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1. ¥

il

=R =a—FI0L CO, Bz v aERT S ) 2T, BATETRLE—DRK
BANLtEA 7 T OBBICFIRED R R TH D, £ ORERE L 70 bk aiis 1) & EIRMECR O &
BT DX —T A ANY F UL FUEMTH D, VT U LA L EMOE LI T,
BIREM Bt O @S Z 2N BRI TWD, ZDRD, @R —T LV THDH T 74 LM (KHFR7Y
a—/LY T —F )L ; (CHy(OCH),OCH3) % FV N, 7oA KBRS ¥ 7 U —imii 2D Sw7- 7
T A LRBRIEEMRIR I ERBFI STV D, M2 ZoRE, EOBIRIE(IZ K o TREEF N A
GV T =F Ty T EET CERIETFIICHIE SN Y T U LA A RN BT D
— 5T, BEREWEWIENR D H, Ziuxt L, AEEM L THREPNREEMRKR) 1%, B8R
JE MR 2% U CHEMmE~7 v A EE 1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether (/A K& =7
A mxT—7 )b HFE) ZRI L., RTICA R E 2R b S5 Z & T, ERKIGOIEMEL
PhE (Blisiirn) & e 2 [RIRFIARI L 72 B T 5, AFZERRE Tl BRPTHEEEMRIK O35
P2 NMRICK VRS2 2 L2 IS L7,

2. EBRHE
/L LT lithium bis(trifluoromethylsulfonyl)amide (LiTf:N):tetraglyme(G4) = 5:3 & L 7= HIE/E R IR
W2kt Uy FEMMEA~T o st 1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether (/x4 Ku 7 /L4 1T
—7 /v ; HFE) % LiTEN/GA/HFE = 5/3/1.5 OLRTHRML ., @BRiriREEfER e Lz, £
LiTH:N/G4 = 5/3 % 300 rpm, 80°C, 12 h DA TIERL L | W Tl R TR R B M#IK LiTHN/G4/HFE =
5/3/1.5 % 300 rpm, ==, 4h OFRIFITTER U7z, K - SERHELZIT 72130, 'HBLOLIC
BET % L A Al A B = 2 —(PGSE)NMR JHIEIZ LV, EER T OSSR B CIBiR K
EEM U7, SRS f DMSO (99.9at%D)% . NMR F = — 713 “ff&% (243, SC-002) %

iz,

3. MRLEBLE

BEEE < EEERIE OFEF S Walden plot #1772 & 2 A, AL D U o AOKIATR O BARR 2 FLvE
ELTHRAY B D MREEE 13 LITEN/G4/HFE =5/3/1.5 128\ T 0.49 & 729 | LITHEN/G4=5/3 ? 0.29
% ERlo7=2Z E0nh, WM OUGENHERR STz, B CIEEAR ORI ERE R A2 R — D Table
1 B L O Figure 1 (1277, EREETHD G4 OH CIEEBRE DN R H/NESL, VFULAL T DIN
WPEHET B 2 ERbhoTm, ZHUE, HFE 28 £ 72 W@RIEEMIK (LITEN/GA=5/3) 128\ T
HLRONTHFETH D, HOIEEGRED I D(LiT)/D(G4)IE LiTHEN/G4 = 5/3 TIE 1.5 T > 7= D%t
L. BRPTEEEMIK LITHN/G4/HFE = 5/3/1.5 TlX2.8 780, K25 K L, 2B, BiED
HIEIRED 80°C ToH - 1= DITH L THEIL 30°C THIE L TEY . LRI OHHME &b TH
FEWARTHD ENZ DD, IREERFMETIASZOPFEDO O ESTH S,
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Table 1. Self-diffusion coefficients of Li*, G4,
THN-, and HFE obtained for LiTf2N/G4/HFE =
5/3/1.5 at 30°C.

D(Li") 1.7x107 cm? s
D(G4) 0.60 x 107 cm? s
D(TREN) 0.93 % 107 cm’ s !
D(HFE) 22x107 cm?s7!

Figure 1. Plots of echo signal attenuation on the basis
of the Stejskal equation for G4, TH2N", Li*, and HFE
of LiTH:N/G4/HFE = 5/3/1.5 at 30 °C.

4, HEESLESBOEBE
BT E BRI BN T F AL T NG L0 bt A2 L 2R L, 5%I3E
WHEIEIZES 35 NMR O R 2B EE E AT 5 2 & T, B HZ 7 4 — KXy 795,

51/ Xk
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Fe2M B 5 —RZXIEYD/ IV FEIH & Yyt Tl

BE T, A KB 2, I AT, AEE O RERY, MR EHA 28, )UK EERR?

N2 I PR St
2 TR R L X — PR TSR AT
S LR SR AT ST

1. B

77—~ (Laves) {bAWIL, AB, DML TR SN E&BBILEMTHY | KRt E2 oz L2
HMHNTWD, 72 KIIREFT. JR TR EFT. © L TRKROEBMEF O X 5 7 @i sgss o & et
ELTHOW LN SRR IR W TIE, BRFOMEHIZB W TR FIZ FeM 27—~ 240 (M 1341
FRIZE S TMo°W) & LTHH L, mEREZBINIES —F CREMREDOFRIKE 2D Z ERmbN
TW5, PHEREERIREND X912, FeM BT —_ZMMMEEM E LTI T 5720, KE<TH
A7 A= FLEREOY A XGOS, FeM BT —_XZFHOMIEIIRMTH D, FrIMatEAET
HHZEIFHONTNDE OO, ZOMMAEEFHEICET 28HEEZ RO 25 Z SIxTER, Yif
R CIL, BERERER EEIERT 2 Z LI X > T FeM BT —_2{bAEW L 7 KD AIFLZ SWT H
BN HDODB 5D, £, ZIVE TR Mo RIEW 72 £ DL FERE G HEIC SN T, R R LF
— B T FUAT ISR S AL72 FE-EPMA DR X BRI SE 0 e 2kiE (SXES) IZ K - CREMIZR M Z S o b =
LHERLTE -, &2 TAMZE T, FeM T — X 2{bAW) DM IR EEEIC I KT T T D
(LG AR BE DR % EPMA-SXES ZiEH L CH LM T2 2 ¢ 2 B E T 5, A5k > T, =%
NX—TZ o MEEMEIORZEVESLHFEMIZE DL 7 — XA OB T M BHE M ARG D &
EHIZ, ZTNETITHLIL TS TV I IROYMEEZA G T 5 Z E RS LS,

2. EBHL

TCELR FeiM=2:1 &2 X HICT7 — 7 IEMIEIC Lo TERL L7231 7 #0B) Fe-Mo  (Fe—46wt%Mo) &
Fe-W (Fe—62wt%W) % Z #1241 850°C (3000h) . 1000°C (2700h) |ZFWTEMGZH L 7=, XRD <° EBSD |2 X
S TR ZRIE LIz /A4 > 7 7 —3 3 il Nanoindenter G200 (2 k- T3hE L7z, L5401
i~ v 7 & R R BFD FE-EPMA  (JXA-8500F) (2 X » THUS L 7=,

3. EBER

Fe—62wt%W ZARFhA4 CTix, [XI1 @ XRD #5RIT~3 1Y . RIR EESHT T FeW:95. Twth, W:4. 3wth&
RORERPIFOENTZH DD Fe N FHE FeWs OREE R DBNXNETH Y . EPMA OFERZZHRT 5 & W-
rich #HIE Fe:Ws, Fe-rich #HIX a-Fe &7V FHFHAKAEDS Fe N AHIZKHET 5 2 E N RSNz, —
77 Fe—46wtdMo ZARFNAS T b RIERDFE MG H 7203, FeoMo F8 & ABE S 40 25 FEIR 0D A 13K &V VB H]
WZh, FIArTFrTF—3a VREIIZL DV EY ThH -7,

Bl 2 IR &30, Fe-62wthW ZReZhkt Tl H—REEHFEIC L > THE SN TV D Fel DY 7
H(337-347GPa) & B\ —E A /R T HAMERZ G L2280, KIERIZIE X 0 IEVWER S TR Y |
PR % Ferich FHOEEEN K E W2 & PRIB I T2, Fe-46wt%Mo ZAREZhES Tld, FeMo D5 —JFEEET
FIZX DY 7% (3006Pa) & BV —EZ2 R J HHAAL MR NG Oz, T OREOFIAR X135 166GPa
ThV ., FEERIZHI O T FeMo Laves (LAY DA R L FIA I 2 BG CE 2B 2 615,

Ltk L0 RE 7efkdbbi 2 & 0REHER O 7= 012, 4Bl &38R 7 23 EHERIEZRET L, LV EHET
x5 J)FRERTAN & FREFIC X DB AR D TFETH D,
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N FRADEERT
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1. #¥&5

HEKIERZ L, EFEASEMELZ T e LT, REMRIOEMZZEISSFETARM NG Y V= in %
SBELARNCRNER T2 Z L NEERRE L > TWD, WAL F~ AT, KO COy ZWRIN -
BENLEGFETHY I—ARr=a— I -PuoxI v g Vo3 SEROETH S, K
(AN, F~ 2D K% EODRE RN, A~ A0, EfIMEOEEEM 2RI LoD,
AFTFNX—ZRIFEET HZ L T/ AR TOREE LIREBRAMEZRLSELZ ENER
Thbd, VZ=VIEFBARZITI LD L LEEME R SRICHIET D EEES D T THh Y . HRMAF
B0RHL2b00, FIERIFR O TWD, REFFETIE, V7 =B 7 o — 20N 725y
THEEMAT 2D | B KESRE T CTORENRA A~ 2N =i, R0 BEEO gt 2
HED D, A CTIEARENA A~ A% I T EIBFR G T O S5 HINBRC, mar4 ) I~—
ELTY =000 V= U BEREBSGT 2HEMRAE ATV, fonzV s/ era—x Lz r
V=2 XA MY =2 KD RISER) O 53 FREEMRNT 2 i3 5, %3 TITBRITE T 2 KHER
WU 7 = i BT 2 A L TN O ZICH LIS A I AT 4 v 7 7 ) T = iR,
KFEREBER SO, 2oLV 7 )k a—2E OMEAERBITZ1T 5. A2 X > THE
NA F = A AKREFRAA F~ ZAOWIEIZ T 2 B2 b S, 2 OFNERIZmNT 72 8 215 5 F0T,
PrxI v va v m X AX—REORBICHEETHHOTH S,

2. NMR EIZ X DARENAA F~ 2B D547

U7 ) knm—2ZNA < X RO DEBGE D5y FHEIE 2 fiftr, S $ 572012, TR NMR £ %
HWie, RKEAL A~ A B EHESHTT DERICIE, AR & W o T B RRE 2 . TE 572 FIRM
IR CIRIR T DMEN D D, Z D72, B IRVER 2 3 BRI R — L 2 VB C 3-6 BRI TV, SRR~
DX A=V &/ MRIZI A 7, RIZ, NMR HEKEEGRASE (DMSO-dg/pyridine-ds 72 &) (2R L .
5 mm NMR B2 500 u L OFEHANE Z AL T NMR HIE % £ L7z, 71X Bruker 5 600 MHz
NMR %5 (cryoprobe %5735 AVANCE I1I) ZfEf L. 2 %ot NMR (HSQC, HMBC) JIE% #1757,

3. R

ANEANA F~ A5l e LT, BHEM, IRBERT, BARRR E2RME L e U7, BUBHZ. Akme
B _— 2L LTRSS T L. o &dT o7, Zo7mtR I, Kz a-7 METH D
BBV Y AR UVER, KR EOFKEE CEIL CTEBRT 5 HIEEARE Lz, BRESAM T
v 7% S0°CE TORFAR LM T b L, AMEEERN S 7 27 U VBRI ICECS % 51 3REE & FF-2 i
YD DT 4 VLR, FEDOEES WE R ORBIAL T 4 IV AEAERR LT~ 72, 206D 7 4 )V A E AR
REE., W, TI A, TTAF v 7 ICBETHZ LIck v, Filiekma— MBI 21ERTE D 2 &
R L, 512, KMOFERIEW NS H T ZkHETRILBNG (2 DTEd 2 i iR 2 B> K E
MREY ZRECTE D2 L2 LN LT, 2RO DOREHREMIT. AlED -oBER 2 — U H
BEPFICHE L TOWDENBETH D,

X xRSO BRI L0 . KO RIBEREZER Lz, =—1 Y (Eucalyptus
globulus) FASKRD T T AT 7 k7 4 )V TIET 7 U VIR ICIEECT 5 A 7~ L7z, 2DHSQC 5 L O
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HMBC NMR f#NTIZ L0 . U 7 = o SOG4y DRV S AL % HeR BTSN 21T~ 7-y Z DRI L
ftickvtero—x ~Ikro—RA, U T =000 & O+ INKERSS IR S 1., YR EE
ZEDDLINODESFX Y NT—I N L7t EZ2 Hb,

4 REY AR
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Hiroshi Nishimura, Kaori Saito, Naoko Kobayashi, Yuu Iseki, Yoshiteru Mizukoshi, Yutaka Makimura, Yohei Minami, Tomohiro

Hashizume, Keiko Kondo, Masato Katahira, and Takashi Watanabe "NMR spectroscopy toward a decarbonized society" The 14th
International Symposium of Advanced Energy Science, 2023.8.30

[FRFE - RG]
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(i)

Re in W-5Re Mo in W-2.5Mo Ta in W-5Ta

(i)

FEMRHEARL B X O Fe 4 A VISR OITR I ¢ (1) W-5%Re. W-2.5%Mo ¥ & Uf W-5%Ta &4
(i) W-0.3%Cr &4
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T ORRREEALCZE M A 2 JE T 2 FAHRIUE, EHOHN TV DIIROB N R X — AT
DT T DHANE LI, JSHICENRD EE X LN, HIENOIRE 2 B FHT 5 TIEE R
HINTWD, Fio, WAFHOEFEEIZE L T, FHEOHREN/NEE L ORFEANREBEINTND
N, TN EREESEHET S HIER RIS ThoT-Z Lnh ., BGEADFE BN ERCEROMRIEL
E~DFHIXIZE A FEEIS N TR o7, BEEEDIZZNETIZ, YVEXR T EH RO
KRG THD TlpA & GFP ZFhG L=, Ml Es X OSHIRRN/NR B OIREFHA Z ATRE & 3 DR
o —% XY (tsGFP) & B L C & 72, TIpA (%, B EFICEN, 2D aA )L K aA uagiEss ]
WAL T 2GR 2 o XV ETHDH, ZD TIpA DA )L KaA LGERO %, GFP O N K

4 1 tsGFP1 DA, TIpA2 ERDIR AR 2265 S REREIZ LBV GFP OHOERHENZ L L. 37°CAHT DR
Ak % §iZ T & 5 (Kiyonaka et al., Nature Methods, 2013 1 0 —#8 ), IBEN ERXD E LI AN TR S,

B LN C RImITHEGSESH 2 LT tsGFP U —X %%t Lz (K1/4), 209 HDO—>, tsGFP1
1%, LB OEPNIREEICFI Y 45 37°CAHR DR EZAL 2 SIEUCBE L, i 2227 kLD 2 S0
R (400 nm & 480 nm) OEA{LZ LA A NY v 7R b LTRITHZ ENnTE (M1 4H),
T2, TIpA BT D a4 L Raf WVERORE ST 2 BRES 2 BEL, BVEEMZ22{LE3E5 2
& T, BT T & DR A HIET 2 Z LN ARETH D,

L OHINEBPNIEEE & > — &l 7e tsGFP DR X FRE LT, XU RXITER—ATHDHI LD,
BR 28 AT 5720 CIHREITEMEA - BN TRELSE S 2 LN TE, IoICManN/IeE
RTEY 7T NVES 2t 5425 Z & T, S/ NREICB T 2 RRNRBENARETH DL Z ENETF b5,
oo —2 AT, MMARERGZRBGEES, I hay R THNORE— 7218540 O AR
BIZH LTS, 26 D0ZE Ty, MIENICHEELT S tsGFP1 TR TERWHLET
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HY ., LT RN —NELEIND ESITEOLFT CIREFNIZIT ) FOEREI Z/RE L TN D, H
A OIXEBIT, HeLafifdd X b2 KU T OH TR WERBIC= VX —EEAE (ATP FEA) #1775 T
WD BEIBIRRE DS E ) E WO MBIBRAEET 2 28 &2, I by RY T sGFP1 & VW TEREL
TW5sb (Kiyonaka et al., Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015),

X 2 tsGFP1 & fura-2 Z fVCHIE L7=, i
TR 2SI A © Bp AR & 28 B8 TRPC T v
FILEA LTz Ca i A DRRIFZE b,

AWFFECIE, 2 by RY 7R sGFP1 Z W C.
NN DIREEZEACATLE 5 A A > F v R L OFERERI 1 % %]
2172, TRP T ¥ R/VITIERIR A T4 F v 1L D
77 IU—ThV, ZD55HD TRPV X° TRPM, TRPA
IHIRE DO BACITIRFE L TF ¥ A0 &, MRl
Ca" A MASHEDLZ L T EIERMMEE LTS Z
ERHEIN TS, LALFAILZ7 7V —0D—HT
HY D, I, B S OREBOFRREEFTHH D
TRPC 1%, BEE 7R IR BMERN N S TN Zeuny, £ 2T
TRPC F v /L & EEEBBF D OFE S L7 TRPC O
JSZE B %A HEK293 MAEIC @IS 3 S8, 2B MEHe
N Ca> 5~ 3K, fura-2 TIREKFRY72 TRPC OF ¥ 1L

TEME DRI AL 23 L7z (K 2), D%, tsGFP1 THHE L 72 R PNIERE O BRI HE - TR D
Ca> JRFEN LH L, Z O[3 TRPC ERIKTII I DICHE TH D Z RN yhoTo, BENSLHON-
7T X BORERDN, T rNVORERZELZRES LTWDARBIENREZ 6D, 4k, 20 Ca*
IRED EHDN MRANT R LT —EEICE X 558 E ATP B —R EX AW THRET 2 TETH D,

Epe EIAN
B

[ZE., 7V RAREERE]
B

BEFER =S
B
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RFFEERSEHROEBEEEOELY (2)

BAI3E2 Y, FEECASL |, ARENER Y AR TR, s
VAR KB JCURRERTIER MR E f TR
DIBRSE KB TERRER B - oL R LR BT L — bRl T
SR TR B TR T L — AR T2y 8

XA MEOJEAIFE ORI = 2 M, 30 FFiE 12720 3000 E225H 4000 [EMHTH -7z
2, BUEIIMN LR EZEEEORE LoD 1 kI d L RES DILTW 5, RE/KUED 30 47
NHFREHE L TWRWAARTIL, FERHMRIZE2S 1 kM ZB 2 20N 4 L, BhHSLILEF
A A 1000 fEM % Flal> TW 5, ORI TR &2 FilldR 4 5 2 L2, 2oz HEi
WK, BRENEOME BT ClEbND Z L1X7 b, BAROBEBSEHEITHES TR T A Y D 2 %, HF
Eo 3 ECThHd, I—ARr==— kTl 2050 OFtHEED (LA EE 2BE L CENITFENSET S
Z X, BARORIEEDOERRI B, FPICEIZE DL TN Z &Il b2A 9,

Z D& IR A B TR HTE R L ST MBI IRRESE, -7 OB IR & Ofilk z2 R
B L7, ERRFMALET T I EERTMEETH LN, WENRFmMEETE LD THIUT, £
B2 2 L3, RERICIE, BRI E Y e BVLEE 2 e IR IS, ES kAR Yy b
DT EMARETH D, HUENERINRRERWEN THLTO, Tzl T &4 P A b TH
MBS Z LFHEMEE LTARAMETH L L, ThETEALNTET,

HARTITHE SN TRV, R ZOMBEICE L e v 7 THINKAR T LA 7 A—RH -7,
2018 Az 27 b Afks v o 7 BOANFEARBE KRS (VVER-1000) ([Z2OW T, 2O X 9 7o ZUILBREL T
ZEMAT D Z EICkE) Lz 2, VVER-1000 [XPE{H[OMNEAKBERKFE (PWR) & A X03IFIEF T
THY, AT FAIEPWRICHEAARETH D EARITTF T AL TWD Y, KEIT IAEA DiFE
O FCEBRICZ OE@E 2 A L, #HAOBEOHITHI 2R A OWTHA LT 223, 2022 e v
TNUTITATICRINBR L2 LK T, ERZIOBEINIFIATE > TCLEST,

REBHI 2 R T 2O THIUL, ERAME TIENR VRN TZA 9, TLE TIOE
NEGORPF AT B FIETT 5, 0 AT b ATEERIR 2 30 4FERRE O 2 Z OEILEL % i L Chk
Bam BT T, 60 FEOFIZH L TEZETHEINIREEL TH D, AL B, Tz
W2 BRNORAT L & TH D,

JEAZESS (B0) OREM Lo 2R L, PrEFIREHNC K> TEA Sz S XA RS 6470
FOWBERTZLICL T, ZNONRT /A RORIT-L 725> THIHT 52 L Ths, HHHON
AR, EEHEAEOEIZIAMY (Cu) TH D0, 60 Ft8 O FHEIR CIEA47tHE (Ni,Si,Mn) TH
%o Ni-Si-Mn ATHIIE, BAEHIZ G FH Nii6SisMng 72 EDILENZ 72 D03, 2 < OEE . Z ORIBRERE
THOHWEILHRE Y T A —DREBITEE > TND EEZ LTS, lH OEWIIHE MBS Th 52,
W O A ZHBEGT N SN T=sd . MBI 5 2 ST OO EERE ZBRE L T H RS TiEw,

B AT N AOBLESA TG ER  OBVLE SRR SEH LM TH L0, TORBAICEEN
TV MEE I E D, LB TH DL DR SIEE DA DINNIRATH S, M5 DEVILE
et (565°C100 FER) 13X, ST L= GiZ~ b Y v 7 RACHBEESE D DICHE E S5 2L
g (750°C100 FEfE]) 90 HIRER 72 VIR, WHITHE Y 7 A2 — 38T FHNCHEL E R RRET
HoHI=H, Hin b, (AW E 0 b HEMEWIEE T~ b v 7 RACHBET D, fTHEDBMEED TH
S LT, BEEOEBEIMEEMOREEIC L > THRERLETH D,

AHFZED BARR 72 AIE, it b a2 > TLES LA TH R AT b L OBULBE S
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(565°C100 B§[H) CTHERSE 2 Z SITAENSE . TNEHET LI TH D, BT X&{bey
X, GHZEDTI0FEESH S, N (bEMETH I E-ET V58 HETE20THNIE
AR N, T OEEZ oy ha—L4 5 2 LIIES TIdhnwizn, RERRERT T TR
VW, AR TR E LT, 26 L CHBERBEZRET D Z & 2ilkA b, JEExT &L,
e~ Y v 7 Z0REEBRR LICET VR THY | (LEMOHIEA Ty b EfigkA A L
THERIG 5 AVERTIEH 2208, Z OFETITI R I 2/ B % EPMA CREfZ ot TX 5720,
TEHUR R E 2 C 2 E BT CE D 2 WO A Y v "B 5, KAWL CIIykiost 2 /B4 5 7=
DIHEEMDOHEM A Ty a2 T — 7 R CIERT 523, Ni-Si-Mn =R {LEMOHEME A Ty M &
B84 2% 2 & AR, AR e WikATH 5,

AT 1L G A (Ni16SiMng) IZ2DWTHET L, 2 A7 b AOBMBLSMECTH HERT 5 2 & 2 59
W2 U7 B REOBEIREET 1 S 7004 —F—Tho7-, BIEMECE#HHIN TV G
FHIE Ni6SisTie TH Y | [EJIRERD G A E ISR R D, BEEMTE E OBVIEWIL, G O DE
WIZERT 5 Lt b b, RFECIEE 72, BEET 2 BOIEREDIEBT — % <X — X (CH
WINTWAIE (FL——3EfRE) L0 BT RE N E LI L, ZOmmEILRIIE)
FOERBETHLHZ EBH LN LT, IR EIIG L LFRT vl (HHZ RLXE—0DFESY)
Z T BERSY LT b OB 5 (bRt .

AAERE T RIS, ZOLFIESICET A3 EY S 2 L — a VA ER LT, EE GRS OET
7 — & ~_X—Z (Thermo-calc TCFE13/MOBFE8) il L C% . (b Pyafiz Rig iz Nl L CLE 9
ZEMPAL NI/ 5T, 565°C100 FREGICHIT 2 K OBEEREHL 2 nm Th o7z, /o, fHETIEG
MHOBSEZBIFHMELTCLES 2L OMNIRo Tz, BREITT —FX—RIZX TR D | TCNII2
(= TIVEEAOEFN) TIEK 140°C, TCFEL3 (BEEAM B O &) T3k 230°C, TCFE8 (£
SR D 2015-2016 4EiK) TILK 700°CTdHh - 7=, T D G HHIZOWTEHET D ERIT TCFE %4
T 508, GHEFAICOWTHEAET 2HEIX TCNL 2132 2 ERHERIN WD, 2022507 —
ZR—=ZOFTGHDOANET —4 (HHTZRLX—) REDLIITEBESN TN D0, BIRZEN L
IATIEHDLN, BEBRNPLT —FRX—R LT T v 7Ry 7 A5 TWHTOFEMII A TH S5,
EERCEI L CIE T, 48 N3SiMn, & E #8 NiSiMn (2 HOWTHEE L7223, BAHA > = N OFERL & frioct
DL MO EEALICRF RN 000 | JEHUR I Z ST 2 E TIEEL oo, FRIC T HO A A
o MMERLIHEE L, IREERNCHE > THIEZBLA L CEVLEE L T, BHHICR BT, KR
X, BA A LSRRI O BRIZT S LT, MHASBVLBIRE 2 Fakd 5 2 & T, HiHEH5
LTI L, ZHUIBEFEORERZDO L ONARIEHTHDH Z L 2REB LTV 5D,

(2% 3CHR|

1) https://www.neimagazine.com/features/featurerenewal-by-annealing-7171272/

2) https://www.rosatom.ru/en/press-centre/news/rosatom-has-piloted-an-innovative-annealing-technology
-enabling-life-extension-of-large-capacity-rea/?sphrase _id=550945

3) https://rosatomnewsletter.com/2021/02/25/taking-care-of-old-plants/

4) J.M. Vitek et al., Metall. Trans. 18A (1987) 1987—-1195.

[FE2FERY A M
1-2) EFREHEIC T2 R nEasER LR & ki)
Thermec2023 in Vienna (Keynote), ICMRN2023 in Paris (Invited)
3-5) ENSHIC T3 HFRERER
BEFE 2023 A, SRS EE 2023 FERKICE . AL R@AT WS Kijtt < 7-—2023 (Hf7a#0)
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Bl b U Y AT REBBERKOLHO
&5 - BRERE M

Sk, SRR, EREERL Y, BPRZ 2, AR Z 2, AR, AR

PR EUR ARG LA I7E R
P ERR A T ROV X — BT 2AWESE AT
SR AR A T 2L X —BEARTERE

1. ZUPHIC

K2V X —DHMAHD 70, wEikiEsEEHEBMDRFEB KD SN Tw 5, FERPEM
WRPET % Li B & EHHRIZ, Na OBRIZHK T2 6 IZIFTRIRIE S 15720, Na A 4 v E&ih

(NIB) 3% iz EiEAE e L TffEhTnd, 2oaGHE L L= F2 =RV DL T
HNUTED 450 mAh g DANERR%Z 3594 7 )V ICh 7 DT 2 EERREREINTVRS D, Y
7 N—T71%, NIBDY KD X D% D Na"Z Wi — T E 2 Al RO ZfT>Tw3 2, 7
YFEY (Sb) LERT R (Bi) 126608 L3385 mAhg ! DIGREEZ AT 50, RMEROKE X
HEZALDEMAIED K & o Twd, TNZMRT2H L WTFIEE LT, Sb & Bi DRFRFEHEKIC
HHL, ZOMBIZIEU THRMIIEEZ B ICHIET2 2 L 2EBL LY, BEtofiE, SsbUvyFi
Bi—Sb [EliA{A (BigaSbos) ICEWT, FEEHIGIC X 2 EEMIVIT AED M L &, W 2 BPE R D HERF
Ik D) EMEE BN TE, BRERRESA 2V NE 2R L, —EotEkEn
D= DITIF, FEVAEKROBLENIGE X ) IEMEICHHIT 2 2 EREETH B, 2 2 TAFE TR,
JCER AR S Y Bio2Sbo s [EIA AT MR D EMRRFEIC 5 2 2 52 % S~ 7z,

2. FEB

Bi & Sb DM KZE AT VL AREICAN, blER—LoERNLZ 130, [EEEHEZ 380rpm & L
TA4RED A A=A 7af v 7%, Bi-Sb (BigsSboa, BiosSbos, BigaSbos) HliAA%E S, =
DEREAR (70 wt.%) Z2 AMEYE & L T Acetylene black (15 wt.%), Carboxymethyl cellulose (10 wt.%),
Styrene-butadiene rubber (5wt.%) & & HITIRA L AIH LICER T2 2 L CHFIEMEER L 72, &1L
I 1.0mgem 2 REE Lz, Izl s U, Wkic Na @2 w202 B omllaf ez
MEEE L 72, A A VIR IZIESE 1| M @ Na[FSA]-[CsCipyrr][FSA] (20:80 mol.%, C;Cipyrr : N-methyl-
N-propylpyrrolidinium, FSA : bis(fluorosulfonyl)amide) % F\>7z, Fefif ek % & A7 #iFH 0.005-2.000 V vs.
Na'/Na, fFE 303 K D5 CEML 72, RMERREEIE 10-1500 mA ¢ ' OHFIFHN T I ¢ 7z,

3. WRLEBZE

Fig. 1 1% 50 mA g ' DEIRE DRI (a) Bi electrode and Sb electrode (b) Bi~Sb electrodes
B % Bi-Sb EAFEMO AREMREEZ 15 ' - —] 15 ;
N bl E LT, Sh HAREMRE X O Bi
HAMEEM ORI D O TR, Sb kiR &
Bi ¢, FE (Na W) R 0.7 B
X V0.4V vs.Nat/Na {28 WT Na &
DEBLRIZ R T 5 2 B D AL
HEBHET 5 2 &£ 2R L7-. Bi-Sb NaBi —» NayBi
A AR RERUIC B\ 0T, [AkO T A3 0 200 200 600 0 200 200 600
IZBWT, %E{jiﬁjﬂ‘%gybi‘fﬁ‘ﬂ% ¢k 72% Capacity/mAhg™’ Capacity/mAhg™

XN . . .
S N Fig. 1 Galvanostatic charge—discharge curves at the second cycles under
s _
71F1g. PAES J: H {&l‘;@‘{}'“{ﬁ 3 é;lo {50 mA 50mA g 'in 1 M Na[FSA]-[C;Cipyrr][FSA] electrolyte: (a) Bi electrode
g ) :CF?) ElOleO-S P D FE R R %2 7 and Sb electrode. (b) electrodes of Bi—Sb solid solutions (Bip2Sbos,
j—. %Yﬁﬁﬁ;@’f&?ﬂ: k %) 73.:1: Va2 —EQIIEIﬁ E Bio_sSboAs, and Bio,ngoAz).

-
-

Sb — NaSb

7
Discharge (Desodiation)

Charge (Sodiation)
i

=
o
=
o

Bi — NaBi

Potential / V vs. Na*/Na
Potential / V vs. Na*/Na

o

o
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DI BV BEEBEN EHT OB EL 23 2 L Bbdr o7, 10mAg I8 WVWTIE, Z7—a vak
FIZIE 100% & 2 ), MEFBOHEGRAEEZEREIE, 9% Eb DI EFHICE WEIEL EF L. Zofk
B LD, 10 mA g! DEIREE DO ARSI T Bi-Sb MO BREHE % IEHEICEHEiTE 2 2 & 2%ED» 0
5Tz,

Fig. 3 IZEEMEE 2 WA IV GADNEREDZE %2R Y. Birich ZFEVEA (BigsSbo,) 220567% 5
B, SUICEEPEALTED, ZLVWHEBLLRS ok, iU, Bi FHEMROEA LIF
BRIZ, FREY A 7 iz, BMROEIER, EYWEHEOBRININIZH o LtEZI oD,
1500 2>5 50 mA g ' DIRWEIREEICE L 72BRIERED WA DI & 72 5o 7o 5 B 2 Bk i i
BRI o7 E2EMNT TS, ZcxfL, Sb HlEEMS>, Sb-rich Z& &4 (Big2Sbes) D MR,
BN L — FREZ L £ L7z, KIS, BipoSbos FIZ 1000 mA g ' DEFREEIZE W TDH 450mAh
g DEVWEREZMNT S Z LRI N,

1.2 T T T 50mAg” 100 200 500 1000 1500 50
Biy,Sbg g electrode Current  Charge  Discharge  Coulombic 100 : ! e "sse
o ) ' =

2 1.0F Na(Bi,Sb)—(Bi,Sb) T /r::sg /criiar?; /c;ﬁa;|g¥1 ¢ folxi;my e 80 slb02 08

! Nas(Bi,Sb)—Na(Bi,Sb [ i

2 0.8 o . ) Current density 10 567 565 99.6 [y

@ sinka—  pp 557 553 903 °

> 40 : <= a 60f

> 06r 30 1 $S

z 20 30 553 548 99.0 ge

- (Bi,Sb)—Na(Bi,Sb) s ®

S04 : _ 40 537 532 90 z= 40

S Na(Bi,Sb)—Na(Bi,Sb) 2% ]
= 50 517 512 99.0 G 9

o

x 02 < E 20+ ]

0.0 . . , i i i Theoretical capacity:
0 100 200 300 400 500 600 570mAh g™ (Bio2Sbos) 0 — .. I
Capacity/mAhg™ 0 0 20 30
pactly g Cycle number

Fig. 2 Galvanostatic charge—fh.scharge curves ot: ]Blo,zsbo,s electrode Fig. 3 Rate capability of Bi~Sb electrodes at

measured at lower current densities of 10-50 mA g™'. higher current densities of 50-1500 mA g .
References

1) A. Kamiyama, K. Kubota, Y. Tateyama, K. Gotoh, S. Komaba et al., _Angew. Chem. Int. Ed., 60 (2021) 5114.
2) BEEEN, ¥Rz, IUAREZ, OB, EHETS, FrRFSS 6598707 5.
3) H. Usui, Y. Domi, Y. Itoda, H. Sakaguchi, Energy & Fuels, 35 (2021) 18833.

4. TERCHERVA L) BEO TOEAERY R b
(G R Y A b ]
7L,

[ZH., 7V AFKES]

SERIEER, 2023 ARREES 3 MIBIUEE A LA sy, BAPIRE AL ASEE, BRLASBEVESCES, A
5412 H9H.

