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Elucidation of the Moisture Absorption Mechanism
of 1,2,4-Triazolium Dimethylphosphate Ionic Liquids

Toshiyuki ITOH"

Tonic liquids (ILs) have received an extensive attention due to their interesting physicochemical properties,
and numerous applications of ILs have been proposed in various fields. However, the molecular origins of
many of their properties are still not well understood. To clarify the origin of the moisture absorption
capability of the ILs, we systematically synthesized 18 types of ILs by the combination of the
dimethylphosphonium anion with various types of alkyl group-substituted cyclic cations, i.e., imidazolium,
pyrazolium, 1,2,3-triazolium, and 1,2,4-triazolium cations, and found that the ILs exhibited a high
dehumidification capability (DC); the best DC was attained for 1-(cyclohexylmethyl)-4-methyl-1,2,4-
triazolium dimethylphosphate and this salt displayed over a 14-times higher DC (mol) compared to that
of the popular solid desiccants like CaCl, and silica gel. The small- and wide-angle X-ray scattering
(SWAXS) analysis of 8 types of 1,2,4-triazolium dimethylphosphate ILs revealed that three types of
nanostructures exist in these ILs and these forms depend on the water contents. Water molecules in the
atmosphere are absorbed in the space of the nanostructure and the space works as a water pocket. Since
the aggregation form of the ILs depends on the alkyl side chain of the cation, it can determine the DC and
the temperature-driven equilibrium water vapor pressure of the IL. We thus succeeded in clarifying the
origin of the moisture absorption mechanism of the IL from the molecular base.
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O//N‘O F I E 0\§/ \S‘
F5C CF3
[NO3] [BF4] [Tf,N]

BT PSS ST D LR 4 4 Y EOWR Ay 7 v & T
=% :/27,32)'

2. hFFUBEICKLZEMEEDHEE
MAEE I TOMETY A FF D HE4RT VE=Y 4
(di-QA) DY AF N VAT ) VR L Y
7 AR EDPICERT AWM)W E R T I E 2L A
L7272 2T, BETREA T vk F 4 v
Wk o794 ViRt 215572010, MDY 3Ialb—v 3

VEBRTA F VEARKIBHOEAREEZRARDL Z L ER
Iz, L AW, AT VBT LA FF VITIILE
VT ——DEHEHEL, £ T+ —<—DI AR
WE=EPNE WD A FF UREIEDE NI X BKER
FZAL#MDY I 2l —2a Yy TERTLIENHLWY
Trhbror. 2T, S, XU HMR SR
LEMIFBEENBLIFV YA, EF YA, 124-b
V7Y A, 123-N Y T I LA FF IOV TH
AN T IV F VEHRE A LS F A+ E VAT
) UMEEI8TE (B2) Z2GML, Tho A4+ Viffkico
WAL (DC) B X O7RZELWLIHE (Rate)
FENMGELOICEE (g) CHIRL 2R 3I1RT

3AFNA IFZV) T AHICBW T Lo BRI
IF VNS TF VIS B WD), Win R 23k
T L7 (®3). Brennecke'”, Mu'? & 254 3 1)
Y A=11)7)IVAuEEEETIEA ISV T ABROT L
FOVEBRIED BRI 7 5 LB HAME T 95 M L
TWBH, TAFNY) VRIS RO RIS 2 A8
ooz, 85I, 123-M) TV VT A=Y VBY A F
WA TVEF VAL 20 B FF v OB KT
HEWRBIAMETL, 22T A MY FNVETEA
L 72123-Tz-1,4-ME 2 B W Tl b Wi 2k < 7 - 72
(B3). AGTFiEY BT =4 > ([POJY) &LAFRG
3 bI— 2 R T B ETRDSFERILL, &5
BT F VTS D KRG T HKER S TR SN D 720,
HF A v OBIRMEDSHE KT D LIRS T ORI AT 3
é k%,{%h“(b‘% 11,12,13,33,34)' if:, v ]“U;\"‘.‘/l‘f‘

I AN NN AN
N\@/N N\@/N

Comim C4mim
| | r
N _N N
O TTO )
Pyra-1,2 Pyra-1,4 Pyra-1,8
N N N
N7 NSNS NN
Q. Q. of
124-Tz-1,2 124-Tz-1,4 124-Tz-1,6
N N
N N
Q &
~ N
124-Tz-1,8 124-Tz-1,10
N N
NN 7 A~ N7
Q @
124-Tz-1,14 124-Tz-1,c-6
N AN N
N7 N N~ P T NN
e © MO
124-Tz-1,(2-Et)6 123-Tz-1,2 123-Tz-1,4

N N
/\N@N/ /\/\N/GjN/ /o\/\N/&\N/
\—</\/ %

123-Tz-1,2,4 123-Tz-1,4,4 123-Tz-1,4ME

X2 Weinkkie % X724 & YR oRE s 7+ ~.
TG ETAFNY CERICEE L.



124-F) TV T AT ATV YIRA F 2RO EEE 0O 17 ] 7

%RH

350

300
250
200
150
100

0 II

&
<&
&

‘ll.
N

§

d"& Q*@

&

W DC (mol)x10-2 mRate(mol)x10-1 mMDC(g) ™ Rate(g)x10

A
(N N N P N T

SIS R B SN

<
el NV
.;»V Ry 0('

RIS A 3IFVUTA 12285 YA 124 )TV UTA 123U TV 7L VEEY A FVIEOWLRYERE.
DC (mol) = %RH/mol ; Rate (mol) = %RH/min, mol ; DC (g) = %RH/g : Rate (g) = %RH/min, g.
COZTITRATMDTF— 5 2L DT—207 5 7 THRET 572®, DC (mol) 1FFEMHIZ 10744, Rate (mol)
FFEMELC 107 6, DC (g) 7= © U2 Rate (2) I3 FEMMEL 10#5 % #hF 72 flcom L7z

VRO X HIIT =F v ERERF AN D 2 BRI ZEA
ThE, WFFrEeT=F OMEEANEL R, T
=F VEEKRGTORY VT = K EHET L7012
PR AME T2 3 shcwns. A bFy s
% F0 123-Tz-1,4-ME TR I AME T L2 BEE S 20
HHCHETEL LB bINS. —J, ¥IVYDLED
CIZ124- P )TV U A=Y VY AF LTI, TLF
WEPRE L R DB RS 2 LW A Ess 2 &
Wbhhoiz (K3). %2 THIEWICHKEDET b
5N NI RO 124-TZ-1,14, Y7 UAF IV AF
WVHE R 124-Tz-1,c6 23O T Wi %= 7w L7z
ZlixvisoRTH-7 (K3).

WIZ, TNHDAF VAED 80% KIEHIZ OV TT
i AR AE D MEZELZ WE L7z 25T £ 50CTI2H T
B PR RILZE (APvsoys) OWERREZR 4 1RT.
4\ 2BV B BAE BT O MR 2 PR CRHEA & L
THA STV ALY 77 2 (LICl) 302 & % Kk
D APvsoosfli (37hPa) #7/RLTCWwhb. R L7z X 91,
WA AR 2 12 B W TR & RO P R AR R
JEOZENKE, ThbEKRE L APV, /R T R
HIRERY T KRR A S T A T2 DI FE L,

WEAE £ TOMIZEIC X U PR RIEZ (APvsoas) (&4
T VAR T F A VHEBEIIRELAMAFT A b
Tw a7 L mEoR%E T LICI 30 8 % K i % L
% APvsoos i % 7R3 4 F ViR 8HE (Pyra-1,2, Pyra-1.4,
Pyra-1,8, 124-Tz-1,2, 124-Tz-1,6, 124-Tz-1,8, 124-Tz-
1,14, 124-Tz-1,c-6) Z RWEF T L TE 2. TR0

A F VAR, RELRCIARALICIKER L Y 8
NTH Y URES b D T,

HB, BEIVIFI ML IFVITLE 5V
A, 124U TVU Y ADY VEEY AT VA
THOWEB 2 RT I &8s Lz, Yh54 v i
EAPVss AL, D22 OKELREHILT 2 LBS
ICKELIR A RS S 720, BHRIREEAO A2
WETdH o 72, 2RO REM RIS EEIE LT
B I A T VWD F Ly,

APvso.35 (hPa)

2
A
6
1,8
0

4

30%LiCl

>>>>>
& e &

12377124
123Tz14,4

S 333
««««««

1
1
123T21,4ME

4 A AR 80 B %o AKVEE - K A UL DT EEZE AL
APV50.05 - Pvsg-Pv,s (hPa). Pvsy: 50C 12 B 1) % i K FESE
(hPa), Pv25: 25C 12 BT % P K FELIE (hPa).
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3. 1F B EFKBRDOEE ERIEMHEDIER

A F VAR L= =2 % F BRI T B 2 LA
MD ¥ 3 2 b—3 g YEBRRHETHELRE Th 2o T
WP 22T, 1248 ) TV A A VRIS
H AU T, 124-1 1) 7 ) 7 AHUKIEHEOREE & Wik
e OMBREEET AL L LH T, ¥
50 AR 124-8 U 7 ) 7 AME A F A v DBk
P2 LT LR LB L v RERD A F vk D
Rt oRBECIEHHTE 2 Vg2 R L (K3).
T, TNOHDA T VHAKIZAPYss D KE W &8
Doz, WEEDWIGE T APYsoos IS 1 F 4 G IR
HT 52 eWbroTnd ™. KEhoF 2 KT ok
R HETE S i/J\ﬁaXfﬁﬁkﬁLX/\ﬁ M VElE (SWAXS) 2%
A ThHbZ eNLiMonTnws, 22T, &Hddk
e OB 124- DY 7V ) 7 2 8) VigEY
AFIVKEW DO SWAXS Ml E L T Wz 72 &, KR
H—%F— 28 Y RK¥EOHyung J. Kim#§ZI1ZMD &
Ralb—Ya VEBRETo TWz2nz,

5T VEF VDA 7 F IV, TFN, TFUh5
BH3FD124-2 ) 7Y T LA F VRO SWAXS
GHAEREZR L. SWAXS 0T Tl b BT HEEOK
ERFETHBEEICIS L= BoNns. o0
TV BCTRDBEBTHEEORE 2R FILY Y ET
ThY, E5084DE—213IN5 A4+ Vo)
VEFREOBEIHE LTS, wWFho 4+ Uikl
BT o0 =60, TZ8 (124-Tz-1,8) Tl

peak | | ronn

247 1.23 0.45
d (nm) 056 042

— 122100
— 1247100
— 1282100

Intensity

q (1/nm)
1 @2

+TQ—

T24_100 TZ2_100,
12 nm) I (o 56 nm)

TN 8.

K5 3f124-F )TV U T LA=I X F N YEEA T VHAD
SWAXS ZE Bt .
TZ8-100 : 124-Tz-1,8. TZ4-100 : 124-Tz-1,4. TZ2-100 :
124-Tz-1,2. q = |q| = 47 sin6/A, d = A/2 sind = 27/q.

2.17nm (E—21) £045nm (¥—2 1), TZ4(124-Tz-
1,4)Tid1.23nm (E=21) £ 044nm (¥—=27 1), TZ2
(124-Tz-1,2) T120.56 nm (¥ —=21T) £0.42nm (¥ —
7 ) OFGREEDN D % BREEDPAAET B E Do 7.
MMEIE»STZ8D /1 FF+ v O EH O £ 1X1.2 nm,
Tz4 Ti20.83 nm, TZ2TiF0.65nmTH Y, VMY A
FUDORE S1X037 nmBEE L SN - T, TZ8
D SWAXS AT TRl s N2 ¥ =21 (2.17nmm) & ¥ —
ZMIE124-Tz-1,8L ) VBT AF VD25 058 H W 2]
EHWV, W FFYOTVFIVEHP—FANTIRIC G 572
M2 RIELTW5D. F2TZ4, TZ21I2B VT L D
HEZ2 R L Twa 2605 (HM5).

WIZTZB DWW THEIKIBEMD SWAXS 53t 24T - 72 &
25, KRAOEEIIG U TR (Peak 1) 45102 %
027 nm B EME L TL 52 &b dh -7z (K6-

(a) dom 288 L
B
/6
! Tz8_100
T28_90
28_80
=
Z T28_60
£ g/
3.62 T28_40
| (1xV3)
3.34
I (1xV3)
\ ey g gep] )
789 2 3 4 5 6789 2
1 10
q (1/nm)

TZ8_100 1(2.2nm)

T28_90-80 || (2.4-2.6 nm)

+—>

W t (0.45 nm)

Tz8_60-40 | | (30-3.3nm)

W g 1o
et e

anion

E6 124-Tz-1,8 K D SWAXS FEERAE AL & HAKTIREIZ BT 2

WiEET IV,

=|q| = 4p sin@/A, d = /2 sin6 = 2p/q. TZ8_100 : pure IL,
TZ8_90 : 90% (w/w) aq. solution (yIL = 0.34), TZ8_80 : 80%
(w/w) aq. solution (¥IL = 0.18), TZ8_60 : 60% (w/w) aq. solution
(7IL = 0.08), TZ8_40 : 40% (w/w) aq. solution (yIL = 0.04).
B : Bicontinuous microemulsion-type form, M : Micelle-like
form.
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(). —7, E#hi (Peak ) DFHMEIZARSIEER I
FTHEEL .

MM EE A 5K T OEFZIZ0.15 nm BETH 5 L i
2EN, LAXBHENE» SBFO N 20RGTO
W0 T HEEEIZ031 nimTH - 72, fit-> T, 0.27 nm
KD F12L2MICHY S 5. £72, MDY X 2
L— g YEBRICEYTZ8 (124-Tz-1,8) (3 Bicontinu-
ous micro emulsion form™ & £ 413 & 7=+ 2 Mtk
B) M2 ehbrol: (R7). o TTLRIZHEW
TEAF WP REGLT /VRERBEZERLTEY, 2
MZKEMR B E, KRGTFHEMIVTIIILNFTF &
VATV VRT =& TR I N TV B EE N X £ ¥
EBIZAD AR Wk R A A4 B LR AL
zol&dEI LA Mbhs (H6-(b). TZ8IZHBWTid
B FF DTV FIVEEH van del Waals #& A C o [ 12 4
POV TW5 72D F VHEGERPIRIEL D5 w20
WCSOEE R /KBH TOBfomZz Lo TWwWhEEZLRN
B, ETHD, S HITKTIEDHIN L 72 TZ8_6012 3
Wit peak T2t L T3ROS Hi 72 ¥ 7 F VAT
Bz (K6(a). ZTdX 9 % SWAXS ¥ 7 F Vi i
TR KBS B W Tld hexagonal cylinder form 12525
SNBIENFMONTHE Y, —J, BTV F N
RFFOBUKMEA I V) 7 AMEA S VRO KBRS
WU I VT (micelle-like form @ M) % L < i
BERVERRE —EARR T AR S5 2 E BRI ENT
VR BT NOEERTLESHEERA LIRS
B, TZ8 D 60% KB D EIVIEE (¢ i) 1D T28%
THY, ZOX) HWEMHTEL Y PrE—IZIt
WIBHERIZRBEEZEzbNSE. T2 TTZ8. 608 L U
TZ8 40%Mform L@/ L7- (X7).

TZ8 ? 80 & % K (TZ8-80) MMD ¥ I 2L —
Va VEBREER IR, BERT GRTERL
72) MO LRKRELMEE RN XL UBD LN, KoTE

B: Bicontinuous micro emulsion form

Peak | Peak Il

Snap shot of the MD simulation

M: Micelle-like
form

E7 124-Tz-1,8 D _FlDF J HEFERE TV,

B8 TZ8(124-Tz-1)80E & % /KBEWAOMD ¥ I 2 b —Y 3 YDA
Fv T a v b,
FRZRFBRTFEZRL, 124-Tz- 18D H F 4 Y FBICH 4T 5.
FRIEMEE T 2R, VYBYAFAVT=F Y ERDATH
7RG TR ORERET %R T,

OIS Y ATNTVEZ EDbhdb. RERET %
FECR L72AS, 4 7 F V3L LAt van del Waals 1] T4
HELTHERDVTHEYE N AL Y2~ KDFEHL
RAATOBRETHE LS Db, TOmME R A4 2 IXRE
DR LT B A & VAR T © water pocket”!
WCHELTWwWAEEZZONE. ZTHIZTZ8 DK E 2L
TIDEYE R A A UHEEOLESITRR L TW5E Z &2
EIRLTW A,

T T THZNEEE ) BURTERET IV VIR FED
124-Tz- 1,14 B FEF IR IR 2R Lz (K3). 22
T, WIZTZ14 (124-Tz-1,14) 122\ TSWAXS #ll5E %
v, TOAF VKB ROMELZ R~ (B9%5
01210).

KHSIERmEEAR) ZFL 7 VF VT — TV
CLEO;OM @ £ 1R T8 D i %2 SWAXS 45 #1 & Cryo-
TEM M TR, C,EO;OM TII/K5#E 2 BN & &
LERBWERNT AT HAFHITF NI v F——FRIRI
OV IHEEIEN T 5 2 L 235 L Tw s, CL,EO0;OM
BIEA & M TZ143 A F e v ) EWIEH B A,
TZ141%Z C,EO;OM & OB PSR EVEE Z SN
5. ZZT, CLEO;:OM & ®SWAXS A7 b % Hig
LCTZ14 DEKRFBEDESHREREZB] 9 D X 9 1
B L7z TZ140HEARREIET 2T (Lform) TH D,
C OREEN SO R %o /KB T TR N, 60BRE%
TR ZWERT EHEDIENL L TAFTF LY ¥
¥ —#ErE (Hform) 2y, 4088 % /KIEHICR D EM
formlZ% b EEZ NS, QIR L7z EHIZTZ1412
KEMZ T ERMATMPIRKE MPRL, ZOMHIZK
SI0EE%H 720 0.73~1.20 nm il % - 72. KT D
EEIZ0.1S nmBETH B 720, TZ14TIX 108 %Y
720 A7 L QKRG STDIEA A Y $ KA °
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TZ14_100
L
3.90 I1x2
Tz14_90
\ L 344 5.16 y
= IxZ B ,Ifas/ \
2
kol
= L 318 TZ14_80
Ix2 477 /\
N, B
2.35 1xV3 T214_60
3.59 1xV7
187 TZ14_40
2.86
1| L L TR R S TR | L
789 2 3 4 5 6 789 2
1 10
q (1/nm)

9 TZ14 ® SWAXS 7 Hrfs #.
q=|q|=4psin@/A, d= /2 sind=2p/q. TZ14_100 : pure IL (¥IL
=1.0), TZ14_90 : 90% (w/w) aq. solution (yIL = 0.29), TZ14_
80 : 80% (w/w) aq. solution (yIL =0.15), TZ14_60 : 60% (w/w)
aq. solution (¥IL =0.06), TZ14_40 : 40% (w/w) aq. solution (yIL
= 0.03). L : Lamellar form, H : Hexagonal cylinder form, M :
Micelle-like form.

L: Lamellar form H: Hexagonal cylinder

form

:

M : Micelle-like form

10 TZ14 DELIREET V.

A VNIRRFEN-ZEZ/RLTWS. ZOfEIZTZS &
DHREL, TZ8 L TZ14DWET) (DC) D% B <
KWLl T3, TZ14 (124-Tz-1,14) IZBW TR E#M T
V¥V 2% van del Waals J) T  f5 A LT b 72012
T X FHEIED LR Y, W N XA VI2% L DKGT-
T HIENTELLEEZONS. B, TZ1413
BWIRRHERTA, BRTTIVIRTDH Y, FOKEHR
DREVED KD T, o TR IZIFE TdH 5 25
2RO TIRM B IIZP R NEEZON 5.

BRAHGHD124-b1) 7)) 7 A3I22OWTH SWAXS
SR ERATV, BRI BIT 2 EAIREEZR111IR
L 7z. 124-TZ-1,10, 124-TZ-1,8, 124-TZ-1,6, 124-TZ-1,
(2-Et)6, 124-TZ-1,c6, 124-Tz-1,4 TIEFAM 13 B form
THY, KBEIEZ T LB LEREI L, 124-
TZ-1,10 Tix H form Z M L T 3 V& (M form) 12
BALT A D bhb. ZORNTIE124-TZ-1,c-6 Dl
ERERITEH SN D, ZOA F VAR ARBINZ 7
WK Y s unF v EEATA VEBICHET A H
1R L7z X912, 124-TZ-1,¢-6 1% 60 B i % KW &
TBform#% & 0, M formZ#HE3IINformIZ7 % 2
Eb o7z Nform 4R 2 EERPTER S e w»
[ABA ORETH L. T2, 124-Tz- 14128V TIE
Mform %M T 5 2 & 7% { 60" i % K& TN form
Wb el bhrolz. 124-Tz-12128W T, 80 &
% KL £ TIEP-PRI OIS 5 AT DL
I LTCHDOLNTZ72ONMB) LR L7225 60" & %L
TTIEERIINformIZR D FEAERETBR LW &P
bwrolz 124-Tz- 1 20WR I K TH Y, 124-Tz-
LATRICHERII AR, e T, ZofERiE, 124-b
V7T A=Y VY AT VA F VHEARIK & W
NERET H72011ELform b L £ 1ZB form A EE T
HBHIEERELTVWAS.

124-Tz-1,6, 124-Tz-1,8, 124-TZ-1,10, B £ 1*124-Tz-
Le-6 xR vk & <, Lad 80 & % AR O -
IKZEZE APV 500s DIEDYK E V. 5T, Bformd L <

IL concentration
IL 100% 90% (w/w) | 80% (w/w) | 60% 20%
(w/w) %IL=0.29~ %IL=0.15~ (w/w) (w/w)
xIL=1.0 0.41 0.23 xIL=0.06~ | %IL=0.03~
0.10 0.05
124-12-1,14 L H
124-12-1,10 H
124-12-1,8 M
124-T2-1,(2-
Et)6
124-12-1,6
124-12-1,¢6
124-12-1,4
124121, N(B) | N

11 8F124-F Y 7V A=Y XFNY VEEA F VKD KK
SFREEIC B 2 AR v T
L : Lamellar form, H : Hexagonal cylinder form, B : Bicon-
tinuous micro emulsion form, M : Micelle-like form, N(B) :
Partly aggregated form, N : No aggregation form.
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XL form 3% Td YA A 4 VRSP RFEE NS
Nl '/.7§, %b‘[&iﬂll‘ék j( RS &APV50_25 %ﬁ?‘f:y)blﬁ?&
ThbLEZOLND.

4. ¥ & 1)

A F PR R AR DE A ZEHIREE LTifFsn s
TR oM & LTifFshTnsd., Eh
TRREBYEA F VR E YA VT 572012, RFECT
VR VEBRIELZ LS RIAIFTV )L, KTV Y
L, 124-N) TV YT LA, 123-F) TV A AT F v
DI AFNVY) YBEI8HE AR L, oA F Vil
IZDOWTIRHERE, P ASTEOmMBEEL Rz £
DORER, IR & R E % APV R T A F Vil
KR OP -T2, DXL, TNSA T VAR OREE &)
WHREOMBZ L 5R572012124-b ) 7Y 7 A3 A
T VAR 2 BT TMI XKRREGLA X7 vz fllE
L7258, 124-b ) 7V o A4+ ViR B X OED
Kz 5 # 5 (L form), hexagonal cylinder (H form),
Bicontenuous micro emulsion (B form), I tIVERES
k& (Mform), B X OECEIN formDELSREL LD,
ZFDOIRFEZA F VRO A F F VBRI OREE & K5
JECHAEST B ZEHBHS T R o7z, £/, TZ8OMD
YIalb—va YEBRIZED, KGR AT
KT BT S EERNOMmYE R AL JIZEREL, K=
BN 5I22oN TR AL AL XHIEKRT ST EDD
Motz AF VIKRPEEEDF ) EEKERET AT &
HHSNT WS, 20BN A + VROV 7%
BURNC M STV B0 &) MIEAHITh - 72%.
ARWFTENEA & AR DOWERYEREDS A 4 ik T/ R E
HROWHEIRKT 2L E2HLNICLRDOBITH
259

R 22 R O FRIRAT I 3 % 72 0 i Ak T
SRBEEERE RV EIRDEN TS, ShIEK
L 724 % VAR ET L LICLK BT & B TRiPE AR
EVHoo, SEBEEIFHEEITIR, KAL)
b LICIKE R & 1181 % 72 9 i 2 3 i 22 A% FH o0 3R i A
W25 EMfFE NG, INOEDA T VHRIZHBEEN Y
APV ATFED MR TERTE LN FETE
L. FRAAEFCICRRIREFEIEZETZLVEED
NDH, A F 225G 22 R I b 2 H Ak
HTEEBLAIZILTWAS,

1

5. % B O B
ERA IS A X 7 1 )L ix Magritek # Spinsolve 80 car-
bon (80 MHz for 'H, 20 MHz for °C) & %\ i3 H A& T
# INM-ECA500 (500 MHz for 'H, 125 MHz for °C) %1
AL, mruuafkia (CDCL), X% 7 —)L (CD,OD)
b L<IEEA (D,O) ZHWTERTHE L. '"HNMR

DALY 7 METF F I AF VY T v (TMS) % IERE
L L7 BB w58 (HRMS) (& Thermo Fisher
Scientific EXACTIVE mass spectrometer % ff i L T illl
E L7

IRA - AN XHREREL (SWAXS) lEiEHnb v v o
O bu it vy — BL3S3A A - /A XM HEL I E %
BEEHHLTITo7. B EKEZRAEL, 14 Yk
#igh (IL-100), 90 wt% (IL-90), 80 wt% (IL-80), 60
wt% (IL-60), 40 wt% (IL-40) ZF#E L, ¢ 1.5 mm D i
XY ET)—IZHAL, #E092A (135KeV), 7 2
FE45cm, gL ¥ ¥0.60 —23 (nm™') i #5PILATUS
300K THAELARZ bV & HIE L7,

MD ¥ 3 2 L — ¥ 3 » 213 Gromacs program’” % fii Ji]
L 7z. OPLS-AA force field parametersm EhFA, T
=4 VIMEH L, KT TIE TIP4P2005 potential
model™ M L7z. %5+ » &#iid Gaussian 09”7 MP2/
cc-pVTZ (-f)/RHF/6-31G (d) level T CHelpG method™
TROAGEREZMH L7, ¥ I 21— 3 ~iZCubic cell
180D TZ8 A * ¥ & & 820 DK% T % Air (TZ8
D 80 i % KIEM (¥IL=0.18) 1ZHI24 3 %), Nose-
Hoover thermostat i <G 1 bar ® 4 CREFIR % 0.1
B L5 psiZikE L, isotropic Parrinello-Rahman barostat
T2, 7 — 1 ¥ Jjid smooth Particle-Mesh Ewald
#: (SPME)™ C#1 L7z, Real-space cut-off distance I&
Lennard-Jones (L)) & 7 —w Y#EAEH, 3£121.2nm T
7% & L 72. NPT ensemble (2 3 1F 5 Stochastic dynamics
simulations % 17 \», Bennett Acceptance Ratio (BAR)
B RN LT BRSBTS IS ROV ¥ — % LRk
b ot
5.1.1. l-ethyl-2-methylpyrazolium dimethylphosphate

([Pyra-1,2] [IDMPO4) &A%

(1) Yaua—1+ary7rH—L100mL I f&EGEE T
O— k%35 L7500 mL =119 27 7 2 312k #E{bF
MU A (NaH) (124 g, ca. 60% in Mineral oil, 310
mmol) ZF2VIY, 7T UEHRLZOLERTdry
ANFFCEMATEERAZIERE 20, SEPMs
Zrwiz, 2w Tdry7 Mk Fu 7 F >~ (THF) 100
mLEZERTMATEREIRE L, TO7IRXITEKHIC
B, €5V —)v (11) (20.42 g,300 mL) @ik THF
(100 mL) % 0C T M L7z, T DR, KFEH XD
T 25720, FELKEN A LR L 550 1REH D
T TLTH MY YA (12) 2K S TS
THRICERTIURRBEEL, >wTavfbzFL (5147
g, 330 mmol) @ dry THF (100 mL) & % = il T 3045
T T L, T TH#%70C TI9R I BRT S &7,
B %I20C Tk 558 g (310 mmol) %A, =T
304U LAz a kT YAk T4 b
WL ThHRE, WNEWEZS00mL—I1+F27 723128
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L, U—%Y—I/NEL— % TRERME L ALl Z %R
HESELOBL, viglie B2 24 L TRIESRDTr 94
¥ U #H EIT\W, 1-ethyl-1,2-pyrazole (bp 72-75°C/22
hPa, 21.17 g, 220 mmol) ZI{¥73% T#7: : 'H NMR
(500 MHz, ppm, CDCl3) 61.47 (3H, t, J = 7.2 Hz), 4.17
(2H, q,/=7.2Hz), 6.22 (1H, t, J = 2.4 Hz), 7.37 (1H, d,
J=4.0Hz),7.48 (1H, d, J = 2.4 Hz);"C NMR (20 MHz,
ppm, CDCL,) 515.6, 45.8, 105.2, 128.1, 139.0;bp 72—
75T /22 hPa.

(2) Yrau—1traryFrY—x%E%KFL72200mL =1
F A7 F A 212 1-ethyl-1,2-pyrazole (20.60 g, 214 mmol)
e, WEPSY VEENY ATV (33.1 g, 236 mmol)
RERTMAZ, TVIYHATT T v v a2 LTSRN
ETNT A ATEME L7205 120C TT2REHEEL
7o, BiRFE TG HISHIAK 100 mL % il 2 TRER E L
T, KEZT—7VT3NPELLOL, gFfitk, -
WT50C, 7.1 hPaTTRMEZME L7z & 2 5 Bl IR i
MR & L T [Pyra-1,2] [DMPO,] (49.29 g, 209 mmol)
%% 97% TH7: : '"HNMR (500 MHz, ppm, CDCl;)
81.60 BH, t, J = 7.2 Hz), 3.56 (3H, s), 3.71 (6H, s), 4.42
(2H, g,/ =7.2Hz), 6.80 (1H, t, J = 2.4 Hz), 8.16 2H, t, J =
3.2Hz);”"C NMR (20 MHz, ppm, CDCl,) §13.1, 36.5,
45.3,53.0, 53.2,107.3, 137.1, 139.6 ppm. HRMS (ESD
CeH N3 111.09227 ;found 111.0922; HRMS (ES]) caled
for C,H¢O,P 125.000382 ; found 124.9995.

[FI#DTFC, 1-butyl-2-methyl-1,2-pyrazolium dimeth-
yl phosphate ([Pyra-1,4] [DMPO,]), 1-octyl-2-methyl-1,2-
pyrazolium dimethyl phosphate ([Pyra-1,8] [DMPO,]) %
AL

[Pyra-1,4] [DMPO,] : 'H NMR (500 MHz, ppm, CDCl,)
50.87 (3H, t, J = 6.4 Hz), 1.23-1.60 (2H, m), 1.72-2.09
(2H, m), 3.42 (3H, s), 3.44 (3H, s), 4.28 (3H, s), 4.57
(2H, t,J=6.4 Hz), 6.57 (1H, t, J = 2.4 Hz), 8.47 (1H, s),
8.84 (IH, d, J = 3.2Hz):"C NMR (20 MHz, ppm,
CDCly) 613.5, 19.4, 31.3, 37.1, 50.0, 52.2, 52.5, 107.7,
137.8, 139.7;HRMS (ESD (M") CgH,5N; 139.12359;
found 139.1221; HRMS (ESID) caled for C,H,O,P"
125.000382 ; found 124.9986.

[Pyra-1,8] [IDMPO,] : 'H NMR (500 MHz, ppm, CDCl,)
50.79 (3H, t, J = 5.6 Hz), 1.30-1.70 (10H, m), 1.76-2.50
(2H, m), 3.54 (3H, s), 3.41 (3H, s), 3.43 (3H, s), 4.19
(3H, s), 4.50 (2H, t, J = 6.4 Hz), 6.65 (1H, t, J = 3.2 Hz),
8.26 (1H, d, /= 3.2 Hz), 8.56 (1H, d, J = 3.2 Hz);°C
NMR (20 MHz, ppm, CDCl,) §14.1, 22.6, 26.2, 29.1,
29.4,31.7,37.2,50.3, 52.3, 52.6, 107.5, 137.7, 139.7;
HRMS (ESI) (M") C,H,;N; 195.18623;found 195.1847;
HRMS (ESI) calcd for C,HsO4P" 125.000382;found
124.9992.

5.1.2. l-ethyl-4-methyl-1,2,4-triazolium dimethylphos-
phate ([124-Tz-12] [DMPO,) Ok

(1) Yyaag—traryrF % —&100mL & T
O— b&2%HL7Z500mL=10F A7 T A3+ b)Y
LI A FFYF (NaOMe: 10.86 g, 320 mmol) % i %
DIy, 7THVIVEBRLIZOBERTHAXSY 2 —
(MeOH) 70 mL Z il 2 CT## L7z, Z OIS 1H-1,2,4-
triazole (13.81 g, 200 mmol) @ik 2 ¥ 7 —) (50 mL)
B2 0C T30 TH N L7z, i T T RICIAR
# T LR L, 2\ T 1-bromoethane (23.97 g,
220 mmol) ®BiAK X % 7 —) (50mL) B % EiRT
302 T T L7z PR T BAWRZ 80T T24
KRR T 2 LIRA O BRE R Sz, LR
fLF P a%ET 4 MEBLTRE, WEWZS500
mL—I1+2X772a2ZL, u—%)—2NNKL—%
TRERFL, 27— VEBRARE S0 bES
¢ Claisen 7554 % 17\ 1-ethyl-1H-1,2,4-triazole (13.19
g, 136 mmol) # i fk & L TINE68% T 72 1 bp
53-55°C, 2.9 hPa;'H NMR (500 MHz, ppm, CDCl;)
51.46 3H, t,J=7.2Hz), 4.18 2H, q, J = 7.2Hz), 7.87
(1H, s), 8.04 (1H, 5); °C NMR (20 MHz, ppm, CDCl)
015.0,44.6, 142.2, 151.8.

(2) vau—tbarFr¥—%%51L72100mL—1
F A 7 F A 32 l-ethyl-1H-1,2 4-triazole (13.14 g, 135
mmol) % & 1), % T trimethyl phosphate (20.85 g, 149
mmol) Mz, TNVIYHATTIy 2L THIEHR
Wa T T Y AATERLIDE 120C T4 RHBEIEL
oo B FE TS RICAFY Y 2R), YZFrz—T
V17 > bR L, KRR A% 2= (50mL) (2
B LCHHEER (1.0g) ZMAT50T T1RMEHEL,
W2 Y 7 4 MIE# L CTRELZZIER»O XY ) — L
O —%1) —TI)NKRL =% TiEREL, 2w T50C
THIE (5.7 hPa) W2l #x SEERIATH 2 & CT[123-Tz-1,4]
[DMPO,] (32.11 g, 135 mmol) =ik & L e =
#912#472 © ~'H NMR (80 MHz, ppm, CDCl;) §1.63 (3H,
t,J=7.2Hz), 3.53 (3H, s), 3.66 (3H, s), 4.20 (3H, s), 4.53
(2H, q, J = 7.2 Hz), 9.36 (1H, s), 11.53 (1H, s); °C NMR
(20 MHz, ppm, CDCly) §14.3, 34.5, 47.8, 52.5, 52.7,
144.4, 145.7 ;HRMS (ESD) (M") CsH,(N3 112.08751;
found 112.0874 ; HRMS (ESI) calcd for C,HsO,P"
125.000382; found 124.9986.

F#kDF5 T, 1-butyl-4-methyl-1.2,4-triazolium di-
methyl phosphate ([124-Tz-1,4] [DMPO,]), 1-hexyl-4-
methyl-1,2,4-triazolium dimethyl phosphate ([124-Tz-
1,6] [DMPOQ,]), 1-octyl-4-methyl-1,2,4-triazolium di-
methyl phosphate ([124-Tz-1,8] [DMPO,]), 1-decyl-4-
methyl-1,2,4-triazolium dimethyl phosphate ([124-Tz-
1,10] [DMPO.]), 1-tetradecyl-4-methyl-1,2,4-triazolium
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dimethyl phosphate ([124-Tz-1,14] [DMPO,)), 1-(cyclo-
hexyl)methyl-4-methyl-1,2,4-triazolium dimethyl phos-
phate ([124-Tz-1,c6] [DMPO,]), 7 & T~IZ 1-(2-ethyl)
hexyl-4-methyl-1,2,4-triazolium dimethyl phosphate
([124-Tz-1,92-Etl6] [DMPO,]) & &1k L 7z

[124-Tz-1,4] [DMPO,] : '"H NMR (500 MHz, ppm,
CDCl3) 50.99 (3H, t, J = 6.4 Hz), 1.19-1.54 (2H, m), 1.64
—2.15 (2H, m), 3.53 (3H, s), 3.62 (3H, 5), 4.19 (3H, s),
4.46 (2H, t,J = 6.4 Hz), 9.36 (1H, s), 11.63 (1H, 5);°C
NMR (20 MHz, ppm, CDCl5) §13.4, 19.4, 30.9, 34.5, 52.2,
52.4,52.7, 144.8, 145.7 ; HRMS (ESI) (M") C,H;;N}
140.11883 ; found 140.1183 ; HRMS (ESID) caled for
C,HO,P™ 125.000382 ; found 124.9986.

[124-Tz-1,6] [DMPO,] : 'H NMR (500MHz, ppm,
CDCly) §0.94 (3H, t, J=5.6 Hz), 1.25-1.75 (6H, m),
1.70-2.25 (2H, m), 3.44 (3H, 5), 3.57 (3H, s), 4.23 (3H, s),
4.49 2H,J=17.2),9.4 (1H, s), 11.5 (1H, 5); °C NMR (20
MHz, ppm, CDCl;) §14.0, 22.4,25.9,29.0, 31.3, 52.5,
52.8, 52.8, 144.7, 145.8 ; HRMS (ESD) (M") C,H 4N}
166.15015 ; found 166.1494 ; HRMS (ESI) calcd for
C,Hs0,P™ 125.000382: found 124.9992.

[124-Tz-1,8] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl3) §0.92 (3H, t, J = 6.4 Hz), 1.2-1.6 (10H, brs), 1.9—
2.2 (4H, m), 3.56 (3H, s), 3.69 (3H, s), 4.22 (3H, 5), 4.47
(2H, t,J = 6.4 Hz), 9.43 (1H, s), 11.55 (1H, 5); "C NMR
(20 MHz, ppm, CDCl;) §14.1, 22.6, 26.2, 29.1, 31.7,
34.5,52.5, 52.8, 144.7, 145.8 ; HRMS (ESI) (M*)
C,;H,N3 196.18147 ;found 196.1813 ; HRMS (ESI) caled
for C,HsO,P™ 125.000382; found 124.9987.

