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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*

This study aims to construct theoretical phase diagrams based on first-principles calculations and establish
methodologies for calculating the relative stability of the desired phase compared to other phases, as well
as overcoming metastability. Previous research has revealed that the thermodynamic properties evaluated
by first-principles calculations demonstrate an accuracy comparable to experimental values. However, in
phase diagram calculations, even a slight energy difference of about 1 kJ/mol between phases can significantly
impact phase equilibrium, necessitating careful consideration of calculation conditions for constructing
accurate theoretical phase diagrams. Despite many unresolved issues in theoretical phase diagram research
centered on first-principles calculations, it has been found that thermodynamic quantities and phase equilibria
of alloys can be predicted with an accuracy comparable to experimental values through the examination
of thermodynamic effects on such calculation conditions and property quantities. This research method
allows for obtaining information on the accurate energy space (composition, temperature, etc.) of not only
stable phases but also metastable phases and their equilibrium with competing phases in any alloy system.
Therefore, it is considered possible to propose new methods for constructing phase diagrams as alternatives
to experiments and thermodynamic calculations, as well as estimating unknown phase diagrams. Additionally,
since this method allows for freely handling information on metastable phases hidden within thermo-
dynamically stable phase equilibria, it can be applied to improve alloy properties using metastable phases
and synthesize metastable phases with excellent properties. Furthermore, it is expected to enable diverse
developments, such as the application to various simulation techniques like the Monte Carlo method and
phase-field method through the formulation of complex energy spaces.
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On the Phase Behaviors of CH, and CO, Clathrate Hydrates;

Equilibrium with Aqueous Phase -
‘/
Hideki TANAKA*

We explore the solubilities of guest CH, or CO, in the aqueous state coexisting with the
corresponding hydrate. The equilibrium conditions are estimated by calculating the chemical potentials
of water and guest species in the hydrate on the basis of a statistical mechanical theory using pairwise
intermolecular potentials. This requires the least computational cost while covering a wide range of
temperature, pressure, and composition of guest species even for the binary hydrate. The two-phase
equilibrium concerning to CO, hydrate is evaluated considering a low but finite value of CO, solubility
in water. It is found that the finite solubility gives rise to a small systematic deviation of the dissociation
temperature of CO, hydrate. The solubility of CO, coexisting with fluid CO, decreases with temperature
but the opposite temperature dependence is obtained in the presence of hydrate as in the case of CH,.
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Fig. 1 Solubilities of CH, (blue open circle) and CO, (red open circle)
in water coexisting with fluid (solid line) at a low pressure of
0.1 MPa as well as experimental measurements (cross).
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=M Ok, " FL—1b, FRVMiK) P#fET5. 2
OZMBEHF LY BEVIRETIEINA FL— MIfFAER
9T, FAMKBEE TS A MRAKPIEFE LTV 5.
FARDNA FL— MRTOLERT Y v v Vid5 2
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Fig. 2 Phase diagram for single guest component (CO,) hydrate at a
pressure around 100 MPa. The hydrate is stable within the area
surrounded by the solid and the dashed lines.
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wi(Tp) =—kgT In {exp(—¢:/ksT))7,. (5)

CTTHE T A M it &ETOKROMENEMN %, F7-
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w (Tp)=keTIn (" 2D +ui (Tp) +£7 (1) (6)
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7 14,26).

A M T % CH, 7 T 13 B — @ Lennard-Jones (LJ)
HIEMEMZ LCw a5k LTHRY ™. —J, CO T
K JHF A5 Coulomb & LIMHEAEH % 3 2 MR EM ST &
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HT AL F — oM MHRE S RO 2 & BT
@ LIM H.AF 12 2 > T id Lorentz-Berthelot H % 5 il 3
B, KA b= A M U TIZBEEE O EBRO M
273 KAHEIZ B 5 —5% %X % 72912, Berthelot HIl 12
EAREy %8 ™
Table I Interaction site parameters for charge and LJ size (o), energy

(&) for guest species, CH, and CO,, along with the correction
factor . The C-O distance in the CO, molecule is 0.1149 nm.

site q(e) o/nm £/kJ mol™ X

CH, 0 0.3882 1.139 0.983
C 0.652 0.3493 0.6099 0.883
0] -0.326 0.2994 0.4796 0.883

KEZEFRTFAMEICEL CEMRFTH DN, FL—CS-1I
& Th (hexagonal) Wik %, Genlcex HHWTZhEh
100 O RE{E % Ak L 722", CS-1&kIhidZhZhk
53685 L1205 TETWE, T TERLEEA

OFEEREEL, icerule i LAeRE LTONRE L
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Fig. 3 Excess chemical potentials of CH, (blue) and CO, (red) in water
against temperature at 10 (solid), 50 (dot-dash), and 100 (dashed)
MPa.
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Fig. 4 Solubility of CO, in water against temperature (K) in equilibrium
with CO, hydrate at 10 MPa after O (cyan), 1 (green), 2 (orange),
and 3 (red) cycles along with as solubility in contact with fluid
CO, (blue).
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Fig. 5 Solubilities of (@) CH, and (b) CO, in water against temperature
in equilibrium with hydrate (solid lines) and with guest fluid
(dotted lines) at pressure of 1 (cyan), 10 (green), and 100 (red)
MPa. The curves are obtained by fitting the raw data (circles).
Open triangles indicate experimental measurements for CH, at
50 MPa and for CO, at 30 MPa.
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Fig. 6 Chemical potentials of (@) CH, and (b) CO, in stable hydrate at
p =10 and 100 MPa and at T = 275 (blue), 280 (cyan), 285
(green), 290 (orange), 295 (red) K. Either end to form stable
hydrate is marked by open circle. In the insets, the phase
boundaries of hydrate with water (solid lines) and with guest
fluid (dashed lines) at 100 MPa are shown with the horizontal
lines along which the chemical potentials of guest are depicted.
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Fig. 7 Dissociation pressures against temperature neglecting the solubil-
ity of guest in water for CH, (blue) and CO, (red) hydrates along
with the experiments (open symbol). The dissociation pressure
taking account of the solubility of CO, (cyan circles) is also
given. Q, and Q, indicate a quadruple point of ice-water-hydrate-
fluid coexistence and of water-hydrate-CO, gas-CO, liquid.
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Superconductivity and Magnetism of Ruthenium Oxides

Yoshiteru MAENO™
R B

Recent activities and research achievements at the Toyota Riken-Kyoto University Research Center
(TRiKUC) are reported. Thirty years have passed since the discovery of superconductivity in the layered
ruthenium oxide Sr,RuQ,, but regardless of international research efforts over the years, its unconven-
tional superconducting state remains unresolved. We investigated the spin state of its superconducting
electron pairs by muon spin rotation (uSR) and confirmed the spin-singlet-like behavior. We also
summarize the discrepancies between the results obtained with different experimental techniques and
introduce experiments using piezoelectric devices that examine these differences more directly. Next,
we introduce our recent results on the ruthenium oxide RuO, as a candidate material for “altermagnets”,
which have recently attracted much attention as the third-kind of magnetic material, in contrast to
ferromagnetic and antiferromagnetic materials.

0 AT — 5 B K A e 3L T (TRIKUC) TR OFE) L FER BRI o>Vl 3 4. BiRLV T =
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Theoretical Investigations of Interrelationship between
Four Electron Water Oxidation to Molecular Oxygen in
Photosystem II and Four Electron Reduction of Molecular
Oxygen to Water Molecule in Cytochrome ¢ Oxidase

Kizashi YAMAGUCHI*" *>** Koichi MIYAGAWA™, Mitsuo SHOJT**,
Hiroshi ISOBE*®, Takashi KAWAKAMI* and Satoru YAMADA™®

Recent time-resolvled (TR) SFX XFEL experiments, EPR, and Magnetic Circular Dicromisum
(MCD) experiments have elucidated the mechanism of the four electron reduction reaction of molecular
oxygen to water molecule in Cytochrome ¢ Oxidase (CcO), indicating the important role of tyrosine-
radical (Tyr244-O¢) for the O-O bond dissociation step. On the other hand, recent TR SFX-XFEL and
TR-FTIR experiments have provided snapshots for the time-dependent variations of the biosystems
structures in the S; — [S,] S, transition in the Kok cycle of the oxygen-evolving complex (OEC) of
photosystem II (PSII), elucidating the multi-step reactions involving proton and electron transfers, and
the O-O bond formation. These experiments have provided indispensable information to elucidate the
electronic mechanims of the O-O bond dissociation in CcO and O-O bond formation in OEC of PSII.
However, EPR and MCD experimental results have not been reported for the 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,O¢ 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 PSIL. Interplay between theory and experiments have elucidated the back
and force interrelationship between four electron reduction of molecular oxygen in CcO and four
electron oxidation of water molecule in PSII, indicating common electronic states, namely three
electrons in metal sites and one electron on Tyrosine radical at the key step of these reactions. Multi-
copper oxide (MCO) is briefly discussed for comparions with CcO.
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SRR T—ETBEIIRE ) SREBICBAT
TA5M, 70 b yBENBMNEINLVOT, HAD base
(B) ICFEI NI NL EIRELTE . LrL,
W 5 & ) I Hik: T 0 Berkeley © XFEL-SFX 0 525>
EXIESED EBY A MAHEETREE TR o7z, S IREEIE
CcOD OIREBITHTINT 5.

Z 2 S IIHEE DT TR THRA L 72 PSIURIRE R 45+ fif
XFEL-SFX %2 5312 %2 %%, Second Flash#® S,
RE~OEGST—ETRE L 70 b U BEIFES K
SOREVER L, COMRBETKRESTOIHAPTREEL 42 5.
S;IREE X CcO T FIRRBIZH IS T 5 A3PR AKHE & b Kt
T 5. #oT, CcOTH FIRED S ORE~DZALTKAS
RO S s EAGE L7 (OIS & 0 gasize 2 >77).
Third Flash 213, B&H% 50 usec ANIZ Tyr-Oe 7 ¥ 4 v
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PSI IZHBIT KD 4 BT HALIUL & CeO IXBIVT BMHBFEHT O 4 BT EITHIE & DM HBLR 35

B4 (A) PSIIZHIT B AGE A 27 b O BEHKI,
ZASERE: 7 ﬂ(?ﬁ}\i@ﬁ@mmﬁzs.zmz).

DERAHER SN S; + Tyr-Oe (H'His190) IREE D LA
RN DY, ZOWREEIZCcO TOPYIREEICHIET 5.
S; + Tyr-O RREED 5, O-O#5 & DI & V) Peroxide A
TER S N7z S, IRBICRATT 5 (1200 usec) 25, T i
#12[X 4B T3 proton-coupled electron-transfer (PCET)
LI Lo THHH, FEBEI2IE TR XFEL-SEX 925 ™ “CT
ENLHIRELEMTEITLTVS. Z00

Tyr-O¢ 7 ¥V A NND—EBFBEHNEDOERETREI 5 0)7.’)\
DIFPANEETH S EAHPLTwE. S, R
CcO Tl Fe (ID-0-0”-Cu(ID # # % & & & TA" KRB

vyl
Vv

)
Socea (Sosces)

rrrrr

(hv )b‘ BH*, e~

Sy
Ve
OH  Syuue(R)-Peroxide OH SsacalR)
ﬁffm e
" o
e /?"fil/ - /P

Ssapea(R)-OH OH Ssapea(R)-OH

(B) PSHDKBIHEIIED KA T v 7T TOETHE (ET),

— BB TMn:--0=0--Mn & 7% 0 | 3551 O U A%
TWHEE LN OIREIZCOTITAREE 25, ME
S TASHU S 715 Seff g B S e < 3 TITAKRAS
A EN/S, (2000 usec) EPSITIREM SN T3
S, FOHRLEASGOFREKICL D EHIRED SR I
LLHICEBESLLE L) THD (4000,usec)33).
S6. So M 13 CcO TIER, RVREEICHIE LTV 5

3. RiEHEEFEOERFTRE
3.1. PSIMDCcO & DHFERRF

BT 5. &KIZ, Mn-O-O"-Mn757 5 2% — O —& 28R L72X 912, PSIIZBIT B KGHEEFTE Y
F#8) TMn-O-0"-Mn 12 Z L L 7 S, IR FE1Z CcO T I AT NDEAT v T ECcOZ BT 5 M3 T KN+
ARRBIZHIET A, 512, SylREED 7 5 27— A7 NVDOEAT Y TIIEESAIICRLZE I 1 Oxf
A
H,0 0, H,0
H,0 0, H,0
B His

376

E5 (A) PSIE CcOICBBEAT v 7OMISHGREBEST. KSTHA, BIGEEO SRR,
(B) PSIL® S, RIED MBI AER T B (S; + Tyrl61-0Oe) REED FHEALMEY (C) CcOTDPyIkfE

(K3 BH8) (ST 2 i b ™.



L5 SIS BV B A HEDO B O (15)
36 PSILIZ BT 2 KkD 4 BT HALKIG & CeO (2B BIEHIT T 4 - H#TTHUS & O BIR

IEBE Y BA B NG, KIERTOKS X ORRES T O
A, BB L CTO RGBS S 2 TH L. ORI
BRI (D) XX 0EFn, 9) NSRRI L
Twa. LaL, CcODF (PriRiETIZFe(IV)=04 4 b
PEFEIN TV L MR A5 TwD, [5 ThtDfEk
PR SIR—E ST W2 CcO D Py iREETFe(IV)=0"
Cu(I)---Tyr244-O¢ 5 ¥ % )V ® 3 %43 ? exchange-coupling
(EC) IKAEASEPR-MCD %512 & 0 f#5E S, ECHs
Gk () bR L BT C R WAL BIER 2 RR
N ETHD.

53 2 PSIITO (S; + Tyrl61-0s) IRAED EPR %
MCD EBfERIT R ZIME SN TR WA, BIFRFHRIIC
2 RS S S TWw 2 O CHESBIIRT. &
512, PylkiEo i L™  ®5CIRT. R5B &
D, PSIIZH1F % Mnd-Os) O HT DO O M B
MR 2.54 ATHEE OB HE (14) THA L2
XFEL-SFX O £l 0 2B 5% 2 I 1F L 7ot L 64
LCTw5. —7, E5C & Y Fe=0-+0H TDFe=0,0
O MIEHEER 1.7 A, 28 ATH 5. HtoT, PSITIX
O-OKEETZHE DIREEIZ, CcO TIX O-OfEA ML DI
BICHIE LTV 5. BTRER AT 572010 15>
LRDOENTVLEDRARETIIERT L. ORISR
Mat& b, PSITOO-OfEATEKICKSEBIZ/R L X9
12, Tyrl61-0¢ 7 ¥ AV b EIET 5 LEHRISMER™
DRSNAZ AE, WEAERE O UG KR O ST 5 & i
HGLTw5. PSIICRIT 534 O HEIIITE O A L0
Zeiht: (7)-(13) 223w,

CcO LRSI ED4E T RILUSIC L Y K% 2L
B3 AMCODEEAIZIZTa s vy By 7 Tldi LNyt
OWALIE " 472 5 M TCO L F R > Twa. X
2C I 3BSHEE R DORE & 2 /R L7228, MCO D412 D
CcO D Cup M43 % Type -Cu BT BEH A4 b & L
THFET % O TROEREUPED S 5. 3 Cu() 4D
WETII2IDMEA430--520cm ' TH Y AL V7T

- ..... @ Channel D2

Mn(IV);Mn(ill) + O+

AML—2a VRS L EED 5 ETFIREIC R 5T
Wb MCODET - AV U EOZEMMCEL T
Solomon™ & D # B S N7z,

4. PSITOREDES ESHEDEL

41. PSIICHTF 270 b BEHEEDRERA
HIZ - MBEIRO 7V — 7 L EZE 2 BiE L C i
PNCHEE o oo, fillEs 4 M i2dH % CaMn,Os 7
FAY —IZHNM L TV 24O KDTRTE (H0), &
g GHEF WY LEZ EThot. ZOREET S
ESUIREED S S, IRENDOERIZB VT, EBRTIZ 7o
b BB EBH SN RO T, FRIEEZLTHASIN
BEND o7, XHET SO HE T 5 &, KeA
\Z7%k L 7= proton release path I (PRP I)**{Z7% L 7= W2 %
4 R A5 Asp6l ~T T b ¥ HEE LTS MDD 2
ERGE L7225, Motk d&dTra b UHiEY A b
EXABITRLZEHDICBY A PERILTE .

543 @ TR XFEL-SFX 0 %2 Bt 7 ¢ 12X 6A 0 PRP
L8512 & 5 Glu65-Glu312 0 7 — b 4 CE 6B IR T
R 2 B RS LB S 7z, BIE, SAREETIZ
BT 72 Glub5-Glu312 25 S, ARREWCBBAT 3 5 & K E G
EERBEMCUTH U 7MEICZLT 5 2 L 72,
PRP &% 12 Aspl 2SI E 5 T 5b Z & A #ET
% &, Glu65-Glu3 12234 F TIREL CTE7B¥ 4 b T
HDEFFETREIC R o7z, FEE, B6BIIRLA XIS,
Glu65-Glu3124 4 + O BIEIZ Kok 4 7 V¥ co7n
F iR E CaMn O, 7 T AZ =260 78 ki
PR AR CHEL TV A I Edbhs. 20
FERAE, MR ORFZERs 1477 Tt L 72 BB KR o
MR BEAT .