[HEFER Y 2 b ]

[1] SPHURSHS, R T, EREA, RAafgA, il WG, <7y Fer2iilzy (b
R 67 BEMDF BV T LA A v EMERREE, 2023 FEE 3 MBI ESLAT S, P, ARl
S 12 H9H, MFRY: HEQH

[2] A. Teramae, H. Usui, Y. Domi, T. Yamamoto, T. Nohira, K. Matsumoto, R. Hagiwara, H. Sakaguchi, “Sodium-
Storage Properties of Antimony Oxide Anodes Enhanced by Addition of Ceria”, The 14th International
Symposium of Advanced Energy Science, ZE2023A-08, 51548 H30 H, (XA ¥ —)

[3] A. Teramae, H. Usui, Y. Domi, T. Yamamoto, T. Nohira, K. Matsumoto, R. Hagiwara, H. Sakaguchi,
“Ce0,/Sb,03; Composite Anodes for Na-lon Batteries”, The 14th International Symposium of Advanced Energy
Science, ZE2023P-08, &A1 S8 H31 H, (KRZX¥—)
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BERENA) FoLAF VB EERERIEA~OREER K

(Formation of buffer layer on lithium—ion conductive
electrolyte diaphragm for electrodialysis)

Ve R—ifk 12, [ HRECHE 3, 2Guan !, EAEOHAEE 4 AHER S JURERS 3
VLR R PR PR B Toe i 2e et
2ENATREE U F 7 NGRS AW TE RS
SHERR S p L X — B TS R
PTIETER T LA
SHAL K4 A BT T T

1. HE - BB

FEROEB T R F— 2T AL L TOEMAHIE LR SN TV A E G R EIL, —EAKSE (T)
LHEAKFE (D) ZEET DD Tﬁf%ﬂ%#é Fib7e T % °Li & ORI CTAERT D Z &
NHFECTH S, Li 2 BENTEREICHAT DI, Li BIROEREL BN & °Li RN AR 2 K&
AR ER LN NLECTH D, HiE 01 UTF T LA F A B EREME LagsLio2TiO; (LLTO) % [l
&LT%mé@%@%%Lﬁ%%@#waéo_Mif . @R 7R Li Z0EIED 103~10° {5 D
STERI/ IR TE 5 HNEEBRL, ErEEILFEsE e L CHEMAMZBERR L T\ 5, BT, °Li [FfL
RIRAEICB LTl Hﬂ%%ﬁ@é%m@%ﬂé%%@ BN T EEZER L, FHGETTHIESND
RN ARG SR OBEFHIE (1.08) (ZHTV 1.06—1.07 DZETE FEREC i R & - TIEREE G 2 8 %
% 1.12 O3Bl (PCT ¥rFtHER) Z#RlHed Lz, 2O X 512, LLTO Zf@ht L 32 EXENT L, Li O
EREL [ SO FNARIERE D L DM E LTHEETH Y . BRdEmER’#ifEEn5,
ZHETOMZET, LLTO &Rk & O AR HE TO LirOEiE « TSGR T, LifOB I 12
KREREBLH 2257 & 2 Lz, 2020 £ & 2021 45 @ ZE HFEFSE T, mﬂ&7m—m$
H53 5387 (radio frequency-Glow Discharge Optical-Emission Spectrometry: rf-GD-OES) | . ERIE
HrEED LLTO OREUTFFIC LiBMRIET 5 Z & &R Lic, ZOMRITOMIEILXZ n%&m@mrm (ZANAT
KT 5, LLTO K~ 72 R BN A% &5 2 B, 2022 41T La/Li b3 #7205 LLTO D
B OWE 21T 1-, — T, fBEEE LT LLTO 2 _X—Z LT 5DORENNENIRHTH 5,
AWFFEEOHNE, BT I v 7 ARV F UL, A= AR EREME L THELIETEOREEL LT
FHT DV TFULLA (L) (REVEEREMER O RIS E 2 BRI 282, LLTO & ~X—X
LT D 2 ENEIENG AT S,
2. WAk

MR D Lag s7Li0,20T10; (LLTO) #UEBEREH CRFRT ¥ =7 L, 50 mmX 50 mmX 0.5 mm) 0Dl H1 4
ArE (20 mmX20 mm DTV 7T) (27 A2/ AR—=Z2=0.5 mm,/ 0.5 mm O{IK Pt &R (JEX : £ 10
um) . SR Pt R A S LT Pt — & DAY U — 2 HIRI - BERE (1100 °C) TRKL7-, Pt &
WROWHIZ Y — Rt e L TPt #RE PLIR E T T AMEKE S L2 HE A Pt ~X— A &2 T 1100 C
DOBERL CREX T - BE Lz, 727 UNVBOERSTTELOT 7 — RigE 1Y — RO/ Z @ LLTO
WERE L, VU ary I n"—CRRNEZIE LR 6R U THEE Lz, 7/ — KMl & B Y — Rlig
ZiE. FRER, 1 mol/L-LiOH /KIAHE & ik A AL, [Fl— @+Aﬁﬁffx5 TR L, W
VDR S Pt ARIY FHFITEE L7z Pt ~X— & Mg FHFE 0 DS ISl N L D 7 & & L7z, LLTO
OWANZEE S A7z Pt MO, EIRER CEMNZEZEY 5 2 7=, EEEINER 0.5 s, FINH Wz
10s%ﬁuh@?i:>fﬁk#)EW*%QWHLtOEmm%ﬁﬁi1ov~40v0ﬁ$f¢%héﬁt_OMmt
B2 B CHIE LT, BXRBENTOA v BE—X 0 2% 2 AR A v B —& v AETHIE L,
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EERICH - LiOH KSR, B LN, EBEFIINCE D 7 7 — FAE» 5o LiTBEIch Y — NMigic 4
i L72 LiOH /KIS H @ °Li & "Li OREZFFHEREES 7T A~E&mhriE (ICP-MS) To#rL., =X (1)

I X0 [ IREHE L (Concentration Factor; CF) W€ L7-,

o S
FEL XL

BN D LLTO M i D Pt AR

fHEE X OVPt BMRE T LLTO Wik @ Ti OJFliRREE X BRLE 0 61E (XPS) THOHT L=,

°Li concentration in transferred Li

CF =
°Li concentration in Li before enrichment

3. MRLEL

( 1 ) 1.055

Lic, HINEEE F & DR EZ T, REBRTIT 10
S T HREEEEN T, 1.0 V~4.0 V O#iPH T, Lo
CEIXFEIINEE K FEE T, 1.030~1. 045 TIEIE—E T ©Cuioss
bHot-. ZOM. HUNEEOH KIZE Y, B Y — FEE 1.03
~BEIL7- L =i R L7, Ll BRS~-Y oL 1.025
BEIEE - ERIND 77 77—, 2.0V E#EZ 1.02

HERBIIIRT Lz, 2, RifiA v BE—& o AHIEIC
X0, ZOREEIMZ LY LLTO OB NHLHT & R 4K

i

|

Application voltage (V)

075 1 125 15 175 2 225 25 275 3 3.25
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Binding Energy / eV
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International Symposium of Advanced Energy Science, Japan. Aug. 30, 2023, Kyoto, (poster).

_29_

[Rga%# Y A 1] - K. Sasaki*, K. Mukai,
et. al., Study of the surface modification layer of lithium-ion electrolyte for electrodialysis, The 14th



ZE2023A-10

BREEPDLAOLERISFOREAIZLS
BRESHENABEEFBERK

mks kY, fERE E, PHE KE?

R ECE R TR R
2 B R T L 3 — P TSRS

1.

BUE, - ER R - TRAX R EOBLEND, 7 ) — R XX —Th 50t CKEL)
RS DA F OBEERB L AT LOBENER ZED TS, EERNTIINAREBD L Lz,
WHEFH LGV —AEFESCT eI v g UARREIRBENRBES LN TEY ., TNHOARET
HHEERFIBELE LT, EAE - BEA/STLOORES 29 | @l - @R ZEMEEBE) - =%
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Hiroshi Takashima, “1,10-Phenanthroline-Based Octahedra Induced by Protonation of a Nitrogen Atom:
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3) Naokazu Yoshikawa, Shoko Yamazaki, Shiori Eguchi, Ayaka Nishiyama, Yuki Yamashita, Norimitsu
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terpyridine induced by protonation of nitrogen atoms: synthesis and structural analysis”, J. Mol. Struct.,
2023, 1271, 134075.
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RIS ZFIH LToBREL « 7T AT o 7 ROEIELFEOMEIAIRIE, Rl rTiett S KB A~DOE RS HIFF
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FRETIX, Spl OEBATEMRET > 7, MR EHERNET I By 7 A2 —Tid7e <. £ 90
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O, BBIT~DOEE5 LR L2, Lo, MlaE ToO Zn? B ITIEFE IR | f IR E KT 5
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L. Spl OMIFVENTD zf SEEEIEI R & . & OBAT & OMEEMEL T 5,

2. ERFE

EGFP-TRPC5® 22— R L7277 A X Rk L, il IREEFRALE CRERSZFRE, EGFP 22— KL
72T A3 R&EfG7-1%. Spl @ 3 3# zinc finger domain & 7 A 7 —3 3 VG S W7z, SRR EZ 22
v 7 bEV E coli DHSoUZ B E R L 724, 77 A X Fofhit, v— 27 = 0 BT X 0 MRS %
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HLOEPF~EANT 5 2 LT, &# o3 7 B REREIE ORUI
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2) T.Ito, M. Azumano, C. Uwatoko, K. Itoh, and J. Kuwahara, Biochem. Biophys. Res. Commun. 2009, 380, 28-32.

3) S.Tajima, E. Nakata, R. Sakaguchi, M. Saimura, Y. Mori and T. Morii, Bioorg. Med. Chem., 2020, 28, 115430.
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Morii, Bioorg. Med. Chem., 2009, 17, 7381-7386.
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[PgasRY 2 K]

1. WU, A EFEE. SFE, “i55K 1 Spl @ C2H2 zinc finger |2 K 2 &k & L /X7 B & OFH A
YEH & DNA 204, 26 32 @Aﬁmﬁﬁjﬁ#éém&ﬁ@ﬁmyyﬁyvzx, 202346 4 16 H — 17 H,
Al B ITERTFHEET X v X (RAZ—)

2. Shunsuke Tajima, Eiji Nakata, Takashi Morii, Jun Kuwahara, “Constructing fluorescent biosensor for
visualizing nuclear localization signal of transcription factor Sp1 involved in regulating metabolic pathway”,
The 14™ International Symposium of Advanced Energy Science, Aug. 30 — Sep. 1, 2023, Uji, Japan (Poster)
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72 EDORMIERE A A T D AR F R ERE LT OS5
DDA =)D Z E b S Tnb, ¥
N7E a7 re— FOWRAITEHEICHE X TETW
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Ta—EREHWCTHE L, 2 b 2 S
DINT A—8—%  ZEMHETO Y-DNA B &
X teloDNA [ZDOWTHRE LT-,

HEOIZE L, 2T — MREED Y-
DNA OYEERE L T2 FEFIRER 1, Jr ek rE
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FHEBOYMENIT 2 EEREE « =X —(ZBE T DMEIBRISE TH Y . 2 =— 7 RN OMEEIZ X
ST, ZHHOHFFESZEICR L TRODEFFOWS L 72D Z LN ARETH D,
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— I TRE O ENREAENE. 7 Mb X 0L 2034 mELR2E R & (kD%
Z T BRI A B~ D BB I S b,

2. BHEHBEHEBETFL—F—

—OHBE L —F— LR LT, T TICRENREEL FICEM SN E B —a% A5l
St FEL TiX, EFE—20O=RAX—Z - BEEREVSBEEAX Y 7L, HeNZ L —F—
RIFIZEDHZENTED, ZNFEFE—LA0L0BENRTTIZae—Lv 2 Mt o TnbaZ &
WCERT 2, 72, TOMAAERENRE W LD, SERELEZRIFICET S, B VR (RHR)
R —P—RIENTHETH D, ZHE TOMRIZBWT, THz-CUR EEICB T 5 EF E— L0
FEL IZi# LT\ D Z EIFHERFEATH D . AL AT MRS 23R E L. FEL BIRZ ) 72 B3 % B
LT,

3. HHEBETFLV—VF—HLIRB VAT L LEABRER

KU-FEL N THz-CUR Z&EICF% & L7 R HRER O 2 LT O 1 1R, HRET L PR oMk &
LT, £&1679.5mm (FEFE—L VLAY KL ERB) IC&F L7z, BEFE—AF EifO#EK 7
—HBB LB, ToPal—F— BT T I~ NE AT D, B LT T~ 63t
2T — - P 7 —CE S, HESRNEZEE T L1225, TR 7—IIRbEMEI T—L 7
STEY, BEMEGZHKT D LI —HONE LY ML, BT 5, B 7—& Tt
T—IXVE— N CHELREZIBE T IR L TWD, MR L7 IESRO 7 ¢ X A1 10.2 TH
D, I 7—DOT7 _"—F ¥ —PN/PhINZ EIZER L TrARKE L 2o TS, FTIFHIEHRT A
T ADOMEE MR T HEWRT, ZOMIRSER CEBREITH>Z L L Lin,
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lead block

eriod-undulator

B4 1 : Rk L2 R ORI

(il

electron gun

ZDOXDITEREN B LT R
# & VT, BAGE FEL Z8 4RI )
F=FEBRAEIT o 72, A ElidErc 3t
RERV AT LAOBEO % H
& LT, &b a kol £
TIZHRR L, BIRE R S/ 5 2
CERBELLTWS, TiDORH
EITRICHKELTEERT
IZ XK 2> TT T~V )L AR E
ZRE LN S, Fitd X Wik
T —EEh T I ER LB
DIF BN IEREEZLL T DK 2
R T, (A) A ThNDED

HARINDO N A v ab— Lo MIEBEIN TWDEAOIAE)NS T, SRR T H~DIEF )
K& L, WUNCHIERERNIENER-TE TWDZ EX00n5, B) 1E (A) OFULHT & B SR HIE
L7e/ 77 Thbd, ZOTTINLT 4 X AEREMNTHE, 4.4 Tholo, RIHMEOY-SRRE L7 |
HHE 7 —OFLE AW THIESRZ2EUNICHER TE TV RN ENBEZLNDLILOD, a2 —L 2 |
AL XTI L TWD Z & 2R LT, A% L2 2R3 25 & & bic, LIREN
HET— REEFE—LZWYICERD Z EI2L > TFEL BiEAE BT,

(A)

(B)

B2 WRSRCB T DG (e —L o FRZ xR 7)) B) i3 (A) oFOfhEzER LZEE

4. £t

B FEL FEIRIC AT 7o RAR DR » R - U — AR A1T o7z, oK, HREBNICKIT S
BT I~y ae—Lr b AF XU I Lz, ZHIC L 0 ERE Lz RS E Y B
LTV ZEDNHERTE L, —H T, E—LRBRIC K - THIRRORES LI 7 —DE I 7 LTkt
LTV D@t Sz, 2 HRSEE R LoD, BHG FEL FIROFEBL L 2T K5 &l

FETF S ALY 2V AFEE BT 5 TV TETH D,

5. ERU R b
[RAZ—FFY 2 ]

INPRERIR, AT, R, bRz, “T U AN TF RHHE T L— Y — IR T 7O RSB |
= LPEIRERT T O, 202443 H 4 A-6 A, s (TE)
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FERAIm S >/ E ORC O DNA FRFH R IBOREELE Y FEHER

FRRE L, LMK 2, Eladl Afaf?, #EZEA 2, STHRCT 2, KWL, FEEA 2
LAk TR
2 SR ks L R — BT S0

2 LA b S FEERAE 51K (origin recognition complex: ORC) %, EAZAEM D DNA HELEFEIZIHB VT,
DNA EHIERMA M AR E T 2 B/ % E| 20 9, ORC I DNA _EOERBIMGSICHE L. £ ZicEilc
b8y I BEx2Y) 70— T 52 & CHEFIGEZSIEHT 5, L2LRR6, B F&XL
D ETDHEEEZLAYD ORC IZOW T, fEA T 25 DNA BLFNZELHIRFEMEN B ST, Yok DNA
FOBERBABSZ VNI L TR L TWDDNE NI A=A LNRATH D, T, /7= NE
B (GQ) W& A TERLFTRER /' T = 8 /u72 DNA FFIA, b b OERBILE S OK) 80%IZTFIET 5 2
EMHEMZRS TS, EHIZ, TNETIZFE AL, B ORCI (hORC1) N —ARELIRAED DNA <°
CTHHHEED DNA LV b, GQ HEAIE L T\ 5 DNA ICEEMICHE T2 Z L2 ALTWD
(Hoshina et al., J. Biol. Chem., 2013; Eladl et al., Int. J. Mol. Sci., 2021), ZiU5H O FIZFEE-S X hORCI 73
Jetafk DNA BICTER S 72 GQ & 258k L THEE 7 5 2 & T, DNA HEHRIBHME R AIRET D L0 )
ETNERELTWND, RETMICHESE, AILFEIFIETIL, hORC1 @ GQ #iA I hORCIH3! L
GQ & Z R L T\ % DNA (GQ-DNA) & O#EA A E R I O AERARIZ OV T, NMR E% 1%
UL Lotk & AL RN T2 A T 2D T 5, Ao g2 AmBig
& % DNA EEEHE O IR 2 BT ARFENSE LN D8 RAIT, A A~ 2 E L CORHANYIFRES
DA OEYOMMEEE AT O FIlCF 5325 2 L0 EirE I,

WEAERE T 13C 38 L Y SN & RN AREE% 2 Jiti L 7= hORC1435! gl 247, FHfL % o7 B & v
7= —#HDOZKEL R IE NMR HIEIC LY . hORCIBSN O EHT I R a bk 5 o 7 F L osEigs
JRBICEE LT, 554172 NMR ¥ 7 L DI BRI HIC IS <P 5, hORCIHFH1 TV a ~ U >
7 AR E oY, K DRI MEREIK & PEIEN 2 FF B e TS 2 -7 Wl Ch D Z b &
RLUT, & BT, ZERNAAESR hORC1435 L GQ-DNA & O ARD NMR HIE D#E ., GQ-DNA &
FIEER L CWD T 2 BEREOREICHKS LT,

EFRO X 912 hORCIBS IRy N RIREVEFIR T 5 Z & S NMR liEIC L - TRENTZ, 4%
X, ZORROILRDBEEEED D720, PRI BM(CD) A M OMEEIToT2, 551
72 CD A7 VS < TRMEERRIT OFE R, hORCI*BS [T 20%FEE D o~V v 7 AGHIEK & 75%F2
FEDIEMFIRN O A Z E AR SN, T OFERIT NMR IZ X AT & 1< —F L7,

Mz T, A4EFEIL, hORCI*BS! L GQ-DNA & O EA/ERAMHTIC OV TS & HICHED =, NMR 2
X BN OFE R, hORCI43SI thD W DD 7 X =0 Vv B v, AL =UEEN GQ-
DNA & OFBEAERENICFET D Z R ENTe, TAX =0 LU VI ISIc EEmE b b,
DNA E#HD U VEREOAEMN EFFESI NI > THAEFEALTWS EEX D, BV, ALS
= UTABHIC KRR 2 H D, DNA 8O U UL E O TRFR/EEERT 5 2 & THEIZEHES L
TWHEEZOLND, RESNEET X/ BEEOBE~OFRLZEDITHRGET 5720, TAF¥=r
EV U ET T TEBR LTEERIRKR-AZERKE), BLORY VA LF =0T T = Il @
U722 (ST-A 28RO Z RO hORCIH N Bk 2 et R L7z, EXIKBIBEE S 7 h 7
vtA (EMSA) 2LV, BARO hORCIPS B LN FEHOL KL GQ-DNA & LTHabLND
mtPu22 DNA & O AAER Zf#HT L7-(1X 1), B4 ORC Tlid, ORC EE OB > TEAERD N

Y RBEIML T DITH L, KR-A ZRRETIE, BRERENEZ THEGEO Y FiIRH S
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oty ZTOZEiE, BRICEoTRbNET X =05 L U o U7 hORCIPS! & GQ-
DNA & O BEEAICKEL FHE LTI EE2RL TS, — 5T, ST-AEBRETIE, FHA4AA ORC
EHARTHEHEERAY FOBEITCLE T LTWDEHO0, KRE LTI & ) EEAKRD Y 3K
HEhic, ZoBmE LT, ARERICI > TREBLEEEORDDIC, it Y o ALF=0%
EDRHEEH L TWAAEEENRZ 2 bz, FRZ, ARIERIEZ 420 FH 0v Y R EICITBEET
5200V VEENMIEL, INLOIBEORY) VEENKBSEZEY VoL L THEAICH
595 2 L TREGRENSHERF STV A ATREMED 5, hORCI1S! @ K43 130 BEAEHAR TR U T
FMRICHEIE AT D = & DS ATRE 72 AR MEREIR ©
bV, FROXDICH#EET SRFEDOT I Rk
DFEA AL DR & R D FTREMER B 5,

Z 5 D hORCIBS OREEMEMTF L O
hORC14135! & GQ-DNA & D AH AAE AT IZ B
L. R Z 2R S L L CH % L= (Eladl et al.,
Biochem. Biophys. Res. Commun., 2023),

AFFEIZ LY . hORCI IZ X% DNA O GQ it
OFBFRERIZHONWT, IR MAES, AHF
U TR BT R A B, BRKZ 7z ORC
DFEHI 22 BEREfRAT 2 6, hORC1 1 & 5 GQ HEi

RO RREIHONCT A Z 2 HEET,
X 1. BRKEBEES 7 T v A (EMSA) 2
(5 k] X 22 BIK ORC & GQ-DNA & DOFEET v &A1,

1. S. Hoshina, K. Yura, H. Teranishi, N. Kiyasu, A. Tominaga, H. Kadoma, A. Nakatsuka, T. Kunichika, C. Obuse,
S. Waga, J. Biol. Chem., 288, 30161, (2013).

2. A. Eladl, Y. Yamaoki, S. Hoshina, H. Horinouchi, K. Kondo, S. Waga, T. Nagata, M. Katahira, /nt. J. Mol. Sci.,
22,3481, (2021).

[ CFER Y A ]

1. A. Eladl, Y. Yamaoki, K. Kamba, S. Hoshina, H. Horiouchi, K. Kondo, S. Waga, T. Nagata, M. Katahira, “NMR
characterization of the structure of the intrinsically disordered region of human recognition complex subunit 1,
hORClI, and of its interaction with G-quadruplex DNAs” Biochem. Biophys. Res. Commun., 683, 149112
(2023).

[F=REERY A H]

1. S. Waga, Y. Yamaoki, A. Eladl, K. Kamba, S. Hoshina, H. Horinouchi, K. Kondo, T. Nagata, M. Katahira, “NMR

analysis on the binding sites of human origin recognition complex subunit 1 to G-quadruplex structure of DNA”

The 13th International Symposium of Advanced Energy Science, (Aug. 30-Sep. 1, 2023, Kyoto, Japan).

2. S. Waga, M. Takano, K. Shimada, M. Iwata, Y. Akiniwa, S. Nomura, and C. Shioda, “G-quadruplex binding
may be the common characteristics of the intrinsically disordered regions of the proteins that function for pre-
replicative complex formation in human cells” 7 96 /6] H KL FL2 KL 2N 7 A (2023 410 A
31 H-11 A 2 A, f&).

3. fBEEE, Wi iadr, REHESR, BRSO, SHMKET. KEMR Te MERBGE I8
BB 7T = WESEHEAGTEIED EWF R BR ORI 6T T 4 46 B ARG FAEYFRF
DA (20234 11 H 27 H-12 H 1 H, #77)
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PHRNSEBHEFL—T—ICESIRILF—HEFERIC
& 1T % ER B4 F 4z BY Bh i 3% oD P ok

Weas B, KEEIEEA Y, M) M, A& R, WA, AR
VRS R R B R L X — R R g R
2ETER R R L — T SRR SR
SHEARIRPEEH M # —

1. B

BIEE NG N T VA ZREMEE A~ BEROENE LD A A — R~DFEFHIT, VA X - &
BEOBRBOAZGT, HEMOA LT T U AT H2BEEENICE B oME~EE 2, B O
HBREICHBE SN2 TRV X— 0 A E MBS E 2, 2E 21 EbbnOEFICESE LESH DI TN
THRENLZEUHICHAWLNDOIREE T, L0/ - R - B X —2HELTEBY, KEE
s EHEWNT =T ANA AL E, AL THDH, R F—2 P8R L > TERTRLX—|Z
EHEEHT D KB EICBO T, BEICE o TAER LEZF ¥ U 7 OB 2 P23 A #is)
REELT HI1E, BREFFEOIRERENE, BERSBEO T L2 RO HaFERER & ORI E L)
RELEAETDHERNETEZEDD & BARE)/ 7 4 / VENZIC X » Tk 213200720, Zh
LOEAFEFEHERT D LERERICBIT D, K4 OWEEEZR-T200MERENEFIZEDHD
THNETFICELDZLOTHIL, DPRICZAXALF - ZAOHFLERDLLEDIFETHD, T LTEDOED
FATBERESTICBW I FIREOME, +2bbE T - LT TEOMEERICE2 DT
H5,

AWFZEClX, FRINEBEF L —Y—JR (KU-FEL: Kyoto University Free-Electron Laser) Z{#
ALEZF LW ) U aNEE R L, TOMLBLIOMLEZBIE Lz, 372bb, FELICXDH—~T7 %
JrE— ROBRMBE L 7~ oRhEBEICEDEE—RE2X4—Fy Ne LT+ VRBRHITH 5,
FEL 25 &E O R a2 25 LU, ehhtlc X 2 BINAIEE & — bl - Bl 27 A28 L, T
FFEOEHATREZRLEY - IREIT— ROMAEDLEE KIBICIERTHZ A2 AELE Lz, AEEIT
EIT, GaP FEimAEREIE LT, AU Xy o PR E2 T o -7 LTHRFET 22 LI T~
UBELZ R A O KX MERIRE COBRINGE OB & . AR L EKSREEE L D o —ATEERE
ELT, BATGNA T+ Ofhi LB EZR AT, £7-. FREHELZHA VTN Ry v FET
RREZ THIL., 7~ 8L TR 2 IR OLM L /7 A XRIN &2~ 7=,

2. FEFE

Ry L—P—L L CHRIIEHEFL—Y—%, T —T L —¥—L L THERDFEKL —F—%
FAWT, HERE SR BN O BRI T IREI N & = D T ~ U EEL BB X 28 23l 7=, 55— R ELE
BIZIEEA T oy VIBICS E O BERBEEOHE Ny r—2Th D Quantum ESPRESSO ver. 6.7
AV, RZHFHBAAR T v v LITiX PBEsol &, AT Uy LIZiE PAW RO L O EFEH LT,

3. BH
532 nm DXV AL —H—FHWTRA F—07 A7 < U BELO PIHERZITV. GaP ICEI L TIHMEHD

BRI LTy T T A =7 AT < U HELOBAMERGE FI3E N2 o T,

FAREEZ W 785 nm DX A A —RL—H—IC kDA =27 AT < U HELO T ERTIZ, 1F1F
A TOREET— RABILETEX2N, 532 nm D CW L—HF—TlT 460 cm' (D E— 27 OHAPBIE I
Tro BADOTRNALF— N0 ROE—FHEFEICE D THMEIZ 5.9 eV TH DA, EITHRICEIT 5 RIN
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ARG MBI 4.8 eV 3725 260 nm FRELSFERINNEZ 2 Z ENRESN WS, L=
NoT, 7a—T L —YP—DOFEENEWEE., ZHriEICX T, K0EWEM~EX Y U T 05
EENT, LD T7H M I R B AREET D EHAIEIND,

TN
- :
) e
€ 5[
Ll : S R—
0l *‘<\<
: —
r M K r A L H A

1 Electron energy band structures calculated 2 Stokes Raman spectrum of dextrorotatory
single crystal a-quartz using a 785 nm diode

for single crystal a-quartz.
laser.

KEEETOMEE LTHFE LM TH 72N, ELICHATNTH /v« F— ROBIRFIIEIZ
FTCHET DI LEDOTE N2 L%, BaTHD,

[PgazERY A b
Kan Hachiya, Rei Akasegawa, Kyohei Yoshida, Heishun Zen, Takashi Sagawa, Hideaki Ohgaki “Applicaion of
mode-selective phonon-excitation method in semiconductors of energy functionality with mid-infrared
free-electron laser” ZE symposium 2022, 6 September 2023, Uji, Kyoto (AR A & —)

TR 5, ey &, ) W, “La/Nb R—7 n 8 SrTi0, OX v v FNEFHEE” , 2023
5 70 B B S /R IGR RS ,L%ﬁ%@ﬁ%&/ﬂX,m%&%H16HW&&
—)

HAS, & ik, Ba %, KREEY, “7 0 F AP —7 A/ b= 2T < UHEL G

(2 XD — FERWIBHE 7 + / > OAENT , 2023 4555 84 [Al)& HAM LSS FI B H S,
REAYLAR— L, 2023 4E9 H 21 H (D#EFKE)
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Fooalb—aBRFDERERICKS
S04 THz /SILRA R E

HATE !, Al YEERZ O, Il
LR TR L 4 —
2 SO L P — BTSN
SRR T RIS > 5 —
R R TR A e

1. IXC®IT

WEBET N F o OHERADOEBED I —1L Y h T vV a L—F il : CUR (72—
X IR CE R LELEE TS5 2 & T, mIRED THz 2V A &2 AT 5 72 O FEREF 52
WZHLD FHA TV D, &Iz, EIRERZ B35 THz 7SV AR L TT U 2 A X — A IR E L
eV a ISR L —F— SV 2R B L, ZORmMICBEHIC T T A~ E2BKRT 52 LIk DE
B ARG LI BT, 2k VB CE—7 XU —D K& THz SV AZED Z LR
T& 5, ZOEME THz 2SNV ADFEFIC LY, [THz &S 21& 8 Lioii- 2WE St FiE O BR%
DHFRFCE 5, ST, HHIEZR~D CUR 7V A AH ORFEES 21T, HIIRZRE~D THz /~v
A D NGNS L OIREN O CEFRES R O & BRI EREZIT 72,

2. CIREBSEELY—LFER

HWMRFTRAX—H T ENEFICRBESNT . F002 rnons
KU-FEL fiiizx ® THz-CUR JEil[1, 214 T JedbiRes 4 T F ' ‘ Soan 1.0~ 1.00m]
FNET v ¥ a L— 2 B OB E &I L 5 &k 12 w3 %
THz 7~V AFEAITBT HalBRFER Z 2023 4F 10 A2 = 1]

Uz, EBRICHH L= TH-CUR JIRIESRE, 5 L% § os| Al
—F ¥ — RN X RS AR B FERBIE N T EME £ o6 8
RAOBR S r A, Toryal—2 THREN TN, 5 oal :

FAELE CUR BT v Valb—4 Fifipe—LF (8 Gl
e CHA SN DT X VI L B2 A L CRA T i ]
~NEWYHEND, NIRRT E E— AT A I ° o5 0 Y "
HERE A IR Uik iE S5, THz-CUR JEJUINE SR T, Stage position [cr]

BV — RIREHO UV L—HF— UL R[4, 5]&~ 27 m /3L

ZMbF B2 EC kD, AT 11.20s (8925 MHz) 09— e
DYNF AL FETE—BEERT D, ZOBETE—L 006 LF ~045TH e D
DA FRMEE D | RGO JARITHI 3359 mm IZERE  oos | ﬁ ]
ENb, TrYa b= FAHE  70mm, FE 100 5,0t l&

vy 7 B0mThD, vA LAY TR kv E  § | A

SN AR AY PR IORT, 4E, CUROE ¢ | fl

Wk ;045 THz (Wi : %0667 um) CEBEEEHREIT 0¥ I

ST, 0.01 | ] \ ]
4 2 1R AR~ THz » L A DR FRA 24T 5 12 % M(Jﬁff4% AT
W—EZ:EEP £ Hy U] l_luill é j/l/f: THz CUR 7' a7 7 A /l/?/E\IJ ' . Fr'equen.cy [THz] . . .

EHE Y b7 7 EHIESNTZZER T a7 7 A VERT, X1: Y47 LYo FHHATRESNE:
ARFEERTIT, BZERL VIRV HEN THz 7V A1E 3D THZz-CUR O F- s $8—2 EBRBRA RS ML
O HSE (OPA1~3) I2X ., BiGm 77 7 A
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ERBANTHEIND,

e VANRY (T VARG
Ty ANERT A EICL
DDA ERD, it
PREF~DOAHFNT 4 DHDIE
i ss (OPA4) % k(&4
HZ LT, 3R LTkt
PEERWN D THz CUR DT X
n—FICEETHL LT,
F 7. HIEEOAFE DO
RARA T ¢ VB —3FEiE
JE % 600GHz (MMBPF-600.
HRESHAV DY) ObLD%

@ L7. =@ BPF O X 2: THz-CUR O 71 7 7 A JLEHH

450MHz @ THz 2% 5%
WRITINETOERLY 17%Th D,

HIRER R 2 R A AHTIZB T 10um A7 » 7T
AL SHESREDELZHE L= (X 4) , BPF T
DRI & IR DO EFE IV 2 D )73V AT
L7z R, BRI Z2mE 2N ET TV D, &bl
WTFHEN R S5 AT —JALE 1.05em 730 Tl
SEAREENY 035V Lo ThY ., HIER I IR
A (S OUT) 2547 045V TH D Z ENDhD,
BPF O i3 17%0 6, LRI ANITITH 2.05V
(=0.45/0.17) 824 DIRFE D THz 7V ANEFETE T
WhHEEBEZLND, ZIUIAH LV ARE (0.96V =
0.8/0.83) D 2.1 fFIZFEY T D, AN AT T—DK
FE%E 83%, T OMOILIELR I 7 —DOKEHEEZ 99%
ERE LG AT A EOELSEENHEINS.

3. £&¥

AR VX —8# T 22098 T KU-FEL Jitigk @
THz-CUR J&ili % VT, CUR O3 EE 525k 4 S ffi
L7, AEREIL, SEHIRWMAN TONRER—D=RN L&
H 12 THz CUR 7 L A O YRS A~ O 0] 67 3E
ErilATl, ERIT. ZNETCOELEEERN
DRERUELTERTHZ LIXTE R N7, BIE,
HIES AR T A a v F— Ry MIETHEE 2
AFOEDOEFEHLTWAER, Wi 7 —545 T
T =2 A AN KREL DD, 5%IF. LK
ERIT—EMFEHTLZ L EBRFTALERD D,

[1] S. Krainara, et al., Rev. Sci. Instrum. 90, 103307 (2019).

Beam radius [mm]

4

Signal [V]

resonator_cal_envelope
T T T 1 T T
1

25

T
F A=666um
20 |

15

10:

— —Concave mirror = = — — — — jw — —
— -Concave mirror — — = — — =

f= Input coupler (BPF)
— — .Flat mirror

0L I I I I I
0 500 1000 1500 2000 2500 3000 3500
S [mm]

3: R HIRIBMOD THz CUR ToRO—T (51H)

0.8 |

06 |
04 |
02| BPF: 600GHz
+ 32 bunches, 450uJ -
[ dl = 50um ]
0 1 1 1 1
0.6 0.8 1 1.2 14 1.6

Stage position [cm]

M4 £k A TRBIESN = F S/ —

[2] S. Kashiwagi et al., Infrared Physics & Technology, 106, 103274 (2020).
[3] K. Sakaue et al., Phys. Rev. ST Accel. Beams 17, 023401 (2014).