[124-Tz-1,10] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl3) 60.95 (3H, t, J = 5.6 Hz), 1.25-1.75 (17H, m),
1.75-2.25 (2H, m), 3.57 (3H, 5), 3.70 (3H, s), 4.25 (3H, s),
4.47 (2H, t,J = 5.6 Hz), 9.50 (1H, s), 11.5 (1H, s); °C
NMR (20 MHz, ppm, CDCl;) §14.2, 22.7, 26.3, 29.1,
29.3,29.5,31.9, 34.5, 52.5, 52.8, 144.6, 146.0;HRMS
(ESI) (M") C,3Hy6N3 224.21279 : found 224.212 ; HRMS
(ESD) calcd for C,H,O,P™ 125.000382; found 124.9994.

[124-Tz-1,14] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl;) 60.98 (3H, t, J = 6.4 Hz), 1.20-1.75 (22H, brs),
2.0 (2H, brs), 3.62 (3H, 5), 3.75 (3H, s), 4.23 (3H, S), 4.52
(2H, t, J= 6.4 Hz), 9.02 (1H, s), 11.2 (1H, 5); 13C NMR
(20 MHz, ppm, CDCI3) §14.2, 22.8, 26.3, 29.1,29.4, 29.5,
29.7, 32.0, 34.6, 52.6, 52.9, 144.6, 145.4;HRMS (ESID)
(M") C,;H3,N3 280.27543 ; found 280.2744 ; HRMS (ESI)
caled for C,HgO,P~ 125.000382 ; found 124.9993.

[124-Tz-1,c6] [DMPO,]:'H NMR (80 MHz, ppm,
CDCl;) §0.75-1.20 (5H, m), 1.20-20.0 (6H, m), 3.40
(3H, s), 3.52 (3H, ), 3.87 (3H, ), 4.16 2H, d, J = 6.4 ),

8.70 (1H,s), 9.64 (1H,s):”C NMR (20 MHz, ppm,
CDCly) 624.9, 25.2, 25.5,29.4, 34.0, 37.0, 52.8, 52.9, 58.0,
142.5, 145.4 ; HRMS (ESI) (M") C,oHsN3 180.15015;
found 112.0874 ; HRMS (ESI) calcd for C,HsO,P"
125.000382 ; found 124.9992.
1-(2-ethyDhexyl-4-methyl-1,2,4-triazolium dimethyl
phosphate ([124-Tz-1,92-Et]6] [DMPO,]) : 'H NMR (80
MHz, ppm, CDCI3) §10.94 (3H, t, J = 5.6), 1.25-1.75
(6H, brs), 1.70-2.25 (2H, m), 3.44 (3H, s), 3.57 (3H, s),
4.23 (3H, s), 4.49 2H, t, J =7.2), 9.40 (1H, s), 11.46
(1H, s);°C NMR (20 MHz, ppm, CDCl5) §9.6, 13.3,
22.2,22.8,27.7,29.3, 34.0, 38.6, 52.8, 52.9, 55.5, 144.7,
145.8 ;HRMS (ESD (M") C,H,,N3 196.18147 ;found
196.1804 ; HRMS (EST) calcd for C,HsO4P™ 125.000382;
found 124.9992.
5.1.3. 1-butyl-3-methyl-1,2,3-triazolium dimethylphos-
phate ([123-Tz-1,4] [IDMPO,]) D&k

(1) Yau—bar7Fr4—LMHERETFa— 1 (100
mL) ###% L72500mL=> 07 F &3 IZKHKILF b
1) 7 2 (NaH, ca. 60% in #:#77) (4.00 g, 100 mmol) %
20D, 7T EE L7205 ER T dry hexane &
MZAE TSSO LEAREZ 20 ) I TY) LT
BB & B2 L7z, 2w K THF 50 mL Z il
27z A U7BEWC 1H-1,2,3-F ) 7V — )L (25) (6.91
g, 100 mmol) ®dry THF (25mL) # i % 0T T404
MFTHTL, DWTEHIRTIRMEELZ. W e
WZARFEA ADFEA UK RS ATE bz, O
WICEIRTI-S—F7% >~ (20.2 g, 110 mmol) @ THF
(25mL) BWE30G2TTHEL, W THE TV
T YA AFET, 70T T4 #tYE$ 5 & I3k
F SR A O USSR 2 b L7z, o L CEI
olzb AT, 7 (1.80 g, 100 mmol) % 0T T Z#
Bl OKFALF b ) 7 A& T B LG EH OB
o7z, THITHARRER S MY 7 A2 THRIEL T
BiAKL, iz T NNRL—F Tl Lz0bY U 7
7TV aNTAIURNTTT 4 —RITW (NFH -
Fi:fE = 7 1 10:1~1:2) 1-butyl-/H-1,2,3-triazole (9.45
g, 75.5 mmol) % JL#76% T £ 72 : 'H NMR (80 MHz,
ppm, CDCl;) §0.98 (3H, t, J = 7.2 Hz), 1.20-1.62 (2H,
m), 1.76-2.07 (2H, m), 4.44 (2H, t, J = 7.2 Hz),7.66 (1H,
s), 7.71 (1H, s); °C NMR (20 MHz, ppm, CDCL;) 513.5,
19.7,32.3,49.9, 123.4, 133.7.

(2) 1-butyl-1H-1,2,3-triazole (9.45 g, 75.5 mmol)
(9.45 g,75.5mmol) #300mL—I1F+ A7 5 & I
By, |iR<Ty yEhY x50 (21) (11.63 g, 83.0
mmol) Mz, 7NITVEHKTI20C, 48H:M#EHE
L7z, ZIME TR LR, AFHFTTH v Mk
@mE) L7zob, EEzFVv (100 mL) %z CTHER
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L, it (5.0g) %A T40C TR L 2. &
FA4 MEBLTEEREREL, BiREa—% ) —xn
AL — % T, DWW THEZEEZEL T[123-Tz-1,4]
[DMPO,] (16.47 g, 62.1 mmol) % Y{%83% T 72 : 'H
NMR (80 MHz, ppm, CDCl;) §1.07 (3H, t, J = 6.4 Hz),
1.25-1.73 (2H, m), 1.92-2.28 (2H, m), 3.61 (3H, s), 3.74
(3H, s), 4.58 (3H, s), 4.84 (2H, q, J = 6.4 Hz), 9.90 (2H,
s);”C NMR (20 MHz, ppm, CDCl;) §13.4, 19.5, 31.7,
40.1, 52.4,52.7, 53.6, 132.5, 133.3;HRMS (ESD (M")
C,H ;N7 140.11883 ; found 140.1183 ; HRMS (ESI) calcd
for C,H,O,P~ 125.000382; found 124.9987.

£k D T2 T 1-ethyl-3-methyltriazolium dimethylphos-
phate ([123-Tz-1,2] [DMPO,]) % & 5% L 72 : 'H NMR (80
MHz, ppm, CDCl;) §1.69 (3H, t, J = 7.2 Hz), 3.54 (3H, s),
3.68 (3H, s), 4.49 (3H, s), 4.82 (2H, q, J = 7.2 Hz), 9.56
(1H, s), 9.61 (1H, s); °C NMR (20 MHz, ppm, CDCL;)
514.8,40.1,49.3,52.6, 52.9, 131.9, 133.0:HRMS (ESD
(M") CsH N3 112.08751 :found 112.0873 ; HRMS (ESI)
calcd for C;HqO,P™ 125.000382 ;found 124.9985.

5.1.4. 4-butyl-1-ethyl-3-methyl-1,2,3-triazolium dimethyl-
phosphate ([123-Tz-1,24]1 [DMPO,]) ®& %

(1) Yyaua—rbar5sr¥—=100mL M8~
O— b E2EELZILZOF A7 227 4T M)
7 & (NaN;) (26.0 g, 400 mmol) # 2 )Ly, T
TVEBELZ2OB L TDME S0 mL #1272 (58412
BEML W), ZHICHETR/ILZF )V (21.8 g, 200
mmol) @ DMF (25 mL) W % 30027 T F L, i
TAET #80°C T24 Mg MR T 2 & BUS RN H kB
AT L7z, BUS L CHRIC R 722 25T, HIE»S
3 7 4bsil (Cul) (3.81g,20mmol) #FH AL A4
Lozl iz. DWW, HFE— 225 1-hexyne
(19.7 g, 240 mmol) @ N,N-dimethylformamide (DMF)
(25mL) %3052 TH T L, 2w T80T T24
W #E L7z 1-hexyne @i F &3I4+ L ¥ T HhNH 2
JRAGIRERICZAL L7z, s L CRUBR AR IRIC % -
foZ b R MERBICHER T L (100mL) THML, &
T4 MEBLTI VA BRE L. Wl EIT) LR
IR OICE L. ZoOMlEeE—5 ) —T VR L —
% (70C) TDMFZkr\w7:. R&RiE%Em = 5L (100
mL) &VIFVI—F)V (20mL) (Z#HEME, Kk 3
m) L7zob, £HERE% #EKMgSO, THEL, u—7%
Y—INKL =%, DWTHEEET S L 0K
(4236 g) DMESNIZ. THEBIESN (4.8hPa) T
54 ¥ v#EYET 5 & 4-butyl-1-ethyl-1H-1,2,3-triazole
(26.2 g, 171 mmol, bp 97°C, 4.6 hPa) AifEuiifke LT
L% 85% T3 572 - '"H NMR (80 MHz, ppm, CDCl;)
50.98 (3H, t, J = 6.4 Hz), 1.33-1.89 (4H, m), 1.58 (3H, t,
J=72Hz),2.77 QH,t,J =64 Hz), 442 (2H, q, J = 7.2

Hz), 7.39 (1H, s);°C NMR (20 MHz, ppm, CDCl,)
613.9,15.6,22.4,25.5,31.7,45.1, 120.1, 148 4.

(2) 4-Butyl-1-ethyl-1H-1,2,3-triazole (26.2 g, 171
mmol) %500mL—F A7 5 AWy, =HiRTY
YEERYU AF OV (9) (205mmol, 28.70g) #IMZ, T
VT ERAKTTI20C, 24WH#BE L2 i E Tl
WLtk ANFFTFH Y MR Q) Lzob,
A% =) (100mL) ZINZCTHEML, Htkxk (5.0 g)
ZIMATS0CTIRMBIELZZ. T4 ME# LTtk
xR Ltk SR EZREZE (65°C, 5.5 hPa) ZfTw
[123-Tz-1,2,4] [DMPO,] (45.74 g, 156 mmol) % #1&{4
Wifk & LTI 91% T 72 - 'H NMR (500 MHz, ppm,
CDCl;) §0.98 (3H, t, J = 7.3 Hz), 1.47-1.49 (2H, m),
1.67 (3H, t, J = 6.7 Hz), 1.75-1.85 (2H, m), 2.89 (2H, t,
J=7.8Hz), 3.58 (6H, s), 4.22 (3H, s), 4.83 2H, q, J =
7.1 Hz), 9.70 (1H, s); °C NMR (125 MHz, ppm, CDCl;)
613.6, 14.7,22.2,23.1, 29.1, 37.6, 49.3, 52.5, 130.3,
144.3;ESI-MS m/z (M") caled for CoH sN3 168.15015,
found 168.1486, m/z (X") calcd for C,HO,P™ 125.0004 ;
found 124.9990; mp —77.4°C (DSC), 10% decomposition
temperature was 204°C (TG-TDA).

[{ % @ F ¢ 1,4-dibutyl-3-methyl-1,2,3-triazolium
dimethylphosphate ([123-Tz-1,4,4] [DMPO,]) (CAS
1198330-44-7) 7 & U°IZ 1-(2-methoxy)ethyl-3-methyl-4-
butyl-1,2,3-triazolium dimethylphosphate ([123-Tz-
1,4, ME| [DMPO,D) & & L7z

[123-Tz-1,4,4] [DMPO,] (CAS 1198330-44-7) : mp
-65.7°C (DSC), 10% decomposition temperature was
205°C (TG-TDA);'H NMR (80 MHz, ppm, CDCl;)
81.05 (3H, t, J = 6.4 Hz), 1.28-2.19 (8H, m), 3.02 (2H, t,
J=6.4Hz),3.56 (3H, s), 3.69 (3H, s), 4.37 (3H, s), 4.82
(2H, t, /= 7.2 H2), 0, 9.56 (1H, s); °C NMR (20 MHz,
ppm, CDCl;) §13.5, 13.7, 19.6, 22.3, 23.2, 29.3, 31.5,
37.7,52.3,52.6, 53.7, 130.4, 144.5;ESI-MS m/z (M")
caled for C H,,Nj 196.18147, found 196.1797, m/z (X))
caled for C,HgO,P™ 125.0004 ; found 124.9989.

[123-Tz-1,4,ME] [DMPO,] : mp —-61.7°C (DSC);'H
NMR (80 MHz, ppm, CDCl;) §1.01(3H, t, J = 6.4), 1.29—
2.00 (4H, m), 2.93 CH, t, J =7.2),3.97 2H, t, J = 6.4),
3.39 (3H, ), 3.52 (3H, s), 3.65 (3H, ), 4.30 (3H, s), 9.75
(1H, s):°C NMR (20 MHz, ppm, CDCl;) §13.6, 22.3,
23.2,29.1,37.5,52.2,52.5,53.7,58.8,69.6, 130.7, 144.35 ;
ESI-MS m/z (M") caled for C,(H,N;0" 196.16072,
found 198.1601, m/z (X) calcd for C,HsO,P™ 125.0004;
found 124.9986.

5.2. 47 L ROREIERERER™
521. WBRENE : > TVAV DY v — L, BEG
(PR S T&D HERE - AV - T - BET— % 0
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7= TR-74Ui) L H#IZ A5 ~ L AL (200 x 185 x 30
mm) LICEE, §XTE2F v v 7fF&RYE QUL
FA—n7uy sy BRREHEY y Tuy 7 (BEEE),
273 mm X 268 mm) (2 AR (W% 1,110em’). Th%
30C DEEMEIC AN THIE L, KV ENOUEE DR
BIET L FToRELILTIE L. WEIROMKIC
FEhi L7z, PORVENICEKRKEZ AN TR BHNORE
B (%RH) 2380% LA 27 o722 & % R I & /KK
EWOBEE, FRAFFE LA S VAR AS T2 v —
LaRVEIZANTELICHIEL, RUESNORELE(L
F—Fuf—Citsk L7z WM R i E oAl
(A%RH) ZHOENEELR/- ) BLUPOEZHHL
RILEE (DC (mol)) & LT L7z, F7o, Wiy
13, fERIZESUER 2 &0 U CRERNSE L 72 E o d i
fili (1/2A%RH) %K, ZFOMEIZET S T TORH
(172T) THEIY E)V Y472 THH L Rate (mol) & L TR
L7z, MBDIFIZHOWTH FERICIRREZ A L, iR
L CCaCl, (+7 54 7 Z 2 ik, Lot No. MOA0090.
FIEER) 2OV TIGRAE L WRHEEZFH L. &5
2, R (g) U720 OWINEE L IIGEE b HIL, Zh
ZhDC (g) &5 Rate (g) & LTORLA. ZOFEE
FiEZHEY TH 2 PBENET2H T oL SRS 5

ZEEMERLTVD.
5.2.2. 4 % ¥ WK E MO SRR E LT 2 S OV Ffif K
ALV E R 2

WEAE I F COME & MBRIZ200mL [+ A7 5 A3
WY TIVER10.0 g2 A, D O BRI O B
FhEZELAAR, 2y =23y 7VEPICANL. =)
Iy 7% RMLTCTFYE VY S = —EHE (Okano
i-Pascal) EHZET 4 VIIORE, YU T IVKERIST
DFICR2ETREZGH LI-OBEHET [ v L
L, MELT—EFEICE 72 IAHTHET L YD
HEL7z, DWW T, KiBxZ65CETHISHEENLTTH
ML, V¥ FIVKEHEIZDOWT2TC R TRERE %l
EL SHAER LA T VROV TIZ80EE %,
607 %, 40E 5 % KIEWAZ D\ TP AR LE 2 Hl
€ L, P K 2 SUE O SN X 80 B % /K I ol 58
FEIRL 2 L CAPvsoos i Z 5 L 72,

Eil

AWML SR R R E (C) No. 21K05159 & 5 1 %
Y3, SHBALARIZET O E 2 T T o 72 W
fiEBe B i AT & DSCIUZ & % Bl E 122 W TS IUR
FLAETRE b B, WA IR 24 T D S B
RERERICBHEE 22 o 72, IR, BUE, BURRYRE:
BT h b F — B A e RHE LR RS T & S 12 2 B
ATV, A XHIBELA X7 FOVIIE & AT 138
RIFEFIINRHEE L 2b0THY, P TVIY

LA X VHAEOMD Y I 2L —3 3 VIZKED— X
F— 21 K% Hyung J. Kim##% & Andrew DeYoung
WLicka2b0ThHsb. F72, 44 ko500 MHz
NMR A7 bV OR5E 1% 8 H H ISR O SR — IR
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ISR L72Z L OF T Tz 2 ERifge % 2% T %
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Structural Features of Quasiperiodic Tiling with Dodecagonal Symmetry
from Four-component Pentablock Polymers

Yushu MATSUSHITA™ AT WE T em—

Block polymers with incompatible components are known to form various self-assembled structures.
Particularly assembly of cylinders or rods in matrix phases give two-dimensional periodic/aperiodic tiling
patterns as their cross-sectional views. Many of them are periodic patterns including Archimedean tiling
(AT), while quasiperiodic patterns have also been found in several types of molecules. Recently, co-
existence of (3.3.4.3.4) periodic tiling, known as a Frank-Casper o-phase, and a quasicrystalline tiling
with dodecagonal symmetry (DDQC) have been found in a single four-component pentablock polymer
molecule of the AS IS,P type (A: poly(4-vinylbenzyldimethylamine), S: polystyrene, I: polyisoprene, P:
poly(2-vinylpyridine)), whose molecular weight is 149 kg/mol and the asymmetric factor p (= ¢ /¢,) is
0.93. In this report, the stability and the strength of phason strain included in the DDQC tilings was
investigated by varying the p value by preparing various kinds of binary and ternary blends from three
AS,IS,P molecules with different p, while keeping ¢,, ¢,, ¢, constant. It has been clarified that binary and
also ternary blends predominantly reveals DDQC, whose triangle/square ratio are close enough to the
theoretical value, 4/\3 = 2.31 covering fairly wide window, 0.80 < p < 1.00. Among them, a tiling from
ternary blend, 4/5/6_90/5/5, reveals very weak phason strain, and the pattern is confirmed to possess a
feature of random tiling rather than the theoretically ideal quasicrystalline tiling, where inflation-deflation
operation can be applied.

IEMER T SRR SN D 70y 7 IEAEKRTIE, RERSH L VIE V7 ICBWTHENICHCES
LIRS 2 TS 225, 209 BAIR BRSO W KTy — v 252 5 ShT& L.
ARG TIRAES ST 0y 7 LB G 55 R & N7z 12 B R i O R etk E NS 2 7 = 4
VYRR DOWTHMICHE Lz, ST TOBZETS i EAEREAED O ERHBREIER SN TS
e, ZORBOMBLE MR L, MBI 7 =4 YEAEICE DGR I N3O 41850 57T
HEAMKASIS,P (A : poly(4-vinylbenzyldimethylamine, S : polystyrene), I: polyisoprene, P : poly
(2-vinylpyridine)) TH 5. THSIFVTFN LM T T v 7 A POKBESRICHEL T Thy, =
NOICHEET2S,SORIDIp (= ¢alps) 2EZ72bDOTH L. EMBMETHEME (TEM) & XHUNA
Bl (SAXS) 12X AL WSSO S, 0.80 <p < 1.00 DIEWHIFATA/ Ly 25n = 43 =2.31
Y, R2DOBHER Y AV ¥ T OREREHZMIZ LTS 2 e o7 S HICHEGRREOFET
ZRET VL Y R 4156 90/5/5 D15 R L (iR E 2 A, IR GEPHICIRIE Y = 4 vV ZH Lo E
DD T/NS HFIRSAFAET L2 EAAL, OSCFTHEmAOHAELIT VT A5 4 ¥ 7 EEH
LTWaZEBWLNIThoTz, —J7, WEZEMZEH L ofi g, B CHBED R D 7o B #E
Ky AN TP o OFTIIIBRHIRAIAL 5 5I1FEREL DT LWL NITE o7

1.1 U & [ HeSkE &, T OR SIS 7210 nm—100 nm @ A

KR HEAER % F o B R 5 F O S A AIZ XD VR — VEM 2o BRI S 2 HRMICEY I 2 &
Bhol-Tuy ZIESK - 797 MEESKTIE, 4 BHILNE. ZOMEEHEE, KERY) —F L5k
FPNAETE T % SRR R < R D 7230 551N SEHFIREE T/R S um + — ¥ — O~ 7 T AR B & G ke

20244E3 H31H SN, B 7 oG HiREE L En S, Choo
* B I EY LA SE R 7 = 1 — HEAGRDLIIA VA —VORBZ2RTESTWE
foe e LT B, TR IR & 5 2 5 70 SRR b R

b G = R S K N e A L



18 57071y 7 IEERHNED RIC 12 WD FRAEI 7 4 ) > 7 ORI R

OENERME LTHEHEELTEB Y, FIOEFEIEEN
AVTHD TIEFICFZE ST 5. LdEoF Pk, k-
BARDOBHEET A v ¥y FFEHUZBVRDS 10nm LT
O R E I 2% & ARG H A ASTT BB IS 72 5 100 nm#E
DE KAWL OWEDL D 5.

I uta L Tk, REA KOS T RN, Z
L THEMROBENCE D ZHRRENVT + 0T —2EAR
HMahs, 209 BHBIKE L EEtr /s &,
BIZIXDH o & b HHZRAB 2K R TIE, A/BHIZIEL
TERIRME A (ZRoCEMD, AR - ARIREEE (Zwoc
JED), ARG EReREE (ST, RH.T A T R
(TR & RSB T 2 H S B Y,
MHMIETIIZOH B, ZRICEN - #EFH % FEok
W RS A e R E T 5.

ZIRTCIE TR D B VIR O N X A VR O Wi
OFfEELTHNS, kD IAMSR TS L DL, AB,
ABARI O 2 15 e H AR D A/B HA30.3/0.7 #2 K O HLK
DB SN AT RBAIR N A 4 VS TH 2", o
AL CHHE L350 ABC3 R Tld, sFEffEREo
7O MOFHRER AR CH D 2 L SN2 H5>,
BMIRILEAROLEAIZIE, KA hrboE~ A F—
A ANELHEIR IR AL V1E, A Vv =W ThHbH~Y
P 7 AL VB TORIM LT A IFIEL
TWah, AFRBIZLAEFREICLA LI LIS
ZRIKBLESAEL L. —T, 3SR EAKRO SO
G RS R 1 TR AZ BRI E AR T, AT
RICULDPBETERWZOIZ KA A VIFEIRIZR D T
<, MATRAA ZFHE KA R < FHHAS 1R NS
5720 F OMIHNIZHIE L O #EWIZ X ) 3 RI%FER, 40
R, 6EIFGRED Y A1) 7y — VP IHREFEFR
NS Zhoony—ro% R4 v 7L
THOLNLETIVFATAZA ) Y7 LTEHIRTY
2"V 2021 4EFE F T SIS,P 4 LI T 44k B L UV ASIS,P
STUHEAMICHEHT HNENLSL INTE TRERZ S 2
280 3.33.3.6 (3'.6) (THiD TI VRIS AE SN,
32125 4 ) Y ZDRROPNETVEF AT AS ALY ¥
<y TREEMORL Shb, STEEEARB LU
7Ly BRSO IICHERS S ) v 7dvssil s
ZEEH, AEFERETIII D RE LN LY
VWD G L ORI W TREINIRET L
72, PR CHERSE 7 A VORI EAET B EMIHEE, L0
DIFTVEATFTAS L)V ZEHICHERT 5. A
WMETREROLDOLEOTRT LD E LT - B
R ICOWTHUE T 5.

2. FHORERS LUBERE
AR EASERORBRRG E LTIL, BT SAMEE B
(TEM), X#mHr92E (SAXS) oM EFTa >y FF X k

A: poly(4-vinylbenzyldimethylamine), S,, S,: polystyrene,
I: polyisoprene P: poly(2-vinylpyridine)

1 ASUS,P TIARS5 E7 1y 7 BRI FHi k.

BOTFRFT VI L2 EEHEL, HESRMADH KL Tpoly
(4-vinylbenzyldimethylamine) (A), polystyrene (S),
polyisoprene (I), poly(2-vinylpyridine) (P) % 3% A 72.
AS, LS, POIRICERT =+ vEATHER LT &2
5, REOI— FIZASISPET 2. —HHEI
BT T DT RA2TFEE T Z v & W 7 AH 5 B
EERIRVWOT, SRS FENFISHEZER 50T =
DRE eyt eiEt - R L7z ARoE %0+
BEAR VIR T. B2 Ivh )y A& BRI L L
T, 7b7eFu 77 (THF) ##Eh, -78CI2TT
= VEAETER L. IS TR OMNT &
RERVDS, 3HHOS R MARIEEEEDEG S
7z, NMR % GPC/MALS T L7230 50k &
GRDFREZRTITIRT.

R1 3MO4RG5 70y 7 WEEKRO 5T

Sample M, volume fraction” L P
code (kg/mol) S, I S, P Y psi/ps:

AS,IS,P-4 149 0.121 0269 0.196 0.287 0.127 1.04 093
ASIS,P-5 165  0.126 0.200 0.186 0.358 0.130 1.04  0.56
ASIS,P-6 172 0.127 0371 0.185 0.193 0.124 1.05 1.94

“Determined by GPC-MALS and 'H NMR. "Estimated from 'H NMR.

‘Measured from GPC chromatograms calibrated with PS.

F72, AMETIEINSOPAR) =26 MBI
SHTLYFERBELTTL Y FOURTHBES 2 X
oo TNOLOREETR2, 312 5.

FOoNTRAAD S THEh CHEE R Z R L, B
Fry A MEICLDH2BEBPT THRELZIER L 20 L,
160CICBWT3HMAMHEL2bDEEN T+ 1Y —
BEHOT7 4 Vs LT, RE 74 VADELVT 1
V—BlgL, SBMEFEME (TEM) %L XH/N
L (SAXS) 2 X D ro7-. TEMAIZIE, 2FED G
R ZE RV, =23+ A3 Y AT, TH >AH >PH
DEIIZTAYFTAINEDITBIEDNTRETHS. B
=D VIY R T Y VX AEARMLTHY, oY
HETIEPHE AMZ BIRWISFENLTDHBHEL T LT
&%. TEMHBHY N OEAIZ60-80 nm & L7z, i
L7-E M I HAETHROIEM-1400TH b, N
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K2 SHBEAHE AT LV RO

Sample code Volume fraction

n
(ASISP-4/
ASISPm X/Y) A Swe 1 Sue P 0" (NN)

4/5_90/10  0.122 0.261 0.195 0.295 0.127 0.88 ~2.3 DDQC
4/5_80/20  0.122 0.254 0.194 0.302 0.127 0.84 ~2.3 DDQC
4/5_70/30  0.123 0.248 0.193 0.309 0.128 0.80 ~2.3 DDQC
4/6_90/10  0.122 0.278 0.195 0.278 0.127 1.00 ~2.3 DDQC
4/6_80/20  0.122 0.289 0.194 0.269 0.126 1.07  2.01 33434

4/6_70/30  0.123 0.299 0.192 0.259 0.126 1.15 2.01 33434

morphology

K3 SHEEARZRTL Y FolE:
Sample code Volume fraction: v n
Um/n XIZ A S,. 1  Some P (P2 (N3/N,)

morphology

4/5/6_92/5/3 0.122 0.272 0.195 0.285 0.127 0.97 ~2.3 DDQC
4/5/6_90/5/5 0.122 0.270 0.195 0.287 0.127 096 ~2.3 DDQC
4/5/6_86/8/6 0.122 0.267 0.194 0.290 0.127 094 ~2.3 DDQC
4/5/6_80/15/5 0.122 0.263 0.194 0.294 0.127 0.92 ~2.3 DDQC
4/5/6_70/25/5 0.123 0.256 0.193 0.300 0.127 0.89 2.10 3.3.4.34

Captions for Table 1 and -2 and -3: p is the ratio of two polystyrene blocks,
i.e., p(¢si/ps>), n values and morphologies are experimental results.

WAL 120 kV TBIE L7, 7, SAXSIZ, Spring-8 i
X BL-40XU A7 — ¥ 3 Y IZ8E SN2/ BGELEEE O
A7 BE—AE—FRMH L. ~4f 70— 2ailE
TiE, ABZEXS-10um WY L, ZoHEDL Y
LB A2 S H 2 T HEEH3m, ©—2a% 4 JEFE
SumB L 10 um, B 1~ 2B D4 TIEE0.154
nm O X #i & B4 L7z

3. R & EE

3.1. STHEAGOELE - EEPEE
K227V Yy FOFEE)~—¢ LTH 5cdtiEak
AS|IS,P 3TE DM & [L%. " B2-(a) 1ZASIS,P-5 (p =
Osilps,=0.56) DREETH L. P(R) ODREBR XL~

R 2 55ckESEKDTEM 4.
(a) AS,IS,P-5, (b) ASIS,P-4, (c) AS,IS,P-6. (a), (b), (c)
FAe TR LZFATNAE, BHEEEMET ), (e), (f)
&, (@), (b), (c) X3 2 sk & i N o 45 T 1
P, e A T

EENZOATHTI (H) O F A4 V2SHEICBIZE X
n, FEOAFXA VIE3MOTI F XA VICHENT, P
R L TIREMKE6TH S, P (K) 2FE~IE3AT ¥ A
Vi, 1) P4 0 %2#~x133.6.3.6 AT (6[1]
XFR) 127 5. H2-(b) 1ZASIS,P-4 (p =0.93) HRTHE
ETHD. PICHT5HIOMMEASTHY, Kkt
TlEdH HHTEM RIZHRTR LR E 2 BT 28R
TENTE, FfETH .

IS LT, 2-(c) 1FASIS,P-6 (p=1.94) HR
L7zBeAi B4 T4l Fr g K3IRTH ) 17 ALK T2
FF 5. a)-c) ICHIET BB Z, #&TFOx ik
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Edge Angle histogram
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Construction of Theoretical Phase Diagram Based
on First-principles Calculation

and Study on Metastable Substance Formation | ‘
KA WE 7 xm—

Hiroshi OHTANT*

The purpose of this study is to construct a theoretical phase diagram based on the first-principles calculation,
and to establish a technique to calculate the relative stability which the objective phase has for other phases
as well as to obtain a methodology to overcome the metastability. By the research until now, it was clarified
that the thermodynamic properties evaluated by the first-principles calculation showed the accuracy which is
comparable to the experimental values. In the phase diagram calculation, however, it has been found that the
phase equilibrium is significantly affected only by around 1 kJ/mol of energy-difference between each phase,
and the calculation needs to be sufficiently examined for the construction of an accurate theoretical phase
diagram. In this fiscal year, when all calculation conditions in the calculation technique until now were
reexamined from the beginning, it was proven that overlooking on the technique and reconsideration of the
calculation conditions were necessary in some points. In particular, the large effect on the phase equilibrium
is attributed to the lattice vibration in the cluster expansion and variational methods of solid solutions. Therefore,
a new method has been developed to calculate the free energy of the solid solution by incorporating the
contribution of the vibrational energy into the cluster expansion and variational method, and the effectiveness
of the vibrational entropy into the solid solution of the Fe-Si binary system was incorporated. As a result, the
solid-liquid equilibrium temperature, which has been expanding to high temperatures, was greatly reduced,
and the comparable theoretical phase diagram with experimental phase boundaries was obtained. Thus, it is
found that consideration of the vibrational entropy is necessary especially in the solid solution of alloy systems
with large interatomic interactions. In addition, it is necessary to establish a detection method of the solid
solution range of the compound at high temperature, and to examine the origin of the difference and detailed
comparison with the thermodynamic property values of each phase.
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On the Phase Behaviors of CH,-CO, Binary Clathrate Hydrates:
Two-phase and Three-phase Coexistences

Hideki TANAKA™

We develop a statistical mechanical theory on clathrate hydrates in order to investigate the phase
behaviors of clathrate hydrates containing two sorts of guest species. It is applied to CH,-CO, binary
hydrate. The two boundaries separating water and hydrate and separating hydrate and guest fluid mixtures
are calculated, which are extended to the lower temperature and the higher pressure region far distant from
the three-phase coexisting conditions. The chemical potentials of the individual guest components can be
obtained from the free energies of cage occupations, which are available from the intermolecular interactions.
This enables to derive all thermodynamic properties pertinent to the phase behaviors in the whole space
of thermodynamic variables of temperature, pressure, and guest compositions. It is found that the phase
boundaries of CH,-CO, binary hydrates with water and with fluid mixture locate between simple CH, and
CO, hydrates but the composition ratios of CH, guest in hydrate are disproportional to those in fluid mixture.
Such differences arise from the affinities of each guest species to the large and small cages of CS-I hydrate
and affect significantly occupation of each cage type which results in a deviation of the guest composition
in hydrate from that in fluid on the two-phase equilibrium conditions.
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Table I Interaction site parameters for charge and LJ size (o), energy
(&) parameters for guest species, CH, and CO,. The C-O
distance in the CO, molecule is 0.1149 nm.

site q(e) o/nm &/kJ mol™

CH, 0 0.3882 1.139
C 0.652 0.3493 0.6099
0 -0.6 0.2994 0.4796
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Pressure / MPa

L 1 L L L L L L L Il
200 250 300
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Fig. 1 Dissociation pressures of CH, (blue) and CO, (red) hydrates
against temperature along with experimental measurements
(filled circles).

300

Temperature / K
N
[6)]
o

200 . R
0.12 0.13 0.14
Guest mole fraction

Fig. 2 Phase boundaries of simple hydrates in equilibrium with water
(solid lines) and guest fluid (dotted lines) of either CH, (blue) or
CO, (red) against mole fraction of guest. Pressures are set to 0.8,
3.2, 25.6, and 102.4 MPa (from left to right).
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Fig. 3 Temperature dependence of cage occupancy at 3.2 MPa (blue:
CH, in the large cage, light blue: CH, in the small cage, red: CO,
in the large cage, magenta: CO, in the small cage).
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T ficoe
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Fig. 4 (a) Temperature dependence of the chemical potentials (solid
lines) of CH, (blue) and CO, (red) in pure fluid and free
energies of occupation (dotted lines) for CH, (light blue)
and CO, (orange) in the large cage and for CH, (violet) and
CO, (magenta) in the small cage at 3.2 MPa.

(b) Temperature dependence of the chemical potentials of CH,
(blue) and CO, (red) in mixtures of z/” = 0.1 (solid lines),
0.5 (dotted lines), 0.9 (dot-dash lines) at 3.2 MPa.
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Fig. 5 Occupancies of binary hydrates, for large cages by CH, (blue)
and by CO, (red), for small cages by CH, (light blue) and by CO,
(magenta) at pressure p = 3.2 MPa and at guest fractions, z("’ =

0.1 (thin lines) and 0.5 (thick lines) in equilibrium with water
(solid line) and with guest fluid (dotted line).
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Resolving Outstanding Puzzle in Superconductivity

ii's

Yoshiteru MAENO™

We will introduce our research results focusing on the layered ruthenium oxide Sr,RuQ,, which is a
typical quantum material with the complexities treatable in modern condensed matter physics, such as
electron correlation, spin-orbit coupling, and multiband. The electronic excitation mode named ‘Pines’
demon”, which was predicted almost 70 years ago but had never been actually observed, was reported in
the normal state of Sr,RuQj,. In order to elucidate the unconventional superconducting state of Sr,RuQ,,
a few challenging paradoxes are present among the results obtained by different experimental
techniques. We will explain how available theoretical models can explain different experimental results
and discuss the ongoing research to resolve them. Other results including superconductivity in
topological materials, as well as future prospects are also discussed.

WA, AYCHUEMENEH, VTN y Rk, BUROWTEw IS Tlob h 2 BETE 2 dedadi 2
B ETWHE VRS, BV =T AR StRuO, 2 il & L7ZBFZECR 2 A5 5. 704
LECHIZFE SN2 OOEFRE DM 572 [34 Y ZADEE ] LT oh-E kRt — Nz
StRuO, D FAREIRE THIN L 72, € OIERIBIRGIREOMINIRI L TiE, F7 5 FEBRT- P TOR;
ROMTHLDPDNNT By 7 AN R o7z, ARTREEhS 2 WS 5 & LB, BINZIT T
HAEATHOMEII OV TH NG, F72, PRIV HOBIREL &L, ZOMOBTERR &4

TR B 7 u—

HBOWIELZIZONWT IR 5.

1. U & (£
SRR R AT FEbE & O MHEMF TR0 (5 B - JUK
HHEHL M, Toyota Riken — Kyoto Univ. Research Center:
TRIKUC) OWiFEHER TRENBOHEFMAEH 24 L &
bICHFE RS, AR TRBAEED TV B M
Wi, EBREFETE & CEE BRI O W TIRE T 5.
AFEDOHULIRETH B, IRV T =7 L BALY) St,RuO,
OBRENFEOBRIILT 3 THIT 2. T L
T, HAYBHAZTIAT O SCHERE . Phys. Soc. Jpn. 75
RIS ARV 7 2 — G &, Nature Physics 70 &

o Invited Perspective ;i3 & #¢4i L 72

2. ETYWE Sr,RuO, /X1 2 XDERE
[RTWE] L) B, EE, LumbketEs ez
WCaIyWEBRL L TEIHVWLNS, THEE TS
A ORI L2 EREZ S L, BRI
R, ACY - EMEEHOBE 2R, MR

202442 H19H =

* A BALARFIET 7 = 1 —
SRR E S, PhuD.
£ B — RO E B RS M Hd
TN R, B

WPPE 7 EIRFEIC D72 5. SoRuO, 13 LR 1Y 7 B
TWETH L BTHED 7 —a YV RITORREHEE %2
SAHBIE TR A O [IRERE ] olfziEzRLY, 2
Y- MEMHEEHOME D RE VRN Y Fh bk
LETHE LR (1AL,

SrRuO, % w7z 4 V) / 4 K22 ® Abbamonte # % 5
EDOFFTED S, 1956412734 ~ X 73 Distinct Elec-
tron Motion (DEM) % 2% 9 & “DEM-on” (7 — &
v, B AN B TRREE-F 8 ¥ XD ]
EWOTHML?Y. SRPOBFHERE— FL LTX
CHILN=T T AEVIL, HEIANVT—ZHETHET
LZETEEORTHY, ZoRRICITIeVEEDOT
ANF=HBLETHL (R1AETFLEHF). ZNITHLT
A Y ADEBEE— NIE, 2NV FOSRPCTRE LN
Y ROBTHEIMMAHCTERT 2 S OT, ZEHMICIE
BIHEEIZET, R AVF—HEEERRTY
Qb GBS AEVYE—FTHE RIAETER).