6IC/R L7Z-PSITIZ7u b vk (Proton
Lerease Pathway (PRP)** PrLcitgEshTwac
(PRP1), O, (PRPID, Y, (PRPI)#%#%xCcOTH T T
b UL LTIREINTWAD, K HO3ED

B Mn(IV)Mn(iil),Mn(ll

Mn(IV)Mn(ill);

Opened Serr =112 Opened
EegeE312 R —_—rs
H,0 Mn(IV),Mn(Ill),
Closed _ Opened
o2 e Rl T e
lhv
Closed
Ones 1y ) stttz

Setr =112
Mn(IV);Mn(ill)

4

H,O0  Opened

Closed

6 (A) PSILIZ31F % Proton Release Pathway I (PRP I)*** 12 313 % Glu65-Glu312 pair, (B) PSIIZH
VF % K5 Kok 3 4 2 L 0 £ BEBSIZ 51F % Glu65-Glu312 pair D BIEIRI ™ & 71 & > Hirih o BEws 1.
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Channell” ™ L #HE L T2 X ) 2B bh s, PSITIE
& 6 12753 & 9 12 TR XFEL-SFX % Bk 37 12 30 &
Cl, channell iIZ /7 7E 3 % G65-G312 pair 2 PRP ® 7 —
A E L TIREEIN TS, CCOTHIEIN-H D
Wit B CHEREICEIE L C, WAETIRHRBREKICX S
H OB BE % BT 27 — MEEZ™", W
1 ® CcOH 4712 12 D-pathway > "W 2842 £ S T 7,
H-, D-BEECTHROKEZ T LEHHH 2 DIEE 612
RL7ZZPSHIDZNE ORI THEIRE . ki, ThHD
ks % W1 9 5 720012 TR XFEL-SEX %8 > ' 7 541 b
NTwa., —7%, 77— MgomHmE """ 12i3E s
RL7ZQMETVTIEIATHTH Y IEQMET VT
DFEHEPLETH ) 5 HOPETH L. S 51T, PSIT
D IRIF AR, BERBHBREICH IS T 5 CcOTOMH
AR, ABUEICHIET 28157 b Tw
5. PLE® X 5 I2PSI & CcO DA H B4R O 1% B & Ak
IANF—RFOPICEELTH 5.

42. SHEDEBE

R —=ZXTHRALTEZL DI, B4 D3k
BP0 5o KM I Bt i O RESE, KEIGI RO
LEMHEFHOREICLY, BMEIARZOMBIG L E 2
LNTE-EBREGRBEEROME - BTIRE - JUSHE
W DA EHRITHEA TWD, AFiTH TR XFEL-SXF
FEB VI X ) KB R L2 Kok W A4 2 vk
B U7z BSOS HBARICEY 3 2 5 & 1D IC/R L7z M
ARt R AR AIICHN T2 &, B4R LR
B A S IR R AR Y 2515 S 7. 2008 4E O T
WO H E LTI, 2N Tidd 2 09%
ADVEONIZ 8RB, 5%, AV —ATHE L
FIRBCERRDOMABII AN TGRSR OMR L e S
%2 &2 X Y, Earth abundant % 3d &# 48~ FI)H L 72
BrHEER O AR RFNIF S T AR H 5. £
D72OIEEIDIIRT X )12, FTFIMEETE 58
BEBREEROTFT— & N—AOH%EYL, DFTHE""Y
RHZHEREES L 2 RO ER L LS
THY, SBREFIALE 2n T4 v 7 s
AoTEZEVZ L.

E -

FHo—N (L) PERBHZIHV TV B RPIZCO
3E ) I TPSTOMZICB VT RE BRI 5
TENE=HEOFMICHELELZOT, ZhET
DTIEDOH A & BV Z LIEHOXFFE = 2O THHT
L RFET. F, AR#HEE FHNEIRITIZCO
DIHRER I T SEIRIOES LT E Y. AR
BLEFZei o5k~ & — I3 B O FH R o il
HAFF2THELLDEHB L ETFES. 518, AT
51 M L 72 TR SFX-XFEL, EPR, MCD#: 12 X % PSII %

CcO 2B % FEBRAE R 2 Wl S M 724 B OWF7E |2 &
HLbITw, ARONEICHL TETORMEIIES
() K 2HZWELTBE 2w,
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Development of Heterogeneous Solid Catalysts Linked with Synthesis
and Measurement Data by Catalytic Informatics Moving Away
from Machine Learning

Lauren TAKAHASHI*

ikt > 7 F~T 4 7 AIMIET — 2R SR 2 D AR A T U ARG L L D L 358 L
W Th L. A T k=T 4 7 AT E R EIRE 2o THED HAVTE 7208, BTE 1385
WMAEDLITHEE LIEDE VIR AAETHD. T0D (77 v Ry 7 2] FELEHLVbR
TW5., T2 CARIBETITHEIEZ LD A > 7 4 ~T 4 7 AFEORIR & EBREEE 0 L7z, A
JECIIMBER » b U — iR E WD FIEEME OB Z FR OB — 2 WO/ 2 TR 2 2 &2
L7z, ®BRE LTEIRIEA Y U NBEEET LY« X BT DA X Vbl » 7 ) v 7 s % 5wt
Grl L, filllix o U — 2B K DB A R o T IEBR R 2 K L, RREF SN fRBEERIC B VT
FVNEMEZ R T 2 ENIEGES Tz,

1. Fi

iRl > T T 4 7 AL, BRBEORBRGHMIL Y Y 7T — Z TR B — Sl [ A RS B 12O D) 72 FET
527 EREEREEEEIC Lo T y ST — AN DM RAEINT 5 2 EMARETH D03, T ORSE ORI L
W 7997 Ry 7 2R CHEBET DI ENEW. BRHIOM (BERIA X By ) 7)) OEHERRICB WL
b DLFETED—EOWEREZ RTHAETH, MDA DEMIZ L > TEDOMERNEET 5720, 2077 w7
Ry 7 AMENEE CTH D, UETOWNIE T, 77 78in4 AW Tt oM e b8, OGS, C2HX+%:/~F&L
TRy N =7 BET LR~ N U — 7 ERHE I N, OMIGOEAN—T" NERM LGN T—2 v
FEAFEMA L CTEW L RA RN S E S, LEN-T, V9 7HGRICED Ry NU—21%, Kty hU—
7@@%E%ﬁ%mb KT — X B LR THNC KRBT 5 TR LR 0155, Kﬁ%fi,m?nﬁ,ﬁﬁ*# C2 =
BT 2RI e Y 7T — X OBRMEE 7T TR CTRBT D Z L IIHRATH L. T I CRIFRTITBED A &
i ts 70 o T ROGO IR T — 2 2 vy, RS, AL, AMETRERI O Al 2 55T 5.

2. A&
R LT =2y MI421D0MGB I HIE S, 1802DF —ZNEEN TS, EE LT —Z I3k, KIS

FefF, AUEEFHEL, C2ULENREIN TS, ity T — 7 ERO =0T — & ORI A £l L7z, fillftx v hv—2
ECITAAR, BUGSAE, AR, C2HCEOBMRMEEZ Ry N —27 E L THEE LTz, KXy NU—Z 3B LTHRN LR
O, EBIRT 2 b 0RO, TEAITHE, OGS, MR, C2UtRLd. ZOXSRBICTH I LICkD
B9 57 — X ORRMEEZRILL T <. BIZIEC2HCER @V L IRWEE TN ENRLE T A Z 12k, Thbic
B B, PGSRt MEGRRE, COEMHTESND Z L Ehd. MESNTEX Y NIV =237+ —AT T Rik
WCE 0 R ERR Sty hT—2 LT 5. T3 —AT b7 AETIHLIARO X D 251 h&2F->Z & TZ2EIC

FEISND. ZNODONICEVNMENRESH, NT U AOBRNIRREICINET 282 08N 5. Zhic kv EEEd
LIER OGN G, FEEE, MAEH, BIOBEREEZRT. 20k, filltey /5 —2I2k0 bbb sz
Xy MU — 75T, M O E/ER B X ORISR 2R O L OB E A BT D 2 LIRS
nb.

202542 H7H M
TSR A T —
BRI 3= Ny N i iy AR e e |
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3. BREEE
WS SN2 0O DR N U — 712 X DURDE O EoR Sl 3 S O AN GG S iz, RE S35 0fik
B (Ag/Mn0, (C1), CsLiMn/BaO (C2), LiSrY/La0y (C3)) TdHD. Zi D OFBEIIfRE - AEHADOMEBETH Y, Ml
Ky B U= ZEN D EIRIEIC L DB AR LR SN2, GRIEIC L > THBGRE A2 E L. hoo
fib b3 7 A Fal R O [ RS 2 D CHEM Lz, TRAEA X WA, BB, BRERERT D 0ERT AL 3HE
DI AN E > THEME LT, E SIS U7 SO gL SUS3I6L D78, FUSH D8 % 28 % 1= D 2 A7
bIN S T%%L%%@mkbf FLm., ZOREEBEICB W T3 OOMEBETO C2INRZRE L, F* v U —7 it H b
IRRFHC RIT TR A G Lo, FEROER, T Cofiff (C1, €2, BIWVC3) RN7 77 (B L bk LT 2L
¢Tﬁﬁ%mb,mﬁ;@m?@mﬂ;cywmm@fﬁﬁﬁﬁﬁbt Fi, BEINIZT X TORETCOx DL
$75§7“§‘/7CwM&u\:wi‘ﬁﬁ%ﬁa\ént FRIZC3 T, 600°CTIHMENHEL, HAEITF AL 25Tty MU —
DERABHCEHLTEY, BESHEAEEER v b U —27 BiBEOTE THRE SNZERFBERZEMTL LOTH D
_k%r LTW5., BESNETNTOMBNEEZ R LIZZ LD, ZOFEITHES GRS A N TH 5 ke
HERHDH., INHOFRy hT—70%, #xiiye CCHEEDE T/ <, F v hT—2 & C2ILRDONLEBILRIC K > THREE
DOFAXRIHI 722 IENE 2 SO L T D AIREME DSV R S D .

4. &

By 7T & RO OCRE SRR L DA T A~ T 4 7 AL, TOREROBEANAHETHD (7T vy
Ry 7 AR ICHEET 22 ENEV. ZORDAMZE IR » T — 2 EZ2RE LB T 24 7 4~T 4 7
AFEEFERK L. BRI RY MU —ZI2BWT, BEEE R DMBEOTHE, RS bz, £, KOSTENE

(U B T BB B % AT T RTRENE D & 2 UGN, iR > U —ZIEIC K VL 72 o7, FEER L L TAg/Mn0,,
CsLiMn/Ba0, LiSrY/La,0, 3SR SN EIRIEIC L o TIIER S iz, EEROEBREIT > 1 FER, 3 oOfitix
OCMBL B W IR T 5 Z L N FERE S LTz, AEE I flix > hU—27 1%, * v b T —27 NOBREDR
MWEOOMERKGEE LML TNWD Z ERHER SN, *y MU —7 NOEHICE-S < BEEN eI CHTRETH D
TEDWRBE L. IO ORERE, iRy hU— 2RISRy MU =7 BAH%, OB G L OT — 4
Ty MCOBEHTRTH S ZEE2RLTEY, iRy MU — 2 EHREES A v T ~T 4 7 ZEL LTA%E
JGFEFAD RN > TN Z EBHIFTE 5.
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Development of Pneumothorax Detection Method by Wearable Ultrasonic Monitoring

Shohei MORT*

This study aimed to develop a pneumothorax detection method which can be implemented in wearable
ultrasonic sensor. For this purpose, we developed an analysis method for M-mode image, which is measurable
by a single ultrasonic sensor. An analysis method based on envelope statistics, which is typically applied
to a two-dimensional cross-sectional (B-mode) image, was applied to the M-mode image. Based on the
properties that the M-mode image of healthy lung region shows an incoherent property along the time
direction, while that of pneumothorax lung shows a coherent property, we analyzed the M-mode image
by a Rice distribution, which can quantify the ratio of coherent component to incoherent component. By
the analysis of ultrasonic echo signals obtained from a healthy volunteer, it was confirmed that the proposed
method can quantify the difference between the pseudo-pneumothorax region (chest wall region) and
healthy lung region, which will contribute to the development of wearable ultrasound-monitoring device
for pneumothorax.

1. ARES - AW

SHID K 5 Ak BT, IR BB 7RI ICHa 2 D& B T2 I, RIBE =2 U L 712 kY HBIRA s
AN RS RE D B 2 L, REICIBE AT O BENH S, OB TIRERIK X Nt o TRIBE=2 Y > 7 & £
TEAUL, BRSSP, AHERICIY AND ZENTES, BENE CFIBREOBERICLEHTE 51E EReRE
WL ThHDHID, BREE=F ) U 7 ~OBRICHEL TS, BEnD, K32 v =7 J 7 VBER Y Chitg
e =4 U v/ UOMREZ E RN - BEMNICHINT 5 720 O 7= 2RO BRI TR Y AT,

2. Ak
e gt b N Srbe bl 1
B 1 U B AOH 1 & RS BT foiRAR T T g
OBI%TY, Wik, AN OO & o~ ERUAR (%)
W0 2R a %< AL TS, A ’ Al B R Lt 0
AR THEBREAREC RAS (N, TR T (CEEEe) o o
B, THCEELT, WrbolEs | LT A E 20 Pl T——
FESICE, SEHREOT—F7 7 frias & 30 DSBS C ORYEL
7 N LMD IEGAEND. —J5 T, E 10 ' KB 0y Rt
ZERD R THINEIC AR 3 2 B & O B AREL 50
THRAR—FRE WD T B, WKk STERE (FHR) 60
B R g L ST 0 10 20 30
ZOHOND HUIR(F N ZIE SR ke e [mm]
%, ZOMIIREFITEEE OB R - E#E#) 300 um
e L - PICH) 3 (24
DELEDZEDIRH D OFFHELLE 5 D
FUNETE T 208, T OFURRIEITFHEIE R 1 oSS & OB 5 BT 1% () .

A L RO BIRIC £ > T2
B EF, BRSO B< 0, BRI FHEE U RS OALE B ASASD ) TR b EERIROIC 2L
5.

20254E3 3 H 8
BB A A T —
WAL R R A B LA ge Rkl S T Bk



Y7 T TIVEBEFERIC L BZERMRINE= 5 ) v S FREOR 43

AT B BN BT 5 2R RO oIz, ME— REMERD -
FRNBS. TrUL, FHIES ZEROGH I, BT RS ME— REf
EEREROMGTIICE~S - LT, FEOES DL oMLk 0

BT 27 Th 5. PRI R D MOBS IS RO FERE 210 -
DEAICE D, ME— FER LTI SR Sl > & kit E 208 gl HlelG
PHND. KT, WS TR > O TR SRy 308  gEsEn
LB b, ME— KRR ECIRBOT IS E R BE S S 40

5 (K2). ﬁ':ESO

SMIAVEL S &, Wk L ORICHET SIBNCRAHE, B g

MBI~ R AR 5. T % B & MDA X 0 2. 4 B
CRADI, B LIRS IR TR L, B AR L) BT
CIRBEW NI LA 25, RIS D, Wil OME AT (h3BIziED)

R ENR <Y, ME— NG BT, BBER & [RIAR O (R
[A)) 7 NS E W e /R 2 — L IS S E RS 0 il SR & Tt T
RADE DB L 2.
25 LT & D55 (B 210 & E WA 52 ERBIHRIT 5720, [F5I0E ENDMEHH 7R 2 f#tr
5 FiETH L AR IRIEHF I 217 o 72

K2 Wisseisio M — Riifg (fw3).

3. R

SHIFEOD M E— NEHE IS S B L L - B 2 b5 2 LICHEH L, HH ONIEE o M T — R
1 % BRSO M — R & L CRUERICIR, 5 ORTSEGS & OB % 1T~ 7. T v ¥ DR FUES L E#
M7 E RO EE ERILTE D T A AT & TN D LT E T N & IO TN 21T > 2R R4 M 3107, T4 &
AR K BREHTIC K, R KRR (FaBESS) <1k (D) 5101 R 72215 BN TREHICh 1, e a1t 7
VA RIEEE LRI E 7o TND 2 L A TE, TOWEE T A ABA AT A— 2L ERLT 52 ENT
E7-(1). BLbinh, AMHFEC L0 W &
FHBIL, % ERICRIECE B RiE LA, SA AN LD
SRET, EAEEEEIGBESE CORRIZE ‘ URIRIRTE TR

T, RIS < R T T — T, 2 = “%
WL W38 T L C AR AR AL 00 22 R A 7 M 2 £ 5 8
BT B DN I B ETH T, —HT, ABET 10 30 H-
X, EHORKNRE A RS M E— FERICKH LT BK 40 » &
ARIRIER AT AT 5 = & T, Mko ZERIREER 7 R 50| ﬁ
PEEECIE7 <, ALk S BAOMEELIC1E 5 BB DRI " 60 o H

FORBNARHIERERILT S 2 LRI LI b0 T SRS [s] SHESRY [s]
Y, BRFEBED T T 5 AR RO R I H

07, [EARERERBIEIIC 0 5 B2 (R
HEOAIIZ bFTT 5 b0 L MHTE 5.

B3 A AN K DMHTHER ().

4. HER-SRORE

JRBEC ORI AW B D W PERE 7ol 5 I B 2 WS ClL 2 WOt B g O 2 IS T X 5038, K
WFFECIE, AHARCRBICHER CE DL LIV U TARBROENE T =7 77 b OEREZEEL TN D.
AWERETHER L2 M — FE{ITE 0B oIk 0 1 IRICDE S ZRENICIET 5 2 L TELND 72D, 21k
JTUHEB A RS TE RN TR OB HCHEHTE, 74 AR—FTANn00 =7 F 7Nl oY%
AWTEEBOFRFE =2 ) > T HINOBRBE~OBEMPIHTE 5.