[4] H. Zen et al., Proceedings of FEL2014, pp.828-831 (2015).
[5] H. Zen and H. Ohgaki, Proceedings of PASJ2019, pp.786-788 (2019).
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DAIINREBEBERERTF FE2F AL -HaiEEsE o HE
R8T 5BHR

agAst |, YORFER— 2, k3
VENLRRYSERFZERT I E ) S RIFIR 2 o 2 —
2T TR T
SIH R F L X — B TS

1. TR
TIRALIRFOPEHEMZ S 720X, TR ETHE L CE AL &N DA T ERA~BITT D 2

ERHENTH D, A AERAL RS D FEE & 72 208 O AR & il 2 HAF oI L v . 2R X
AL FEFNFOND EHFESNTNWD, Fio, FHONL FHAMZFIA - %S5 BT, BT
Bio 1 > ThHEBAIE W) IFHTHD, S5, VA NVAEAEOFITITE BN T & B
FAAAER LT, MBS A2 TEX 2500855, T T, TOLIR A NVAEAEE-IE. H
TR+ & BB AR T 22 @R AT 5 2 LR TEE, MORREZHIE T 2 E 0N
A FHEIFOBIFNCEN 5 WREMED E, Bl 20X, BRAFR 7 A L2 (HBV) X EBHE (HBx) 1%, & ® BH3
kA LT, P77 AR b= AEAE Bel-x, LEBEMHAMEM L CHIREELZFE ST S, Ll Bz,
HBx BH3 fEIL7F N (3% 101-136) 7% Bel-x, DB/KME = 78I BEHSE ST 5 2 & & NVR 1 CfEH
L7-, —J5T. HBx @ C KM 34 FEIN K Ie L7~ HBx (FEH: 1-120) K OVK1I30M/V131 ZEEMKIZ, B AAk

G EasE) 5| & i 29, Z OBRENERSRICIESW T, C R KA L7 HBx BH3 fEI~_7F

(F&H: 101-120) & Bel—x OEAHEEZ AT 252 L2 B E LT, MR EE ARG & 5206 L
720 F 72, HBx(101-136) -K130M/V131 ZEEAL AR R T ED L 5 7RIS o 2 0% A XHEBR 7 v~ b
777 4— (SEC) & NMR CEHT L7,

2. Fik

B4R & [A4E(Z, HBx BH3 fEI~ 7T ROFELL 101-120[HBx (101-120) ] & His—tag fF & = &3 F L Fit
AEAERBER UIGST pAaEAERBEREZHOCHE Lz, 72, "C/"N B LN TEERNIE
#k U7- HBx (101-120) Z 38 L7=, Bel—x X Tt X 9 1L L7-, N RMNC His—tag 24N L 7= Bel-
xy % Ni-NTA 7 H 12— A XL TALON 7 7 A TR L 72%. ho B CHis—tag 28I L7=, &EHIIZ
Bt A R 7 DB LA PR u~ 77 7 0 — TR L7z, HBx(101-120) & Bel-x, DA
RSN 2 B2 T A=, HBx(101-120) & Bel-x, & U > —Tiifs L7- HBx (101-120)—1inker—
Bel-x MG EAEAFH L7, ZOMAEAEE Belx &IFTRRR FE TR L7z, $72, "¢/"N B
KON CLREFRNMAERR L=V 7V 2 LT,

HBx (101-120) & Bel-x, DS E A ET 572, Bruker £ 500 MHz AVANCE III & 600MHz
AVANCE 111 HD (RMEIRERE 7' o — 7 4555) 2w, HIEIRE 35°C T NMR HIE & 320 L 7=, NMR
EAFEENIL 50 oM U R U 7 NEEE WG (pH 6.8). 50 mM NaCl, 1 mM DTT. 10% D,0. 0.02-0.1 mM
DSS & L7z, HARHEMNT 2R HICT 5720, PC/"N CTLIEFALAER L 7= HBx (101-120) ~linker—
Bel-x fl & AE O—H o 3 FHE NVR HIE % 5566 L7, 554072 NMR 15 % FV T, CYANA CHEERT
%417\ . AMBERI2 TR L7~

HBx BH3 fEIK~S7F ROFEH 101-136 [HBx (101-136) 1 K130M/V131T, K130M, V1311 ZE¥{k% His-
tag fFE X FURMAREAERBARAEZHAOVTHEL, ZNOERKROSAEIRIERE SEC & NMR Tt
L7,

3. MEBIUELE
AIAEFE 1L, HBx (101-120) & Bel—x HEEARAEEMENT 2 LL T O X 5125 LT, BRI OB A IR &
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s Uz, FEEER Bel—x, & PC/PN CLERNALE R L 72 HBx (101-120) 47L& LT, Z® NMR
AT 2 5506 LT-, S 512, PC/PN TEERNMIER L7-@AaEBE O NMR JIE & OWENT 217 -
720 BOREHIIZ HBx (101-120) & Bel-x EKRD 531N & 5711 NOE 15 2115 L 7= &, CYANA CHEE R
Ex LT,
SEEIX, BT TN &7 RINOE % i3 2% & 312, CYANA THE L 7241 % AMBER12 Trf
B LT, BAEIZm R —MEW 20 O B POR L7 EEA S L Z LN TE o, ZOHEAGIREE
5, HBx(101-120) X Bel—x, A L7- & &, 106 HFHD A LA =2 (Thrl06) 75 116 ZFH DY
(Valll6) Ta~VU 7 v RAZBKTHZ &, 4 D0DFIE (Leul08, Phell2, Cysl115, Trpl20) 7% Bel-x;
DB 7 OFREAIZEE T2 Z EARE S Lz, HBx BH3 X7'F KD 3 DOBUKMERE (Trpl20,
Leul23, T11el127) 1% Bel-x, & DFERITHB W THAELEZE X HIL TV D, HBx(101-120) 1%, Bel-x, & D&
BICEE L 725 Leul23 & 11el127 RRIE L TWAH 728, Leul08, Phell2, Cys115, Trpl20 41 L T Bel-
X, EREALTWDZ Engnolz (K1) , &6, HARHEEIX HBx (101-120) DRSO K Z 72 Phell2
L Trpl20 73 Bel—-x;
DBKMER 7 > b
WIS ADIATe Z
EEEEL TS
ZeERLIE, 2O
FEHRIT. Bel-x & %
— 7y hE LI
e o T ¥
A TN, IS
DRKRENWNT I
WU ICEE T D
Z LM, Belx, & D
fEA O S & i 4
THDIZHHTH
HIEERETD,
ZZT. 8910
O i e £ 5l 12 B
7 HBx-K130M/V1311
75 JAR D BH3 i)k ©
& % HBx (101-136) -
K130M/V131T ICRH L CIAIR T CORBIRELZ T, TR, ZOERKITIA ) I~—% kT 5 =
&3 SEC & NMR fi#ffT N R Sivtz, Z OB ZHH~5 728, HBx(101-136) -K130M & HBx (101-136) -
V1311 OEAIRREA T2, T OFEE ., KI30M (X, KI30M/V131I L EEEICA Y d~—%2 T 5 Z &N
IRIBE STz, DFEYD | HBx BH3 fEIKD 130 FHH DU VU RN AT A = iR IKICER SN D &4 I~
LT D ENghoTe, Atk AV A —Z AT 5 HBx (101-136) -K130M/V1311 8 FfRK & Bel—x, 23
EO L ITHABENEAT 20525 T ETH D,

4. ToEARRKRY R b
H. Kusunoki, T. Sakamoto, and T. Nagata “Research on the Control of Cell Growth Mechanism
Using Peptides Derived from Viral Proteins” The 14th International Symposium of Advanced

Energy Science, August 30-September 1 2023, Institute of Advanced Energy, Kyoto University
AR L —
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BEAN)HLZRIBEE LAV TXATUODKERMZLS
BEEDOZE

Vepleih— 1, EEpECRER Y, HVTHEKR !, #PNERRE 2, Diancheng Geng®, “%HE K 3
NS SN S R 2 DY e
2SR R L X —H TR SEAT

SHAL K 4 BB ST T

1. BEROWZED B

CO, P vya rympX—EM@EMNTONDEEAEC, M EREREN AR AP Xk it o =
INANF—JRE LCHAIREHTH D, 2o VAT VIIBMEFE IR 7T I XvstmkEl e LTHW S
52 EDPBRFI SN TR Y | NREREREIAREE (a0 T2 ESE 54 —7 v b
MEFE LTHWONRD Z ERD D, WTHOKGRIZBEWTHLF T2 Eom=f L X —h 12K - T
WMUWEE 2T 5 LFEIFIC, BEHIC L > TEEDO T AT+ KERAY T L) BNERT D, ~U D
AHKRF DRI KHG EFEODE | MEIICERE L, RE RO ERRICEEL KIET, ~V 7 A
ANY T EANRTVDOIEICEN Y | KEICEKT 2 EEEMEO--HENED D, £72, KFIZOWTIL,
[FINLAR T D EHEZEFFD B U T 7 A OB~ EFE D ME A P H S O S Hals D EZEE O£ <
M CRIE L 72 5, Mz, KBRNVARDOM BN TR~ O ZBFREI I EL O R EL I BN 5 OKEMLE LTH
HILD) ZENRAEIND, A IFEREEM B CREWALN I AT S 2 LIRS RSB O F b
BTFE2ERT S, KT L—F 1L FE TIT 573K TFe A AV BH L= % o 7 AT o OFE S 3
KBIWIMZ L > T ERTDZ L2l Uiz, ABFETIE, X0 EREIF FZREER BT 2 U O 7= FR AT 520k
AT D 72012, 573K TFe A 4> & He A A ZRIFFIS U 72 b EHIK B 2RI L, B R E D2 b
ERRDHZLEEHANLET D,

2. EBFIE

MaTecK #HLDOHFE 99.999at% D EFEGL X > 7 AT 2 (¢ 3X50mm) 725 EAE 3mm, t0.5mm DT 1
ATROBEEZ T A T—EMTICL I L7z, ZORERA®E%Z 9um, 3um, luym O ¥ A ¥E
v RAT Y — THMAFEE L7-, 0.08um D =1 a A Z LV 71 & D TR B 217 - 72, 3BHO k4
% R Ia DE NI TR R = L X —B T2 e AT O A € — MRS 3 E  (DUET) % Ve,
6.4MeV @ Fe*" A #4 > (6.10x10"°/m?) & = /)VF—3fE L7z He'A 4> (5.62x10"/m?) % [RIFRFIES L
7= JBEEIIBREY—ZAE (FE2»HHK 1.7um) TSdpa), F7=. BEHEEIX 573K TH-7-, W
BT IR EKRFIT BT, 543K TH ) 5.8MPa DK H 212 100 FEREIGRE L CAEF ¥y — V%1757,
il XEER I I AL KRS Em A EHIFZE AT I ER & 2 4L T U A Nanolndenter G200 CT/N— 2 By F £+ % W
TRBREIT - 72, EERIMEREE (CSM) ZAWT, ) 2um ETOMS RSO T 0 7 7 A Vi Bt
L= (12 ), PBRIEE X 298K (RiR) T, O AEHET 0.05/s Th o7z,

3. MRRUBE
SBHOIEFTRONITENT, M LIARRSIZBIT 223V 7SS 2RE L T D,

_LdH(h)

")
h
X 112 573K TFe A A ZWE LI HiESL 2 v VAT VOB ESICBIT A2V 74 S 27, X

212 573K T Fe A 4 & He A A RIS L7 BAESL X 7 AT U OFESITBIT 530 7 FHY
HEZ2rd, EbL0ORBHIZBWTE 100—700nm O TRETHZICHE L 22 o 7-, ZIUTRE KOE

H, ()= [ (1)
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R X Bk TH D, Fi-, K1 &2 &kl LT, Fe & He % [AIIFRRET L 7230EHS Fe DA & FRET L
ZHDOED LW ENS0 D, He i KM EFEOT &, SRMOBENZINHT 5720, BE#%RICFE
FET 5 RMDOPEEN Fe & He DRIFBIHO LT NEmWNEEZ BbND, FOD, HED EHHKRE -
T-EEZONDD, B RIMEIEE 25 7-D120% TEM 22 X AMEE N NETH D, WITHOR
FHZBWTH, KFEF v —JHBITIEE 250—400nm OFPH TV 7 AHY SN EH L7-, RIFEEDHE
BRiZBWT, mWREHEE (773K, 1023K, 1273K) THRE L72MEIO L 7 FH4 I S IIKET ¥ —
BIZEF L7722 D355 0> T b, 773K LLEDOIREHERE TIIR X 2R 22 fLEGIR TH H R A RH
BT DLEEZONDTD RA RPKFLEZHEL CHLH IO EFICETFE LW EEZ BN 5, 573K
TIFR T ZZ AL OYEHGEE MR N2, I A — FERENIZE W TS R 7 & OFRSE AR 72210
TOHEA Z RN R FZELTHEMT, HDEWIE, NS R TFEAESREZR L CTREICERTT 5
EEBEZOND, ZORFZEIRN SRR FEAEEERDKFZLHET D & KFERMERTN T
AN IEEN 2 HE L, 573K TOMRKM TKEF v —VICL o THEN LR L-EE2 DD, Fe A 4
DI % BET LTk EEE Fe & He Z RIRFRES L72 M B OIKET v — VI K A LRIXENZEI3.4—8.8%
L 7.1—124%TH Y . Fe & He DRSS O T 035 & D EFHENE D, ZHUTEER L= XL 912 Fe &
He % [FIRFHS U7c FDRF 2240/ S R R P22 L B RO RAAREN E < KFETF ¥ — I LAk
WZHETHRMGBENE N 2O THD EE2 BN, LailkDi@EY | WEIZ He & £ 72WARA RA3KFE
EHELTHIES DRV EBZONDLD, He 5o A RPVKELHEL XD ERIZHEFT S
AREMEZBRANTD Z LI TE vy, T8, 773K, 1023K., 1273K OIREHEE T Fe A 42 & He A
F o FRRE L, KFEF v — VI L 5B AR RO LERD D,

[REA%ER Y X b
K. Sato, K. Ueno, D.C. Geng, R. Kasada, M. Ando, K. Yabuuchi, Q. Xu, M. Hatakeyama, Y. Watanabe, T. Nozawa,
“Effect of hydrogen on mechanical properties in single-crystal tungsten irradiated with Fe ions at high
temperatures”, #J 500 44, 21th International Conference on Fusion Reactor Materials, 2023 410 A 26 H,
ARA e TTFH, (RAZ—)

573K.Fe” FR S+ (MaTecK 1) 573K.Fe’/He MR & (MaTecK 1)
—o— Unirradiated —o— Unirradiated

10 —————=— Ion-irradiated
—=— Jon-irradiated+H-charge(5.8MPa)

10 ————= Jon-irradiated T
—=— Jon-irradiated+H-charge(5.8MPa)) |

Bulk-equivalent hardness, Hy(h) (GPa)

Bulk-equivalent hardness, Hy(h) (GPa)

L | L
0 1000 2000
Indentation depth, h (nm) Indentation depth, h (nm)
1 573K T Fe RS L 7-HifE iy & o 7 2 2 573K T Fe & OF He FRST L 7= Hifs b
F O RS O LA S K S YT AT DIV FEE S O LA
et TR SARAFIE
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SiCIcsFdBRMESN=T 4+ / D5 EHA

EEAGT !, AR AT, K
REAIRESER A L 4 — PR - MUK
PpRE oL R T
DR LR RIER

1. SR

B RO IREY (74 2) 13, ZOMELO RN BRI E 2 E T 5 EE R K 1 ThoH, ITHFiE, L—
P —HAMTOREIZLD 7+ /% I CEX DR L AL —F — RIS TCND, 74/ D
W B DRERIRT DR RISV AL —F —I2I0 | 70, FEBITHFED T + /T — R ORI
(Mode-Selective phonon excitation: MSPE) 23 A[HEL 72> T 5[ 1-4], MSPE (3, B ELD 48— iRz
B B VRS OMTED I LD HEH A B TE | VX — B OB ICEELR ML L CER S
VTS, U BRS04 B — i N 7o & ORI 21T 72 DX, IR SV AL —HF — BRI
Ko TR SNDFEED T + /2 DEEILFHT, §7205 MSPE TRIESAVDT + /2 D534 OB A 2
L7eB, RBFFETIL, MSPE D7 4 /2 /54 O E BB FIEE ML L, RIRINV VAL —H —(12X %
MSPE R§D 7 4 /2 53 A5 Ol O FTREM: A FRGIET 5,

2. EBRFEHE

AAFFETIE MSPE D7 4 /0 DA AR OB D701, T~ BEL AR WD, T~ BELy ik
TiE, BRI AR —DLAV—EGEL, B DED = F AR =T 4 /2 DT —D 4572 N
SNTT v F A= AT~ CBELASRYE, I D =R —NT 3+ ) DT — 3 TR F L2 AR
— 7 AHEL(SR)FED STED F BRI S D, 22T, ASR Y& SR i, HIER R OEE(T)EDM T Fred
TRINDBRIZHD[5], vas Q. k. ey kB, Lisg. Isg 1%, JE S (U AV —BGELSE) D JEW ., 7+ JE R
TIU O ER I, Ry~ w K B R Q O ASR YEDFREE | JEI L Q D SR JEDFRE THD,
lask _ (w)“exp (-22)... (1)

Isr VR—Q kT
A (D ITTRTEEIC, ASRYEE SR EDFREE L, Yo 7 VDR ITHEIEL TWDZENDDNND, Lo T, ASR
& SR EDFRIENBASNI AU, T2 T IV OIRFE (7 4 /> DRSS AR EE) O E BR 2 vl e & 72D, AR
ZECIE, VTN OIREEZE ST, TDOIRED ASR JtE SR HOME AT L, MEREER TS, &
D, MSPE #1T7-7-L&? ASR Y& SR YOI LS W Bl E FV T O Hu Ikt AR E A 1

BNZL, MSPE D7 5 /o D53 A BN T %, car, &4
Nd-YVO, L—4— kel ' ;;?; ‘
EBEE —=°
LN R A 1 IR, T~ BGELS EHIE IS 532 nm 0 S 5/ I 1 T
@10.4 um i E1Z[1000]

WREONEREIZTD Nd-YVO, L—Y— (Fu—T L —%—) & Hun
%o REIET D SIC T (HAE S 6H-RAbL7 A3 6H-SIC)i%., 1R
HIATREZR T v o N —NICRE LT, T v/ N—DEMEL T, FRS
SULAL —F—(KU-FEL)B LT 0 —7 L ——% i +5 KBr, 1 SRR

A THLHT v AL A B T 5 CaF, Z Ve, 77U BELEAL VXA THEELIEOL | s has B L
i Hi %% (Intensified CCD i HZ(ICCD)WZ LD AT MUIE &L T2 5T,

ALY RS

,,,,,,,,,,,,,

cCo[5%E0

3. ™R

P 7 ELTE SiIC(6H-SIC)D LO 74 /2 — R OWIR R A% i 9% KU-FEL(10.4 pm)3 X TN Nd-Y VO,
L—H—Z &L, MSPE FE?D ASR YK SR JeDLFEMNS T+ /0 D53 st #1T -7, K 2(a)id, Nd-
YVO, L —H—D Z B L 72 R AR B TR S AL AR T LG, SR Wil &8, X 2(a) T, SR Yk
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57 (Isp)lE Nd-YVO4 L —HF—D H JJOZEEYNZ L DHRE D 55D E N AbLT, RIZ, KU-FEL & Nd-YVO4 L
— P —Z RIS L= D AT L E  ND-YVO, L — P —D LB LU= DD AT ML DFES A L0 W
J DL —H— D[RR IR CH AT 5281 (DFG) R H L72 (K 2(b)) . X 2(b)&kY KU-FEL DT H/L¥—
(U TR IR EE N L L TWNDZEN DN D, 22T, P EBRO#EF LY KU-FEL 38X Nd-YVO, L —
W —D R TR A 95 DFG LFJEH (SFG)iX, SFG DIRE =DFG DOiiE/0.4165 ORERIZHDHI LN
Do TS, ZZ T, X 2(c)?D ASR JF IO SFG BRFET DAY ML OHEIFEN S, SFG DL =DFG D
FRIE/0.4165 OBIFRIVHE LT SFG DIRfED 7574 &0 | ASR 3 (Lisg) DR EE A F LTz,

U Le BEWN In & HODUOTER LT AR EARD Lisg /Isg EIREDFHBIMENS, FEL O R/LF—& |
MSPE B IZhEEENS LO 74+ [ o @ e T e T
I DS GRERB) % | i : P i
BHLZ, M 3() B L V(b) I
{2, KU-FEL O /L¥—&

In(Lus/Isr) . FREARRIVE HL

ToAREEEOFMEM AL R, N A, R == W B R = Y
3(a)kY. KU-FEL O %L ™ Wty 0 0 TG 100 00 TOO S0 O O
— RN ELIRDITON. 2 FTEDTERVF —D KU-FEL & MG L 7o REICBHAI S A1 72 A7 L (a) SR A
In(Lusg/Ise) 1. OWZHIT L TUY  ~ZkL (b)DFG A7 ML . (¢)ASR H:35 L0 SFG 2MRAEL TUVVD AT L
HZEWbND, Fl2, R ER

KU In(Lysp/Isp) & MRV THF L 72224 KU-FEL O3 @) (o)

JLE—3 0.25 mJ OIFFEEZ 500 K £720 KU-FEL @

TARVX =D T DI ONMRIGC T + o OES Sy

A QREE) NEALL CTWDZENHBMN o T, KRB

TiX, mtas ORI T O3 fRaE MRS 7~ UL

DY =T DT —HRAL I D7a<fERIITRAZE N KX

{IpoTLFELTW, 51T, IV E o ifRE THIE TX

LI A E 2RI LTSV —T 4 T CHERTT 3 KU-FEL D3 /L3— & In(Luse/Isr) 36 L ONWRFE
W OB WE BRI A T2 TS T E ThH D, R0 B U7 IR B L O FR B

[1]Kyohei Yoshida, et al., Appl. Phys. Lett., 103, 182103
(2013)[2]Muneyuki Kagaya, et al., Jpn. J. Appl. Phys., 56, 022701 (2017)[3] Oji Sato, et al., Phys. Lett. A, 384,

126223(2020)[4] Rei Akasegawa, et al., Jpn. J. Appl. Phys., 60, 102001(2021) [5] Hirotaka Fujimori, et al., Appl. Phys. Lett., 79,
937 (2001)

WXRRI) A NBIUOREERY X b

(AR A H]
()& WA, 2, A, KERY, 70 F A= A A= AT~ CHEL O EE VT2 —RER
RIS A/ o DB/ DL 2 oA OB, 55 84 IS HIMERF 2K AN = | 2023 4 9
21 B, REAR REASR—/L (RAZ—)
(2)Kyohei Yoshida, Mode-selective Phonon Excitation of Semiconductors by MIR-free Electron Laser, Z:/lI A
%2300 A\ (&) . The 14th International Symposium of Advanced Energy Science - Research Activities on Zero-
Emission Energy Network, 2023 4F- 8 H 31 H, BT FEIKT: FHRBIIILT IV X375 A—n1
(3) Kan Hachiya, Rei Akasegawa, Kyohei Yoshida, Heishun Zen,Takashi Sagawa, Hideaki Ohgaki, Application of
mode-selective phonon-excitation method in semiconductors of energy functionality with mid-infrared free-
electron laser, Z 1A%k 300 A (&€ H), The 14th International Symposium of Advanced Energy Science -
Research Activities on Zero-Emission Energy Network, 2023 4= 8 H 31 H, 5T RAESKT: FIREBIIELT
FY I A
(4) Kyohei Yoshida, Heishun Zen, Kan Hachiya, Hideaki Ohagaki, Observation of a distribution of mode-
selectively excited phonon on SiC, Z/IIA%L 300 A (£ &), The 14th International Symposium of Advanced
Energy Science - Research Activities on Zero-Emission Energy Network, 2023 4= 8 H 31 H, s mHLK
¥ OFRBIIKTIY IR
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SFRBMEICE SR VLS U DRERIRK SR

JIIREPERE !, ik 2

i R LA IR T R T S
2R R L X — B TSR A

1. BEW

WY U LZATAMBRE S 2 R E L TERENDANTRY ~—TH L7120, FERAISATH O,
BREEINLDBRTIE, RV LE 2V AN THDOEREMBER T 0 ZORBENLEETH
Do BUR, RV U LZ 25T 551EE UTEY 2 MW TCEERR T IEDBIFE ST TOL D3,
BERITIEOFHES 2 EPAMEICBWT—R—HE1NH D, HIMERBUKIZ L > THIKRDIR S 508,
T ROWEZRFF LT E E 0BT 5 Z LT IRICKNETH D, AUFFEO BEYIE, BREEICAMRTZ
HEx2nWTo L2 UREDHEZRIFUTTIRI L, £/ ~— RO EZ R L7 E FICRE S BILT 575
EERET DI LD D,

2. ik

HRAE T L — Y — (IR-FEL) 1%, #IEIEERIC L0 i< £ TMESN-EB B — 2008, KA
W AR BN AT BIIRS (7 > V2 L— —) O TS EE M SAHAEERA L, HiEshb 2 & T
FIRICE D, IR-FEL ONFHIRFRIZ, D ARG TR R AA, 2) 7= A M~ afp L x| 3) &
B - =X X —Thd, THITLY O TOREKREE (HiFEREN 7 &) 2 U CRE 2B 5 2
EMAEREE D, TIROARY 7 L& 2kt LRRE T, IR-FEL % 15 43[R THRH L72%. FT-IR
% N CHENT LTz,

3. BREUEBE

RKDORY 7 L& 75— BTk L TATR F— RIS THRIRINZ L7 MLZRIELE (B1), &
BREED B — 7 7% 1076 cm (T S 4L, PR E— 27 3 1632 em N ICBIHI ST, £ 2 TCINHOE—
JIZFHE T B R 9.3 um L TOV6.5 um T IR-FEL 2R L7z, xR E LTI OB EER 5.0 um (2000
em™!) T PRETFEER $ FEhE L 7=,

W 9.3 um ORFO~ 7 B /L AD TR VX—T 43-44 m] TH Y, FBEHNTEEOFEHR E 2> 5N
RZDOPERTE T, ER65um DO~ 278/ AT X =339 m] THYH ., ZOREL R4
Ule, BB ORY v L2 07 4 — AOEEIFBHIFNIRTO0.02 g Lz, —J7, HE 5.0 um
D=7 /YL AT R F—L 41 m] THoT=N, BREHIIXIF E A EZBENAE Lo T,

UL EOBERERD S . RN D B HEETO L —F—RBEHZ L > T L& UREEIC R E R bR
L o7- MR SN D, R 6.5un TORSFTERY VL OEFENBD L2 &0, R ~—
WIENT7 T 7 A ML Z ERPREEIND, HE6.5um Xy L& U REEICE £ h N-H A AIRE)IC
FIY %728, IR-FELIZ X DIRENE OFER T L 7 B D0 LT rIREVES RIB S D,

SRV ha AT L— A A AVE BRI CREM 2SS R & 35 TETH b,
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4.
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O 1 1
4000 3500 3000 2500 2000 1500 1000 500
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K1 LHyT7d—EDORNBINALT MLV FEED : IR-FEL OB E

FRXFERY A BEO TABEFERY R ] 12250 T

[REE¥ERY A ]

1)

2)

3)

Takayasu Kawasaki, Yuusuke Yamaguchi, Hideaki Kitahara, Akinori Irizawa, Masahiko Tani
“Terahertz radiation to amyloid fibrils”
Q-BASIS2023 (Quantum Beam Application for Sciences and Industries 2023), 25 April. 2023,
Invited Speaker
JINGE SR
DRI BB RO IRENhEE 1 L 2 AR B E Db 28 7
UVSOR/SPring-8 #HEAAE—L T A4 VARl —Y—XI—FT 4 7
2023/9/29 4y {-WFRFZERR 201 B2 OEASSE
JIRE SRR, T L. B HE
Y3 R AR ARBTRE O BUR YCBARSIR I o3 ST
UVSOR & AR 7 A 2023
20234F 12 H 2 A HAB ARG 7 7 Lo AU — RAZ—

_51_



ZE2023A-21

H)OLAF VENARD-HDILEMZRABORIR &
1T VBRAERELOHESEICET S8R

ERHEA Y, SCOAsR L, IR IR E R 2, B 2

R IBUR SR T e R
2 ETER KSR T L X —F TSRS

1. IXIC®IT

it AR S8 AT DOREZE I [\ CEIRIIHIF O e Ok S Lz mERE R BB O BB A NETH 5,
VF U LA LB (LIBIXEWERNEEEZH T 570, BmrVX—FELICAEFTHLN, Li &
EDEE R L E R AKIRIEL TR Y | BIROZEMIGIIARLZER L TWD, M, B U AL FE
fh (KIBXZEJRIHIFI AN = & (R RE K 2.14%, Li: 0.0018%)(2N %, {EEVELE ¢ LIB (ZPCHEK
95 (EHEEMmELN K/K: —2.94 V, Li/Li: =3.04 V)72, BILWVHBOZEET XA AL L THETH
%, KIB FHRFRAMBO AR EIZ250mAh g 'R EHREINTVDEIN L L &R EOH -2 BMmik
WEORENLEN TS, T FEL (SHITEWHEGHAER (660mAhg &A% 720 KZE /172
KIB BAMIEWE CTH HD, K W — I & 70 5 RE e MHEELICER L CEMPAEL TLE D
TeDZ LN A 7 AR LG LRV, ZDO XD RREAZM O 72D LaSb & Sb LA ET-
LaSb/Sb (10/90 wt.%) = > AR NEMITKT L CRTNBFESE O LA R 2 BiZ & 2358 % L 72 KIB HA 4
WRAREME K[FSA]-[CsCipyrr][FSA)Z i L7z & 2 A 2, BN A 7 )VEZEENSE LD 2 & ZREE
EFETICRHLTE R, SFEEIZOMOFm T > F 54 K (RESb)E Sb bbb Ry y b
FEHROD KIB BEAREE: 2 5~ 72,

2. EB

AB=JINT A7 (MANEIZ LY RESb/Sb (10/90 wt.%, RE: Ce, La, Sm, Y)al k2 5% L 7=, RESb
DB R AL F R L R D KO ICHE L AT L AR » MZE AL, [BIEREE 380 rpm. 10 B
MOSMETRE L2, Sb M RZBEIML T 10 2EO MA LT L2 LIck ) ariyy Nk 21
7o, MEWANCT BT LT T v 7 (AB)%. #EEAMIT Styrene-butadiene rubber (SBR) %, KA
Carboxymethyl cellulose (CMC)% W CIE#E : AB : SBR : CMC=70:15:5: 10 OEEIL TIER L 7=
25V —%F A7 by TRITHE (FRE, HSCM-MIS02) 12 1 0 855 Hbk Lo dfn UitBim 4 7R L
7o BT T 1.10£0.06 mgem™? & L 72, K 4@ % %2, K[FSA]-[C5Cipyrr][FSA] (20:80 mol.%. CsCipyrr:
N-methyl-N-propylpyrrolidinium, FSA: bis(fluorosulfonyl)amide)% A 7 > AR EM'E & L CTHU 2032 B
M a1 VAR LT, FRACERBIIENE E 200mA g, BEALIE 0.005-2.000 V vs. K'/K, HIE R
FE 303 K DS THM L7z,

600 . . I T T T

3. MERLELE © 00 YSbISb | osbisb

Fig. 1 |13f& % ¢ RESb/Sb (10/90 wt.%)&EMD FhtE W A 7 g Sme/SbI CeSb/Sb
N ERT, 3 RY y MEEETZ RESh OJHIC K v 34 ¥ .
MR/ > TIEY | KT CeSb/Sb BMAR bRWAFMAT  § 300 % ]
Lize 20 &5 b0 v AEmaEIc R LT s e 8§ \ |
T L AR E TSN LY SRR OBRONE B 8
L7, TORE, SbEMEMCILEMEBAMEL Tk, g N
— G CHEMBEVERCIIRESEBEOWE I N o RESDIB (10/50 wi%)

0 50 100 150 200 250
Tz, K2 RESb F1A4B#E) L9 W, SERE 2R K Charge-discharge cycle number
e VB C X EMARES G STV D EHEE L. Fig. 1 Cycle life of various RESb/Sb (10/90

wt.%) electrodes.
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RESb ' ®D K JEHUEREL (Dk) & EXALFEINZTH T,

Fig. 2 AW OB 75105 LT K IESIREE 7 1 v i @%
FLELDOTHD, KTERE & ISR LRIKT 5 : ;
EBBBMERY | B BVIEEAREE AT 5 LaSh BE 4on] %%f j
X CeSb & AW - BTN - MREL R 2 L Mbhotz, 2 Smsb f
LER->T, FHBY KIS R MY EBRERANKE 5 | v%#
BV — i L. Sb 2B OIEANRANCE T 52 o' :
7o < EMRE ORI DIV D L LTz, 7272 L, F s b
HHEWVDIL CeSb # HW=EMTH 523, ILBIRE b : 1
ENDIL LaSh TH o722 LMD, VA I AEMFET L CRCR Y S—
TR — I b THET D L E X, BSTRDLBEM Latice parameter / nm

B ICHE H LIIE AT - 72, BEMEEME L 13 Fig. 3 offi  Fig. 2 Correlation between Dy and lattice
AN R & 5 22 i E 1% D CH—h -l A4 inx,  parameter
INEF BN TEORIEED 10 %ETT 2 DIZHE R )] %23 LT

BY ., ZOMEMEWVIIERL NN EEEWT 5, HIEDOK

. CeSb BAWFFE TH~7= RESb O Th b0 B U WE
HraHTDHZENDMoT- (Fig.3), Z® CeSb 23MFEU Sb D
MICHFEIET 2 Z L2k So B DG ZE#EM L., Sb Ok

{E23 ] S VEMOREIE N L EN LTz EHEZE E D . CeSb

D K JEEREIE LaSb DZiL LD HEENTIRN S O DEN
T 2 5728, CeSb/Sb =1 LRy b B AME

Wizt A 7 VFamzaar Lz &flim L,
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WHAROI IR RZBfET 25 ECEHEETHD, —FH, 3tV v AOA 4 NEROWRITHNE
=0 T, TOLEWVEZR A —E2RET HDOIFXES THDHMN, 3MlitY 7 AL
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Reststrahlen SO DIEAET D DT, TS~ 7 a0 2D EIZF O O E = R /LEF— [l 0.19 eV
nWEE L, A7 NETe—T oM NTERERFI0W & 120 W) IZERE Lz, FRISE~ 7 1
SNV A S RBPER EERRER %5455 L MCT fitigsz VTRt L7z, MCT Betias o H 115 513
TFTIUHNVARNL—=UF v Aa—TIZ AT L=V F )b a B a—H—ZHY A TN LT,
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THDN AT R X —(H(a)2.52eV., (b)2.69eV. (c)2.79eV TH Y. TNLN 3z 7 LA A D 4f-
5d WU AR = R L2 —ff] W, W O &= R L X — AN E T D, W O = R L — 1]
Ze N 3 A RE, N ZEABIXBLAL R, WIS So W i OD e = 0 L 35—l & S ahikd 9 2 IE . WRINZE (b3
B 5, WO mE T 1L X —Ml 2 et 4 2 a1cid, i & EHFMOWIRSy N8Bl s s, 8
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Fig.2: GGG:Ce fii i D 7 7 X~ WL UL D HE ]
BRI FEmAy & RFMT DR
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TNT X —FTZNEN2.70eV & 2.64eV THoT=,

3MliE U U LA A D A5dRILAS T RV & T 5 & BFMAT O L & W KL — X g &
< —#T5, ZHFEFMEON 3T U 7 LA A D 4£5d I THE L TWAD Z & 27, 3t
U A FND 4-5d I TH U B 1T 7 n — 7RI L » TREHICRIER S, O E L
T TASRIEIBBND B2 OND, FHEROEERIZME SN EFIL3MEY 7 AL 40 5d %
N~ EFBEFNT D — 07, K& RIGUELLIZ I CTHlE & i 24 ) IRS N TEHFMR D DNEND EE XD
nNo, —JF. BHEGMERINIEFEGRSOEZ RNV X[ TET TV, 3tV LA 4D 5d YR
ERMARDIRER R L CFEET A L2 BET L & BHEMBRDITIIME Y 7 AL 40 af
AL B FHR DR R~ DO B BENIIIC L > TAEL S EE 2 BILD,

Z #UE T Dorenbos KRR L 72 EZEHEG JLYERE B = R L X —[K[1]02 b T —F v MEAARIZIBNT 3
iz VT AhA A D A MG D RHEDRER KT ~DOEMBEIER = XL X =KD LTV D,
GGG:Ce IZBWNWTZEDZ RN X —|TH) 3.0eV Th U RHEN S (K 0.5eV)E BT D L EFHFM D EL
HLEVWTRNLFX—LE T D, L7=N>T. GGG:Ce FEHIZBWNT 3t Y 7 LA A D 4f HEMLIX
GGG DB EE &2 FEYE L L TR 2.70 eV 720 P S TENWLBICFIET D L T& 5,

4, £L®

AWFETIE, BB EAHS v V777 X~ K> T GGG:Ce &bz 5 3z U w7
LA T2 D A EGLD B RHRDORE R ~OEBEMBEER O L WVMEEZRE LTz, EHFMRONED
TLENZRAF—(L270eV THY, 31MlitV 7 LA A D 4f-5d BRIUHDHK 60 meV EEIZALE L
Tz, BZEHENIEEE S T XL —X0 0 T RSN TWE & RN S OFIFH T2 L T\,

BE 3R
[1] P. Dorenbos: J. Lumin. 134 (2013) 310.
[2] M. Kitaura, H. Zen et al.: Appl. Phys. Lett.112 (2018) 031112.
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RELAX |Z7RBE 12 ICF152 AR— M AU FEEL TV 5, <L
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TH 5D, ICF152 "R — F O 21T 9,
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BUTIRRECORNFEEZ R LIRS, Y7 e 2 X ofClid, BEHBAIEE () 1E 359~396 nm
ThO, WITNLEARNE R LT, BAEEFICE (@) 130.18~0.49 T, 1a, 1b, 1g 7% 04 %
X AHMEZREE LT, — ., BRRETOENBKIERIL 356~518nm THVH, 7 A X HT
DOIRRIE R LD L 1b, 1f, 1g ZBRE, WTNHERKET 7 F L TWe, Z OfEFRIXERIRE
IZBWTZINbLDZ—7 Y — /L TCIXEFRSFRMEEFERDPBEEIZAEC TN 2R LT
Wb, E£72, 1c, 1d, 1f TITZENZE4L 480, 480, 544nm AR E & T HMT572 0 ANFEH B
B L7, DAXPBHIENT- WD ZEE, ZRODOEEY 7L CIIEMREN R Z > TNDH 2
EEREBRLTEY (U7 SRRSO 8 O B R -2 R 2 TR A 22D et S vz S HERI S 4
%) FDT=HIZ e, Ad Af TIEMOFEAER LV RN EFIEMELS o7 LE X HIVD, PMMA
T AR TO T, AF ZERE . BB EE 351~388nm (IR T ERAMNEOL AR LT, HOLET
=T 0.10~045 Tho 7o, BERKE TORLE IR L FEOM A7~ L TV T, 1c, 1d, 1f D
BRI X 0 IRV (0.10~0.16) D% L. 1a. 1b, 1e. B LN 1g DEFILHRIT 0.30 UL E%
gk L. EEEIZ1g D 045 ThoTo, FEMMERELENIR~DICH Z F8 M) L 72 888 BH LB
W<, THDOFRERITERITMET 5,

#£1 Z—T7V—L1DOFREEME

1 1a 1b 1c 1d 1e 1f 19
v | O | O | O W |
MeO Me
In CH2Cl»
Aem (nm) 380 375 374 359 396 396 390
(1)) 0.42 0.48 0.27 0.20 0.36 0.18 0.49
In the solid state
Aem (nm) 372 387 356, 480 357, 480 390 518, 544 404
(1)) 0.20 0.30 0.16 0.18 0.36 0.25 0.62
In PMMA film
Aem (nm) 381 377 360 351 383 413 388
(1)) 0.30 0.30 0.16 0.10 0.37 0.14 0.45

3. TPEA%KRVU AL

Masaki Shimizu, Hiroshi Sakaguchi, “Development of Solid-State Emitters Applicable to Luminescent Solar
Concentrators”, The 14" International Symposium of Advanced Energy Science, Institute of Advanced
Energy, Kyoto University, 2023 4 8 H 30 H, Kyoto University (78 A % —)

[ k]
1) B.Zhang, G. Lyu, E. A. Kelly, R. C. Evans, Adv. Sci. 2022, 9, 2201160; 1. Papakonstantinou, M. Portnoi,
M. G. Debije, Adv. Energy Mater. 2021, 11, 2002883; Roncali, J., Adv. Energy Mater. 2020, 10, 2001907.
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BRSOV KRB 5 Bl B i D BF 38
bt RN BB K B BANSY B

UALHRE R b T
2 R S L X — B T AR SR T

1. *&

PrEzIvyva vz XX =52 FHRIELHEEREMO—D2 L LTHAMEFER BT b5, £2T
(X, KFENAE (D BEIOT) 2MEEHE LTEDILD A, BUEORIEEN TIL, =k F—HERK
EVL WO RIBAND D, ZOMRIZIT, AFFERIRE L, KEMFLIREERZ MG DT 8T
IR A FNAR T BEE 2R L TN D, KEMECHRAET 2KFE - BRI A 2B EMFE E IV, &
[EFNAF—DEIREIT), SHIC, BEFEMIC L o TER LIZEAKRESC N FU L E2ELKEFN
KEMERRSE D, 4 FTOMRTIT, KEREZ N2 EMR TR BEIEIETE 203, /i
RIS < WEEDEDIREMEDOR 20% LB SR o Tz,

— 05, BRI T, KRR LTRSS RN FIA R4 A H)RT 2—7 74 A 4 /(D)
DAV & VKB AEDETT D, DT, KFEMSUE A T =X LOENT LY | KB K
D HRERFENEDGBERED IR TE D, F7o, SiROTDRISHEE D RBAETHY . EHAk
SYBEERE A EN T D7 DIC LB MBEE B RE R TE 5, MRE LT, VAT AREOZR/LF
—IHE % KIBICHIR CX D AREME A D T D, & 2 TR TR, SBERED LV @V FEZ B
T 5720, ERREMEZ T IEE R LT,

il

2. EBRFHE

AWFFE Tl LiICI-KClARME R THEBR A 1T > 72, LiCl & KCl #1453 K T 72 FFREILL B, 723K
T 24 B E 22 S 705 | LICEKCl = 58.5:41.5 mol%|Z72 5 X 9 IZIRA L. 673 K Tiafl S 87,
TER BRI IL A REME -7, A4REMIL HPtCls (2.0g), Pb(C2H30,)2 (0.02 g)Z WshN L 72 /K&K
T, B4l em X 1 ecm)iZ =176 mA ecm ™2 T HARL 2 M1 H S TRUYWE L7-, Sz id Al Z .
S IRRRIZITBEBRACFEIINCIER S T2 (a + B) I PIRED Al-Li 542 H L, #EALIE Lit/Li o
AL CTHE L7, WEHEHIC LiIH & LiD 22 1.0 mol%E 725 K 2 L7, 0.7 Vvs Li*/Li T
BIRZATV, X U T HAE LT Ar Z8/VNICHEG L, B A DHE S/ KT A % DU HE i
BB ATHHQMS)IZ THdT L7z,

3. RBIUELE

LiCI-KCl &l 12 LiH, LiD % Z #1740 1.0 mol%¥sin L C., [ 4 BEM CEAE0.7 V vs Lit/Li) & 1T >
7. FigllZid, ZOBROERMEE ~T, EMRIHNETK 200 mA OEFEATEILIZ2S, REfERE & M
2 Lz, ZORKIE, WEEPICE TN H D ORENED Lizizo L SN D,
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300 107
200 , 10710 L HD |
~ JIPPREVEYS
T,
\"a,
100 * E‘“\% | 10711
"\\‘
\\\\
\\@‘
| | R 10*12 g | |
0 0.0 2.0 4.0 6.0 0.0 2.0 4.0 6.0
Time, ¢ / hour Time, 7/ hour
Figure I ~ Time variation of current in constant Figure 2 QMS ionization current of each gas
potential electrolysis in LiCl-KCl molten salt. component in the hydrogen gas.