AR TH B L 72 Sr,RuO, Bl EE RS & 2 v
WEXA ) 2 A RFOEERFEF = 4V F—4HI 5
ot (M-EELS) #i& % JH W CiTvy, B L 72290 7= 2 ke
E— FOI AV F — RAFE R 5l B 0 BB &R - B
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Theoretical Investigations of Time-resoved SFX XFEL and
FTIR Experiments of the S;—[S,]-S, Transition and the Mechanism
of the O-O Bond Formation in the OEC of PSII

Kizashi YAMAGUCHT*"****_ Koichi MIYAGAWA™*, Mitsuo SHOJT**, Hiroshi ISOBE*”,
Takashi KAWAKAMTI* *® and Takahito NAKAJIMA™®

Recent time-resolvled (TR) SFX-XFEL experiments for microcrystal of cyanobacteria have provided snapshots for
time-dependent variations of the biosystems structures in the S; — [S,] — S, transition in the oxygen-evolving complex
(OEC) of photosystem I (PSII). Recent TR-FTIR experiments for spinach combined with the theoretical modeling have
also provided the spectroscopic results responding for proton-transfer and oxygen evolution in the water oxidation.
These experiments have provided indispensable information to elucidate possible mechanims of the O-O bond
formation and molecukar oxygen evolution through the invisible final transition state “S,” of the Kok cycle for water
oxidation. On the other hand, theoretical and computational investigations have elucidated that timing of the one
electron transfer (OET) from the CaMn,Og core to Tyr161-Oe radical in the transition is a key factor for understanding
and explanation of the possible mechanims for the water oxidation in OEC of PSII. The TR SFX-XFEL experiments
have revealed that the OET and O-O bond formation reactions occur in an almost parallel manner in the S; — [S,] = S,
transition within 730-1200 s and the O, evolution starts around 1200 us after the third flash in the cyanobacteria. Other
theoretical computations and TR-FTIR experiments have proposed the O-O bond formations before or after the OET.
The formation of the high-valent Mn(V)=0 (or *Mn(IV)-O¢) oxo bond is formally formed after 2500 us by TR-FTIR for
spinach. The nature of the chemical bonds in the possible transition structures revealed by the HDFT calculations is also
revisited in relation to the mechanims of water oxidation in OEC of PSII.

1. F = 2H,0 + 4hv — 4H' + 4¢ + O, (1)

IOk BT zwu—

Ay —=2Tid (1) IR L72REEE w72 K500
G Y AT APSI (photosystem 1) 12 B} % KD 55 fif
o+ BT, BT LARVCHRIET 272010, 20
FH A MY 4+ (oxygen evolving complex ; OEC)
2% % CaMn,Os 7 7 A ¥ — D45 - | - A ¥ Uik
FEMNCRE L, FORBOKE®RE LY N7 — 2 ik
HEBMHTL, SOHITKIFARES 7T b 2 BN R 2
ERIFET DI LX), REOUEHPUE 05 HEIH %
Mo T a7

202442 H6 H =

s LA SEITE 7 = 1 —
R REI TR Y 5 —

) Lk A 5B SRR S T
KRB SR e R

FORBOR R T - TR v 5 —
LTI R IR v 8 —

R = X CTEH L TE 7 X D ITPSIIC BT % K5I
JE X Kok 14 7 VY LB E N SERES, (i=0~4) D)L
67T ATHAITT S I EDVHBH L TWA, 3THES, ~S;
ARFEIZ 31T 2 R 00 o3 A X0 G b i i D I 2 H 19
L LT XHHEE RN (X-ray diffraction : XRD) #:*¥% X
MLEHET L —¥%— (X-ray free electron laser ; XFEL)
A L 72W 5% (time-resolved ; TR) i 7 = A
N b AE RESESRAT  (serial femotosecond X-ray crystallo-
graphy : SFX)” i, TR fourie transform infrared spec-
troscopy (FTIR)'*'" % I 72 0F 28 A53 i L T\ 5.
W4 D RFZE # (13)7 TH#ES L 72 & 9 12, TR SFX-
XFEL™ %21 PSIl © OEC S, BLUS;KREBIZBITS
CaMn,Os 7 7 A ¥ =IO KRFERER y T —s L
DT AT DO FIT OB L 72, € DR
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B, S =S, = SSREOERIHE) 5T AT AREE
LA S 225D (1) RISELEKORIEF 4 F~D
AR KGR CER L 7T b OREEICE T
LEELEEERPEONDL I LI ko7 &5, IE
AES HAIZIE KBS D BT d 5 S; = [S,]— S
IRAEERS O W F 784 SE B2 5 % TR SFX-XFEL %
BRI X 2 MR o B R 2L & TR-FTIR (R545556)
ERRICE 270 b VB L OWES T RIMERIZL 53
Nature 51256 FE SN2, 2D X H T, 20234FICIXEE
— PR FAE A TR R W 5 A R\ B 9 5 B A o R IR
B OND Z LR Y, KRS O BT BOCHEHE
T - ETFLUVTHHT 280 LWRRSERR L2 &
219, AECRINSoERERY o/ RS
T, KGR BOSHERE O 2 BRI D W T O il DAL IR
WEMNT 5.

2. SIREBOEREETTIVEL

21. S;IREEICHI(T 3 CaMn,0s 7 5 A8 —ETFILDIELE
WE4E O BFZe s (13)" Cld PSIL o> OEC 0 & 13 (2
OrFEFNT2CaMn0, 7 T A ¥ — 8T 5 KER A
Ay NI =212 X DRSNS T 2 AT stk %
KA L7, AETIE4 O TR SFX-XFEL £E:Y 12 &
S; = [S,]— SoERMARITTNT 2 B &2 AL O BLF %
BAHIT 5720 MIENICH 725 SIRBICB T 5 HER
FP T A 8 & 3K 226 JFL T L NV TO QM E TV & H
>, UB3LYP-D3 #: CHEE Il b & 9247 L 7245 P o
BADSIEDv. E1I5RT X512, PSIOOECIC
Bl LK RS 4 MY T 5 CaMn,Os 7 7 A 8 —
TIdf (Right s R) B XA (Left; L) fIABH W72 % 2
NUREEYTEETH Y, S (1=0~4) REICBWTE
BT e 2 5B, X(Oy W4 1), YIW2), Z(W1), U(Oy
HFA M) 2B BKROMLKE O (=a), OH (=b)
BIUH0 (=c¢) 128 UTHi % O IR Sixyzu (R or L)
(i=0~2) ENTTETH L. S5, S, = SHIRBER
BETUSHF A MK (W) BSEAShzoc™Y,
Z DIRFEIARAF L C Sixyzu (R or L)-W TR SN A Hf 4
DS, ST RETH H. T 1ICSIRKETHRELRR

Tyr=0-

Y
Saxyzu(L)-W + Tyr-O- Saxvzu(R)-W + Tyr-O+
X, Y, Z, U =02 (a), OH- (b), H,0 (c)

1 SyRETHHREZR/AM (Left; L) 3 & 04l (Right ; R) @B
W72 CaMnO, (Ror L) 127K (W) A3 A & A7z i AR o 4 i
RHELE T, BLOZOKOEEACIRGE & PST Ot &1
BBV S 72 Tyrl61-0 7 DV X DR E 7= (S,
+Tyr161-0O<) RO &, "

Table 1 SR R 8 o>l il 25 ) Ak o> i ALl .
Types Exp.b' OH OHy, Oxo Oxyl OH, Perox

Mn;-Mn, 275 276 279 280 278 279 277
Mn,-Mn; 286 286 285 282 283 285 281
Mn;-Mn, 277 277 275 273 283 292 295
Mn;-Mn; 333 355 353 346 327 355 336
Mn;-Mn, 5.06 535 537 533 525 553 523
Ca-Mn, 337 334 337 320 327 346 3.39
Ca-Mn, 332 329 326 325 331 327 335
Ca-Mn; 352 351 330 337 335 338 357
Ca-Mn,  4.00 4.19 390 4.06 401 414 423
Mn;-Oe 1.79 180 180 1.67 172 182 214
Mn;-Os 200 183 1.82 1.84 1.78 1.89 1.88
Mn,-Os, 222 182 181 179 209 200 226
Ca-Og, 260 285 256 267 255 261 297
Ca-Oy, 249 253 245 236 245 259 236
Oe-Os 209 246 254 249 203 247 141

“The molecular structures of the water (W) inserted CaMn,O,-W S;
intermediates are abbreviated as W in this table: OH = S;,,.,-OH(R),
OHg]u = SSabca'OHg]u(R)v Oxo = S3acca_0XO(R)7 Oxyl = S3acca'oxyl (R),
and Perox = Sy.cca-Peroxide(R). “The experimental values were
taken from PDB ID (6DHO) (Kern, et al., 2018).

B> AR 0 B # AL 75 12 315 5 Mn-Mn, Mn-O, Ca-O
P &% g Loz 2

#1127 T & 9 12 TR SFX-XFEL %512 X 0 %1
SNz SEEIIRIMICHIETHZ &b 25b. —F, L
B ORERE T — & 1Z Mny-Mn, D BEEEAE < 72 5 LEI O K%
ZRTLUAMIIRBZNE RE CIFELL VO TRE
TIIEWT 5. /1 LD, KEETHEL %25 S; —[S,]
— Sy BRI THERT 5 S; P RIS BT 2 fif i id ki
£ % 05)-0 ) [ Hi#E X Mn-hydroxide (W = OH )  Ssgpeq
(R)-OH), Mn-Oxo (W=0"": S3,a(R)-0O) 1[I TIZ
#25ATH Y, Mn-Oxyl (W =0¢; Szeca(R)-O¢) Hr1 R
RTEP2IATHH L L) SHRETIIRZO-O%E
BRI GEABM=/M14A) FEoTwirWnI Edb
5. AR TIEMn-Mn, Mn-O, Ca-O il 255 722
H IS OB A THEWET .

X 112/R”RL72CaMn,0, 7 T A ¥ —i3 & TALAIWIc i1
K2 12RF &) ICETFBRFER) R L LT E Vi
BTRIBETHDT, ZOLEFBEREOREHHICIE
Ao AmME; A Y (RE), B (Mn, OfliE 1-H
7&), W@ (Mn(D) o Jahn-Teller JT) ZEAH), 5+
HENRIA (proton-shift b & L EYAIREE), O FEM 2 MG
DPBEE 557 512, MY 4 CaMn0, 7 T A
7 —13PSI® OEC # i1k 3 2 R AS O ICHEDA T
THY, Bz (13)) TR L7 & ) I RIEREREE ;
PsbO, PsbU, PsbV TIR#E S N TV MG AT A
ThHb. FHLOMM L T % Hybrid-DFT (HDFT)
FEEIIRER TR VDO TZFORLEIZINSDH
HEICBIfRT 51~ 5658k (EPR, EXAFS, XES
FTIR 7 )"0 1151902 & 2 HEREE I & OB AT O A
VETH L. AFRTEIEGRBRHR L IS DFEEB R LK
E9 5 LI XY KGR FOGOF P 2 B L7z,
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XRD

\ XFEL

\ Cryo-EM XAS
XES

X2 wEAHEET R CaMnO T 24O HHEE 2N oIl T
% Hli 2 D53 ER, W 5580 XA R AR AT, BEERETSE O Inter-
play (2 & 2 YA BK 53 SUG O 7 BRI,

2.2. SIREEIZH T 24 DHEFEDEXMREM

RTIRLZLIICS; RETIEEO»OMEDO R
I ARREEDSTTRE T A A, ZOMXT L ITREEE L 72
QM ETFNOH A AREFHEEIT L Y 2T 5. 5227
JE 7€ 5 % v C UB3LYP-D3 i 7 'Y Chth v i wiAb L
723 WIC S il & Fl VT 4R O R T e e Tk
R L7 RaEE IR L &) ISR TG
M2 IE T BB 72 W B AR 0 A0 R 22 52 1 12 CaMingOs 7 5 A
y — 25 E T RIE T 2 FE A O L <, hybrid-
DFT (HDFT) "7 % 3 2 & 138K 7 v o v
W& F M5 Hartree-Fock (HF) IHOE A (w) [ IRAE L
TELL S 5. 22 Tl O UBLYPEDRAIZIEw =
20% TdH HH I OEPTIZETF I (U) OFZ#RE I
WS 2MEMICEH 5D Tw=15% (UB3LYP*), w=10%
(UB3LYP**) O dMaf L7z, %72, beyond-HDFT
#H4 o —f & L < DLPNO-CCSD (T,) #4512 X 5
FRHF IR L. R2IIIMBoEMZEIC X YRz
A REb F oY M212RL2L 912, EPRR
XES 2 & % FEBfE 3 b 5 R OB HIWnc A L7

3BLUR2 LY S;RETIIWH A MICOHT =
FUHHEASNIOHEN O H 4 b EARFERHEL T
% Szupea (R)-OH 3 35 & U A E 1172 OH 2A3Glu189 @

30.0

BT =F A b ERFERE LTV 5 Sz (R)-OHgy
DS, FEH L 72 AR 3o R Tl b &
ThrIENFHEEINS. > e ol TlEMnA
F v O EFHEEIZE TN O (4444) fEETH 1) XAS,
XES EEfE 'Y LA LT D, S 512, KIREPRE
B iC X B IEIE A ¥V RAEIE 7 EIH (Septet ; S =3) i
THAH7, INohEEROIGEEED -1 Box ¥
CHERE T R oS =3IRETH L I L L) PIE IR,
—J;, ## OTR SEX-XFEL£8*” Tl K EE F 251
ATORWIEZ KWL TWHA MIFA SRk T
ZOxHHVIE06EEHL, 0F & 0eH Tkl L7
FRAHH I TWAE, RIUIRLAZEII12065-069D
EPICBIT L ENOHHEY132.09ATH 575, Hista
22203 1 OH Tl AMETE T132.46, 2.54A & 72 5T
BOEYNEOBELEENENE W LS (5ETHRED.
—7Ji, F1 X )i TR SFX-XFEL£E:* 12X 2 05-
O il (2.09 A) 1255V i LR ™ > 13 Mn-Oxyl,
SaccaR)-OefiiETH 5. R2IRT L HICZofifED
A% 22 2 M1 HDFT #: Tl HF DO E4 (w) (258 < ARAF
LTBY BT HERN R ICHD THIKTH 5 Z & H R X
5. Mn-OxylHizk o IEE X € ¥ 4RI IE 1-1-1-1 B oo
EAY Y (HS) K (S=6) TH h ESRMIE TR
PE RIS 3 4. Mn-Oxyl#iE (L (4444) OAli7E T
3 % $> Mn-hydroxide @ O H %* 5 @ proton-coupled
electron-transfer (PCET) I2X ) W2¥% 4 M7 k&~
BB L, Mn(lV), ¥4 FHAMn(), I2—ETETSh:
WM YS T 5. Mn-Oxyl 35135638 X ) EXAFS il
WX DIESINTE S RETO (4443)-O K75 12
M55 Lal, ZomETIEHSREZ kL T2
Y OIERIEALAHE Z Y FEFRIIIBEE T LD R Y %
BRI/ S & (4444) 12V E Wz 2.7 —J5, kD 2
Z X2, DLPNO-CCSD (T,) #t4'* 2 cix =M o Bl
V172 Mn-0x0 (S300 (L)=0), Mn-Peroxo ((Ssueea (L)=0)
i b IR ZETH ) SR o> TWB T T /N
FUTLUNOERABICE > T IS OME LK I
HLUREMEZRLCWD., ARTIEY 7T /N2 7Y T OH

uB3LYP
= B3LYP*

B3LYP**
uDLPNO-CCSD(T)

25.0

20.0

Relative Energy [ kcal/mol ]
a -
o o
o o

o
o

Il
°

-5.0

Saabea(R) Ssavea(R) Ssavea(l) Ssacea(R) Szaceall1)Ssacea(l2) Ssacea(R) Szaceall) Sapppa(R) Szabball) Ssacea(R) SsacealL)
OH Ol OH xyl

Oxo Oxo

Oxo

Oxyl [¢} OH,, H,0 Peroxo Peroxo

E3 HDFT#$ X ' DLPNO-CCSD (T,) #4512 & % Sy ikt 2esets.
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Table 2 S, KA G #E 7% i [ #k o HDFT % & O'DLPNO CCSD (T) #:1C & 2 #xt ez k. ™

TypeSfMethOdS“’ B3 B3* B3** B3*** B3D3 B3*D2 B2P DLPNO
Sizanea(R)-OH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S3abea(R)-OHgy -3.49 -3.48 -3.44 -3.42 -1.32 -0.23 -0.74 1.32
Szapea(LL)-OH 134 13.3 13.3 13.1 9.22 8.79 11.1 9.88
S3acea(R)-0x0 4.71 4.50 4.30 4.13 991 9.82 13.1 8.85
Szacea(L1)-0x0 7.06 6.44 5.78 5.09 9.84 8.76 11.6 3.97
Siacca(L2)-0x0 6.24 5.55 4.83 4.08 9.76 7.73 10.2 2.64
S3acca(R)-0xyl 2.33 6.19 9.65 12.5 11.6 17.8 16.0 13.1
Siacea(L)-0xyl 15.5 19.5 23.0 25.8 21.8 25.0 28.0 21.2
Sauepa(R)-OH,, 3.89 3.89 3.90 3.89 4.28 5.99 9.73 11.5
Szappa(L)-H,O 15.5 15.3 15.0 14.8 7.97 7.55 12.8 7.16
Siacea(R)-peroxide 10.2 18.2 26.8 35.2 10.3 22.1 232 6.75
Siacea(L)-peroxide 10.5 18.6 27.1 35.5 10.6 21.5 23.0 3.90

“The abbreviations of the method indicate B3 = B3LYP, B3* = B3LYP*, B3** = B3LYP**, B3*** = B3LYP***,

B3D3 = B3LYP-D3, B3*D2 = B3LYP*-D2, B2P = B2PLYP, and DLPNO = DLPNO CCSD (Tj), respectively.

F135C 0 iR g ¢ 13 *” Mn-hydroxide & Mn-Oxyl
WSO PHIRENEH L TWDL EEZ L2002 1R L
72CaMnyOs 7 5 A % — D 4 H B O 1 & R ) 2
%*UH"J]“L"CZ%%“C“Z’?)% k%i J: ;) ) 12, 13,23, 24,26, 27) é B L:
#%ik§ 5 & 912, TR SFX-XFELEE" Tk Sh 7zl
B FEBRERE D A 72 > Ming-Mn, i B 20 5 HI 9 5 &
Berkeley 7'V — 712 & % Ssfit (2 =4S 5D AR§E)
(& Mn-hydroxide 7% Okayama 7" ) — 7 ® S;## i & Mn-
Oxyl B HiM L Twa E#x 515 %K Berkeley
7 v —7 O XES EEif ¢ ' ng’f%i_O)ﬁlﬁ ETIRER
(4444) T& h Mn-hydroxide DZNITHENVEF X 5.

3. PSIMDOECICH T 2EBHEEHiES

RICDENREREE
3.1. TR SFX-XFELZEBRIC L 2HMF BEEASRICD
BB EZE L DREA

WEBER, Kok 4 7 V2 0 S;—[S,]— S, B #
P BU B Bk A BUSBENE 1ox L i 2 oF %
D ENT &Y 4E TR SEX-XFEL £ 8:* 13+
TN T T OEAYICHD A F 7z CaMnyOg 2 T
A & —TH#ATT B M4 O RO 21 % Third Flash
HBOBE (250, 500, 730, 1200, 2000 us) TELH L 7= 4%
BTHbH. ZORIHH L -RERAKERHEELLE (2)-
(7) RIZF o7 TS OERH R 2 B IR
T 2572DI2FR 1R L72EE O He % S; Mg ot
5 Third Flash (2 & 0 2ERE U 7= #03] S, R 4 5 % [S; +
Tyr161-O¢1 & L, SsHiik % i 55 D Ssupea(R)-O
LA LT, Berkeley 7' )V —7® TR SFX-XFEL %Eﬁﬁ%
SO L TR KD,

TR SFX-XFEL %8:* 12 X #11F Third Flash #5410 50—
100 us D BB & v B WG ZALIZ P680 7 74 >~ 5 ¥
HNNO—B/BFRBII LD FHikE S5 Tyrl61-OH 2L
DOHEELZALTH ST & L) ZOERILIZ X 5 Tyrl61-0 -
FTIUNMNDERTH S LIFEEIND.

Saabea(R)-O g H + Tyr161-OH + His190

. _ (2a)
= Saupea (R)-O g H + Tyr161-Oe + H'His190 + e

P680" + ¢ — P680 (2b)

Z OMPEBFETHis1901 (2a) XIT/RT & 9 ICBase &
LTH 2% LTws. —F, MEhsETIE (2b)
RITRT LIPSO I F 4 > 5 VA IV D@ICIE &
nTnsb

W AZ250-500 (730) usOBICBIHI S NS DIES; —
[SU—= S BB TRIAEIFHO 7 b v H (First
Proton Release (FPR)) T&H 5. ZO#MBEOFAMICE L
T TR-FTIR' S5 3% 5 25, AR TId 3 Mn,
FA MZEALL Asp6l EAAFERALTWEK (W) O
Bir o b ALTH B EGET 5.

S3abca (R)‘O(G)H + ASp6l

3
— S3u0a (R)-OH + H Asp61 (FPR) (3a)

WFgEs (13)"C#AA L7z & 9 12 Asp61 13 Proton Release
Pathway (PRP) I &L CTWwWa 7 I JRRIETH D
WI B EHITT T b RN & OB TS THEE LR
RIECH B

EIFH IS S b o, (2)NTHEK L 72 Tyrl61-
O (Y,) TV A N~DO—BTHE) (—ETEIK) Thb
2STR SFX-XFEL % ¥ ¢ 13 L % £ < 5007301200

USOITEZ B LI hTwas. Tk 5 12 S, IRTE
OB TY, T T H NV OFaH o IREIC L T
ROoOTHRES 2 L9 ICETHBEO timing (2136 4 D9
B & 0 SHE O WA TR 2 5. P

X + Tyr161-O¢ + H'His190 )

— X"+ Tyr161-OH + His190

CITXEEBENTVDEDIXY, T VI NVDOEHFGRIC
J6 U TSy EMRICE O P DEMPEZZ 5N 5 TH
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BIF 5 S1—[S,1-S, EH# LD XFEL %%ﬁﬁ%kfﬁ&* &

£ SIS O B g B 53

5. 8512, (4) RDY, 9 VA NVO—ERITIHE) L
THATFH BN S N5 D13 500-1200 us M 2 2 5
F—MEHES (0-0) BEERRIETH 5. ZoOHmid TR
SFX-XFEL £5* 12 X 0 Bl S 720 (0O H) %4 + o
BYEEOWIL P OHwmINTYSE. LaL, Ot A
FOEFHEEIZI1200us T THRA LW EHPEHIS
w3z

UO¢) - -0Z = UO5)-0Z (5)

22T, U ZiECaMnOg 7 5 A% —THBEL 9 %Y
KB OMIEERIRTH 5. FRELRH S O-0O LKt H
FERIRE (Transition State ; TS) IZHY T 5 72012
TR SEX-XFEL £E:Y T & 2 R 2 B sk 20, X

12, &1 XD Peroxide HEAA AT % & THIF 0
O 14AREZ THAT LI LD B SR 2
a#ﬂsﬁﬁénw 4-[d]» TR SFX-XFEL 5" ¢i3 2

ﬂfﬁﬁ”?ﬂ%ﬁ MLIZIHZ HNTW 2R, %@E@@

2R (6) RIRTEB ISV AFEICIBID

Per0x1de DOYEFEH/NE L 7 ) BN HED S t;tb‘a_ L SE
/%. ron.t—b\ 11‘23‘29)

FERE, %S%B C R éhé@ &, (5) JVCE)J*Z L7
Peroxide % i\ 3 72 8 12 730-1200 ps [#] 12 Ca 12 B2 A
LCIHASNS2%H @JJWDEJ% (2 L) L’Cwé k%x
5N %05, W2, W3H A4 FOBHETHY, Op-Op it
TR Bt T 5 Ox (O oH) 4 N O\ T EE DR
Thb. 512, CaOBKRMA L8 %D THOn % i
AT 57D Aspl7T0DCO, 7 =4 > DOH A b—CaA
T VOB KA AT (6) RUTRT X 9 12730-1200 us 14
hns il shTns

Asp170-O—Ca + H,0;)— Asp170-O- - -Ca-H,0 5, (6)

EHIZ, 1200 ust&iC% 5% & (5) FLTHK L 72 Peroxide
2 (6) NTHASN/ZHO THEILINL72DICENF
TEWNTH 5720651 bOBTEEIZRT 5P
12002000 us BN BT HEMME T 2 2 L Bl S h
TWBDT, YA MZH L LIHEIIZHO 5 25 F A &
NBEZEICHIBEL TR Ve EZ 5N,

U-O(5-0)-Z + H,O(s) > U-OH-Z + O(5)-0¢)  (7)

F 72, BEHEBUHASE 2 % 1200-4000 us 1213 Asp170 ©
CO, 7=FYDO% A bDCaAf F ¥ ~DOEAFEE D
HBL, E2FBo 70~ 2 (Second Proton Release ;
SPR) di I D T LM EINTVAE. BT D L9
12, 2000 us LLBEIC D #oh R EZEL (WI-W4H A
M &) 2SI SyiREBICES /xrm%_@ﬁ%%fr
Bl S Twa, ZokHIZ, TR SEX-XFEL %"

X BERIZBIIBYT /232 F) 7DOOECIZBIT 5K
53 BSOS O Bl 19 3 25 1L o BN 5 &2 R L T ;72 28,

LELOFEIHIIRE L GFMIENTH D, K2 oHE»
WEOB AL S M TR E D LR A ¥ VIRED A LR &
DOWEMIRLZREIN TR VWD TFOMEILIESHD
METHDLENVZ LS.

k% LYYy OOECIZBF 5 TRFTIREE' ¢4
(3) X7 b UHERIZ340usBRICBIS R, X5
IZPRP LIS BT BB B Sy 7 ) N7 7
)7 ERABORERPESR TS, —J, K (5) U0,

<6>ZEPF'EHﬁwﬂf,ﬁiz 12500 us BT, O-Ofs4
IS ZOBAFIGEZ L Z R INTVE. 20
X TIEMD % EORGmFERELITH I N TS, filliy
£+ CTHBCaMnO, 7 T AY — DL T I N7 T
VT7ERTLYYTHTHLEUEEZOLNLDT, Thb
DAEWIEIC X 2 EAY OMLED X 2 BB EE 0 138
BB RS O B Y RS B O B o BRI B 2 TRk e 5
T2z5EBbhbd. 5%, BEFHOLEOHEELHLH,IC
ToTlAZEEMFELLW. /2, O-OFGEKD
timing B LCh, EERZ L — 7LD Rk 53t s
HDHDOT, FEEBEMRT v TVREBELMFICLEEINDS
DORDBANZ V. WU LTH BSOSO
SHRBED N 12 X 2 KB AR 5.
3.2. WIP (O1-Channe) &3 KDPFDHRAEE
HBEZt

WEAE OBFZE 8 (13) TRIA L2 & 512, morikie
XRD %5 T OEC 12 B3 % K5 T 2581l X 1L, QM/MM
FHEIC L D AERABEL R TE 0T (1) Ko
KGRI BT 5 2 DK F O AR (WIP) %
7 b ORI (PRP) IIEKT 5 & 350>
DPAEAET 5 2 L AVHIWI L 7. TR SFX-XFEL %513
FEPHIZWIP R PRP I 2 B S 2L 2 Bl L Tw
%. Okayama 7 )V — 7>>%? & Berkeley 7 v — 7 %3

TIEKD Ay %?Channelfﬁl_@ TR b DT — R
LAHBIFEREEDLNE 0D LN WA EEIZE U
R 2L % B L Cwv 2. Bl 212, PRP (O chan-
nel) ®AY LHNZHFEAET 5 W16 (20) (FE5RN I Berkelry
7 W—TORGHLTET) 12S-S, B MBETENRIED

DI I N R D, 3512, S, = S$;ERBTE
léhé%l%ﬁmk@CaMmoéa 5 A5 —~DIFA
B4R $ % WIP(O(j)channel) (2 #8455 5 KO 5 B LAl
o ZIGERT 28E R Y b7 — 2 0" 0Bk
ZAL S WFZEHE (9) TR (10) TR L7 & 5 128
RELCTH 5.

%6l ® TR SFX-XFEL % 5%% 13 S; —[S,] = S B8 £ C
BAINLHE2HFHDKD WIP (O)channel) #H Tl A
ENBZEEMPL FER FERY I X E Thid
Flash ® 1200 us #1125 H B # 3&% 2 BB $ 2 W20 (27),
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W21 (28) B LU ZNITHEKET 5 W24 (32) 14 MZE
TEEOERTA2A S, W22 (29) 12K L T & 27K &
W EMNH L. ZoFRITmERIEO WIP (O1-
Channel) 75D 2FH OKDOIFEAI B LT 5 L fF
FYShCTwa, —J, WIPOAD NS 2 K5 T
DSAEBROPTH O A MIHEAM L TV 5 WI0 (26)
DOF /NS, KEBAICLDVMIEEINTNE S
LEKBLTWS., o9 ICTR SFX-XFEL %5 13
WIP (O1-Channel) ™™ 752 % H o K2 L T b i AR
BChorI b riE L.

3.3. PRPI (Cl{-Channel) IC&32 70 HEESH

HEEZE

(1) RUR L2 &S, KOS TIZ4HO 72 b
YA E RS, BIEHE (13)V TR LRSS, T
a b i #% % (Proton Releae Pathway (PRP 1) ; CllI-
channel)® 13 Asp61, Glu65, Glu312, W12 (40), W13
(42), W14(41) 72 & CHEB X 2% X 512 W37(W119),
W38 (W117), W40 (W121), W38 (129) 7 & CHi X
N5 RPRI-D1 (Cl1-A) ##% & W36 (66), W41 (60),
W42 (67), W43 (69) 7 & THEE S5 RPR I-D2 (Cl1-
B) #&I&'"Y Lo LT, ok )12, PRP LK
LM 7N —THTwHIERR > TVEHFE UKRERA
Ry FT—2%&RLTWS, %52, TR SFX-XFEL™”
B L OTR-FTIR %5 " 12 X AU PRP 112 B 1 5 Glu6s,
Asp344, Glu312 DFIE 71 b > il % Hl#3 % gating
BREZ AT A EHmINTV A,

2 TR SEX-XFEL %812 X 1112, Third-Flash ®
500 us %12 Glu65, W12 (40) ¥4 b OBk ZALA
Kehhb, ZOMELIES; =[S —SERMEICE
FAEIFHO 7T b U (FPR) ISHIG L CTWw5 &k
ey X502 12004000 us 12 1 T O Glu6s,
G312DKRFREE A Y N T — 7 OWEZALPBIN S NS
B, ZOZIZFE2FEREO T b U (SPR) IZHHE L
TWaLIBE SN2, —J7, 4000 usi%121ES,, S;RHET
WAL o TW2WI6 (20) OB HEHBE LS,
REPEFENTVE., LI ITHEREB L U2F
Ho7va b yili# (SPR) OKEREGER Y NI =27 D
M 1E Kok ¥ A 7 )V DB RS S, KB TER I NS S
EASHBIL 72,

PRP I (O4-channel) (2B L T3H WI11(19), W16(20),
W17 (48), W18 (49), W31 (50), W32 (51), W33 (53),
W34 (52) Lili 7 v — 7T UAKREREE Ry b T—2H
B xn, W16 (20) @ disorder b Bl S TWwW5b. Lo
L. 4 ®TR SEX-XFEL % B 12 X 1iE, W31-W34
DKY T A —OREEEALIBII ST S;—~[S]—S,
BWETO2MHO 70 b VIR ORFEKITES L Tw
HTWEITHA.

4. TR SFX-XFELEE&HER & IE5RM
RISET IV & DHeBiEET

41. BE-BREERIBEOSE

WEHAEM, Kok A4 2 VD S;—[S,]— S BRI
B 2 WBHE—FEHA A PUCHRE 23 L TlE o %t
7 XN T &7 4o TR SEX-XFELY X O'TR-FTIR""
FEEIIINOOREEZ L, FORUEERETT 572
DOOBIREE IS ERERME L2 9, BEBEH
W SOEE (5) 2R T & 5 12 Third Flash # @ 500-
1200 us ICH Z 5 Z & 2SR & N7=25, Tyrl61-Oe 7
IHNAD—ET@ITD (4) RITRT X 9 12500-730-
1200 us BICH2Z 2 2 & B WL/, 1> T, ffix D%
S A Eid#ED—> & L T Third Flash ® 4 K9 %
[S; + Tyr161-0¢ 7 ¥ A1 V] ((2a) XBMW) TERIASI NS
IS, RAEIZ BV T CaMnOg 7 7 A ¥ — %5 Tyrl61-O
T T HNA~O—EBFRE) (OET) O#RER (timing) %
Brrllhcsan W

B4(A) ITRT LIS, FTEZLNLDIZOET Ol
WZT TICERE—ERES (0-0) BRI 5846
(K14 »Casel) THY, 2XIZOET & OO A%1Z
ERRCRE Z 2354 (M4 ®Case 1), E5IZOETDH
LIZOOE L Z 254 (K4 O Casell) TH 5.
Case I TId S;AREE T L2 A (UOs) - -0 2)
MWO-OFEETH (UOi$)-06Z) Kbz 2 721, Pz
FERR L7 (3443) i R " % > Mn-Peroxide H [
KO D%, Tyrl61-0¢5 ¥ H VA~DOETHH#Z Y
(4443) i 75 - IR HE % #% > Mn-Peroxide H' B4R 12 28 2 X
N5 Z &% %, Pushkar’ &0 XES £E 235 0-0
AT SOBERE, Tsobe™, O'Malley™ & o Bigwat412
Feo IR Case TIZHHS T 5.

—75, Case I TiZ OET 28O0 FEA T B DRIk 2
DT, S;HEEOMiTE T IREEDS (4444) DK DA

A | : 0-O BF before OET
e I : O-O BF coupled with OET
Il : O-O BF after OET
B Acid-Base (AB) |
Radical Coupling (RC) |
Mechanism

Non-adiabatic (NA) OET ‘

Concerted Bond Switching (CBS)|

K4 (A) CaMnOsZ7 T A% — 5 Tyrl61-0¢ 5 ¥ h W ~D—T
F#E (OET) &MF-RFEHM 4G (00) B KIE O timing
2 & B USROS, (B) O-OABLHA &[> 5
2 —DET - A VIREEE ORI,
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EMn(VioH A4+ DIIEASTTEET S, IRE T (5444) Al
BETREIEK SN, CaMn,0s 7 T A % —HIZMn (V)=0
RGBS A N OREATREE % 5. 2 OB 1EMn(V)-
Mn (D D 2 EF O-Of Gl fe e O ThB T 5 Acid-Base
(AB) el "V i LvuTRe L 2 . —75, (4443)-0
DA ITIEMn(DH 4 b 25 L S (4444)- O-O){ﬂﬁﬁ
FAREAREIZ 2 D, BRWITIEIMn (V=04 & f)>7\ ¥
x| Lanav) O 4 F DI S REY I

%. Siegbahn"’, Yamaguchi'’, Dau (TR-FTIR)"’ fo D
Radical Coupling (RC) ###%, Shoji & ® Ca-assisted CBS
(Concerted Bond Switching) ## * 1 Case IT 12 43 %
ns.

41l TR SFX-XFEL %" % 43 # g © Tyr161-Oe 7
AN OFEa B HET LT TlEd b A Berkeley 7
V=T 1EMn(V)=0 % % 212 Mn (IV)-0 ¢ » D45 %500
RSOGO RIS Z % L L TWw b O TRFMICIE
Case ICHEEN D, L L, X#OHEERIZL D Mn
T A N OMEFIRELIER T 5 EBRIRIERE SN
TWHRWO TR TR RSB - A Y R 0ZA1L
REROEL LD Y 4 TOMn—BERKEDAER L TOO
TR BB HEST (CBS#% A WiZRC) LTWABDMNIZDOW
TIEX AR VIR TH 5. TR SEX-XFEL %5 12
$UE500-730-1200 us DFE NI OET, OO #H AT
FE, 23 B OKORISHE~NDIFAD»HRZ 52 &h 56
ATOBRILER L TH ) CBSHMY 2 £ E I Lz s
k& L C Ca-assisted concerted (CAC) K" ¢ Rt #¢
HEATWLERLTILHWRETHS.

Cytochrome ¢ Oxydase (CcO) (2B 5 MHEST D%
TG TIE Tyr-0e 5 ¥ H V5§ 5 D TFe(V)=0 ®
HER AL B e < Fe(IV)=0 O BE B 1250 3 2 Bk osie ™
SN Tw 5. Isolobal-Isospin i ¥ » #1 45 "% < 1&, PSII
BT AMERERISTDH, Tyrl61-0eF I V~DHE
TREOOEB IS AT HEE) L, Mn(V)=0IREDIEK %
BEELBZWIHEED RIS TWwA. ShojibIic &k i
% SN2 00 #E BT SUE BFEIZ Tyr161-0e T ¥ A1 VY
5.3 % NA-OET (Nonadiabatic OET) #H* <12 00
W & OETIZ W4T LT Z 2 D CTCase MICAH YT 5.
ZDEHIZ, S3—[S, ]S ERIZEBT S CaMn,Oy 7 7
A8 =5 DTyrl61-00 7 ¥ 71 Vv~ OET @ timing (%
O-O 5 A SIS B 0 534 & B4R W IS Th 5.
i, Ru-OF% D ANTHGEERD KRGS T b
Phenoxyl 5 ¥ /1 VD OET ~®O % 528l £ 1, Case Il
1O Tt

42. BR-BFEERICBEOERTT IVEE

BWEEAEH, JeE RO KGHEO-Of & RUBIZ T %
BT - AC VUSRI O W T BE C DRRENK S
Tk7z. B4B) ICZDOHTHAEN BT KR
L7z, Case @ & H IZEFE Tl Mn 4+ F VA (Mn(V)

=0) WERT D ERETNIEIET ¥ B VI Acid-Base
(AB) BIRJGHEHE O W HEYEDSE 2 5 5. Brudvig” 5,
Iwata & Barber™ & DI2% 13 Z OHIMEICHF SN2,

Mn (V)=0 + H,O(OH) — Mn(I)-OOH + BH"  (8)

—7J7, Case I T3 Mn(V)=0#%4&
Mn(IV)-O B D5 ¥ 75 v Tiﬁw&ﬁf%f&)%
H Y THALEED
RSEHESE Z 5N 5.

SIEAY U5 ﬁi B
EY
1= Radical Coupling (Rc)““”

Mn (X)-O¢ + *O-Mn (Y) = Mn(X)-0-O-Mn(Y) (9)

2T X YRILNOEL SN TH S, ALEDMn,0p,
SEARIC X B RIRBOG 7 S F 28 VR E OB U 7ok
T RCHEMEISEHTHETH 2.