REFERENCE
1) S. Mori, et al., IEEE International Ultrasonics Symposium, 2024. doi: 10.1109/uffc-js60046.2024.10793989



44 T TBIL KA E ¥ ENIRE

EFTHTHSXKAAE ViEEIIRRE

A N NN

Persistent Spin Helix Observed in Quantum Interference

Sota YAMAMOTO™

For realizing spintronics applications driven by the spin-orbit interaction requires to evaluate and control

the spin-orbit parameters precisely. Although InSb is one of the most prominent candidates for the device
applications, the Rashba and the Dresselhaus spin-orbit interactions in this material have not been evaluated
simultaneously in an appropriate way. Weak anti-localization, a quantum interference effect in a 2-dimensional

electron gas system, was employed to explore an InSb/AlInSb quantum well in this study. A wide range

of gate modulation of carrier density combined with a Monte-Carlo-based simulations revealed the strong
Rashba and Dresselhaus parameters simultaneously. The results suggest that InSb can contribute

miniaturization of spin-orbit-interaction-based spintronics devices.
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Strong-coupling and Electron Correlation in Nickelate Superconductors
Motoki OSADA*

The recently discovered superconducting infinite-layer nickelates provide a new platform for investigating
exotic pairing mechanisms in multi-band systems, offering fresh insights into unconventional superconduc-
tivity and complex quantum phases distinct from those observed in cuprates. In this study, we demonstrate
that infinite-layer La, Sr NiO, exhibits robust strong-coupling superconductivity — more than twice the
Pauli-limit expected for weak-coupling BCS superconductors. This substantial violation becomes even
more pronounced in the underdoped regime, suggesting an intriguing evolution of the electron pairing
interactions. Additionally, the unexpected observation of positive Seebeck coefficients in underdoped
region suggests a presence of electron correlations. These findings establish a direct connection between
strong-coupling superconductivity and electron correlations in infinite-layer nickelates.
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Development of Multifunctional Biologically-derived Vesicles

Yasunori OKAMOTO™

This project focuses on developing nano-factories that can synthesize drugs at disease sites using
biologically-derived vesicles. We demonstrated that both membrane-displayed proteins and periplasmic
proteins could be simultaneously expressed in E. coli cells, leading to multi-functionalized vesicles. Upon
displaying histidine-tag on the vesicles, the corresponding vesicles can be collected by using magnetic
beads bearing Ni-NTA moiety. Future work will apply this technology to incorporate various enzymes,
including artificial enzymes, while further optimizing expression efficiency of target proteins through

fine-tuning of translation and transcription controls.

e
1. BR

WY Z A 22/ THREICIEATEMICEIT 5 2 R TEHIE, HEERPREREZ KIBICH LT 2N TES. 20k
5 7p W ZE R 72 AN DR DSAR O 2 FIRE &L T 572018, BEHIZE»OBHRIGHET, R v 7T IR = 2T A
(DDS) DWFFEBITHOIN TN D, FrE OO Z Rk A Pk & A MAG YT THUREWESER] O &5 723654
FDHDEBEALEET HHRITMAT, HEERIAICBWTEANEZZDHEMT 5/ 7727 N —OfE b ED 5
nNCWa L ZokokF Ty MY, BERR EOIFERE Y 2 — NV EREOMRITICEHAT LI ETHLR
5. WET EFPEBE Y 2 — ) WIERIROILFEMREZ T T 5 G A5 Z L 3 CE S, EBENL CTAHARATHE
RFO L= Y —IRE JLESNS.

Fx D7 N—7 T, RROBERIITA SN RWMEFERREEL AT 2 N THREZORB LD T\ D (K 1la)>? AN TEE
FRITAAEE AR A b L2 D 2 R BEONTZERICEAT 52 & THRESN, 556105 AN TESRILE AR D IR IR
DAL R & & L 3D (BER) DR ORI Z R0, DInck~ 1L, Bl 7727 U —0lEnD,
RY ==Y = L7 EOERP LM I AN TRRZEONAERATZZ L0855, LrL, WEREFIMEICHERD -7
ZIT, BBIRICENT, FxITERTEMRTF TR, MEMOEAT H_X 7 WTER L. (K 1b)Y Zo~y
I N PERETDMEM NTEEZOMELE 72 DR A b2 o BRFERESE, ZORNETALIEENMERTEINE, A
TEHRENAT DT/ 777 N —OfERFAREL D, MAT, XTF ROX AT EEWMEDDRES X7 I
ARBLEE, XU AR R TENL, MY —7T 4 v R E S TS ERBEDO G L FREL 725 (K 1b).
T, NLEEFENGT /7727 b —OBRICAT 2 REHNT O 2 S L, A TIEMEDBKEDO N 7 1
B DB DL /) B & W EBRINTE AT D TIEOBRICED $AT.

& ~ —
"RV NOE Q#
R RIS (BRI - + 5 LIRS D £

ARk b
@%&ﬁ‘éﬂ:/\% FRIINL
ANIEHR

D FERADFEMEE
LR BRAE RIS RIS DB WVERETER Q

~

H1 (a) ATEEEOHEE, (o) BEMODELET S~ 7 0.

20254E2 H22 H 28

PR A T —
H ARBL AT Fe i A B R e &~ & — BIIF 78 3R
O HLKE2EERE 7 v v 5 4 7 WEZERT)



SRR N F XY 7 VDS 49

2. BRLEER

INETOWENS, IRD 3 BafB L TCnb. O KIBHEICKROBE S R0 BORESIRIC B 2 R0 B A%
BRE¥2ET, BMZ 7B RKIBEIMEREIIR R TH L. @ NV 77 XLBITY 7 VES & G F 83
5ZLT, BWETDEZ NI EERT VNI~ LEATFRTHD. QN ZOORBREH—TF A N EITHE
KT DHLICEY, KIBEOIMEL XY 7T XLRR 2 ZFEO X VX BRFERFRETEX 5. L LY 6, PR
SOEBETIE, KIBEICBWT, BWFOX X BEOFRBEED/NT VAR LTV ERDD> T, D7D
5D A 3//\°7’f£;5_"7ﬁ?‘5’\/7/1/, double positive XU 7 IVDELEENDIRNE WS FREN D - 7=,
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NENEZ 2 BEIRESRIECRIET 2 2 L gnote. BERMICIE, SEAWAMEROX SRS X7 B 37T CTD
EARIZB VT, R BLINTZDIZR LT, «U77XAM@E%&xn7EiwC B DEH# T OIBLEN
BRIESND EVIHKTAEMRENNETHDH I EIRENT. E T, SMENZ R0 B ORI el 7218 5
PREMERF L2 D, [AIREFZARY 7T XAMlDZ VX BORBLES M ESE 570, O 7T XL BTy 7
BLFNZ DWW CERBRT L7z, ZORER, FREEEY V37 BIZBW T OmpA ) 777 X ATV 7 VELE 758 Ll i) B
WiERE B2 72, —H T, FREEEE X TETIIMONRY 7T XEBATY 7T AEIIRE L TNE LS THY, HA
FTBLRTBIZEDET, XU T T XEBITY 7T NVESI ORGSR NE L 725 Z b iroTz.

F7o, SMREIIRRT 2 % /37 EIT Histidine-tag 37 kDa
A9 52 LT, Ni-NTA(nickel-nitrilotriacetic REHEI VB P - - 25102
acid) 2MERA S M7 BEMERRI 11 Histidine—tag 278
THNY I ADREETRETH S = L ibinoT- (K 2). Hisidineag 20kba
£ S F T EETAEET, T ORI T % L8 —_— i
FTHZLICEST, RUIAEENTS I ENRTES (:) }f/ kﬁf\
e, ANET 20 "I B e b oy VOl Ni-NTA His-ta
IFICES £ ORI & 72 5 ATREMEDS B 5. S ;; BESreioR ’

K2 Ni-NTAE#iBAEARFZ2 AW TEIL L7z AR 7 LD o=
AH T a B,

3. SEORE

AWGEHIRNC N T, BRIZ X7 B OREE « RIS U TRERNY 77 ZLBATY 7 TSN EZEIRT 5 2 & T,
SRkIe 2 LRI G HE R I VICNAFRETH D Z ENEIE SN, A%IE, ZOHMREAIGH L, SRR N T
FOBEA~LIRHT 5.

Tz, VIOFTNAESNEEZ DI LT EOWENIERINTZH DD, double positive X7 )VDREANFRITIZEIR
LLTHEDORMASH S, ZOFEIIH L TE, MEBLIORY 77 XA Z R EORBEREOZ A I v
I ORERHPALETH S, BRI, VAR Y — RGN (RBS) BLFOMEREEIZ K 2 TR R Om# b7 & 2D
5.

REFERENCES

1) BI& LT, Li, et al., Nano Lett., 17 (2017) 6983. 72 &

2) Schwizer, et al., Chem. Rev., 118 (2018) 142.

3) Okamoto, et al., Nat. Commun., 9 (2018) 1943.

4) Toyofuku, et al., Adv. Colloid Interface Sci., 226 (2015) 65.



50 TERMLIR G A A fcd i 5 PR & 2 M L O WL & Tk o R 5L

IEAHEEE H v AGEEXERIC K S
a2 b DEEFHEE FEDESE

A g W

Development of a Trajectory Inference Framework
by Entropic Gaussian Mixture Optimal Transport

Toshiaki YACHIMURA™

This study proposes a novel mathematical model and analysis method called “scEGOT” based on
optimal transport theory to quantitatively reconstruct the dynamics of the cell differentiation process. By
extending the entropic Gaussian mixture optimal transport theory, we captured dynamic information such
as the speed and intermediate states of gene expression, which were difficult to extract using conventional
cell lineage inference methods based on scRNA-seq data. Moreover, it can also reconstruct Waddington’s
epigenetic landscape and infer the underlying gene regulatory networks. When applied to time-series data
from iPS cells induced to form primordial germ cell-like cells (PGCLCs), our approach identified not only
known marker genes but also novel genes including NKX/-2, as well as groups of genes involved in
inhibiting differentiation into PGCLCs.
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TORBUENSEWZHIEI S D Z & THOERETT 5. ZoMiaisfbo X 457 AT 2&MET L E LT, 1957
AEIZCH. Waddington i Lo CTZE V= X T 4 v 7 T RAZF—F MRS, Z OIS EOBAE T CBIT 5
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T A v T RAF—T R T E B R ORFEOME L BN L Uiz, £, BRI EEc IS XMy
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inference framework based on Entropic Gaussian mixture Optimal Transport) 7% BH3& L2 (V7 Ry =T icon
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Landscape reconstruction GRN estimation Gene expression animation

2 scEGOT DA% scRNA-seq 7 — & -~ [ .

3. SEORE

scEGOT 73 scRNA-seq 7 — Z IZ[R & 72\ 7 — & BREJEL 1L Th 2R 2152 LT, AFEow A% KT T TE
Thd. FRCE M0 7 a~F U EH AR EHT 5 scATAC-seq 7 — & O L 9 7D H— a7 — &~
IZOWTEZTWL . F£72, scRNA-seq T — & D A% I CTHINE O ZEFINL E % FA% 57 5 novoSpaRce 72 & DR 15 8
N—NTT77 4 —FEERFEEMAEGDED Z LT, 3WICICHBIT 2HBCARE OGRS 5 85T DO RFZE
FHEBNE = DEAFT I T AEWET LT NITY RLOEELEEZ TOET.

REFERENCES
1) C. H. Waddington, London: George Allen & Unwin, Ltd., 1957.
2) T. Yachimura, et al., BMC Bioinformatics, 25 (2024) 388.



52 BAT T T A Y TERE B L A RRE T o SUSHRE O f B

PFIZIVT1 Y ITRREEEM UL
BRBEPORDEE DR

HOILOR T

Investigation of Reaction Mechanism in Organic Solvents Mimicked
by Molecular Crowding Environment

Akihisa MIYAGAWA™

Molecular crowding is a characteristic feature of the biological cell environment. In this setting, the
equilibrium constant and reaction rate constant differ from those observed in dilute solutions. Molecular
crowding studies have predominantly focused on aqueous solutions, primarily due to their relevance in
biochemical research. However, considering molecular crowding effects, such as volume exclusion and
osmotic pressure, it is possible to create a molecular crowding environment in organic solvents as well. In
the present study, we investigated the molecular crowding effect on the complexation of oxine and a por-
phyrin derivative in methanol and ethanol solvents.
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Development of Polymer-modified Gas Diffusion Electrodes
for Electrochemical CO, Reduction Ethanol Synthesis

Samuel JEONG™

This study develops polymer-modified gas diffusion electrodes for efficient electrochemical CO,
reduction (eCO,RR). Improving CO, supply to the catalyst surface using a polymer enhances reaction
rates and selectivity, particularly for formic acid production. The polymer modification method is simple
and widely applicable. Future work aims to optimize catalysts for ethanol and methanol synthesis, further
advancing CO, conversion technologies toward carbon neutrality.
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Kowit HENGPHASATPORN™

Development of Novel Computational Methods for Ligand-protein Complex
Structure Exploration and Application in Drug Discovery

Kowit HENGPHASATPORN™

The COVID-19 pandemic, caused by SARS-CoV-2, has had severe respiratory health impacts. This
study aimed to design organoselenium-based inhibitors targeting the SARS-CoV-2 main protease (Mpro).
Distance-based selection molecular dynamics (DS-MD) simulations revealed plausible binding pathways
of ebselen, a synthetic organoselenium drug, within the Mpro catalytic site. Ebselen interacted with H41
and C145 through a -7 T-shaped and 7-sulfur arrangement, respectively. Ligand-based drug design using
QSAR models (GFA-MLR, RF, and ANN) predicted biological activity, with the QSAR-ANN model
achieving * > 0.98 and RMSEtest of 0.21. Integrating ANN with DS-MD insights facilitated the rational
design of ebselen derivatives with favorable predicted IC50 values and drug-like properties. This synergistic
approach merges ligand- and structure-based drug design to guide experimental validation.

1. R

WA, BIBEMFEIE AR L TR Y | FRIH D A L ZALHEAIM M O~ O XIS N OFRE L 72 o TV D, fEK
DOFEFETIE EN S "V HOFER NS — 2 EMICEB L, BT LOHEAIZBEE T 2 LB#L, LT
DIFERREL TS, ZOERND, MEROFHEBE A AW AIBETFIEO BB A MR U, 20002 H08T ) 78T LS A4
DR FELBRT DLERH D,

AFFEDINE, TEROF T EZ AW AR FEORMBERZ R L, i 2fl Y — L 2M%ET 22 L Th o, AR
1Z1%. Distance—based Selection Molecular Dynamics (DS-MD) [1]Z#EL. ZhrxHWVWTHFlaaFr T4 L AD AL
v7'r7 77— (Mpro) IZx3 2HEROBRREEIT I,

25—
.................... >
T4 TRTY b Sy My b MDn L
RBGIVINVE Rw 'Jlﬁ‘J K BEEY VIO B LA l\“ L E I AE™ = AE® + AES + AES + AE,‘I"I
HAGORSIL ' in silico EAGOERL — (i) DS-MDi% Ko e (i) BFNFAR—ATRHA
— R E : DS-MDEEMro 2 51 IBAT 5
1 Workflow of this study.
2. HREtE

ATFFETIZ, DS-MD & W2 BTHIBLEAI & & R BEA RS L RR L, i ARG E LTEMT2 28 %
HEE L (B D, EAR—2T v 7T 7 —BEET v A28, SARS-CoV-2 D A A 7 r7 7 —E (Mpro)
W3t B BENREDHER S NTALEIITHONT, X oI F L OEA KRGS in silico TR LT,

ELFRHEEZ AN TLEY O =Roo#sE s A LU, HiE 2 Rk Lz, SREOYEE L LT, BEREEET —¥
N7 B EUE L7z Mpro O36HSE s (PDB ID: 6W63) ZfEMH L7z, DS-MD ZIKiE L. HiizlcHB L7 v 7 2%
WU Ay NEEREES 7Y 7L, BERIE ¥ 2 X7 BOBA R 2 2 RADICHESE L=, DS-MD TIX, AR MD
VIal—Ta VOBEERMEBEZRINT D0 VT REX—F v b & U7 B OREEENL L ORI ZFEE
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Lz, ZOfRER, ERHFIMD v 2 b—va Y TERSNIEAT 40 4
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ERPMETHSZ, DS MDD 1 EDOT I 2 b—g a3 X M oy hom 504141
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X —FHETIME L7z, M HETHE LN ZREME LI, F
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2 e - D FE ¥ I al—varark s b,

3. BR

B SARS-CoV-2 FHEANL. ST THiB L7z DS-MD (2 k- T bhiz
E01/Mpro #& % JEICERE & 47z, Fig. 3a i%. dS(C145)-Se(E01) |
FEOWTRI &7z E01 OIEMEFAL~DFEGREE AR L T\ 5, it\
DS-MD D#LEAZ MW T~ /L a 7REBET/V[16] [THESEHM L TR
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M165, H168 23ffEsd Sz (Fig. 3). GMS IZX1F % E01/Mpro HAIKDKE B3 The path of E01 compound binding to Mpro.
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Realization of High-functionality Interfacial Emergent Magnetotransport Phenomena
through Epitaxial Techniques

Takahiro C. FUJITA*

In this study, we investigated emergent magnetotransport phenomena at heterointerfaces composed of
orthorhombic perovskite oxides. We fabricated heterostructures combining a non-magnetic metal CaRuO,
with an antiferromagnetic insulator DyFeO, using pulsed laser deposition on LSAT(001) substrates.
Transport measurements on these heterostructures revealed distinctive magnetotransport properties at low
temperatures, including enhanced negative magnetoresistance and nonlinear Hall resistivity, which are
plausibly induced by magnetic proximity effect from DyFeO,. Our findings demonstrate that epitaxial
growth techniques enable precise control of heterointerfaces, offering a powerful platform for exploring
emergent magnetotransport phenomena through the functional separation of conductivity and magnetism.

1. BRER - FHROAM
FAEOYNE LTI, WETORMFR (F R V) e EBFHET 28wt OB R E 2 & 72> T

. FEICHEMEO B TIE, ARG &R AEM & OBEAIC L > THET 2R AV U BENELETYMESER %
LOTND. LD, PR YAMIIEERR A Y AEET, BEZEMICBWTETFIE L 28T IR —(fH &
FEODWNT TAIBRYS ) & LCIREES Z L AMISNc->CE" . CORAIRE, =3 ¥—0#iki bbb (4]
REKIEBRL ) ZFET L5200, BIRENHEEDO= LV hur =7 ST T, ERSMI TR IICHIZE ED
BTV, SREILAMBERIZE 5 LEEOHRLTH Y, REHITH2B0MEBLBILAYY R, 6dPdSi,” ED
A TAANEFLEHTIE, PR OINVHEARIRAE U EETH D AX N I A HROAIRMEICER T 2E R TR
B AR —R] OFBPHE SN TE . EROMITER TH 5 &BELAMBEMEATIE, BXEEEL b Rr Y
IR AR A U HEIERE—OWBERICHN. SN TWD. Zhb 28R aHE L ZoMEO~T v R 21 A h
AF, BRI R E KIEICHLRTE 2 (M1(a)). S BIT, MR TIIARAREZR RGN & RO MNIHIEIC L~ T, Hiic/edE
FTIRHR, L0 BRI SR ERRORMESS 2 L bARICRS Y. oL S AT RS DAL TE, B
NuTAHA MU (AB0y) &M\ TeT m R E S 2RI, DREAREBREEHS ) 2R L.