FIEMECRAE LT KR T A% QMS IZEA L, HADOM L Z 38T L7=(Fig.2), ftfho 1 4 {bE
DI T AHF DL RS D ED I —ET 5, BRI LY Ho(IR), HD(H). 1L Du(kk) DIRA N
AR S iz, EMEBRLED 4 RERZ I T A OB R E Lic, ZAUTKE T A DB /LOELE N
DAt HAZEBR L2720 TH D, HD * o WA B E <AL, Dy T ARIZEDNNRETH -T2,
AREERTIE, DEEEREORE & U CoBMR K ez U FIc k> TRI LT,

a = ([H)/[D]), / (H}[D])

KPP OLNIENENDFREFIEEZ R L, glIBET A, NIRMEZEW T 5, £ a1 I RKEW
BE, J8AE L7 AT H DM S, ENRRKREL 2513 ENBEERENE L D 2 L2 d, KRIFETIE
Fig2 THOLNTZA FUALEI DO B (HY[D]), ZHE L7RER, ax 1.6 L72ol-, ZHUTED ., ¥
BT AT H DSRAE Siuiz, WEEERE I, ARFEBR L1372 D 3 MO EM(Zn, Pt, Mo)Z FW ClRIER D FE
Bra1To72, LorL, a = 1.0 Th V KBRENARDOIRMEIIMER S o lo7od, H4aEIE Zn, Pt, Mo
(ZHARTIRIK B RNAARZ 3B CTE 2 Z LR L NI 2T,

SR, AGREMORE L TOHAHRO D LEFER O H OLMO A ELFHES 5, KEHEFKRT
X, AARER ETHAROH BT L AZRKTO D AT 5 RSRHRE SN TWD, mRiE R
THIRBEOBRSEOFEL, H 2RI LR CHERIC Dy H A 2R E 1), DEHREERIET 5
ZETHLMIZT S,

4. TOEARRY R b

1. “Study of Hydrogen Isotope Separation Technology by Molten Salt”, Toranosuke Nago, Yutaro Norikawa,
Hisayoshi Matsushima, Toshiyuki Nohira, The 13th International Symposium of Advanced Energy Science
- Beyond the Decade of Zero Emission Energy — (Poster Presentation), Uji, Japan, 30th August, 2023

2. “Deuterium isotope separation by electrolysis in a molten LiCl-KCI-LiD-LiH system”, Toranosuke Nago,
Yutaro Norikawa, Hisayoshi Matsushima, Toshiyuki Nohira, Mikito Ueda, 2023 Joint Symposium on
Molten Salts (Poster Presentation), 12—-16/11/2023, Kyoto, Japan
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N T bOE—{tEYBEEFRORHREFTIE
KEFICT 1, WIEDEA |, IUFEE KO, Hvme
BRI S AR TR, RS KRR, S SO A AL — B T AT

1. #5

SRAFRL ) T BB E R (REBCO) L, HBHID T R X =R ROE VR EIRBENS ., BEEF o
MBI~ 732y FELTHETH S, LHL REBCO OBIREREIZ~1020/m? LI EDOIRE THKT 2
[1], ¥V FIZ X DMEDIRBII~ 7 % v b & KEULT 5 2 ENBIENRTH 5720, Fex ITRME
s L, AREICHRINCOROVBGREAREZFHT L Z L2 EZTWD, ITFE, KALRICL > TRE
ENTonAg = b v B—A R LB 5 ERHE-REBCO)IZ, REBCO MO A HHH(RE)Y A I 5 fi
ML EDO &R TR A ZEHETNE TEBR IS ZBRERT, N = br B —54 &[RRI RS TE
ZEOZ LIS N D, 2022 4£E 1T HE-REBCO O ° Z % 3+ /L DuET % VT =8 T He"
A A URE A G LTz, BRE R TUEH(SQUID) & AW T2 85 E R EDOFHAIA 513, YBCO @ RE H 1
NZ Sm, Eu, Dy, Ho #Z iR EHT 25 & B EIRE E RN ATO 1/1000 FRE L F LK T 5K
T, BREEBIRE O T A KEBICIH SN DFER L 72 o 7oA ZRIED 2~3K OIKT : 2o
YBCO T 12K DK T), 2023 FFLE1F Z OFUEFORGHIFE B 52 2 520 L, 762k YBCO & ¥4 D HE-
REBCO (Zxf L THUR A & 72 63 WAL L0 SEICr 5 2 L2 B e Lz,

2. RBOFEE - EBRFIE

PEER T L A = —HERVEIC L o T SrTiO; Fob BT c dilifidm) & 72 % L 9 ICHE S 7172 YBCO &
HE-REBCO OfE[3]C, HE LIEEEITNT I HK) 200nm Th o7, £ 112 2023 FEOBIEIRS &
L 73RBS D FEM o3, B ARSEATE IR (T 1[mT] DAL . B LB i B (J)ITIRE 2 [K]
(2B T 0~7 [TIOWEY; % 3T 1= & & ORI O SQUID DIIEM TH D, ZiLH OB HIRA
F v B — L HEE (FIB) T 30keV @ Ga A A Z W CIRE £ 2 S W F ol 280 1 L, FHimhl
A PAMREE(TEMYBIE ] o fEalpl & L7z, sUBFOJE & 1% 100nm LA FC. FIB O EFIChEEE %
2keV F TR TF &, REDOMLY A —VEERE LT, BUEENL KT JEM-2100F £ A L CHl[RAE
BPEIPT g & E R A B L. B RSP kL X —HL T 22HF9ERT O JEM-2200FS 2 L CEF=—
KT =R AT o 72,

F1 BEsdg L Lz o st

B GRLER) HRGR 2 I: [K] Je [kA/cm’]
YBCOM#REI: YBa,Cuz07.5) 1.0MeV He" 85— 73 | 27500~2500
<27.4°C — 5000~1800
HE-REBCO(#RE5: 4.36x10"ions/cm? 86 — 83 10000~2500
Yo.128mo.08Eu0.26Dyo.1sH00 36Ba,CuzO7.5) (N5 53 T 4.5~13mdpa) — 8~1
3. BROBE

X 112, &Rt BB HIZ O @0 iFHE TEM (8% /R T, kst o%A L 1x 8720 . YBCO %4
%, HE-REBCO D4 %, HE R OFEHZ B W TN IRERT L W T OEFIRIERT TV D L 91T
HZ%, L L, BRI TR A TEY | maaet 6720 TIERAIC X 228k 25l s Z &
DEEL o072, LvL, X0 IRWEPHDETSZ — (X 1 FAE)DBI%, BRI OB R,
BN TeT BN T 7 AHKDY 7R A 67z, YBCO & HE-REBCO D 7 CHREZIZY & 73
R TE =0, U 7 OIS RPTREZRET 5 Z & THRFFI%ZO T BV 7 7 AMEKO K%
g U7z, X1 P& A, FERE D O k2 AR fhc L CHEEL L=, YBCO & HE-REBCO O 4}
HI DRIFTRED L THh 5, b A H25 L, HE-REBCO (2B W T, HLENICREZOTELT 7
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AV ¥ ZALE O BT 58 FE DS &
{7g->TwW/, —JF4 7T YBCO
TIL %S U o 7RO
P 2355873 > 7=, BEHZ L 0
TENT 7 AFEDE R S
% & ORERI RS R &
H29 5 7=, HE-REBCO O
J. DIETFIZ, 7E/LT 7 AfEK
DIERBIRKTHD EEZ D
Wb, T7TEINT 7 AGEE O K X
SN LT ET LT, R
S L DBERTFOXREIL T,

KTORRKRE 25, R o e
EELS Ik - CH/E L 7= YBCO 1 BB BRI OAREI OB O ifeER T : BRE% O YBCO 0P

ORI %O T I X1 % B = (f), FEEE CHE L L7 R O YBCO DR EE(H) I LY
20 M LTCh D, BRFEO)D HE-REBCO D[]85 % (47)

K W, $R(Cu) D L WY

UV T, N E LIRS AR

THfEREWVWR R 572, Cu

O L WO FIEE L < &1k

LTEH, BEIZEL->TCud

D DAL EIREE & R O/

ENW ST ELRESELE

ZEDRRTHRNS,YBCO IZD

WTITmEIZBRE R—7 &%

ZAL S ET-H BT EELS fi#fr 2 YBCO OBERIHSOTFILE—1 R AT fL OO K WL
T LICWE B FELMALK 2 5 cuo L Wi

DX IO DK WD H

ERODREZRIAX [~ T N T L2 8IE, BER—TEDOERTICLLZ2DTHLZ LR oT
W5, BLEMNS, YBCO THREHZD T.2ME T LIZHHBIX, BEOXKBETH D AMREENEVE VR D,

4. BEIER
[1] J.C. Barbour et al., Nucl. Instr. Meth. Phys. Res. B, 65 (1992) 531-538.
[2] Y. Shukunami et al. Phys. C: Supercond. App. 572 (2020) 1353623.
[3] A. Yamashita et al., Jpn. J. Appl. Phys. 61 (2022) 050905.
[4] N. Gauquelin et al., Nature Commun. 5 (2014) 4275.

5. BRVU R b
[ SCFEER U A B
K. Sakurai; A. Yamashita; Y. Mizuguchi; K. Yabuuchi; N. Oono, “Irradiation effects on copper oxide
superconductors including high-entropy REBCO(HE-REBCO)”, Nuclear Materials Energy, #%F&H.

[REEREFE Y A K]
BRIV, REFE, IFER, [uHpER, Kof—, s, Te=r e v —{b L7z
REREBREOMST ) BRI/ 2023 F£RROFE=, 202349 A 7 B, 4lEd. DEERER.
K. Sakurai; N. Oono; A. Yamashita; Y. Mizuguchi; K. Yabuuchi, “Irradiation effects on copper oxide
superconductors including high-entropy REBCO(HE-REBCO)”, #J 500 44, 21th International Conference on
Fusion Reactor Materials (ICFRM-21), 2023 4 10 A 22-27 H, Granada (Spain), 7~ A % —%3&.
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RRSIFEEMHEPRDNTIL - RS FERIZHT 5BHRE
UMM EH&REFSE

IARE !, #NEERE 2, G. Robert Odette'
'University of California Santa Barbara, > 5l K5 %L — B T2 0FJE T

1. #=

Yoo vva RO A —JHOE L R DA ORI HIT, O HEREE
(I R A4S D AERA B DBRFE N TS & 72> TV D, FRICHEEM BT Tk, mm ¥ —fiEric k2
FZEHUZ K > CRED He JR - 0MERK USRI R A~ D ST WIRIT SR A R OEtE I L -
MBSO ZE LWVE TR = U U R EEZ S, MEEEmEEAT 5K EoTn 5,
MEH O He OZEhiL, He ApkE - EpcdfE, PREHAG R, HBIEEE, He kHAG &, FREHEE
72 & O RFTERBE SO B O WGIALRR I TR 7E L CHEMEICA L L. Z ORI, R HICRIA &
TR, BREFSIE L & L0 (7, BRI & - TRE S BT 2 EEO RS BREEICHK T 546
B He 2B TN, BB S50 F D He 82 EBRIVICHIRE L., 6 OfE
BAAFENCER TE A PHET VAT D 2 ENMERF R TH D, £ Z T, DuET %EE %2 F
FH L7z Fe-He A AV [RIFEIRET FEBRIZ L 0 | AR ENHEE L N He IEASFM T TO 7 =T 4 bRt
EMEM R ORI Z A DI L, RS He/IBIBEIL L BEFHE~DO R Y = ) V7 BIkFEE .
MRV K DB E DAL Z A S M5 Z L3, AFFEDOHIITH 5,

2. EBRFE

KahE S eEsi 7 = 7 4 Ml F82H @ 2 fiiD b — 100 ‘ ‘ ‘ 1000
RFIZoUW T, DuET 3B % V- Fe A 42 (6. 4MeV) —He | — Hlina
A A (IMeV) [RIREFRST 2B 2 | 500°CIC THEM L=, K112 80 =~ He Gy 1800

AT I, 72T A4 FRMBHHFIZ KA AL K 1.5
pmé& 1.1umdDOENTIIIE—7 ZROENHEE (dpa) 4y
i & He EAEDAANEOLND, XIZIE, Z 6 DLk (He/dpa)
kAR TR LTV D2, £ 600nm V8 S AFUTAH S 1100nm £
WTET, ZOENMEE-TIT2D L DIT, He DA FHE <
NTCWb, ZOHe/dpa?23’1 5, 30, 4 5appm/dpa D44
— A, 600nm TOME &) 80dpa, 3700appmHe E TOHEET
EBRET -T2, ZOREZORENG, FIBMTICE D, |
X 0~2 BUIIED L ARG LT, EamE Ty 7 =7 PRTORMRE
BB AT\, ZOWESH I 100nm FIFE XY - 7= fEk He 734 Dl
IS, FYET AEOY A XEBEEEZRD, TOXY ETADKRBEDFEREAT =) VT EEL
770 4% 100nm 8 T & He BI1E. SRIM2008 | L % iElfE DIE S &P CTOYH L 45, ZhE
TILEHEINTE-X Y BT 4 KOO T — 2 I OE NN A BRI A T = U o 7R & EZEE O
AU U T EIZOWNWTOI EZIT T2, FloX v BT o flik & AL A BEE ST 5720 0F 7
T IME X DR SARAFIEZHIE LT,
3. PHIAERRICE S AT 2 Y VU IIEEET L

RA RRAT = U o 70%, BE T TORTOME H LIBEHIC L - THEARIZFEEAR T 5 5122
FL(V) & STA 23, FRICHRAZICIRIN S D BEOWINZH R DE N (STA > VITER LT, ZORERAaHE &
RAHBVRXYET 4 (RA F) ICED SRR END Z LIZL > THRE LT DR TH D, HH
MR AFET D EARMED T 7 & L COERNL, NT IV A RENZEND T > 7 58 (ky, ke, ko) &
INA T A (Bg, By, Bo) 735, B TFTOSIA KN VORI DX & DX . FHhFi.,

DiXi= nd)dea/{kd(l + Bd) + kb(1+ Bb) + kv(l + BV)} (la)
DXy = ndoap/(ka + ko + k) (1b)

- 600

(wdde) sy

- 400

dpa, He/dpa

4200
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LRikEng, ZZTREKF 7T v 7 ¢, dpa WriEifficam. K ORRMENR T A7 — Kb ki
HEIENDOE, Ndowa 1T, FEEIZRARMAERSGERE TH Y | B RFHREHE & LTV 5 doap D
13RBETHD, ZNHDRA R T ~DOMAEDZENG, REHBEHE o THEL L2
VU TEHER, R RN+ ETHETIEB=B THhhZ EEBEL T,
£.” = nkvka(Ba-Bo)/[(ka + ko + ky) {ka(1+Bad) + kn(1+Byp) + ky(14Bp)}] (2)

LD, TIVETICERE I N7 DUET BT F82H S O fii#iAR T — ¥ X—2 2 F|H L. ZhZEho
AT ) T BFHET —H RICBWT, NI RA RN D ko & k2RO, ZZICHESH
TWRWERALAERR IS DUV, RERIAEM2 S D ke Z HBICHEH LT, Bo>Br0 & LTS BHICf
AL L7=ET VT, KT —X 56D £, =f,(dpa - dpa) ZI/NEHET 4 v T 7T HZ LIk -
T, FEWNAT A BBy 2RO, M1I1X7 4 v T A4 T7H%DOET I (ke/ky L ky/ka DR E L
To#R) £5TF—2ETO £, (k/k, k/ko) D TH 5, L ENTZET AN, FEh A
7 A BBy IE 1. 2%FREE LAl S 4. TEA He E2sHEIV H LI SEHRINT Y A X2 TR LT
AT =2 YT PRET BT D3I SA T A 1L5%EH < K LT,
4. F U E DAL SEFENE

4 212, 600nm &S IZ351F 5 G5t 81dpa, 3750appmie £ TOT =7 /LA A L K Z1To 72
F82H TEA $flDF 7 fvIME S (& 1 — AfE SHEAE) OR SR A 7~ 3, Rififir (100~150nm)
DFERZ FRITIE, BEATT — 21 X2E—EE~250kg/mm* Z 7 L7228, Zauisst LT, RH#IR, 3
S EHTITT RSB L ESHEIN L TV D, 8H., 2 O 500°C TITEMBEIC L 2 B
LRNWEBZ LN, Fo, W SHEIXEDES TICHIALIE I OK) SMERE £ TITER IS
PRI I T DMEHRE 2 K L 725 R & B 2 DTV A O T, R E 1050nm & T He IEAEN
ML TWALZEERBLTWAD EEZXLND, BIEED TWDHIT I FREITCONRT L KA R,
RN AR BLEAE NS DN =D b KRG K O A X5 PRI S DL E L O AT,
He ST NVEALIZ G2 DERTZH O DT D TETH D,

400

@ FSIADII9BL
350 | ®FSIADII9DI %
m FSIADI19DI-BL PR
300 |
¢+
w| tET L
®
2200 |
150 |
100 | %
of 1 g
' i
0 100 200 300 400
depth (nm)
K1 AT AZK#EE LAY T K2 T a7 A BRI O T /i s
ETIVHR ERET — ¥ (BL, DI) & Z D28 b4y (DI-BL) DA IE S (KT

5. ¥¢%

ZHVE TIZEM S 72 DUET B S VRO L 7 = 7 4 Ml F82H IZ451T 5 % ¥ B ¢ fiiiAE
BT — 2 N—=2ZFIH LT, BKRMa 73 T RTHESNWT= AT = U v 7P % 2R R
TATALTTHI LK, ERIEEALNSA T A% 1L.2% LM L=, /o, 727 A4
PRI REE DT B/ NI & 28, He JEAEHIIN & SITEIM L T D &0 ) e R A 1572,

6. FIHER
AEREITEL
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MERBEES I v I RABE~OBFHR
ETRALY !, ERA 2, TEATA Y, B ¢

VHAER SR R AR SRR
PHRAERZFZRF B TR R = L — THE K
PHAER TR BE - 22 T2
PR RS RV — B TSR SE T

1. %S

RAL7Z A #E (SIC) BT X v 7 AEEIETHLRENME T LI WZ L2 EOBNTZREREN S, LV
B D E VIRBHI R MRS L TEZ SN TS, LavL, B SN SIC IXE IR EEKEEET
TERELLT R ZENEFREINTEBY, BEHUEEIC SIC 23 2 72 DITITE &3 RN 2
HThHD, Tex DT N —T TIHMEEERMABIEZH N TET I v 7 22 AW 8E CHW2E o
—T 4 T ERBE L, =T 0 3@ LR0 | AT — 28 % SiC, #5240 PRI E A
74 & BALOs2Si0,) . vy FTEET LI F(ALO)E Lz (K1), AR TIELT A N E % o
ET 272 OICIERE - fEmD 2FEO LT A NEZ g L L, B hRBREii s v a—7
¥ TSR O TR AT T PR R A A LT,

2. EBFHL
ARV, L —F— AT
SUFH 75 75 45 & (Chemical Vapor Deposition,
CVD) Z M\ T SiC Ftk BIZBR S =7 L
STHEL T A FPEE SIC ThD (PFERE
Wia S pFZeaTIc TR . IRRITE N E R
40, 20, 20 um & L., ABESEEEIE 1047°C (FF
fE AT A M) BION1150°C (FEdbfb s
A4 ME) TH5H, 1R L= EHE, 3x3mm I
UL, Wz exkv 7 a0k vy
(Cross section Polisher, CP., H ANE L) |Z (e)
TH e L, Wrmiloxh L TRER =3 r %
—H T #RFZEAT 0> DUET fitig% (2 C Si A 4 R
el (300°C, 10dpa) =177, e
R oW X RS R R BEMSE. B & | |
O EAEME B85 (Scanning Electron
Microscope, SEM)IZ TIAIRBIZE 24TV, JeHh 57
FriciddE e —7~A4 707774 % —
(Electron Probe Micro Analyzer, EPMA) % fifi ff]
L7, N
S EE 0D IS R (5T 5 0 L AN
pm A7 —/L COBERBRNALIE L IND T AN
O, BB —FEThLr TN
T AW ERE (Double Notch Shear, DNS) 7Bk SRR T 0D P 3 “r-
AT &> TR EWE L, CP BB e S he e i) o O oo SEM . (e
SEM 1§, BLOZEEa—7 1 7 RmEI/ER  OREZOWE SEM &, (o) ZlE@=a—7 1 v 75}
U7 3B O 2 [ 112R L=, TR L 72 iy DB,
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3. MR, BIUEE

X 2 2R LIz RIBEREIO TR N D
SiC/AT7 A NABETIL, 574 FENIZEANR
Si N L, Al JREE DI 2 E 38
OO, TAIFT/LTA NR{rEmTIET V2
F. LATA FEBEWNIZER CIRBENEMT S
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! Department of Physics and Materials Science, Faculty of Science, Chiang Mai University
% School of Physic, Institute of Science, Suranaree University of Technology
3 Institute of Advanced Energy, Kyoto University

1. Outline of Research Project

The objective of this project is to investigate the interaction lifetime and orientational decay of ions in
mixtures of ionic liquids (ILs) using a pump-probe (PP) experiment with a pulse-selected mid-infrared free-
electron laser (MIR FEL) to mitigate the heating effect. The plasma mirror, employing a YAG laser and a
silicon wafer, has been utilized to select the desired number of FEL pulses per macro-pulse for the pump beam.
The results indicate a significant reduction in FEL pulse energy, likely preventing the activation of non-linear
effects and resulting in the absence of a detected PP signal.

2. Introduction

Room-temperature ionic liquids (RTILs) have been considered as promising electrolytes for modern
electrochemical energy storage devices, owing to their unique properties, such as wide electrochemical window,
extremely low vapor pressure, high temperature, and chemical stability. One crucial aspect for enhancing the
efficiency of these storage devices is the free-charge carrier density in RTILs. This quantity is related to the
short-range ion interactions and the short-life interactions between ions and surrounding molecules, typically
occurring on the time scale of picoseconds to femtoseconds.

The distinctive properties of the MIR FEL, with high peak power and picosecond pulses, make it suitable
for the experiment to study aforementioned interactions. However, the long pulse train structure of the FEL
can cause a heating problem due to the excessively high average power. Such phenomenon was observed in
our experiment during the experimental period in FY2022. To cope this issue, a PP experiment utilizing only
a small fraction of the FEL pulses per macro-pulse has been considered. A plasma mirror, employing a YAG
laser and a wafer with the proper material, was used to select the desired number of FEL pulses for the pump
beam. The setup for the PP experiment, including optical components and a controlled moving stage developed
during the experimental period of FY2023, was modified and employed in this experiment.

3. Methodology

In this project, we aim to investigate the interaction lifetime and orientational decay of ions in the mixtures
of ionic liquid 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([Emim][NTf2]) and the
molecular solvent dimethyl sulfoxide (DMSO) using pulse-selected MIR FEL. Additionally, experiments
involving KSeCN dissolved in [Emim][NTf2] and EmimSeCN dissolved in [Emim][NTf2] were also
conducted to facilitate benchmarking with experiments documented in the literature.

3.1 Sample preparation: To observe the effect of mixing ratio, [Emil][NT{2] and DMSO were mixed with
mole fractions of 1.0, 0.9, 0.75, 0.5, 0.25, and 0.1. Similar mixing ratios for EmimNTf2/KSeCN and
EmimNTf2/EmimSeCN were also employed. All these chemical substances were purchased and prepared in
the ambient laboratory environment at Chiang Mai University (CMU).

3.2 FTIR spectroscopic measurement: Spectral line shifts in the IL/solvent mixtures were investigated using
FTIR spectrometer at CMU. During the experiment, the sample was sandwiched between two diamond
windows of an IR liquid cell with PTFE spacers for pathlength control. The pathlength in this experiment
varied between 50 and 250 micrometers to obtain an optimized signal.

3.3 Experimental setup preparation: The preparation and testing for production of plasma mirror, using a
YAG laser and a silicon wafer, were conducted before the experiment with ILs. A schematic layout and a
picture of the FEL pulse-selecting setup using a plasma mirror are presented in Fig. 1. Subsequently, the setup
for the polarization-selective PP experiment was aligned and installed at the MIR-FEL experimental station
(Fig. 2). The plasma mirror was introduced into the pump-beam path upstream of the liquid cell to selectively
choose FEL pulses before reaching the sample.
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Fig.1. Schematic layout and picture of the FEL pulse-selecting Fig.2. PiCt}“e of pulse-selected MIR-FEL
polarization PP setup.

setup using a plasma mirror.

.
o

N\

|
N7 H-C-H

[Emim][NT$] [SeCN] DMSO

Fig.3. IR absorption spectra of both EmimSeCN and KseCN Fig.4. Spectral line shifts in IL/solvent
with their molecular structures. (DMSO) mixture.

3.3 Pump-probe experiment with pulse-selected MIR free-electron laser: The MIR-FEL pump-probe
experiment, utilizing a pulse-selecting technique with a plasma mirror, was conducted to measure ion
relaxation in both pure ILs and mixtures at varying concentrations.

4. Results and Pitfalls

The linear FTIR spectroscopy of [Emim][NTF2]/DMSO mixtures, with SeCN added as a vibrational probe,
was investigated. The chosen probe exhibits a distinctive absorption band, making it suitable for PP study. The
spectra show IR absorption in the range of 2050 - 2120 cm™ with a peak at 2085 cm™, indicating CN permanent
dipole stretching, for both EmimSeCN and KSeCN (Fig. 3). This shows that addition of SeCN results in linear
absorption at this wavenumber in the IL samples. Additionally, the introduction of a solvent (DMSO) clearly
reveals the solvation effect, with the vibrational line of the probe shifting (red-shift) as depicted in Fig. 4.

A pulse selection technique was implemented in the PP experiment, utilizing the plasma mirror to reduce
average power and prevent sample heating. However, it was observed during the experiment that the FEL pulse
energy was also significantly reduced. As a result, the activation of non-linear effects became unattainable,
leading to the absence of detected pump-probe signals in our attempted experiments.

5. Conclusion

A proposed experimental study aims to investigate the dynamics of ion interaction in ionic liquid/solvent
mixtures using pulse-selected MIR-FEL pump-probe spectroscopy. The project involves investigating the IR
absorption spectra of the samples through FTIR spectroscopy at CMU, constructing the pump-probe
experimental station equipped with a plasma mirror setup at KU FEL, and conducting the experiments.
Unfortunately, no observable pump-probe signals were detected in any of the samples. This challenge is
attributed to low FEL pulse energy, rendering it incapable of activating non-linear effects. Based on this current
finding, it appears that additional techniques may be necessary in the future to successfully conduct such
experiments using the MIR-FEL.

6. List of Research Achievements: None
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M. & TH & L BITICIE B-0-4 IFEE N D72 < | Fg e C-G (B-1) ’ 31
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[ R Y A B
S. Imamura, M. Hosokawa, Y. Matsushita, D. Aoki, K. Fukushima, M. Katahira. Quantitative analysis
of the B-1 structure in lignin by administration of [ring-1-"*C]coniferin. Holzforschung, online published,
DOI: 10.1515/hf-2023-0100
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RGO H-A A DRF - 5] X H LFER”

7T A= S FE, 20234411 A30H, 7A

—F s Wb TRREHRZE 2 —, (FRAZ—) X 3 HEEMmICIEIKEAL A VT LB
WS G s E8illasns, LonLens

WA BN, BRI EOSERA T AERICRIE FOEFEIZ~IuA THY . “hikv Il

FTHA REBEOHR” | 75 R~ « EASEE, 2023 —VaYPLEHINDHFHED 10 770 1

E1H30H, T4 —F - Wb TREEEARE L (DD

H—, (RAH—)

YT VR, “L——NBEEE VRS AU BEREKICT DAL — v 3 COERIRR,
ISR ETSS, 2023 429 A 21 A, REARMKR—L

FHE KIS fth, “SOCMEEA 4 E— L0 & H LIEBEBORRB LT 7 v 7 ZAFH , SRS
£ 2023459 H 21 H, REAMEAR—L
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BIZFRIIRZRETATRETHEHDER

M B—ER Y, Kl 222 A FE°
BRI [EINT K A S HEE R 2R T Rl 2 o & —
SRR F kL X — PR T SRR SE AT
i tES VAN Sy N T e 2 1

1. R

NA B OB, Z OB RONFA SIS LITEE R & 72> TV DN, T O
AR, B S TR 2 % O TS ARBLPE A AEIZ K 5 = % L — Ak D mi e AL S FE 1230 R
ThbD, A FREEE I DD 2% < OEYFEC @I FH /T HE 228 n - R B ETE 2 B -,
KR &2 7o A FIRBEAIRIZISH TE 5, AFETIE, ErxmI vy a v mx X —%ERT H720DD
NA FHEIFEFIH Uiz p VX — RO BT & LT, Fiic BB RBREEORBE 2 BEL T
W5,

AW TIL, ET VAWM E L TRIBEAZMHEH L, B FRBENEICE 2 W EsH A FE L, M
BEHIC L DB FRBEHEIED R AT 2 2 HEL LCWD, BIa B A P Tfe 72 U &
FHOBME LT, KIBES / LR OBEFREMEEKICHFEEL. toEMETHREINLTVD N
AR T 2 EHEE SN DESND DB UI2(FE 1), ZIVE TSRS LR 1 BEMEEAFM) % A
W2 FRRTIZ K- T, MalK & OxyR 723

e\ ES AR L. YhiP & TufB I3, R L AW CHEM L DNAAY T~ —
. R Name Sequence Length (nt) remarks
c]: D % fE fcf %'fq: -’C\‘YEU '_./T;_’ 71)) ﬂﬁ‘é fcﬁ NMR Cont15(16) | (TTTGTTTGTTTGTTTT 150r 16 single strand
&: c}: T p_]:l Eﬁé %ﬂ%ﬁi [/ 5 5 = <1: Z))\ j'/) G3T GGGTGGGTGGGTGGG 15 well-known quadruplex (parallel)
MalK* CAGGGGGTGGAGGAT 15 expected quadruplex motif (Quad Base)
oz, OxyR* GGCGATGGAGGATGG 15 expected quadruplex motif (Quad Base)
IEI Eﬁé a: J: é E{a%%ﬁgﬁféﬁ DL 7]—3 RpsA* GGCATGGAGCCAGGTGG 17 expected quadruplex motif (Quad Base)
o - YhiP* GGATGGTATTGGAAGG 16 expected quadruplex motif (Quad Base)
— & — 7 7 A \: F ﬁ‘: CI: é qu'fﬂﬂ% % {/ﬁ% TufB* GGTAAGGGTGAGGTCGG 17 expected quadruplex motif (Quad Base)
L/( 1)\ %]\ L/ 71—:% [T_E] Eﬁé a: J: z) iﬁ,{ﬁ GabP* GGCCGGGTAAGGCGG 15 expected quadruplex motif (Quad Base)

TRBTEGE S BT T L = 5. OxyR * 0 DNA DAFNIKRIBE S/ b L CHRBBICAFET 25 T4

KON MalK Z#3EA L7777 A3 RTIE,
K44 a b7y 7 L CINE#HS REZ
EbEE 27 770>z —7 (8-
Crown-6) & K'A A L 5iA L CIUEH
EAREENT D LICl 2z 52 LT
GFP O3EINEM L., MWEHIC XL > T
il S T AR I BLOMEER AN AT RE T
HOHERNELNTZ, L, MEH
% E AL & ® 5 W 3K TMPyP4
(5,10,15,20-tetra-(N-methyl-4-pyridyl)
porphine)Z 1 X T, MalK & T OxyR
IZ X BB T RIAOIMENLHRLS 72572
Mmolo, 2T, REOHRMZL DM
EIHDOLEICOWNTHE L=,

LAERLIZLR—F—FF2I RO aE—% —fEKk, T
IZ GFP 5% 2— KL TW5b, Insert i/ ICIUEHAEA LT,
(B) W EH A AL TR KIETTET VK, O ER L LR —Z—
7T A R B O GFP HEL L~ a0 tHE S K0 B L7z,
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2. Fik
« JEZ 1 PAGE (Polyacrylamide Gel Electrophoresis)
% DNA %5 1% /3> 7 7 (50mM KCI, 10 mM MgCl,, 20 mM HEPES (pH7.0)) T 0.5 u M I[Z¥&fi# L. 95C
T 5 eV, 8 I TC ISCE TR Lo, RBHZ L 5T, 10uM &725 K 51T TMPyP4 £7-1%
NMM (N-methyl mesoporphyrin IX)Z N2 72, 16%Z MR Y 7 7 VL7 I R TBE 7V KN 14%R Y 7 7
Y/vT X K TB(Tris-Borate)FEEMET NMAZT 7T 4 L, Pk U E SR RAYIC YL A ATREZL Thioflavin T
TYts L CH IV EIRE L=, £ D%, SYBR Gold Yetaiii TR EYt L CTHE LT,

3. REEEER SYBR GOLDH:
) N S

HANE PAGE DR, MalK TI3ZHE &”%@‘C’Zﬁ; r s e Qe g
PAGE L VU &% TRMIT/ Y RARH & CFR P ERTG C VORGP

A
. 6, WMEHA YT D Thioflavin ()

T THAY RGBT, £72. FERIZ
OxyR & Ueta &, MEHZ K LT\ Thioflavin-T3
DL ERTHERENAEORZ(R 2B), &5 Q&%@
2, WEHEZZET D 104 M TMPyP4

7 FCuk® LA, YhiP Tl

Thiflavin T |2 X > T/ RO S, 3K
I L D REIIC L > THUEMSEDBER S
722 L R T HRERDG D ATZ(X 20),
ROWEHZ 22 e T 5 THH NMM
THRBROFERN G B A7, YhiP X NMR
WX > TWEHEZEER L TS 2 & 2R
LTS, MalK X OxyR XV 2@ Mn
< . FEZME PAGE O TIE, EH%

LET DRI I X TG O A U EEH Yok T "
b . 2. % DNA OEZRVKENRE H (A) Z 1M PAGE(SYBR GOLD %%
%}E\Ejz l’(j K %K ﬁ’hf} . & (B) JEZ5 1 PAGE(/2:SYBR GOLD %4f%, 45: Thioflavin T %%
Gtk IO ORREREZ T, OxyR | (4) (C) JE254 PAGE. 101 M TMPyP4 (/£:SYBR GOLD %ef,
& MalK OFFNZERZ A, ZEMED | £ Thioflavin T Yef)

MWHEEZESEDH T LT, BALEEIC=

YR
PSS

> b Tjﬁfl/ﬁfﬁﬁfa?lﬁﬁi%%\éﬁ%ﬁﬁ/f@f/ﬁ@75’?5?') éTo é 5 ﬂ:\ YhiP (ZDV \f&j@ﬁéﬁ%fﬁﬂﬁﬁ—ég
2 ko TG TRREET 5 FiEE BT 5 PETH 5,

4. DEAFERY A b

1) Tanaka Y., Nagata T., Sugimoto, C., “Identification of quadruplexes that can regulate
gene expression.”, The 14th International Symposium of Advanced Energy Science, 2023 48 H
30 H, ##f, RAHX—

_87_



ZE2023A-39

SERFELIiAAVEMICHITAER ERERTOIRREN.
BEXUFRERETICET 5208
s AR L2 MR BI Y, IEE R, ki BEE 2 fEx oK —uk3, /UK ERRA
VFEETERFRFBE Larsest
PTHETHERY  THH
SELRTRF R TR B LA geRt
TR R VX —H TR T

1. HRLEW

ErZI v varyzx X —Thd RGN ELANERICT TX, BB DEEY
AT LNKELIRD, ZOFEBEVAT HF, BRE, Ko X b, BLOFEIREREE FTLeeeMEEnk
D NG, KBTI, (RO IEMmAEID 2 5Ll EOREEZ R L, a0V FEEENDRKa 2 b,
INOBNEEEMED EN Y F 7 SRR LY (Lirich) TEMRE | ML ERE 26 be - it st
i 7= T RFEREM OB 2 ED TV D,

Li-rich 1EMRIE, B Z 2R TIERAIRIR BRI IEYE R i CRE R MEET 2558 OBIG N4 T,
FEIRFES A 7 NVHIZEEORT, BEKTTI2HENHREE 2> T Y, 2, BbEMRE L, 2
B, AL ZEE TH D03, Li B bW E R/ b9 S i B A T R O SRR IZ B W, LiA 4B
BB L 722 B R MR AR R ORREN S ST B D, & 2 CTRL/= B, Li-rich IEM8R & FR{b 4y E %
BEAEhE T, BEMEMREOWEIZ X D Li-rich IEMER 2> & OFELEE BLEEH & Sk HorE Ak o
Pl 2 W S REER A BRI E L, MEMER EERL Y o 2 0o/MitE LT, Tk Tt
%%ﬁ@gf bl?) ) 77*‘* b4 I @0) Lie2sAlo2sLasZr01 (LLZO)\ N 7X A B @0) Ligs3Lags6Ti03 (LLTO) ~
B L OV NASICON 0D Li3AlosTii#(POs)s  (LATP) DMy RZVERL, ~ L M L, A A AxERE 1|
ELTRERIZOWVWTHE L Y, 22T, bA AU REROEN-T- LLZO BfRE 2 M E LT
FAVN, Li-rich/LLZO S, 3 X OV & LT LisTisOr (LTO) /LLZO Ot 2 ERL L, EHhGHE 21772
STENFIZOWTHET S,

2. B
Li-rich IEAEYE 2%, LiiaNio13C00.13Mno 540, (Li-rich NCM) % v 72, 1B & AfsER L, Ly

JEIZ X VAR LTI ER R E = TF L g — R OB ESET- AT Y — 2R L, A a— hNE
12X 0 fERL LU 7=, Li-rich NCM/LLZO fLHiE. A a— ML 0 EBKEEARE L. 150°C, 15 4 i
1% . 600°C, 5 REREIBERS 21T > 72, LTO/LLZO FtifilE, [FAIERIC A ¥ 2— M X 0 BRI AR plolsrs |
150°C, 154325 L. 600°C, 10 REfHBERE 21T > 72, 1F# L 72 Li-rich NCM/LLZO/LTO &/uidk, AEAR
- BEIEE — L — WO X BRHT S 6 (SEM-EDX) Z W CHWrEIBLES, B X O HEST 217 -
T2o Fiz. BEZE —EITHIE L= SR ERE 21T - 72,

3. EBRHRLEE
Fig. 1 {2 Li-rich NCM/LLZO, LTO/LLZO #E® SEM {4 & EDX ~ v ' o 74 1”4, A a—h

(2 &0 ERLL 7= Li-rich NCM & LTO 753 30-40 um T -7, F7=. Li-rich NCM/LLZO, LLZO/LTO
& B I REICZERLBRIUI R SN/ o 72, LTO/LLZO F > LLZO FFIC—#B Ti OFEENBE SN D
23 ZAUEMrEE LOBIC LTO MRS E LT-b D THhH 5, LEnb, EDX vy B 7/ THIETE 5
FEHRIC IV T, Li-rich NCM/LLZO 5, LLZO/LTO S CARMMARR T E DIRHTIZ R e o7z,
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(a) (b)

Fig. 1 (a) Li-rich NCM/LLZO. (b) LTO/LLZO Ftifi® SEM & EDX ~ v &' 714

wIZ, 5.0, 7.0, BEI O 10pA THEEL-BEOFE a5
%%ﬁ%ng_mﬁg@%i\Eﬁﬁ%EMLk ' 10 A
EMOEEBRE L -RETH D, —MXAYIZ, Li-rich 25 |—
IEABIEFESLAE T 2.5 — 4.2 V vs. LLi*, LTO FfiiE 20
L8V vs. LILIHRIC 7T h—Aeificamd o e 2 s 5.0 pA
5. REBRTHW =2/ TIX0.7 - 24 VEE 1.0
DELEEZRTERELLNS, LL, 7.0 pA D 0.5

7.0 A

Voltage (V)

W/NERT25V OEEEEZRLTEBY . IEFITH ° o1 0.2 03 04 05
BRI TR S zhéo ZAUE, LLZO FRDJE Capacity (mAh/g-cathode)
ZRB) T mm LJES BTN R 2 LIS & Fig.2 Li-rich NCM/LLZO/LTO O Fe it
HeEEZTNA
4. £t

LLZO MR E L Li-rich/LLZO/LTO L EAEa— MZELOER L, SEM-EDX (Z X % Wil

. BXOEERRIC X D EMMERERME 21772 5 7=, SEM-EDX %ﬁ 7) 5. Li-rich/LLZO TH 1‘@4@1‘50)7&

U\i@g@ﬂﬁﬁ)ﬁ/ﬁkéﬂfb‘é R TCE T2, UL, B MERERME TIE NERRIC L A E

EEEAR L. Z3UE LLZO EAR O E W EHT 2 B &%zm\é LRI, Mt%ﬂﬁﬁ?%f@%ﬂ%m:
X DB AT 72\, Li-rich/ iR b S e fim 2 BB, §Eli L TV PETH 5,

References
1) Ikuma Takahashi et al, ACS Appl. Energy Mater. 2019, 2, 8118—8124
2) Younggyu Kim et al, Chem. Mater. 2020, 32, 1928-1943
3) EEBHAEE S, 2022 EER%‘W(%I-/T\/WF BRTAPAF9ERT ZE MRl R A E p.88-89

5. MXHEKRIV AL BIO TOERERKRY X b

L Takahashl et al., “Analysis and Design of Electrode/Electrolyte for All-Solid- State Li ion Battery”, The 14®
International Symposmm of Advanced Energy Science, Institute of Advanced Energy Kyoto University, August
30, 2023, Kyoto, Poster
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FAEEBENA Ty FBRIZCEKS
HaErtILO—REBEESB AT LD

PENIERE ', AOPIEAN 2, JKHISE?