PSIL® OEC (2 #1634 F 172 CaMn,Os 7 T A ¥ — Tl
RITIRLZL DA SN SSIRETHA SN2 06X
LCad 4> L ofEaHME (Ca-Og) 13 TR SFX-XFEL
LB TIE249ATH D O ¥ 4 MECallih < Fif L
TWAHZEDPHHINS. FT1ITR LM ERHELIC X
0 1% 5 M7z Y% HEEE Mn-Oxo, Mn-Oxyl, Mn-OHy, {2
3 LT2.36,2.45, 245 ATH ) EBSEEY L PE LA
Z D Ca~DEM A FEATCase I T U7z Mn (V)=0#EH D
7 YA M (Mn(IV)-00) % {K3% % & 2 41213 0-0
KBTS b RCHERE T 7 ¢ Ca-assisted CBS K5+
DHE & 7 5. CBS KM SRR S35 (8) Tl
L7z, SOXH12, Cafd F Y IEW3, WA H,O00 % ED
IKDOBLIE A A 7215 Tld 7 < O -O s s BT

WCHEELEEEZLTWASE. T, Y T7INZTUT
D BB BT 5 338 4E O 12 Ca-assited concerted
(CAC) #HECHEAT LT B WHEMEAS R L L TRTw 2. Y

SHEOME

5.1. SFX-XFEL #&E Nt

Kern 512 % % S, IRFEETD CaMn,Os 7 5 A ¥ — 125
7 5 Mnd-O ) il O EMAEIZ222ATH Y, K%L D
Mn A TR S LCTv 2 Mn(IV)-O™ I BE#E (1.8-
LOAVICHELTETE2 L) ICEbRE. EFLIR
CaMn,Os 7 5 A % —DEHDH 5 W ITFHEIZ L 5 Mn4-Mn3
HE B & F S C Mnd-O s, B BE % 555 2 i Baat & 25
EIRLTWA

R(Mn4-O)=2.18 + x + A (10a)

R (Mn4-Mn3) = 2.80 + x/4 (10b)

ZZT, xidMn(V)-O” HIBEEED K 2 KIS B LT
HY, AMFO0DH DB VIZOkDIALLETENTTH 5.
B Z1E, Sy IREET D Syueea (R)H A D UB3LYP-D3 12
& B RaEALIC & ) 1% 5 72 Mn4-Mn3 B & " Mn4-
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O HilEIX 2N 21270, 1.79ATH - 7235 —J;,

(10b) XKZHWT, xOfizRkDBE04ATHLDT
Mn4-O s Bl OHESAEIZ 178 A & = W RHEfl & AL C
WA (TS RETIZOMD 5\ IE0xDIFAD W
DTA=0TH5).

S3unca (R)-OHy, D i #EALIC £ V) 13 5 7172 Mnd-Mn3
HEEE2.75ATHLDT, A=0 L ETIIEMn4-Os)
PMEDOHERAIX 1.98 AL % 5. — i, Sspea(R)-OHg, D
FC#ALHE 7 TIEMnd-O HilEIZ 1.81 ATH 5D TA
#-0.2 (<0.17) A& 7 %. fiift L 72 Oxyl H3% o Mnd-
Mn3 B B 12 2.83 A 7 © TMnd-Os) B BEIZA = 0 & 458
FTHIZ230A L HEBE SN LA, SHICETIRLAEW
DA TN X BHIEHEA=-02 (-0.17) AZMA B &
210 QI3 AE 4%, ZOMIZHERBEICE DES
N722.09A L8435, Mnd-O Billi2 < 2 5 &,
O5)-O ) FIBHEEAMI N D 2 127 5 DT Z O R ITMEE
TE R\,

AA = R(Mn4-Os))ops sexxren) — RIMn4-Os))ese - (11a)
R(O(S)_O(@)est = R(O(S)'O(6))obs + AA (1 lb)

SFX-XFEL B 1Z & % Mn4-O s Bl 13222 ATH 5 0
TAAEHO0.1 (0.12) A %%, ft-T, BIEHDOs-
OlifED 221 A LV LEL 2o HAERT.

5.2. S;REEICH T B 2KEETILOFHE

Lo #4h 5 SFX-XFEL %5 ¢l X 1172 Mnd
-Mn3 FEEEIC A F % BRI Mnd-O s BREEIC SRR L
ThhwEEz2 505, fit> T, Mn4-Mn3 % 5
AR % &g, Bl S 7z Mnd-Mn3 B2 AF5E
Wt (12)%C#8 L7 Sy IRED 2 BT £ 7 L 0
PR 2% T U2 Ssppea (R)-OHyy, D HE3E & OxylIH 7% (Szscea
(R)-oxyl) 236§ % Mnd-Mn3 i EhRGbHbETH
Bans.

R (Mn4‘Mn3)obs =pR (Mn4‘Mn3)S3abca(R)-OHglu (12a)
+ ( l_p) R (Mn4'Mn3 )S3acca(R)-oxy]

ZZT, plIRARETH Y, hydroxide, oxyl i D i
{EMn4-Mn3 B 13 2 h 21275 283ATH 5. Kem
5712 X 5 SFX-XFEL %1 & 2 Mnd-Mn3 il i3 A B
Y UB) &/ v —OPHfliz Lt ME2TTATHEDT
(42) KA SHpDEIZ0.75 (p X 100%) LifEH SN 5.
IO LT, EEREN DLW ERE L 72 Mn4-Mn3 i
B2 5SS % & Berkeley 277V — 7 SFX-XFEL # 1%
(FE AR T b hydroxide i iE DF B L VW EF R 5.
(12a) . TpEARD S5N72DT, Mnd-O 5 T Os)-O)
PEAED FARICHER W HETH 5.

R(Mn4'0(5))obs =p R(Mn4'o(5))SSabca(R)-OHglu

(12b)
+ ( 1 —P) R (Mn4_o (5) )S3acca (R)-oxyl

R (0(5)'0(6))ubs =P R (O(S)'O(S))S3abca(R)fOHg1u

(12¢)
+ ( l_p) R (O(S)'O(6) )S3acca(R)-oxy]

(12¢c) KPSW S22 L 912, HHIN7203)-0 il
324-25A1 0% 2 L2k ), Berkeley 7 Vv —7®
SFX-XFEL #75 TR 572 0)-0 Ml 2.1A) X1
LEL RS, #-T, (12) ROKHTIFO L RIS
TwaifA#”I1ZOH (Mn-hydroxide) T % &%z 5
hé.%)

53. BhIC

A Hi T X Berkeley 27 )V — 7 @ 3 ¥ & TR SFX-XFEL
EBEREY RS 7 Ny T ) T2MBHEEDOAE ) < —
2R3 2 HEE AT R & 2ogzlk, st E oM M
WCHRENF L7, & O 3T 1d TR SEX-XFEL %5 Y
12X 0 B S NI AR E B A 2k & 4 O PIERE
BAEREZRAET 5 L (1) o K5 RO 1 Ca-assited
concerted (CAC) HH CHATT AMGELHOLNZ. —
7%, Berkeley 7 )V — 7 OB E / < — % i 11 K% D TR
SFX-XFEL %" 12 X 5 A, BE / = — O”ii > & b7
T 5% & D S;IREE C Mn-Oxyl /R D 35 5- 3R
KBV DTS; —[S,]—SeER#HF O TR SFX-XFEL %
BN & B W RGIZEACIT RIS B MRA D A % EeE
BB, A BE < — R OHE L5 IREE O packing O
ERIGENT 2 I E2ERT 5L, KoM OGHEREIZIR
B, pH, ZOMOBRERICX D E& L5 2 TRetE (WF
e (3) 3K"Y), XSICTRFTIR O£+ % 2 2
EHAWREIZ X > CTOEC %R 2 RIEEMEHE N R %
LS HHT 20N, Sk, KWL OH)
I BUGHERE O 2 ARPE ORI T X ) fFReom L L
72 TR SFX-XFEL FER# R 2 X #5672 12 X 21l 1
Wl ORERINELOHP LTINS, —F, BT
LA POG AR S & O REEZ LD I P’ 2 5 Large-scale
QM (> 400 atoms)/MM/MD 45 (BFZe4i (3)') 12
HOKERVPLEL o TRIZEEZ L.

# o OE
ARHEELCH VL OEHE LW v
L OFAETTR AR LCE ) BILRE LA ITET. F
72, HARBHIgEI o 5kt v & — I3 R 01
W O I FF AT & TH & O & 0 &HHR L » 172w, XFEL
T & 2 Re MK AE SEXOHE 38 FEAT 13 BLAE HEAT vh 0 Bl ©
H Y 4O S;IRE D SEX AT 2 /N E S O HL I
FEMTAE RICB L TIEMEA R D72 DIC 5B K & 7% &
WHOTRIH SN AW EERD Y 9 5. AFRONFICHEL
TETOFMEEEYR (L) KhrHEWMRLLTEE
72\,
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“Purely”’ Antiaromatic Nitrogen-bridged 7-conjugated Oligopyridone

Tomoki YONEDA*

Antiaromatic macrocyclic conjugated compounds are attractive for their unique optical and magnetic

properties. As representative antiaromatic macrocyclic compounds, porphyrinoids are well known. However,
in the case of porphyrinoids, the local aromaticity of pyrrole units weakens the antiaromaticity of macrocyclic
conjugation. Therefore, the author proposed an antiaromatic macrocycle consisting of pyridones. A cyclic

oligopyridone was planned to be synthesized by coupling reaction of 2-amino-3-benzyloxy-6-iodopyrodine,

following deprotection and oxidation. At this stage, 2-amino-3-benzyloxy-6-iodopyrodine and

2-benzylamino-3-benzyloxy-6-iodopyrodine have been successfully prepared and the macrocyclization

of them is now under investigation.

1. HREDEREITVEM

Bk WAL A I, 3685 RITHRT 2 AL PRSI 2 C, BEIE IS kT 28O T A Ry
B0 AR EOEERYMEREFEIND. ZOHTYH, BIRMENK S FRIEEZ R~ 7 vn¥ A 7 WL, T ORRRE
T HIR S BLEDNFF 2 TV B EE, A7 4 U VERIRICB W COREME A LR O RO EEMEZ T o 4%
<7 aA 7 OFNRN ORE S, FOBBRECIIENIFE I TN D, D2 L LR b, RL7 1 U UHERIRIC
B DA EBEE, A7 4 U U EBET e — VROFEEE L ORREGbE L R> T\ 5. & 2 TR ERE
DOEBEZ T~ rat A 70 UTHBIRER S LTC3MRAFHMEEanizv) P tchd YY) Ko offIcE
HL7. TEU R IIEBRVOESITHENTE 5 LI, BINBITH O R 2 AT 2 LR TE 5. ORI
O R 2R LRI EREDO~ 7 0 A 7 NV EET 5 2 & T, R EREORE LY — )% T e W O E R~

Jat A I NVOBENRRETHDL EEZLN
5(X1). &6 FUEkis B Ry

B O EORRIEIC k> TABICELNG N
BnN NBn X OBn
ZEbbPoTHD EHITZOWHICHE 0 = ok, A = /ﬂjl
L, fR#ESN7- Fexi v o n%aEik | | BnN”~ N7
I & B BR A DR 2 < BEREE, F X OF N
. OBn RELEEREYIY
ZOBACIZ X D o EROWE, L) AT AVIEU R Ry
n SR 2 RS B Bn: NV VLR

v I EETeZ TR LIS~ YA sk
BROWEE LA T2 & 2R AT

2. AR

ARFZED HWUL AL, ST DA% v s
ATHEY VU OBIR=BIc Lo TEA L., Bifki#
12t < BRAKIT &K o TERIRBHE A AR T3l 4 30 Tz,
3-bE FuF U Prm2, 6Minya— MLk <
B Rad M oRy UEEIC L 5T, 3R UL
FHT-2,6-VA— REY V&G (K2) .
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1) LiIN(SiMe3),,

OBn NI(PPhg)zClz OBn OBn
B 2) NE4,F | [
P —_— -~ + - °
| N | HoN™ °N I | N~ "NH,
TER G RENT )
1) BnNH,
Cul, DL-proline

N OBn KgCOg

&SR

K3 va— Y I oIt I 2 1bE 2o ERM o Xk s,

NERINA R BHILE A ZFERK T 572012, 229553 — FEMED 5 bR HZIEIHICT 2 {bT 5 Z & 2ilkdiz. v
UNT 2 ICHI VU VEDOBURE 1L - T, 2272 /) -5-F— K3 INAF LY DB 6-7 3 -2
A— R-3-_INAF VY D DBMEROEEYER/T-. ZNLOBEDFEME, 7a~ N7 T 7 4 —IZ X D 08EEAT
"o lm T, ORI O XS EETIC L DM L (K3 BBy e < BALSUS ORUSHEDMEN 72 2 &
EBZTTC, RN UNT X KRN LA FREOE RIS B OFEE W THEEI L, ZAUZ DWW T b SR % 2y L
7o BT, XA m s E T Ic Lo THEZ A b MC L7z, (K3 FE)

BonfE /7 I /b bEREICONT, XT

) x-0Bn
L = Vb A 7z Buchwald-Hartwig 7 2 |
b, B X ORI A FV 7= Goldberg 7 2 /{kIC X D 08BN [Pd], [Ni], [Cu] BnN N? NBn
RGN & OB Z RO A AR A TN S, ° /(:[ — BnO

; ; . - « 17N NHBn SN N

AR, IR, IR 72 EITOWTHRET L TV D A3, | P L
HE DB ZBAITBAED & Z ARISIRA Y8 gn
STy (M4) . Z2oEERE LT, ZHicBnT OBn
R E N RKEICER L TWA Z Enb, ZE{LE K B4 FRHT I LSRN VY OBIRE R0 2,

IFEZ > THD 0D HDERIRILEW & 72 b5

POR)w— BRI S5 TNDEZEZOND. ZOIENICHEIKIGE LTEY PUEREO IS URHMFE L TORED » 7Y
VIR TN, ZNHDAERINRFIHFELTND I ERNEIO LN TV EOEAIZLYEY P
RNPBTEE Lo TNDZ LN, BISEOEITICERE LTV 5 & & X T 5. Silfildil 2 V7= Goldberg 7 2 /B0 Ni

il 2 FHN 2 B I DD T b B FED SR 2 BRI 7203, RIRRICAREE B0 3 U R b LT AL B R L, SOGIZE B 72
LZRAPMETHD.

3. FELHESHRDODRE

AFBECL D=7 at A 7 VOREIZOWT, BB & 22 23ERFRICT 2 LS B ) SO AT L=, Zh
%%@%%KﬁyfvVﬁéﬁf%%i%%%ﬁ$i<%ﬁ?éiﬁ:OWC%%@%?é:ETﬁ%EEW%Eﬁm
U, Bt < BT & 2 OB IEBRR « HE R OO ERk & HiFT.
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Formation Mechanism of D-Amino Acid in Ribosomally Synthesized
and Post-translationally Modified Peptides

Takeshi TSUNODA*

Ribosomally synthesized and post-translationally modified peptides (RiPPs) are one of the important
groups of natural products because of their diverse chemical structures and biological activities. RiPPs are
classified based on their chemical structures and type A linaridins are a small group of linear RiPPs
possessing some threonine-derived dehydrobutyrines (Dhb) also multiple D-amino acid residues like
salinipeptins, and grisemycin. Since there are few examples of the presence of multiple D-amino acid
residues in RiPPs and the enzymes capable of catalyzing such a reaction, we were interested in the
biosynthesis of linaridins. In this report, we demonstrated that two proteins GrmH and GrmL, in the
biosynthesis of grisemycin, make a heterodimer and catalyze multiple dehydration/epimerization reactions
and hydrolysis to remove a leader peptide.

1. A=

Ribosomally synthesized and post-translationally modified peptides (RiPPs) 1IZ DEZDEY VR Y — LI X > CHIERE L Z D
BRFRREMiZZ T2 2 L ICX VERRINE T F FPRRAVO—HETH 5 . RiPPs [THUKZE LG £V
ZHL, £EREECTCHELIXTFFBEETLLTa—FINTWS Z L bEHREETRIF CH R SEREEAlLE T
Z2THEEA RV, SO XS AEROD L PO TRIEE~OBGED M F o TEABKIIAIERE ICEA T TWw 5,

RiPPs (3% DALAREGE D O LMk 7 70— T~ L 3T, ZOHICIE linaridins & V9 RiPPs O—#E0FET 5.
Linaridins (3 linear arid peptide (EEHTHIK L 727 F V) B2 DL OHETH Y, {LEHEEORHE LTIk T 2 /8
BELFEL TR EREIFTbNS 2 TE TIC, salinipeptin, grisemycin, cypemycin, legonaridin, cacaoidin 7z &' 23 [i-
naridins & L CHREINTEHED, Zholdtype A2 D CETHHEINS. 7 Th, salinipeptin, grisemycin, cypemycin 7x
EBET S type A IFHUKT IV BRICMACHEBD 0-7 I /2B T2 2 LB INFE TICHIFRECHD 7V — 75 bR
HaxncTws (Figure 1)34

Type A linaridin ©/E B RISV TIFSFZERIC L W L FOIETIThh s Z LRI ST 5 (Figure 2)'. £F, LinA
(RIBRARTF Ry BU R Y — 22 k> TERL, $WVWT, LinA2SLinH & LinL (b LIZEBL—FH)IC L Wik, 5
HAbE 515, EHIC, LinA ONEKIRICHFIET HEERBRICEE 0 ) — & — T F RRERRTF L —8 (b LR
HOMEF) IZ Lo TBREIN, K%IZLinA 23 LinM, LinD (2 P

FoTAF ML EBRREENENZIT S, £z, LinME o IR RN

LinD % 21— R~ 25385 7 OB DX 2 TOBiK, FEL salinipeptin A =
BB T LI AR S ST\ 5 728, LinH & LinL (H;C)ZN
(b LT ELB—T7) BEBOBKKE & BAAL SO % fil cypemycin P
BLTVS D &R RRENATN S, LAL, LinH o BERAEROBARGONEREY
LinL I3BEEn D bR S EEEZ R L Tl 6T, ED k) grisemycin

(SO RIS 2 R L T2 O ICEIRA b e D, O D-amino acid OL-amino acid Dhb: dehydrobutyrine alle: allo-lle
D XD R FEO S EANERE TIX SR O AR 2 I
DT HZ L LT Figure 1 Type A linaridin O L2745 ORI,

20244E3H1H 28
B A A T —
B[ 3Ty = o W= 2 )t AT R <2
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2. fEREERS linA  H LDMT P
LinH & LinL OB CIZAESKPRIEOEREBER b a7z, & b

9, LinH & LinL 23EFRICk & BUACROG & Mlis 5 2> &5 2 & WGk 2 \\ﬁﬁgﬁﬁ

bl L7 CAREDFEERIT grisemycin DEABEBEGTFERFEHALZz0 R @\

leader
ETlin LRALLEDDO%R gm LKL T ). T, in vitro EEREZITS 720 CO,H
KR b Oz 2 v o5 2 OMG %A 7. £ DFEE, GrmA O NH core

ZRYNZFIIHETE D DD, GrmH & GrmL (F\V 3 fHi 2 fEE D

LinH/L
BiFc oo, 2 2 TREEZM 7 in vivo TOFEEZITH 2 & ‘ )
& L7z, grmA M CORIIR grmA/grmH, grmAlgrmL, grmA/grmH/grmL D ® \ Bk - RYEAL -
HFEBRZHEL, TN ZNOSM T T GrmA ZHR L 72, Fiv T, GrmA Y —Z—RTF KOk

% sk 53f# L, N*(5-Fluoro-2,4-dinitrophenyl)-L-leucinamide (L-FDLA) % Fi\» NH, COOH gy < /i
CHBAMLET, GrmA BT 3/ B ARG R E L. Z OREE, ) é 0TI
WENDOEFICEWTD LK T I JBoiasKRHE I, EEKIG IR

ZoTWARWI ERyotz. Ein, BRIFTICET D GmA DLC-MS %y LinD/M
WafTok 5, gmd BEMEHTO GmA & (EFHIHE, HTROEE L ® \ Comp
bICRONT, BKKIGAS Z o TWARnC a5 o 7, \ NX F L AE
SRRV 7z grm EIRT 13 Streptomyces IBIGRFEHR D 72 ®, HIFFEFHIH O+ B

A+ % KIGHE D> & Streptomyces J& DU RIEFBL K 2 T TH % Streptomyces i o o

lividans \HHT 5 < 1S L, KIGHEI P O RBE To e el DidandRaRo b
Z 5, grmAlgrmHligrmL @ 3 2% I L 72 BRI GrmA O v — 27 2375k L, e na R

PREFIFE, TR DICH R 2 — 27 2R AL 7. BaBRREESTORR, K —2icdEn 283 GrmA 2
LY =X —=_TF FRE2N, EHIICHEDREDOENKRIGCHBRE LAV TH L Z LB h o7, I HIC, JeLFRkIC
T BOVARRE IR A, HEDT I /BB T kDT I BB X, B {LRGHEETWE e
Boahote. iz, FRDMNT % grmdlgrmH, grmAlgrmL \ZEB T HIT o 7228, PKRIG, EEHACICH B & ik s
o7z ZNHLOFE LY GrmH & GrmL I L, BKEIG - BEHALEIG - KGRI X 2 ) — X =T F VoL L »
D 3FEHEORL ZRICEITD 2 Lok,

INFECTOMESD GrmH & GrmL FEERZTEE T2 L PR, GmLICT 7 4 =7 4 — X 7 %ML grmd/H/L % %
WHeg, 774 =74 —KH%2T-o7-. ZOMFERE, GrmH & Gl (3 EFH XN, 220 % v 7 EBMHEEHAL T3
TEDGIH otz FinT, 2y N EEETF T 0 2T 5 TH B colabfold % V> T GrmA-GrmH-GrmL D 3 FH#H A HEE
ZFHEIL7Z. 2OfE, GrmH & GrmL ZEABREERL T 0, KEAEKICIZ 220 A Y O%EFT 5 1 DORIGKRT v
FOFEE L T, EERENC L IC GrmA 122 DDAV D% E# T 2 L 9 ICKIER T v MICEME LTz (Figure 3).

Linaridin

3. SRORE

INLORER XY GrmH & GrmL BEAHEEIERL, 1 2DKIGF
7y b OKEOG © BHACRIG © KRG 2 il L, & &bt
KRG, BHECRIGIC B W TIEEEFT O KIGETT S, v IEE
ICHTHE DB VR TH B 2 L B30 b o7, B s o FEH Rk
D 7 —FIC L VO ICINTLE o7 b DD 6, il ik
B IIIH D 2210 o T\, SR A it 2175 C &
T invitro TOEMOBRHZTV, & SIS 2175 2 & T

GrmH/L EE&EDR 1 2DERT7 Yy T3 D0REANIGE ED L HIT S ‘._',‘3")«‘ Entrance A

f:f ‘5 D H> i 7::, EV) J: 5 6«'_@&?}?@&5%?? 5 D D> % EH B DT L Cyan: GrmL, Green: GrmH, Pink: GrmA
TwEie, Figure 3 colabfold 1 X 5 = # B4 KD & 7 Al
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Development of Optical Nano-antennas Based
on the Coupling between Gold Nanoparticles and Functional Molecules

Keisuke IMAEDA*

Plasmon resonances induced in metallic nanoparticles confine electromagnetic fields of light spatially
as well as temporally and generates dramatically enhanced near-fields in the vicinity of the nanoparticles.
To implement plasmonic near-fields in various applications, active control of the near-field enhancement
is indispensable. To achieve this, extension of the plasmon dephasing time is essentially significant. However,
the plasmon dephasing time is seriously degraded by the inherent ohmic loss of metals, and therefore it is
great challenge to extend the plasmon dephasing time of single metallic nanoparticles. In this study, we
proposed the coupling systems composed by plasmonic nanoparticles and other materials with unique
optical functionalities, such as photonic crystals and J-aggregations. From the ultrafast time-resolved
spectroscopic measurements, we confirmed that the longer dephasing time was realized in the coupled
systems.

1. ¥E

B« TR X[ EZ RIS 2 E O A X =2 BRI T 5 Z I EEAMETH . oW E LY b/
ER&IRT I RTE, EDROICHET 277 & L THIET 5720, ok F MM B e LTRER ST
L. &R kA R =B R L CERALT D0, &R R oxT v iR L sw s b
WIEFICEIE L 2D, BFT /RFORT 7 FHEREIE, T/ R INERICOEENE S 5 B BB OEMER (77 X'
L) 12XV, R X —Z R - ZEMICHCIAD D Z EICERT D, LR - T, &t JhroYT o7 T 1%
RelE, Jez 122 Ui DH%EE) & TREMIAICPA CiAD 288RE) O “DIZH T 5 2 &N TE 5. 1EROWIE T,
&g T ki1 O TZERI072 6 CIADISEE |l ICEE L, T/ ki FORROEE 2 FEBUCHIET 2 2 & T, BT/ A—1D
BWNEMIOE RV X —% RfE S, RN CIAD R E Cr LT 2 EnmiEanTng. —7F, &7/
B -0 TSR CiAORERE ] & ) E SV 720F90I3M D TR0, 2, 77 XE U AHEERIRERIZIZ &R O E
RIS L 0 KT 2 ER M ERRAFEL, &RT /R ORTIEZIO EREBZ SN ERFENE LTEZ LS.
TR 72 R CiADRERE | 2 B L, FAUBICR DT T e Z R T 5 7201218, Z MG ERZBZ 585 L
WREDOHESIN AR R Th D, AL T, BEROERE T 2R+ Tidel, T 2R ERIOF 2 WEen 1R E &M A
TEHESEAZ LRV I Re v ORFEMEAIEB L, BT k7o NREH7 M CiAokiE) 2 EsEs2 L%
A& Lz, @87/ ki rMoMEEH, & ) kité 74+ b=y 7 ®— NOMAEIERZERME L TT T AT OREHFam
{bEEBRTLHZ LTI L.

2. 2B/ HFORYRIEEEFNALELTSZEVDESHE = T s
R K ORI, /K705 A T S S

ML, B{EDF 7Rkt &38R R Z2 T, R, TR0 7 7 X% \JL/

S R DB (£ F44 %) 1SE5< &, e 0T/ kroumys ) P

WAL E AR T L, 75 2T L B0 EHMLANIG STV, a1

SOBMEICER L, [ 1 OBRRICRT LS 2d T 7 a v s ko E \X//

YIKiE BT Y I T 74— /U7 A TIBEIZLOERI LT,
E1 44/ 70y 7 “REOFYRF OB,

20244E3H1H 28
B A A T —
IO AR B BRI TE B LA 3
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JEFBEMEE A VT2 BE AT MVIED D, By TP A XUKIFL T T XA RORARY bLign 24k
THZERDNoT. ZOMERIL, By TV A Xk 7T RENARERRR ZHE TE 5 Z L AR L 5. HE
2OV A L — (FLERE 800 nm, 2L ANRER20 fs, #0 i UEEH 80 Miz) % AW iziFfnfatilic v 77 Xe
NAHRRFD & A F 2 7 A Z WERREI CRIA L7245 58, ¥y F 9o X203 500 nm & O & |27 T e NAFRRFIRME N EL 25
:kﬁ%%#&ﬁot Z ORAHFEFNRERI O &y T o ZIRAFYES, BAEEICR T 2 TRa S L<EBATH L
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JEREL 25 2 e Ty, RRMIChE s T WA EHAE
HESELZENTEHZEMBHERINTWS., 22T, LRTZ7+ b
Sy IO T =y I N REERT /G EMAGDED Z L
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Construction of a Novel Response System Based on the Non-aromatic/Anti-aromatic Switching

Takuya SHIMAJIRT*

An anti-aromatic molecule possesses potentially attractive properties such as a narrow HOMO-LUMO
gap; however, its preparation is limited due to the higher reactivity than (non-)aromatic compounds with
the same number of 7-electrons. In this work, we establish a facile synthetic method for constructing the
anti-aromatic structure via oxidation of non-aromatic cyclic 7-conjugated molecules with two exo-olefin
moieties. The resulting cationic anti-aromatic molecule is stable enough investigate their properties, and
we revealed that it exhibits near-infrared (NIR) absorption. The current work offers a new system to form
stable anti-aromatic compounds via oxidation with narrow band gap and attractive photophysical properties.
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BRI R FITR T, FEMEN - KEBERIEC A ORI CEEAMS TH D, ba v rVEEE
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F 0 HERIICRHET A TOMAEMBIL. > 7 07 2V B EROILAY N TR E TICW O ST 5
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Mt OFER, 7 a VXN T a—u SUNBFENSEINE T AT L7 a7 T UikER L 25 2 D8R TiEE ik
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L7,

Ar  Ar
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/ —_— 1
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>
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AX—L2 VAFL ¥ raTTVHELEEKI O,

3. PAFLYVVHYOTTFUOFRERDOERLETHNE

BoNTETAF Ly a7 T UK La-1e DBLETREIC OV THET 5720 A 7 ) v 7RV F A Y —
BIEEFT T2, Z ORISR, "B BILICHET2RVEES T ARG, Zhud, Blbick sy 7 a7 v gk
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W IRFERIC B M ST E R BN oot A%IT. W FAVEOEELZ L, SOARIMFEED D3 TH D,
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L7 AR K0 G DI I T RIS AR TR IR S QMBI W A2 Rr T 2 E B b ok T o T, A
BIID T A HOHE AT S & & bIZ, KPR MO ER S TEHREE~ LRI 23HmTH 5,

5. B
ARHFIE LA R 1 A R L 2R ZE T 0 S R BRI 2 1 5 —BhRIC K 0 DB 72 X E L, S O3 A 0 T < Rk
L B9, 70, AR A 30347 L C < M HETRHE S A /NMFBEE S AL 8 X OBIRANIC D L 0 B L £,
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Broad Band Electro-magnetic and Opto-magnetic Performance Tunneling
Electron Bond State at Magnetic Metal-ceramics Interface

Hanae AOKT*

The magneto-dielectric nano-composite film, in which nano-sized magnets are dispersed in ceramics,
is known to exhibit magnetic multifunctionalities, such as magneto-resistive, magneto-dielectric, and
magneto-optical, and is obtained over multiple and wide frequency bands. In this study, magneto-dielectric
nano-composite films with various magnetic metal nanoparticle shapes were fabricated to achieve variable
interparticle gaps. In-plane and out-of-plane electrical resistivities were also changed, subjected to
several electron binding states with different relaxation times. We demonstrated frequency control of the
magnetodielectric effect via electrical resistivity by structural modulation of the lateral nanogranular
system.
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Ultra-compact, High-resolution Rotary Encoders
Using Multicore Optical Fibers with Wire Grid Polarizers

Taiyu OKATANT*

We propose a rotary encoder in which wire grid polarizers are formed on the end face of an optical
fiber with multiple cores. The rotation angle is determined from the polarization angle of the light
reflected from the rotating polarizer. In this study, we designed and fabricated a wire grid polarizer that
matched the core arrangement. The Al wires constituting the wire grid polarizer were formed by electron
beam lithography and a lift-off process. Transmittance measurement results of the fabricated wire grid
polarizer showed characteristics as a polarizer and agreed with calculation results from rigorous coupled-
wave analysis.
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AR SO B ESLOT 27 Vicky, n—F ) xzra—X%2lETs2 L2 HIET.
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Magnetoencephalography Sensor Based on Magnetic Tunnel Junctions with
High Thermal Tolerance and Soft Magnetic Properties

Takafumi NAKANO™

A tunnel magnetoresistance (TMR) sensor using an CoFeSiB soft magnetic layer shows a high sensitivity,
allowing us to detect bio-magnetic fields as small as sub-pT. For further improvements to the sensitivity,
in this study, I doped the CoFeSiB layer with Ta to raise its crystallization temperature and reduce its
anisotropy field. TMR sensors using the Ta-doped CoFeSiB layers showed thermal tolerance to annealing
temperatures above 425°C, whereas the sensor without the doping was tolerant up to 325°C. As well, the
Ta doping effectively reduced the anisotropy field, which resulted in a sensitivity of 50%/Oe, over three
times higher than the sensor with the undoped CoFeSiB layer. These results pave the way toward next-
generation TMR sensors having higher sensitivity and wider applicability.

1. 58

R L BEAHER (TMR) £ 418, SIRBE - NV KR BN 2L O e 1o 4 A
o, BERE Y O —ECh D, ML AGRI RO S o5l § | £ 1s0f
RS (MTD B2 O HAMECHY, —SOMBMEIRORHMEOMR = *;EEJ/W”KE t’13*'100-

#EC E o CRASEHAVEIL 5, TMR SBEHATS (K 1), —HoMi 5 10°p-8300K

P (B E ) ORRALIZEIES T, b5 HOMBHER (1 0 OREs i &

RSB CHIRT 50T, BT I T, coks, 1 B

B I, N CORUML BRI 2 5912, #RELHEA BHE IV D[1].
DIZUITINET, v=T I VR 0K B A B IEL T, TMR %0
BRFE A HEE L C&2. Balt Tl T MROBS /Y fRAEZ =R L[2], IR Ok 102w T -
HIZH I TWB[3]. LALARn G, iiEEHE L T Tl kL TnD, #ia [ERE# (Hz)
%%%JF‘E%HSQUID)kﬁ%@%’éﬁ;;&ﬁé %, SORDWELSREEDI E R TMR & oW ORI & B> firhe
DUETHD. ZOT=OITNE, B (BKURTIIR OB X ITHY) o Lk, 3
f@b%ﬁf&#ﬂ‘rﬂ:@mmkm;wa FR i 00 B2 05 MERsE R (RS A L IETR L S TR AR i3 D K & &) OARIR | 73R A[ K ThhB.
ARFZETIE, BOMEWEE A9 DB EAM B2 BRSE L, MT) @ B 8IS AAT 28T, IE D L& -7 MTI O
EAZR AT KA T BT, BIROBMLIRNA R RIZ0S, fER AW TEIZRBEEM B ThD T BNV 77 A CoFeSiB I, iR D
JLPR - Jiti 3 & Al Al A S 0 DBREENE % e > C (A0 & BOFPERE SR S B KL C) LRV, ZOMMEMEDIRE2S MTT OB
BEEL WD, 22T, CoFeSiB Dff g biREEZ [ ESH D, F-ERAKEL, 220 B EOBFMENRF Ta ZHRINLIZ[4].
ZOFVETIE, Ta BIEFEMETCHE THHIEND, B PERRR OIS R I T& 5.

2. ARFE

R ELZE Ay A A T, BB RRAH & Si(001)FEAR_EIT(CoFeSiB) 1T & Uz 2 O R B ARG A B L 7. — 71
Ta 5 nm/CoFeSiB(Ta) 30 nm/Ta 2 nm 7>572%, CoFeSiB(Ta)DHE Téhs. ©9—7F1%, Ta 5 nm/Ru 40 nm/Ta 5 nm/CoFeSiB(Ta)
100 nm/Ta 0.2 nm/CoFeB 2 nm/CoFe 1 nm/MgO/CoFeB 3 nm/TaB 0.1 nm/CoFe 0.8 nm/Ru 0.8 nm/CoFe 3 nm/IrMn 10 nm/Ta 2 nm
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=70 ] EL A I B B R I B AL L I SR LN L e L B B B L B B B IR L B B B L B I
F 1 & F £ 600 o
C)) SR () [ E4007
200 , B L R
9 [ [ [ 3
[ r [ [ 8 [o) ST
w1501 F F 0 2 4
0 L [ x (at.%)
Q [ x=00at% [ x=28at%
E 100¢ r —O 325°C r
= [ T30 [ 00au% 325°C
r L =it B 7 2.83t%, 400°C | ]
s0¢ T [ () 41 at%, 400°C
[ ! 1 I o4 [ (0) —T 5.9 8%, 400°C
[ E—— ) 1 L : " | AP R B S B Lo AT .
-8 -6 -4 0 2 4 6 8 8 -6 4 -2 0 2 4 6 8 -2 -1 0 1 2
5 (mT) B35 (mT) F58 (mT)
K2 (a) (b) x=0.0%LT28at% & L= TMR & > Y OREKHSGUMAR. (0) TalEA 572 5 TMR & o OBEEHEHU# I L OZ L b ORI

JE O L.

/Ru 7 nm 735725, TMR VDL B CTHS. A Sy ZIEICEY, Ta RENELS (x = 0.0, 2.8, 5.9, 7.9 at.%) CoFeSiB(Ta)i#
2RI 72, BRI OBESRRE, A, BLORIMEOW T, T2, SEHEBVRL ), X MRIEPrERE, BLO
JR T BRI S A AT BRI TR L OSSR HLIE 2T, Zh2h, 748757 458 L O M 754 iz, B
R, AR O (300-500°C) 123\ T, IEEN A M 1 T OE RS Z LR35, BZEHR TR IR-o7-.

3. BIRER
X 2(a)3 L OV 2(b)iZ, CoFeSiB(Ta)H HiJE % MV 7= TMR & Y OEEIEPTHiHR 279", Ta 2N L TV TMR & >4
(x=0.0 at%) 1%, 325°CTOEILL T ITHIE CHfE K PIZELE R Uiz, LM LR D, 350°CLL EOEMLILE T
I, RPIZEAEAIEEENC A2 ), RE IR ) & BRI 4k Lz, AU, CoFeSiB Off LI o bt DS kic &
HiEZzoNS., —F, TaZENMLEZ TMR B3 (x =28 at%) I, 425°CTOEULIRE T, ME TR A 4KHT
TALEAMERE LTz, 2D OfERIE, Ta 281 L 72 CoFeSiB HEIZ W THER Sz Wik ke (igo# 4 F,
FLiz) LEMENIC—ELTWA. X T, ZOMPIALET, BVENRED EF L& HI2 183%0 5 228%F THRL
72, X 2(c)l2, Ta JEEEA 722 5 TMR & Y ORI HIHIAR O bl 27~k 3. Ta 2RI L7 A B % V7= TMR & > i
ARR D &80 EIEROBSLIEN FEEIL /R 572728, Ta ZRMUARWGEE XD L EWIIALERE R L. 612, M5k
PLEfR OB XL, Ta BEOHEKE L HICKkE< oz, ZhuE, Ta 2R
SN L 72 CoFeSiB BAIEZ 33U CHERS & A7z BT PERIR ORI (RiE 0 #8 & L,
T L) ZRBELTWD. _nﬁgmﬁm?ﬁﬂﬂﬁéﬁ U CRO TR E
AT AN R R 1L, CoFeSiB ~M Ta #A L 0, 15%/0e (x = 0.0 at.%)
M5 50%/0e (x=59at.%) FT3HELLLEBHK Lf:

X 312, 400°CTEVLELZ 352 72> 72 TMR & > ¥ 2 )@ o Wrik 7 15
WheEEM 2R, Ta ZIRAIL TUW7R0 CoFeSiB JE (x=0.0 at.%) 1%, 7E/L

77 ZAORETIZ, 10 nm ORI A S HEA TS, —JF, Ta % CoFeSiB
VI U7 CoFeSiB 8 (x=2.8at.%) I%, 2k _bf_ofi’a~iﬁ7{~/v7 2008t

7 AEE S TWD. ORI, Ta WA XY CoFeSiB JE DLk
JELEEAS 400°CLL BiCif B L7 2 E AR LTV 5.

TMR & > Y ORI RREITRIE & ) A4 RO TIkE D, AHF%ETIE
BN RIS E Ko7 Ak, REEEITRIOFIET S A X&K) 1/3
WA L, &R 1 HiToamEeEDm EE2IR 5. £/, KB THE
H LT ENLT 7 AMEOMIZ, T0 LAREROBIELC X - TER KL
PEATT, T/ fEmSCHRBIASOMBIBRRE 2 3 2720y, S BTt & )k
WEIC 72 TMR © Y D EHREZ Hi5T.