2. RRFi%

FEWEME B T d 2 CaRu0, & BEMEMERR AR T d 5 DyFe0, & HARRY e st G & L7z, BBHI L X L—WF—HifE (PLD) 14
Z T, LSAT(001) HFEMR BIC/ERIL 7=, 77 L—2 g QiR 248 mOKrF =~ L —F =2 L, oL
JEEHATE Hz, TRAF—FEIL2 J/en’ & Uiz, ~T aHEAREHT, DyFe0,/CaRu0,/SrTi0,/LSAT O JIE THERE L T {EH
L7z (K1(b)). DyFeO,J8D/EH % 15 nm CEE L, CaRuO,JEDEH %4, 8, 10 nm T L EH72. SrTi0, g% CaRu0,
ORI AW S50 0fEEE E LG miFAL TWD. RIFFREOSEMETHER L SrTio i3 &iETh v,
RSB EEMEIC B L VWE AR LTS, EHIEFE670C, 10° Torr DEEFE /Y EICI U TSrTi0, 8 & HEFE L,
2% 10° Torr OEEFE 4y T CaRu0, 8 & DyFe0,J8 2 HERE L 7o, Z 0%, AEOmEFE I ZMEIT 5 72012, HEKIEE
600°C, 100 Torr DEAR RIS T MOT = — VA E T o7z, ~T a#EERBOMIZIERBAL LT, ES
12 nm® DyFeO; H— i, JE X4 nm CaRul, B — M 6 /FR U7z, VB L 7230BHC KT LT, XBRIESTIE, JR+ M08
Mg, FHRE TS A AV ORESME 21T - 72, Quantum Design BRI ELERE (PPMS) 2 HWT, 2-300 K DR
JEGEPA T+ 9 T O/ Z N L > oSl E 217 - 7.
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3. BREER

DyFe0; 1%, #J 50 K O A & HEIREE LU T TIXIEIRINGE & U CAIFERES 2 FiT- 72\ AG C RO SCRBENERRFE 2 Bl — 5 T,
c B TR OHINESS I K > TRIRBES 2 5D GAETI~DEBEFEETE 5. W2IT, Z ORISR — V28R Thil
T HITIE, DyFe0; @ cliliAs e (LSAT[001)]) HFANZKET 5 Z L3k b b, X 1(c) 12 DyFe0s/CaRul; (4 nm) ~7 =
BAWE OB BB E T ML 2~ e T Ah A MIgEAFONT o REANRTE L F Uy LREL TS, HiZ
DyFeOs JE 25T L CEFRREYTEZ £ L& 25, TD cfilias LSAT HAoo[001], [010], [001]1J5 % v 7= 3 FEEHD
Fidh R AL URBHIES N, ZOFEMEHT-TZERmRINT.

X 1(d) 3 L MK 1(e) I1Z DyFe0s/CaRu0; (4 nm) ~7 2 5B OBSHE R OB ER R A2 R, KIBIZR 51250 T,
BOBKIPREBER L T E, R VIRPIERSBSIx U CHRE 2 IRE A R L2, FRIC 25 KR 2 K T, MAIR
PUCHAR AR ZEHAABNTRY, BB ROBKEBNE L TOWAHEARRL TS, BICKHETNE Z LI, T2l
JEEEIC VT, R— /UIRFIRITABAR (A2 R LTV, 20k 5 25 hix, BAbizfls 5 —r e B R — 20 %
TIEFBA T E Wz, Jeil Lz DyFeO; DRI ML D AIRBIHOF/LN, ZORBLEER—NVHROERTH D
EEZDBND. ZOL ) R BEEEHLIE, CaRu0; B DE A Z BT IZ O3 CEE L7 1EA>, CaRu0; H—# R ¢l
Bl S yol2Z LD, DyFeO; BH D DREKIEHNR TH D Z L3RSz, E£72, CaRu0s B—EED A — AR E D
LDRMbG DL, BEETITNI T EWIERBRANESLZIE L TNDZ ERHLMNIR ST,

(a) _ (b) (d) T
Magnetic insulator 0.0k 490 K
RZXNZANXS = 45K
MXZAZXZNXZA < .06f
RAXNZANS 4
4 25K
m+ s 12 DyFeO,(15nm)/ 1
s CaRuO3(4 nm
-1.8E4 1 1 ?( 1 1 1 2K
T T T T T T T
. (e)
Paramagnetic metal 00f=__ e——_ 90 K
(C) _20 _w_/lf) K
= 25K
(&} o -
& 40
\:_/ —
DyFeO; R 12K
8.0 fum -
CaRuOjy
SrTiOs buffer Ao W]

9 6 -3 0 3 6 9
Magnetic Field (T)

LSAT (001) substrate

10 nm

K1 (a) RAEAITEEKEEHEZOMAR. (b) AT TIER L7z ~T oA E ORI, (c) ~7 m A SR O Wr i % it & 1
P EE1%. (d) DyFeO;/CaRuO; (4 nm) ~7 2 # A5 E O RS IKHTZE  (Magnetoresistance ratio : MRR) 3 L O (e) 7~ — /L kHrsR
(o) DBEBHKITNE, A— WEHROFT — L2 I3 MIcA 72y hENTTH Y, FRIEET -4 LR EAORKETRLTNS.

4. FLHESHOEE

AHFSE Tl CaRu0,/DyFe0y ~7 £ A B & %512, DyFe0, 8 OREKERR & HUTHE D AR OBV B b & 5w L
7, BERARERSEER R OB LY. oM AR LT, thoEhitn 7 204 MBI eI L
LIS R AR L TEY, SROFLZRENGFEIND. BHHS0 T A DA MURBRLYILEETIE, KRS
FTHERMWE L LTHEE SR TEY Y, Bb~7 o REIEZOBLEN S b B RIEOBE L 2D L EZ NS,

REFERENCES

1) Y. Tokura, M. Kawasaki and N. Nagaosa, Nat. Phys., 13 (2017) 1056.

2) N. Kanazawa, S. Seki and Y. Tokura, Adv. Mater., 25 (2017) 1603227.

3) T. Kurumaji, et al., Science, 365 (2019) 914.

4) M. Ohno, T. C. Fujita and M. Kawasaki., Sci. Adv., 10 (2024) eadk6308.

5) T. C. Fujita, K. Omura and M. Kawasaki, Appl. Phys. Lett., 125 (2024) 011602.
6) M. Naka, Y. Motome and H. Seo, npj Spintronics, 3 (2024) 1.



60 AL BUS TSI V) 72 R 7 = 2 MR OV 202 X 2 2 BeRARE b2

BEXCFRDHEIEICHT T
REEBFRN 7 = L MBIV RIC & % ZERPEIREN b

Hoa — #HT

Multiphoton Vibrational Excitation by Surface-enhanced Infrared Femtosecond Pulses:
Towards Controlling Electrochemical Reactions

Ikki MORICHIK A*

The strong excitation of molecular vibrations by intense mid-infrared laser pulses enables selective
bond breaking and formation, making it a promising approach for controlling chemical reactions at the
molecular level. Recently, we have successfully demonstrated the control of dissociation reactions triggered
by multi-quantum vibrational excitation of metal carbonyls by leveraging plasmonic field enhancement in
metal nanostructures. Currently, we aim to control electrochemical CO, reduction reactions using our
approach. In this study, we demonstrate multi-quantum excitation of the anti-symmetric mode of CO, in
ionic liquids, achieving excitation up to the tenth state using intense and broadband mid-infrared laser
pulses.
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A A EIRE K E TV 11 TRE LIZEIRIC COy Z BafnvafiE S
&, HHE 25 um O FIMSTEVICE A LT b O % HIERE & L
2. ZORBFOWILA Y %K 3 IR HLE L 2343 em!,
2HAHAIE 5.6 cm™! O B — 7 M FMEEE— NIRRT 2B TH
5. ZTORICBENTHA/NS R —2713d y bV REMEHh, &
AIRB O 1 FHEIREBIC T Sz CO,m FIC L DWINTH 2.

ZOFBHIR LT, #0IELUEEE 1 kHz, FT0IEERE 4.4 pm, KRiH
i 100 fs, /L 2T R — 100 W] DRI = 5 FhL—F—%
AW Re T« Tu—T a7 o1 Ry TN FICE
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50 mylom? B2 2 RS BT, ENEEMOPE LR 57251, Wavenumber em-}

I —THORHIER S THOE IR L T~y I T T RI3 HEREOWIL ALY L.
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WraiT, BESERE RRL o= L 25, BFICEZ b EST
FNAX—TBLZ09eV THHT-. 2
4. FEHESHDEE o

AWFZETIE, R RRMBE VA L—F— 2 L0 A Aotk &
H1COy 5 T OMRIFRIAT — RZTE L, 4 10 IR £ COLE:  E e | o
AR & JEAE L7z, Z OWERLO = L —13 COmOiE L 2 "
BEBE L Y b7 <, WBBRIC & A SOSHEERO itk RS *’]‘ﬂ;' -10
HERL VD, A%, RET T RE LI L D EERE S r]] ;”

i - LB -20

MATHZ LT, LomdRaREEZ B+ & & bic, BRIk

_ [ N0 I | [ | P
"0 2350 2300 2250 2200 2150 2100

PSR~ EWHT 5 Z & ¢, EEIC XA ESLFM COyE T Wavenumber [cm™]
BOSHAEOFEL A RG-S ®5 BIEREOBERILA~SY ML OIK.
REFERENCES

1) K. Heyne and O. Kuhn, Journal of the American Chemical Society, 141 (2019) 11730.

2) I. Morichika, K. Murata, A. Sakurai, K. Ishii and S. Ashihara, Nature Communications, 10 (2019) 2893.
3) S. Ashihara and I. Morichika, Progress in Nanophotonics, 6 (2021) 37.

4) 1. Morichika and S. Ashihara, Photonics Review, 2022 (2022) 202204.



62 Experimentally Tunable QED and Fractional Matter in Quantum Spin Ice

Experimentally Tunable QED
and Fractional Matter in Quantum Spin Ice

Y v AN
Experimentally Tunable QED and Fractional Matter in Quantum Spin

Han YAN®

Quantum spin ice (QSI) represents a class of three-dimensional quantum spin liquids where emergent
gauge theories describe low-energy excitations. Recent advances have enabled both theoretical control
over the emergent quantum electrodynamics (€QED) in dipolar-octupolar QSI and experimental verifica-
tion of fractionalized spinon excitations in Ce,Sn,0,. In this report, we summarize two key developments:
(1) the demonstration of tunable emergent photon properties using external magnetic fields, and (2) neutron
spectroscopy evidence for spinon-gauge field interactions in a three-dimensional spin liquid. These results
provide new pathways for studying emergent gauge fields in condensed matter systems and open potential
applications in quantum information science.

1. Introduction

Quantum spin ice (QSI) is a paradigmatic example of a three-dimensional quantum spin liquid, where long-range entanglement
and emergent gauge theories play a central role in describing its low-energy excitations. These systems realize a U(1) quantum
electrodynamics (QED) phase, featuring emergent photons, spinons, and visons. Understanding and controlling the properties of QSI
has profound implications for condensed matter physics and quantum information science.

In this report, I summarize two recent advancements in QSI research: (1) the theoretical proposal of an experimentally tunable
emergent QED in dipolar-octupolar QSI, and (2) the observation of fractional matter excitations coupled to an emergent gauge field in
Ce,Sn,0,. These results highlight the interplay between gauge fields and fractionalized excitations, providing new avenues for exploring

exotic quantum phases.
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1 Magnetic monopoles in quantum spin ice.
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2. Research Overview
2.1. Experimentally Tunable Emergent QED in Dipolar-Octupolar QSI

Recent theoretical work has demonstrated that an external magnetic field can be used to tune the emergent speed of light and
control the fine structure constant of the emergent QED in dipolar-octupolar QSI. This effect, analogous to the electro-optic Kerr
effect, allows for differential tuning of the two photon polarizations. In particular, applying a magnetic field along different crystalline
axes induces novel field-driven phase transitions, including a transition between 0-flux and z-flux QSI phases, as well as mixed-
flux configurations.

These findings provide an experimental pathway to engineering €QED dynamics in candidate materials such as Ce,Zr,0,, Ce,Sn,0,,
and Ce,Hf,0,. The tunability of these systems opens possibilities for observing unconventional gauge field dynamics and designing

artificial quantum electrodynamics analogs in condensed matter settings.

2.2. Fractional Matter Coupled to an Emergent Gauge Field in Ce,Sn,0,

Neutron spectroscopy experiments on Ce,Sn, O, have provided strong spectroscopic evidence for fractionalized excitations in a
three-dimensional quantum spin liquid. High-resolution backscattering neutron spectroscopy reveals a gapped spectrum with multiple
peaks corresponding to pair production and propagation of fractional spinons strongly coupled to an emergent gauge field. This signature
matches the theoretical predictions for the 7-flux phase of quantum spin ice, reinforcing the validity of QED-based descriptions of spin
liquid phases.

These results mark a significant step toward experimentally verifying emergent gauge theories in real materials. The observed
spectral features provide a direct link between spinon dynamics and gauge field fluctuations, establishing Ce,Sn,O, as a promising

platform for further studies of quantum spin ice.

3. Conclusion and Future Directions
These findings advance our understanding of emergent gauge fields and fractionalized matter in QSI. Future research will focus
on:

(1) Extending experimental techniques to probe spinon dynamics
Plaquette Fluxes

at even finer energy resolutions. —x 0 4

(2) Investigating other QSI candidates to determine the universality

of these phenomena.

K
%]

(3) Exploring potential applications in quantum information science, doo1.

Jdu-

-4-011 -

where emergent gauge theories could be harnessed for robust

quantum computation.

The ability to tune emergent QED and directly observe fractionalized

—
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00:.
excitations in QSI represents a major milestone in the study of quantum P
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matter, opening new avenues for both fundamental physics and techno- 110
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logical applications. 2 Phase diagram of the frustrated flux phase.
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Activatable Antigen Sensors Utilizing DARPins and Functional Small-Molecule Fluorophores
Ryosuke KOJIMA*

Fluorogenic probes for antigens have valuable applications in medical diagnostics and imaging, but
achieving a fast and substantial fluorescence enhancement remains challenging. Here, we present a new
class of fluorogenic antigen probes designed using a conjugate of an antibody-mimetic DARPin containing
a site-specifically incorporated cysteine and silicon-pyronine (SiP), which undergoes reversible reaction
with thiol. Through library screening, we discovered that SiP absorbance and fluorescence are quenched
by a cysteine-mediated addition reaction within the DARPin, and this equilibrium shifts toward dissociation
upon antigen binding, triggering a rapid fluorescence increase. To demonstrate this design, we developed
fluorogenic probes for GFP and EpCAM, achieving 25-fold and 12-fold fluorescence enhancements upon
binding, respectively. The EpCAM probe further enabled high-contrast, wash-free imaging of cancer cells.
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DARPin T, Cys Ol SH 3 & [ U CRIRSEIROWIR « S8 HKT 5 KO %G9 5, S 62, @YEM & SH &
DRISHTI T 5D Z L 240 L. DARPin EHURDOFREAIT L - THIEH O SH EA~DOT 7B ANRAESN D &, Wt
[ & SH FE D A8 SUG NRERE S IR E) L I a0 e B2 K ) lc 7 m— 7 & faib 5 2 L 2B 272 (M 1),
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ﬁ? Cancer-specific antigen

1 GFP & L <IZEpCAMIZHEA L CHID TH D8N T v —T7 DBA%E. (a) GFP probe @ activation. GFP Z /N4 5 &, K&  H#k
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Nakadate, Kojima*, e al., ChemRxiv, 2024, edited)

4, %&l:
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The Development of Polarity-induced Spin Selectivity
in 2D Organic-inorganic Hybrid Perovskite Materials

Po-Jung HUANG™

The induction of strongly efficient spin polarization is widely known to be possible in nonmagnetic
materials in the presence of chirality lately. The so-called chirality-induced spin selectivity (CISS) is
promising for the development of nonmagnetic spintronic applications. Besides the pivotal chirality, CISS
has been found to be enhanced by strong spin-orbit coupling (SOC). This implies the importance of spin
splitting band structures induced by centrosymmetry breaking and SOC. With this in mind, the utilization
of polar materials with SOC can possibly be another route to the CISS-like effect. This work successfully
developed the analogue CISS effect called polarity-induced spin selectivity (PISS) with a tremendous spin
polarization in polar organic-inorganic hybrid perovskite (OIHP) materials and compared it with the con-
ventional CISS in chiral OIHPs. In the results, the spin-polarizing direction is parallel and vertical to the
electrical current propagating directions in chiral and polar materials, respectively. This work paves a new
avenue for spin manipulation in the field of nonmagnetic spintronics.