BRSNS S
2R L X —H T AR ST

1. ARDEREEW

BRI B T D baREt o fliL, b2 5 S 23 EHRK & Sh, 2FER0E R LIc X
2T, ZOHHE DR EVEDAETELREFIEINC 5 2 D5 BT RE VN, £DIZD, A A~ ATHBEK
TOMNBREIOLEEN 2 ESE D Z L3, BEORBEL 2> TWD, A A~ AZHMMT HERIC
(T, ZRENOHUE D HE R KIRI T Il 22 i &2 & D0 H 0 REE D EET 2 ALiEED
EoI. "M A RFEFETH-TH, RELHORWHITIE, B 7O S MmEsE 2 F 7o 0%
PREtORLGEITm a2 A M eleoTLE 9,

AWFFETIEL, AFFRTF — LD ZNE TITHSL LTenAa 7 » FEERIER D ) 7Ny & KR THEgE
TOHMHOMRFZMAEDEDL ZEICLY | NA A~ RADILERS TH St/ —2 %
T A=AD L YL E TR T O MRS 5 2 LD TE L “HREiAA 7Y v iR
ZRE L, B v a VRN A ZARHOEB 2L T 5 L2 AL LTVD,

2. BRELUEE

2023 HEELWNT, v T/ X VB — 3 U DOF ATV DU Sclerotinia borelis AN B-775 7
k& —F (sbBGL) DfEEALICIET) L7273, sbBGL DfE s DR NERIR N S AL Lo 72 2
D, X REHTERICITE D o7z, £/, ErbEdt FuF—+ 2 (sbCBH2) 2OV T,
IR CO® v B4 — RBFEREEERTIO 2 S A, ET T D IIZBBEN AR+ THDH Z &
O, BlEFEAEESRMEZRHT D LT LT,

T TV RBWrHAEBkOELT

— P AT R Bru—ADE LK

NS A — A& EHT D

B4t Fus—+¥ 1 (CBHl) &, Bin

—ARMIZ=y 7 AND /N R

JNHF—+E (EG3) Bz D/ a—= ) = a3 R
OB IO D OMR S & s g B HREREELT —F shEG3, sbCBHI 3 L TF sbBGL

KpERRHD = Lz L (2 1), = & SRRV 1 — A DBRK T TV

FIBEHID CBHI T& % Trichoderma reesei CBH1 (UniProt ID: P62941) ¢ =1 — Rk & fH R4 %
HOEISN % | S. borelis D7 ) AECH) D5 DELTA-BLAST (2 K W RR L=, +OfES. 2 Fi¥H? CBHI
FHIFIBC A ESZ95596.1 35 1 U ESZ96488.1 23 FLH & 4u7= (X 2A), S. borealis cDNA T A 75 U —/n»
5. PCRIZE > TIN D DOEIE DR A2 T- & Z A ESZ96488.1 D )3 HilE S 117~ ESZ96488.1
DERME % Z /X7 B % Brevibacillus T CHILIE 5 &, Bl sins 2 L3 R ST
(K 3A), LitE, ZOX X8 % shCBHI EMESZ L2 LT, E5HIT shCBHI Offifft KA A >
(sbCBH1-CD) O A W B 5 Z LIS LT, W EIFEHIIC X > TR Y | TMNm 55
W08, SYNm 852 W56 K0 S W EN S D Z EBbho Tz,

WA BEE D EG3 T& 5 T reesei EG3 (UniProt ID: 000095) ¢ =t — Kfgisk & AR [E: % & SEds % |
S. borelis D77 ) LEHINHERFE LT, ZOREE., 2 FBE O EG3 MFEIELSI ESZ95313.1 B LW
ESZ95627.1 N RH 7= (X 2B), S. borealis cDNA 7 A 7 Z U —Mn b 25O A ORIEZ R
Irlz b Z A ESZ95627.1 DHMF BT, BANGHTOREENS . Z D cDNA X 3 Kimfflloo 27 Z
A TNRNYT U R THAHI ERbhoTz, ZOWr R % Brevibacillus (2R W TIHBR I 5 L Bl
TS d Z &R Svie (K 3B), LME. 20X T E % sbEG3 LS Z LT LT,
shEG3 & TMNm B2 2 FH U7- 7728, SYNm EZHIIZ b R THOWMENEL D 2 ENbho T,
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2 DELTA-BLAST (Z X % sbCBH1 (A)3 & U sbBGL (B) DIEHR

X 3 Brevibacillus {23\ THW3EER L7~ shCBH1 (A)B X N shEG3 (B) DA A Tuy MZ Xk SR
TMNm 5% 7213 SYNm 55100 C 1~3 HREHE & O 558 A2 1TV, BBy O A& BN L, &KHffz & o)
7B O C RImlZAHIN L7z His-tag &, $1t His-tag HUIRIC L D e L7z,

3. 5D AE

Brevibacillus (2 X 553 W3E B pkTh L7z sbCBH1 & shbEG3 (2 2WW T, KIETE DR EDF ¥
FZI RV arE#EDDL, Fo, INETICAFLIEHAREO LV T — BRI Z A ST,
BN IARIRANA 7V > R a — A REER ZERT 5, 2D DA 7 U v REER IR R
OFNENEZ B & L TRy S, 0k, IR O B L Z1F12< V) GRP-tag & I — K7
VE—RERWET 74 =T 4=V AT AEFHA LT K2R Mg Ty REER BT 5T
ETHD,

4. OEHRRVR b

M. Horiuchi, S. Kuninaga, I. Saito, M. Katahira, T. Nagata “Development of the crystalline cellulose
degradation system consisting of the psychrophilic fungus-type hybrid enzymes.” The 14th International
Symposium of Advanced Energy Science, Zero-Emission Energy Research, Institute of Advanced Energy,

August 30th, 2023, (AR A X —)
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RFEANT OREFEDYEARR
BRI |, 2 AR, LIS

R NE S e L /L
2 B T L 3 — P TSR AT

1. AHFRZBRVRIIEDAENZSF 720Xy b U —27 OEFHtE CCER(1])

R BWE A RENORBBICLY . Fx ORFEMENS R AEAEENER SN TS, mAT
NImEFATFHEMBN) & 7T 7 oo b R 5 EAEEIX, 2o fEEL LTHmbnTns, =
ZTlE. SR E AT B R(EAKZE ([altriangulene: nlX =AFEOEKEDITHEG IS 6 B 2 H
BIEDLZEICL o THELND 2IRTLIRFEDEIE Ry T —7 PHDIAE NN GBI R U F
DEFNFX—ZEL LB IHBEORBELIT- T2
(K 1], ZORER, ¥ XToMEIzBW\WT, 777
x> & hBN OBEFUTRIE LI IRRBISEE N T 5 St
Ny RN T 2 )3 LRI BT 5 = L 23
Mo T2, ZOWH AL R, BEREEREEIC
X5 0T E S/ EARICERT S HDTH
D BEROHIENZ LY, ~T eiE EoE T IEAL
FOWRTMEEFIE T ZEEZH LN LT, &
7o, FEEAAEEX. VT V2 Rk N YT &
58895 triangulene OFEFA & FHAE HOVITHATE
T 5, Tbb, [EfO triangulene Z EA{L S
ety FU— 7L hBN S b ~T m it
0.7eV DEHENY RX Y v 72 4T 548K TH
ADIZXF LT, BFE triangulene DfHAE >N
SRHNT BT T 2L I LU R
EHETHEE,. b LIIRNWAR RX Yy v 7 52H
THNERTHD Z ENHLITR -T2,

1. 777 = /hBN HN~T u G ofl, 777
= UEIIE (4] triangulene & [2]triangulene 2314
DHERICKE SNIMEZ AT 5, B R O
HIXENEI, KRB, BR, RURERT,

2. 2@ WS;/MoS; HIN~T gD ETEE (CrEk(2])

WSy & MoS: MHEIN TR Li=~T uiiEER AR IV a7 AL &Y T, T OERCB W TR A
7p /N RRUT 4 TP E L, WE DR TH A7 11T O3 FialddInEER SN D, 2 2T,
ZHER 1. 6nm DIRE AT D WS Hr & MoS, #2672 2% 2 Tk TGO 2 BfEEEEE B 2 7=,
J& DEE. BBHADITH % H U END
W9 52 Lk W W,

Mo/S, Mo/Mo O 4 3@ Y D EER
GBIRTORENEHRIND (X

2), ZD 418 Y O] 4 R AL E 2
KL T, ZORTIHIEESI N
2 AT 11 Oy RigELE 2 HE
T 5, Thob fEFHIZEIT D
NV R, W/WSEIE R B <
W/Mo fEHk, Mo/W FEEK, Mo/Mo FEIH
DNETIEEL 725, 5 ARy X 2.2 8 WSy/MoSy [NA~T o=y b/ (EX) &JF
Mo/Mo FESBIZAFAE L, Mo/W fElEk, FRREEREE (AK) o FAIET7 =0 =R L X —|Tx i,

W/Mo FESE, W/W SIS DIECTHE< 72
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HZENHALMIST (K2) , ZOfRIT. ZORICERDBICLIAFY U THEAZITY &, v
U7 EEOBANIEN, B v U 7 O®RITGHEN 0 R IT— 1 Rot— 2RIt &L EEHICE LT 52 L &
REL7ZHDOTHY, EEE, ERDRICLDYERROX v U T IRGTEEDOFIHAFRETH DL Z L 2T
= L7

3. 2J8VY X R WSSe DWpt:iEFE (CCHk[4])

RADEFOAL S VRFRICLVEBRRE gl -~

THEERENTY X AEBEE L2 AL, € sl \
W FFBNA~T ofE s LTHERE2ED TV D, > ol N N
Bz, B FORRL Al VFETICRET R T E ol BTy
S OBRIL, £ Oa=—2 hHB S L] & 2041 s
T2 ENMLNTWND, 2 ZTIE.2JEF X A USSe 226 - Lt amss
IZHEER L, FORERE L B A 52N L, 0-28f . e ;X/::ﬁg*
BT, WIEDRBII I L 2 5 R TR BRI EER L 30f  rer LT
T AT AT o T, B B & JE I o % L — (2o @-32p T [eTsese
WTIE, IvaZF VR A-OA F 2 BRITEAT L, WSSe 28 3.0 32 34 36 38
BREECAHT D BOFEITNENZ NP5 d (A)

[Z7p ol )7, BEIAEEICOWTIE, mHEE Mo

IR T DN FEEOERBFEIND Z & 3. 2 J& WSSe OB [HIRHE & JE M Al = L
WIS o T, B2, ~T B REDGFET 256, — 0@ R,

M CUWAT R MR L0 . EFEDOAY ROIRBA

fl s, ETFEMTEZA 7 1L Oy RIGELENFHE SND Z ERH LN T,

4. FEEI R b

[EmCHERY A b
[1] H. Zhang, M. Maruyama, Y. Gao, S. Okada, Electronic structure of covalent networks of triangular graphene
flakes embedded in hBN, Jpn. J. Appl. Phys. 62, 025001 (2023).
[2] M. Maruyama, N. Ichinose, Y. Gao, Z. Liu, R. Kitaura, S. Okada, Gate-Induced Trans-dimensionality of Carrier
Distribution in Bilayer In-plane Heterosheet of MoS2 and WS2 for electronics applications, ACS Appl. Nano
Mater. 6, 5434 (2023).
[3] N. Sultana, Y. Gao, M. Maruyama, S. Okada, Electronic structure of graphene thin films under an external
electric field, Jpn. J. Appl. Phys. 62, 075001 (2023).
[4] Y. Gao, S. Okada, Energetics and electronic structure of bilayer Janus WSSe, Appl. Phys. Express 16, 075004
(2023).
[6] H. Zhang, Y. Gao, M. Maruyama, S. Okada, Trans-dimensionality of electron/hole channels in multilayer in-
plane heterostructures comprising graphene and hBN superlattice, Jpn. J. Appl. Phys. (2024). (DOI: DOI
10.35848/1347-4065/ad1718)

[ABEFRERY R ]

[1] M. Maruyama, Field-induced structural modulation of WS2 thin films, ¥4fF:##, The 65th
Fullerenes—Nanotubes—Graphene General Symposium, 9 H 4-6 H (2023) 1#Z%.

[2] M. Maruyama, Field-effect on two—dimensional materials and their complexes, {AfFi#{E, The
23rd International Conference on the Science and Application of Nanotubes and Low—Dimensional
Materials, 6 A 4-9 H (2023), Arcachon (Bordeaux).

[3] ALLFEHR, vdW ~7T o E R OE M, BiGEE, F LRI —Lvy - F ) Fa—T -7 T57
= UFETHIES, 8 A 30 H (2022) HAHRNT K,

(4] FILZEHR, EBEBE L 37 AvEM~T afEEROE WM, BAFREE, MOS 731 X « AE
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Fig. 1 Chemical composition mapping and XRD profile for Fig. 2 Depth distribution of He and H and damage
CrosFeMnNi before irradiation. calculated by SRIM.
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Fig. 3 Cavity distribution in CrosFeMnNi and 316L irradiated Fig. 4 Size distribution of cavity in CrogFeMnNi
at 500°C in various condition. dual and triple ion-irradiation at 500°C.
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M. Niu, N. Hashimoto, H. Oka, “Helium and hydrogen effect of cavity formation and irradiation hardening on CrFeNiMn
high entropy alloy and 316 stainless steel”, PRICM11 (The 11th Pacific Rim International Conference on Advanced
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1. WroEE

The use of nanomaterials is attracting a great deal of attention for device applications such as highly efficient energy
conversion. Recently, two-dimensional (2D) heterostructures, which can be created by stacking 2D atomic layers, are quite
attractive because of their tunable physical properties. However, conventional 2D atomic layers are generally prepared using
micrometer-sized flakes by mechanical exfoliation from their bulk crystals, or transferring grown flakes by using solution
assisted or wet etching process of substrate, which severely limits their practical use. In this project, we will use large-area
films of 2D atomic layers for energy conversion devices based on 2D heterostructures. In particular, large-area monolayers
of semiconducting 2D transition metal dichalcogenides (TMDCs) will be grown by chemical vapor deposition (CVD), and
then be stacked by using a customized vacuum transfer system. The optical properties and a scanning transmission microscope
(STEM) analysis were used to evaluate the quality of fabricated heterostructures

2. RBRI7IE

Sample preparation: TMDC monolayers, including MoS,, WS», WSe», and MoSe,, were grown on SiO»/Si (SiO, thickness:
285 nm) substrates by CVD. Thin flakes of hBN were prepared on SiO,/Si substrates by mechanical exfoliation from bulk
hBN.

Transfer process: The transfer of TMDC samples was performed through the polymer-assisted lifting and peeling process
using acrylic resin stamps. First, a dome-shaped stamp of acrylic resin with a size of 1 mm was made on glass slide. The glass
slide and the Si0,/Si substrate were fixed in a lab-made transfer system with xyz stages, a hot plate, and an optical microscope
(Figure 2a). The TMDC samples or exfoliated hBN on SiO,/Si substrates was gradually lifted and stacked with the stamp. To
peel the sample from the stamp, the stamp was placed on a target substrate at room temperature and melted at 185 °C. Finally,

the acrylic resin on the substrate was washed away with chloroform.

Characterizations: Optical images were recorded with an optical microscope (Nikon, ECLIPSE-LV100D). PL spectra were

measured by a micro spectrometer (Renishaw, inVia) with an excitation laser operating at 532 nm.

3. WRLEL

Figures 1a and 1b show the optical and PL images of hBN-encapsulated MoS,/MoSe; heterostructure on an SiO»/Si substrate,
respectively. In Figure 1b, bright PL can be observed from small triangles of monolayer MoSe; around the larger grain of
monolayer MoS,. Furthermore, the dark small triangles within monolayer MoS; single crystal correspond to MoS>/MoSe;
heterobilayes with various twist angles. The weak PL signal in stacked area is mainly from the charge and energy transfer

induced PL quenching of A excitons of MoS, and MoSe,. Figure 4c shows the PL spectra of these twisted heterobilayes
1/2
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measured at room temperature. Here, clear peaks derived from interlayer excitons were observed at 1.35 eV for the
heterobilayers with a smaller (or larger) twist angles of 3, 5 and 60 degree. These peaks can be assigned to interlayer excitons.
In contrast, such peaks can be hardly detected for the other intermediate twist angles. This indicates a crystal orientation
induced variation in interlayer coupling strength. These findings provide a basis for fabrication of high quality vdW

heterostructures which can be used for the future optical energy conversion and energy saving devices. !

Figure 1. PL properties of MoS»/MoSe; heterobilayers with various twist angles. (a) Optical images of hBN encapsulated
MoS»/MoSe; heterobilayers. (b) PL intensity image (smaller white triangles are 1. MoSe; and larger triangle is 1L MoS;, the
dark triangles within MoS, are twisted area). Scale bars are 10 pm. (c) Room-temperature PL spectra of twisted area with

various twist angle. The dashed line indicates the trend of interlayer exciton peak.
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SERIFIFIRESE DNA S — 4 v —io & ) R L 7=, BUBT 7 F 2 5 2Ry RENT SV (@) BE
MpmcoT 7 F o2 R0 EY (Nucleic Acids

Res., 2021)

R —THREAME RNA 77 H v —IC L D EHRRN S VR BA A =DV

AN Z R BEHICIE, BHQL 7 =0 F v —& Cy3 #avVal— Lo —72FHL7z (K3), &
K7 e =TI A%, HPLC THRERLL, LFEFHKS MALDI-TOF ~ 22X > CorREZHE L=, EfERNo g7
I F B R E e RFETEIERT A 72912, in vitro selection (2 K W 572 RNA 7 7% ~—% . shRNA FEH -~
% —T& D pSuper [ZHAAA, & N HelLa MAICIEEE AT S Z & THIBIPNICTRFEE L7, RIZ, RNA 77 ¥% ~v—
ZFBLLTZ HeLa MfRZ ST 0 —T TUE L, BT 7 F L X U HOBERE{To T2, T ORER, EHRANICBNT
BRI ERET T H~—EFBLL TV A MR T, BEEMRBCEEINZLO (K3 d) &RRORWEEY 7L E
BT 22 LT L, ZopRiE, EERME GRS mE L,

CHREANREEZRESBIMERDZIZEBHMONDF LV RIBEDA A=V T ~DHEA KT

REEE X, FEOAIME MRS D720, MK Lo A M A~BiTT 25 KRAS ¥ o7 BEEENE LA
A=V T ik, KRAS ¥ X7 FIZREET 5D RNA 77 % ~—% In vitro selection (& 205 L, KRAS % >3
7 EOAEMENEIEZEE HEE L7, In vitro selection (21341 BKRAS HiAZFIH L7z, b7z RNA 77 % <—0DRLS
(I, EFEFIHE DNA > —7 o —Ic LW fERE L7z, 507 KRAS fi RNA 777 = —zFIH L T, RBREN
T KRAS # U 7 BHEd ik CE 5 Z L 2R Lz, A, ZHETICHSLL TO D AEMNG 877 F o Z os
7B OBIESRMN A FET, KRASH X7 OAMIKINENBBIZE 4 5 TETH D,

G sca U A M

1. Katsuda, Y., Kamura, T., Kida, T., Saeki, T., Itsuki, Y., Kato, Y., Nakamura, T., Nishida, M., Kitamura, Y., Thara, T.,
Hagihara, M., Sato, S., In Vivo mRNA Hacking with Staple Oligomers Prevents Myocardial Hypertrophy, Posted to bioRxiv,
2023.04.18.537290.

2. Toh, K., Nishio, K., Nakagawa, R., Egoshi, S., Abo, M., Perron, A., Sato, S., Okumura, N., Koizumi, N., Dodo, K.,
Sodeoka, M., Uesugi, M., Chemoproteomic Identification of Blue-Light-Damaged Proteins, J. Am. Chem. Soc., 144(44), 20171—
20176, 2022

[(ZHE., 7V ARRE]
ML
THgaRF Y A b

L fefl —, MR TRNA 2805 (MAEER) , 28, BA, HRERY, AABMERTS H8 HHER, 2023
7 12 A
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FPOIXIS Yy arvIRILEF—HEICERTIEHELEREM
ELTONFEMD—FRUFT/ Fa—TDFRF

FARZ L 12, FeffRl |, PREEALT |, B, TERRER Y PEEAGE S, N
VI R SR 2B T Ze e s b 75 RS
PINREES =R =2 — h T« TR —[EBIIRT (120NER)
3SEER R F T RO — T SARF R T

1. #

IRFBIRT- DB THERSND I —AR T/ Fa—7 (CNT) (X, CO,DRBEELE L THER T/ ®
FWETH D, ONT ITENTEIIERE, 0B o sk, FR 2 HF L 0D, T
. AL A AL HERR L 7= B8 CNT 28 1000 nm PA_E O B8 =R m b U 7= iR sh
B (T VIR yEBURPL) ARTIENDNSTEE[], Thbb, 7 ME~D5F-EH
DIEFRAI 7R AE D L2 LW RBLAIT ) T2d DY — L b b Z ERHAL NI S22 b,

DB OERBERE L, sp? IREKDRFEDN B 72D HE CNT O REERPIZBWNT, o170
A LIRFEN sp? Bl L 702 Z L 2RI LT, SORIREERMOEANEIT>TND, ZOKMKRK—T
2k, ErEEOEN A FE¥x v 7fb) LRiET b7 7 (i O REMRIZE Y PL ~D%)
R 7oA KB OEEENSOND, DFE 0, o HEMB RN RE T HES(LEFH/iT 52 & T,
L% T = — 7 ORFE DT (BAfIE) (& b, ANEHT 272002763, LoT,
D ERITEE CNT ~O 0 THREDE ST T < RGEAIZ K 5 B AEE OB LSO 102
BHIENIT A DL, CNT O HMZREICED LR T Y b2 LTS,

AWFFETIL, Bix 220 T 2B L7z CNT OA KR EZDT 2L 21T 5 7 7 —F b, KGR
— 7 ERH® A 71 = X Mif 3 KOV O AR 2 FZE AT REM CNT R T2 Z L 2 Hi L 3
bo I TIHERIC, (B CNT OFEBEYPEREM 22 b NS H 7= 72 BB OB 2 BHig L. EREiEMED
BV T RAMVEEEEE (1000~1700 nm) DK R L X — WA K DA AEIRA A= U TIn R Y
DFREME 24 25 TR 1c 53 < B CNT OFCEM M 21T - T2 R IC DWW T E T 5,

s

2. EBR
il CNT B3R (AR A3 TIE CoMoCAT a6, YA T VT 4 — U » FOHJE CNT % Hv 7o ik
RamT) &, FEiEER & iR S S - EAKT CEEEBAN T2 2 L Tom S, Mmoo B
I (%9 80%) Z[EINT 2 Z &I2X V., ONT 2B S E7- ONT Wik 21572, E/iD DA,
Mix D7 =Y UFEKE SR L, VT LRUEEITH 2 & T ONT ZALERTT 5 72O OE#i5 T T
L7 V=TT Y=g LG LT, B CNT DA RUE, CNT
WIRE B LT=T V=AU T7 Y = MEEFIRES L, BT R CHE
THZ L TiroTz, i CNT 7 4 FLI v A (PL) H
AT T2 (2 2 F TIUNKRFECTHER) . AHEKFIT T T
RFFFERM 21T > 720 eI 7 = A ML —F—0D
HAENRT AN v 7 BRI L0 R L r R
VAN (2L A E~200 fs, MR UJEJ S 200kHz) 2RI L, M
HUZIZIRIAZE R G HE] InGaAs 7 4 XA A4 — K7 LA fitigsz M i
Wie,

PL intensity / a.u.

900 1000 1100 1200 1300 1400
3. MRLEBR Wavelength / nm

1 IZAR L2 fEffi CNT (Z Z TIEfRER & LT, NT AT 1 {&ffi CNT ® PL A2 kL
TV VIEAER O T V) O PL AT RVEIRT, 22T, (FhEL I & © 570 nm)
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981 nm & 1130 nm ([Z B — 7 BBl S vz, Zhbid, ZREIU6, S)TA 7 VT 1 —DOES CNT 237
T RIEHEANL D FAR = L X — BRI KT D En PL & Eff (=XKMa F—7") S35~ 3 K PL (Ey*
PL) IZIRBSND[2], LLEICK VB STz En* PL x5 & LT, b EBRE1T o7, 1Eff
CNT % 1580 nm DY Thbifd L7=BRICE bz R R A7 hv (K 2a) 128V T, 1130 nm
fHElCE—7 BER S, ZOWHEEN En* PL & —83 2 Z L8 bhotz, 72, K2bIIRT L9
(2. OGP O EIRE A AL SETC RIS S ROtmE A T e v L& 2 A, Bk
SREED ZFRICHAIT DR GOz, BEOMRE LY SEBHI S 2RI ORI K Y &
CTZE* PL THDEEZL (g (b)

bNb, 5T, TR

f2 (PLE) A7 FAIE

NB L En @ Rydberg Jih L ¥

QLD b &2 I L

TARBENAEL DZEHL

Bl STz, ZORERN

5. {Effi CNT @ 1Jib

L CAE U hiEE 28, =

— 7Rt iR T

B A MR T v TS

NTEWPLBAELD T 1 1200

EANEETHIHZ LN

T RN, 2 B CNT O (a) e A~7 v (B : 1158 nm) &
(b) BUA S AT FEERE OFhE SRR T, (2) FDO AT MUBROADIE

4 == WIS RTINS E DE W s O - (KEE—F © @) |

AREBRIZ LV, Effi CNT O N FiEIc L > T En* PLONE U 2@ AN 5 2 S ksh L=,
Z O BRI CNT O "3 EHE LTz /2isHEB O RN B S =721 T <,
{EAfi CNT Z A o 72 RN S A 7 AR = R L X — KO NERHEM O R LIk, B
TIvya TR —HEORBUCEHRT 5 Z LR SN D,

5. ZEMWR

[1] T. Shiraki, Y. Miyauchi, K. Matsuda, N. Nakashima, Acc. Chem. Res. 2020, 53, 1846. DOI:
10.1021/acs.accounts.0c00294

[2] B. Yu, S. Naka, H. Aoki, K. Kato, D. Yamashita, S. Fujii, Y. K. Kato, T. Fujigaya, T. Shiraki, ACS Nano 2022,
16,21452. DOI: 10.1021/acsnano.2¢09897

6. %V A}

[AgEFER D A K]

(1) T. Shiraki, Y. Niidome, T. Fujigaya, “Microenvironment Responsiveness of Defect Photoluminescence of
Locally Functionalized Single-Walled Carbon Nanotubes and Its Sensing Applications”, 564 A, 243rd ECS
Meeting, 202346 H 1 H, RA > (7 AV BHERE)

(2) AARFESL, “Bigh —R T Fa—7 ORIEMIZ X D RIVER MR LA kv
TIEHA~ORER”, B 13 [ET ) =R A FHT T A, 202349 7 2 B, JWNRFEEF 77 (@
fi])

(3) BEIAREIL, i, B8, Frm WZ, <A MEBREEEORR LT ) —VEEMAZFIH L
oy FEM I — AR T ) F 2 — 7 O FRANFEICREET, & 72 Bl FRtimas, 2023 4E9 H 28 H,
BNRF=A X v N2 ()

4) AAREL, “H—RrF /) Fa—7 LOFHKLO3 VIR, 55 13 [\ CSI L% 7 = 2% 2023,
2023410 H 19 H, # U —F—/UintE (F3)
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L—HF—NILADZEHIEIZ & S
FAEFERICDEFFRIE

Kiftses !, i F&2

LR R B R
SRR KSR L — BT

1. &

e - T E VD Z EnTEIUE, WEERAWTIOUEFEGE BERLTE S, Th
%Eﬁ’,%%%ﬁ%ﬁﬁ%’%d%%ﬁﬁv—%—ﬂwx®@ﬁuﬁ%ioﬁ@ﬁ%ﬁwﬁwm%
EHED T X T2, BARMICIE ()FEIEIE 2 V2856, EERICRIL - 1HE S D D135 TIRE) - BlERD
RIS T D IEFN NS R TF 2 RINAX —DHRTH D, TR BACEICE S H O HR E %
EHERE T, ZRUF—ENE N, —F, ()UTED Al HAT O X0 B S 233285 - Blia
THICEBNTHEAFIHESNATEY, ErzI vy g V3 b X —~ORNRISH b HfF SN D,
F7-, (i) AR EN TH LN/ MNIORETa L Ea—2 0t Eah, B EEE oAb

WZAYSOH 5, BEFRVFTIEGMAADDLETIZETE Yy MIAESCT Z ENRTENL, BHT
INS TR RV X —T KRB B FERE N FRE L 72 B 2 LD, (LFERIGEDOEIFE(LICKE L FE
THEHFHEENTNDS, 20D, BFab—L REZELTCLE)>Tab— V/XGWﬂ&®%%
WEKE 72> TWD, AEEIILU LD 3 S>OHED T, LLFICHAT 2 BARM 725858 458 L C R
FTEHEDT,

2. FEHET < BBEEFE - 0 FIEENREORKEHIE [1]

DT ORTEOERIIESEERK CRlikanNDd, Lo T, BERREOEE (EEIRED
Fe8n) I BRIORZERIEFEORE (EFIREROAERY) ~, FECHEIREZRHAT 218 & LFK
JGEWRZDZENTE D, ZOXD7RBLENGIE, EFRIGOHIE &1L, Yoz AV CEBMERIER
EEMERTHET 2 B 200b, F T L-X 20, FEH-E LA ZH 2z iEe L —5h%
i ETE 5, —F, LGSV 22 AW gGE, A%&@%@&t&@%@ﬁ@k%ﬁ#ﬂ@t
(A 7 VN L) HIREVECCIR TN B 3 [ O FE XA 22 S VXHAEN A 2 72, 2o 2 &ﬁ%
AL SNV AN EORREE, S FIREREE T RO bERERIRELHIE CE 2000 %ME b, EFE
TR AR (AR AN DD Z 0D, ARFZETIX I RN FOEBE i B RED
REN R 2 AE L L, 3 DOEAFIEE T 7eb bO@RIRM 20 ER (R IRE O HHE D o
HlAE) , QAT (MaxHE & F8 LA oo RIRERIAE) @B KA O] GExHEIL—EIZRH-D>DF
KEALAR D Zx 2 ) O A& 2 72,

FESR, ESCRELRRZ CUVARN) ZEE LoV ARSI EME 2, W OFIE B b SR
TEREATELZLZWLNICTE 2, BAEMITIE, Ok LTiE, 77—V oy B o oHES o
T~ VERBIEERIC BT A X oI, EMIEO LR EBET S L NEBEEETH S, -
2L, toRIREES AL - DIITRWVHIEREM A 24 5, FxldmEfiiH I 21— a %
ﬁw\ﬁﬁMQ%@&ﬁE%ﬁéméﬁﬁiw%s\@1&f®ﬁﬁf ZIE 100% D434 A R T =
HTEERGMNT L, 72720, HIEERRNELS 725 EHENCE ST 5NV A T2 A TR A IR E
72D, ZhUL, ZHENRICET 2 ETTHEZBEBICRIAT 272012, 7~ 3REEtn»o9n-

—106 -



ZE2023B-08

REVER S ZTERHT 2720 Th 5, OIZBWT, BEROEMICENONHzER ST 570, T~
LIRS 2 il 72 S 7 WERE] CO BV ZFIINBIN D, —F7, FEHABITIRENIR 7 o v L L OYRE)
WD A RRFHIFEAFIH L CRE IS, %E ONARRIETE TS L 2 2 T g O % AR
HERUMETH D, &b IFEBAIDDHE L WHEEIGIZH LT, [T EMICEHRTH 231 25
EREHTIIRROERZMEI CE D2 2R Lz, 2720, ZORIBEENEDTH H121E, IREINER
WZIEHIRR3® 5, 77200, IREIO 1 EABOM TH 561X, HAREREZRI-ZNDIEHRIZESND,
R L LCiE, FEHnS (hm) HHAVERITIRENEEICKT L TR0, IRENE RN EMMICIEN > T L
FHL, HEMEDCRLDNMMEALCLE > DT D, AFRITGAMIETIEIHD LoD, O
~@ZE LT, B LR TR LR LRIEFEREEICEFHIEAETH D Z L AR LTV D,

3. BREZHZRAWIHEER L O L —F =T~ A [2, 3]

HALFICBNTEE e [pFomE] O L—F—FRofliEEEZ T 5720, BRiAH=a—7T
NF oy MU= S IR T VR Lz, AR CERT 5 &Ry I3 dEd#ra~ Tk
S, oY - REICOEIND, RFECIIRES 7O T 72 b bR ISk fF L7 #
RIEOHIEZ, LD (7 FAF—7KELS) 2 TPHTHIEE2RT 2 EMTEE2],

FERFZEE O BRI D 7V — T IR, 77 L—3 g U RBEBERSA T B L — =T & L—
P2 V== T OMBE DN L D 522 IEIC X D IR O ERIE 2R E L72[3], 72721, b
STXIWZBILIEIT NG A —F 20D DITIEFIIEMETH 5, BIE, HEEEZE L TINT V7 2
—H =AYV —= T E B, EHEEETLVORREED TS, N E LT, ik
EHEBLENYDOE—A T T s AN E PRI L, T
RT A —=H—21F, L—P =L RAGHE (Power)

T7bv—Ya ryHOBRBERE T AR EOR
B - INTEE - MTEED 4 5RH 0, HikzEes
JWIZATITBH, CNN ET VL, B—2a7a 7740
OFR & FROE 7 BAEOFYE " Fih A (MSE) 23
RANZR B X0 E NS, Bt oK s 2LVE 1 (2 EBOLELN-E—ATFa T 7 A
1Z 0.0—1.0 OFiPH T 256 0l L TFE LT, JLL(b)CNN EF /L LY PHlSA e — AT

RO 1A 1 IRT, T2 TOMSE (=g "7 7AN
HFE) 1X3.0X104 THo7-, CNNEFT VI —L T a7 7 A L0 A LS HHRLTEBY, HE 3
T — 2B AL, ML RT A= —DEEOENHIELL E—A7 a7 7 A LV ETHTES L)
IZETAEIEL TV A,

4, Farv—L Rl TeRAR NRETFSF— FOBEZ

FEAERE, H—E T By FETIREZANWT, Tab—L RGO 7D DR /e, OV A & Ui EEA
L72[4], KFEEIIENEIIRLY A VEY NER-ZHAFLOETAL LV BIOBC A ICEH L
7o MAEVZETEY MEL, KEHTD full-CUSTO-3G (6-31G) Z#1THETFT /NI U X ADIFELE
FECREAEEICEY VI ab—rar Lis, 7 32— VU ABFIE LR WEAER TILIZIE 100% D
ERETT NI AAEFEBTE N, BEEUICT a2t —L 2 22T 5I2EE> TH2RY, 20
AUEOTEIRIZ AT THIUE, BEREE (99.999999%) % 2817 % & 1l kiE OFIFICE Y LA TS,

5. ZEWR

[1] R. Ishii, T. Namba, H. Katsuki, K. Ohmori, and Y. Ohtsuki, arXiv:2310.16440 (2023).
[2] T. Namba and Y. Ohtsuki, fo be submitted (2024).