CoFeSiB(Ta)
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Performance Tuning of Organic Electrochemical Transistors
and Application to Neuromorphic Devices

Shunsuke YAMAMOTO™

The development of conjugated polymer materials with electron (or hole) transport properties has played
a major role in the development of organic electronics. On the other hand, polymers with “mixed
conductivity,” which transport both electrons and ions, have been attracting attention in recent years. Herein,
sequential soaking process was introduced to show a facile preparation of water resistance mixed conducting
films. Microscopic and spectroscopic techniques were used to monitor the process and confirmed that the
ethanol soaking eluted the excess PSS from the film bulk, which stabilized the film prior to the water-
soaking process. The obtained films acted as conductors and semiconductors on curved surface. A film
deposited on a curved surface was successfully applied as the channel layer in a neuromorphic organic
electrochemical transistor. This approach will enable integrated bioelectronic and neuromorphic applications
that can be readily deployed for facile prototyping.

1. [FLHIC

AT L7 hun=J ZAORBIZEBNT, B (b LIXIE) EktEs b oW & &0 OB IR & 2%&H 2 H -
T&le, —). BrEAArofMiiziErs 2 NEABEN 2F o0 FICGEFEAPEE-TEY, ZOoHThH
PEDOT:PSS (3AFH A BB A IER L L TAEKE v 7T OEmS, AHESRILE N T Y A # (OECT)DiEME
ELTESHWLNTWD, EX LIFHFRIND OECT HF HICHT ML ED TR Y | AR CIIMRIESE /31 4
L7 ha=g A5HA~OEREB XOFBICHRE LR HER T o 2B L TR T 2.

2. FHESEEISUCREAZAVE-HEERBRFD

1% U DI RRAEASE -~ DI I T, OECT 51 DR il 2 307, A A L PEHOE B & AR AR (BB (1 O BItR O
R % B LI-He 2 /805, % — &%k EIZ PEDOT:PSS & A A Al 4 7 PSS-Na Zffix DE[S TRA L
7oK (ZRAEA] GOPS 5 L VA IEPEA] dodecyl benzenesulfonic acid & & 1e) AL a— g, BAT =—/L #liKH
~OIFIRIZ > T OECT ET(W=L=50 um)Z5Emk S W72, F7-HIE T 0.1 M NaCl KK HIZIB VT Ag/AgCl XL v
k%7 — NEM & L CHIE L7z, PEDOT:PSS/PSS-Na E& OECT O H /iR Tix PSS-Na #iREG LB ATHLT S Ly
va MO OECT BMENER CTE /-, FHmERMERENS R T A a7 2 A %R, mAEERGDTRICKL
T7uy D ERBRIZRS—a b— g VRN D 2 LR &N, REBROREFEHIBHICF VT PEDOT MK+ 5 E
TARENRAPHRENTNDEZEEBRL TS, RIS, F— bBL R R LA v ~DRAT v TEEANINCKT B IBIEISE
eI Lz, TOME, 7 — NERIGE O EKIL PSS-Na OFINC & » THIFHHAD T 528, RN A VEBROISEREK
I% PSS-Na DEIE WD RWNGAICITEHT 20D, 7Ly RN 19 2B L LAREENELS DI 2 AHL
o O EFEA A UBEHEMERE S T ORI Lo TA A VISEREmEbT 20D, N LA VERISEITHEMIZA 4 V)i
BHEEHBE LN 2R LTS, & BICHRBENE(PPD EE) 2 Mt L7ofE R, Zo@EICE L Ty — Mg
ReEH 7 — MR OMWMPEINE LB U AR BN E 1L T v RV BNIZR T 2 4 F U IRRETNIC L > TRESIT b T
HZEDPHLMNIIR ST, 2O X HITT Ly RIEREOET &y 5 [ THM e Pk RIS E 2 Sl T & 5 2 & A3
ST | A% OEEHEBE~OF AN CX 5,
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3. F4vTHICKBMAKEEET 2 PEDOT:PSS BENDFR L HABEMZTIHA?

fE3k, PEDOT:PSS OEIEIZIZA Y Y a— MERTICHAVOLNTEY . M CRMEERBLORIGD 72 O IALFZRAE M AV
BNTE T, ZOOIETEE E~ORIEREE L2 TR < BIERIGOEITICE B4 v 7 Witk ORI ZE (L3 fiE &
Tp o TE T, AR TIHIFEmIC b XS FEERR T v 7 32— MEIZ L o TKIZx LT EZ PEDOT:PSS O ERFE %
Mgt Uiz, 2B e LT AR 2 S W  UV-A4 Y A L 3558 & LT GOPS Z&ffi L 7=, Z O ¥4 % PEDOT:PSS
KRBIRICIERE L. 7« v 7B TPEDOT:PSS R L7z, ZOAZ= % 7 —/u HKICIEE L., FiBfEz B LT,
BFHENIIED UV-Vis A7 R Wi PSS HEROWIL B — 27 NSRBI, BIRER, =&/ —/LiRiEk, MKRESE ONE
TSN Lz, & BIEER OO UV-Vis A2 hLIZiX PEDOT ORISR SRz Z v, K
TH ) —VICRIET D 2 L T PSS MEIRMICHREESND Z & 2B Lz, EREBROAEMENS, =& ) —)LiRE
BICEBRNI L, SAKRIEZ D 500S em™ FEE THERF SND Z L 2R LTz, LEND, Fq v FETHIE L
PEDOT:PSS [fia =% / — /L3 L OMIKIZIZIET 5 2 & T, b RFl7e PSS 8FrE I, AKARE N & EEMEW L3328
TBHZENSMhoT,

ZOFEERHWTIFFER OKE E~0D OECT H# 1 & i 7ol 2% 72, 7« v 7 =— [ L7z PEDOT:PSS
% FIC, FEFEm BIC OECT 34 ZA&E L7z, ZOF A 23 VERRE A AR K (PBS) FCTF7Lyiay
T REMEEZ R L (K1 (b) BEWY (). 6T, K 1(d)~DIRT X 512, OECT ZMRbifisE & LUSHAL,

PPD &R & lIGHAREZAT 27, £ D () .
KRS, RISV 2 PPD % Dl s ©4o
FL, A RBRHE S 255N <
Au <é {-05¢

CHIED RN LRFERGHI £ 3

s - 3 < = 14
178 ms ThH o7, 1(Hix., ~v bEDOT
AZFIEIANZ 3t L T3 H A7z OECT ‘PSS s
R LA RO %R LTV, '
SAABRDIER S VRO S, o o spper e - . . :
SNABNCHT B LA viEs 2 | | || @ °f o= 178ms o m
SR L, DU ! 1 3¢ 3
PBS 4R/ HIEASBA 4§ 137 ¢ “E;jwwuw_lmg
SIS B LNALADEAS AT B -2 ] %_/VWWWA_
CEARCR AT o Ve T ] e 1k e
STl Th D, ZOREIT, AE 0 1T_ 2 /3 4 5 0 01 1 0 10 20

o N Ime /s Time/s

BLTa—7 EER, Y — Atls
%i - m@{/K 7T OB (@) Uy by 7 LML OBCT 7 A0S E AR, (6) PBSHEH IS
ERFBALE =y b ARE LT XU/ 75A ADHNB LT (o) fEEM#E. (d) OECTsIZ#515 2 PPDREL (e) OECT®
DIABIUT /S A 2 D 223 HNUAMBOBBE LTOR=ZAF4 ¥ oD N4 YBROELRA () Bre /v A
FEEICIT Y s 52 5, B & 3507 OV 250 % NN L 72850 OECT 12 B U % )6 7Bk,

4. ¥

DX YT, —RIRIRAIREARTH D PEDOT:PSS #X— 2 & LT OECT Dhe . B/ BLAREA o/ S 4 o0 BR %
EHEDTND, £EABHRETHEMEZ, A7V y b 7U > MEOHIRBIE 2 AW m B EERL - A 2—T
> MERLE OEEMENH 5, AFFEHA R S AUTEEIRIEANT 2 AW T AR A o 7 a — T ERA~OTED L, IS
TADFHIIREN, I DI F UV RBISIEOERIIC L > TETIREEED EANMFTE RWELERXH ) T ¥
A LB RIS D, T 2 DIENICS 7 L T T ILBE TN T2 A B 0 B 5800y Il 1] & 3275 PE O A
(BT 2R, & 512 PEDOT:PSS UADIRAIREERZAWERFI 2SI L BT LTEY, X0 aiEnefs 2 T
EN AR
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Development of Highly Functionalized Oral Mucosa In Vitro Model
with Basement Membrane Component by Peptide-coated Collagen Scaffold

Ayako SUZUKI*

To develop a highly-functionalized tissue-engineered oral mucosa (TEOM) possessing basement
membrane component, instead of our initial plan using fuorination, this study examined the effect of peptide
coating (CPPP-RGDTFI) on the attachment between the collagen scaffold and an overlying newly-formed
epithelium. When the TEOM using non-treated scaffold was fixed into a formalin solution, the newly-
formed epithelium was detached from the scaffold, which is a usual event. In contrast, the epithelium of
TEOM did not separate from using the peptide coating collagen scaffold, suggesting the peptide coating
enhanced the attachment between the collagen and the oral mucosa epithelium. Histological examination
is underway.

1. AREREAM

RN & MR 2 5 Te B AR K T, MR ALV TR NS IR IR B A S D A3, SR T R & A A
FARRFLIED DAERL S D - A IIHB SN TE LT, 2 B3 L HARRRSIEIRgN 20, BiEEIEoh
EFTAIAZ T U REBMOBBICEY A, 27— v BB IS (w1 7 m2—2) D5
L., RIS 2 b o5 O VEREIR 2 BRSE L7= (F5FE 2018-242505: 2018 45 12 H 26 H), —J7, WA &N 2 iREIT R
M EREIEAERL % O FRHIBECH D, T ORREK & U CHRIEBEO BN R TRV EE RO EBICE -7, BARNR
WRELTERLEORT IV BO7 v#ETHL (Il FHE, AHaRb et 2020 ), a>5Za7 =700~
TFREE T v FRETICEBR L AR)-I AT r Y VIERRT RV BEELRT T REGHRTHI LT, T2,
BATIN AT—F b Wo 2 EBEBER Y 2 R BHM O a7 — 7V REICHEASEL N TEDLEEZT,

L, a7 =500 107 v FUREE O ([T@nT, mhcad =S Rl T E2XTF NMEMT 2 EICEER L
oo B Y & RGN 532577 0 TlERWS, 27— v OXTF RMEMIT L 0 OPERIE ER AR LT
LA 0T 7V AKERT D RGD EF—7 %415 LT, MlaOBEEEENS ERND Z &2 MHF LT, 27— 7 R8I
ANTF MEMiZATV, b EETEEORWART T RE AW CEBRELLOERES v heET VoML BN E T 5,

2. EBRFi&

BN T 22 OXTF RO 55, ERSRO HaCal i TERER L7722 & DD RODIFL (o 7 7Y THER) &
AGT3 (VT H U ATHER) ZWHEME Uiz, TIHER T ACTS 1 HaCaT MR EMEZ R Uiz, —J5, WM IR
BAFR CTIEHE L 722> 7223, RGDTFT TITMMLOBEETL N RLIE T L — N K0 @ OMETAA L H 472D T, RGDTFL & Z D%
DR OPERIERICAWA Z & & Ui, EAT a7 —Fuid~A 7 aZ — Ui SiuCnin, Pz a s —4
CERWZ, FEPEER T =5 SRR U CRA T DR QBRI IRG 2V FIE S AV o7z | Tl TR E
BRZ ERCHIBEDS L & 2 O TEORE TR TT REMONREMRTHZ L L LT,
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NRTF NEMT T — S — R et
48-well A4 XADaF—4Fr— a1 oLy F Yl 5 Ygl
B9 o 24-well plate D well IZE L., 1 s E

NaO,s

S

mL D PBS IR LTz, 27— —RZ Sulfo-SMCC ™ \ CPPP-RGDTFI e
LA I FEZHAT D0, ThEh » 0° » o°
D— 2300 pL O Milli-Q KICEEME L re ) Ho B _ mre
72 4.1 pmol O~ LA I KL FE (sulfo- Collagen Collagen Collagen
SMCC) ZM AT, =R C 30 i S H iz
#%. >—h%& 1 mL o PBS T3 EIBEE L7, &I, 30 nmol O Bt ~XTF RO A A=,
A7 F K (CPPP-RGDTFI) Z & e 1 mL @ PBS 2%, —Me=IE TS S W72, 20 CPPP-RGDTFI {34 > 7 7 U U fEAE
IR RCY Td D RGDTFL O N RIS, 70 U v 3EDOAN—Y =2 N LTV ATA VREASNTZHLOTH D, =
DY AT A ANBEDFF—VENaT—F v — b ED~ LA 2 REERSLIEERKET S, X7F Rofatk, v —
k% 1 mL @ PBS C 3 [P L, MR ERICHAWE, XTFF FEHMiDA A—V 2K 1ITRLTE,
PRSI A LR OB R I, B D TIRITE A DAL 2 Bk L e MR 2 AV a2 3
g 5, X4 7 IV ad—FUERIC—BEE L., R Pl A2 a7 — 7 U BEEMICHlZFRE L, keo
Mt MR APERIEERR 7 7 b2 — /BT 11 G LS AR IR A FR L v~ U U TREE LT,
Rnzg NTF N &k
3. EBRBERFLUSBE
T N ERS IV ERL b D e 9] 4 B R OAREE#E, 0%k 7HM
fE < RABAREE R P2 2 T — 7V RGBMORLEBEE XTF  pmwrgg
REARTEIC ARA 7238 NI e o 72, X2 EBIC7TH B (RAEREESR)
BEZR LA, Wi e bR FHCERL, HELL R
JeAa N EEAL LTV DRI 9 0N 2 D, HEiFE 1
HH T L 72 o 7o K5 NI 2 AR L~ U VI CREE LTz,
ZFOROMTFEX 2 TR L, ZEORMHEEETIL, FiH
e T =V RGHMCER U EOESEICS Z S, B #sueE
S EEAMIAE O MBS B S NI, ERICHEET D L, EER
B B AR E R D TR Y VRIS EE, —F
aF = UBENTIETe, LN LR S, 7T NMEAEE T N ,
W IR EE R ORI Z R LIAA T, FOEED XD 2 5RO IR EZE.
W BRMaRE L 2T — 7 R SR, ST o 2 L e b LImEE T, Iiat,&%ﬁ IXLT, 2a7—F vk b
JERSIRENCTERS LTV D Z EDRIB STz, R OBUKIEIC X0 52 DRV E £ Th o 72,

4. SHRORE

B -RPBEAMEO BB A, REBR Y &2 REGMICHBIT 2 2 L3, AE LSl =y FEZRIAETE, DER
JEA B b BT L OEBEREIIC DR Y | FERO AR L 72 R OBIFEIC D22 5, T CREBREIEA LT L2
Lt XTI REMiLIZ2 T — 7/E%H%%“tP%DHﬁﬁiﬁf@ﬁ@%L¢T IRF [ O BIR TR HE %
i LI kR 2 R T E TIZE > TW WA, I HHPIC, HE Jefa, St rde K OV - BME oSl 2 n 2.
T, BRERGHMOSEIC %F%ﬂ”%ﬁﬁﬁ%Lmﬁﬁ%%afé%mT&é ~ZFF R (CPPP-RGDTFI) &R 3
WICE T T AT I D BEAE MR LD 2SRk /A L~ CHERR S N-BEICIE, ~A 2 a2 — D aF—4~ v B
ML F R L, CollaWind #:l2351F A BRI ~2 21T b, F72. ZFA T IV a5 —FUEKOIENIT I =0 -
511 72 &, VERURTIZF /e 5 FICIBRL y DIRIESC, MY 4 ROA 7 7 ) URBLORTHEEFE DR EHE LIz,
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Development of a Molecular Simulation Method for Elucidating the Substrate Specificity
of Protein Toward Rational Design of New Substrates

Ryuhei HARADA*

Proteins specifically recognize several ligands to make their biological functions. To design a new ligand,
its specificity is important, i.e., the interaction between the active site of a target protein and the ligand
plays an essential role of controlling the binding affinity. Computationally, molecular dynamics simulation
(MD) is powerful to investigate the interaction. However, the ligand-binding process is induced over the
accessible timescale of MD. Therefore, it is difficult to sample the ligand-binding processes as a rare event.
To tackle this issue, a rare event sampling method called parallel cascade selection MD (PaCS-MD) was
applied to sample the ligand-binding process instead of the conventional MD. Finally, we analyzed the
protein-ligand interaction of the complex sampled by PaCS-MD to obtain information on the design of a

new ligand.
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Non-invasive, Real-time Plant Stress Measurement by Applying Ultra-thin Electrodes
Using Flexible Thin Polymer Films and Combining Fluorescence Imaging

Natsuko KINOSHITA™

Despite the need to increase food production as the world’s population grows, the goal of “zero hunger,”
one of the UN SDGs goals, has yet to be achieved. The potential yield loss due to pests and diseases has
not even crossed the 25% barrier. In this reality, we are also facing a new problem: the northward migration
of pests due to global warming and the acceleration of their life cycles. Accelerated life cycles accelerate
the emergence of pests that are resistant to pesticides and genetically modified crops, and the experience
of farmers is no longer sufficient to deal with pests that have moved northward, where they have not
previously appeared. Therefore, we aimed to develop a non-invasive method to detect pest stress in plants
and to develop a stress response by pests, i.e., an early damage monitoring technique. We succeeded in
detecting stress by fluorescent signals and independent mechanisms. Our findings contribute to the specificity
and certainty of stress monitoring with new technologies.
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Elucidation of Anhydrous Hydrogen Ion Conduction Process Mechanism
by Theoretical Chemistry and Theoretical Proposal for Materials Design

Yuta HORT™

This study focuses on advancing a sustainable, clean energy future by exploring fuel cells that utilize
hydrogen energy, emphasizing the development of solid electrolytes that function in dry environments at
temperatures between 100 to 300°C. These materials, particularly those containing heterocyclic compounds
such as imidazole and triazole, demonstrate promise in improving fuel cell efficiency and durability due
to their ability to conduct protons at high temperatures. This work investigates the molecular-level proton
conduction mechanisms within these materials using first-principles calculations, spotlighting compounds
such as imidazolium succinate, imidazolium methanesulfonate, and 1,2,4-triazolium methanesulfonate.
The calculations revealed the role of molecular motion and intermolecular proton transfer in facilitating
conduction, highlighting the significant impact of proton defect formation on conductivity. This work not
only deepens the understanding of proton conduction dynamics but also provides crucial insights for
designing next-generation solid electrolytes for fuel cells, contributing to the pursuit of fossil fuel-
independent energy solutions.
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Highly Functional Microcapsules for Elucidating Quantized-cell Properties

Akihiro ISOZAKT*

Single-cell analysis is revolutionizing biological research, and gel-based microcapsules hold immense
potential for a deeper understanding of cells through single-cell analysis. Here, we present a microfluidic
approach for deforming gel particles, which will be gel-based cell microcapsules. Our microfluidic device
has an array of microchannels with varying widths, enabling the effective observation of diverse widths

of microchannels in a single view window of a microscope. We demonstrate that by flowing these gel

particles through narrower microchannels, controlled deformation can be induced. This ability to control
particle shape offers exciting possibilities for advanced cell analysis. We envision further functionalization

of the deformed gel particles to enhance their capabilities in future studies.
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Optical Properties of Twisted Hetero-structural Bilayer Transition Metal Dichalcogenides

Takeshi SUZUKT*

We study the optical properties of twisted hetero-structural bilayer transition metal dichalcogenides
(TMDC) using time- and angle-resolved photoemission spectroscopy. To resonantly excite the exciton
transitions, we develop the wavelength-tunable excitation system by employing optical parametric ampli-
fiers. The performances are tested by measuring HOPG and BiSe,. Bilayer TMDCs are also successfully
synthesized using the scotch tape method.
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Preparation of Green Polymer Particles Using Water Nanodroplets as a Reactor

Yuuka FUKUT*

In recent years, the replacement of petrochemical-derived polymers with biomass-derived polymers
has received a lot of attention due to increasing ecological demands, such as preservation of fossil fuels,
reduced plastic wastes and achieving net zero CO, emissions. I focused on polymer particles, which play
significant roles in a variety of fields, such as spacers for liquid crystal display, microbeads in cosmetics,
and plastic modifiers. This study aimed at preparation of biomass-derived nanoparticles (green particles)
by employing a W/O (water-in-oil) miniemulsion as a nanoreactor to solve the microplastic issue. Here,
methyl cellulose (MC), which undergoes a sol-gel transition upon heating, was selected as a biomass
polymer. The aqueous solution of MC was suspended in an oil phase by homogenization and ultrasonication
to produce water nanodroplets. Then, they were gelled by heating to produce MC hydrogel nanoparticles.
Next, MC xerogel nanoparticles were obtained by water evaporation from the MC gel nanoparticles. Their
size and crystal structure were tunable by varying pressure and temperature. The obtained particles exhibited
high water-resistance in the aqueous media at various temperatures and pH values. Furthermore, I intended
to utilize the MC particles as biomass-derived resin fillers.
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Study of Atomic Structure, Electronic Structure and Transport Properties
of Two-dimensional Dirac Nodal Line Materials

Akari TAKAYAMA®

We report an experimental verification of a set of electronic bands that forms a nodal loop in a mono-
layer Cu,Si on Si(111) by photoemission spectroscopy. Preparation on a semiconducting substrate
benefited a magneto-transport measurement of the layer and an in-situ experiment leads to observation of
the anti-weak localization effect and the 77 Berry phase, while a Cu,Si layer in the free-standing manner
or on a metal substrate has two nodal loops and the Berry phase should become 2. Growth of the layer
on the Si substrate was found to yield the singularity for a trajectory loop of carrier scatterings. The system
becomes quantum-mechanically intriguing to investigate evolutions of Dirac nodal line fermions in a
single atomic layer.
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Kaori SUGITYAMA®

Thoracic aortic aneurysm (TAA) presents a clinically silent yet highly lethal threat, primarily attributed
to its propensity for spontaneous rupture and dissection. Despite current imaging-guided management
strategies, the lack of reliable pre-rupture indicators necessitates a deeper understanding of TAA’s molecular
mechanisms. Abnormalities in the extracellular matrix (ECM), particularly involving proteins such as
Fibulin-4 (Fbln4) and Fibrillin-1 (FBN1), contribute to TAA development. Leveraging Raman spectroscopy,
this study focuses on lipid components to unveil potential rupture predictors. By decoding the molecular
signatures of murine TAA aortic tissues, [ aim to enhance risk stratification and therapeutic strategies for
this life-threatening condition. This research could pave the way for personalized approaches to TAA
management, ultimately improving patient outcomes and reducing the incidence of rupture-related fatalities.
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Development of a 3D Tissue Assembly Technology Employing
a High Porosity Scaffold toward Food Supply Sustainability

Takeshi HORT*

The world population is increasing, raising concerns about meat production systems and whether they
will be able to sustainably meet the demands of meat consumption in the future. This provides the impetus
for creating a meat supply system that is not as resource-intensive as traditional methods, ultimately reduc-
ing the burden on the environment. Considering this, we attempted to develop a method of meat production
based on cell cultures. Current cell-based meat systems have limitations such as structural complexity as
well as a high proportion of cell scaffolding materials that remain in the cultured meat. In this study, we
developed a novel cell scaffold with a mesh sheet that harnesses a high aperture ratio in response to these
issues. It is expected that by utilizing this cell scaffold sheet, it will be possible to produce cell-cultured
meat that closely resembles genuine animal meat.
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Development of a Small Intestine Model Consisting of Human Cells
and Porcine Extracellular Matrix

Jun NEGISHT*

Small intestine is composed of mucosal layer made of epithelial cells, submucosal layer made of various
cells and extracellular matrix (ECM), muscular layer and serosa. Small intestinal epithelial cell models
and model animals are used for food and small intestine research, but issues include reproducibility in
areas other than the submucosa and species differences with humans. Therefore, new small intestine models
are needed that include not only a mucosal layer composed of human small intestinal epithelial cells, but
also small intestinal ECM and fibroblasts.

In this study, we created a small intestine model by introducing fibroblasts into decellularized porcine
small intestine and seeding them with small intestinal epithelial cells. Fibroblasts were introduced into the
decellularized porcine small intestine using a vacuum impregnation technique. Furthermore, by seeding
human small intestinal epithelial cells using collagen gel, a villus-like small intestinal epithelial cell layer
was formed on the surface of the decellularized porcine small intestine. Fibroblasts in the decellularized
porcine small intestine increased the expression of transporter genes in small intestinal epithelial cells,
establishing the basis for a small intestine model composed of small intestine-specific ECM and human
cells.
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Creating Organic-Inorganic Hybrid Materials of High Performance
Using Various Self-assembly of Silica Nanoparticles

Rintaro TAKAHASHT*

Automobile tires contain 40-50wt% of spherical silica nanoparticles (SNP), which are key to their high
durability and low fuel consumption. In this study, we shift our focus to chain-like silica particles instead
of spherical SNPs. Initially, we investigated the formation mechanisms of chain-like silica particles using
time-resolved small-angle X-ray scattering. Subsequently, we created polymer nanocomposites composed
of elastomers and chain-like silica particles. These nanocomposites exhibit a Young’s modulus that is 4.8
times higher than that of nanocomposites consisting of spherical SNPs. This study presents a new
opportunity for the fabrication of polymer nanocomposites using chain-like SNPs.
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Material Investigation on Oxide Topological Materials
with Extremely Large Magnetoresistance

Daigorou HIRAT*

“Topological materials,” which have a special electronic structure with intersecting linear dispersion bands,

are actively studied as promising next-generation electronic materials. However, since existing topological

materials are unstable or contain toxic elements, there is a strong demand for development of topological

materials with high chemical stability and free of toxic elements from the viewpoint of practical use. In this

study, we investigated oxide topological materials with excellent chemical stability. We grew single crystals
of transition metal dioxides (TMO,: TM = tungsten, ruthenium, and iridium) and measured resistivity and

Hall effect. Large magnetoresistances, which are not seen in ordinary materials, were observed in the three
studied compounds. Furthermore, Hall measurements on tungsten dioxide revealed an extremely high hole
mobility of 25,000 cm? V™' s™'. These results indicate that TMO,: TM = tungsten, ruthenium, and iridium are
topological materials. Given their compositional simplicity and excellent chemical stability, transition metal

dioxides provide a promising arena for the development of topological materials for applications.
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Quantum Nanomaterials and Nanobubbles for Evaluation
of Near-infrared Photoimmunotherapy

Kazuhide SATO™

Near Infrared Photoimmunotherapy (NIR-PIT) is a recently developed molecular targeted photothera-
py that combines a cell-specific antibody with IR700DX, a photosensitive substance that reacts to near
infrared light. The mechanism of this therapy is unique photochemical cell death, in which the hydro-
philic nature of IR700DX becomes hydrophobic by irradiation with near-infrared light. However, uniform
irradiation is difficult because light varies and attenuates depending on the distance to the target and the
tumor environment; a method with easy clinical application is strongly needed to adequately confirm NIR
irradiation for NIR-PIT treated patients. We have found that the concentration gradient antibody + IR700
conjugate, a macromolecule, increases with distance from blood vessels in NIR-PIT-treated tumors, and
that the treatment disrupts and dilates the vascular area, improving the penetration and retention of
particles. The research was conducted with the aim of developing a biomarker to predict the therapeutic
effect of in-situ light irradiation. The possibility of predicting therapeutic effects by imaging quantum
nanomaterials and microbubbles was verified in a mice tumor model.
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Development of a Hybrid Photodetector for Direct Dark Matter Experiments

Shingo KAZAMA*

We proposed a novel hybrid detector for direct dark matter detection experiments, aiming to further
reduce radioactive background. The hybrid detector combines PMT technology with silicon semiconduc-
tor photodetectors. The study involved measuring the light yield of phosphor for a low-energy electron,
crucial for estimating its detection efficiency. Results showed a light yield of approximately 10 photons
per electron for 3 keV electrons, resulting in the detection efficiency of around 34%. Additionally, we have
developed a dedicated system to measure the detection efficiency for vacuum ultraviolet light using a
deuterium lamp and a spectrometer. Once the prototype detector is ready, we plan to evaluate the
performance of the prototype hybrid detector under low-temperature conditions, as required for experi-
ments conducted in liquid xenon.
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Structural Optimization for Bonding between Polymers
and Metals via Bioinspired Porous Anchors

Shaoyun ZHOU™

Inspired by the natural interfaces between soft and hard tissues, this work utilized graded structure to
address the difficulty of joining dissimilar materials such as metals and polymers. By employing an in-
situ laser-induced reaction of the Al-Ti-C system on aluminum alloy plates, graded anchor structures were
developed to enhance the lap shear strength of aluminum/polymer joints. The joint strength was evaluated
using lap shear tests, which showed that positive graded anchor structures exhibited higher lap shear
strength.

1. Introduction

The efficient production of highly functional devices and components is essential for modern industries. This objective necessitates
the integration of multiple materials with distinct properties, tailored to specific areas of a product or component through a streamlined
manufacturing process. A common material combination, consisting of metal and polymer, has been successfully utilized in the
engineering and medical sectors. Metal-polymer hybrid structures are typically found in applications such as automobiles, aircraft,
electronics, and medical implants. However, the key issue mainly focuses on the differences in the mechanical and physical
characteristics between metal and polymer.

In nature, soft-hard tissue interfaces present a diversity of hierarchical transitions in composition and structure to address the
challenge of stress concentrations that would otherwise arise at their interface. The concept of functionally graded materials (FGMs)
was first introduced during the 1980s by Japanese scholars, which involves gradual transitions in composition, constituents,
microstructure, grain size, texture, and porosity. Among others, these transitions occur in one or more directions, resulting in changes

to their functional properties. In general, graded structures

normally significantly improve the mechanical properties Process control Thermal joining Lap shear test
1'*\&-13 . .
of engineering materials. Profound knowledge of the — ™ K505 ite Loy _ o™i i <
LT ch\u S5 E> H An:hnnxnfﬂgm.,-»'“'\ E> <~ Amh.)”[mﬂ,ﬁ&_,.

process and the development of materials with complex

Polyamide-6 sheet

structures could pave the way for solutions to interfacial

problems of dissimilar materials joining. Drawing Schematic of cross-sectional anchor structure
inspiration from FGMs with tailored morphological I layer DXTJ;EE’:“' 3 layers -%ﬂ la):or;itivegraded
features, the effect of graded anchor structures on  A(lline) « ° - 2 - !
Al/polymer joint strength was investigated in this work. — g ag ag
mm

B (12) 2 layers B (21) 2 layers
Poie v g9 - 88 < @ -8 v &
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2. Material and method - - - -
Anchor structures for joining with thermoplastic parts U5 mm C(123)3 layers  C(321)3 layers

were provided on an aluminum alloy (A5052) plate viaan € 3lines) * o909  *+ 888 m .d a.

-
in-situ laser-induced reaction of the Al-Ti-C system. An
Fig. 1 Joining process and different laser scanning directions.
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Al-Ti-C powder mixture with a molar ratio at 1:1:0.6 was bedded on the A5052 plate (1-3). A pulsed diode laser beam (wavelength:
970nm, pulse frequency rate: 1000Hz, pulse length: 700 ws, laser beam diameter at work plane: 1.2mm) was irradiated onto
the bedded powder at a laser power of 350 W and a scan speed of 100 mm/s. The powder bedding and laser scanning processes were
repeated from 1 to 3 times. Numerous protruding granules, consisting of a-Al, TiC, and Al;Ti phases, were formed and bonded firmly
to the AS052 plate. The areas of anchor structures were changed by multiple laser scanning while shifting the scanning areas (Fig. 1).
In addition, by changing both the number of powder bedding repetitions and laser scanning areas, the graded anchor structures were
obtained. Subsequently, the A5052 substrates were joined with Polyamide-6 (PA6) sheets via the anchor structures by hot-pressing.
The anchor structure formed on Al alloy substrates was set on the hot plate of a hydraulic hot press. The hot plate was heated to 215°C

and was later cooled down to 190°C at a rate of 2°C/min (4-5).

Throughout the joining process, a joining pressure of 1.8 MPa was 45 -
applied. After joint specimens were fabricated, a lap shear test was &540. %22 ::::)s)
performed using a universal tensile tester to measure the joint strength. £ 354 giiﬁﬂfﬂﬁfﬁﬂi‘;’
2 [ C (3 lines)
‘@ 30 - [ negative C (3 lines)
3. Discussion 2 B positive C (3 lines)
Fig. 2 and 3 illustrates the changes in ultimate lap shear strength %25- % % H
under different laser condition fabrications. The strength gradually %20'
increased as the number of laser scanned layers rose. Besides, the lap g 15 1
shear strength also increased with a larger area of anchor structures, g 10 -
which indicated the increased overlapped lines. Notably, the positive E 5]
graded anchor structure provided comparatively higher lap shear ol ]
strength. This indicates that the graded structure examined in this study 1 2 3
effectively enhances the bonding strength between Al and the polymer. Lasered layers at same position
Moreover, microstructural observations were carried out to investigate Fig. 2 Surface area of samples.
the failure behavior of different AI/PA6 joints' fracture surfaces. As for 1200
single-layer samples, more anchor structures remained after the lap g:g ::::i)
shear test. Overall, this work offers valuable insights into tailored 21100- ;:2::,‘:35((;2::) .
graded structures for achieving high strength of metal/polymer % 1000 4 =:g§a:::5<): I
joining. % 000 ER positive C (3 lines) 1 T
5 i
4. Conclusion E 200 4 %
By employing an in-situ laser-induced reaction of the Al-Ti-C %
system on aluminum alloy (A5052) plates, the graded anchor E 700
structures were fabricated to improve the lap shear strength of = 600 -
Al/polymer joints. This work demonstrates the potential of bioinspired 500 .
anchor structures to optimize the bonding between aluminum and 1 2 3
polymer, thereby enhancing the reliability and promotion of the use of Laserad layers at same position
aluminum in multi-material structures. Fig. 3 Lap shear test results.
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Development of Novel Light High-strength Fe-Ti Eutectic Alloys by Co Addition

Toko TOKUNAGA*

To mitigate global warming problems, high-strength light materials have been strongly required.
Recently, mille-feuille alloys composed of hard and soft alternative layers have been gaining attentions
because of their simultaneous achievement in high strength and elongation. In this study, we focus on
controlling the microstructures of Fe-Ti-Co and Fe-Ti-Nb ternary alloys to achieve the significant
mechanical properties of the mille-feuille alloys with the solid solution effect. By directional solidification
of the Fe-Ti-Nb ternary alloy, we have successfully obtained aligned lamellar structures, having high
formability. After the 10% of plastic deformation at room temperature, not only the slip traces, kink bands
were also observed.

1. &7

BETAMTEOVEANLIZE S COx BB OEFHICHK LT, MIREREM ORI L 2ok B L3m< ZEh
TV, £, EREREM O R ZTHEM B E THEEL, = Pref—br 7 L— FEICE Tl T L, 2%
ROMLICEVERD COr HEHHBEDOHIHNERTE S, LLAanb, SBEMEOERLIZI TRIE & ErEOMERIS
MR TH DT, meRE L SIEEOWSIIEFICNEETH D, o OREA TINS5 M0 —o & L CTRESbkipin L 23
FFHNDEN, ZOMREEHETTELIBDT 5720, MEWFRI~ITEH T & A, THEWEICHEN 5 RTRE - mErEss
BEOBAFERIR KO BN TWDIZELND LT, TOEIFTRNRDORBIRTHD.

VAR, T LW O e DRI RE#E 2 & OB (ST 0 —a k) OMERZEIaFIET % 2 LT, Rk
R (Fr 78 OB, THICHE D BERM TAEES (v 7)) 220 TomER LI TS V. &EiE
2B\, $REH & R A IR A RS L7- 46 A4 (Al-Cu R, Al-Mg % %5) 2MERFEREEEZ RTI v
T4 —aMEE LTEESR TS, LaL, HEEEOMBEIXEICHEMIC L Vb TnD Z End, —ihk 5t
FIBAETITE LN MEICIRAND D, T 2 TAFETIE, $ - aHORMIC X 2 ERBICEZHY, HEI LT 40—
DBED S B D s, FELERERS e B RO A B E LT,

— RIS ERAL SN TV D EEEHE B E L LT, 8E (Fe 544D NET oD, LrLaens
Fe JLAE&D I N7 4 —a BB L OE O FFRE(LICEIT 287781 Fe-C R, Fe-Cr REEREIZRBEINTEY, Z0kE
PG 2050 LT mssE b, £ 0B BIEIREHoICRBL STV, £/, Fe EGE&MNEMH SN HEMEHC
BT, BE KT 2O EENS L Z L 2HE %, HFEHIT Fe AGE0OmWEE ZH/2 b7 Ickalb 2 R8T 5
TOHRA4E L LT, FeTi EASICETHER L. 51T, FeTi A4S0 MEMA B2 b, EEmbais = &n
TEDHIRMTHFE L LT Co & Nb (2K H L, Fe-Ti-Co, Fe-Ti-Nb =I5 A 4 DML D fcE L3 L O DAL oo B e )48 2
Hfs L7z,

2. RBAEE

Fe-Ti-Co A 4122\ T, o-Fe/TiFe» D3k ffifllik 215 % 72912, Fe (399.99 %), Ti (>99.99 %), Co(>99.9%)% FesoCo30Tizo

Fes0Co2sTizs, FeaoCosoTizo & 725 K 9512, —7F Fe-Ti-Nb A2 TlE, Fe/Fex(Ti, Nb) D H ikl 2 15 5 7= 912, Fe
(>99.99 %), Ti(>99.99 %), Nb(>99)% Fes;TitNbs (at%) 342 & 70D X HITHEL, T _XTOEEET — VI8 TRESEE
#L 72, FesrTisNbe (at%) G4 OWTHE, ER L 72 fA4 %2 70 L FHHRIC A, 7432 B AKFASH C Bridgman
\Z & % —J7 )R [E (Directional Solidification; DS) %47 -7-. Z® & &, {REHEE T 1600°C, ME# AL 20mm/h & L7-.
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O AR LTRSS & AR 7ML (SEM: Scanning Electron Microscopy) # 7= #ik#14%, EDS
(Energy Dispersive X-ray Spectroscopy), XRD (X-Ray Diffraction) % H\\ 73T J OMEAAE O RIE 24T > 72, Bl
MREAF DN BT LT, i, 400, 600, 800°C CHEMiaABR 21TV, SMAEDIREKAMEZ A L7, a2
DREFH M ETATE 22 X912, 1.5 mmx1.5 mmx4.5mm DK E S &G 5 MHRRE T 280 1 L7z, JERGEBRE OR
BRIt U R 217V, BRI >V Tia L7z,

3. BHE

[ (a) |Z FesgCosgTin 4B D f iR 7 N K~ 2 Bl &2 7= 97, Wi
LD Fe-Co-Ti R BBIZIB VT HRIE MBI L Tz, dedbfikic o\
ey RIR, CRRROMERS o, BRI O ol 22k
WP ORI B RS E T MICE L T AT IER O o 7o

—J7, K(b,0) lZ7R T Feg Ti;Nby G4 IZ DN T, R Mkt 9 54
Wrm (X (b)) Tixe y RRHREED £ 0 ek 2SS 28 5 [ o =
n=—ARLN, Iu=—BERICFELN A ER L T £
FEFWm (K() ICBWTIE, B2 f R 5 NI T ISR R
LTCWAHER TR LN, WM EEEMNERICZERE LI
T4t e FilT 5 2 ENTE.