1. Fif

AV CHBHEOEA L HIEIA LY b= ABFHZBWTHETHY, AL UHE vy VT Ty FAE@ R &
WO A Y Y hr =2 ZBERRIC DR D, A4 E TR E ARMREN O L ITRMEREZFIH T2 2 & B — A2, IS4,
X7 U T 4 —BEHAE BN (CISS) & F b D FERMERIC %DT%WWXE/ﬁﬁﬁ%ﬁﬁf%éﬁﬁﬂﬁﬁ%%@
TWEY BEEROEE L1382, CISS 134G CICEB SN THWEOX T ) T 4 —IZOMEFT HHEE 2 Fi> T
L. EBIT, AV UHUEMHEALEN (S00) 1T & 2 A B ARMEDOMIE, IO TATH I A U RBDIEA S CISS OFFIE L
LCHESNTEY, ZALORRICL Y, KEETOFMEOBIIC L 0 REAET ZE N RO 55580E CISS %
L LT AREMENR B X DD,

INBIESWTEETDE, 37 U7 4 —Tld/e< SOC DFWBHEMEIZIB W TS, &%¢©ﬂﬁﬁﬂﬂ%’wnf
WA T, CISS DL ETH LR T U T 4 —HE A LU EIRNE (PISS) DIAENTRES L &2 bhh. T UWEIC
AR GRS ROYE TIXET OMS &R & A B2 RN AT ﬁ@®,xt/ﬁﬁi m@ﬁﬁuﬁﬁéh7#
MMV ICRBIT B A B 35 RTIT, @%@@@ikXE/ﬁm# 2725728, AV UARRT 2 7T & iE
BB ETVHRTES. PISS BT A0 L,Kﬁnfi,@ﬁ&%7)74~@%0-%t&wgﬁnﬁ%—ﬁﬁﬂ
A7V y RXa T AhA4 ~@D-0IHP) AL, 2 &7 T 4 7IEATIBSEE (c-ARW) 12 £ 0 A & @i 6 1l 8 217 -
oo fERICED &, F Ttk 2D-0THP TIX A B RARIED 90% & 2 5 CISS & PISS OB ZEakH L.
Z ORISR T 5 2 0 HHEDOHIEICH LV E 23R LTz,

2. RERFER

TV, T T v, T oummbE, 7 VIR 4 FEEEO 2D-01HP (X8R 5 A1, enRE F Uik
KREBRIC L VAR S, RMEITEMS X EMATIC L W IRE S TZ. AU U RMBIEHE D c-ARMHIEIZH 5000
OB ST o F LAY O S - BiERFRmIc BV TiTo 7.

202541 H7H SM
PR A T —
HRH R A Bl B AL A%



CRITCHBHE N A 7)) v FRO T2 A PN B 2 WA R € L RIRBIG O Bt 67

K 1R LI L DT, o ARMBIE COEMRA ML 2z FHZ/z-> Tk

D, BUFULANIBTABMET x, v, 2z HAZR 5. ST m'\'_*,j]”/q'l/'(
TOBI—EERMEE A 50 [IFTE L7 RIEK 2 128, ¥ I 1
FERRME 2D-0THP T, z FMOH A EARRBI AT 2 Z LI L
T, x FINZDBOFFST X% Z /VRaME 2D-0IHP Tid y DI A B F:»
RIBAEH S 7z, 61, x FRNSmoOR-> % 7 /U 2D-01HP -T
Tl z &y HE BICAVURBERG N FAEL, 7% 7 VIEmME

2D-0THP TIX ED I b A & ARARIZFELE L2V, A B i
BT A B UARIBAEEAE T DA 90% B2 T\ 5 B 1 c-ARMIZIsIT % A & ARt ok 352 o0 Jl i i .

0

zD-OIHP7

3. T4RAyday

CISS & DM PISS Z PR T2 7212 SOC DFRVERIEME AN 2 23, SHEsHDRIFRME DML 2 G B ICHES T 5
TEIFEEL VL. AR TR, MR TV T 4R MAFEAT LI LD TEL 2D-0IHP 27T v 7+ —A5 & LTHIH
T 5. 3D DOIHP TIEAF AT E=y Ll E/NS S LEIEICFETE 202 LCxf LT, 2D-0IHP Tldbtig
BICKREREHS TEEANTE L0, ¥TNA0T LS TE2BRICHATLZZLICLD, ZREhx F v emEo
2D-0THP Z A5 C& 5. 2D-OIHP [ X ERAMEE bR - CThB Y, BRUREMEILIF L < eV 2 Dl A oMl E 138 L.
AMFFE T, 2D-0IHP DR ENCFRLE SCIEME /e T A B/ T2 Z LI XV, KB OBt 7z ZRocBERR )=
ZRIH L, R B AmMmgEEE 21T 72,

nyﬁﬁﬁiﬁﬂ*ﬁ%’iék X7 U7 4 —OFD 2D-0IHP TIXFEIRD z FIZE KL A EARBRFEET 5

Wk LC, MO RFD 2D-0THP CIXER & ot & b RE DM TH D v HFIhIC Ekxﬁyﬁ@ﬁﬁwéﬂé.é%

L,#7)74 ERRPEDFFD 2D-0IHP Tl y & z “H MDA E UARER A R L7722 L1128 b, CISS B L UPISS
WRFERMDAE L BT g V2 ) I HBGE EHITE 5.

0.6 25 20 2.0
—Sp!n//+z —— Spin // +y —§p§nZ+z —gp!nxw
J— - 1 — spiny/- —_— - — Spin// -
0l Spin // -z 2.0 P//H?pm// y 1.5 P//+xpm 4 151 P//+xp y
< | ®7ndkEi 1.5 7*7iEHE ¥ 7B * 5 B
c 1.0+ 1.0+
= 1.0
0.21
0.5. 0.5 0.51
0'0 T T T T 0.0 T T T T O.O T T T T 0.0 T T T T
o 1 2 3 4 5 o 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
V (V) V (V) V (V) V (V)
E2 c-ARMIZHIT D A B o m i s 2 A5 5.
4. fHEmERBE

ARWFFE TILARME DB 4172 2D-0IHP 1288\ C, A B Ui c-AFM TOEF— B LEREIHIIC L 0, BERA B
ZHECT % CISS OB R TH D PISS DBIMNCAL) L=, B L ATT DA U RiaFHERT 5 CISS LiTEAR Y,
PISS IZ & % A VU MRIIER & BEOHFAIIHAET D, 2 O BIZET O FREDTN & S0C 12 LD EF N RO
EUSBUCHRT ABRL T L E 2 5D, SOC LA VU ARIGER A BAlE 3 5723, CISS TR ICHEDHMERL SN 5D % T L HHE
ST THEI SN0, SBITRICEOLRE T 2 MW EIZIB T PISS Ot 44 5.

REFERENCES

1) A.Manchon, et al., Rev. Mod. Phys., 91 (2019) 035004.

2) E. Th. Papaioannou, et al., Nanophotonics, 10 (2021) 1243-1257.
3) B. Gohler, et al., Science, 331 (2011) 894-897.

4) T. K. Das, et al., Adv. Mater., 36 (2024) 2313708.

5) P-J. Huang, et al., Adv. Mater., 33 (2021) 2008611.



68 BHIBCR D 1 ARASKE TR CHR 2 4 HE 5% & R TR OAGIE L

FABRRODEFZSHEARMYBETERS
AHRERFREEFEFROEEL

A f B

Bridging Ultracold Atoms and Solid State Systems
in Search for Open Quantum Many-body Physics of Impurity

Kazuki YAMAMOTO®

Strong correlations originate from the electron-electron interactions and give rise to exotic phenomena
in quantum materials. Motivated by remarkable developments in open quantum systems in recent years,
we analyze the competition between strong correlations and dissipation in quantum impurity systems from
the Kondo regime to the valence fluctuation regime by developing a slave-boson theory for a non-Hermitian
Anderson impurity model with one-body loss. Notably, in the non-Hermitian Kondo regime, strong
correlations qualitatively change the nature of dissipation through renormalization effects, where the
effective one-body loss is suppressed and emergent many-body dissipation characterized by the complex-
valued hybridization is generated. We unveil the mechanism of a dissipative quantum phase transition of
the Kondo state on the basis of this renormalization effect, which counterintuitively enhances the lifetime
of the impurity against loss. Our results can be tested in a wide variety of setups such as quantum dots
coupled to electronic leads and quantum point contacts in ultracold Fermi gases.

1. BUSHIC

RS A S 7R (AR F-5R) I K D ERBARORRIT, RO T A—2 O AERGIEITMA, #akoh]
R 1 LV TOBRZ & ATREIC Lz, BN K> TEFROBHRZEY HIE, BIIETRR L L TokH 2R
2L, BUOERITEFREBICER T WA L2 5 SR 2§, FRS. WARTRO X O REBROBEED T TOY
PECIIBIANC & 5 AER ORENRE L0 %, T4E, 29 Lic MBI RAERORI 1 2 ofur] 28I LT, Bk
A OIEVT B FRIEZ FILTE 5 2 L 3ERR - BEGOWME ) DDA > TETWVD, —FH T, ROFFITHEY O
F DR S T EHE AR EAE R U 7228 & 1S GREERE) LTV 2523, 2o & 572 [HMEEMR] WE®RO T TED L H 72
B G ZFE S 2 DL Vo T REITRBER B SRRV, AFZEIEZ 5 LicE R el E 2. Buk & mHBazh R
DR THRIT DIEPEIRRLIRIET D L 2 HNE T2, FICARE T, MARFROAZRLT, BERETFRICE
WTHFEHRATRERBURZ M S . AR TR & ERE R ORI BT 2 IS RHE 2 R H),

2. ey b7V 7 EFRRE

AR RIS 2D Z IS K DFHAEEREDO T A —2 2 BEICHIET 5 2 LN T, 12K RE2EH
THHER R R 25 2 TV 5, R TIIEHC, BoOfIfC X 25 &R OMBLOER I EAIITH TR Y, ™)
TOXDEIT L DR 7 ATFHE S, BILOKERE L5 ML A T 7 AZEOFA R THRMREIN TS, &
SIZ, AEETFRONBICBNTHET Py M EARDFEAITLD /A X0z, ZE OB HOnoHE7R 8o
JERAEHE SN TR Y | Ok OFEET 2 WO EH & PR ORREO - DICHERT R Th D, £ RTSIK
FDHE LT, HIZIXET 2B a—% (BT HFORMBFRIIC IS < SN FIGHER) 255812 Lz B E Ry BIC
BOWTH, R TEHEINTERTHHIES L ONEFAMDEE, BUIOKIEMRICL Y &b o EES L, HHoOMHE
RSN 2 5 (BIESERAREER) = & 23 STV D, IEOHREROREBIZAER L, flIEmHARFRTIIE TR
RBEMEE 2 N2 1A B L~V TORTRIEEOBIIA TR L 20 | *Li % COBEF 727 O—JFF L~LTO
EEBNE RS SN TWD,

202542 128 H 231
BB R A T —
WRRl R KA F 22 e FL 2



BHISCR O3 TS ALY B CHR 2w B 1R & BERE TSRO L 69

2 TARBIRETIC, AAETREERETROLE LT QUarit dat

LEEAGE A, BF Ny MNCEHT 5, o, L¥F— o

R LA LERT Ry Mo, S 5ICEO LF—A—2Ea L ; d; ‘* ,

T REIET (7 = S AL ) O—fkn X BREET B L 5 ik . ¢ .

. N N Fermion Fermion

WEEZD (RIBMB), Z0k5 7%, WK R HRMARHS ... . ;
o R o reservoir Via Vika | reservoir

ThHEMENE, SED . FHWE TS L F—A—DfEEE T

LA L, Yy Ly MRIERTERT 5 2 & T, JRERH Y

MR IMEEETIC L > CER SN 2B 27T, ORI Empty

BEie R EL O CTHLS D OIS N TE LD THY | reservoir

Bl 2 248 P O AT DIFAEIC K- T, @BIESLMEIE T

BUMEZE D Z LR RN LTS, 1 —Eu 2% &Ry b ROBEEAR.

3. MEBEERNR @ , — -0 E

H1CRENERT Ry NIT v — Y v EFALIEEN S R
NIV =T AR R () 28 AT 52 L Citikd 5 2 0.15- —
kﬁf%éo:@ib@%ﬁ%ﬁ@@*%ﬂﬁ%fﬁbxﬁ%~>0m:
(TR RD D T LITEE L, & 2 CABIE TR OBERIC L D N
TIu—FERBT, B, AL TR VIEEREIRS, B 0.05
BRI, A E A, SERESD R RO AR BB & ik 7
FTHBICH VBN TE RN R T EE R FBARIceEy 000 ]
B LTI o FERL, ChICE Y. BT 00 01 02 03 04 05 06 07
. WABBARE < AL RORES B LTk 5 . v )
DR Lie, BAREIICIE. SR LTINS Ry D2 PRI G ik () ST S KA
DHEMEPD 2 WIE L | WREDREOEEL VAL —hr X, Z L TRV IAENARIN T KL X —1
(DR D N % B OIS HRROBEFEIC L > TP LT, K202 OREZHE L CORd, B2 it v ix
Ehiz ke 2 BCBGRO A T-> T Y | Bk 2RO TR F— LUL (E) IZONT ED L I ICSEREN
BNS0ERLTND, £, REWENEMENE (RO FOFOT Y M ICERT 5, BHHICHYAER:—
e 2XFEAEOFHTICWD Z R DD, ZhUE, BURZRICMATHDHIZHL b LT, EERICRHMIE T T
HEBITIF L AL 0T DL VI REZLET LTS, —FH T, REHERTE, N5 W (Ko EoFo 7y
R ICHEBET S L, M2 HREBRICHE U Tl AE N —K e 2 CREE U 5 HH) bR TWL 2 ERbng,
CRIFEBICR S RO L S ICE X5, THAEOMEILAEEXRISNEDOESIH? ZRIERTHERICE
B TRESE AR B L DI B 7RV, DE Y T, RAESESBGROMEAZEZTLE S L) B
PRGN D2 L mR L TnD, EHOEEG L2 2 TR0y, EECMoWFi R %2 B CHOIBEh RN F5 L
THY ., LROME CRHEEDESEROMELZEZ TLED 2 &) HIFEHEB 28 X R T2 Lo RN 5, B
WO I B TR (1) 2B SN0,

————|

4. FLHLSENRE

AW TIIAMPICAER T 52 LT, EFHBCRICE T 2 IR 2 SRR B R O B 2 Fi ~ 7o, BERFZE L LT
(2), 3) bWEERR LS, & THEBCRIZE T 2 MR O EENE 2RI S8R 2 G2, Fri2, BH%E () TIRERE
BFREMHTFROM G TABRAZ LB 57200 v M7 v 7 aifim L TV 5, BFORTHBROMEIL. £0
HFEITED R S IR AR FRICEIT 2 b OB ERIICZ VR, BEEREFRICOBIRIZESFEL TV D, 4% b5IE
SRRV EIC DT o T, IV EBIHCR ORI EL O IEZHEE L THE 2V E BTN D,

REFERENCES

1) K. Yamamoto, M. Nakagawa and N. Kawakami, arXiv: 2408.03494, to be published.
2) S. Takemori, K. Yamamoto and A. Koga, Phys. Rev. B, 109 (2024) L060501.

3) S. Takemori, K. Yamamoto and A. Koga, Phys. Rev. B, 110 (2024) 184518.



70 BET A Y TELT 7 ANER ORI

“BETZAVF7EILT 7 AEEEFK" DRIH

G R /TN,

Creation of “Multiple-anion Amorphous Semiconductors”
Takuto SOMA®

The chemical bonding of inorganic solid materials is primarily determined by the type of anions, which
constrains the properties of the material. In this study, we explore novel materials “multiple-amorphous
semiconductors,” characterized by the incorporation of multiple mixed anions. Focusing on Ga,O,, a
promising next-generation wide bandgap semiconductor, we fabricated amorphous Ga-O-S (a-Ga-O-S)
thin films by amorphizing and mixing sulfur. We developed a process for synthesizing these thin films
through the deposition of GaS under a radical oxygen supply, demonstrating the feasibility of achieving
ideally composition-controlled transparent a-Ga-O-S thin films. The resulting a-Ga-O-S thin film was
utilized to fabricate a field-effect transistor, which exhibited clear transistor characteristics. However, it
was found that the introduction of sulfur suppressed n-type conductivity. This phenomenon is attributed
to the larger size of sulfur, which inhibits n-type conduction through the Ga 4s orbital, potentially paving
the way for new designs of p-type transparent semiconductors that utilize the larger S 3p orbital for
conduction.
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Effect of Table Height on Upper Limb Rehabilitation in Stroke Hemiplegic Patients

Ami OGAWA*

The recovery rate of upper limb function in stroke hemiplegic patients is low, and continuous upper
limb rehabilitation is used to improve function. The design of the rehabilitation space, such as the size of
the tables and chairs, may improve or worsen comfort and efficiency during upper limb rehabilitation, but
this trend is not yet clear. In this study, we investigated the performance and ease of operation of the Box
and Block test (BBT) at different table heights during upper limb rehabilitation to elucidate the effects of
the design of the rehabilitation space on upper limb performance. The results showed that the lower the
table height, the higher the BBT score and ease of operation.

1. &x-H®

B ZE o B R O EREERE D SE R EIESRIE BB E - TR W, Mk B U N Y —F g T L ARk fET
ENTON TS, FREYAE Y —F v g VIGEFE RN TIThdn, BREED & R O BRI O 3555 1R - AN O i &
KT Box and Block test (LA FBBT) 72 ED X A7 &N 5. BBT X7 v v 7 2ESRY A7 TH Y, EHEEMICL L AW
BRDHY. Zol, EBERCHVAISCHEEOHESCHEE Ol DOV B Y F—v 3 VERBRGHI L T, B
PEZE R ORI 72 & ONTHEER R UGS, 80 B LT 2 ATREME S & 5 28, 2 OBFIIAR T & 20 Clx 2. ARHFZE T

HLOE SN2 5 I3V T, BBTIC L D R ~NE U T —3 g VEMEDFEMi 2 9206 L, 1EZ2M O30 FEEEIC
L2 AWBEMATAEZEEENE LT,

2. F&

HREUAEY T =g 7 —ICABER O R 2 5 & L, FHRITEERA 0 L 7o, R OFE S
L, WHIROR VBRI NT, M7 L To EEEBERDVZRS E LR FTITADANE L. #EREIIAK L
FIFFCEE RO H D 7 1 v 7 2 1 DT DRBOZEEICHBET 5 LRS-, BFET 1Mk L, FERET
WL ERICE < KO IR S, BHUBEZ M L, ARG A ITT 0% BRBRELZFER L. Znth B3 215
W OMBEER AR T -, MTFos ST, BEIESAEN0° L 20, TERESAS M2 & H o RAREE S Him & AT I 72
55901210 mDOAR—H—2HNCHE L. Lo ik, N0 L7220, Eiuns i |2 S H-onifuss ik
AT Ko Lz & & e L L, =50 m® [EW ) BXO MEW) 2Nz 723508 S &M% E
L7z, Thbbiad, L2t bMTs3mE, HATEREOBBT 2#%EH Lz, mIFHIENESE L UEEE T
VA NIHEE L. WREOFEFEBLOMEMAZE T UL, BBTOREE LTBEI L7 0 v 7 O%ZzitdkL
Jo. MAT, BWREOEBEMIE LT, 3EMHFCHBTIBELSTIA L ~30E M AT CEZ LR LE. 72
B, ARUFFRILBEMEFR R LA - HLT A RR oA ML B KRE S 1 2024-027) I L o> TRR Iz,

BBT D g5 & OMERE Lo & 0 RBEFHG S HLO & S I & o TBILT 20 & RS0 L2, ERMOMEET-
7-Db, H - BT 2 5 BRI E SIS K A BBT R IC DWW T, IEBRSARICHE 5 BEIERIES BN 2, bR Vs
X7V — F~v U REZTTo 7.