[3] W. Rong, K. Ando, and T. Nakajima, Opt. Lasers. Eng. 167, 107621 (2023).

[4]Y. Ohtsuki, S. Mikami, T. Ajikii, and D. J. Tannor, J. Chin. Chem. Soc. 70, 328 (2023).

e e e
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BHEFL—F—REPICEIFTHaE—LY Ty OREHD
IR BRDOHR

R RGNS g 7 R = L

VPEEHITR AT FHEAEER G ' v ¥ — OWTEHE RS
2IE R T LR —H TR

1. #ZEED

FEXFRE T E— A bR L =XV F—2 i TE 52 AREF L —¥— (FEL) OFRIREIITHFE
WZEBRT 2720, PEEFITR AT XU K= 2L X — B T2k 980T & 3[R L, FEL fig%k KU-FEL
2T, T~ Y ae— Ly MEFHROBR & 2N 2RI U728 1 ©— L FHEAT OBF 58 2 HEe L
TWb, ab—L v MNIFIZIXE N T OB M OE FEEFRP S ENTEY ., ZOHED A
N7 MVEBT S Z L CEFEESMETM T ENTEDS, TNETIZT V2 b—% LD
RABAEN R SNA A2 —Ly v Z o oy BEOBIIZ{TV. BTNy TR % e
SELTE[1]e & SICEEFEO NILIRERNIC, FEL Lok —L > b v U (CER) & 250+ 5 ey
M AT 5 Z & T FEL %R CER #8325 Z L ICpkZh L, FEL BIRICE > TE TN
WHET 22 L 2L LTV D[2],

KU-FEL @ X 9 72 L2887 FEL Tld, B FE—A~ 27 22UV ZAOHTFEL X 7 122UV A f33E L
BT D0, BN FEDS FEL LB L TWD EEZDND, LLARRS, ThE T
LT e m SR I B B2 R s O R B TH S VTN S0 o 72 729[2]. CER OHLY ) LEhsEN
K< T CER A7 hD~ 7 a7 )L ANFFEIRIEEZHIIT 5 Z ENTE oz, & 2 TEHFEEIR,
BUAIFTEE7e CER ¥R A2 HIF LT, HZEm$i%a 5 o7 CER i v A 7 A D B % Ehii L 7=,

2. ak—Lvr bz UBGHERIROEH

ab— L NI EZERGII T T2 ENAHN T D720, M Lok & E 1N T 5+
WCHIAS 5 Z S 3 R#Ech 5, - T, FEL MAAEMERIC X 5B 130 FIIRZE L ORERI3E 8 % 511
T 5D, BZERFIIEE L2V CER OB Z ) AWNARA TEINT 20BN H 5, £ T,
TR A DEZER SR L FEL AR I 7 — DO BRI & O OikiE 2 ICF70 Hi#& 5 ICF114
KA ~YERT 2 L3610, CER I U HOPZERESEEZ LV RELTHHEFHEZFE ML=, K1 235R-T
KO CHT2 722 S IX —SORHEOINHWET VI = 28R TH Y | —EE AL L -
TEDONE ZmMEHIEC X 5, FEL Jelihi st U CREEMNIZ T 45 BT CTRLE ST Y, FEL 238
895 280 FEL SE#hiox L CRIBICZ2 YD . ER6OANEZAIL 15 mm BELY 21 mm TH 5,

30 Intensity
[NW/mm?]
0.76

0.38

Vertical [mm]

N
o

0

&
=]

-30 -20 -10 0 10

Horizontal [mm]

B 1 7 e 22 A B O W i X ¥ 2 CER &'— LGREE D 2 IRITZERH 534,

20 30
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T R/LFX—40 MeV, FEEENE 0.67 pA OFEF B — L0FAET 5 JEH S 0.3 THz O CER IZ-DOWTEL
B L7z, REFHEBEONEICKIT S 2 W2 oz X 2 1277, ZORIZEBWTIMALE X OWHIO
WARITZENZNHIBOFRZE L EHSEORE2E£ L TRBY ., HEOSHKRIT FEL 2AEiEd 5L (HE 15
mm) OHFFZE R L TS, B LW ZESEmSEEMER L Y 9 5 5O H D CER B — A% U LT FEL
HIRENP OB HTZ LN AETH D, KIS/ CER E—AlX z & v MO REZHE L TR
HZHE S, A7 MAVIEICHI &5, CER E— A AR T 5 2 & T, BEARHIc B0
TCER X7 a7 L ADRFFBEEZFHAITE 5 Z EnHfFTx 5,

3. TIEER 10
e EE A R E T AR, BEFEO TR 2R
LCAMROERICHERT S z & v MERAEE M
(Torr Scientific 1 : BVPZ64NQZ) Diil A7 kL
ZPE LT, ZOEEEOANERIL 60 mm, JES »
[L4mm TH D, TIHFERIHEH L7ZETFE—LDHE
TR F—[X27.1 MeV EIRW = DI TFEMNLE
B < | FEE R E A 2 7 B BRI E 0.1~1.0
THz Tholz, JE LLEEEBOFZEBAT LT 027
HHE 3 PIRT LI, BT T T EICB N
THEERIZIFIE—TED 08 THY . CEME & —F L T 0'0040 02 04 056 08 1.0
W2[3], BT T T ALY BT DR A SO BT Frequency [THz]
N2 THDHZ EEBETH L, BEEOREM X3 z 7y MERAEEOEBEAZ ML,
DEFICE DN 20%FEHHDT, BHERICE
T AT L TRWZ E R TE T,

0.6 4

Transmission

0.4

4, &9

FEL ##EH D CER A7 MVEBH L TE /N F ORI R 2T 5729, FEL HRZHEN D
CER bt — A Z Y HIHiHs 27 2 %% B Lz, CER B —A % KA~ 57200z 8 v MEdA
HAIL, CER ZIEFE AN LW 2R LT, BrL<E L2 Pmekit. BRI
T 5 Z L72< FEL EZ 500 13 CER B — A A EROK 5 [EHRT 5 = L AR CTX 5,
SKAEFE I ZIRVVEARIC I\ T, CER 2 7 /7L ZADKEBIREZHTH N TEHTHA D,

BEICHR

1. N. Sei, H. Zen and H. Ohgaki, Nucl. Instrum. Methods Phys. Res. A 832 (2016) 208.
2. N. Sei, H. Zen and H. Ohgaki, Phys. Scr. 98 (2023) 025510.

3. D. Grischkowsky et al., J. Opt. Soc. Am. B 7 (1990) 2006.

*#U R b

[mCFERY A K]
18 feih, TR NS IC B T 2 RGA A BEE L —Y —RNHEET 2E N T EEOEN .
BTG 37 No.3 (2024) FIIH.

[AEAREY R ]
TE foh, BN 285k, 5% i, BN, B @Bk, A S, KE KB, & e, TEHE
L—HF—HAEERBIRODDa e — L by VHRGHLIROBR |, B AW B 725 78 [AIFEIRK
£, 2023/9/17.
16 fdgh, RIE B, 4 e, B 285, 5 &, & mser B &, | Rk, &7
CFBD D at—1L by VHBEHE Y AT AOK R 1, F 37 B B ARSI ARSI
B ERS VR T A 2024/1/12 (RA X —3F)
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EXKREEEHTERIERZ L OKRBILHMEHRORRE

FHERRERN !, IR AR, AR

VR L A L
2R R S L 3 — B L AR S A

[H/Y]

IKFEWALAIEE X, KRB OB &> T @R bR % EE(L T & DML BE R )N vl iE 7R Frk R B2
WMAEHDO—FETH D, ZOTDEMBEMONRE R Y NT — 7 HRx lIZWETDHZ LT, FERSEMZ
FNC, KFE TBLRFBEO T A - R 12 CTHAx OMBE R EFETELRT VXY A B’ D I L
N, H—R VA 7 NS EBUCET TBAERE SN TV AMEHTH D, Lol mVIKERE
G T TORERIZBWTORKEBRCAIE OBIH-CHEAERITE VOO, TNEFEBETH7-DIC
ELEKBIRE CORER AR LR TR RGBS MLEIZR > TLED &) RERFEL
2T 5, BABMICIHEKRFRE CTOLFE T, R/KBIRERTE ORE & FREO B O TR & (UHHE & 5%
HTED LI BKREERTENITEE L,

FxlZonE Tz, KERGAEOF THRER BMEINTWVDLFEOUE DT % Cupriavidus necator
H16 (LLF. CnH16 ¥k) Z%51C., B/KBRE (80%) SIK/KERE (4%) TOREIZHBW CHliNEEGE
CBERBIEFHLFEET 2 Z LTI LTS GaslHEEY), & 2 TR T, ZoMAEER
GFTF—2 20l R Y N — 7 W BT D025 ) MG EE L., BKRESETTHHY
FEAED RV CnHI16 BROERIRZ/ERIT 2 = L 2 BIICAFIE 2 i L7z, 2 ORRERIZRE T U, 2
DERRICE B4 RBERBFEEATH 2L T, ZMEELWEAES “BRILIRE L KFEND
BT DHWN T T v N7 —LNFTIZAD Z LD,

[ 5k & AR
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Rooftop PV Hosting Capacity in AC Low Voltage Distribution
Systems: Future Perspective in Cambodia

Vannak Vai !, Hideaki Ohgaki 2

! Department of Electrical and Energy Engineering, Institute of Technology of Cambodia
% Institute of Advanced Energy, Kyoto University

1. Introduction

The carbon neutral energy transition changes rapidly with trends of decentralization and electrification with
renewable energy sources which will signify a huge change in the traditional way of providing electricity with
renewable energy into low voltage (LV) grids. The rooftop PV connected to LV grids is more attractive. However,
despite its benefits, the problem of voltage and current beyond limits may rise. In Cambodia, rooftop PVs can be
connected to the grid, but with the regulation of capacity and electricity excess. In rural areas, most of the mainline
with 3-ph systems are built practically to deliver energy to 1-ph consumers, causing unbalanced current and power
loss increase. Therefore, the proposed tariff metering schemes with the optimal LV grid-connected rooftop PV
hosting capacity issues for electrification in Cambodia are considered in this paper. This work proposes a techno-
economic analysis of the rooftop PV penetration at households integrated into the LV grid with different tariff
metering schemes (i.e., no sellback price and with sellback price) between electricity producers and distributors
for future LVAC distribution systems in Cambodia. The rest of the paper is structured as follows. The proposed
methodology and formulation to achieve the objectives are described in section 2. Section 3 presents the case study,
simulation results, and discussion. Lastly, section 4 gives the conclusion and future work.

2. Methodology

The proposed method is carried out in the following steps. First, the input data of location (transformer, poles,
and households) and demand (P, Q) with a 3% growth rate is needed for a radial topology and phase balancing
using shortest path (SP) and descending order of first-fit bin-packing (D-FFBP). Next, cable modeling and
parameters are required for cable and protective device sizing. The penetration levels of rooftop PVs into different

Fig.2. Radial Topology and Load Balancing including
Fig.1. Several Steps of the Proposed Method Rooftop PV Locations
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topologies are then provided. Finally, techno-economic analysis is performed over 30 years of planning study. The
different steps of the proposed methodology are shown in Fig. 1. All completed algorithms and concepts (i.e., SP,
PB, LB, D-FFBP) and mathematical formulations (i.e., short circuit current and NPC) are provided in a subsection.

3. Simulation Results and Discussion
The LV distribution system in a rural village, in Batheay district, Kampong Cham Province in Cambodia is
chosen to validate the method. The location of households, poles, and a transformer of the system is shown in Fig.
2. There are 22 poles and 107 households in the system'. The load and averaged PV curves for the simulation are
shown in Fig. 3. With two different strategies of phase balancing
and rooftop PV penetration into the LV distribution system during
the planning study, several indicators were found and are shown in
Table 1. Based on the result in Table II, we observed that all the
cases are profitable except the case that of PV integration without
the sellback price. Also, the system with load balancing gives a
higher value of NPC compared to that with pole balancing. For the
load balancing, the integration of rooftop PV with sellback price
provides a good option with the NPC of 41.01 k$ for the decision
in our case study. Fig.3. Normalized load and PV curve in the
case study
Table 1. Several Indicators of the Proposed Method

Grid without Rooftop PVs Grid with Rooftop PVs
Items No sellback price With sellback price
SP-PB SP-LB (50% PVs) (50% PVs)
SP-PB | SP-LB SP-PB | SP-LB

Total energy sold to consumers [GWh] 4.12 4.12 4.12 4.12 4.12 4.12
Total energy sold back to grid [GWh] 0 0 0 0 2.2244 | 2.2249
Total ener urchased from grid
(GWH] & P & 424 423 3.55 3.54 3.55 3.54
CAPEX [k$] 15.97 15.97 96.52 96.52 96.52 96.52
OPEX [k$] 34.69 35.04 7.92 8.25 137.18 137.53
NPC [k$] 18.72 19.07 -88.60 -88.27 40.66 41.01

4. Conclusion

The digital tools for optimal radial topologies with phase balancing have been developed and validated. Two
methods for phase balancing of the pole balancing (PB) and the load balancing (LB) based on the descending order
of first-fit bin-packing (D-FFBP) have been proposed and compared together. Suitable cable sizes and protective
devices were also provided. The maximum rooftop PV penetration level for a given number and locations,
respecting the current regulations in Cambodia, was analyzed considering different tariff metering schemes. In terms
of net present cost (NPC) value over the planning study of 30 years, the LB with a sell-back price is the best option
in our case study. The sensitivity analysis of the rooftop PV penetration including sellback price will be investigated
in future work.

5. Lists of papers and oral presentations
[1] Vannak Vai and Hideaki Ohgaki, Techno-Economic Analysis of Rooftop PVs in Low Voltage Distribution
Systems for Rural Electrification: A Case Study in Cambodia, 2023 IEEE PES 15th Asia-Pacific Power and
Energy Engineering Conference (APPEEC 2023), December 6™-9™, 2023.
[2] Vannak Vai and Hideaki Ohgaki, Rooftop PV Hosting Capacity in AC Low Voltage Distribution Systems:
Future Perspective in Cambodia, The 14™ International Symposium of Advanced Energy Science, August 30 -
September 1, 2023, Online, Poster.

1 L. You et al., "Optimal Topology of LVAC in a Rural Village Using Water Cycle Algorithm," 2022 IEEE International
Conference on Power Systems Technology (POWERCON), Kuala Lumpur, Malaysia, 2022.
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~ A 7u7ua—EHNIIBT 5B FEASEEMT S Z LI Lz, BRI, FEAFEEEE T2 TPPS-TEG2 %
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4. @wCFERY A b

(1) M. Numata, C. Kanzaki, Supramolecular Chemistry of a Moving Solution: Flow Drives New Non-covalent
Bond Formation, Chem. Lett. 52, 602-610 (2023).
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* Noriyuki Y. Iwata, Yasuhiro Morizono, Kiyohiro Yabuuchi, Akihiko Kimura, “Oxidation behavior of
mechanically alloyed oxide dispersion strengthened alloy powders”, 14th International Symposium of
Advanced Energy Science, 2023.8.30-9.1, Uji Obaku Plaza, Kyoto University, Kyoto, Japan, 7~ A% —
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#gHir . BE#EMOEIEED DNA #5552 Nt (K1),

3. BT UV—FRy—F LR NAT UV RTETY - ODER

ATECH LN EHENOEIRED DNA NS T A4 77 U —4% % L, GridlON X5 (Oxford Nanopore
Technologies f1) ([2&bm 7V — R —r > A%5EE LT, TOFEFR, F16 77U — K, N50 £ 19kb
DY— A — NS EGHZ ENTET (F 1), HEWT, Ya— U — REAIE, RIFZETHED
Niea o 7)) — REggE WA 7w K77 2FE LT, v a—hU— RESIOI)HHE
LINT=T ) LA ENA TV T2 U NBELNZST ) AESZ L LZfER, A% v 7+
—/L REASEIEIOK) 6 572589 300 BLAIE TPOR L, g KAF ¥ 74 —/L REN 1.3Mb 205 3.4Mb %
THEL, &EHICAF ¥ 7+ —/L RO NSO EITBWTH 10 kb 705 479 kb & KigIZE L7z (3£ 2),
FEF. KD NA T Y v KT T VIZEY | REEOAPIRE TR LN 2 — b U — NES
DHTHEREINTZ KT 7 N7 AESIE g L, KIBIZEDOM ELZ KT 7 87 AEFIRE LT,
BE, 3oy ) 2BHNOT 77— a s EEBPTHY . ZOBRMIEMENEIEICE ST 2861
DRFEHEITH) TETH D,
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#1

Summary statistics of nanopore reads.

Metrics

160,942
number_of bases 1,779,145,355.0
median_read_length 7733.0

number_of_reads

mean_read_length  11,054.6
read_length_stdev  10,665.0
n50 19,025.0
mean_qual 141
median_qual 14.3

Sample Table

[ Well | DIN [ Conc. [ng/pl] [__Sample Description | Alert |

‘ Bl | 94 I 9.1 |D138 | A

1 Length distribution and concentration of genomic DNA.

# 2 Comparison of genome assembly metrics for hybrid genome assembly (short reads & long reads) and short
reads alone assembly.

Hybrid genome

assembly of short

and long reads

Short read only
assembly
(SPAdes_scaffolds)

(flye&pilon)
Main genome scaffold total: 328 66,703
Main genome contig total: 328 70,009
Main genome scaffold sequence total: 46.647 MB 55.184 MB
Main genome contig sequence total: 46.647 MB 54.862 MB
Depth scaffold total / num of bases 38.1 131.7

Main genome scaffold N/L50:
Main genome contig N/L50:
Main genome scaffold N/L90:
Main genome contig N/L90:
Max scaffold length:

Max contig length:

Number of scaffolds > 50 KB:

% main genome in scaffolds > 50 KB:

19/479.121 KB
19/479.121 KB
141/68.648 KB
141/68.648 KB
3.402 MB
3.402 MB

163

92.87%

758/10.271 KB
2071/4.381 KB
25336/206
28865/204
1.399 VB
1.237 MB

102

26.59%

[REAZER Y A ]

Yuh Shiwa, Tomijiro Hara, Yumiko Takatsuka, Kenji Yokota. Elucidation of the novel competitive function
between microorganisms of genus Rhizoctonia by genomic approach. Thel4th International Symposium of
Advanced Energy Science~Research Activities on Zero-Emission Energy Network~, 2023 4F 8 H 30 H, i

# e NA TV FEE (RAZ—)
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HEAIRILX—ELE - FIRZHET S
RNA SRR BE DB F

R R L, FETT K, BIE FE 2

U4 ) R S PR 2 R
2 ER RS R L X —H TS AT

[PFEER - BEY]

AT H 7 ) — I omEhER T 3L X —
PEAE « FIR Y AT 2%, BIEBHRITHE S TERK
SNDEk& 728 N EOBE THREINLTY
%o FIBEIE, =RV —pEA - I A2 @ UNAT 2
HE 0, XU ORBESCHEE ARG
RO CHREI L T\ b, T7hbb, EE T
FHEBLOMFETH 37 Eikiex AEICAE TE
E, N o= 2L —REA - FIH 2 ANAH)
IZHIEIT 2 Z LR FTEBIC A D, 2D X 5 Zedidffr
X, ZUNNTBHIZEVEEINS =RV —
AT N BET DO OREEIE L B A A,

A O T AT IR O PR A id, RO =
FAF =Y AT BOURFHIEITE 5. BI1 RNA JRACHSH  RNA SRAREOR OB

SHECICH AT, RNA % B8 -4 %% RNA AR AT (ERAZHRFSRAY A-to—T RNA fRERELAT) 13,

(B F BAEENT (RNA ARG PR L e, T D AR ST HORERE
b M EEOESEEYIZIT, RNA LU THE AL

Y % e D A-to-1 RNA FREME DM > T D, A-to-IRNA FREMME X, NEMIZHEBELL TV
% RNA et (CARBEERNT T/ 77 27— (ADAR)) 2LV, 55 F ¢ L < ITHRE#IC
BEDTT /v (A) A7y (D) ICEBENHETH D, mRNA BIZELZTIE, #2308
RO 7T 72 (G) & LTRMINAHT20, A-to-l RNA #EIT RNA L~V D A-to-G Bin T4
HLEEMOBREFFD, X UV EHERENUET D2 ENTE S, Foxid, ADAR @ RNA fREIEES
FERY RNA IZFFE L, ERYERALIZ A-to-1 RNA fREE 28 AN HiRetEr%2 (AD-gRNA) ZBA¥ L. £h
Z W7 RNA fREEHAIN B L& 72 (¥ 1), AWFIEIX, AD-gRNA Z V7o RNA fREESAT & R
RIBRT O L, AN = RV —FIH - EAE & N RCHES 2 55RO EZ BV E LT 5,
AIFEROBRIITIL, ERNOBINAIITEER) RNA ZHRET 5 2 LN TE 5 RNA fEMBNLET
bb, T TAMZETIZ, HEKD AD-gRNA IZY A —EFZ B AT S Z L1280, RNA fREREED
TEAEREAL S FTRE T D M A WGE L 7=,

[RBTG5 - /R

- AD-gRNA D ADAR FHESF®K (ARR) &7 F 2 AFER (ASR) DRIDY > b —kit
AD-gRNA (T, HHHAY72EY TIERY RNA 2385k 35 7 F & o A6l (ASR) &, #REEEF ADAR
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DOIRETENEZ D RICHFET D720 D AT L/)L—75E (ADAR #FEMEE : ARR) TH S5 (K
2a, ¢), AWFFETIL, GluR2 pre-mRNA DOFfFLEHNALJE DS % M & L7- ARR IZ ASR %Ef% L 7= AD-
gRNA 2, £72, ARR ® 5’ KiilZ ASR 2 #fE L7257 ASY (5°AS_AD-gRNA) & 37 filic
HAE L7237 AS ! (3°AS_AD-gRNA) @ RNA fREFHFEDRMEN TN ENHER D 2 FE O EAFKIC
DOWTHFIZIT o 72, ABFFETIE, A HHEHKA AD-gRNA HEAEH I LT, ARR & ASR OFIZY
VI —BANEEANTHZ & T, RNA REFENRED X O ITENT 202 Lo, BARRIIZIL,
GFP_A200 ##E) & 3% 5°AS_AD-gRNA & T 3°AS AD-gRNA (ZxF L T, 10nt(L10) 33 & OV 20 nt (L20)
DAEE D RNA fit%%Z ASR & ARR ORZE A L7 FE AD-gRNA (ZOW\W T, fHffax ADAR2 ¥ > /%7
B % Tz invitro RNA e T » B A 12 X D RNA fEFEEZFME L2 (K 2b,d), Z DK, ARR X
TANPEEEL TS Z & AR T 5729 ARR 2 ARSHEE 2 TRk L 72 W ECS CHERL S5 AD-gRNA
BHIR (5°AS_ncAD-gRNA 3 K OV3°AS ncAD-gRNA) & [AIRFICREAM L7=, #55H. 3°AS_AD-gRNA (235
WY B —EdAIOE NI X0 fREFEIEMEIME T L7223, 5°AS_AD-gRNA CixiEtEnsm E L7z (K
2b, d), F72. ncAD-gRNA TIIZhRMemEF B IR I N oT-, LEOREREID, U —f
FZ IV T ASR & ARR DNERCT D ARSHEE O ERER 2 k42 2 & T kKD b Emun sk
A7 5H AD-gRNA ZHEETE S A[REE A2~ LT,

(a) (b)
target RNA S;! _ 100
TG Tiiie 80 -
(LO) =
iginal
origina ASR ARR CED 60 J
%
T ® 40 |
(L10) 3 ] X
(10 nt)
20
(20 nt) LO L10 L20 Lo L10 L20
3'AS_ncAD-gRNA 3'AS_AD-gRNA
(c) (d)
target RNA S;! 100
ARR 80
(LO) 5 e A ey
original ASR
2 60 1
%
(10 nt) S 40
(L10) = Lammnt sk rhassy: B ]
20 A
(20 nt)
(L20) 5 oLl M
LO L10 L20 LO L10 L20
5'AS_ncAD-gRNA 5'AS_AD-gRNA

X| 2 ARR & ASR DRIZY v —% B A L7z AD-gRNA DFREF & in vitro RNA ¥REEMHT

(a) 3’AS_AD-gRNA (LO)& V > 1 —Z 8 AN L 72284k (L10,L20) Of%Gt. (b)) 3’AS_AD-gRNA K TN
> B —3E ARD GFP mRNA A200 (Z%f3 % in vitro RNA FREEMNTHE R, ncAD-gRNA |X, ARR AT A%
L7 0 & D ICEAIERZE L= B k%, () 5°AS _AD-gRNA (L0) &V > b —%3 A L7 8IK (L10, L20),
(d) 5’AS_AD-gRNA KON > B —3E AfKD GFP mRNA A200 (2% 5 in vitro RNA FEEMAT i 5,
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RNA S RBERIEEFELET D
BT VT U ABKEEDOFRFR LB FFEEHIEH

I ERL, BHIE %
VILRITR R AR T e R
2 RAR RS L — B AT

7T = HIRICE T AR DNA X° RNA (X, 77 = VR O R %) 72 Hoogsteen /KFEFE AT X
. BV T AL L UAFE T TR 2 U ESEEE Z R T 5, & N OREGIRKICTET 5 —AREHO
VI L DNA B4 (5°«(TTAGGG)n-3’) WK T 2 77 = IUESHEEN, Yoz ErEe, M
DA 72 E AW EE SRR R T Z E RO NI CE 2, ERTE, B BIRICEE
TAH7 0T —Z—ERICB W TIER SN2 DNA 77 = U EEEED, B F O Eal e e
HeFTHZELHLNE RS T,

—J7. mRNA BHFITIE SN D 7T = MESHEEIX, VR Y —LICX D5 X7 E~OFRE
BRERETLZZEDRPALNCEN, 77 = UESEMEE T Y v ERBUCEERER 2 R4 &
DNERfiE XU, RNA 777 = > P B SHAE & I BRI AE B9 2 N T 12 -l W T2 B A5 7 BLHIE O 7l A 53
RENTWD, HEFEHIZZNETIC, ASRICRNA T 77 = UESEEEZHET5 2 L2 AL
L C. RNA BSIHICAFAET Didifsid 5 7/ 7T = VIR EN L LT v F v o AR AR L=, 7
FELAD S KIGENCEAN LT 7T = A& T T v ARERE (g-AS) X, fEJRNA LU Y7
U v 7 BUKZEFEG TR L 2 ECH R R 72 “ AR A 95 & [RIFEFZ, RNA FICHFAET 28k 5 7
To=UEEE LB, RNA & DNA O 7 7 = IR B &5 RNA-DNA ~7 v U B8 i YA 1
B L, Z R EA~ORFURREE DR LSHET L Z 2R LT,

TT = UM IRICE T —AREHD DNA & 5% RNA 1L, MWESEEER R A AEERIC X v ek &
Ni-. 27 2RI EHFREE 2T 5, RNA ISR S iz 2 7 LU B AR 1T, Mied CTRIE
FED KClAFTESRME T CHORERMEEREZER L, BWIRTHY AT E~OFFRREZHET 52 &
Nohotz (K1),

(K1) difed 277 = kRSN 2 % 7 5 RNA 77 = U &

AW TIE, TORGCT T = NEHZ KT 5 X 5 ICEG L= a7 v T & o AR = (ER
L., # o7 LM77 = WESFREERZ N TS L7z RNA-DNA ~7 1 % 7 AP0 EHRE SR
it L (K2) RNA A~ H 57 277 = U PUEFARSEEARRE, B IO, Z o5 L8 A
TERR DS EAG 3B RT3 B A T LT,
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(K2) /7= NEHEAT T o F 2 225D RNA-DNA % 5 L2877 = o U EEEE OFE

TrFREUAZEAN LT = MESEEEORSNC XY, 77 = PIEHEESE 2 H T 5120 RNA
HICIER SN D # T 2RI EEE G O ZEWENELT 5 2 & & SOE2 R U 72 Bl fgiEE 1 E .
RTase 2 h v 77 v AEIC I OPALNC LIz, T o F v AfEgE 77 = P ESEES 2 B TIRA
LCHH T LT T = WEERIERERITRD ST, A RNA BLY OV 77 = o U B
EDNFAET D 2 & DN E TR RNA-DNA ~7 1 X 5 AR EEREERERIC L ERAI R THDL 2 L %
O LT, 512, b MRS R 28N Uigls FRERIC T TRELZ MR LI- L 25, mRNA
DOIEFERFEIC 77 = WM ESERACSY | Z AT 5 NRAS BaF DX R0 EERAZET S 2 L)V
WTET,

AfER LV V7 = VU ESREERMER T Tt o AERE I RNA S RIC R E R & o7 AP Y
MEZHETHZLICED, FUoRTE~ORFUAREZAECE L2 L2H LN L, 4%, £Y
FHREENEZ M ESE 572010, BNMEHEREEZRB T2 L2k, L0ERNICH R
BEREOR R 2 HIE T REZAERE T T o AR DBIRE BT,

2 3CHK

1. “Inhibition of protein synthesis through RNA-based tandem G-quadruplex formation” Chemical
Communications, 2021, 57, 8063—-8066

Masaki Hagihara*

2. "Small molecule-based detection of non-canonical RNA G-quadruplex structures that modulate protein
translation" Nucleic Acids Research, 2022, 50, 8143—-8153

Yousuke Katsuda, Shin-ichi Sato*, Maimi Inoue, Hisashi Tsugawa, Takuto Kamura, Tomoki Kida, Rio
Matsumoto, Sefan Asamitsu, Norifumi Shioda, Shuhei Shiroto, Yoshiki Oosawatsu, Kenji Yatsuzuk, Yusuke
Kitamura, Masaki Hagihara*, Toshihiro Ihara and Motonari Uesugi*

[FRFERY AR

H1 AR —B TR e ERR S R Y T A

Masaki Hagihara, and Takashi Morii

Development of novel guanine-tethered antisennse oligonucleotides

FERA S —5F

Yuri Sohma, and Masaki Hagihara

Development of unique antisenses that selectively stabilize guanine-quadruplex structures in mRNA
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FONBHEFL—F—ICLBHT 5 LBEREORENR DR

L=, A2,
AR 1B R R 1 T R
2 B o L X — TR

(et = - BRY] .

77 NGPERX, o AR O & A RN A R S TN T A NV A BT AT A VT T
— 7 HERRT D, WEIRIREE, O ERIEEICE O T, WEHIERS X O IR - LPS OHEBRSMETH
LW, TUENT T =TI EBOMENERT DA AT 4 VA THD E, BEYLIEO QPRI ZE
LTEELTCWVWDOHEIEMETH D70, ZORLRBRERIIEFICNETH S, £7-, NEELTHD LPS
LR TREAE SIVEERMNIE SN D Z LI X0 i S, JAFEPH 72 a2 kF U Ci W O 354 2 %%
HT 2570, BUEOHERICEBW TIEHIRCEAZ L S L—F—IC X 2B RBRENRECH 5,
B FH1E (Photodynamic Therapy : PDT) 1, #k% R E D2 WD Z & THRORZSAEKN G 7%
bt &, EDO= X —Z2 AW THEMEEGERCTEN R 2 BT 2 RRIETH D, &<, A
YER 23455 PDT ILPUE AR 5L (anti-microbial PDT : aPDT) & L CHH SNLTE Y, THFHE
FHARIZB W THTEREAEELE LTHRELWREZZT TE TS, LLRBL, 77 AR
LR R ENRIET AT AN T T — 7 D LPS 1K D ETERICOWNWT OMGFRORE A B =
R L DTN OHEITITE L EFTONTWARNWR EDOMBESZEATWSD, 20X 9 775 5B
F 2, AW TIE, WEAENEZA L, IREZ xR A BE - —% — (FEL) % T LPS
LU & T HEEHRIRRK O RIEFRERERZ B AT 52 LIk, 77 AGEREIE G35,
NAF T 4V AR OIHIRCMRE, L BB ORIEZ T Z & CRYEIRIC IS 240
B HORE - O REHEALER Ot 2 BRv & LT,

[51£]

. KW TIE T 7 AGERE & L C Streptococcus mutans  (S.mutans) %z V72, B5# 213 brain heart
infusion (BHI, Beckton, Dickinson and Company, Sparks, MD) (Z 0.5% yeast extract (Beckton, Dickinson
and Company) Z 1 x. 7= % HV N, | Z)E U T Bacto agar (Beckton, Dickinson and Company) % 1.5%
EECHRIMUL., SRR & LB T T L7,

2. ¥53% U7z S.mutans O 7RI R OFEMTIE, ARG K53 3t (FT-IR) & W TRt 217 - 72,
B FICTHEEL, BRERMZ —EIC L%, HRHEREIC TR, S ¥, FTIR (2T
RS e 5 2 it U, PRSI R S ORI IR i A R L T2,

3. RIESNTZHRMTHILRED FEL RS 21TV, FF# OIS 2 S FR I Bk, 53 LAEREE

B9 % Colony Forming Unit €2 &k W FEL OFENEOFMEIT 7=, F7=, BEHOSFE

B 2 2 AR - BRI CELEE LI IR OME 2 b 2 Bles LT,

[#ER - B52
IRAMRAL IR 53 6EE (FT-IR) IS THBOERED A~7 MG, b DR % S.mutans 12 5
53, 1043, 15 9 A BT L—V —Z2 S L2RER. X2 1IR3 & 912K 6.62, 9.26. 9.41, 10.46
BN THERBEENE O b, EFBHMEEICHE O T FERBEEEENZO bz, b Ok
REEz, Sk, 77— 7RI S92 S.mutans © glucosyltransferase G TEIZ K 5 E K VT Z
LA NE TS LPS ICx L CORINBHE T L — —DORKFNIREE MR T 5T ETH D,

1

WICEEY AR BEO TABEEERY A b 125N
RS, A, TR, MDY, SEGE, FOERORRS, S, SR, RIS
I E T L— P DR E A RO Mt
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H1 4Rk —B TR ERRE S R Y T A
HERFFIET v v /%A FEEBIELS TV 202348 H30H -20234E9 A 1 H

Fig.1 FT-IR {ZTHBATZ Smutans D AT KL

Fig2 A HBEEF L —Y—ORE DR

A B

Fig.3  S.mutans O BTG
FEL => hm—/L (A), FEL &%, WSRO bz (B)
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RFFEHNBRETILAEIOBEEEILLICRITT
Ni,Si RO E

R — ' A 2
ORI E B - ) TEETSERT, 2 AU R R L — B AR SRR

1. #5

4R 1 R ER e R T D J1 R et I T R ARV 2 RO 03 I ME T RGN IO B 3 E< 72D
R L 2SI AE T DI LD E SN TS, [E S BREROBEMEALIZ DWW TUIZL DA ZE RN 2SN CRY, RSt
X o TE S RSN TR SN IR B R -7 5 28 b~ W) w7 ZH 155 0 BRI R Ka s 3572 IR 5 e b 22 1R
LENTWA, ITEDIFFEIC LK Cu JFE IR ZHIIZIB T Mn-Ni—Si 7 7 AX DB ENDHZ R0~ M w7 248
B L TR OEENA L — 7 DR DSA SN2 5> T[], LS Mn-Ni=Si 77 ZZ IO\ T
BRI TSN TV Cu Uy FAT L L~ BN 72 L RERBAZRER 53 3%\, (K Cu 5147 £ 1 8812
AT D Mn-Ni-Si ZTZAX Db ~DE G2 D L THAEMH F OIE RGO L2V EOm FicE 59
HEEZHND, ABFGETIE Ni BEO Si ZIRINUIZE BT T VA4 Fe A4V IRKZENLT-, <
D% Fe A4 BEUT-E IR SHET 1540 TEM BE2521T), S0 — 7 TERUIC K% Ni,Si #shno

AT,

2. EBRFIE

R IR LR AT M DRSS IR Cu JE RO LR A LT 7 V& 4Rt
7 A A, #HA%E Fe—1.5Mn &4 1 1, Fe-1.5Mn—xSi (x=0.25,0.5,1.0): Si #0144 3 i, Fe—1.5Mn-yNi
(y=0.5,1.0,2.0): Ni @INE4: 3 fi, & 7 FFECTH 5, kB A 13ES 13mm, 15 3Smm, JEX 0.5mm ORI
TU7z, TR K= T DuET (2 CTAF IS FERZE L7, A4 FHHT Fe T ¥ —iX
6.4MeV TdH o712, Fe A4 RE O — 7 EESIE 1500nm The KTRER I 1800nm Th-o7=, EHR E D
DEESH) 600nm TO RS & /MBS X 0.17dpa/4.2 X 10 °dpa/s , 0.03 dpa/4.2X 10 °dpa/s @ 2 S TH
ST70 ZOEMETOR RKBEESIIMSELHH) 1500nm (7 & THY BB EI13F 21 0.48dpa & 0.08dpa T
HoT,

AHERENDERAA L — 20N THEE (FIB) A W TESK 150nm OB 2910 H LU= 1% K3 A4
UHFEEEEEIC LD 0.5kV DT NI AL — DA HZV T H W TINLEFD Ga A4 BREHZLAH A—
Vg ERELUT EREUEHI R LY 1 — 78— AR P EZ 2 TEM 8142 Tl L — 7 DB E T 72K
Fa D K588 FE DR E X AT R RV =200 THRE SRR B TfTo 7.