FRE OB A FL 6 3072 Fegy TiNby A& L CIEMEABR 21T~ 72, &
BRIEE O _EFCEOBERRIG IR T LA, WIhoEEICE T,
10% OYAMEZETE R A EETdH - 7=, 400°CLL EDOERABR T, BIREIC
IR Z 7R 7o S INE R 2 IR LAy, sSiRICR Wi od
F210% DR C 6 I TA{L A fkfkt L CU /2. Fe-Ti ik, Fe-Nb Ji%k
AT D THERICE VT, BRI IZ=ERTZRLE 800
MPa, 600 MPa 735 HAL7272%, AR = IR A4 O BRIRIRE 1350450 MPa &
BWMEZ R L. St RASOEWMBEBE LI 25, a-Fef,
Fe)(TiNb) FH DOl 7 TR OB B SN, I oRkEe L FET
Holo. BEMEHICKRERBEBWNEIR2WEOD, “IERes L =
LB A DMEN BRI 2 ox L72BEH & UC, BCIRMR o B ik 23 Eu
ZENEZLND. BROBREZITL, Z0RAICBW T ORI
IZxF L CHEATAREIZ EWNRDOF U 7 & A LN DB NBIE S

O

—  Growth
10 UM girection

©

Growth
20 UM direction

Growth
direction

& (@) FesyCosoTiy G415l iH, (b) FegTi;Nb, &4

iz, Lo T, ZnRE@ICBWTHEMkORMMEL L &< 2 BEITE,  (C) ey Ti Nb, 240 & T .
T LT, SORLFUVHEDIGAI KOZIUTHE D ETRE LD fTREMDS

RS T

4. HEER

AWFFETIE, Fe-Co-Ti, Fe-Ti-Nb ZJiRk I N7 ¢ —2 5@ OIER AT, D) FRHELZ A L7z, Fe-Co-Ti —I0R 1
LTI, RIRERREAT S INT 4 —a2 B2 BT 5 2 LN TE RN -T2, Fe-Ti-Nb A48 W TIE, EF MK
LCry RREBOROMBDELR Lz IV T o —a G aa ET 5 2 LN CE o, JEMRBRORE, EIR~800CDIRE
BICBWT, RBAERE LTH I, BIEOTHRTI0%E TOLEENTRETH 122, T ORBRIEHIE 5% Fe-Ti %
G442, FeNb ZEAE LD LIRS eote. ZHIUE, “IiRA4 L i L C=ItR A4 CIHMBROBLAPENE) - 72 Z & A3
RIGT DR FIZD72R 272 LB 2 B, Ak, MEROBLMEZED L2 E T EWIRELZSL 2 LN TEX 5 EHIFFTX
5.
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Study of Potentials of Mean Forces between Various Two Bodies in Liquid Metals

Ken-ichi AMANO*

Interaction between two bodies in a liquid metal has not been sufficiently elucidated yet, because there
are conductive electrons in the liquid metal. Recently, Ichii (collaborator) measured the interaction between
a probe and a substrate in liquid metal using his original atomic force microscope (AFM), and found a
characteristic shape in the force curve. In this study, we calculated the force curve combining a datum from
small angle x-ray scattering (SAXS) and classical statistical mechanics of simple liquids in order to
understand and compare with the experimental force curve. In addition, we attempted to develop a liquid
theory that combines classical statistical mechanics and density functional theory.

1. #E

IKHNZ BT BBUKIED R OMAEAERIL, BUKMEDR - BUKMESI I E LTBTEY, £ - Hiks bl k<
BFE STV 5. A A IRF I I T b BRIABEVE RN - BRIABEIES| 1 & L CEBR - BiR & b Ik 2 22 BF S s
BN B 5. RIS 72 2 721308 LI BRI E Ch o720, BB CThH o720, ZOHHTH-o720+5
DT, TR OMEIEH R ORI AR A RS, Z LT, DO, LR, Bhr S E DR
CHA SR TS, AR, A A BRI ERISICB T 5 (RIES] &V BHRAEVWTL ISHIEESh TS, —
5, WRIREIE P BB D TR O AR ER - B & IR ShTun . 2o,
HREBARBER TH 72V, BHETH-720, ERTARVERIKE LTIHEETE RV LWV EBR O REE 72
KRbHwTHD. £, WESERTICIIEEETNEET D720, RIS GIR 2] 5 %A 13T 7)1 5
FEHTERVELHATHD. BT RIS LA B OMETINE, BRIEESER T T BEATTOR S
bLH Y, IR TH 2 EREE O R O IR IZEARA LI -y TRV, L L, &RITERS
fh, M, b— RS TR A RFTICEASNTVS. KoL TR, WESBRTICan s NRFa2Euicsist, «
NEFERSBICL, LVMESLZH ESER-E SN TN, ZoBAEND, KIKSETICET 5 Wik oM
HEMOBRIIEETHS L EZLND. £, KRR ZFRIGRHE CHMfE: 0% L LOEMTE, #Himna
PEREMAT BRI A ME D L R D TR B 2. 25 V) BRTHIRERSBOMEEIRERE L E2 515,

2. RERE - R

LFFFEE CTh 2 R RFO—H HIZ & > TAFMIZ & 5914 Ga o oD Bt~ HRE [ D J&l B B J th it 3 i TRl sd T
BE St AR F R % Sader & Jarvis DR ITRAT B & BB EEIO 7 4 — 2 H— 7 RFAMEN D, £ 2
T, AR TIEERBRD 7 4+ — A —7 Oz VEDRER

LEEO I, BRI E KBS Lo THESRTNE s

SAXS {3 D i1k Ga-Ga i T IO B D ~fhsir > v n? G o0

LB AR A D A A T o, EAO K B, |

KT vy VEMBALET, BICTHELENETHEE 0 .
=20 ke

ARV IAEND. EBr LR E L ICERERESE T ICBT S 0.0 1.0 2.0 3.0 40 50 6.0
BB AR B I, HESER | AR, o, T4 — distance/Ga diameter  distance/Ga diameter
AR =T HORBESLEIOS CEDP T BD. F @y e gk o502 B e .
e, FRERDT =A<y T2UMITT2HEICL- T,
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IR Ga DB L7 OVIERME L Rz (K2). 3HEIE, EBRICBW TSR b~ A b EREE BT ) 7 A TH
bTND S RE LTI -T2, = OFERR & B O it X E G0 1 TS+ 5 a8 k7=

ST DS ORE

HEE T s
236 20 -10 0 10 20 40 au
2 BB L0k Ga DB & Z OIS

TR R T OREE 1 & B E D o0 ERROFHEZIT o 7223, &0 RIS 2 3 Lk D 121E, BEFPER
ORI E 13 E OMGBEREANLETHS. UL, Fkx O T, ERK-ESBOMEERRCa oA FR-BoOM
HAEH & WV o IR & 22 "R O E/ER 235 LimWi=o, BFEOE —JFESFE# %y I 21— g Tt
SHLREE LW, 22T, A IMBEETODNRE S TN HIICERY AN S, 2o, FHEEHE O WEG O
I L7z, 77— A MRAT v 7L LTHRAIE, EF LD N RE2RBT 5 A /1% (Omstein-Zernike 2 &
FXVCATRE L 7= closure 20 A 383 L 7= 6 @) &, Thomas-Fermi 7 /L TR I NIZ B+ 1208 T 2 8IS 2 41
HEDEINAT Yy REGRAME L. Z LT, N ZREREEO SO ZREESABEE FO KR T oy
NERFE L, RHERERICEAE SN DR (77 X~ HBICEIT 5 Kelbg KT o ¥ v LTl 72 % 8) 2B S hi-
N, FEENDOREMI/B LN o7, DRI, BUERK A IZWRE & BIGROBY A% W5 TIT> T\ b,

3. BiEt

AWFZEL, B EECERZERT O FEB L (B MEF R S T —) OBRIC Z 0ITH)ERTE L L. AWEDOSE L
BLERT— 21, FERFO IR, TRTAZ £ Ls. £, BRI PESE S MTRITERT O i S K
LEETHEE L., EHERSBHEFRME TREE W LB HE L FF AT O KA R348 O % — R B E
WL CTMHMESECTHE £ Lz, YIFREPAEOBLI, BRI —HICRz2Ed CHEEE L. 2 2IZE W
ERE#OBEE TR LET.
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Plasma-assisted Hypersonic Flow Control and Application
to Active Flow Control with Combustion

Yasumasa WATANABE™

This study explores rapid flow control effect of dc plasma generated on the airplane surface called
external nozzle at rear side of supersonic linear spike nozzles of hypersonic vehicle. A hypersonic airplane
typically has fuselage surface structure called external nozzle that navigates exhaust gas from the engine.
Flow control at the external nozzle surface has significant impact on aerodynamic force. Jet fuel injection
to external nozzle area combined with plasma can be a feasible method for rapid flow control. As a
fundamental study, hypersonic wind tunnel tests were performed to firstly clarify the effect of air gas
injection normal to the external nozzle. Pressure change was characterized as a function of mass flow rate
of the jet. External nozzle pressure was reduced by 20 percent at maximum owing to surface jet that
generated local shock wave to reduce total pressure of the surface flow, subsequently reducing the surface
pressure over external nozzle. This pressure change can be used especially for changing vertical component
of aerodynamic force as a pitching moment control method for hypersonic aircrafts.

1. [FCHIZ

MUZEREIT BAE & 3 D USHERFOC B B O M2 A 1T 5 720, WEEBHEEIT O LER S D, EROME#KTIE T 7
vy 7RI ny, SHICEEER SN SFHIEER CIIRE TERFORT 4 —7 7 v 773 &, BB oftmIc L 5
ELRIFEPANENTE . TNHDT A AT, fEAEZEIIE D 2 L TRBEOZERG I L REmIC DD 22K %
TS, BERIEICES A2 T — A FARASES. L L, MO CIaBrahic i 225 5720, SEL
T 5RO F CHIVRRE O 2 T 5. 04, HZSic X 2 KERB B O FMHECTHBR~OTFENE E -
THEY, & ECHE 5 EECFHAERE & W o 7Pk O @ E SO RN ED b TS, b ORITHD % <
VLU EE 2SI 1k 22 5 mifIC TG SN D T2, MIZEHOR 278 20T 5 72 DI I )R T2
EREBAGIETFEE A VD Z ENEE L, ot IC X b 2R WEIBEHEARBRR A= L 22 D

BB O 72 O 11E, M2 TORFHIE & ZITEE ) ENBENADTH S . [KIRHEEDO—> & LT,
FEAFEIZIEDY 77 A~ ZFH L2 i - KERIETEREE ST T, 77 X< L ARGHIE oI E LT
X, PO, Bhom E, HEERNORIESCEEBIRE oMK - REDRFTONY, EORKEHEETETHD 2
ENFRESNTE o, BEERTOT 7 X~ L DRIEHITET A AHFIETIE, BREAEZHET 5 FEO O, =y
YN C OMBE L & B OIRABLG: & OFF L 72IREESK « REBIB OB TS Fof S C & 720 O L ABFZE C Il 5
FERHEN DRI 1 BILA L &2 F AT B8 AVODFICHER L, ZHvE T L2 BT — 27 B L 2 BEEE S
I TIED &, EMINES ) XL TORBISEZE DRI~ IEHT 5. BEERE~OREHEA L 7T X~ X DK% FIH
U7z TANES 7 ZANVEhERIC K 238 LUWIREERRHIE ) 2 IS5 B CREAR AR & 72 D I5EHE OFEE & 1A 8 %h
HoOEHONNIT A L2 EKANET .
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KRG TIE, SN AL CORFEHIE O ERERFZC L LT, S R %0 L - RIRE ) bR AN L5 a0k
BRI DN T EBR R OBUEANTIC L 0 30 L. FEBRIT~ v 3 7 OGBS AR 2 VTV, EBREFO RSN
1%, £ EAMIEP, = 0.95 MPa, K EAMIRMAET, = 550-600 K, BFE SICHSL< LA /L X$2.0 X 10" Th o 72,
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L7z 20 ERIARE 2 BE AR TH S, ALK FERTITELE 2mm
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P—lZ L > T L. 2V — L ki L DFHNB O A bER 2K 112
Y. BRI 1 0L DA, HNORIEEITh iV
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3. EBRHERLER

S AV BT O L AR ALY, FRMlosE s v
B ECOENPKT Uiz, WHHREICKIT 2 ENEB K 2 1277, 72
B, HEROEINIIEREROTE N2 AN THB(E LEZERTETHY,
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E)oTo. BENRENNE WD BIZE DA R A EA N H 5 720,
SN ) AATBIT BV = v NEFREFIH LI-KEHE T, KR TRER
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4. F&O
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Discrete Optimization Solving Methods by Combining Constraint Satisfaction Programming
and Combinatorial Testing and Their Applications

Xjao-Nan LU*

This research concentrates on unsatisfiable instances when encoding discrete optimization problems
into Constraint Satisfaction Problems (CSPs). The primary focus is to pinpoint the causes of unsatisfiable
instances and efficiently identify them using combinatorial testing. A novel combinatorial array, called
Error-Tolerant Detecting Arrays (ETDA), is introduced, along with the theoretical studies on their basic
properties and their relations with the well-studied Covering Arrays (CA). Moreover, the corresponding
cause-identify algorithm is developed. Additionally, specific ETDASs are constructed by using SAT solvers.

1. BIRE=R - BW

BRI R EMEA LR TRIL, SI0%EE2HZ LoD, a2 FeR/MET ALK AERD S Z LA A LT
%, BEOMBICIIEER O BRI T 2 BERI RTINS SIFEL, Thd 28 O BRI SBESURE LR &
s, fIRFER T v 7T I IV T, BERHIR 20l 72 R EGEY AR 5 MEIEHIR FE 2 I (Constraint
Satisfaction Problem; CSP) & FEiEAL5. CSP idfiHimBE o> Fe it nTReME ) @M@ (Satisfiability testing; SAT) -~
RS HL, EHE7R SAT VL N—IZ Ko TR D FED, T ZHAHET SAT Y N —OMEgEm RIZ L0 ZORIZHEE L, CSP
WX B 2Rk & LR FAAES ATV,

7272 L, BIROMEZEEE T AT BRI, REYHREIC L > TAE O ARNI L3 H 5. /IR
HLAYERIESE CSP L LTETALL, ZivE SAT IZ48H L7, SAT RIENTEEARRE (UNSAT &WE9) L7220, CSP OfiF
PEHILRVESITIE, “unsatisfiable core” &MEEILA UNSAT DJFIK L 722 5 SAT HilFIEA 23K B FENHE SN T
WD, L, BHERBIRZ B o KB BB i L RIS 6 L C, BB T LV OHIR LU TR AT HEZR UNSAT o 5Kl
T RO D HIERPHESL SN TE LT, WEROFELZ T TIIEMREBHELWEEZ NS,

—FT, KRR Y 7 b0 = 7RG AA TR Y AT AOSE AR 5720121, VAT LIEET IR EA
RINCER L, TOREEZMTTALENRDD. TOEDIC, MAET A M XITNAFERERSNLTWA. AeE
T A MIEE, V7 Y =T LT (rTTTIIIIII e .

AWFIED HANE, KU E L E—E O BEEFL
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2. REFELBAEMEGEERS

MAEET A SOSE T, #ERY] (Covering Array; CA) & FEEN DAV ESINIAL fEDITWD. Fiz, READ
JRIRZREET D726, X ViRIIMHAEERSTH D Locating Array (LA) & Detecting Array (DA) NERINTWAH[1].
AMFFEIZIBNT, LEIOT A R23 1A CSP RARIZXKIGE L, ZDOFATITIIE N GE A 0256080 5. FITRHOZE
P KE L, ERER RSV BREECTHD. X TDOT A b & LCH> 5 UNSAT OFE ZHEE T 5 OIFHLEN TIE2 0
L72A3o T, KRHUE CSP RO SAT RAECTIX, —ERZEB 2 THMNELNRWEEE, tineout & L CHFEET 2 28
N5, L, 7AMERIZ timeout ZETeIHE, TEROMAET A MiEFITH B CA, LA, DA Z AW T=FTIERXHET
RNV ERDH D, DHORKGREY 03 d HREICKHLT 572912, FEH & LFEMAEDRY FTERNZ RO LA 2422
LTWA[3]. L2223 h, BRYFTIERES ZF5D LA ITERRIICITRAV RSTIEFRE CTH 203, AV FTIE L > O R EADRE
ERHRET DO OMENRT NIV XLPFETDIDRRMOEETHD.

AR TIE, RV MHEZFFD DA (Error Tolerant DA; ETDA) & FEIXN DHEAVEISIAZEAT S Z & T, SeibofEIC
KHLLTW5., MlEET 2 OB AT ML, BED T A—F LENENOKETERSIND. BRYMIME 2z 2RO
St TT A RMEELb D ETDA ZFIHT 5 Z & T, UNSAT DJRR & 72 2B 2N () BRATE, EEAOYA
AWt U T THNUE B ETE S, DAEWEH L IZBOTHRIET VI Y XA, HEEN (k') &720, LK
7 L2 U XA THD. FHUTINZ T, ETDA DAY it D BRI B4 2 BER AR, BEIC X <AFgE S ni-flat
B Cod D CA & DBRMERH SN INT WD, ZFOWFREENFETREIN TS [4]. RS, CA & ORGRAZ A
WT, 5RO/ T A —=FE RO BRI ETDA Z M5 C& 5. ETDA O BARGBIZ BT 27291, CA [BIRED SAT #5551tk
BT 2 TR [2] 43R LU, ETDA ICKIIST 2% CA ZRO DRI (CA-ETDA I &V D) % CSPICERAL L, SAT VLN
— TR L. F-, BE t=2, BV MNE 2=2, KYEH v=2, /35 A—ZH k=100 @ CA \Z%f59 % ETDA (CA-EDTA & &
T) BIFET DR b OFERNPELICELDHLNTND.

x1 t=2, z=2, v=2, k=100D CA-ETDA ®/h®b

T A—H Kk 3~7 8~12 13~15 16~66 67~100
7 A MEl% b 8 10 11 12 13
3. FLHEEE

B EFBEIC BT, Al ARSEREIC L VBRSOV ERNHDH. AR T, RHEERUR LA
% CSP AR AL LT 77 e —FIE R Z Y C, UNSAT (FE&AHE) OFRREZREL, MAEET A F & VT UNSAT @
JRIK % ShSEHNZ I LT 5 728D, BT ICHAWELY ETDA OBEEZEA L, Z OEERFHE-CRET OELS CA & OBIMRENTS
bz, E£70, M7 A TY RAEBRL, YIBRNRBEEEITY, T A NSO BEHIE SAT Y L X—THER T2 Z &1
R LTz, BH%OBEE LT, fAEET A MIE > THRIH SN D UNSAT ORI B TRWEENREZ N0, ZOfER
ERGE » BT 2 MRS 5. Fiz, BERERMER EOHSMICEREZBRERE~OMAICONT, b5t
fTHOTETHD. ZNOORBEICKT 2REFIEOEIMEZH SN L, EEROARFIAOAEMEEZFER L & loneE
ZTW5D.

HEE
ABFTE, ANERMETE NS BEYEARERT OB BT A 0 T —BIpR D Z3HRIZ L > TIThivE Lz, 2 ZITER &
LLiFEd.
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Control of High Voltage Cathode Reaction of Lithium Secondary Batteries
by Construction of Solid Electrolyte/Electrode Interface

Sou TAMINATO™

Thin-film all-solid-state batteries were prepared using a 30 nm thick LiCoO, thin-film electrode with
a layered rock salt structure and an amorphous Li,PO, solid electrolyte. The LiCoO, thin-film electrode
was tested for high-voltage operation in the all-solid-state battery configuration. In the all-solid-state
configuration operating in the range of 3—4.6 V, no significant change in discharge capacity even after 50
cycles of charge-discharge measurements. This indicates the potential of a stable charge-discharge reaction
at a high voltage region.
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DR EZRTEMMECTH 5. RFlo @S L MRS AME A T E UL 2 5L Eo= ¥ —5 R ERRcE 5
2, FEEERORERIE (LiTBEE) RFCRW T, BORTED R WA REEMIE & O RIS TR A 72 i RS 1T L C
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7-.

L EK ( SrRuO; )
EA4R ( SrTiO; ) (100)

R WEE AR T 7OV & RIMEHTE ArBAT, 70— 7

Z A L CRFili L 72,

3. ®#R

PEHRL L 72 LiCoO, I, XHREHTEIZ LY 104 SRR BlS =2 &b, (1) EMEZRT I a2l 7+
UHNAHTD G, FEE LT LICoO, W[ HK T 2 IRE) B — 7 Bl S, NS MIHE D Cos04 I kT2 B — 7 D31
SNTe. FXBEHRUE L ZDOANT MVFENT G, BERIFKN30mm ThHo7o. BLEND, UVF U LA A OPEH
SRR IERR T CEMLRGHE) & 72 5 (104) Bl L 72 LiCoO, D BRI AT L. £7- Li,PO, MO FIEIE, B X
Z15um ThH o, HNOEHENTZFM L CTHOEBROEA TH -T2 &b, B —REEREMREEIRBEIN TN D
LEZOND.

21 (R U 7= s A EE L 22 3.0~4.2 V, 3.0~4.6V, 3.0~48 VOEEHIATENENY A 7L SET-EO I e th
B, WMEREOYA 7 VR E T T, 2N ENOIESRMICHE W CEMA AW & A TRWBEMIE, ZoEE
P CIE BRI FEMNARIEM 72 Co0, IENICTFET 272 EB 2 6D, WTHOEEREFICB TS, 3.9VIZBWT
LiCoO, ® Li' Bt AR IS\ B 22 AL HE 2 B Lz, REEELZ42VALEINSE S 2 L T, 42V Bk
HAT—TEMOFRPIEINT 52 EByno

4.8 4.8
729wz, LIREEN46VE TORATENR L >44
BIESETHS0YA 7 MTFL A LFRBET g ! ¢
o . 5 gas
V@.‘f, %/:E(:“‘j_/]) 7/V'§_6: &ﬁ)% %75‘&3@0 g3.2 (a) >3_2 (o)
7. FIREIEAA8 VORI HBNTIE, S0 28 e 28 s st
0 50 100 150 200 250 0 50 100 150 200 250
T IVET65% EMDEME LD &V A T iz Capacity / mAh g* Capacity / mAh g*
VKB RNMEFT 525, 5091 2 ALLMIE  as W
ZELRARERLE. /—argRicsnT 3 T .
& <100
H 50 YA 7 /L E TONLHEARE R Ty g36 § 50 c48Vcut - 46Vcut
R, SREOER ORISR Sz e 22 sseiom @] & - 42vqe @
T, KE/IEISODENE EL-EEZ BN "0 s0 100 150 200 250 0 10 20 30 40 50
Capacity / mAh g1 Cycle number / times

L. omnAlfiE L EE R L R & LT,
EAREMEZRET D222k, EMPOL
PIDUEE L7238 bIE 2 RO Z L AVRIREND.

4. £&O

2 Bk FIREEMBETY 4 2 ) S EEEAER (Li/Li;PO/LiCo0,

V) OFERFE.

WILHPA G (a) 342V, (b) 3-4.6V, (c) 348V, (d) #&MHETOR

BAREOY A 7 VR

AHFFETIE, LiCoOy IEMIZDUNT, TEMYERTEME R it 25 L CIERD 2 fFLL LD = 3 VX — 5 & 2 i 9 % v
W22 @B LTRSS OB A DT 5728, #IRET VB A /ERL U C LiTBH ASOS 2 37794 L7z, FFIZ,
EERFEEN 4.6 V £ TOHPATIE 50 VA 7 VEBENME TS, BEICHAZNTEHIERALNI o7z, ERERE
& DR AR U T R A I C, @SB EER O ESENC I 5 U 5 7 AR RO Al m E L,
BB LW ASOGOY A 7 VEED B BN RIAEND Z L 2R LTz, A4, BEREMEHB-CHE ORI L 2 EE
JERUG ORGSR, XFRWIL S, HeEF2CRE, TEM:EDX B2 TR, BIARDFEHERIGHTZIZE T 5
TERR/ FE AR TE MR R i 2 3~ C, AR @B ES S ORI, XV A HICEN D KR A 2N T 5.
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Fabrication of Muscle-tendon and Tendon-bone Junction Models
for Tissue-engineered Tendon Development

Masaki HIRUKAWA®

Tendon is a connective tissue which joints muscle and bone, and the most common treatment for
achilles tendon tears is suture surgery. However, because of the risk of re-tearing due to strength loss and
other factors, treatment with alternative materials is necessary. In this study, we fabricated muscle-tendon
and tendon-bone junction models using collagen, elastin and cells. In muscle tendon junction (MTJ)
model, myoblast and tenocyte co-cultured on collagen/elastin hybrid fiber increased mRNA expression of
collagen type XXII (MTJ marker). In tendon-bone junction model, tenocyte cultured on random elastin
fiber with bone differentiation medium increased Runx2 (bone differentiation marker) mRNA expression
over time. These results suggest that it is possible to mimicking muscle-tendon and tendon-bone junctions

in vitro.
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Development of Smart Photonic Crystal Laser

Menaka DE ZOYSA*

In this study, we develop a smart photonic crystal laser that dynamically controls the lasing state (the
spatial intensity and phase distribution of light) on demand. To control the lasing state, we introduce a
multiple electrode array to the back side of photonic crystal laser to manipulate the distribution of current
injection. Additionally, by employing machine learning, we establish a correlation between the injected
current distribution and the laser beam pattern, which reflects the lasing state. We successfully achieve
high-precision prediction of the current injection distribution required to realize target beam patterns. These
results pave the way toward a new generation of smart laser sources essential for stabilizing the lasing
mode even under the influence of environmental factors, as well as tailoring the laser beam for advanced
laser processing and additive manufacturing etc.
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HE D THEES, s RFOY MEERICEHTD. 7, 7'5113?%1 By IR, FURFACK, AR E R
FENERSR, I LRWBhE, EHEILBE, WM REBEE ORFENEORETHD.
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Synthesis of Porous Network Polymers Containing Pillar[n]arenes
and Their Adsorption Properties toward Fluorinated Organic Compounds

Shunsuke OHTANT*

Organofluorine compounds and organic dyes are now widely used for many applications in our daily
life. However, leakages of them into natural environment has become severe and worldwide problems due
to their high toxicity and non-biodegradability. Therefore, the development of effective removal technologies
is desired. In this study, we report the synthesis and adsorption properties of highly fluorinated conjugated
microporous polymers based on pillar[n]arenes namely PS-FP, P5-FBP, P6-FP and P6-FBP. These
polymers exhibited large Brunauer-Emmett-Teller (BET) surface areas up to 1063 m’g™" and showed
adsorption behaviors toward organofluorine pollutants from water. Moreover, they displayed selective
adsorptive removal toward cationic organic dyes from aqueous solutions. From a comparison with
nonfluorinated polymers, it was elucidated that the adsorptive mechanism mainly relied on fluorine-cation
electrostatic interaction. The maximum adsorption capacity of P6-FP reached to 313 mg g™' for crystal
violet, which is higher than that of conventional common adsorbents.

1. RE=R
BIE, (L WE OKBRE~OTRMNIRA 2B E /oo T D. /RS, A7 v HFib
AW, FEHICHE R C-FiEA 2R T 5 DL TRETH Y, RS OR
HHENZ &G, BREFICECEE T LV MEIMER SN TS, IES TR
PFOA, PFOS72 8D 7 v F#HAFRMTEMERNC X D15 RM S L TWD, £, F CH;
RO FITMAHECEIR, BRER Y, TRMCESHWLNE — T, ZO 85
KELTERERICHENA T, KEBROFRWEE L TRVG5H. —icHENE RG "
NiE <, ETESMRIETEH D 2 ENBARR~ORECRE LOMENREINTE
D, ZNHOBREEROBMENEENLTNS ", R1 Y- [n]7 L—>0fbsHik
EI— 7 b—r (K1) 1Znflo_cBrga=y bR AF LU EIC L0 2EE X
NEAERBRSFTH 5. HFRNICERTHREAEELELZZHA L TEY, 3RTEHREREBE S LD, BT —[n]
TL—VERBIZEORY NT—2T 252 LT, BACZLBEMEEGD LN TE L. ZNOEZHLBEMEHIRWE
T & R R SR AT 5 Z RO TE Y, R ERTE S BER~ OIS AR s h s Y.
AT, BT =7 b—r Ry Y= R) ~—OENZWEMRRIZER L, W7 v REFE2EATLZ &
ICE AR DA B LT, N—orFdad ==L ) v h—2 WG 7 vHELIBER Y NU—7 R ~—%2 55
L7z, fBonizR Y ~—i%, PFOA I T A U MEOFHERICK L TEWBIFIMN A RTZ NP LMY, Zhb%
KA THRMICHRETRTHD Z L2 R LT

2. Z9yFRERY FT—OR)T—DEREMAEED M

10D FY 75— (TfO) B2 ATHET—[5] 7T L—rF /) ~—1 L R—T L F T 2= o h—3 &M\ Chged -
MR 0 ATy 7Y o T EATolo 5O E SRS TR 2 2 & TREMED BAER (PS-FP) #4537 (K12).
E, RI~—2MRT 57 —n]7 L—rDEOREERV VI —DORSIZED2WAEMROZ L EZ T 572912
EI—[6]7 L—rF /) w2 KO —=T ) F a7 =) =5 EHWT, G4 FEO 7 v #E{LA Y ~— (P5-FP, P5-
FBP,P6-FP,P6-FBP) Z# &k L7 (K2). &5I8, 7y REHALLRERIET 572012, 7y RERTZ20ND U —
202442 28 1 3

SR A T —
SRR AR B TIFZERME 1 - AW b2 Bl
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4RV 6 EHWT, TRENCKIGT 53k 4 o= b i :
_ _ A Ry Ry 1=F, n=20Po-
LAY ~— (P5-P,P5-BP, P6-P,P6-BP) % & hkL7- o .
@ v e S
BonFERY v —2oNWT 7 — U T ZHFRI S i e
(FT-IR) & %17 - 71 LA, TIOR LUK T Vv
CHRT D E—2IHR L, CFREEAUCCHREICH [, |
KT HE— I BRENTZZ LM, TIOHMAKIMET LF  rouacdpiatiaone | ’2 ” -
N N =51
CEETLHICA—EDH T Y I Lo THEE nee2 e Wit 5 G672 T g
R N N - Biphenyl linker 1 ; " n—= 3 :
ﬂ’ Z\“/ ]\ Uﬁy/_j’; U Vb«ﬁ)ﬁéﬁ‘zénf:: & %HEE‘ZS\L PdCI(PPhy), ::=:Z=z:g-::
. BRI AWHEREIC L > THY ~— DL AL % G s 1)
L 7= %% 5%, P5-FBP, P6-FP, P6-FBP | (/L fEk T 5 & D 2 TyFET— T L—Y iy b T—7 KT —DEH.

2l AERL, w4784l (~2nm) ZH L TWDHZ &R S 72, Brunauer-Emmett-Teller (BET)E 7 /L % T
P5-FP, P5-FBP, P6-FP, P6-FBPO LL R HAEZ G L7- & 2 A, £1F1300m?g !, 766 m2g !, 1063 m?>g !, 629 m?>g ' & 72 1),
BRI R & R b R\ A FFO 2 E D BT o 7.
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3. KPTOT vRILEMREER :f; SIS R "
Wiz, 7 vHFEtFy U —27 R Y ~—DPFOAIZKT DWW HENERE - oL PRVt OH

ZFFT L72. 10 mgL" O PFOATRI 10 mLICA AR U ~— 1 mg ZiRM - 39 PFOA

L, 24T 22 L THRY = —HICWE S, k7 e~ b 25

77 7B NTE (LC-MS/MS) THERIBEZE L. TO/E, 20
vFERY v —13 7 v RN v — TN THE W REDREZ A 15
fé;k#%%ﬁ &ot(ln ZDORERND, f97~k n
PFOA & DRI 7 v F—7 v B AR ARAERIECHF T 5 ° | e
ZLEBHBMI R T P5-FBP P6-FBP P5-BP P6-BP
B3 PFOAWLAGHERIC 51} 5 B,

% removal

4. K TOHORBERRERER
W, AERLE LTI UARIANSF Ly REATF LA LU 100
MNTRAEERZIT->72 (K4) . 1 mgDR Y ~— 2 A E KK %2 | gt

|
(10 mg/L, 10 mL) (%, 24REMIBERME, BEEOSAMTEILRE 8O | !
I
I N @ O N
|

© R0 THEOREDF LA LI, ZORR, nFAtk0s = _
SASAF Ly MV ERAET v #ILH U ~— (PSFBP, P6- 3 o0 |
FBP) z:.ﬁ,u\ﬁﬁfxﬁ«ﬁp%mbtéﬁf, 2 hu—LKY ~— (P5-BP, § 49 |
P6-BP) (ZIXF &AW LRV ERBI LR o7 (4) . 7= F 30 |

T/ﬁ@%?»ﬁb//%ﬁwt BIE7 v EOHEICED b PTIK 20 ¢

VBRESEE R L. SO E b, BREMERENT v RET L ‘g'
HHGEFED D FA NI T D EMAERIZL T, ZF4 % P5FBP P6-FBP  P5-BP P6-BP
ARORIHT DWARSA ELIZbDOLFEXLND. H4 70 A5 05 Ly PRSI B 5 BRI,

5. ¥&®

EI—m]T7r—rveR—=onrgdu 7= ) v =W CTEST LI EICLY, ~17uflzBT567 vFEEAL
Bry hU—0R)=—%Bm LT, TRHARY~—Ii%, A7 v #EEWOAEESRICK LTS EE R L. FFIC
AHEOHFIH LTI, @WVEBMEREAZTR L, KPOhF 4 oA OHEZROICERETRETH 5 Z LWL IR
S, arvha— AR w—LOWENS, ZORFRMEITRY v—NO7 v BRET EARERITBIT D F A L E
OAHAAMEFICHET A DO THDH Z EIRBEND.
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Development of Highly Emissive Polymer Solar Cells

Yasunari TAMAT*

Polymer solar cells (PSCs) consisting of electron donating polymers and electron accepting small
molecules have attracted broad attention as a next-generation solar cell technology owing to their potential
advantages, including low-cost manufacturing, lightweight, flexibility, and low toxicity. However, the
open-circuit voltage (V,,.) and power conversion efficiency (PCE) of PSCs lag behind those of inorganic
counterparts, posing a challenge for their commercial application.

One reason for the low V. of PSCs is attributed to the extremely small oscillator strength of interfacial
charge transfer (CT) states, resulting in a large voltage loss caused by nonradiative charge recombination.
Therefore, enhancing the luminescence quantum yield of PSCs is crucial for improving V, .. and hence
PCE. Herein, we realized highly emissive PSCs with a high charge separation efficiency by modulating
energy offset between the donor and acceptor materials in ternary blend PSCs.

1. #8

EA R P—MEBLOT 7 2 77 —MEOFEREZRES L TERT 5 77 AT~ 7 KEGEM (polymer solar cell: PSC) (X
LA - B - 7 LF 7L AR & OFLED bR O KGEM & L TRACHIIES TS, L LR35 PSC D
WELEHH (power conversion efficiency: PCE) (355 Y U = 78 CEEFO MRS EMIZIT TS, EAIzmT TF
72% PCE [] EATER &N 5.

PSC OFEED—DITEEL DN R % » 712kt L CBiEETE (open-circuit voltage: Voc) 2MEWZ EBZEITF B b, KB
BN T 23890 AWV ERRIC S NUE, BN KB EIZFREICEN LED Th 5. WANICE 21F LED OBFILERR
—Him BT % & RBED Voc 735K 60 mV 8] L3 % 728, LED iR m b LI KMy Emtkiem Lo nEmTh s, mziEs v
a v KT E L. PCE 27”3 L FIKHZ LED & L TOIMBEFINEN 102 48252 EBMbhTnd. —J7, PSC
@ LED ZhZIFIICMEHIRB N TH 104 A —F—TH V, ZD7EDN PCE DEICHEME L TN 5.

PSC @O LED W3R AMEWOIIFE I CTh 5 BB E) (charge transfer: CT) IRIEDIREY THRE D /NS WO TH D,
F ZCAMZE TILCTIREED B O E FBENC K - CIRE) 178 O K & 22 RFTHEE  (local excitation: LE) IRAEA Ak S 4,
LERIEZFE S W 5 2 L TLEDZIROM L& B, ALEOAET I E TOFx ORI L EiEsn Tl b 1,
T4 IZLED DA IR N 10° 28 2 % PSCEBEICEHR LT 5. —F, CTIREEN D LERBE~D W E B8 2 (L1 &
FHDICIETEDO =R X5/ NI THZENMNETHY, TORE L U CTEMAERDENME I 5729 PCEIXK
TT5. ZZTAMIETIE R —: 77 7 ¥ —BARROETREE KT 5 2 & TEMERSREZKTSEHZ &
72 LEDZ#R A M LS5 2 L2 HIET.