20254E3 A1 H =
BB A A T —
BEME IS BRI T 220 Y A7 W7 A v LRt



IR R E IS BT B IOE E B L) N ) 7 — ¥ 3 Y5 R bR 73

3. R -EFE
LAEET — TSN A RETH - TR E T 16 4 TH - 7=, HBRE O H 1T 1591299 mm, {KHEIL58.6+13.4 kg T

bolz. ZOHBAEEN 64, FAREN 104 C, 14428 TOBMEL M & A8 CTHEM Lz, IEFMEORE DR
B, BBT T — X X ER DRI RN ER o olzicdd, 7V — R U REEIT-T-

ZORE, MIBIOM2ITRT I, /- BT, & SEOBBTSAEICEWITR bR o7 (- p
=0.802, FBMl : p=0.487). —H T, [@w) F&fEE MRV SERIIEZ D OZEOHEMAA LI, Wb HLO & S A
M) SRIETBBTEGREDS B W Z E3 o7z (K1), 3B LKA RTEY, ZOMAITEBIFMOMEEE &7
JELZDolz, KoT, HloEmSIHRWIED BDERIELST K, EEOBRIEELmWE WD T E RSt

AHFFECWo TR HTITIE, DR E0. 25, FRIETI 0. 8 DIEME 72 55 C29 NDOWBRE T — 4 BUETH D120, 4
%iib%%ﬁ&%@%bfﬁm@%u%ﬁﬁmﬁ@&é

80 80 35 35
70 70 T ; 3 . ; 3 .
T =~ ~
£ 60 £ 60 | M 2.5 !hl m 2.5 |I
e ¥ 50 X2 Ko -
40 &= 40 =l =
S 30 S 30 By 15 H 15 II
= =
© 20 D 20 | & 1 - &1
10 10 | H o5 05
0 0 — 0 0
uow = Standard mHigh s ow = Standard mHigh ulow = Standard =High mlow = Standard mHigh
1 EIERERE O BBT i, X2 EMIEER O BBT B, X3 fERIEER O BRI X4 ERIEER O TBIRHIL.
4.

ARFIETIE, BBT 2 Wz EREERICBWT, HLo@ SN RR 255 OBBTEGERS K OBE LT S 2 Lz, R,
PLOE EPEVIE L, BBTAER L OME Lo S E WS R L o 7o, — HF THELS TOWBRERIID 2L, i
WEREMTH D20, BlEFEatllER Mk LT — 2 2IET DL L EHIC, EHOARNT VAZFMT 5 FETH
5.

Acknowledgement
AR EZITT DI DT> TCIHANEE VR FE U A Y T = 3 e o X —OREFRK, AR, 2M
IRIEIG, SRR, EHRTR, BIOWRE ORI OBRERT 5.

REFERENCES
1) K. Kerimov, et al., Journal of Stroke and Cerebrovascular Diseases, 30.6 (2021) 105729.
2) V. Mathiowetz, et al., The American journal of occupational therapy, 39.6 (1985) 386-391.



74 W=V AT MRER Y — AR ORG I X BP0 A KRR T OFE

N=2RAF Y MREAY—LEMFPEORSICEL S
M ABIBRRFEDHEL

oK FHOE

The Development of an Anticancer Drug Discovery Pipeline
Using Persistent Homology and Machine Learning

Hideyuki SHIMIZU*

Cancer-related deaths are the leading cause of death in Japan. The development of effective treatments
for intractable cancers, especially glioblastoma (GBM), is a pressing issue. This research aims to develop
an innovative anti-cancer drug discovery method that combines persistent homology theory and machine

learning.
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Establishing the Reactive Interfacial Flow with Production of Precipitation

Ryuta X. SUZUKI*

Controlling precipitation reactions is a technique used in various fields. In oil recovery, for example,
we inject some solutions, which react with some components in crude oil and produce precipitation, to
recover crude oil efficiently. In that situation, CO, is also injected to recover the oil and to be stored, and
the CO, can react with Ca* ion in aquifer, resulting in precipitation. In this study, the mechanism of
precipitation reaction between two fluids is focused on, especially so-called chemical garden pattern.
Chemical gardens are three-dimensional (3D) structures that form through precipitation reactions between
a metal salt and sodium silicate solution. Recently, two-dimensional (2D) chemical gardens, also called
confined chemical gardens, have been studied. In this study, the confined chemical gardens are performed
as examples of the reactive interfacial flow with production of precipitation. Then, structure patterns can
be related to the interfacial rheology (like interfacial viscosity and/or interfacial elasticity) under large
deformation. These findings quantitatively support Haudin et al.’s (Phys. Chem. Chem. Phys., 17, 12804
(2015)) hypothesis and reveal that the viscoelastic properties under large deformations govern pattern
selection in confined chemical gardens. Based on these results, a mechanism for pattern selection is
proposed, highlighting the critical role of viscoelastic properties in this flow-driven phenomenon.
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Development of Highly Efficient Virus Carrier
Using Membrane-deforming Liposome and Its Applications in Drug Discovery

Noriyuki UCHIDA*

Viral therapy, which effectively kills cancerous tissue by utilizing the high proliferative ability of viruses,
is currently attracting a great deal of attention, as it is proving to be highly effective in treating advanced
cancer that is difficult to treat with conventional therapies. However, because viruses are usually eliminated
by immune cells when administered into the bloodstream, the use of virus therapy has been limited to
highly invasive direct administration. In this research, we aim to achieve minimally invasive virus therapy
by blood administration by designing liposomal carriers that efficiently encapsulates the virus and improves
the stability of the virus in the bloodstream.
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TAFPRTI D | RHME & B NI 2 5L 4 5 © RSNy (L AREORHNER
7 A NVAFEOBRFHIREE TH - (K 1), AREE O 5 B %A RGEEOMEA & 4k oo [ 5.

WU R AMEREEFR & LT Y R Y — DRSS T D3 E
AR ZEMZA L TEY |, MPRICBWTUA NV AEZLESEL XY VT ELTHETHD, LLRBL, U
ANATIA ZABRENVEEREG D FTHDT2H, VR —LN~OE AL TRNWZ L BHETH - T,

2. ZTHR BEBURY—LEFRALEI7Z—CI9C4IILADHA

EHIIRORE, U VIBEEP CAOEST IR TERNT L2 LT, ZRERGFITHEET DU A VAT AR,
T2 RV A b=V RO E R 2 TIRER ) R Y — LD L TWA(L, 2], fixiE, 77—V A L 20dkE
TCHEAREHETHE, 77—V TANAREERIZEL Y VAR Y — AN~ EE A SN DN BEMEERIEUC L - Tk
WBENRTWDS (K24), EIRENZ L2, ZOBER) RY —MIERD VR — L E LT 10 EFE o7 7 —
TANAENEICEHAT DI ENTARETH D, £, ZD VR —AIZEASINTZT 77— T A )L A THMEREREE ) B IR
Sh, tRiEshs (®2B), fEk, ARV KR Y — 2%, BEEEMEHIBIIFICARZEREERTH Y | MBI 7258
FIZ Lo TR EIE 2 ZET 5 Z & TER SN TE Y EEEMEI~DISHBREECH o 7=, ZhicxiL, &
WFIRREDOEET ) AR Y — 23 ) VIRERET O THEAIC L DN R A A L EFIHT 2 Z & T ANENICRER T 1
CACEREZFET DL ENARETH D AR R Y — ORI E R 2 L CRSRMA L 72 2 B O AR IC /2 0
5%,
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K2 (A) 77—V AN AERY IATREIE Y A Y — L O & BMesEL. (B) AR Y R Y —L~DEAICED
77 =T AN ADIRHERRE. KIBE~ORYIZ LV BRI FEOBANE AZIZKIFIZHAD LT D,

3. EFEBNEOBWVEERY RV —LDOEHR

ﬁﬁ?ﬁ%KiWVC$ﬁ kﬂﬂ:77—vv4no§BA] RTF K NTF R
ZURY—LNIZEHATSHZ LT, INTRED DIR#E S SRk Srtk
HTEERMEELTWD, EENIZBWT YA LA S o
5 MG Y A L AFEOFEBIZ AT, B ﬁnrl jﬁ
BWVIREE Y R Y — L% &Gt T 20 E R HDH, Ll %
TR T D70 N E A TORERY KR — 23T
BOAHEER QBRI LOEIM) 202 &+ 2B/ K 0+
EHEHALTEY, EFRT20RRETH-7, ZoOME
DFFPAZ AT, 1-2 B THRRATREZR AR BRI PE D @~
F RIEEZEEST (03) 2V FEY—ACEATSH & K3 7T RZREEMIGANTIEER ) R — M2 kD0 A LA
T AN ABEA TR HECE D D L & R PHNEB S BRI
L7z (M3), &biT, WEFIZH LTI Z DY A
NAEEBEESE D720, ZREDTICBT BRI A VAL L0 MEEAT L EREZZEAL, BUKIOEE
Tt 5 2 & TR R R TGE RIS LTz,

BRZER VIRV —LAic
HAShEEVAILA

4. SHRORE
ARBFFERHUETIE, A, BRx R ABBIT T 2 M8 58 D A L ZFEOISITIT . 23 A LTG5
RGD R7F MEFH Y R Y — L 2Bk L, PEET L~ U R #b92 2 & T BAMB~OERME 20T 2, £
D% FERHRIAME Y AR Y — M2 A NV AFREICRA N DD ~VANRAT A VA ENESE, MG Y A L AFE~ LG
T2, ~AANRT AN ZTIBEITHE STV D, BAHIISH U TERINICKES L & 5 B AR Z M A Tz F
MT %, BEROBGMHBEONMEESWEZIET 52 LT, KFEOAMMEZHES 2,
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Roome Temperature Ferromagnetism in Layered Carbon Nitride Thin-film

Noriyuki URAKAMI™*

Layered carbon nitride (g-C,N,) is a semiconducting material that is used in electronic applications. In
this study, the author prepared highly ordered P-incorporated g-C,N, crystalline films via chemical vapor
deposition and then studied their magnetic properties. Ferromagnetism without metallic elements was
observed at room temperature (299 K). In addition, anisotropic ferromagnetism was observed along the
out-of-plane and in-plane directions, which were large and small saturation magnetizations, respectively.
Magneto-optic Kerr effect was also observed using laser wavelengths of 405 and 532 nm. The Kerr rotation
angle reached its maximum when the P composition was approximately 6%.

1. BERLEHM

PEERMEE CERIEIE Eer 2.8 eV) 2 L IR E 721 =Rt CHERE T 2 JEtk
B FE (g-CN) I, st B L s FiA N BB RERAZILAR L LizmAffE %
B+ DHEREMEM BN CH 2 (K 1), 3RENZ: C-N F5E 0572 2 SER TH 5 7= O
ISR TH Y, BRRIEITIEDR 8 5 72 & (LRI REREE 2 AT 5. %
D=, g CNy ZERE TR ACHAT 2 2 &N TENIL, TIROHIKIBE: R
BFCTOHOEMHIRETH Y, MBI OBENLZETFOEHMEICLORND . -t
RITENBELOTNICEEBNE TN TR L, FIHICX 3 5 RkE
HARD T <, ARRBIICE L < i fRichblo Thlingir 5 2 R TE S
ME~OR BRI TE 5.

AR D g=CaNy DSBEALT R (M) BRARIC W C, B b 2R 9~ 2 & 3 s &
NTWBE). T, kT FE LRI U g-CNy ORGEA) B35 mTREME 2 %
EINTWVDB Q). ED7®d, HIRTREZE T 720 g CNy PREEKRRF 2 /8T 2 & 136

BIEREF OBLED DBIRIES , A B b m =2 ZMEHC B B e Rk % K & < T (L c-axis)
AT D T & 2V LR 5. 7 T, T 1, BRSNS LT g-CoN, T 1 -CoN, OIS,

TERFIERLE A~ O BATTHR O IRIMEAN 2 #E7 L TR Y (3) (4), BRI 2R
HiEZ SHICBETE DD TIERWVNEBEZBILD. £ TR TIE, P IRIN g-CN, (5) DR M-H dhiff 4 Tufs L, BEH
HEBA DML ERE LT, £, BROETFIGE TH D Kerr IR MRS L7z,

2. ERAE

B ARARHERE (3) (DI X0, BERINE L OVP N g—CaNy IR % ¢ Y7 7 A 7 HAREIC/ER L 72, g—CoNy D RTBE AR
ELTAT IV, PIE LTREEZZNE AW ER U 7250RHTE, BRI mIih - 7Bl mEERE T 5 2 & & X ARET
IC RV R TE TS, E72 PRLAIE, X BOEEF 008 (XPS) DIE SR BALTH o 7z,

M-H i, SEERCBIRIRE )3 (VSM) 12 2 0 23R (299 K) 1238V THUS: L 7=, ik L 72 BUBE D I RER D 58 % =3 B 72D,
WET — IR ENLE I N TV D, iz, BROEFLEBRESNL TV,

e Kerr AT, Wafbim & & ASHEO SO NERR T M OBMRIZZ2 5 X 5 7248 Kerr 2h 54 BAMEEEIEE T2 TR (299
K ZIBWTHIE Lz, ASOEOBRIZIE 405 35 L UV632 nm & vz,
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3. BREEE

B21Z, PIRINg-CN, Wil T (Fkg) J7 M3 X Om N7 mic 3 Hhdfkih
#rAoRd (5). BESROEIIMNC L0 i 5 M fafnfg b in A Hav, Bifese B7PEn 0.41
R ST, BARRY R B TG 2 b D g ON 1T A B ARIB AR S 720, C7
T A MBLOERK TR0 EORKRIBIZ LD A USRS TR S LD AT 0.2}
REMED B 5. HWIEOERIEE L, 6% & 0 BREME S TPIlma gt
7o DI LERAYE Y (610-630°C ) 72D, mURFEAME A STV D ATREMEDS "W
(4). ZRUChnz <, HIESh=EHT, XPSHOMTIC LV g-CN BH DD C -
A4 MIPHREHLTWVWD I ENHERTETEY 6), ZbITMmBEMEICEEL 0.2}
BAFTATREMEA @ (4) . ET2PEMNg-CN, DJRFTHEARE — A > M, IR

M (emul/cc)
o

PEC AT 5L F 28 LT B 720, MBEICRI SN TG, | -04f el e icular |
E 7 OM-H #1120, 38 emu/cc DEIFIRALZ 7 L, ZHE, BB I UPHIE -20 _110 0 110 20
IS AR g-CoN, DfFIREAL & Hele L C IHTREEE R 20 (1) (2). BrRIcE H (kOe)

N SRR O BN R IORERRIF & Wl LT, BEFTNCIAS TR o pyin p-coN o i 145 & O
L7 i IR R N b 5 Z LR S 7. £ D—J5T, M1 DR LR,

WIFTENE/N & R R0 2 b B, PUIN g—CN, S 35 1) 2 SRt b oo 5 05 Mk
DB SN, BIEPLBEE OFD IS E—FHERICL D &, AV CEEITmA T I oA T 2 @R 5 5 & #
HINTND @), Lo, BEEGMEEHNG RO FTEEZ g-CN, L, “ oty — FOEEFREAREE T
AR g=CaN, TIEAF BRI R R A 3 2 & N aho T,

R & SO EAERIC L DMEHEBEOLHRIZE Y, ¢ CN, O =72 AR

B~ R TR 5. 2 OORERA D g CN, ORELA S 51 LIS [ 4405 nm o600 C |
NI TEEF IS EB N T, BKKerr IRZHE Lz, K312, gCN D a . ee

Kerr [Al#5 48 O PAEAKAAPE A R 9. FOOIRESRIE0.6 T& L, ENNEKD & @1-: 4 .
EFINCH 5 & 5 B A Bl LB, (RRURE 23 570-500C o e S [* " . A
WO, EORES ERTBICoNTherr RS 2N, BEkoxM § [ , , ,

12 & DRI RSN AE LTV D 2 RS B LTV A LB LN 8 2F - - ™
5. PHURORINC & 0 Kerr EEA 2RI L, ZH A 6%EREDII Kerrll S | 722 2 e0c

B b RE <, TRLETHY L. eoNIkEERTMCEEND 8 | N e |
PN ARSI\ T, PR DS 6 %R DRI & K X IR % 7% L 7= R A

SUHAEDFEREER (1) BB EE B L THY, BeaKerr HE & BAURHHES : . ) .
WS BRLCODRRL Bofe. ER@oniker FRMAE, 2BzaEs 0L L - L

WIVEIZB W TR TRERETH Y, ¢ CNERIISRE S ERVWAE Y P composition (%)
fa=7 ZMELE LTHECTHD I EREET DI ENTE . B3 5N, M Kerr B4 0> P ALK L.
4. FLOLSHODEE

P iRsIN g=CaNy FEE D BEEIZ DOUWTRET L7, VSMITE D & PRI g-CaNy VB i b 2 n 92 & A SERE L, TRE 1A &
HANGRTEOENRKE S BAD Z ENGhoTlz. Fl2TNDBBER Kerr VR 2 RT 2 E LT Lz, g-CNy RN fE
PRWECTHY FHRZ L E2FENL, 7L T NAE bu=7 AMEE LTOR UYL LTCORENHFEFTE D.