3. R

AWFFETIEREDHDOTEE 600nm M ¥ 1500nm D254 CTHANL LV — 7 Dfif it 2 FEhi L7z, X 1 (21X RS
LI ETFINEEDT 4 —I8 — AR B EAZ - TEM Bl 41, BIEESIHII S AT B=011, B4
AUV g=200 TEENHOES 600nm DEEMEE R, Bl 0.03dpa TIEEI T AR EIELIZAR
LCW5, —F, T 0.17dpa TIHHENLL— 7 LB Z LD EI NTANREEEIZAM L TWDIEND,
BRI 2 Lo T Bl iV — 7 D RS2 2 E D R ST,

2 BB SNTHBAV— 7 DR E ORE R 7, R #4(0.03dpa) TIEHH BB AUZ B D
5T ETOEETH 1.0X1022/m-3 FLEE DN — 7 N ER ST, £, TS AR RIS FEI A
(2000nm LA EDOESNZBWTHRIREDE M ANMIE SN2 BlEBSN /= E a3 M ANIRALV
— 7T IV AL e o " ANTH D EHEZR SN D,

— 75, mREA4(0.17dpa) TIL A GO A IZ L0 EE B K& B LT, Ni IRINL 72 Fe—1,5Mn-2.0Ni
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B TIIRINI & b ~_JE FE S RE ML=, LU Si ZFRIILT- Fe-1.5Mn &4 TlL. 5 /L —7 0
TR R & <IN S AU PRI A & [RIRRBE OfE A R LT,

4, 5

Ni WO EVEENL L — 7 DFE AR DMEHES VDA 23 OB 1, IR ORRAL L — 7 O HEAE
FINZEDbDOEHEE SIS, 1B Be /L — T IR O K Y o 7128 | T DIEIR T 5, L LA 4
W OOV R A DAL — 7 Z AR LB B E 2D S8 7= 28T B\~ D)L —T DRIFER N L5 2
BB, TDFBETIV—T OAELFHERNIENNL , BB EARINS -2 LAV R ST,

— 5, Si ININICIXERNL L — 7 OFE IR SO 2 R b7z, H— R R AL T a-Fe HO%
B RAOYLEREAE DT ARON TRV, Si DILE AR Z N L TITONDAZENRENTZ, T D=9 Si
DHENNDS Si-ZE fLOBIE FEABIMEE D ATHEMEDHY |, Z24LE SIA OFFE S 128D SIA OIEEAERELZ2D
HENL L — 7 DRI ST L5 2 bihvd,

BE R

[1] L.Messina, Solute diffusion by self-interstitial defects and radiation-induced segregation in ferritic Fe—X
(X=Cr, Cu, Mn, Ni, P, Si) dilute alloys”acta Matrialia 191 ” (2020) 165-185

5E+22 —| OFe-1.5Mn

- mFe-1.5Mn-2.0Ni 0_03dpa
£ 4E+22 - | mFe-1.5Mn-1.0Si
o
S a2 |
-
M 2E+22
jES!
= mll COmm |
0
| OFe-1.5Mn
- = Fe-1.5Mn-2.0Ni 0.17dpa
£ 4E+22 | |MWFe-1.5Mn-1.0Si
~
I
s 3E+22 ¢
M 2E+22 ¢
i) H
ﬁ 1E+22 +
0

600nm 1500nm

E B BEETLEEDV 4 —7 E—LBRRBEEZAV: TEMHRE. LA : 0.03dpa@600nm RS

T4l : 0. 17dpa@600nm R

f H2 BEL—-TREBEECRITESEREBHEORE, L :0.03dpa. Tl :0. 17dpa
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REEFRNABAAFBRICETEIRE0OEHRIEDHE
FE B I | e, Kom e 2

A BB SEBR FE R A
a%k%izw# T SRR AT

1. 1IXC®IC

ES RO IR [ @8 L —W — (Free-Electron Laser; FEL) Miz%. KU-FEL Tli. FIEIC%
542587 N) OZFTE—7MENEAR L, 1I/NITHAH L T UL AENE < 72 58U S IEN E
BLTWD, ZOX9 7RI TIL, FEL 7SV RAZEI UIZFEO LR 1000 712 b o LB
ZEUDHE (BXZ 10° Wem?) 28 %2, ZhvaE AWzt TGRSR O RN IRE L 22 5, £ 72,
I 7oL AFNE 2.856 GHz OE WY IR L 2 F-o, e T HBREL, F2 o774 7 L—H%
— (FEEO08um) . YbL—HF— (HEE 1um) | BLO, Zhb b —F—%2EELH L THLNL TR
GRS AT NIRRT O TN DD, RiIEERIS (8-15um) DFEBR, F72. GHz # VK L D ER
TR Ch D, RUFZECIL, BAESEE CEI{ET 2 IR FEL TRAET 281 7 1L X % H]
H LT RERRIMES O T I5EROE—H L LT, [UKDOEREEREZIT > 72,

2. EBER
7wﬁyﬁx%ﬁﬂbk§%$ Zﬁe%%LLfmmsz%A%L RSO L7 JEER I L
VAT T FEL 7NV A BN Ui, HBHALE I BHEESOG T FE 9 BT HONW T, R OHIE %

ﬁoto;®% ¢$7wn/%i07w:/4ﬁ/®% Bt (hAECHERLRR] DB IZHE ) ICHDbET
Ny KRR T g Z— (BPF) ZE L. EEFHAEE (PMT) ORIGICBPF Z2ffiA4 252 LT, £t
AL e YL 00 i U E % i A T2
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Rab—va T, Ar JRTORKUEN, F—A 4 ALEMLITINZ T, 14 OFhEEHEN 2 Z[E L. il
B K 2 E I, BTG, B A A oAb, SIRERE S B RS PR oA A
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[ CFE Y A 1]
R. Hajima, H. Zen, H. Ohgaki, “Laser—induced gas breakdown at KU-FEL” , Proceedings of the
40" International Free-Electron Laser Conference, DOI:10.18429/JACoW-FEL2022-MOP28
R. Hajima, K. Kawase, J.K. Koga, H. Zen, H, Ohgaki, “Laser—induced gas breakdown by a train
of femtosecond long-wave infrared FEL pulses” , 2023 48th International Conference on
Infrared, Millimeter, and Terahertz Waves (IRMMW-THz), Montreal, QC, Canada, 2023, pp. 1-2,
DOI: 10.1109/IRMMW-THz57677. 2023. 10299282.

[AEFERY A K]
PER—, JEE, 2tk RKEXEH, 5E, F)INASR “IJRINFELIC X 2 MOt F5 R 0™
537 Bl H AR HEH S - RV RAR Y AR Y U A, 2024451 A 11 B, 727 U ik, DEERE
Ryoichi Hajima, Keigo Kawase, James K. Koga, Heishun Zen, Hideaki Ohgaki, “Laser—induced
gas breakdown by a train of femtosecond long—wave infrared FEL pulses” , The 48th
Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2023) HEEIEZE
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6. MEWXHERY A b BV TOFERFERY R b

[RgEFERY 2 K]

ARHEVEST, & W, SINELL, SRERT 7~ L ZAETED T2 O N FIAREE S AT L DBAFE” H
ANEEFE 2023.8.29-9.1, AARFE TZEMEF v > 2 (RA X —)

Y.Honda, H.Zen, T.Tanikawa, “High intensity broadband THz pulse generation using external optical cavity”
TroxIvva R Y T A 2023.8.30, AARKFEFIRF v /8 A (RAX—)
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T-OFERIZ L D HEBEIRREDOEALNH LN E 72D . DNA 7 7% ~—% HW T BRI ER A A 4
P—OHAMENR ST,
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i bAT o7, B ABANOFEHIFERIE 2% 9 2 IR 1000 1200 1400 1600 1800
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[REEREX Y R 1]

T. Honda, K. Kawanishi, H. Zen, A. Kuno, “Enzyme-free selective structural control of glycan by means of
molecular vibrational excitation”, The 14th International Symposium of Advanced Energy Science -Research

Activities on Zero-Emission Energy Network-, 2023 4= 8 A 30 H-9 A 1 H, BAEBKFFIAF ¥ > /XA Poster
Presentation
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BEIAN 72 B TSNS X o> TR~ O R E B b 25 & 2 L72ROREIC L 2 ERE R L2,
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[Fm SCFER U A B

Okumura H, Itoh SG, Zen H, Nakamura K. Dissociation process of polyalanine aggregates by free electron laser
irradiation. PLOS ONE, 18, €0291093, 2023.

[(ZH., TVARRE] %4 L

[AER¥ER Y A K]

Katano-Toki A, Yoshida K, Shirota Y, Zen H, Nakamura K.

Contribution of infrared laser irradiation to diabetes-related pancreatic dysfunctions

1 ARl R X —B T2 ERTERE S VAR U A, 2023458 H AR ARAX—
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(1) R. Miyagawa, D. Kamibayashi, H. Nakamura, M. Hashida, H. Zen, T. Somekawa, T. Matsuoka, H. Ogura, D. Sagae, Y.
Seto, T. Shobu, A. Tominaga, O. Eryu & N. Ozaki: " Crystallinity in periodic nanostructure surface on Si substrates
induced by near- and mid-infrared femtosecond laser irradiation", Sci. Rep. 12(2022)20955.

() KaHEsst, HNRERL, H Bl JHEpR—AS 07 b — #Hiiﬁﬁﬂ%%L%&%ﬁ%%®t@®%
OEGFHA” T T AT A 202247 A5 (2022) pp. 6-9.

(3) Shin-ichiro Masuno, Masaki Hashida, Heishun Zen: “Formation of periodic surface structures on semiconductors
under mid-infrared free electron laser irradiation”, IEEJ Transactions on Fundamentals and Materials 143
(2023)pp.320-324.
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TV AY Y —2202341H 10 H LIPSS OfEEMEIZBE T 2 R (Sci. Rep. 12(2022)20955)
https://www. kuicr. kyoto—u. ac. jp/sites/icr/topics/230110/
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(iv)
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(vi)

(vii)

(viii)

S. Masuno, M. Hashida, H. Zen, M. Kusaba, S. Tokita "Pump probe measurement of the periodic

surface structure formation by 11.4um laser", APLS20232023 4 9 A 6 H (Hakodate, Japan)
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M. Hashida, S. Masuno, Y. Tanaka, H. Zen, T. Nagashima, N. Ozaki, H. Sakagami, S. Inoue, S. Yamaguchi
and S. Iwamori: ”In situ measurement of LIPSS formation with high-spatiotemporal resolution", 21 April(2022)
SLPC2022, Pacifico Yokohama,

S. Masuno, M. Hashida, H. Zen, T. Nagashima, N. Ozaki, H.Sakagami ,S. Yamaguchi, S. Iwamori: "Spatial
profile measurement of mid-infrared free electron laser for LIPSS research", 21 April(2022) SLPC2022,
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LI RBEIZBNT, 2L 255 121%, FHUIEBR A BRI 57 L—E2 N\ T, 7 —ULE
B CTIEZ M T 5, 72, [FARIC SWRoTERIL, 2RTTEE AR SN LG AXx vy 352
ETHELND, LR~ A vy JEETIE, 2RO ESDTZOICLEREGRT L—0
el PBIIR— FOFHIBIZ LY ha A ZAHR~DAXF Yy U RHEETHY . F7-. BONT-EREK
NTDOAF v = 73RO TH Y . HENTITRW, 22T, AFETIE, A a2k —L 2 T g
CENEKO T T T 4L D SR N AAEEORNEDENEEL AT A Z L2 B T5, AFE
I, Off-axis YFRIC K VW RRIEEREZTT - 7=,

2. Off-axis BERIC LA vae—L T4 Px KRR TS5T ¢

Arae—VL U N4 PEALFERT T T 4 TiE, BUIMIERIZA o ae—L 2 FREREZRE LT,
ORI EZHANCHE TWARE T LICEV AR /T 2238815, AETIE, 77 XA~HE
DRI TH D Z EE2FIHT D720, BREOBEHILIE, ST 4 FE T He-Ne L —H—Z
E LAY 7 MEIC X DMGEEREIT 72, MY 7 FEEBTHIRICEFIX. oV EZ 120
HNTHEROEE b, B fREEE AT — V2 Lz, TOME, L—V—HOBRHAEZITH Z &N
k7, LU b afREEE AT — Y OEEZ @ T CRIAET D2 EDNE LW Lnn, K
X, 7=V ZBEEFT RIS X VIR 280 LB AT 5 FEEZRGET 25 & LT,

X 112 Rk S U7z Off-axis Yo55h & F OAIX 2 7RrT, CCD 7 A 7%, (EEfEELRS Loy
RREDE WHEFAT — Y EIZEIN TS, FTIETIE, JIE ST AZ — i 2k 7 — U =&
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A
Beam
splitter
Mirror-2 l He-Ne laser
Aperture
\
———
CCD detector

1 HEEE L7z Off-axis Y5753 (£IX) & off-axis Yo R DX (F X)),
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7 NV ECHBET S 2 E KD,

3. Off-axis BZFERIC LA TEHRORAEEL 7—V 2 EBHBMIBIZ L8B4
[} 212 0ff-axis WFRICEVHIE SN2 — L NI 2oe 7 — ) =B % fig LT3 0 — A~
7 MV EIRT, NT— AT FVETIE, RS, O REB L OWMIRERENEN DRt Tns =

0 Jek
IR 4 S
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2 Offaxis S FRICEVRAIE ST HE (20 T 2 FREF) (EXK) L F22%ke 7 —
TEWAE R LT NT — 2T L ().,

EMND, BEECKLELERDOEIMEEDOARTHLDT, TNEETLIICRESINTZY AT &
VERE L CHE LR 2 i, Z 0%, GRS N/~ DI 7 — ) oA fE L, & 5168 X
DBEBEAELTEZDLORK 3 THDH, HiIE HeNe L—H—Th

HDT, BEBIZEDARy MEERT, LTeNn->T, K3D

HABITIZY THY , Off-axis WFRICK Y IDHZITH 2 &
DHFIZARETHDH EE 2D, L L7 CCD 2 DAL

EFHENH <X 2 0L R T X 2 I TR EINICHIE T

XTEBLT, BFENT IA AL NEVATT 4 v 74T

FIEOMSINFREE LTCET D,

4., £L®
IDH FHWT, ~U A b JEEE 2360 T Hoff O 5 TR EE
A SOt T 5 Z L2 HIELE LT, HeNe L—H—%
PR E L, Off-axis FRICE 2 B A THRONTE & T DHE
g 7 — ) ZEBIEIC X0 ST 2 HIEOFERAEE 1T -
Tro TORER, U HABESEDL ZENTE 2, LLAEN 3 FEM, FAEMEECCD 28
O, HFET TA AL FORMNCEN T 5 FIEORBOEIE  HEH 5 E 50em OALE,
PR E Tz, BUE, K E LT CCD 32361 O E % D
TOOFWHHAL - —Z2FHICHKET LI EERGTL TS, Z0%, f»ae—L 2 M ETHD
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1. H®O

JRT-HF 3 L OBER G 72 & ORI = 2L X —IF ORERBEITIT, ®iRDOE =R F —hi 1
PR BR BRI o0 72 M 2 FE ORGSR B S L BT o D[ 1], BEFF LA B O T4 FCC HEZ A9 5 316
AT VAT, BT EIRIRE R O EYEZ AT 555, BB @RI K 2 KW o ffEFA
PrBREE T Tk, M X DR P E i LR ORH R EOSHEICER T 266wk (R4 FRAv =)~
7) DIETH 5, T, FFRMEHEE R T 504 = b B —5&80 B ACHE S, MAUTHE
BROZ OMAE DRI L » TIEN - EREE R A TEB3]Z o & LTHH SN TWD, FFIZH
T IREFE LT Co & £ 720 CrFeMnNi 5% FCC g = b B —&4, i RET — 2 23
I I[4]. BOEMERE T O IEBE B O R K TSN BT 2 #iE b2 Do H H (5], —J7. HEM
BORFECTH PR G PE O ] B HARF C & 2 ik L LT, RHEFIZEIR F CHLEERRILY 2 5 S & 5%
b5y B k. (ODS) B2 b, K7 = 74 Mz O & L TEHOE AN FEST 5, 7/ A
X OBk & RO S, BRSNS L2 RMOMEEGATE 720 . MEHICEAT 5 2 & Clit 4
Mam bEsEsb0 WIS, AP TlX, CrFeMnNi & FCC Blngf = b B —&54 2/ L
L. F 7 VA XA 2 OB B T 5 2 E CA T = U o 7 m LS8 Luvosg
T hrbE—5a8%FAI L, ZO5RMERMER OB T TOX v 7 4 FEARZEENCOWTHHAE LT,

2. EBRFE

FLWEESDORME L TFCCHINA T hr b —54Th 5 CrosFeMn; sNij; A4 218N L[6]. Y203
MEREL O T R Z I L CilERA AR —/L 2L (FRITSCH pulverisette 5) ([ZL W A= LT aA 7
(MA) %Z1To7=, ABFZETIE, A7 0w A&+ 5 Z & A &FEIC, Cr, Fe, Mn, Ni D45 HIKE 8
K OGME 99.9 %) NOMERIT DAL, AT h~A RIETER LGSR REERT 2550 2 @
D &g LTz, HARSBEMARKORRIL MA B ROIGRICKE K ET L7720, AFETIZ 75 pm LR
OMREEH LTz, 7o, MAIZHWER Y RIZEEE AT LA (SUS440C #H*4 ;  Fe-17Cr-0.5Mo-
1.1C) #8H L7z, MAIZ X > TR LN R EZIRE T 7 X~ B
FELEE (R A RILZEMEL, DR.SINTER.LAB SPS-510L, Fig. 1)

Z VT, EZEE 0.1Pa LL T, 900~ 1100°C DSA: R TRERE L.
2L BEREIR (20 mme x 8.0mm) Z47=, X #REHT (XRD, V
42 SmartLab) (27T SPS Rij#k DfEftEE 2 RET 25 & & big,
BB ORI, FEARRIEE. BRI DY A X3 ARIT DN T,
THRENE Y — AFEAR, SRR, R IHELE gy | Configuration of spark plasma
#1 (EBSD). Bi#AE - HMEE (TEM) 12X VR L 7=, sintering equipment
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o, B T TOX v BT ( EREFHIT 572, 500°C 5™ o
BT D MY TAF B (Fe*, 15 appmHe/dpa, 40 g al 18 Zg
appmH/dpa) 417 -7z, FASHE. FIB $:1C TEM BEHM <
BERRKHA IR L, TEASIE He KU H 28904 LCOBH | o
WTHhHRENAOIRS 1~1.5um OFEE (Fig.2, 23.4dpall ¢ | s CE
FIY) IR L% v BT 0 OEER L OV A X054 & Depthm)

A LT, Fig. 2 Depth distribution of displacement

damage, helium and hydrogen in triple-ion
irradiated specimen

3. MR

MA #%® XRD FEESH1E, WTFNoOREHIB W T FCC HEEH RO E— 7 OB MR SN2 &
D, BRSREMARIIMAICL Y A8 L FCCHMERD Z Lot £z, HIKEEBMKREL
FEEMRELLOHEITENTH, MA BRI Y0 ORfERE— 7 TR N7 Z b K
WFFED MA S:ft: FIZFU T Y203 1 CrosFeMny sNiys REFRIC TR BT 5 & D L #HEZR I 5, SPS BEfG
O TEM BIEORER., Y 2 50T MR SND & L HIT, By —REE L Y,0; IRINEICFEEE A
FH O, o T, SPS FEDOABZ LY Y RHTHP A BEATH L, 2oL BEREIC L0 M EAICwH S
L7c B2 bivh, BRI & EIRG | RFE & OBMREZFAE L7 & Z A (Fig.3). 1000 °C BEfEH4 13 810
MPa F&E DFEIRIE T K O3 72 i 2 7R Le— 05 CL iR o> 1100 °C BEREM TIXBEIRIE ST, BI3ER
XL HIE T L7z, EBSD KON TEM BIZOFER LV | SRR FILE IR TR L2 2 &0 X 2 RS &
BLOM KA O T 2RO KRAGITER L CTWD Z EdREniz, M) 7 A 4 BEOREE. Y.0;
HERINEEHZ LR, 0.5 W% Y 03 IIIEREI ClEF v E7 4 AT = U IR L, F¥YET 4 DN D
T T JRFICEE L T A b ORBIR SN, 2T, T/ RFRENERBO 7 A R e L
THSREL . B TR TR FRA L THBT 228 T, Fv 7 « OBAERBEENBD L2 &
ERE LTS, —0F, BERSIERHICHZ AT DMK CrMn 2

BRI KR 72 ¢ BT 4 O 7 5 S A
HHZENL, EIHRDHAT Y IO DIZITHIK

CrMn B2t DL & 3 2 MR B 5,
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BT CTHRBOWRIIE L TCH DL LT,
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fe71 V) 7 A(KBF) & W, #10DIZ, T~ 2 20 EHIE F O R O % 3 X ORI A 1T > 72, LiCI-KCl-
KBF, (B 48 :35:17)20g %2 7T v ——R o 521F Iy L, BEXF &7/ o—T7Ry 7 &
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PSNRATE L, BSEEAMAR T —2() v LGN v b Lz, D%, AR T — V2 BT ~
oL E (Nanofinder30, BLA(A > AL A2 8 i2+ » |k L, LiCI-KCI-KBF4 [Z =@ 5 723 K,
LiCl-KCI-CsCl-KBF4 1% 623 K D& TF T E 532 mm & L< 1% 6328 nm D L—HF—ZfEH LT, I~
VORRNE EAT o T2, RO KBFy 1% 298 K B L O 723K CRIBEDHIE ZIToT-, T~ AT kLD
v — 7 W E O FFEAEIX, Materials Project’ 7> 545372 LiBFs, KBFs, CsBFs O 2 VT Quantum
ESPRESSO 6.5° @ Phonon /N 77— U & LHH L7,

3. EBER

[4 1(a)lZ LiCI-KCI-KBF4 (723 K)D 7 ~ > 73 GHIERE R a2~ d, =N D 573 KAHE £ TidEso v
— 7 NR BTV, 623 KL/ D 723 K £ TOARY ML TiE 767 em ' OB — 7 O A0 &
iz, —h ., EREEIZFEREOZR T IBKICBWTERO Y — 7 BNELNT LS Lic, —xavIZ,
A TIE, MEENETE L COWAREDO TN E— 7 HII £ < 25720, EEEOHIE TIIBZ 5 <
IBEHIEOREEDMBARER A+ TRV EOBH CHEM L7RETHIE SN TWeho T & 2
5z 5%, X 1(b)IZ LiCI-KCI-CsC1-KBF4 (623 K)D 7 ~ > 73 J R ERE R % 7”77, LiCI-KCI-KBFs £ ¥ H 1
WHA D 729 em ™ ICHEFIBAR 2 B — 27 BN R 5T, K 1(c). (dizEnEh 723 K, 298 K IZBIT 5
KBFs D7~ Vo HIERE R 27T, 298 K TIIE— 27 BNEE R LN7-03, 723 K Tl E— 27 HasEd
L. 361, 529, 77l ecm  |[ZOHE— 7 NH 57,
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F1ICHEREE N EH SN T~ B — 27 K
DOFMFAE L KBF4(298 K)TH: & 11 7= EBRE O bl %
RY, EBRENFRME X v @I R a2 Em R s D
HDOD, KBFsD T~ AT ML — 7 (&,
WEE BBz —&%LEZ, —J. SHEOAIET
%, SCER S THE STV A 1010em D B — 2
ITRONA DT, ZHDRKICHOWTILEE ST
RHTHY, A% EILRDIMFNRVLETH D,

KBFy % & DVREIE D 7 ~ > A7 kL, CsCl
OFEIZE D SRR B — 2713 700 cm ™' BB
SNz, ZOE—71%, [BF] OXFMBHEES v, 1
kT sLBZx0nb, FETADIVAFTHRT T
VALt (ABF,, A=Li, K, Cs)?D[BFs] @ v D HAl
& EERE A 2 1277, LiCI-KCI-KBF, ® t"— 7 {if.
&1L KBFs O[BFs] vi OAEIZIELS, LirA A &V
K44 ORBEL2 LY RELIZITTNDHEEZD
%, LiCI-KCI-CsCI-KBFs ®[BF4] vi IZHRKT 5 &
— 271X, LiCI-KCI-KBFs £V &Iz & &7z,
ZHUL.CSA AU DEBLBLS ZIT Tl EEZD
nNb, 72721, CsBFy D7~ B— 7| 3FEHITL D
BN EFI NN LD, A% FERE A
BLMENG D,

4. LD LEESBROBRE

%Fil LiCI-KCI-KBF, 35 X OVl LiCl-KCl-CsCl-
KBFs DB T ~ 253 WllE 2 E L7z, & OREAR.
[BFs]” OXIFMEFEIRENCH R T D ¢ E X b E—
IR S, Cs BRI TR, 2OV —7IEN X
D AR EANAFAE LT, F£7-, EFEoAi, KBF,
$5 L N CsBF, Ot i 1 70 & 5 — JREREH I L 0 15
DN T VAR MVTHEEETH Y | FERIRRE
TH[BF] A A DOZFEEITKT LT Cs'A A28 <
WELTWAZ N RBINT, SH%OEE L
T. CsBEy DI~ 227 hL@illiE, LiCl-KCl-
CsCI-KBF, 8 FUZH1T B U H#A 4 v OBERLF5
OISR ZET B b,

B R

1. Y. Katasho and T. Oishi, J. Electrochem. Soc., 168,
122503 (2021).
2. S. Majumdar, J. Electrochem. Soc., 167 062507 (2020).
3. Q. Wang, Y.L. Wang, H.J. Liu et al., RSC Adv., 6,
55953-55960 (2016).
4. A. Jain, S.P. Ong, and G. Hautier et al., APL Materials,
1,011002 (2013).
5. P. Giannozzi, S. Baroni, N. Bonini et al., J. Phys.:
Condens. Matter, 21, 395502 (2009)
6. O. Zavorotynska, M. Corno, A. Damin et al., J. Phys.
Chem. C, 115(38), 18890-18900 (2011).
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LICI-KCI-KBF (723 K)

729

LiC-KCI-CsCI-KBF,
(623 K)

771

Intensity / a.u.

361 529

o
N

KBF,(723 K)

KBF,(298 K)

500 1000 1500
Raman shift / cm”'
1 BARK T < > ERIE RS B(a) LiCI-KCI-KBF,
(723 K). (b) LiCI-KCI-CsCI-KBF; (623 K). (c) KBF;
(723 K) (d) KBF, (298 K).

# 1 KBFy 7~ 2 B — 27 WO R 5 O LBl
FHRAE (em ) FEBRAE (cm )

343 351
464 428
500 523
747 767

2 2 ABF4(A=Li, K, Cs)D[BF4] vi 5 K OVEER E

FHEME (cm 1Y) FEE i (cm 1)

LiBF, 762, 76301 794L61*
735,746, 747,

KB, 73606, 73819 767, 7711

CsBF, 732,741,742 k7 L
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T34 FMEEREBHEHS S FHNROEREEER

g Ry, mR SRR, Ny EERk 2
VR R KRB L X — B2 5E R
2 AR T L — B LA e

1. B®

T XA MIWILEOECE AR T D EEREME CH D 2 s, ARBIFMER X OAER
EMEETHZENALNTEY, ANLESCHEMELE LTASEKRICHINTWS, I HIZHFET
X, T2 A OO TEWERBFMEICER LEZHHA KT v 7T U RN —F% v U T ~ORH L AFE
INTWD, EELIZINETIC @&@w EVER NERFR IR St U B v L ARk (T
A&4%#)%%AL\_h%tk@@k&ﬁ&@ﬁ%%ﬁyﬁﬁ%ﬁféﬁw¢ﬁmﬁﬁﬁé:&
T, BUNERZ T NZ A T DA A LT E T,

AWFFETIL, DVRFVIELRLONICE R A F VETEREM SNZRY 2F L o MuhekE
AN T EA T HEANL, ZOBKRY AF UMK E U R v Kkt L Cimfiafn 7o K
WRICEIETHZ 2L, RUAF U UMUNRERZ T ¥ A MNETHE LZT 2 A MEERD X
F U U BUNERDIE R 21T o T2, T ZEM L CORWIR Y AF L U/ NERIZKR L CH RIBED EBR AT
VN, REEM O ENBUNRE R TOT 8% A NERRICEH 2 5 B 5 g1~

2. H¥:

3.75 mol-dm™ Ca*", 1.5 mol-dm™ HPO,*, 2.25 mol-dm™ Mg* & &de U LTV v MiBEaFI/KIAE %
FHRLL . pH=7.25, 36.5°CIZF#& L7=, 1 mol-dm? ¥ b /L3 7 LKA T 24 BEEALE L= 41
RFXVELRLCE R X A FVHEMAR Y AF U Uk E Eako U g v 7 s fafn K
WRICHIM L, BERSWMEET, 20U VBV 7 MBEEFKREEZR) 7a L o827 Y o —
INA T IZAIL, 36.5°CDA > F 2_X—F —NThliEREsHRZ W T3 HIIRE L, 7 3% 14 MN&E
FHERIR Y AT U U BUNEREAERL U=, U VR Vo o DRI KIAIRIE R D VAR X VI 5

2t e AFVHEEMR Y AF U o BUNRZ PR A 08 um D= FrbELr—ZA X T LT
A VH = AN E SR TR L, KK THRE#%, 36.5°C TS,

ﬁﬁnfﬁmﬁb<i¢%btﬁﬂ;omf 7 — U mEWRANV R R (FT-IR) | BrK X %
[EIfrdLE (XRD) | BRI EAE FIEMEE (SEM) | Izw%~ﬂﬁﬂxﬁ\ﬁﬁ%(ﬂm)

ZHWTHIE L7, XRD #IE T, Xﬁﬁ&bfcmnﬁ%%mtom@@tw IHEMARY ZF 1

UIUNERE O CIRIBRDIBRIEEZ AT 5 T2,

3. R

WA v T DOKERALERIZ R SV BB VS T MBRIFUKIATIRIER DO B VR F A b NC e
R A FIEMARY ZF L U MUNERO FT-IR 247 MLIZBWT, RY Z2F L o OBEFERICH
ST AT RN R S 4, & 512560 ecm™, 600 cm™, 1020 cm™, 1120 em’ 3712 U g
WCHRET DI N RBRFZICHRE SN, CNHOFRRIY, DR VELLNCE Radv
AFNVIEHGR U AT L U NERE AL D V> D DRI CRLBR L7=4412 U VR 7 Vo w7 A A Fn KA
WITIRIET HZ LT, VUBENER L2 EnghoTz, — ., FHFEMAR Y AF L /R TliE
R0V BRI HRT W N N3 S o7z,

RIBDO I VATV HIR BN Rr X v XA FIVIELIR U AF L /NERD XRD /X% — 2k
W, 20=15°~30°DERAEERIZANY AF LV ACHEKTH T n— R —7 BBl sni, —
5. AR T VT DOKESHRALVERIZIZ Y R T v T MEEIFIKIARRIZ 3 H BHRIE L7 L AR ¥ 2 e
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LN E R A TFOVIAEMAR Y AF L UUNERD XRD /3% — 2 Cld, #i7ciZ 20=26°Fr8 LY
20=32°AHEIZT NZ A NImET 57— Rl —7 B S, ZoZ &b, IARF
VERLWNCE Fa X A FOVEEMIAR Y AT U U NRE AL V> T DOKERIR TULBR L 721212 Y
R VYT DBBIFIKIRIRICIRIE T D &L BUNERFRENIARFESRYED T Z A SSERL LT 2 & 23y
Mote, —J7, HEEMIR Y AF L U/NRTIE, 782 A4 MUBBT DETE— 27 13 S h -
776

EAL V> T BOKERRALEIZ IR SV B VS T MBFIFIKIARIRIER D B VR X b NC e
Ra o AFVIAEMAR Y ZAF U URUNKRTIX, BUNBKRER N 7 3% A N Ofiff IR & THRER S L 5
BETHWBSN TV AEETFIBIEE S, EDX TIET7 3% A4 FOFEHRITHETHLI L TR D
V=7 BRI, ALV ARSI K> CTREICH NV T LA F RN EANI NV
REVERZLNNCE R X A FUEEMAR Y 2F U U MUNERIT, U VBRIV T AEEaFnKIETRIC
RIET D2 LI L > THUNRE R CT 3% A MERMPTHE I, MUNEREIERN T % 4 R CTHiE S
T2 embinote, —F, FFEMAY AT L U/NKRRE TlE, 737 A M X 8BITRO b
Mol, ZHHORERNL, HIVRFUHELLNCE Rud v AFARIC X D EmEEMD, AU AF
U U/ NERSR BT 57 N F A MEEEEDRBUCAHFNH < Z E BRI,

4, WXHERVAMNBIUCHBEBERY R b

[RmcFER U A K]

[1] #x R, THEFET o K8 E - BEEST N2 A b~A 707wV OBR%E]
Phosphorus Letter, 108, 24-33 (2023), ZB{T14.