2. =R

fLxzy, TR by, TF = VONETHEBER IS L7 ITO M A 30 43 UV A s Uiz, e L7z ITO Efk bic
PEDOT:PSS (Clevious, AI4083)% A t* zt— bk L, K& 150 °C T 20 A MIEVLES 2 Z & TIRMNICIE-E LK &=L
. FO%, BEFWKO S0 —T Ry 7 AR THA O RF—7 7w 7 ¥ —RAERE A a— kL, 110 °C T 10 4y
RAEVILE 72, IRIBT%IZ PEN-Br O A ¥ J — VIRIR 58 LIc A a— R L, IRWT AL & 90nm BEZ278% L7z, £7,
ITO ¥k b3 L OVH B LICTEMEE O A% A B v a— N LarstlllEic vz,

ERL L2 F T IO CEBERHTUL TEE-EBE (-V) JE, JBARIEETIE (EQEy) MIE, L UHEAFRN
SRR UV (EQEy) MEZEITH-T-.
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WIZ R — . 77 77 —REWHEBICOWTHEA O NFHIIZ T 72, BEFINEDE (PYSA) 2k 0, E6ktoA
A ACRT v N ERE LT, £, @A MVHIER X ORI YEEIC L 0 B - B A A7 A
ZREm L7

o
=1

3. BRLEE

a e PBDB-T
R —34% 45 7 PBDB-T BLUZOFHER, 77v72—2 Y £k & ¥ > peDBT20

TV BT T I SO TR TR, KF =27 787 5—01  § 0 v
AR T % L DZE (AlBpysa) & RALHNT LS T2 EQEpy X 12 5 ] ¥s
(R BL AlEpysa D3 H 3 REBFMTENTAORFIZBNTHE b 01 Yo
EQEpy 27— 77, AlEpysa 75 0.42 eV % Fll% & EQEpy 2SEMICIR T LIZ, e P e
FU7 LU RIEIZOWTEIEE R Oy 2 ELT-EZA, RIUL AlEpysa 23 0.42 g 60
eV % I % H T @ OUE FABIISIUE (12 16) Z2nb, BQEn AR FO— o)
(3 AlEpysa 2ME FLICZE TR — 7 727 % —RE COBRBENRE KT ¢ 0 ;
L, CT AREEDVERRUNCL AR Te B KD Eflam L 7. — 7, BQEpy DX T £l g w0l % M
®, DIETFEBVEILKEVZLDD, MOBRLHFELTOBZEnPns, = ¢ o] o)
CTBQEWE O TR LI b D% AlEwsa IS LTF my bl 25 (1§ 91 &
le) , [ Ui T EQEpv/®q DR T 3BLAI S 4172, Z DFERIT AlEpysa 23K ok
FTHILT, CT REOMIMEIFE LI F LT D 2 L AREL T\, e T

Z T, AlEpysa 7% 042 eV % FEIS 7 L o RIEIZOW TR ERINEIE 21T -

I . ] 1 EQEpy, BT EQEsv.
Lo B, B ERIZ<50% & BV AR LT = & 50D, AlEpyss ek 21 (@ EQEw. (0) @, 5 XU () EQEw/e,

@ AlEpysa HAFE .
SIS COBMBENEE DO A/20T, B fRBaE o 2L RFL 0D
LiETm LTz,

KIZ, 2O~ b= NA 7 24T %728, #EF FJ—IZ PBDB-T-2Cl a 400 x=0
(PM7), 7 7 &7 % —IZ L8BO B LT Y1 & IV\T =5E PSC #{EH L %0 X
72. L8-BO & PM7 & DRI 14372 AlEpysa 7258 D728 80%LL LD £ o Xz
EQEp Z 77 (K1) DIk L, PM7:Y1 3 113 AlEpyss 23/ SN2 8 EQEpy 1 Lc',? 20 :
BV HOD 1073 LI ED @ EQEgL #7777, & Z T L8-BO OifsE% Y1 I e
XL TR & 72 K912 =08 PSC ZFR L7z, BRI PM7:L8-BO:Y 1 %
=1:12xxX (X S04 DIRA L TE T EER L, KEGEMEFEZ T L 72 400 600 800 1000
2a 1 RTIE Y, x S 0.3 DA EQEpy 1XIFIE—E T, AN T>80%D 7= b oo Viiaelength: (o)

FptEZ R Uz, — 5 2b RT3 0, Y1 ORINEER L & HIZ Voc 3k .

T HREF MR ST, F£72, =58 PSC (x = 0.2)i% 1072 LI ED EQEg. &4 . 0.94- /

By sz Livbmors (M2 . LLEOKEND, HOMO HEoR2S ~ 5 oo

OB T 775 — %O CRECOR FREL RS 522 c & o

AERNR AR T EESZ 72< LED $1%E 42 m L3852 ENARETH

B ERBEI NI, 090 00 02 04 06 08 10 12
c Y1 blend ratio x

4. FL&

HOMO YERE D e % “FEDTEFT 7 & 74— 1L8-BO & Y1 2+ K — 105] MW e e
PM7 & 6 L 72 PMT:L8-BO:Y1 = 6 PSC & fER L 72, = JEPSCIE i\ EQEpy Lg”
iR o E10° UL O EQEy &7 L7z 2 & 4D, ABRIEIC X 0 B AR * * PM7:Y1
HEEIET S5 2 &7 < LEDIREN LS5 = & STHETHS L7 PMT-Lo50

10
e ST, 08 10 12 14 16 18 20 2.2
Applied voltage (V)
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Development of Adjuvant-conjugated and Photoacoustic Imaging-responsive Polysaccharide
Nanogel Probe for Diagnosis of Tumor Immune Environment

Risako MIURA*

Cancer immunotherapy shows low therapeutic efficiency against “cold tumor”, because of the immuno-
suppressive tumor microenvironment. Here, we have developed adjuvant-conjugated nanogel-based
photoacoustic (PA) imaging probe to realize early diagnosis of cold tumor and tuning tumor immune
environment from cold to hot by activating M2 macrophages. M2 macrophage-targeting nanogel-based
PA probe (PMI nanogel) was conjugated with R848, a TLR7/8 adjuvant, via hydrophobic interaction, and
then the characteristics of PMI-R848 nanogel were evaluated. PMI-R848 nanogel was interacted with M2
macrophages via mannose receptor-mediated endocytosis, and induced Thl type activation of M2
macrophages effectively compared to R848 molecule only.

1. #E

AR 1L, BEOREV AT AR LEERETH D 2 L0 b, BIERN D 72 < SE 2RI EIRIRIE &
LTHIfF SN TN D, Z20O—FHT, ZOIERRITIEL 0 REE & K& AR S, REMHEHIIED M2 v~/ w7 57—
UL AT D Cold Tumor (2T 2 ZNRAMMENZ EBASMNITR> TV D[], & 5H1Z, Cold Tumor (W M
SO A A L, THRAEWI &5, Cold Tumor & RMNIIHEAL L, AT 2B @ Hot 7R EEEfufZ iR
BE (Hot Tumor) |ZHRHET 5 EHMOBIENEE THD.

T ZCARBIETIE, MEReIE RS A Hot ZeBREE~EH LA 2 EIMOREEZ B E L, M2 w7 v 77— URERAIC
CIET VanNy Ny TEEETD RT v I T IUNY =X U T ORREZFEM L7-. ZnETIE, BKESETHLI LT
VT, EEEER Al U CTHERET 2 UKL R e (NIR) & Cold Tumor (2 < AiLCWnDH M2 v/ 77—
COU T RERIRHZEA UIZF [ 7 ZPAR SRR A OBRRBICKIIL TS, 2o M2 Etkeaf45) 7
TN EEEANC, SOICET Vany "My taEe S22 81280, M2 v~/ a7y —UREL M1 5
Cold Tumor @O Fitt & Hot Tumor ~DERHAFEENEHA[RETH D EEZD. T2 T, ET7T Va2 FMELTR—VER
L& 7% —7/8 (TLR7/8) DT A=A T 5 R848 ZIINL, )& T ¥ ="V MEBILZHET / 7V DA R & WP ERE,
BEW invitro TO~Z7 a7 7 —UIEHALICOWTCRHME L7272 05T 5.

2. RETOaN\Y MERILERT / T OE L YRR - ¥a

TP, EHTH DBUKMESIED 7T 2, BKPET ARSMEE 5% (IRS20) :,Ea/mj —A G EEHK
&, M2 v/ a Ty = VTR DRI TH D CD206 (T35 U L5 PMI
K (v /—R) %f&ffi L7 Pullulan-mannose-IR820 (PMI) % &k L7=.
Z O PMI 1T IR820 DOBUKMEARAAEH A BEE) /112, KPP TH/ F 2T {z y ._J+ Re48
TBHZEBRALMNERSTEHY, PMI % HEPES Buffer [ZHfiEL, B W/ RIS
WFLEAT5 T LT, WM PMI ) SRR B (B 108 nm). % S
VT, PMI -/ ZOLEIKIZ R848 A IRANL, —HuiE#hd 52 & T R848 ¥ SKEFIIH

. . N (PMI-R848 F_./ %))

&b PMI F/ v (PMI-R848 F/ 7 v) IR &= F+7= (1X11).

PMI-R848 7~/ 7 /L ORI ZBHPDERGELEIZ LV HEL72E 25 73 nm 1 PMI-R848 F 7 7 L OB,

ToH Y, R848 OBELIZ L WRIREMN R Lz Z EDRH LN E 72 o7, F iz,

202443 H1H M
TSR A T —
SRR PR FBE T 7R W = v ¥ — (b # I
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S THRI A7 R VHITEDN D, PMI-R848 F/ 4~ /LI R848 HIRDWRIN ' — 7 NELH S 1, FEHIZ R848 NEAL
LTWNDZENGholz. R4S 1INV B UERERT HBUKM/N T TH Y, IR820 Mk L TV AREERFICHHiA I
H2LT, AL TWDEBEALND. £z, EAEITHEORENED LTnD Z &b, R848 BEALT HERIC
IR820 WIERLT BT/ 7V OB ZEG SR L 2S5, 7/ F A ZIE S Tnd 2 & bR sy,

3. M2 =/ 07 7—UEM S REFEL

R848 1%, v 7 17 7 — U MIIE 7 EHURR RIfR O = K Y — ANIZHELT S TLR7/8 O7 F=A N Th Y, Thl
B OGP A TFHET 5[2]. 2 OPURIRRHIEO Thl BOGETTHIZE DY A N4 004 Uikt E N T—
& LT, Cold Tumor 72> Hot Tumor ~DEEE BRI OERIAN AIREIZ /2 H[2]. £ 2T, v~V AR~ v 77— Uik
B (RAW264.7) Z# AV, M2 ~7 17 7 —U~OEHME, BX, PMI-R848 F/ 7k b M2 ~7 77—V DTk
Pl A TG L7z,

£, RAW264.7 MRz VA b oA v 3R L, Ml

HLHNE M2 w77y —=VIpfEE. ML 50 2000+ wxxx © Non treatment
X M2 53t RAW264.7 iz PMI-R848 F / 7L & ik —
MU, = ORISR OWIRIE D ST/ 7 VDI Y AR ?
AR L7-E 25, PMI-R848 F/ 7 /LiE M2 ~ 7 1
77— VRRIIZERDIAENTWADS Z EBRS N 2D
fEIx, R848 #HAMLATD PMI F/ ZLv LEIKETH Y,
M2 ~o/u7y—UICRBlT o~y ) —ALkET X —%
LT REB 2 AR IC L 2 bl eEZ LA, it 0-
T, Ml 5\ X M2 w7 a7 57—k LT, R84S,
PMI-R848 7/ 7V ZIRINL, —ER LR % DR R % ®2 M2~ 2107 7 — 3 OiEHALEHi,

D FIEIZEIT D TNF-o a7 liL7zE 25, Ml w271

77— UITKk LTI R848 IRINEE L PMI-R848 F / Z/VUSINEET TNF-o PEAERICEIIA LR >7—FHT, M2 +
a7y —IIZR LTI, PMI-R848 F/ ZALUIBED ST SEEIC TNF-0 EEAEBENSZWZ Earaniz (K2). Zn
1L, PMI-R848 F/ S~y ) —ALETH =% L, BEEINIC M2 v~/ a7y —ULHEERLZZ &, S5,
TV RYA b= RIZED M2 w77 7= IZBViAER, =2 K —ANIZHEILT %S TLR7/8 ~#hEMIC R848 %
EELEZLIZRY, M2 w7 a7 7 —VOIEMARIZPE S, FEFITIRVY TNF-o EEAZHFELZLEXOND.

O R848
O PMI-R848 nanogel

-
o
(=]
o
1

1000

TNF-a (pg/mL)

500

M1 M2

4. ¥E

I TIE, RIET YV a0 MEBLZ BT 70 (PMI-R848 F/ 7)) %#&&Et - AL, O M2 77 57—
REMER L OVEHEGIZ O W TR 21T 572, M2 w27 a7 7 — VBN EF 3% PML &/ 7 Lb~, TLR7/8 O7 I =
ANTHD R4S ZiRA LIZE A, T/ FNVORERRAE L ORI — e A =7 SARIEN S, SRR A/ER
ZEEE)JIC R848 NEALEINI-Z LN RENT. IBIZ, v/ —ADEMICLY M2 ~7 v 77— & KR
HAER L, RIEMYA A Thd TNF-a OEAZBRSFEETHZERPALNE o7 LLEOKRENS, HiIch
% L72 PMI-R848 F/ 7 uix M2 ~ 7 a7 7 — VR RARIEMHLEHE LGS, ET Vo "y e LTHIET 2 L
DM E T oz, 51%1E, FEEO PA & LFRRRC, EEGEREOEM(LEERT 287 /AT 4 7 AT n—7 L
L COBREZI ST 5.
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Extreme Ultraviolet Laser Photoelectron Spectroscopy Study of the Electronic Structure
of Materials at the Gas-liquid Interface and the Formation of the Electric Double Layer

Yo-ichi YAMAMOTO*

Photoelectron spectroscopy of liquids is a promising tool to investigate electronic structures of
materials at gas-liquid interfaces. One of the problems is weak signal intensity due to a mismatch of typical
laser spot size (100 um phi.) and size of a liquid microjet (10-20 um) introduced into vacuum as a liquid
sample. In this study, we have developed a new microfluidics device producing a stable liquid sheet jet.
The signal intensity increased by about 10 times at maximum owing to increase of cross-sectional area of
laser light and liquid sample. We also examined gas-dynamic nozzle making liquid sheet jet, which turned
out to be less effective for photoelectron spectroscopy due to significant inelastic scattering of photoelectrons
by high-density gas molecules around the sheet.
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The Elucidation of Ultrafast Photoisomerization Process
of C=C Double Bond Induced by UV Absorption

Shutaro KARASHIMA*

Extreme UV time-resolved photoelectron spectroscopy was performed to elucidate the ultrafast
photoisomerization reaction of ethylene. We confirmed that the photoelectron band attributed to the vinyl
radical did not disappear until a delay time of 30 ps in this study. On the other hand, no other reaction
products, such as acetylene and hydrogen atom, were detected. Thus, we are now preparing time-resolved
mass spectrometry to identify the intermediate and final reaction products. The mass spectrum measured
with extreme UV pulses has indicated the multi-peaks corresponding to ethylene, vinyl radical, and acetylene

molecules.
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Development of Homogeneous Metal-sulfur Catalysts
for Carbon Dioxide Utilization

Kazuki TANIFUJT*

The conversion and utilization of CO, are becoming indispensable technologies to achieve sustainable
society and carbon-neutral human activity. Most known homogeneous catalysts developed for CO,
reduction give CO or HCOOH as a result of 2-electron reduction and rarely provide hydrocarbons (e.g.,
CH,, C,H,, and C,H,). Based on our previous findings that synthetic metal-sulfur clusters mediate
reduction of CO,, CO, and CN" into short-chain hydrocarbons, this study aims to refine the reaction by
attaining higher efficiency and selectivity for hydrocarbon products. Our catalyst platform, [Cp®,Mo,S,M]
(Cp® = cyclopentadienyl derivatives, M = transition metals), demonstrated promising catalytic activity,

particularly for CH, production from CO,.
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Creation and Application of Triply Bonded Species between
a Heavy Group-14 Element and a Carbon:
Elucidation of 7-Bonds Containing Heavier Group-14 Elements and their Properties

Mariko YUKIMOTO®

Multiply bonded compounds between heavy elements, e.g., heavy analogs of alkenes, alkynes, etc.,
have been isolated using kinetic stabilization to elucidate their nature.” However, the synthesis and isola-
tion of kinetically stabilized triple bond compounds between carbon and heavy group 14 elements have
never been achieved due to the high reactivity resulting from the polarized structure of the triple bond.
This work aims to synthesize, isolate, and elucidate kinetically stabilized triple-bonded compounds between
carbon and heavy group 14 elements.
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Development of Capture of Diluted CO, via Crystallization
of Metal-Carbamate Frameworks

Kentaro KADOTA*

The technology to capture and release low-concentration CO, within a mild temperature range is essential
for achieving a carbon-neutral society. Existing methods utilizing inorganic or organic materials face
challenges related to emission temperatures and capture concentrations. In this study, we aimed to control
the capture and release properties of low-concentration CO, using CO,-derived metal complexes as carriers.
We constructed a flow and a batch system for quantitatively evaluating the behavior of low-concentration
CO, capture and built a thermalgravimetric system to quantify released CO, upon heating. By exploring
combinations of metal ions and amines, we achieved a reduction in CO, release temperature compared to
existing systems. Future efforts will focus on elucidating the detailed structure of complexes to further
investigate the control of capture and release properties.
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Development of High Performance Chalcogenide Thermoelectric Film
by Tuning Atomic Concentration

Takafumi ISHIBE®

Film thermoelectric (TE) materials, which convert a vast amount of heat to electricity, are drawing
much attention as one of the power sources of Internet of things sensors because of small size, light weight,
and stand-alone power generation. To enhance the TE conversion efficiency, low thermal conductivity,
high Seebeck coefficient, high electrical conductivity are required. In 2016, theoretical research reported
that GeS would exhibit high TE conversion efficiency because GeS has the layered crystal structure and
sharp density of states near Fermi energy, leading to low thermal conductivity and high Seebeck coefficient,
respectively. However, there have been no experimental studies about TE properties of GeS. This is
likely attributed to the difficulty in forming GeS because of high volatility of Sulfur. In this study, we
reveal the growth condition of GeS film. High temperature growth of more than 300°C volatilized S com-
pletely, concluding that 250°C is suitable for GeS film growth. When varying the growth rate at the fixed
temperature of 250°C, GeS film was obtained at the lowest growth rate of 0.6 nm/min. It is considered that
too high growth rate could deviate the compositional ratio of Ge and S from the optimal one due to the
difference of sputtering rate. In the future study, it is expected to optimize the growth condition of GeS
film and to obtain TE properties.

HREREEAM
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Stochastic Geometry-based Performance Analysis and UAV Height Optimization
in 3D Space for UAV-to-UAV Communications

Takeshi HIRAT*

This paper proposes a stochastic geometry-based analytical model for the packet reception ratio in
unmanned aerial vehicle (UAV)-to-UAV communications in a 3D space and optimizes UAV heights based
on the proposed model. The key idea in the proposed model is to reflect the density distribution of UAVs
per height to the model by using stochastic geometry. Our analytical results showed that a higher density
distribution at a lower height achieved a higher packet reception ratio to mitigate the interference with
the line-of-sight condition.

. IRE=

H;E, £ D unmanned aerial vehicle (UAV) Z23HifMi&E % 3 RITTAUIZIRONET Y, A& 72k — B X 212864 %
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%%%X%ﬁ?iu~%’i@%ﬁb HRZESD. Z ORI, BIERERE KT D EE 2R T E DA &
BB L, — KRS L LT & X OFSE@OA DA v amd. 72770, AT, BE-BESILEDEQD
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BREZRLTWA, BIZE VAV jOomEL2RLTEBY, Ml UAVOR B
Ry REIEREZ R LTS, HEEN VIO UAV 5340 Tk, —h BI1 FEEISHS 5 UAV ORESAiBIEL (2],
AR A /\/7/ FMZEERMETFTLTNDZ ENRGN5B. *ﬁ,
LFETROTE, vy MZEERRA ELTWDZ ENG05.
Ubkoz 2:75!5 T L OBIZIE, EEEO UAVEEEZMZ D Z L 0.8
NEVEBEICRS T DI ERRINT.

rdrdz

0.014

0.012

0.010 ——+—+—
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0.006

T —HRE
ERENYE
ARTAYER

—o— HKE
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—— A
EREMYE
ERTAYE

—o— WAE

Ry FREER
e
>
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Staining Probe for an Observation of Cell Organelle by Using Electron Microscope

Kenta MORITA*

A transmission electron microscope (TEM) has the highest resolution compared to other optical
microscopes. However, it has been difficult to stain and observe the desired cell organelles because
conventional electron staining agents do not express enough specificity and spatial resolution. In this study,
I designed peptide lipids that can be used as electron staining agents. I combined the peptide sequence that
complexes with a palladium atom and the lipid chain that localizes to specific organelles. First, I conjugated
the peptide lipid with a fluorophore to observe its intracellular localization using confocal laser scanning
microscopy. The peptide lipid was localized at the cellular lipid droplet. Next, the absorbance measurements
suggested that the peptide lipid formed a metal complex with palladium in D-PBS solution under acidic
conditions. Thus, I thought that the peptide-palladium complex can be used as an electron staining agent
for the cellular lipid droplet.

1. EREEM

B P ACER BT 2X 7 5 (TEM) VI T OB TEIEE & LE_TH 400 fFLL R & WS SRREZ FEOIC b b B3, flal
IR E OBIRBIZ IO FBMELIH BN D, ZTOREXZEHRE LT, TEMEREIFE /72 Th Y AIZ L D400
MTERNT ENZE 7‘ DI 5, M/ NRE 2 TEM CTERIPICFTAL T 212138 B A 4T BRSO ERH DM, 2
DRFFAE T-Ye 0 2 (AT ) SRBKITFE LRV, 22 C, BOMEI L—TTIZESRA A4 LEEREERT 57T
RELHN L (GCH) & RAWKBE AL B DT F FIREAME L TWD 5 —F . Bl OETIE, X7 F RIFE DR
{LAKRFEHO R S 272 & AT/ M 72 }:“@%EHS/J\””EWE.m%%%%o LOURBEN TS, ZZ2T, &FA
z“x&%ﬁﬁ:ﬂbﬁ}w“é~7% RREE D RALKE B Z R 2 1CZE 2. MRENO LA NI ERA 4 2 RELSEHZ L T
B PMERIC CBIEAREICT 2 Z 2 BN E Lz, BRI HIEE LT, &1 40 2 FF L CHIRIBRICRELT 2
«7%%FW%A&L ﬁ%ﬁ@%f%ﬂm \CTCHERT %, 2 LT, XFF FIEE DAL KE R D FE S OB A4 128
(L LZDOREEMRT 5 Z & CETFREHF E UTRIARRERBS A RET 5, AL TIX, 287 NEGEDOT- DT Y
7 LA Ay (Pd) & C16-GGGH F721% GCGH-C16 ML T %<7 F R mEssRlc >\ Tt L= (K 1),

2. EEAK Palmitoyl-Gly-Gly-Gly-His (C16-GGGH)
Pt ISR 7y O
7T FIRE DAL /\/\/\/\/\/\/\j\ﬂ/\(@/n\/ﬁ\ﬂ/\ﬂ/ﬂ OH
C16-GGGH & GGGH-C16 1% Fmoc ~X7"F REFAEZ TV TERK ° N~
L. BRI Lo THEL L 7=, MALDI-TOF/MS & W TA RO

1ot (W), £k, ARLEATT FIREOMATEEE Y Cy-Gy-HisHeadecyiamine (GGGH-CLE)
flid 572, |2 5-aminofluorescein #HEA S5 = &L THILT ) \H

UL L7z F1-C16-GGGH Z fF#d L 7=, HPLC & AV CREEL “z"iuw"\iu :

MALDI-TOF/MS % W C AR DR #1T - 7=,

~NFF RIS O PN B RE 1 KW THWI 2T F FIRE O 55 1H k.

36 mm DT 4 v = 1.0X10° cells DIFI#A ML (HepG2) ZHFFEL 72, 24 h #2100 uM F1-C16-GGGH % ¥&f#
L7oBEHICAZH L. FTE DR A % 2X— bk Uiz, ZOtk, MROEEGERE AW CllfaZ, £72i3. Malk, v
VY =5, JelhiE SR LT,
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RXIFRIEEELNRTGOT LA F Y (PdY) OEERFERR

YRR 2 VRN USREAVEIRTZ & L7- D-PBS ¥l & LC, X7 F FIRE & PAC12 #-E/VE 511 TR L7z, IRAPIAGRE
4 RFREIREREZIC, Z ORAWIROWICEZJE L, PAICHET 5 280 nm ORNE DL 2 R LT,

RTF R B E A AV RO E T Yt

0.05 mM GGGH-C16 & 0.25 mM PdCly % D-PBS (pH<1) HUCHfE L, —WBEFkE L7z, SEROERLZ R L7-#% . NayCOsfil
Az - C pH T IZFASE LEEIRIAIR & LTz, HepG2 M%7 ¢ v v a2 THZE L, MU 7 AL K - CRBRE 2R
U7z, Z ZICEERIRIRETINL, 30 A v FaX—k L7z, 0Ok, Mgz 727 AT e RCEE L, #EIC
WL L7t M AER Ui, BIR 2 Yo F F TEM CRIZE L7z,

3. HRLER
FT, AR LT T NIREOMIEANEEZ BT 570, @B L7z F1-C16-GGGH % HepG2 |Z#¢ - LILE R L —
W—EENEE (CLSM) ([ CEOLBIZR 21T 7=, MlkZ. 7213, /M 30 min Overnight

B, U Yy —2 [ENTHE OEYEIZ Ko TRIEFNL bR LT,

F1-C16-GGGH IX, # 5% 30 2y CIEMIRIIZRHE L Tz (K274),
PG —meko L. EMICREL T (K24), lbend, 7
JFRIVEHE LT C16 2T F FIFE IR 2 95 = &
TR & 2 VO SHRIATE O R BT EAl e L CRITE 5 2 & AVR
B X7z,

WIZ, GGGH ZF§ o7 T RIFHE & Pd* & 5T A& /0 0T
AE LT, EORER. CL6-GGGH (XEEARTER SIS 23 5E RN HEATT 2 £ T
—WRAZE L7278, GOGH-C16 1% 4 B¥ CIRIGAET Lz, D7, B2 ~77F FIRHOMIBNEIE.
DI GGGH-C16 % AW TRRmT 21T - 72,

F1-C16-GGGH DA TN EZ 2 E 12 L, GGGH-C16 & Pd* Dk %
HepG2 |2 30 43 L35 Z & T HepG2 DMAIME D T-Yet ik Tz,
R A SLBE U 7= HepG2 ffE Z MR GO L TEM IZ TR A T o7& 2 A, o
RALER LT b — WA Crdfiaie i < BlE T & v ol
st L. SEAALER L7 iR CIEB S ifRED 2 v 7 2 b v < B2
Sz (¥3), %2 TTEM-EDS AT K » TlBE ot 2177228, K
SITRTHEEF NS IIWT D PAICHET HE S IIMRETE 20Tz,
AU, MBI 2EE L7 Pd R38O CTh e nWimd Th D EE XD
na, Control (fEZ)

B Fi-cie-caeH [l BsisiE

GGGH-C16/Pd?+ $&{&

4. HEHR

ARG T, Pd* & AT AT 5 X7 F RELFITH 5 GGGH & 7 /LF /1
$H C16 Z s L=~ 7 F FIEH C16-GGGH, GGGH-C16 Z AT, #i
INERE ORFRIOE YN AHEN E O D E G L, #O6EM L=~
F FIREOMISNENRE A BER L7255 R, C16 ZRF o7 F NIFEITEM
FINCHIIERIZ RTE L. SRR IGiE s AT 5 Z L mme sz, %
Z T GGGH-C16 & Pd* D& (A % I\ CREZE M O MR 2 fRIf L CE
et L7z 2 A, TEMBIEIC L » THIlIED 2> T 2 N LR
bNiz, Lo, REMINGRE QR RAEFRAICER L L iEE0n
N, Pd R OEBREZ T LRBMNETH 5,

B3 GGGH-C16 & Pd™ k4 Fv: 7= 55284001
MBI D - Fett. R - Ml oA E.
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Revealing Thermofluid Physics of Multicomponent Liquids
for Advanced Fabrication

Zhenying WANG™

The Toyota Riken Scholar program proposed by the author aims to reveal the thermofluid physics,
including wetting, dewetting, and phase change, in the evaporation-type fabrication process based on
multicomponent liquids, such as OLED or perovskite thin films. During the program, I have focused on
the wetting dynamics for various liquid-solid combinations, flow structure near three phase contact line
of evaporating liquids, as well as, controllable crystallization from saline solution droplets by tuning
the mass flux and internal flow. The findings have lead to fruitful results with scientific and application
impacts.

1. Background

Fabrication based on solvent evaporation, represented by inkjet printing, is a common technique used in various fields such as material
science, chemistry, and pharmaceuticals. This method involves the use of a solvent to dissolve a polymer or other substance and then
allowing the solvent to evaporate, leaving behind a solid structure or film. The process of solvent evaporation and the induced self-
assembly of functional materials are therefore of great importance to the properties of the fabricated thin films or structures.

While the fabrication process is often optimized from the engineering point of view, the thermofluid physics during the evaporation
of multicomponent liquids (artificial inks for OLED, QLED, etc.) is far from a good understanding, which is a bottleneck issue in
controllable fabrication of electronic devices (evaporation-type fabrication)".

For this reason, the Toyota Riken Scholar program, proposed by the author, aims to reveal the thermofluid physics, including wetting,

dewetting, and phase change, in the evaporation-type fabrication process of OLED or perovskite thin films.

2. Research Progress

Several research topics have been conducted during Ja~ Liquid thfse Heat Conduction Bi~ .Soli.d Phase Themal Resis.tance
Interfacial Thermal Effect Liquid Phase Thermal Resistance

the program, including exploration of wetting dynamics

Interfacial Thermal Effect Heat Conduction through Substrate "
for various liquid-solid combinations, flow structure | N1 P T
near three phase contact line, as well as, controllable \ /

crystallization from saline solution droplets by tuning Temperature Gradient === m-mom-mmmmmsy
the mass flux and internal flow. a {1 Preferential Evaporation !
i i 1
In the aspect of liquid wetting, with both mathematical /A !
. . . How Strong? | i
modeling and experiments, we reveal that, the wetting \ !

Ma ~ Marangoni Effect
dynamics of volatile droplets can be scaled by the spatial- Viscous Effect - /
temporal interplay between capillary, evaporation, and
thermal Marangoni effects ([¥/1). We elucidate and

quantify these complex interactions using phase =~ ~ Te=====—ssssss—o—-—e- -
1 Decomposition of the dominating mechanisms in wetting dynamics of evap-

|

)
\
v
4
|
N ————

diagrams based on systematic theoretical and experi- .
. . orative droplets.
mental investigations.
A spreading law of evaporative droplets is derived by extending Tanner’s law (valid for non-volatile liquids) to a full range of liquids

with saturation vapor pressure spanning from 10" to 10° Pa and on substrates with thermal conductivity from 10~ to 10° W/m/K. Besides
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its importance in fluid-based industries, the conclusions also enable a unifying explanation to a series of individual works including
the criterion of flow reversal and the state of dynamic wetting, making it possible to control liquid transport in diverse application
scenarios.

In the case of flow structure near three phase contact line (TPCL), we indicate that for less volatile liquids such as butanol, the flow
pattern is dominated by outwarding capillary flow ([¥12(a)). With increasing liquid volatility, e.g., alcohol, the effect of evaporation
cooling, under conditions, induces interfacial temperature gradient with cold droplet apex and warm edge. The temperature gradient
leads to Marangoni flow that competes with capillary flow, resulting in the reversal of interfacial flow and the formation of a stagnation
point near TPCL ([X2(b)). The spatiotemporal variations of capillary velocity and Marangoni velocity are further quantified by
mathematically decomposing the tangential velocity of interfacial flow. The conclusions can serve as a theoretical base for explaining
deposition patterns from colloidal suspensions, and can be utilized as a benchmark in analyzing more complex liquid systems, such as
quantum dot inks or perovskite solutions for practical application.

In the aspect of controllable crystallization from saline solution, we have combined transparent observation and micro-particle image
velocimetry (LPIV) for relating the crystallization process with the transition of flow field. Approaches with vapor field control and
substrate heating have been applied for controllable nucleation formation and crystal growth, which can provide direct theoretical

supports for high quality crystallization in the fabrication of perovskite thin films.

Deposition Pattern

Deposition
Pattern

X2 Trajectory of tracing particles reveals the flow field near three phase contact line of
evaporating drops.

3. Achievements, Conclusions and Perspectives

The above research findings have lead to one Editor’s Pick paper in Applied Physics Letter”, one paper with minor revision in Journal
of Fluid Mechanics”, and one paper under preparation for Physical Review Fluids.

To conclude, analyzing and understanding the behavior of multicomponent liquids is crucial in fields such as chemistry, chemical
engineering, pharmaceuticals, and material science. With extensive knowledge of the fundamental thermal-fluid science, we will be
able to take full control of the liquid behaviors and therefore high-quality fabrication of solvent-evaporation-based surface structures
and thin films.

With more to explore, I would like to thank the Toyota Riken Scholar program for providing an excellent interdisciplinary platform
for researchers from different fields and with different experts to communicate, discuss, and work together on important and mutually
interested scientific or technical problems. I am also looking forward to solid collaborations with researchers with fabrication and

biochemical backgrounds through Toyota Riken Scholar Joint Research in the future.
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Construction of Coordination Metal Complex Exhibiting Electron Transfer
and Control of the Magnetic and Electric Property

Yoshihiro SEKINE*

The development of functional compounds exhibiting external-stimulus-induced intramolecular electron
transfers is one of the key themes in the field of materials science. In this study, the new cyanide-bridged
metal complexes have been synthesized, and investigated their electronic and magnetic property. The
temperature-dependent single-crystal X-ray structural analyses and magnetic data revealed that the intra-
molecular electron transfers between metal ions are promoted by temperature variation with the spin-state
changes between diamagnetic and paramagnetic states.

1. IROERELEHM

B ARIE T TN - 2 TRIE T84 R T WEROBIL, 2 T8 2 EE TIREE - 2 B RIBO LI I 5 3%
WIVEDRILD 272 53, SNSRI INE T 2 2 & TR IS AL v F o 7 L5 DEEREMED T~ L BB TE 2720,
WERAICBWTEHEBERT —~D—>Th b, HTMHLEY, FHICEBIETE, BUITFOHTHINIE Y XA REE -
BALERTTREEDHIEATTRETH Y, & BITHEER « B FRORBMEIC S BRI RABISE ML RT 2 b, AR
WEREL WD, Fin, BRBEEEKT, BT FF—7 2t 7% — 0 S FRIOEBEFRBENICEOE FRBE A B A
FHNHERET D720, FRABRUBEIECMAIEE R, S5IC, BLETEM RS IR 2 2 LTy, &
A Ny FURBLAG 72 & OSBRI X 0 DA MEFBEZHE L, EFRESIC L S EREROAIENTETHS[1] .
DA FIGEMRIE, TN E TICETOHBIELCS BIEMLE T, BRI/ S 7 REEIC SOV THIEShTE=[2] . —F
T, {EKETCOBTBEILDAMORBHHNRBIIEFE— AL MEMLESIZEITORTHY, HBRABRIYIEDH
I, ] 2 RIS TR S N 5 RS BRI A & R T E RO AT I E 5 T,

SEEE LR, $-T I AX Y LU hb D RILHK T ANEE L R O A O WIS (O 5 TN E TR 2R
L, ERCRIHAL LTESES Z L2 R L7[3]1[4][6]. —K T DA USSR BB CI, SNMHRMI IS &S
HEFBBHRAOAREICHEH LB TR TH Y, BEFBHIO 7 HHIECRMREE O B & > 7 5 B B R RO E
(ZB L CIERBAIE T o 7. ABFE T, ABENETBE 2R FRET DAMLAmORIEZ BRI L LT-.

2. ERRERBIUSER

ET DA LEWICB T BIMGISEMEEFBEHOREIL, DA 2=y FMETOBRLETEMEICL > TikE S, 1M
AAEMNFCmE 2 E,  RIBUSE M PRI AR 28 2R 3708, B FBENRIBUSE M i, LiIE Ui
A F U RFEEIE & OIFERLIC R > TS EIERDF ARy F U T E2MET HZ LT, BN RIS E IR TER
2725 Z L. £ ZTAIIETIE, RIBUSEME D FORS L & b1, DA 2=y O FNERHIEZA TR TH
50, FIHNGICENMEZED L D 7258 B% 52 DINZOWTH BN T 2R EN S D EE X T2 T A1 4 445
BELZIERIL, BRA UM T 2R RE T - MK B ERICE SV CHIBREWERENE 2R3, 22T, K
WHETIL, 7 AbA A 8GN B 7 D8RSI N T, YR e LTR/ha =y MIUTH D RO
FaRhHlo, SNEBEENCE D EFBEOAIIT, EULEENL & B S AL & oM OB LIESTRENL S HOMO/LUMO — ¢
X —FENRITHE LT PR TH D, BECEBM OMEN AEEREF DA 2=y MW FREHIESNT,
FEREIT ST,

202443 H 12 H 28
TR A T —
REAR K2R Be G R



RIS SR DRI & AR S P B 147

AWFZECIEL,  FelkA T FIRIE & R T A A M G B SR O Al 4 m e m
HIEL, &RA A MCOBTBE 25T H e REKOBR —

— @
FLi DA =y hOMARADEL LT, BBLEAALTho8k Fellg Coll s #H  Fell Colls
ROA S WA AV ins BT EEICIRY AT, ZRbgk(  S=0 $=0 S=12  §=32

FrBLOa VL A AT ENENERBLEITCIEETH Y, B DA {348 (REETE)
2=y BT IENTED. ETEEFKREL AT 5B T ® 1 [CoFe]l2H\F 2 BT BBILED BT RELAL.
ELT, #0778 NBuy) [Fe (CN) (LD (LT @ ZJEFUML ) &
B LTz, 230 b O 2 i D&JR Y — A TR T 12, SRERAEINL T2 AL CIRA L, BRI S Z & TR
EHCRAER 1([CoFe (ON) 5 (L1) (L2)] (C10.)) Z157-.  HEH X MRS OFE R, ~ 7 A+ A (CNH) I & > THEFES:
JBA T DNRE ST A CoFe TH Y, 1O IF AL MESEA A THDHZ NG oT-. ZDOZ NG, KD
DA zt= NOMERICEE L. ®JBA 4 OBERIE - AV REBIE, @A VA ORSFS A RICK - THBIT 2
ZEMTEDL, HUOBNAEEEZ AT AR LI LIRS 0407 SR 113298 KIZBWT, Fe(IID-LS H
KO Co(ID-HS (LS = A REE, HS = @A REE) THAHZ ERHALN LT (X 1), LM LARND, WIS
PEO BB L > TEBA AV A Y ORI ERERIZIL Loz 2 Ehbiliika =y FOBFIRERIEZDLST, H
& LTWAMEHES FNEFBEIZ R IRV R0 o T, IRERERKEEORE, 1 MBIV T S B
HDOEETHY, HTHNETBEEZ RSNl b, MGEERERIBRNVSTTHD. £IT, fMmNIZBiT
% CoFe .= N OEHIHIEIZHH L.