A
AWFFEIE, AMSMENEAN B HE L FEATERT £ SR AT T —WF7ehpk 2200 TEE L E L7z, VM d6 L URER Kerr
IR ORPEIE, AFINKRT: JeBBAFZERT BN B2 0 ZWH 2B 0 £ L. BIREALICER EHH L L £
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Application of Noise-assisted Nonlinearity Relaxation to OFDM Receiver

Kazuki KOMATSU*

BROT 14 V5 VEMBREIIBWT, 7Hus - T4 VY VERGORTALY v MEUIKE L iU
%5 EBEREDIN L% 05, —H CHBEEIOMMARE ZMEICES. KA4Z, ZoME
WA AP L U CHESRIEBIHRICER LTWwab, IS, ABFRTIERE RS #% E (Orthog-
onal Frequency Division Multiplexing : OFDM) B 5% LCIE Y v T7F a7 - 74 T ¥ VAW
ZHWA 1Yy s OFDM ZEREZ 70§ & LT, B X OCEREBROMIE A SH% 247> 720
T, TOMBEWMET 5.

1. [FCHIC
Trua s -5 0 U NVEREE (Analog to Digital Converter: ADC) AR /P JEfR T D
DEBEENL, BHLEy MEE BTS2 LI Em L, VAT L
BEE Y AT AOMEEIOHEME VI RBBEICR>TWS., TR, e
ZEOT T AVSMIM0 (Multiple-Input Multiple—Output) (235
W, ERSEEETR ADC DER 2O TVDN, BLRRESEAT S & B fesedn R Ly F OFDMZIE .

VD RISDMFET 2. ARERED ADC D K 5 2B AT LDy RV # (Bit Error Rate: BER) DMEHFIEL L
T, L DOEICANCHEEEZMET D2 LISk o THEREMAEM S, VAT ADRE L | S 5 iR IEHE 0
RSN TND. AR TIE, BEEICOPDLTENARY MVEBENR—ETHL AGMEE W2 1 vy MERER
$55%E|% 8 (Orthogonal Frequency Division Multiplexing: OFDM) A2 Z4%I2331F % BER O Eh R A BRI L, £7-
V7 U 7RI LD FERE L 2T, FOREET L.

T, x[n]EZETDHOFMIEEL L, z[n]E%5H: 1bit

2. BEEHIRRKE 1 Ev b OFDM Z{EH Re | 1bit
B 212, MERHBBEEFIALTLIEY DA  OQFDM ADC OFDM
WCOFM BB 2%ZIET 5V AT £EmRT. 2 > >
z[n]  Im

FLTBHL, Zo01EY A HHOHEORMT . ADC
B Hy[lIELL T O £ 5 ICakTE 5. Noise
y[n] = Q(Re{x[n] + z[n]}) + jQUm{x[n] + z[n]}) H2 MRS H1E Y h OFDM {5 4.

ZIZT, QM)IF1 By FAC DEEBEETHY, x=02BNTEM) =+1THY, x<0ZBNTIHQ(Kx)=—-1Thb.
B 2R3 @Y, ZOYATATIELL Ey FADC DA zn) 25T 2 2 & TR BR 48 EsE, 1€y b
ADC 225 DIEIE O T O BEZR D S/ L. Z2C, HEOBID/NEW & SR HGUIRE L 2N 2
DYVAT AOMRRITEL 2>oTLES. — KT, HFOBNVRETIDLEEICL, ZOHFICL V2O Y FFRY
BRBET D, LEP-T, HEOBEINOKE SITITH D REMEPTFET D Z ERNbn5.

3. EEHRRIEY FOFDNZERICEITHE Y FRYEDERMBH (1)

Fox L, BN R L7ZX 2 @ OFDM S EH%IZ31T 5 'y MRV FBA2 RT3 FIEEBR L. ZoMEimiE, 2
WIRIERER T F—VSHEAIC L 5 %7 — U B OEEEZ AW b0 ThHhs. ZofmazHAns L, K20
OFDM ZEHEICRBIT A By PRV RIL, UTOX TR TED Z L3bhs.
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0.5
S.(f) )
BER = Py —t——)d
f—o.s b<5D(f)+SNOC) f
T, ARZEEFEHEORBHOMINT HZEEFOEAN, SW(HEZEREFOBEBIARY MVEE, W,%H
T OHIENE, B HEX—ZEEETELE, S () ES,(F)ESYy(HDERIILL FO@EY THDH. £, P,OIFTT 7 AF
Y UT VAT AIRBITDHE Y MRV REBETH .

$.0F) = 225,()

0= 3 TGS

P=3,5,
sn- > 2 (e ) a-m +i<1 -y 13(£,£)>
oy mPU\2'2 w\" 4 mP\2'2

4. YT b 7EEWUSRP IZHIT2EBEER (2) (3)

V7 b= TR TH D USRP X310 ZHWTREZE L 10
7 OFMIE It L, Y7 o =7 ECHEDOMEL 1EY L e S ek
NETALE M. A— =Y T Y 7 H (Oversampling S AV, g i
Ratio: OSR) 7321, 41%, 8f% 161% 32fFOHRAICH 101 Y M
WT, By hble) O x X —xtEEEEL (E,/N,) % ¥ S n
-2 dB /D 22 dB ECAMLSEAB LG HOBR 2 ME 5 L N s = 2 S 2O
L7=. OFDMIE BB DY 7% v U 783 256, kit ans 5102 R e a e aatipe
BiE 2,45 GHz, H> 7Y > 7 L— I 10 Mz T—EE L o R S o v
7. 0 \v\.\ /{,w"

— WIS 7S QPSK DA D BER OREREREAE 3 IR 10 L il
. ARORANE, M & 5 LRV S0 BER 27T, ot
£/, ERFERA 0y MT, B CREER L2 BRI
EDREREMTRLTCND. OSRE32fFICLIZEE, AH 1074— s % cx 5
WCHES 259524 T, MiEaft5Lane s Lkl E,/Ny (dB)
TBER Z g KT 34470 1 ICHFHETE /2. OSR A 815, 16 3 1ty FOFDMZIEHICHIT 2 By sy s,

T, 32 {EOLE CHEREILENFIL L, E,/No2d 14 dB LI_E TI3HEF OHINIZAE > T BER S HEFHIC S L, OSR A KE W
WFEX VLT LT, Ey /Ny 14 dB TOSR 23 32 {5 & ZIZBER 236 X 1074 L 720, AT L2/ T A—Z OF Tidx bk
Tl SDIT, FEMERICEI VA S BER LHEERAITR RN L —F L.

5. 8HVIC

AWFFETIE, 1y FETFEEZ TS OFDM ZERICHWT, M a2 5725 2 & THRREBHRSLZFESE, vy
RN Y REWET D VAT MMIONWT, TR & EMFEBRIC L DFE 51T o 72, BFEORER, BIRRfRbT i & 2R
BRCHONIFERITE L —89 2 2 EAvREnTe. A%IE, MeERIICHIA 532G M0 O F R /e & O kic
LT, 675y MRV FEOUGEENFRENE 9 2Bl & EMEROMmN LMt 2 ED D TETHD.
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Advanced Organic Synthesis Based on the Iron-induced Oxidation Reactions:
Concise Synthesis of 2,3-Dehydrofurane Derivatives toward Drug Discovery

Shuhei OHMURA*

Oxidative (3 +2) cycloaddition of arenols with alkenes has attracted much attention as a method for
constructing 2,3-dihydrobenzofuran skeleton, which is found in many natural products. However, the
development of enantioselective variants of these reactions has been still challenging because they require
precise control of the reactivity of highly reactive and labile cationic intermediates in an asymmetric
fashion. Here, I developed chiral iron(III) catalysts for enantioselective oxidative (3 +2) cycloaddition of
arenols with styrenes. In the presence of co-oxidant, several arenols reacted with styrenes to provide the
corresponding 2,3-dihydrobenzofurans with up to 93:7 enantiomeric ratio by using chiral iron(IIT) phosphor-
amide as a catalyst.

1. E}[_%a):lhi
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Contact Structure for AlGaN-based Deep-ultraviolet LEDs
Using Transition Metal Oxide MoQO,

Maki KUSHIMOTO™

AWFZE T, @MY A ray 28y ) 2 7ER VT MoO, M2 K L, O, 7 A R o% 4L
DS BB R WVE I 5 2 BB A Sl L7, XBOLET 56 (XPS) M@0 E, 0 8AIZED
Mo® DEEABIM L, MoO, DBALIRIEAHI T RETH 5 2 L AR S 7z RBFEOF 1L, MoO, &
7B R o BIF A BAS A Ro 2 v 5 7 NEORBICMI 2R ARET 200 ThH Y,
SFLED O &M E & LCoIBHB SN 5.
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B, BWMOSE, KEE, 2o r U SRIRGEAPIIFREES L TWD. BITE, SRR E L CTIIKERT 7k
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L L, #5270 nm W65 CTHIET 5 AlGaN RIELRSLED O AR E DR ITFI 10% &, InGaN R Al #E LEDIZ T
FELRW. ZOHERD—2L LT, pMGaN=a ¥ 7 MNalk, BURERFEE TR EEIZITRINT 720,
TREEHMLEDICHE A2 Sl H LR MNME T 5 2 &N onsd (K1 EMMAD. 28440 % % nlHE 722 p 5 AlGaN
BIFET 20, @RI TEFRBENIEF ICE W=, SEEME OBEGRHIK X REXNBEEN R S, Bifh
BRFFERE LNV, 207w, AL EBREIIIIF LoD, pHAIGaN & Rifle =¥ 7 Mtk a R~ a4
7 MEEOBRENRD STV D

T, BEREBRILMTHLIMILETY 7T (M0, IZHKA Lz, ERASERIEYITEROBRIIRIEEZ T 55
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426V, MoO, T5.5eV, MoO; ClE6.6eVELE" L2 5. ZoRMEATEN L, pfil(ADGaN & 4@ Al MR 512 i
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2. ERAGE
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50% (CRRE L CRIRBRET T TR 21T - 7=
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3. RERER
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4. LD

AWFFETIE, @EE~ 73 b 28y &Y 7RI LD MoO, I Z i L, O, A LERDZEALD R RFEIZ 5 2
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Construction of Adjustable Molecular Cages by Using Schiff Base

Shogo MATSUBARA™

Cage-shaped molecules, called molecular cages, are known to exhibit catalytic functions and molecu-
lar recognition, which are expected to be applied to a variety of materials. However, conventional
molecular cages are composed of 7-extended aromatic compounds and an inner cavity of them is small.
Here, we report the construction of novel molecular cage with a large internal space using peptide
“oligoproline”. Also, we succeeded in constructing oligoproline cages of different sizes by varying the
number of proline residues. This peptidic molecular cages with a high biocompatibility are promising for
applications in novel host materials and biomaterials such as drug carrier, biosensor, and artificial enzyme.
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Improving Mechanical Properties of MOFs Integrated with Polymer
by Covalent Bond Formation

Shizuka ANAN*

Metal-organic frameworks (MOFs) and polymers with fragile mechanical properties were integrated
by covalent bond formation through crystal-component linking method to improve the mechanical properties.
The MOFs, which were composed of organic linkers with hydroxy groups, reacted with diisocyanates,
forming polyurethane and polyallophanate networks of organic ligands. The compression fracture strength
and Young’s modulus of a single crystal of MOFs exhibited a more than thirty-fold and fifty-fold enhancement,
respectively, following reaction, with retention of porosity.
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MFIC LV RERR S 7z MOF 2 W T, SR EMRS 25 L“C@Eﬂ?l—]i%fﬁ/\ﬂ‘éﬁ*aaﬁk MEAIEIZEY, "ok
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BT 252 & T, MOFOMILT T U X VBRISZITo 72 BRXBREYT (XRD) JIEN D, USRI R &S 2 HERE
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EREHR D Znmbut-H LARRED DA Y 7 21— b ERIEHZR D Indhex—L 1T §
ZNEN25WPa L 13WPa Th Y, [ERBEIRES LM L. 5T, 3 1aPa T
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4. MOF F TOIEERIED DT
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Zndhex—H I[ZMEMEEIR P CHIRZHERF L, o0l L7z (dhex-H). XRD JUEIZIBWT, FEMERIR~DIZ % O dhex—H
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Application of Biomolecule-based Supramolecular Nanofibers to Artificial Cytoskeletons
Sayuri HIGASHI*

For decades, the bottom-up approach of building fully synthetic cells from scratch has attracted
widespread attention in quest to understand the molecular blueprint of life. However, replicating cell
deformation for motility and division remains a challenge. Here, a self-assembling peptide derivative for
supramolecular nanofibers was newly designed and developed as artificial cytoskeletons. in situ chemical
synthesis of the peptide derivative enabled fiber formation under mild conditions, including inside W/O
droplets.

1. BIREREEM

AT Z 2< 52 & & B LICHFETERICHEEA TV 2.
AESRE & FERIC Y VIRE —ERE CEDN I ERE in OXEN
(ERVRY—2) T, BIEFEU~FIFRSCARH RO FEL
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FEZ I\ T b RIRDAISE K F 2 N THIRZETE O FE 81233 2 B 1 AHFFEOREE.
LI TWA DD, HIIBEIRCMIL SR Z RS D MaL R ORI
IIR7ZEHELRMETH D, AFETIIEREE XY 7 L (giant unilamellar vesicle: GUV) DZFE % #HiE 4 5 A LA
BIIALFER LA G FE2 WD 2 & T MK ATMIET V) OR AT v 7HBEZHEL WD (K 1).
REDLFHEEEZ BT 2 FRLIEFHOCHEEHIC LV BFE<EE Y (BOES), SRRy — MR Cipsi Tl
FULTEDRE SOMERNLRET A Z BB TEFEE LTI BN TWD, ZHETIZEHRA ORI V—T"% 5
O TR~ 2 A CEAMES TR I TR Y, ITHFETIHA CESREZ ISR GBS, B, Bz
gt pH %) THETHZ L0, HOEARREHER L CoOMREMES TOMINE ATREE 75 B EEAES T LS < #
EEINTVWD. 2 RAROHERK T By T/ 77 A4 3 —& ATHIEE#K E LTHWS Z & T, Bl 2 IZHiaERIc
HRN S B R O A XIOMHEO B 72 2 FEIZMD Z N TEH LB ZTWAD.

HRZER

2. BNBEEEL-BCREERTF FEEFESFF/ 7274 \—DEE

20034EIC T 2= VT Ty -T2 = VT T = (FF) URTF RBNHEEAMELZ R T2 AR I TR, FF o
7F R ONKEGR CAR Y & f 8L S o2 ML B CEAMET T RRHE SN TEY, AR THFF X7 F N
HRE NTHRE IV, 8%, FFOTF REFEROZL 3KICxT 2 08PEIcZ LS, KERP coE CEL1L
IRV (INE-1H) 20 E T2 2 ERE0n. BLEEDZ LWCUVNERTORY T/ 7 7 A N—DREE L 70 %
&, BB - W IRTH S, —H T, BT EIR T TO B CMIEIED T 0k & IS8y TR S RO RS £ TR
FTTITHin situiEHLEHSNTEY, YMERETHLY—E T4 VI OBENGEFATL 2 L THREDRTF R K7
RSN D in situ TOBACESHUD FOBRMRE T ) 7 74 N—OREITHE LT 5. AR T, AEMEORS
Fla s Z &L CHOEAMEFF 7T NFEERD in situflbFERBLIOEBYFT/ 77 A NN—EEZBR L. R E

20254E2 126 H =
BB A A T —
gtz B K 5 i A g B
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LT, M2ICR L L S ICHDERMEFF R T F Rk L LCEE i Wan

AL % (ageregation—induced emission: AIE) 43" ZFFON oo e

K& fifi L 72 MeO-Ind-FF-OMe ® in situ& ks L Oy 5/ Q@oﬁrn:ﬂw . E!Hﬁgge% Q.O oﬁrn\i"&e
77 A N OHEITRI L (M2). BEMARERITEE S 57, o T SRRk
FEEEORFB L OF AT T E T &2 W BB (CAC) MeO-Ind-F-OH  F-OMe-HCl MeO-Ind-FF-OMe
DR, HPLC A FI 7 & R ST EE ORI b1 72~ 7. B | B mRER t|sasa
R E LT, MeO-Ind-FF-OMe 7~/ 7 7 A /N—IZAIEFEZ T35 2 MeO-nd-F-OH pomenc  24BSRIH

L, 440 nm D YE RS T T510 nmfH RIS RS G E A ET D = Jg
WKW T ) 77 A N—Thd L bHRSNE. 728, A

A T LA L L 72 MeO-Ind-FF-OMe % /K IRHE B~y B S &
%z &My %%/774A_@%$ FE S Ao (BULE
Riife THHDIREEIZ k722 L) . L7228 - T, MeO-Ind-FF-OMe F / B2 Lt : MeO-Ind-FF-OMe O in situft. Gl 4 fi i & L7z
7 7 A 23— OHEHET 13 MeO-Ind-F-OH & F-OMe-HCL 0 in situft BRTT 7 77 A SRR b, T R
SART T A —FRRETH DL EZBRS. 2 LT, MeO-Ind- PR FUSOLEER.
FF-OMe}/ 7 7 A N—I3RTEH v bV — UG ZIERT 5 Z & TRkEZL Gt RaZ VREZ R LIZZ EnD, H
JAoNA A EIR EENEUTE DERMEA~DISH b AREL B X TS (K2T).