[hgagER Y A b

[1] #&& KL, T K, & KR, DKERIEIC X DERMET 7 A MEERmEMR Y X F 1
URUNEROVERL)  —iGETE (EIN) 100 4, BEHE~ T U 7 VR0 146 MIPEINGETRZ (2023.06.01-
02), BIARFAERF ¥ L/ A,

[2] #&& KL, 1732 4 MEOAREMEREICE B Lo RmiliEic X 2 A KRR EGHEI ORI,
framE (EHW) 20040, AARET 2 v 7 AHEBETE S 17 MIZEGEHS (2023.07.14), TR
L UNE RGPS

[3] &z R, Tl Bk, mit KR, (a7 o VT RS2 A MEER Y AF L U UNRDTE RIS R
JHRMEEMORE , —GEE (EIN) 100 4, 55 32 MK Y AL¥atme (2023.09.21-22), fig
ARRFBEMF ¥ /3R,

[4] #x Kk, o K, @k KR, DKESIRIEIC L D RV BMEMR Y 2T L oy kR im ¢
DT REA NEEARR , —MaEE (EWN) 100 4, 8 25 FAKEEE 7 v 7 AF0ma
(2023.12.01), 4B TEERFHETF v > /3R,

[5] Takeshi Yabutsuka, “Fabrication of Bioactive Functional Materials Utilizing Apatite-forming Ability of
Apatite Nuclei”, H:FHiEH ([EFS) 50 4, The 21th Asian BioCeramics Symposium (2023.12.17), Viettel
Tower, Ho Chi Minh, Vietnam.
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B%hE - EMEETI RILX—FTHICR 1=
EFTT) 7ILOEIRS DR

NG, N2

HEBURZE A B AR R EEIS AL
Wb PN YIE i e 2 G

1. B0 BB

BF~7 VTR, MR U VEFRERRROCE FHIREBICER L7ctkx & TR ERT, &1
T U T ANTRTEFDEE D ELFHT I ZEnTEE, BEFEOWEIITENEL F LV EDR .
FHERE = RNV —B T o ANELND, AR TIE, FRICh R IV ETH DY A V)R
IZHEB L, 1EROWE CIIREECTH - 7277 > 7 OIEANZHE D 72 W BB O FTREM: 2 BRERHIIZ B & 2>
295,

2. EE

BHE, ARIEEOT X COWKRIRITE B LWEIZTHY . TDOAXT NBARILT T 7
DOIEANZHE D , DT Bt = 3 F— DR HIZBWTIX, 77 > 7 504 TR SN D BIKRA DR
ARG E 525, LovL, IS O X 9 72808 KR OB & 2 WK O B BRI
WX, 77 7 OIERNCHE 5 BN, MK Z 2O E ST UXBRRBRAZ B2 52 &8 T
5, RFETIE, VA NVEERO bARa PNV RE 2 RAT 5 2 & T, G Sto> X 9
PREFER TR T2 < L IBEREFIZEBWTH 7T v 7 QNG 72O BV o FTRENE 2 Bt L7,

T A NEERIT, bARa U VR E RO S IRTETME TH Y . FORRLXF—EFEREX, A
RELEBXDIUANT 2 NVIF L TREND, ZOLIRFZTIE, BEFEY EHIMFTHIILT
W RTFRINE T IRICE VN 285 O 1 > THDAI WA FTNVEEPFEET D20, By R—12h 5%
R A TNV FTR E ORHBI 72t BR 2 5| S T rEtEN H 5, R, AR THERT L0
30 A T NREEH R T, ZHUIBIE O F I EIRDIEILD LW D DO TH D, WE ORGSR, W)
B OBERISEREICERBIHE O WNTWD Z D, A TAKIRED K 9 72 5w 22 BRI,
EVRCST RIS R E B2 IET 2 E IR S D,

3. MER

T A NHEBRE DD O SR DB 2 F5 S0 DSR2 FHE T2 2 E RN TE 5, M EnlL,
PRENER & Hcht A D BEER & 72 0 BERIS R D 2 MBER B 5 03, IRENER & Hch A FE 3B 1 OREBR Tl LA
T XD 7B eS80 Z LITkB L,

2040y [C(szgg + 01-21) — 0y 0y]
(0 + 0p)[(coy + o)? + (cop)?]
ZZTC. oy, 0y, oyl TFTNTN, BRUGER, BER—IZER, HA TNVBRIGERT, T4
B DOEBRISE B ST HETH D, o, cdDHEEET,

WE, BERIT0<n <10EEERS, LinL, EXERDEHLNRE T, oy <0DE X il
FITAITR D, ZOWHRIZRIFEIRIL, oy < 0D & ETIE, DA TAHKEIRICEY, VAR T
BB NEBI AR LZENAZE T2 LIk, TORTINEEME EBITHEKRL, KHEN 1 282572
WTHD (DA TNESHDEBELHT-DIE, B e L BICELEZMTALERH YD . T HANE
EREGN O TR LF—PIE SN TV D7D, KRN 1 282 CHYEINICEIT ), 2o k)
TR DAL TEMEH 1A T R ANEEMEE WD,

T2, oy > 0DLEAEIIT N A TR ARZEMITAE LRV, oyoy > c(of + 02)D L EIZTR0030 ik
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HERNAITR D, 2L, IA TR RO T, B G £ 54 PIEE & 2 RGO CTHE
HEMNEC D Z LI X D (iR 2oy (ZREUNCER L LIZH D) OB E LT ey b5 &
1DOX2T72D),

lim 7(0,0)

w—0

30 . i . . . .
-0.5 0.0 0.5 1.0 15 2.0

oM

B4 1 SR Do A7

B RNAIC 25 & BOOMRIED O EIRICBEIT 2 Z E N REIC 2 5728, BUkft o 3L ¥ —n4
SH LWHAAFIEIZORN S, L ZAT, BMEIED S EEICBENT 5 & BV %5 RN+ 5
K2R 2N, b H I I TEONZBEGIIINSERSG ZHIN LI PEIRECTH 5720, F
ERIZ > T Db TidZewn, 72, ZOHBITIEBEROEWEIRICE O TR Y . £ TOEEEKIC
DOWTHDT 2 & BENT0 <n < 1O DIEE TS,

4. TEXREREKRY A ]

(g Y A K]

Satoru Konabe, “Anomalous thermal radiation due to the chiral magnetic effects in Weyl
semimetals” , Physical Review B, #&f&,
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ETFMEAZTTYTIIZEBH=LGERS SHHEEDORR
Bk IR, BB AV TR ORES, BN REES, MUE 5

VB KF T TRk s A7 A7 e 7T A
2B R A IRBH R R EPE > A T MBI
SHAN R T L — B T A EAT

1. IXC®IT

FERFEOWIEE T N—T1F, T /EEERIEA LA X ~T U7 V&2 HWT, BVl oW ESRME
BB DI ZE A HEE L, BAMENCIZER T 2 W7 R B A B OB S 2 L C& 7=, L
L5, BHIXREN LR T2 RV —DENET— 5T, #ERDOAZ~<T7 U T ILOE
ETIE, TR FOEEREN L EH SN 72D, EWEICRERH Y | SiEERRE O T
TS HIR S v T,

— 5T, R RFEOBENEFZFOMIE T N—T1%, B—HRoF ) Fa—T (LR, @Hﬁ)ﬁk@
BIWEEMERT S 2L T @EREE (1000°0CLLE) THLRE L, Hi-/2WEB S (Bt 1) |
ﬁ0<ﬁﬁﬁﬁﬂ@ﬁn%%@bfwéo_@ﬁnfi\@Hﬁ%ﬁmbtﬁtﬁmﬁﬁﬁﬁf5v
T U T I OW T ORI T TN D

BARW 220 B & LT, k%t®ﬂizw% %ﬂﬁbtﬁt@ﬁ% v A7 L (Solar-
Thermophotovoltaic : STPV) 3% %5, KGN X —2 L L FHT 72012, KRVATLOT 7Y
— N [T R R MR G W AL BE(Solar Selective Absorber: SSA) A3 HAZH T 3?) %’)o ZOMEHZE, AT
FEIL TR F < . R R I EZ K AL LT, K= R F— 22 BRI # T %
X —ITHRIA T E D, Wk, AZ~T U 7 UREELZ V7o SSA Tl MHEMVECHE O 7 B2
BN ST, ZOMREKD—>L L TCTONT A2 FHEFR L LT, TELHIRY I iEEOH -
7RSSAMHDAZ =T VT NVERETHZEEZHIBEL TN5,

2. HEFELHEET LV

AWFFE TR, MR OBAEARNT TFE s 5 A I 7T (Rigorous Coupled-Wave Analysis : RCWA)E %
A=,

ARIFGETIL, BWENEEVE L R EFFOX o T AT o (W)EERKE LT, 20 LIZi#EERE & CNT
J& % BRI AEE 2T 5, FBENREIII O SO 28 2 TRIN A 10 D18 % £ MgF, &2 v
f%@#éo_®%k%7w%l1kiol2_r¢ X 1 OEFET/VTIE, CNT(10,3)3 L O MgF, T
MR S 7= SSA TH Y, K2 DET /L TIL CNT(10,3), CNT(6,5)F L O MgF, THik X172 SSA Z 7R
LTW%, fEMNOHMEIEX, CNT O A Z VT 4 %5R-T, ZHHOD CNT EOE IR Mgk, @ORE X%
A S bk U, KREGERIURRM: 2 54 L 7=,

41 CNT(10,3)% LU MgF, THERk X2 CNT(10,3), CNT(6,5)3 LT
&ju7- SSA MgF, THERL S 4172 SSA
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3. HRLEBLZ

3 (2 CNT(10,3)3 & O MgF, THERR S 4172 SSA OWRIER/Hckt =R %, X 4 12 CNT(10,3), CNT(6,5)
B L MgF, THERR X472 SSA OWLINER/ G s 2777, KD FOM &1, KGRI MEREHE 2K
ZRLTHEY, TITEWIEHENRRWNI & a7 d, X3 ORI CNT(10,3)D A% A2 SSA T
1%, AIRDEE D DIT R I TETOWIEEME T LTV D0 0nH 5 H D0, FOM X 0.76 & ik
MEWHEREZ LTS, —JF, M4 ORI, BpD 4707 4 %FF> CNT(6,5) % & Chcii
fEL7=5A121, cmuo,sm%a%ﬂ%wt SSA TIEF L 7= WU 2 i 523 2 WINURFE S B, FOM 723
0.78 £ CTLE&H L7,

SBROK 61T, ENENOREEZ L ICENBREEZ AL Lo R L ~T, K5 OFER LD,
W JEH & CNT(10.3)81%, 0.5~2.0 um @{Bzﬁnﬁixfixzwr WIS 52 Enbod, X6 Tk
CNT(6.5)BRRIN Z 5T D2 L TWDZENRHLMNTH Y, Bhif72 FOM 235 b= # i A 3
TZE 5,

UEDORERLIY, CNTHEZHAWD Z L2k, TEXDHRY TN 7eild&E D 7-72 SSA #EBTX
B ATREMEA R STz, TERN I AE TH D ONT IR —JB DA TH BW KRG ERIERE A R§ 2
EMD, SBIIZLLOMER T L L TEEERZED TV TETH D,

3 CNT(10,3)3 L U MgF, TR S 4 CNT(10,3), CNT(6,5)3 L O MgF, T
72 SSA DWRILZR/ U 3 F5 TR S 72 SSA DOWLITER/ ikt SR

4 CNT(10,3)¥ L O MgF, CTHER S 4 5 CNT(10,3), CNT(6,5)% & X MgF, C
72 SSA D JIHIE L HERK S 7= SSA DO ) Bt i

REARR D R b
1. Kana Suzuki, Kio Kumagai, Taishi Nishihara, Akira Takakura, Yuhei Miyauchi, Atsushi Sakurai, "Development
of a New Method for Controlling Thermal Radiation by Quantum Metamaterials", The 14th International

Symposium of Advanced Energy Science, 2023.

2. Kio Kumagai, Hiroto Shibuya, Taishi Nishihara, Akira Takakura, Yuhei Miyauchi, Atsushi Sakurai,
"Development of a New Method for Controlling Thermal Radiation by Quantum Metamaterials", The 13th
International Symposium of Advanced Energy Science, 2022.
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BEH A SEGBITOBELTILT ) XL

VUSRS, ORVERRA?, JIGEE A Y, EIRER®, Mg, PE AR
RAVASERAS
2 R P AR LR
PR T RV X — B TR SERT

1. IZL®IC

B A A T3, 1 DEICIRE CTED 7 L —ABNRE VW ETA I AT L L THLNTEY, 77 X~
b DO AHIEEE & E W REE TG T 5 2 LN TE S, 20D, BE T I A~5BIckiT5
EE A A ZFHAIC, ISR R CHEEN T A BN O X (7 4 7 A2 MREEE), B2, 74T A b
LIFEN D) 2 ETe 7T A~ DEMRMREIZ AR D2 ENTE S, (o T, @l H A FFHHO T/ H
W, BRI EANT 2 T 7 A~ OEMANREN &, FREE D7 7 A > OB 2 HERIT 2
ZETHD, WEROBEGHNTTIE, BT DOT 4T AL N ENEEDOH THRRL T\, ZORA, H
ERMENANDOB THHTZD, MR Z L ICHERREN R D805 WO MERH D, £7-. AifF5E
TR ET DAV A by JEEOERTIE, FHIOIETEATICIThR TR Y, mET —#
IR E 72> T D, 16> T, ARIO BIC X BN RIIC G 2D, ZD=d, N&HTe
I ZADEGEERC, BARIC X DHEDET LR ORI D7 DI b T 2 BB T 2 LERH 5,
ARFZETIE, HEHE~DOE L LT, ABEREZNL Y bBADHEL TWENENZHETE Y 7
N 2T BV a—VERBETLIZEEZHNE L, Uk, AINSZXLy RRSE L TV DG
WX, DT 4T AL M EREICT 5720, TOBBEHERTAIVNERH L2 TH D,

2. HFMEE Y 22— & b fE{bs

13, A SN0y NS IEFE T, 5l
LT 2D NItk F a2 msE I AT Thiog LT
BTHD, AR LRI DR LIIRETIE, 74 T
A2 N EEMICEINT D 2 ENRREgER =0, 20
FR7REMG 1L, AR DFRAT RIS B RSN 9 2 BN
b, KVATATIETZ 47 A MROFEL X%
B LCT K T57201c, A&~y b2
DHRLTWDENEIMNEHET HT-OO, BfRD
AIALBE AT ) VY 7 b =T EV 22— VAL
oo LLTIZ, ZOHEHEEZTRT,

1) ZfE(bRIfED B BhEE

EG P OWFEEL KRN T 572012, Python-
OpenCV Z Wz, DT 477 U Tk, EGEHOWEKD T IV =M@ ZHRIT 52 ENTE D,
FP. RHT LIV (K1) ZFiAaddr, Gidad A 72 i % fei 72 BE C T AE(bEES 5, BEORRE
X, PERIFAFZEE O BHIC L 0 FBMICIRESNTE Y . ZOFIEIC, Z< ORFNESL I TV,
LnL, AEY2—/LTiE, Bl OpenCV THREL - KEOTFIE" FRISHE Z4Ev, BEIR
ICIRESND, KEOFEZ, 77 AWGEE 7 T ARG HRD HID BN RR & 72 5
BAEHND Z LT, K/ ELEZITO FETH D, K2I12K 1 OB 274, HlhE E

1 @l AT THsg Lo by MaJEE,
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EDBRIZHNLBIETH Y | fitshi T oBEE TH
Do HEVBEREDS . BHE 65 12V TRKE
RHZENGNY ., ThERERMEE LT H
4%,

2) EWELOHhH
WIZ, 1) OYEET T EL LZ BN S| IR E
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Kinetic study on the Paraquat Dichloride removal in the water.

Pannipha DOKMAINGAM!', Hideaki OHGAKI?
'Mea Fah Luang University, Chiang Rai, Thailand, *Institute of Advanced Energy, Kyoto University, Japan

1. Introduction

In northern Thailand, there is mainly agricultural land. Some pesticides and herbicides are used and
contaminate water bodies. The highest concentrations of paraquat can be found in natural water bodies for fresh
water. Food and Drug Administration the Ministry of Public Health announced in the Government Gazette that a
high concentration of paraquat results in harm to human health. If prolonged exposure to large doses of chemicals
can cause carcinogens.

Diseases caused by pesticide poisoning. We can protect ourselves by using water treatment technology such
as ozone bubbles, micro nano to purify the water, and can protect ourselves by using some water treatment
technology such as membrane as a microbial mixture to remove wastewater. Ozone micro-nano bubble technology
has become popular because micro-nano-ozone bubbles with unique physical properties have the potential to
purify water, so in this project, the use of Ozone micro-Nano Bubbles technology in the treatment of pesticides
and herbicides in wastewater has been studied to guide the development of Ozone micro-Nano Bubbles technology.

2. Methodology

Microbubbles and Nanobubbles (MBs and NBs) concepts are tiny bubbles with a diameter of 10—50 nm and
have been explored for a wide range of applications. The total free energy of the system should increase with the
formation of the nanobubbles. Small bubbles tend to gradually shrink and collapse due to prolonged stagnation
and the dissolution of the internal gas into the surrounding water. The methodology is summarized in Fig.1.

Fig. 1 Conceptual framework of study

3. Results

Firstly, the sample was added micro-nano bubbles and exposed in ultraviolet (UV). After that pH, DO and paraquat
dichloride removal were analyzed for 30-330 minutes. It was found that pH drops to a minimum over a 70-minute
period due to the use of oxygen for paraquat degradation. The pH average is around 6.29, as shown in Fig.2.
Meanwhile, DO values improve due to the presence of oxygen in the bubbles. The average DO is approximately
8.28 mg/L, as shown in Fig.3. The percentage of Paraquat dichloride removal is 96.97%
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Fig. 2 pH of Air Micro-Nano bubble mixed with Fig. 3 DO of Air Micro-Nano bubble mixed with
Paraquat dichloride 0.379 pg/ml exposed in ultraviolet Paraquat dichloride 0.379 pg/ml. exposed in ultraviolet.

Other conditions, the sample was added micro-nano bubbles without exposed in ultraviolet (UV). pH was dropped
to a minimum over a 60-minute period due to the use of oxygen for paraquat degradation. The average pH is
around 6.43, Fig. 4. DO average is around 8.35 mg/L, Fig.5. And The percentage of Paraquat dichloride removal is
97.82%

Fig. 4 pH of Air Micro-Nano bubble mixed with Fig.5 DO of Air Micro-Nano bubble mixed with
Paraquat dichloride 0.379 ug/ml without ultraviolet Paraquat dichloride 0.379 wug/ml. without ultraviolet

4. Conclusion

This is because it is a widely used paraquat. The use of ozone in water treatment therefore requires consideration
of its impacts. The purpose of this manuscript is to study the feasibility and efficacy of using ozone. The basic
characteristics and mass transfer behavior of MNB in ozone have been studied and the efficiency of water
regeneration in ozone MNB has been studied through laboratory tests. This study examined an integrated method
using nanobubble technology to treat paraquat wastewater. As a result, there is a high probability of successful
adhesion to suspended particles. This experimental micro-nano-foaming technology uses paraquat to eliminate the
pH value drops to as low as 6.29 due to the use of oxygen from micro-nano bubbles to break down the paraquat
contained in synthetic wastewater. In addition, DO is reduced by the binding of oxygen to paraquat. However,
some contaminants still require further investigation of disposal efficacy when using micro-nanobubble technology.
This experiment used paraquat for elimination. It was found that the paraquat contained in the water gradually
decreased and the pH DO in nano foamed paraquat water tended to decrease. This indicates that paraquat passes
through nano bubbles as oxygen in water binds to paraquat and decomposes. The pH of water decreases. However,
experiments using only air as a pump yield less oxygen than an ozone pump and because the pH of DO increases,
oxygen increases to [OH-].
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1. Abstract

Two kinds of ITER grade tungsten (W) samples were exposed to the LHD helium (He) plasma at the divertor
Leg position. One is the un-irradiated W sample. The other on is the iron (Fe) ions irradiated W sample. The
periodic structures are formed on these two kinds of samples after exposing to the He plasma. The evaluation or
the distribution of the periodic structure on the W samples as well as the irradiation defects effect are studied in
this work.

2. Introduction

Tungsten (W) is a leading candidate plasma facing material for fusion reactor. As a plasma facing material, W
will be exposed to the hydrogen isotopes and helium (He) plasma and fusion neutron. Various surface structures
can be formed on W surface by the interaction with He plasma, such as pinholes, fuzz and periodic structures.
Such surface modifications will degrade the mechanical and thermal properties of W. Therefore, understanding of
the hydrogen isotope plasma induced surface modifications of W are crucial to fusion reactor from the view points
of wall security and steady sate plasma operation. The previous studies show that the He plasma induced W surface
modifications are closely associated with the plasma parameters. In fusion reactor, the plasma parameters on
divertor are un-uniform. On the other hand, the fusion neutron induced irradiation defects distribution uniformly
throughout W which means the irradiation defects always exist in the plasma surface interaction process. In order
to obtain a comprehensive picture of the expected material degradation during the operation of fusion reactor, the
experimental results under a actual divertor environment, where is a combination of un-uniform plasma parameter
distribution and uniform neutron irradiation defect in depth, is necessary. Therefore, the ITER grade W with and
without irradiation defects were exposed to the LHD deuterium plasma at divertor leg position in work. The
distribution of divertor plasma induced surface modifications as well as the irradiation defects effect are studied.

3. Experiments
The ITER grade W purchased from A.L.M.T. Corp. was
used in this study. The surface perpendicular to the rolling
direction was mirror finished and used as the experimental
surface, which is consist with the ITER specification. To
remove the residual stress, all the samples were heated to
1173K and kept for 30min under high vacuum. Part of the
samples were irradiated by iron ion (Fe*") through Dual-Beam
Facility for Energy Science and Technology (DuET). The Fe
ion irradiation experiment was carried out under room
temperature with the ion beam perpendicular to the sample
surface. The Fe ion incident energy and fluence are 6.4 MeV,
and 1.23x10" ions cm™. Fig.1 shows the depth profile of the
displacements per atom (dpa) which is calculated by the
SRIM results by using the Norgett-Robinson-Torrens (NRT) .
NRT formula. The peak damage 0.92 dpa occurs at a depth of Fig. 1. The depth profile of dpa.
1.12 pm.
The un-irradiated and pre-irradiated W samples were exposed to the LHD He plasma at the divertor
leg position by the retractable material probe of 10.5 low port. The He plasma flux at strike point is
around 1x10?"ions m™ s'. And the exposed time is 400 s. After the plasma exposure experiments, the PSI induced
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surface modifications were characterized by scanning electron microscopy (SEM).

4. Results and discussion

The pictures of He plasma exposed W samples are shown in Fig. 2. The surface color of samples is changed due
to the plasma surface interactions induced surface modification. And the surface color shows a position
dependence which is due to the un-uniform distribution of divertor plasma. The strike point of LHD on divertor
generally has a few millimeter width, the black color region at 15 mm- 19 mm is considered to be the strike point.

Fig. 2. The pictures of W samples after the He plasma exposure. The left one is the un-irradiated W sample. The
right one is the Fe ions irradiated W sample. The yellow lines represent the coordinate on sample.

As shown in Fig. 3, three kinds of structures are formed by the He plasma, wavy structure (Fig. 3(a)), pyramidal
structure (Fig. 3(b)), flat surface (Fig. 3 (c)). The structures show a grain orientation dependence. As shown in Fig.
4 (a), the possible formation mechanism of the wave structure is that relative large size He bubbles (marked by the
red ellipse) are formed under surface at a specific direction. And the He bubble chain (marked by the red line) may
enhance the sputtering at a specific direction leading to the formation of wave structure. The flat surface is
considered to be due to the uniform distribution of the he bubbles under surface, as shown in Fig. 4(b). The detail
analysis of the structures distribution and the irradiation defects effects is undergoing.

Fig. 3. The W surface morphology after the He plasma exposure. (a) and (b) are taken at the 2 mm of un-
irradiated W sample. (c) is taken at the 12 mm of the irradiated W sample.

Fig. 4. The surface morphology of the irradiated W sample. (a) is taken at 4 mm. (b) is taken at 2 mm.
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Abstract

In this study, it is to investigate the stability of nanoscale oxide particles in the oxide dispersion strengthened steel
and clarify the hardening mechanisms under ion irradiation at elevated temperatures, the effects of the dual-beam
ions irradiation on microstructure evolution and hardening behavior of as-fabricated and recrystallized 12 Cr ODS
steel were studied. Hardening was not obviously characterized for the as-fabricated specimen, while hardness
increased a little for recrystallized specimen.

1. Introduction

Owing to the proper high-temperature strength, high thermal stability, and good irradiation damage resistance,
Oxide Dispersion Strengthened (ODS) steels are considered as a candidate structural material for blanket
application in fusion reactors. Nanoscale oxide particles, introduced by mechanical alloying, can act as barriers
for dislocation migration during deformation and sinks for irradiation induced defects. This alloy is generally
shaped by hot extrusion and/or cold rolling process, which produces elongated fine grains with preferred
orientations and high density of dislocations, leading to anisotropic mechanical properties and poor ductility for
the ferritic matrix. Aiming at improving the ductility and formability, a novel thermomechanical process, namely,
multi-directional cold rolling and subsequent annealing, was developed to obtain recrystallized microstructure that
consists of coarse grains with much less dislocations, making easily figure out the response of nanoscale oxide
particles under ion irradiation. In the present study, it aims at investigating the microstructural stability of
recrystallized ODS steel under high energy helium and iron ion irradiation. The effects of dual-beam ions (Fe*”,
He *) on the microstructure evolution (e.g., irradiation defects formation, oxide particle changes) and hardening
behavior of recrystallized ODS steel were investigated.

2. Experimental
The material used in this study is a 12Cr ODS steel, which has a nominal composition of Fe-12Cr-2W-0.3Ti-

0.25Y203, in wt%. This alloy was fabricated by powder metallurgy, including mechanical alloying, consolidation
by hot extrusion at 1423 K, and hot forging at 1423 K. Then, it was annealed at 1373 K for 1 h, cold rolled with a
thickness reduction of ~40% and finally annealed at 1323 K for 1 h with air cooling. To obtain recrystallized
microstructure, the multi-directional cold rolling process and annealing were subsequently performed. That is,
about 3 mm thick specimens were prepared by cutting through the original normal direction (ND)-transverse
direction (TD) section from the as-fabricated plate. Then, specimens were cold rolled on the original ND-TD
section with a thickness reduction of 90%, giving rise to a final thickness of about 0.3 mm. Specimens were then
annealed at 1373 K for 3 h in a vacuum for recrystallization.

3 mm in diameter disks were punched out and mechanically ground by series of SiC abrasive papers. Then, they
were electropolished on one-side to remove the deformation surface layer by TenuPol-5 with 5 vol% perchloric
acid and acetic acid at room temperature. 6.4 MeV Fe*" and 1 MeV He" irradiation experiments were conducted
for as-fabricated and recrystallized 12Cr ODS steel at 973 K using dual-ion beam irradiation experimental test
facility (DuET) at Kyoto University. The non-irradiated specimens were mounted on the same holder to experience
the same heat treatment as the irradiated specimens during the irradiation experiments. The irradiation dose is
about 10.5 displacements per atom (dpa) at the damage peak of 1500 nm, and the helium concentration
is about 8900 appm at the depth of 1000 nm. After the irradiation experiments, nano-indentation tests were
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performed on the irradiated surface up to a depth of 200 nm, and the load was parallel to ion implantation direction.
An average value was obtained by examining 90 points with a spacing of 20 um for each specimen.

3. Results and discussion

Figure 1 shows the nanoindentation hardness of the as-fabricated and recrystallized specimens before and after
irradiation. No obvious hardening was observed in the as-fabricated specimen, while the hardness slightly
increased for the recrystallized specimen after dual-beam irradiation at 973 K. TEM observations were conducted.
The results showed that helium bubbles were seen in the irradiated regions. As for the as-fabricated specimen, the
average diameter of helium bubbles at the grain boundaries and grain interior were 5.8 + 1.3 nm and 1.6 + 0.3 nm,
respectively. Helium bubbles located at the grain boundaries were larger than that of the grain interiors, indicating
that helium bubbles preferentially nucleate at the grain boundaries. Regarding the recrystallized specimen, helium
bubbles in the grains have an average diameter of 1.7 = 0.3 nm, which is almost the same as the as-fabricated
specimen. It suggests that reducing the grain boundaries and dislocations by recrystallization process seems to
have no significant effects on helium bubble formation after dual-beam ions irradiation at 973 K. It is probably
due to more uniform distribution and much finer oxide particles after the recrystallization process. In addition, the
barrier strength factor for helium bubbles is estimated at 0.077, which is much smaller, suggesting that helium
bubbles do not result in evident hardening in the present experiment conditions.

©8
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+
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Figure 1 Nanoindentation hardness of the as-fabricated and recrystallized samples before and after irradiation.
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Table 1  Weight ratio of the SiO-graphite composites.

Si Graphit AB PVdF
30-Si0 30 60 3 7
45-SiO 45 45 3 7
60-SiO 60 30 3 7
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FY2024 Institute of Advanced Energy, Kyoto University
“Zero-Emission Energy Research Base”
About the Public Offerings of Joint Usage/Joint Research

Purpose

Our research base provides relevant researchers nationwide with advanced and interdisciplinary
knowledge/information and access to research facilities/installations possessed by the Kyoto University Institute
of Advanced Energy in an effort to promote energy research on Zero-Emission Energy! with the goal of solving
global environmental problems. In this spirit, we have the following public offerings for joint usage/joint research
in FY 2024. With regard to nuclear fusion research through joint usage/joint research at our research base, we
are looking for research themes that are not included in the interactive collaborative research carried out by the
National Institute for Fusion Science within the National Institute of Natural Science.

Body
1. Description of Public Offerings:

We publicly invite applications for the following four research areas directed towards Zero-
Emission Energy: (A) Planned joint research, (B) Proposal-based joint usage/joint research,
(C) Joint usage of facilities, and (D) Research meetings. For (A) — (C), applicants may
apply for one category as either a research representative or a user representative.
Additionally, applicants may also apply as a meeting representative for (D).

NOTE: Applicants may apply to (D) in addition to one of (A) — (C).

(A) Planned Joint Research
The applicant proposes research based on the themes set by the Joint Usage Steering Committee
of the Institute (hereinafter abbreviated as "Steering Committee”) to promote integrated research
among existing fields. Research in this category is conducted in collaboration with researchers
of the Institute.

(B) Proposal-based Joint Usage/Joint Research
The applicant proposes a unique research theme, which is conducted jointly with researchers of
the Institute.

(C) Joint Usage of Facilities
The applicant proposes a research plan that utilizes the facilities of the Institute.

(D) Research Meetings
The applicant proposes a research meeting on Zero-Emission Energy research hosted jointly
with the Institute.

2. Application Qualifications:

Applicants must be researchers of a research institution (e.g., university or a national/public
research institute) or persons approved by the Director of the Institute to possess an equivalent
research capability. As a general rule, the applicants are required to have already taken the
course of research ethics education offered by either his/her affiliated institution or public
agencies. (Depending on the situation, he/she may be required to submit the certificate of course
completion.)

I Energy system that reduces or eliminates carbon dioxide emissions and harmful substances.
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3. Application Submissions:

Applications must be submitted through Google Forms during the application period. (After your
Key Person has checked the application)

Google Form URL: https://forms.gle/HFmhojX9stqfyaHz5

Contact Information:

ze-shinsei@mail2.adm.kyoto-u.ac.jp Tel: +81-774-38-3413
4. Application Period:

For (A) — (D), applications are accepted until noon on Friday, January 19, 2024 (JST)
5. Application Results:

The Steering Committee determines and accepts the applications. For themes that span multiple
fiscal years, a new application must be submitted each year in accordance to the public offering
procedure.

6. Notification of Results:

Successful applicants are notified in late March 2024.
7. Research Expenses:

The Institute provides support within its budget.
8. Travel Expenses:

The Institute provides support within its budget and in accordance to Kyoto University’s Travel
Expense Regulations.

9. Insurance:

Graduate and undergraduate students, post-doctoral fellows, and industry researchers at the
Institute for joint usage/joint research must apply for the Personal Accident Insurance for
Students Pursuing Education and Research (including Incidental Liability Insurance) of the
Japan Educational Exchanges and Services or its equivalent. Students (including research
students), professors emeritus not belonging to a specific entity, and researchers from abroad
whose applied research theme has been adopted, must apply for the “Personal Accident
Insurance for Students Pursuing Education and Research” or its equivalent.

10. Facility Usage:

When using the Institute’s facilities, all rules of the Institute and the instructions of the
personnel in change must be followed.

11. Radioactive Isotopes and Radiation Generators:

A person, whose research requires the use of radioactive isotopes or radiation generators, must
acquire the qualifications of the Persons Handling Radioactive Isotopes and the Persons
Handling X-ray Equipment from his or her home entity prior to coming to the Institute.
Additionally, he or she must register compliance with the Institute. Please direct all questions
to our faculty or staff.

12. Health and Safety:

All University rules for health and safety must be followed. For details, please contact the Joint
Usage/Joint Research Promotion Office.
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13. Handling of Intellectual Property Rights:

Intellectual property rights are managed as per Kyoto University’s Invention Regulations.

14. Accommodations:

Accommodations for researchers are not available. Please use neighboring hotels or the like.

15. Joint use Equipment:

For joint usage facilities and equipment, see Attachments. Additionally, updated information is
available on our website.
(http://www.iae.kyoto-u.ac.jp/zero_emission_e/document/)

16. Applications Submitted after the Application Deadline:

The Institute reserves the right to accept applications after the application deadline. Please contact
the Joint Usage/Joint Research Promotion Office (except for Planned joint research). Such
applications are reviewed twice a year in July and October. It is possible that research and/or
travel expenses will not be allocated. To secure funding, please apply during the normal
application period. If applying outside the normal period, a justification of why the application
cannot be submitted during the normal application period must be written in the "Reason for
application outside the normal period " column.

17. Miscellaneous:

Of the items purchased with the joint research funds, equipment other than consumables and
small assets are stored at the Institute and the key person in the facility is responsible for
management. In addition, equipment and small assets will be registered as assets at Kyoto
University and will be returned to Kyoto University after the joint research is complete. The
operation of the Dual-Beam Facility for Energy Science and Technology (DuET) was
discontinued at the end of FY2023. For other inquiries, please contact the Joint Usage/Joint
Research Promotion Office.

(A) Planned Joint Research Public Offerings

1.

Planned Joint Research:

The Steering Committee selects themes for research to be conducted jointly with the researchers
of the Institute. For this fiscal year, the following two themes are selected. Prior to submitting an
application, please consult with a faculty member of the Institute.

Theme 1 Energy Systems Using Sunlight/Lasers/Biology

a) Research on solar energy conversion systems, which are Zero-Emission Energy systems,
with the aim of developing high-performance organic / inorganic / biological materials
related to power generation, storage, and energy conservation, or innovative technologies.

b) Research with the aim of developing precise analytical techniques, creating materials to
generate energy, or investigating the environment and energy using ultrashort pulse lasers,
mid-infrared lasers, or biotechnology.

Theme 2 Advanced Nuclear Power Systems and Plasma Uses

a) Research with the aim of understanding the interactions between advanced energy materials
and plasmas, creating metal/ceramic materials with the potential to realize new nuclear
systems possessing a high passive safety, including nuclear fusion, or developing energy
sources as social infrastructure.

b) Research with the aim of creating innovations related to applications of plasma/microwave
technologies or using thermal/particle energy for diverse applications of nuclear energy.
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2.

3.

Theme 3 Exploring New Frontiers in Zero-Emission Energy Science

Research on Carbon Negative, Green Transformation, or Digital Transformation related to
energy science, and not on the development of individual elemental technologies that
should be included in Theme 1 and Theme 2, but on the development of new science or
systems of Zero-Emission Energy based on the integration of multiple elemental
technologies and disciplines.

Research Period:
Less than one year.

Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one
proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
six hundred thousand (600,000) JPY for Theme 1 and 2, and seven hundred thousand (700,000)
JPY for Theme 3, respectively.

Research Report:

The research representative must submit a Joint Research Implementation Result Report
[research results obtained (A4: 2 sheets), a list of published papers, and a list of oral
presentations] to the Director of the Institute by Friday, January 24, 2025. Additionally, the
research representative must report the research outcomes at the Research Outcome Meeting,
which is scheduled for early March 2025.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ‘ZE Research Program, IAE (Reference No.)’.”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2024 to participate in the Outcome Meeting scheduled for early March 2025. Travel expenses
may be denied or partially allocated, depending on the budget.

—216—



(B) Proposal-based Joint Usage/Joint Research Public Offerings

1.

Proposal- based Joint Usage/Joint Research:

A research project proposed by the applicant and conducted jointly with researchers of the
Institute. Prior to submitting an application, please consult with a faculty member of the Institute.

Research Period:

Less than one year.

Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one
proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Research Report:

The research representative must submit a Joint Research Implementation Result Report [research
results obtained (A4: 2 sheets), a list of published papers, and a list of oral presentations] to the
Director of the Institute by Friday, January 24, 2025. Additionally, the research representative
must report the research outcomes at the Research Outcome Meeting, which is scheduled for early
March 2025.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute of
Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by the ‘ZE

9 9

Research Program, IAE (Reference No.)’.
Travel Expenses:
For those in remote areas, travel expense applications are accepted beginning around November

2024 to participate in the Outcome Meeting scheduled for early March 2025. Travel expenses
may be denied or partially allocated, depending on the budget.
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(C) Joint usage of facilities public offerings

1.

Joint Usage:

A research plan to utilize the facilities and/or equipment of the Institute in order to promote research
oriented toward Zero-Emission Energy. Prior to submitting an application, please consult with a
faculty member of the Institute.

Use Period:

Less than one year.

Use Representatives:

Outside researchers. A person can apply as a research representative or a user
representative for (A) Planned joint research, (B) Proposal-based Joint Usage/Joint
Research, or (C) Joint Usage of Facilities. Each applicant may submit one proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research relates to Zero-Emission Energy. The maximum
allowable funding, which includes purchase and travel expenses, per application is four hundred
thousand (400,000) JPY.

Research Report:

The user must submit a Joint Research Implementation Result Report [research results obtained
(A4: 2 sheets), a list of published papers, and a list of oral presentations] to the Director of the
Institute by Friday, January 24, 2025.

Additionally, the research representative must report the research outcomes at the Research
Outcome Meeting, which is scheduled for early March 2025.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the "Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ‘ZE Research Program, IAE (Reference No.)’.”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2024 to participate in the Outcome Meeting scheduled for early March 2025. Travel expenses
may be denied or partially allocated, depending on the budget.
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(D) Research meetings public offerings

1.

Research Meeting:

A research meeting to promote information exchange and communications among researchers
studying Zero-Emission Energy and to help establish a network for Zero-Emission Energy
research. Prior to submitting an application, please consult with a faculty member of the Institute.

To be Held:

Within FY2024.
Meeting Representatives:

Outside researchers. Note that a person can only apply once as a meeting representative.
Briefing:

An applicant may be required to explain the research meeting outlines, meeting period, required
expenses, and other pertinent information to the Joint Usage/Joint Research Planning Committee.
In addition, the research meeting must be organized jointly with this research base. The
application must clearly explain how the joint research relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Implementation Result Report:

Users must submit a Joint Usage Implementation Result Report (meeting outlines; A4: 1 sheet)
to the Director of the Institute by Friday, January 24, 2025. Additionally, users may be
required to report the implementation result outlines at the Research Outcome Meeting, which
is scheduled for early March 2025.

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2024 to participate in the Outcome Meeting scheduled for early March 2025. Travel expenses
may be denied or partially allocated, depending on the budget.
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