SER 1 O TREEICER T D &, CoFe 2= MIFERNIORNG (NFEE 2 >HL TR, KEHLT 77 & —EBh &
BT ZEMNTE S, K 1 ZIEITKERE P —A & LTEIK AR 7 & o5 Ric L0 DA == v F OEHIHIE
ATV, SMBIGEME~ORBIZ OV THRA L. TOME, RGOS K 3 NHEEE S, AEEMr OEERANE 2
1Tolzb A, miR(298 K) LRI (110 K) TIHAREA AV E Y OENFEEENEIL L, CoFe A 4> OB TIRIENZEL L
72 (R« Fe (I1)-LS 33 L TN Co (I11)-LS) = E MBS E o7z, IREERAERALERIEDORER, 7T, = 290 K LV @ik
TIXHBEIREE, BE T TR EZ R L, DFNEFBEINELTND Z ENShoTz.

S 512, CoFe "KESERARER T DB F L1 OALFHERIC & 0 EHIEZEA L, $ERRSSE5 2 LT, k1 L [F
TG OSSR 2 OHBECREI L, AMO TE2HVCCHOERMEIED 2 L T3 LABEOEMEER 4 NG L. $HE
2 ITEFBENZ RS RN T-DICH LT, $5K4 TlX Tip = 355 K CHITER 2R T2 L3 o7z,

RFEBROFER, SRS 2 Fi - R W IRIT e = b 1 20 TESIHRE L, RN TERILSE S Z 2T, Fik
RBEAREERTAGIGEN S FOBEICKI L, Zhid, 1 ~OERETEICE T, CoFe o=y hDOAGIE
BVENEM L SN2 E2RBRLTCWD. S, ZOETBENEE 7, 130N L1 OB RIELOLEEMIC K0 HIET
DT EMERETH Y BEA 1), FRMEEOLEY 2 LV LREETOETBIHZRBLI-ZL0nb, ST OFEMIZ L
STHEEDRE TOAL v F v VEMERTFREEOIRE 2155 Z LN TE . #5K3, 412855 7 DEWIL Fe,
Co A A > DELIBETTENMNZDE N L > THEMET 2 2 LN T 5.

3. SROWMEHE

AW, BESLICE > THOTNETBEZRT VT BERAOAIN A BH L, WREE T2 RS 5 X M
RT3 L OB BN E D B B 1AM 2 R T A RS R ORESRIT R Th L=, ARFZEIC 31T 2 IS4 7 DA OFLS
FIENC K> TR MAEZIEIC, S OICHERLOSToRA A, BN F2E2D LT, o RERBECRYIE
RETHDAL= Y PORENRIRECTHD 2 LR h-oT-. B E T DIMBIEEM & 7~ T BRI 7y Tk it ik
DS EIED 2 LN TR Fh, S TRHEEETSH LT, RIS S B TRBEIEE - RBICOWTHLRALT
WL RERNICIIT DAMNESRE TBEI O R RO oI, o TESIEIEI MRS CEBE L /250, A TR
BT F OB SIS SV TR SN D DT/ y o 7 LA A 2Bt L, Bz PSSO 2D T .
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Development of Molecular Tools to Analyze and Control the Liquid-liquid Phase Separation
of Proteins Conjugated with Redox States

Masato IKEDA™', Norio YOSHIDA™ and Kenji SUGASE™

'Department of Chemistry and Biomolecular Science, Faculty of Engineering, Gifu University, > Depart-
ment of Complex Systems Science, Graduate School of Informatics, Nagoya University, *Division of

Applied Life Sciences, Graduate School of Agriculture, Kyoto University

1. FRE=

FL7Z BT & & U TEIAA T RE 2N TR
HIEICEV RN —FAET D, ZOZFLF—A4
PEICFEWIRAE T D IR MR R T @A ET DRI A B 72
W, MIENICITIEERESR ZBr R T ik GEo) v AT
AREET D, A OBLR TR B A FCHEE) e &
WLV RELS LT, TF BLETCREOZE)IIN
BELTH RN BERNR- IR L, =X —ApE &
F—= K77 V= (EERDTF DR AL v F 7352
ER BN SN oW A, MR CEIR
BT B LR TR & & LR O - AR Sy B &
OEENER SND X D7z, LirL, ZoORFRE
W5 ETIFE 72D, MR OEER{LE TTIRE 2 7T
HY—LNZ L. T, KIFSETIIA - D TES
b2 (), FHERFE G5H), NMRCEWE) A3 55 B
L, B{uiEcikEOLES % 5+ OEE/ pEe{b 7 b
BRI E VB I TEBH LW Y — v ERET
% (X1).

2. #FY-IL (CT) OAFHEIEARK

B - D FHEAEEEEM LT AMBEIE, FE XU OATATA Y (C7) DALT 4 REMLD ALK F S RO}
TERSIC S &, KBS CRAMER TR BB I A U CRHMERIENZ LT 20 F2 R LY. A cix, R1IORT
PPAMA LRV DALY AT AL (CPM i cikE L, ZONTEREEEE L LT, MIRNOR{LE TTIRRE & 4t

/
e}

e 7 %
R < MR-

1 ARILFERFZED H 8 & By g,

B L1z & 2™ O — A BEO AT & il 2 /TREIC T 2 0 Y — v ERRE T2 Z L 2 HIE LT,

B2 2R3 T AF— LI LR T, LFF FEAEHRICS AV 5 2 & 23 Al RE72 Fioc (17K (Fmoc-C™™™) %, &
BAL IR L=, 8 54072 Fmoe-CT* 1%, ' MR, C NMR, "F NMR 2<% kb, 35 L OVHRMS HIEIZ & - CRIE

L7-.

2024427100 =3

i R AL - A TR

R BRI E RR
RO AR A B R SRR T A R g



PR bR oIk & et L7z 4 3 7 B O —iAH 5 Bl O AT & fIH 2 BB 3 2 5T — VO Ril% 151

jou p |
(0]
SH
A Ao
OH K2COs3 . N
HoN OH - o]
NaOH aq HN O

Ie) H.0, 1,4-dioxane (1:1, vv)
45 °C, 60 min (] 60 min

L-Cysteine 61% H-CCF:Ba 74%
Fmoc-CCFs82

B2 v A7 A v &FEE L7z Fmoc-C™™ 4 A % — 4.

3.1. Fmoc-C*™¥ mKiaBEFIZHEIT55 %%Aéﬁmﬁm

Fmoc-C™** ¢ 100 mM HEPES-NaOH (pH 7.0) ZKI&FiZIZ Sy FEG B &M L2, BARAIZIE, Fmoc-C™ o
dimethyl sulfoxide (DMSO) ik (200 mg/mlL) 7% Ffdul b, 2 mL HT7 AL T U (No. 0.2, 11.7 X 35 mm, Maruemu)
WCHE R (2.0-10 ul) ZAN7-. 212, AFH10 uliZ72 % X 9 IZDMS0 % B L 7= %%, 100 mM HEPES-NaOH buffer
(wom)%mi@ébt.:@ibﬂ%@bt%yfw%,%%&'mﬁ%ﬁ%,iﬁf%ﬁ%%ﬁb,*ﬁﬁ%f

IHRREA B L - TR L, #DFEF% Web camera (logicool, €920 Pro) T L 7-.

w?ﬂ@%ﬁ BOTHBEW - MBVLEIC L > CIEfELZ. &6, B3Rt EIIE, 2.4 Ml LT, 72<
EH24 hWZIZIZE e A v el 52 ERP LMo, —H T, 1.6 mMTiE, 24 hBIZb V2 L7
ot ZORERND, T OEREIICIH T D Fmoe-C D FAR AR (cge) 13, 2.4 mM & RS b2, bk
OFERIE, Fmoe-C™ AKESIETICIBNT, HOEEUETHTEAL, * v NT— 2L LIERE R T2 &%
RBEL TN D,

1.6 mM 24mM 4.0 mM 12 mM 16mM
Gel Gel Gel Gel
(24 h) (24 h) (360 min) (120 min)

3 bt RS LIBERED B R L 72 Fmoc-C™™™ O /KIS T 351 2 4y THE A 25T,

3.2. Fmoc-C°™™ £ RO~ L DOMMIIIE HIZx T 3%
EROBFNBE LN Fmoc-C™ b R Z Lotk &3 Ml L= L 25, BMOUSISE L TY b L, R
DFMET D, FFY b —a Rt ol aBRLE (K4).

HEMRRY G 7D
%‘*
= am e KL
Gel
Gel

B4 Fmoc-C™™ b Fo AL pimdF% Y b o e —i,

ZZCHEBIZ, NVRZEM L3585 &t H 28 L, Fmoe-C™™™ b R v #2130k & L 7= B EE Rheo— (°F) NMR /&
VEAT o7 CUREEEE, WIS X o TR SNSRI LMAEOSE N L OT, HABISHZEIME R 5, %
JREEINOY T H A JTF NR A2 b (Thbb, FFLNLofE®R) 2552 2Waes+25 (H5) .

1, Fmoc-C™™ b F o 7 L 2 NREBRFITEA L, HAWISHEZEMER L7000 F AT 1 v 7 &AL, %®H
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— RMOEE ——

5 &K Rheo-("F)NMR Jl i 3478 .

HhEESHE A 2L S0 5, F NIRAY MNLERE L=, ZOE, SANRN (hh) 2N+ 5L, CFim
SkDOYFL 7 F N (ca. =62 ppm) W7 B— K= LT 5 2 ERH LN o7, Fi2, Tr— Rl —27 1038
o= NEENTWND EEZ B, HEORENBEL TWD I EIVRBINTE.

3.3. £EFHFHHE (MD) FHEIZ& B Fmoc-Co™ MKBRFIZH T DD FESEBDMEN

P EOFEBREWATLT, FERYEZEMLET2EMICL ST, 2FEFSFH A% D) #8212 X 5 Fmoc-C™™ ok
W T B FEAFBOMPTRNED bz, THETIS, AT 4 FETH S Fmoc-C™ B LW, = 0mefbik
T D ANLKF Y RFFmoe-C.0 3 LA L7 > Fmoe-CT*-0, 0300 K, 1 bar 2317 AMDEFE (200 ns) 2MThih
7o, ZORREMAT LI L A, FERRBIZHENERT 20T 7 7 AX—DOFRREERENENOILEY TR D Z &
R I, ZORBRLIEEE 2T, WL, Fmoe-C™ oLk G R AW, "F NMR 2~<2 FLZ&EfE L, Fmoc-
C™ L Fmoc-C™™.0, T, CFJEHED F o 7/ FANBEHE IR S 2 L R L. 4%, ThEN0N T 0EA%E)
O E & D= bR 5 MFEHED HZNERD S, F7-, WEHEOEEELNI-EENS FL 7/ FLostEL, £
FERLOMAEEZ S HICED D Z L ZFHBE LTS, E5I1C, SHAEE S TS ICHET T biED D Z & T,
FBRAE R I L OB ME & OFIBSZ R 2 & b ATRBIC 2 D L HIRFL T b,

4. FERESHEDAE

PLED X5z, KAH T —HEPIETIE 34 ON5EH (HhH - HH - B NROBEHE L, BEoREBEOZLE)
BT DERE/ B 7 MBI K VB VP TE DT Y — L OAIME B & LT, Fmoce-C™™ %57 12 7%
e AR L, AKIBSETICE T 50 TEAEEICET 2 A D . O EBIBERT, Fmoe-CY WEKT 5 Fr s
VORI (%Y bebe—M) ZRHELEZ. ZOoEICBE LT, EnEnomiEd oMt spe 52 &
T, Hx OWFFEE TS ZIATe Z & 3L W COMZE L EBE MDD 2 ENFHEICZR Y, T EAMENCET 25
TR a2 H o005, ZOZ X, KA T —HEMELEDTERKERBERLBEZITWD., 5%, By rHEAGM
BHE L COIHEZRFET D L LB, HERILO A T = X ARZ OO E2ED L 2 E2ftl LTS, &
7=, BMLIEITCIREDEEOBIRORE L Hig L7101 Y —/VBRICET 2 EREZEFEFICED, AL LTWAS Y —
IVOBFEEB L OO D DOFHOMEE L HIE L THEZED TN D.
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Synthesis of Strongly Correlated Two-dimensional Materials

by Chemical Vapor Deposition

and Application to Emergent Functional Devices

Takashi YANASE™, Atsushi FUKUCHI™ and Kotaro TAKAMURE™

We demonstrated that epitaxial TaS, with triangle domains was unidirectionally grown on sapphire by
chemical vapor deposition with a separate-flow system. Fluid simulation verified that the convection and
temperature gradient that have effect on the reproducibility exist in the reaction tube. 1T-TaS, films
occasionally obtained although it was unable to control the phase of TaS,, which is probably due to the
issue of the cooling process. Since the clear metal-insulator transition was observed in the temperature

dependence of resistance for 1T-TaS,, we concluded that our TaS, had good quality for applications.

1. E=&EHM
TTT7 2 ORI E 2D, o 2 WaeWELFHOER SND L)t/ oTz.

ZTONTEBRBESL A VAT

A K (TMDC, MXz:M=Mo, Hf, W 72 &, X=S, Se, Te) 1% 20 FELL L5722 2 WTWBERET, 7T 7 = AT O & SRk
MHER I TS, FEERIZ, TMDC [FHEROBE O AR b TREEREOMIHEE T RWEETEEHR, T/ =L 7
hw =27 2« KEGEH - Al & ~oSH & E:]:EI L THIEDM TN T WD, 2O X572 2 RcEE V=B %5 71 E
B LMY, FERSEE BICRE S5 72 OIEHMAE S 0N ER L CaEENN BRI 2 HitE T 2 LW ERH 5.

ARG T 1R D _lﬁsftﬂmm), - i
SRR L 2 b o= X G, Witk Sa L o Tal—sas R
—vs /(**‘$L)ODEFEJZK75)${*LTJ$%):$—I' .?D_Z SE EERS
_EX U] ﬂ"ﬂ/\/t- TMDC 7&*?*4’ uFﬂ'g@—éb}T’ 7z axlc) o 225 450 675 _]ﬂit ﬂmﬂVE%ﬁm 9'2“"“‘“
— R —BmO BT dIClE, EEOBG LB mmnmggr l,r— AR Hss.h

SR A R IR & > 5 — i D % A SEMS ;
S 2R o 7. BAYEF OB AN | cvn&’il@ll% TMDCE B

e2s-

HL, RMICHIEEHETE 2 A0 7 —dhF s 2 =
BT E SI29 o TodThD. xhT7—km 7 i ™
DFgiPhasel THE, % AAMGE & 9 5 HF7E5 8 ===

e L TUN —~ &S, A7 4 —F
Ny 7 LR HRFE 24 LTz, JERIFIE 2@

lecirode A o
mgcum =

I?HTIHX
AI'EﬂiE:-rn-f AR

R 1 207 —=®FEMIREICEITDENENOREE SRR .

CC TMDC DI A RN 2L L, & DICEDOZEIMERMIEZTED LTCAIERIE ST A 2 GEIERI 7 o2 47,

N THRESR 55) 2B T 5 Z L ANIEO HINTH 2 (M 1 2]). BARICRE

L7z2/INT—< 3RO 3 >TH 5.

O BBV AFE U AT SfFE PR BB S SR8 512 (CVD) 12 L D TMDC D ft— B9 i OO fife N7 CHINIR)

@ FRy R a2 b— g E AV VD EE Ot (FARAL)
@ FEAHES TMDC i 2 R U728 Bl & A O BER & BT LT /3 A A ~D 5 (15 Hi)

30245153)1 1H =8
: o, FOBR AR A e B PR TR L P B

. e R R B A B T L 2 a = R
SRR RRIRL - ¥ AT AR B
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2- %Eﬁ *MFC=<vX7R—a»bA—-5— 210°C |

Phasel TIZTMDC & L T TaS,IZVEH L7z, ZOMEHIE 4%H4,(350sc0m) mp [wFc] ISZ [
fif 8 BEIRE (CDW) IC L DERB I ER THH Z LITMA T, 3 )
Ao TR BT ER SN TSR THY, &  HdStscom M=y TaS
DICIFSR - MREREBICD L S AL v F U T TNA R FEORE - 8 EE%‘;E% :Lgu»-;yn-gﬁ
~OJSH S FTREZR B BT, JEE & 5 i C BRI . EEEEED ' ac |

EFERFTEZ BT DI2H 720, WM A ICE R LI
5y B S R A Y (CVD 3T 78 TaS, DB ARICTH
AWRETHLINERIE L (K22 R). ZOEBEOREIISSH 5. 1o B3R L 28k 2 mlflc L2 &
Thd. HHERE LI AGRITERN D & o o N RKEENBET DT, FEIOBEAEIZMEIC /o> Tz, AR
B CIHFEIARINVVTERD 1352 LT, FEREREADOEEICEN L TRV 2N TELL9ICLE. 20
FEER, FEIOBIL 2B IE LT RARNTED LR o720 T, JFRZ 20 LR LERTE 5 L9
127 oTz. 20 HIIEEI Z BB U0 BEL, i BB SRR A M TE D Lo IC Lz & ThD. ZhniT
L0, BEREIEBRENTTRICR o720 TR EBMELm L, 3o TAREZa v Ea— 2452 &
TABEELYR LI THD. I Ea—FHIC L2 LT, HEOYIVEZ 2 - BRIEOERS THES LI
R SRR EOREME LR E L.

BARBY 2 B RAMHZU T O Y Th 5. 6mmX6mn DY 7 7 A 7 HER A BLFOTICEE LI-%, E5F « TaCls « i
A2 900-950°C + 145-160°C - 210°CITIEA L 7=, D, FiskT A > Ofifik% 350scem, TaCly 74 VD%
150scem & LTS ZBRSA Lz, SUSEERIIE 300 B0 & L, TaCls DR 242 = & TS &5 1R X H 7.

H2 i LA E 2EE (CVDE) .

3. IRERBIUER
CVD IZ X AEMREATORNCTHIAY S 2L — 3 U2 HWTRIGENIC
B DR OHEEAMNT Lz (K2 2. +5L, HODCMISED T

WA - T B b~ &y, & L THIL D B4 8 - T
~EHTHL E VW sHRAEBE Sz, BRE Lo 7 AT 10en/s ety
LEEETH B 2. 19en/s &0 KE <, RO BImRcapgy B3 ISERORESAIHT S VS 2 a
KREWZ EARBINT. Fiz, BOSENEICITIR = 2l Qi FTE :
TLHZEBHLNERY, T D ORBITERNEOHIEHN BRI EL 525 2 & &R
LTW5., ZD7=%, ABFZETIE+ Inm OF5EE THARNLE A 14 L 7-.

MEOHA I, LLTF CTIESSIREE 925°C, TaCl; DIRSE 150°C, DR 210°C TaR L=
TaS; DFERZFIT. M 4 (A EMEEG O B) 27- 7. G2 KB L7z =4 R A A VR
BEI, FAAL A XK bum EHRAIREhote. VDT HEETRETI=MARAA
UIR—EE ISR L TWAZ ETHD. IR L TWARWR, bR T L& RS
DL T6%D RAA RE—FIIIHIi» THRE LTWD, ZHUEH 7 74 7 Ftko (0001) @
SRR AT D720, FEOHI~ORENRLEEICRDDEEZLATVNSEY. &
5, ZOREHZOWT X BREPT (XRD) &2 — 2 ZEG L (K5 28). 45L&, (0001)#HiZ
RKIGET B E—27 OBB A SRR LT E X T X MIEE L TWD Z & D3R
iz, JBREIEEEEL 0.596nm L FFR S, ZHIE L7 TaSy e —EH L TEY TaS, 84k

Velocity/ems™!

4 TaS, DRSS

(0002)

Intensity/arb. units

LTS Z LRy, =EFF Uy VROFHL, O BT/ R AL BERITK L TF ""i““’ ”’I”mm)
ITICHE L TWARER L FJE LRV, B -#REYT (SAED) 2> 51% (1010) Il H k4% d fE25 10 20 30 40 50 60
200

0.27mm EAF51, ZORRD TaS, DEMEIFFL T, S6IT, XBEEFOHIEEAY g 15 oxrD <2 —2
THBOWNEAT T2 2 A Ta & S OFENMR SN, 72720, KiE2 D 2nm FREE THR
AL TR L CER Y, ZORMBILIZEAES TaS, THA LN D, BLBIIA@ES LTo
BEEHSTEY, Ll FBIEANEICETT 2 2 L 2005, e RET 572
|2 Raman 53 e 5 % O CRPANG - MRAT 4T o 7= & 25, 2GS ORBE— K ThH2 & N\ N
By (295em ) & A, (399 em ) MBLER ST, FUSIRE TH 5925 CTIRITHENRZETH
D, BERCHMBENRKLZETHD. FNICITHBENGEONDZ LBV, MISBOGBH
WERTIT 25 2HITHEERIRE S Z > TV A EHEZL L T 5D .

100 300 400

200
TK)
H6 {EHLOREKIE.
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IT #ED TaS, (X9 D IPLOBIERGMEZJE LR 2K 6 123, 1T ML 3 20 W BFEL, ZhEh
Commensurate CDW(CCDW) « Nearly commensurate CDW(NCCDW) + Incommensurate CDW (ICCDW) Td»2%. ICCDWENCCDW i
1% 350K T NCCDWECCDW D#Ef& 1% 215K/ 150K THE Z 5. NCCDWESCCDW DR IT 4Bk iz Th v, K REHiZi b
ERTEHRICERAT VU ARH L0083 MTH L. ABIIE LTz 1T-TaS; OFEL T Z D& B -#ix s 03 IR B
SNTEY, FEFICRERENZEL TS ZENRINTND

4. BRBLUSEORE

IR B BRIE U 7=k o B CVD 2523 TaS, OGS H AR TH DL Z L2 FEFE LTz, D BT, GRlidtaiEuic
AT UL — bl L7 B o v VA ERICX 5 2 E AR LTe. 5753 XRD, SAED, XPS, Raman 533t d 9
FEAT « BT ZATV, TaS, ThDH I L EMER LI, AR TE LN TaS 3T & A EN 2H EETH 7228, IS 1T #%
BEOHDH RO 1T #EEZIERNITAE D e OIITE R E OB EERLIET, S%OBETHD. ik Iab—
a URERNBIE, BUSFMNIZE W TR E 225HE S IRE SN BAE L TNWD 2 EBH LN ooz, ZHVEEARNLE A
BEPEICEBL B2 522 L TWD. Fe, R EIRESMORBAETRKERILEZ YT H2ER E 2 50T, [FRMIC
BRI AT 52 L CENLEMA DMERHDH EBZTDH. 1T-TaS \x3 2 BB KT & FF Al L 7= &
Z AR B S B SN LD, BERESERL TV D 2 LR EINT. 5% 1T-TaS, Z v
TeAL v F U TN A L E T OBRR T 20

A lElE Phase2 ~DBATHIT Do ohy, AILFERFTEZ 0 U TR OB AIBMRIIIEF ISR b D L ir otz A
MM H S A R TE - LI REARANETH D Y. ZOWIBEREME S8, B S~ LR~ L B0
EEZTND.

HEE
ARBIFFEIEALHIRE KRB LA FEE O s BECZ B, RO SL R A R B B AP e R O B 2Bz, B DK K
REEEBI TR OB DWW A1 25T E Lz, 2052 TEEHH L BT £

REFERENCES

1) T. Yanase, et al., Cryst. Growth Des., 16 (2016) 4467.
2) J. Dong, et al., Nat. Commun., 11 (2020) 5862.

3) T. Yanase, et al., CrystEngComm, 26 (2024) 341.

HRBR

1) Mo B, JOAGSER, BHGRZ:, (LRAMEBEICL ST E S X2 v U TaS, MO MER, 45 84 10115 T 1 Hll 24 & Bk 3= 2407 sl it 4%,
20234E9H 19 H.

2) Takashi Yanase, Miu Ebashi, Kotaro Takamure, Wataru Ise, Hiroki Waizumi, Akira Chikamatsu, Yasushi Hirose, Toshihiro Shimada,
“Unidirectional growth of epitaxial tantalum disulfide triangle crystals grown on sapphire by chemical vapour deposition with a sepa-
rate-flow system”, CrystEngComm, 26 (2024) 341.



156 L UGB T2 162§ S 28 T OB 58

ZRTTEESHBHRZEEN T SEEHRITEDHR
X B ¥ " AN 1

Multivariate Analysis to Take Advantage of
Multidimensional Lipids’ Distribution Information

Yoichi OTSUKA™ and Satoshi OYAMA™

Mass spectrometry imaging is a technique that allows researchers to observe the distribution of various
components within biological tissues, which are composed of cells. This method is advantageous because
multiple information on the distribution of components can be obtained in a single measurement. To
accurately assess the differences between these components, an analytical approach is needed that is suitable
for the specific objectives of a study. In this study, machine learning was used to analyze multidimensional
chemical distribution information of mouse testes, which was obtained using tapping-mode scanning probe
electrospray ionization. Our findings from linear discriminant analysis and linear support vector machine
analysis revealed that the distinction between wild-type and knockout mouse data was highly accurate.

1. HEREEWN . BEOWA A =D U T2 & B ERTILES IEHRETA

MR T, T OHBESREIMEEA0 EAERIZ X 0 B S v, EMTHENC L E R RG0S B SRICHETTT 5,
AR ETIED . MIIREECE D 0y O—F T, Bl 5 o SLEEEME L IS Ol CEECTH 5,
BEOSHA A— 7 (MSI, mass spectrometry @ ®) ©)

imaging) 1%, ZEMHLER D ZF 721553 5340 O It & W

ATREIZ T 5, X 1 IC MST O AR, Hef I
ESHMREER (XK1 () o, fuhsEikicE £h
LISy EA AL (K1 (b)), EESHrEIE

e

X Y z m/z

AFBZLTeAANY WAL, Rt oy ERLLEEIAE  miro e l SRR TS
AV E CRTEHRICERET B 2 8T BB () P
m/z X m/zY

BElCSITF oz~ ARARY ML EES (K1
() AANXT MUE, AF 2D miz (EEEH
— R TE BN TE -/ lE, A 4 OEMETE
STHLN R TE) SEFREOMBRERT,
MST OF —HFZ ¥ — 27 OFITHKHE LT 2R oeiEE & B EEMIA A—D 7 O,
5y ¥rED m/z DA F o — 0 OMEEFRE, JFE

PN & AT T b5 2 & T RBH D O A A g TASAF K= 4 H
Lfﬁj*ﬁ'flﬁﬁﬂélkﬁlf%é ( 1 (d))o OO LA DL
KRB, Z vy r7E— NEAMT -T2 17 hr27L—d ot AhLmﬂmxn_
F o AkiE (t-SPESI. tapping—mode scanning probe electrospray L A4
I — REBICHIT

ionization) M BAFE & UKD MST OFZE % b T & 7=, t-SPEST i
OFE % [ 2 1R, ~ A 2 B3 A RO EASTHR S hi- v XVzR7— b 3 T
ARBOF Y ET ) -7 (Fa—7) 12, @EBLEEZAMLZE
BAR LN D, 7 rn—7 OMREEEH T ET IR w5,

X2 t-SPESI DA (K.

20244E2 H21 H S
U RBUK KA B TR P 8 5
SR KT — 5 4 T2 A
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7 =7 IR E D L W ORICEEEORAEN R S L, B M S D, 2ok, Tr—T7 0k
BT 5 LB RS L b, mv s b AT L— A T AR ET D, Tr— TR OIS HERR & L
THBE L WSS D L RIS F DR Ao~ B SN D, KA A NTEBOITIEEITEA S, v AARY
FARGHIIS LD, AFEL, Bt~ E 7 =2 NV v MLOBUIMATE OB A SR R m I Wi I s L, 3Bk o
M EA X AE IV TERT LN TE D, T, L=V TT r—7 OIRBIEEZ B L, BER &I/ D
FOWHBAT =V ORmEETET 22 LT, WBOMMZ L 25 & A A Ab~DORBEME L, BELTE DY,

MST TR BN D ZUOTAL AR E T, FREMRRO ST « EWFIRORRIRC, RFEEEICE 00 By ORFE 2 &
(ISR D, ARFZE T, AR O 2R TTALZF oAl B2 M - M2 AREE TR A D T2 OBERBAR OB & |
BRIEMREOFHIT — 2 20 B IRIERF SRR 22 0y A T T 2 720 O SR BMATIEOBZEZ AR & L7z,

2. BEBOHEEMMA A=V T—2~DER

MST T LN FEHRIT, REIOEE, BLOA A D n/z & T OEFHRE2ETe, AR THWZT —4% T, 10 7K
VL EDRHIARA > MR LT, FAFEOA 4 DALY MVEBNEEND, ZHEDERTT — % 1xb DR ERH
AT D 72O, BRI OMEEEZBE LR AT O MERNH DL EEZX bND, £ 2T, /MU ZHvE TIZERDY
A TETZ, ZRILT — X DT FIEDO—2>Th DM 8 2. ZWOCIRE 04T — 2\ L. EEIRRE DA 0]
&L BRBICMHET 2O BEOREERTTY Z L A HIE LT,

AKFgeClL, #HiidH 0 FZEO—FETH D, BIZHBISHT (LDA, linear discriminant analysis) &fBYHR— hX
7 H—=<3 (SVM, supporting vector machine) ZMFHIH iz, ZhbHdHkE, HICHMH V FH IS,
LDA VL, AT =% 20007 FANEHGFIT L7210, EIMA~OREEZBWCHEEITO HFIETH D, ZRIET —XIC
LT, HTF—F S aebdliiv ~EHE L, HE L ET2 7 7 2A0EEITH, wid, TOHERE 25D 7 FA~LSY
FITHLEOELEBKLELTHLEIAONDTED, EDOX I RPN REREELEZ DONEFTRH LN TE
b, Fio, BIESWIE, EAVIC2 7 I A5FEZHEPE LT, 27 7 A% 1 DOBPFETHET L HETHY, BYmEs
MBS E 95, FEHT—F (v 22 ..., x) V2D OENTWEERELZEE, B35 n, m, ..., w) &Ik
BT MV ET AR, mx t mxet ...t omx,t b=wx t b=0, TET—XENETDHLNI FILETHS,

LDA LHE SWMIZW TN S BB —FTH Y | RS w/2) ITHT2ERY FLw N FEEORMR L LT
BNDN, wEEDDLIUENRL D, LDAIE T TADT — 2 2RO A% BB L CHET L Hazkd iz, 7—X
DEEHRMEN ZRZ D Z LN TE D, AHREITT — U6 LTI IR T 2720, KRBT — #1286 LT Hk
HIREICFHAETE D WO RN B D, SMIEZ 7 AFEROIEL OF —F fIER L CEFEEAED D72, 7 7 ABER M
HIEVIMUVED B ZZ T <L BT — 2 1CxT 208 ER BV E WO RERH D, — 5T, FHEER —HKICT —
D 2F 2N LI RIUKIFT D7D, KRBT — 2 ~OuANKNEETH 5 &5 BN S 5,

IO OEMRILT —ZIIKET DT FEA WD Z & T, RO ZRITCITE DA OB HIT & DIETE 72 R A i L,
NEE53AR & PRIRRE & OBIRICBEIT 2 A 255 Z L Z RiE L7z,

3. KBEBOEESNA A—DU T T—20ORBMICK DEBREOHF

REaFng e O —fECTHh A Fat~xHU = fE (DHA. docosahexaenoic acid) #&ie VU & (DHA-PLs.
docosahexaenoic acid-containing phospholipids) 1%, MR OFRENINE 2 @D, (EFEHERFIC B /o258 2 =4, U/
VURE T vV R EESE (LPAAT3, lysophosphatidic acid acyltransferase 3) DK~ A (KO~ w7 R) Tl
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Functional Analysis of Plant Hunger/Command Signals
and Development of High-performance Growth Regulators

Yasuteru SHIGETA™' and Ryo TABATA™

Small secreted peptides are important for plant development and environmental stress response. It is
estimated that more than 1000 potential secreted peptides exist in Arabidopsis genome, however, so far
only very few have been functionally characterized because of the difficulty in mature protein synthesis
and gene redundancy. In this study, I identified the importance of IMA peptide in the iron-deficiency re-
sponse. In addition, I also performed genomics approach (CRISPR/Cas9 genome-editing technique) and
found novel cysteine-rich peptides are essential for iron-deficiency stress response. These analyses may
pave the way for understanding the novel plant peptide signaling.
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Novel Analysis of Biomolecular Reactions
by Optical Technologies and Microfabrication

Moeto NAGAT™ and Yusuke NAKASONE™

To understand the molecular mechanisms of biological functions, analyzing reactions of biomolecules
is essential. Transient grating (TG) spectroscopy is a unique technique that enables the time-resolved
detection of molecular reactions. However, the conventional TG method had limitations in two aspects:
one was its restriction to detecting reaction systems driven by light, and another was its low spatial
resolution, which prevented observation of reactions in confined spaces such as within cells. Therefore,
in this study, we aimed to establish two novel techniques: the liquid-feeding TG method (which operates
without light excitation) and the microscopic TG method (which enhances spatial resolution). These
were developed through the integration of optical and microfabrication technologies to introduce
innovative analytical methods for biological molecule reactions. The liquid-feeding TG method creates
a grating using devices containing pneumatic valves or slip chips, and the reaction induced by the mixing
of two solutions can be observed in the time domain. The microscopic TG method improves the spatial
resolution of TG by employing objective lenses to analyze reactions of biological molecules within
minute spaces like cells. This collaborative research has successfully developed essential technologies
for these devices. We will further improve the measurement systems to evolve them into highly adaptable

and versatile techniques.
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Establishment and Evaluation of a Novel Tool to Study Life Sciences by Light Irradiation

Yoshitaka KAWASOE™' and Takashi KANAMORI™

In all organisms, various reactions such as DNA replication and repair are essential for maintaining
vital activities. Synthetic oligo-DNA is an essential experimental tool in biological research and has
greatly expanded the scope of research. Photo-functional molecules can trigger various reactions, such as
the generation of reactive oxygen species. Importantly, that can be induced at any time by light irradiation
from outside of a test tube. The application of photo-functional molecules in biological research will allow
us to analyze the repair of oxidative damage in the context of chromatin and to identify new DNA-binding
factors. In this study, we investigated the use of a photosensitizer in biological research. We prepared
plasmid substrates containing a small photosensitizer. Light-induced DNA damages accumulated around
the photosensitizer. Using clawed frog egg extracts, we found that these damages were repaired in the
extracts, and that damage repair was also induced in the context of chromatin. These results strongly
suggest that photo-functional molecules can be applied to biological researches and have great potential
to contribute to researches as a new experimental tool.
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Design Optimization of Phase Change Material Based High-performance Heat Storage Device

Kikuko MIYATA™ and Akihiro TAKEZAWA™

The heat storage device is the key technology for solutions to thermal and energy problems. Phase
change materials (PCMs) are popular to achieve heat storage devices. It utilizes the phase change energy
characteristics as the thermal storage function. However, it has some problems in characteristics, such as
difficulties in the optimal material implementation and limitations in the mass efficiency caused by low
thermal conductivity characteristics. To optimize the heat storage device design, this research clarifies two
main aspects. One is the thermal interface and requirement control technique for the PCM device. Generally,
the heat storage device works passibly and it is important to sort out the requirements of the controlled
target, application environments, and interface control methods. The other is the optimal design methods
for the thermal path in the PCM. We apply the lattice structure to improve the thermal conductivity in the
PCM and optimize the structure utilizing Topology optimization methods. Some useful results are shown
for each aspect, and it will help future detailed discussions to design a more realistic application.
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Table 1. Material properties

HCM (Aluminum) PCM (RT44)
Thermal Conductivity [W/mK] 200 0.2
Density [kg/m?] 800 2700
Specific heat capacity [k]/kg/m?] 2000 920
Latent heat storage [k] /kg] N/A 165
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Development of Mechanochromic Polymers Based
on Precise Molecular Synthesis of Highly Strained Compounds

Yusuke ISHIGAKI™', Taiga YURINO™ and Toshikazu ONO™

Newly designed functional compounds help our daily and future lives, and therefore the development
is continuously desirable. To date, novel design of functional polymer exhibiting dynamic chromism has
been required, which combines macroscopic and microscopic forces. “Mechanophore” is known as a
valuable family of molecules showing mechanochromism, whose color drastically changes from one to
one with mechanical forces. In this collaboration research, we focused on a highly strained compounds,
which had numbers of semi-stable conformations. Precise molecular preparation based on organic
synthesis enabled reducing the energetic barrier between both conformers and implemented the de novo
formation of mechanochromic polymers.
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Development of Cell Culture Tools for Realization of Regenerative Medicine
~ Modification/Analysis of Nano-cell Membrane to the Control of Cell Function ~

Kanta TSUMOTO™" |, Yukihiro OKAMOTO™ and Shinji SAKAI™

Attainment of regenerative medicine requires the cells, the technology for cell culture, and large amount
of high-quality cell production processes etc. Especially, tailor-made and biomimetic cell engineering for
cell culture has been demanded because the present technology for cell culture has been employed for long
time with conventional procedures using such simple plastic apparatus, and has used different environment
and properties compared to that in our body. Thus, we started the collaboration research for such the cell
culture device, by which we would intend to combine well designed artificial and biological surfaces like
lipid membranes, supported by Toyota Physical and Chemical Research Institute, and reported our
annual results in this paper.
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Fig.1 GUVs and the lipid membrane spreading on a silica bead.
(a) GUVs possessing microdomains (REF 3), (b) the time-lapse CLSM observation of spreading of
GUV membrane on a silica bead (unpublished data, Iwata, et al.).
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Fig.2 Fluorescence images of membrane properties.
(a) lipid packing, (b) GP values.
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Fig.3 (a) Fluorescent images of C2C12 cells induced to differentiate into myotube on hydrogels obtained by
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Exploration of Spin Functions Using Liquid Crystals

Yoshiaki UCHIDA™ and Yoshihiko TOGAWA™

This research aims to create a new research opportunity in “soft matter” and “chiral materials science”
by simultaneously clarifying the “spin response of liquid crystals” and realizing the “molding of chiral
materials using liquid crystals.” During this research period, we have investigated the detection of spin
transport in spin-responsive liquid crystals and the synthesis of nanosheets of inorganic chiral materials
using the TRAP method. Here, we report on the synthesis of nanosheets of inorganic chiral materials using
the TRAP method. We investigated the nanosheet formation of water-soluble chiral material CsCuCl,. We
successfully synthesized the CsCuCl; nanosheets by optimizing the composition and crystallization
conditions and confirmed the shape and composition of inorganic chiral nanosheets by observing and
measuring them.
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