena were not obvious. Ni valence changes in
the observations were evaluated by a white line ratio (WLR) from in-situ EELS, as shown in Fig.1. For each
particle, the valence states increased overall leading to form oxidized Ni, but some Ni particles still remained,
which might be considered as production from large reduced NiO particles or interaction with the support.
From the EELS spectra, the NizAl-like edge shape was found with the WLR lower than 2 in the DRM
condition. During the DRM reaction, the lattice spacing close to NixC phase (x can be close to 3) with hep
structure was also found in the TEM images.

Fig.1 WLR changes in the 14 Pa CH4
and DRM gas conditions
(the ratios of the same particle were
connected)
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