C:b
F/ 77413 —

3. HMPKFNTOHREEATHBEROESE

AT & LCom iz BEEL, T /KN T MeO-Ind-FF-  Ex=4400m B
OMe D in situftFERB L OBy F ) 7 7 A RX—DOREEZFIT L
7o, FORER, K30 X 5 ICEZEHA um O H KN T MeO-Ind-FF-
OMe ) /) 77 A N"—F v U —7 OBENERI N, BEOLR
TEND, HAN—=HT AR LM KEEZBIE L7729, MeO-
Ind-FF-OMe 7~/ 7 7 A /S — DOREEE K 5 I /K O B RY 72 228 12D
WIS THER TE TRV, Z0—15T, —#oildh/KiENT
1T MeO-Ind-FF-OMe 7/ 7 7 A N—AREMTICBEL TV AT E3 Mkiin co A TR o sOn B mig.
DB RO TITBBRE S, 5% bEEMIZBR LIz,

4. BHRESBORE

AT, KO HEEMOBCERICE YT/ 77 A RN—F ATHIRERE L TUEHAT 222 BEL WY
5. TOHIZE, @y 1E ) v —OACEADNER T CRONCHEITT 2 FIERNA L E X 2. 22T, KEHOMRE
FlZzHAWD Z & CRIRIEF TCHOMeO-Ind-FF D in situfbFEMEB L OBY 17/ 7 74 ~"— (BT ke 2l
) O EAE TS L2, MeO-Ind-FFF/ 7 7 A N—(%, AIEEMEZ A5 2 LB ERRKE FTH bEE R+
52 LU R E DR SN, ZOROERS T 7 7 A NI OKEN T Y in situlbBE R E R
HLUCHZEINZ. %1%, GWANTDH it & ARRICEEHEBY 77 ) 7 7 A N—PEE S WA R R T 5 L L b
GUV DS OWTIRBE RO o b 2175 .
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First-principles Study for Orbital Hall Effect of Multicomponent Metals
Toward Highly Efficient Spin-orbit Torque

Kenji NAWA*

The orbital Hall effect, which generates a flow of orbital angular momentum of electron, is expected to
boost magnetization switching of spin-orbit torque magnetic-random access memory, along with spin Hall
effect, which generates a flow of spin angular momentum of electron. In this work, magnetic materials
with large orbital Hall conductivity and spin Hall conductivity were explored by first-principles approach.
The first-principles calculations, performed for monoatomic crystals and multicomponent metals of
binary alloys and multilayers, found several promising candidates, with large spin-orbit coupling that is
also essential for high conversion efficiency from orbital angular momentum to spin angular momentum.

1. BUBIC
EE}‘ZAI%IoT%‘: XU & T2 EERERBENTT A OEIEEZENCT L —HT, WKReT — 2 WA FRFSLE LT 5
_ﬁﬁﬁ%£®ﬁk# RS L 7o T D AR EDICHEREE D I b HEifoaFE L, AL
BN ATV T AL ZAOBBENRAIRTH D, FEREEKATY MRAM) (FE =R F—MEICEBR, FoAY
‘/$JL&E kL 27 BUNMRAM (SOT-MRAM) (2 K 57 — & FHiAL (Wbin) S ERbEhiE, BITOAE BT s il
MRAM (STT-MRAM) XV ©IRIER 72T — # ALBREE ) O ik L ARVEE B b3 Wi T & 5. SOT-MRAM D REA L SHRZN R 134
BEADOAE R — VRO RE SICLVRESNS. AR5 L1, GRBICETEEZMMLI- L X, ZOHEKZS
FHE A B WLEA AERNICER L TR B RS ER SN ABRTH S, SOT-MRAMTIE, ARSI 7-fiA vz /s b
U RIAES FT ORERB I & TRUL A KIE LIEH A B X AL, Z ORMERIEEITOBSEOENS Y, A R—
W@%’WiTﬂET—W%%%@kﬁ%@%%%ﬁﬁﬁéﬁﬁﬁﬁ?fbé:kﬁ%#of%t.Hﬁﬁ—wﬁ%m
& B~ LI T OWIEIED) (BuEAEDE) OMNWBERINDBEGTHD. HuEii & Vo Far e %
2B %5 mm@% é%ﬁﬁg RELZPIER—NVNR%E OB EORRFHE, SOT-MRAM DN 22 Al SR I A W]
KRCTHD. KR TIIZEESHL SRR, THREMRAS DY EBE L1220 R08RBA4E08 BB I2RBT 2l
AR —/AREE (0HC) BILOA YR —/AZEE (SHC) 25— JFHEFHEIC L VL, oo RIEES OBEEs
FOVSOT-MRAM BRFS (2 B b Bl 2 BEm T2 Z L 2 F5e A & L.

2. HHEETINVEFE

JAMED3d, 4d, 5dBBEEROEER L, W OO HEBEMAG DT 2R RE R OGB4 X
GUZOHC & SHC & 55— JREEH R DM L. @RGS0l 2 2 bS5 2 CHAEB %, MBI
NTEFTHREZRE LS A EEZ WD 2 & THRIEDRAZFIETE 5720, ZAHAO0HC & SHCIZ 5 2 5 5g 4 T
Nz BEFTNVRT 2w VBITACIRT S O F— R B LSRN E R (AR 1K & OHC & SHC &5
i L72. SOT-MRAM D REAV I 5% 313 08l o (SHC 4 1,5 x OHC) DEIE R 8 5 . = 2 Cnusld, BUBAEER (1) BAv
UAEENE () ~ERINDLSERLEHTHY, AL UCHUEHABERORE SIEKFET D2 030> Tnh. OHC %
K70 < AV HIE L2 ICEBRT DB A RGN, OHC & A B U HLEAR AR Ol T 0N K & AR 2 R T 5.
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3. HEHRLER e

ﬁiﬁ&2m+@é@é$ki0ﬁﬁﬁ%%@w&kﬂﬂ@m% PO N B Meresiomo ()
L Os lonoatomic

BfREX 1Rt ETESBICONT, FAD OIC 2R LD o Aloys (Ptbased)

Alloys (Ru-based)
Multilayers (Cu-based)
Multilayers (Ir-based)

%00

M%@éﬁ@%m)@m(%mowm,ﬁ%fB&m®%%ﬂr 5000
L7polz. Ru (4 T) DA B A A/ERDO KR E S1% 0s X Ir (54~

™ OFNLY H/ISNZ ENnG, OHC 28 A ¥ #EM BRI HAF
LW D HERRTE 5. SHC X 5-TM @ Pt TIEDHRKIE (<2000 500
S/em), W CADEKIE (~-1000S/cm) &£72-o72. K1 MNHAELHEL L0
EHAVERNRKE K 2B T SHC OMHEITH KT AR R 00
b, FABEOSICEIIEATHEO MR Ll L TR, L mer ]
i & ERIICL T DR ENE LN SHO (Sem)

F T, OHC AKX 72 Ru & SHC MK X 72 Pt OZRENa L5 1 BUEA—/REE (OHC) & AL A — /W

2IEAGIRE @ Rk, Lk (UG TINEH) 43491, AL ;g%;ﬁ§§ﬁ22égiiggé@XEy
x (x=0.25, 0.50, 0.75) ZZ{LI®7/2H35 SHC & OHC % §Hli L 7.
1 XY, BFED RuFEOEEAESE Rugsolro s, Ruo 500050, Rug 7sRho 25 %) CTIIHAJE Ru & [FIFEE O OHC EA S H iz,
F72, BFED Pt HOEEAE (PtosPdoss, PtorsAug s PtorsRho s %) CTIHEARE Pt & RIFEEO SHCMAG LN, 2
No&EEE&EDA I:OI/ELEWFM’E)% ITHAR O RUCPL & BRREICRKE V. EOICEBBIEFOHIE LT, Cugy/ Lo <2
Tran/ Xy OFER B 1R, 22 TR I3 @R ML) & L7=. Ptaw/Tra (2380 T OHC (~6000 S/cm) & SHC (~1000
ymﬁ@ﬁﬁ#m&mk%ﬁ{%Tbt# RGO FRIT D> D B TSR A O SR 2R O BB [T R D e
STz REFZE T~ 200 FLE OMELO T 1 Offkta TR LBl AY, OHC & SHC OliF A k& <, H oA B
HEAbBREWZDEW LSERHER (n,5), DEVERAE UHEE MLy OERBFCE AMEETH S.

X212, AHFFE T2 TORD OHC & (
SHC % dETHABIIHT DA EE L TR 9
T M2@ &V, 4FM D Ru i JBETFHE
BR~65BETHY, ZREFRBEED JET ™
HEEE O L X, < DHEBRPLEES
&0 OHC A KA T 2R TE 5. [
FRIZ SHCIZHB W T dBE T HAEEICK LTH
BRAKAEER R B [K2(b)], HEE 54 *
™ ® Pt D dEFEHAE (~83) LRERRED  *°
MEE (BB A4 Pt ) T SHC 23ckfk ™
+5. LLEORERIE, SHC R0 OHC ZHE ST o 2 JEN IR B EERNEEEE:
DEERHFALEN IBETEAEETHH &

BRELTWA.

o
=1
<3
S

0.25

OHC (S/cm)
N
S
i=3
3

Pdo2s

(b)

B Monoatomic (3d) /S
2000 W Monoatomic (4d) Ptq7sRd,

s o2

Monoatomic (5d) PlossRhoss |\ 4 ,0 . 5/\02 5

@ Aloys(Prbased)  Plosslross | \ | @@
1500 @ Alloys (Ru-based)
@ Multiayers (Cu-based) Pty /Irsy, .f

@ Multitayers (Ir-based)

T
1000 ¢op .'

OHC (S/cm)
» o
g8 8
3 3

SHC (S/cm)

K2 (a) OHC & (b) SHC O d'&E T S5 A ¥l A7k,

4. FLHESHODERE

FAEREMERER A E Y (SOT-MRAM) DEIERI 2BV D FEBUTIT A o AR— L8 BTN 2 THE AR — L2 B b B
HZAH S 7owh, KEZROHC & SHC, AV VHUBEMHEIERZ b OMEBIBRB A AR TH LS. AR TIE, H—RBEHEICE
SLFE ﬂ%@i%b%,EéﬁﬁEZE%@%EQ%%&U@EE%?@@Ekﬂm%%ﬁbt.%@ﬁ%,MCid
B EAEED, SHCIXAC LV HLEMEEIEH & dE T SAEBIYEEZIE ST 2EELRFALHR TH L L2 AT L &
HIZ, OHC & SHC, AV VHLEMAIEANKE 2ERASCEREH T2 m T T2, 4%, X0 Zor0MEE %t
BRI, SLERFEMAG DR, BEZR EOARELZILE LIS AV—"7"y ME—JFBERIC LY 7 —F "— X
ZYEFE X4, OHC & SHC, & L TR UHUEMAIEHD 3 SO 5 SOT-MRAM BIF I 2B 4 B3R BIR I 5.
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Study of the Accuracy Improvement of Three-dimensional
Ground Deformation Estimation Using SAR Simulator

Yoshie ISHIT*

SAR can measure land deformation along line-of-sight direction, and we can estimate three-dimensional
surface deformation, using SAR images acquired on ascending and descending orbits, and GNSS
observations. However, there is a case that both orbits of SAR images can’t be available because SAR
images are expensive and even if both orbits of SAR images are acquired, it is not necessarily interfering.
Therefore, it is valuable to consider how to effectively use one side orbit SAR images for three-dimensional
surface deformation estimation. To use effectively one side orbit SAR images in the future, we evaluate
the behavior of the error caused by one side orbit SAR images to both side orbit SAR images using SAR
simulator.

1. ARLEAW
A REBI N L —4 (Synthetic Aperture Radar, SAR) XV E—hrE U ZHITD 1 DT, KESCBKIZESLS ST,

L— KD HERBI 21T 5 2 L O TE2HINTH Y . L FECHIE, KINEB) /e & ORWHE, R, ¥ 278 Kokl
EHOT=4 ) 77 EICRIH SN D, SAR BARD 1 DITH: SAR fffr &\ 5 FERH D, Zhud, 2 FEHILL Lo SAR
BOMFAEAL D IR ET ZHEET D FIE T, B F A — MA—F —CILFHHO L 2B T2 2 ENFRETH S, 7=
720, BLATREZ A ENIAN LEEOEMR IO 1 IWICOIIZIRE S D728, KFIF R OB DGR E T M O ZE B D X
BRODTR, LTedi > T, Tk SAR #Hii2 W T 3 RItOEB A HEET 5121 3 DL EDOER L Frr o/ LT
SAR BN NEE L 72 s, ZDO X572, JET—# & SAR Bifg A Gt 5 Z & Tk H b & T 3 IR A B HEE
EREERATHOMREBITON TS, D 1212, GNSS ZHMICHIF L7 b 0 & ER#LE - TREHLEO SAR Hi4E )7
RA G D Z L TGOGNSS OADFER LY bIFE R 3 RtOL T 2 HEE T 2 FIEEZI LR H (1D, Lo
L. EA#UE & TREELUEOWEELED SAR mEALT L2 5 LIXROT, F#uEDA O SAR lifg s GNSS & Hu /-
FEEE 1L, M#LEO SAR Hifg & GNSS # WA L VIR T2 WIHREE H L, AUFEO B, Fful Lo SAR
EREAE SN2 WEA EMEUED SAR B HON55E & T S IRIEATHEZHEE LRI, COREDEND LM
EERMNCGMT 22 & TH D,

2. Fi&
Kﬁ%“(“bi\ 1 Kﬂ?j_i 5 (. SAR /% = I/»A&J:“C\ H One side orbit + GNSS Both side orbits + GNSS
TIE O R BE O LT SN T HA O 3 IRTTATHETERE R L | pr— - -

. " . B e cending GNSS ‘ Ascending ‘ Descending GNSS
MTHIIE O R B G H I GEG O 3 oTATHEERE R % L InSAR InE‘;AR InSAR J
95, 3WTEIHEEEITO 72D, ELLOEMETEH, &

FEIE SIS T D GNSS D 3 YR EHEE AL R A I N L 3 Vs
east squares Least squares
TREREFEH T 2582 EL TS, method method
U a LS OMRIE, RAICIIE L 7 5 I & LB & 5. — —
Z5s RIZ, Single look complex (SLC) Hifg %2 10 ¥4 a4 5, EW || NS uD EW || NS uD
defor.| |defor.| | defor. defor.| |defor.| | defor.

Wiz, Ziaus 10 K> SLC ®if % T Permanent Scatters
Interferometry SAR (PSInSAR)fENTA#ATH 2 & T, /A RXD R S5 SAR B 2 V7= 54 & M5 SAR Bifg 4 F\ 745
WOV IR WEENR R ORI W, ki, FilED A B O IRTEEB RO LR OB
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@ PSInSAR fIEHTHE SR & GNSS WHEAE R & W 2356 0 3 oA EOHEER R & . EFHuE & FRHLE O MfiE o PSInSAR
FERTHEF & GNSS NHFifE SR 2 VT2 356 D 3 AR OHEERER A LT 5,

VI a b—XIZANT IO L UC R HTE & Lo X 5 el a2 ST tifE o 2 2 — v 2t Ui, 72,
0.1 m/year OEFE TRl 3 2 N JRATREB) & LCH X 72, JRFTRIZRZ BN LC, GNSS OHiLSS, Z D JRri 7
EEOSED LICH DAL BENEL TWRWHAICH D 5A0 2 84— 2iEt Lz,

3. WRLER
F 1S, BEFMOME 27T, 1518 1B H S MHE SAR B2 W 72354 & EAH0E SAR g D% V7254 o
Lz, 2 B B AN HLE SAR M2 AV 7234 & TRRHLE SAR {0 2% AW 7= 354 O el & 7rd, 2 B 1, i L7- GNSS
OHIRICEE &2 E A THND DWW ER L TWD, 3FIHLRRIE, 3 RocABIOFRE., W, #LT, &5 OLE
Y STEEE & FELE T EORRE R R 20Dy DR RAE, Fe/MEI OV RMSE 25 H L7242/~ L TH Y, Subtraction
%, GNSS HimWEB A FLedn G & B £RWIGA TIRKME, f/IME, RMSE 72 8 D75 & o> ek R &2 R7 7,

AMFFECIE, B L LCHE3 25511 0. In/year OEBZ 5 2 TV 528, SAR TELHITE 2 OIIBGFOLE#H THh
D, FNESFETDHE MEFESTBOLEEE LTHNDDIEZY R TH D, —H7 T, WAEFAITRENMT &0 5P
B EALF AN I EE N BN
Wiz, HLEDEWIC L HES D 1 VAR S WEGE & I OB BHEHEE R O i GhE 7 E OBV 0).
T_TOm/year THDHZ & H Y Comparison

GNSS Up-Down East-West North-South

<5, data e Max Min __RMSE Max Min _RMSE Max Min _ RMSE

SR OREREND. B L LT Afg;ggs Flad) 0128 -0073 0009 0052 -0.091 0006 0000 0000 0.000
B 27-0.1 m/year & [F UFREE T, A‘gc 32?:;?;&.311 0.118 -0.080  0.009 0.058 -0.085 0.006 0000 0.000 0.000
MHLIE & 7 HIaE OE T KB EN +ONSS (sl:&r:}cﬁon 0.010 0008 0.000 _0.005 0.007 _ 0.000__0.000__0.000 _ 0.000
U DD EWRINT, FT2NSS ascanEs I(}L‘;g‘?egf}‘“mﬂﬁ"“ 0076 -0.083 0009 0059 -0.055 0007 0000 0000 0.000
HWRICEB E B DY E & &0 +G\I:SS ht?gll':falinn 0.066 -00%0 0012 0064 -0.047 0008 0000 0000 0.000
Srf L AW D &L 0. 01 fRjE>  DESTONSS (s?l')q{r:}cuon 0.010 0007 _-0.003_-0.005 -0.007 _-0.002_ 0.000 _0.000 _ 0.000
ET bbb, 52 E#HD 10 5
OVREDENELDZEpY . T g — i
BT T, I - § 5' =

M2iciE, WEOECED Iﬁ s o II
R L RO E L gLy 0 me B o -
LA M X 0 b AV E £ & e B B2 TR M & RHE % & T 550 % FIRAE & H B0 2B B & S o Ml
JrE & TS CHEE L7 25 IR LD,

DHENKEL D L E2RT,
L, ARG CE, EAELE L TRILEN S R 2 EFEN—FH LTV olokt U, #li 2 & ai ok, ERE0E
MO TRE/R A BN B & FREELED SRR AH BN R LT edThEEEZLND,

4. HEER

AWFFETIE, SAR & 3 = L—Z Z VT, F#E SAR g D05 3 IRTTABHEE 217 9 6 & Mgl SAR Mg 2 v
T3 RILETHEE LIZ A & ORREEB BN R 5 00 ERIOICEHE L, ZOfEH, BB LR UA—F —TOER
EUODTE0NmRENT, £z, FHAME &R Z2 E0HIE & ik, ERVZ S HE O 5 B HuE OO X 5 R K
TN EAURENT, 2R LY M T AEIE O 2 0 SAR {5 T b LAY miEIE SAR iR X D HEE IS ITV AR E)
BHEENMTZ D W2 5, AllE, RENRHIESCEE O TORGAETE 72720, 5%I1T & 0 g, 8T
FREE L. Fr#liE O B O ZE BB O WEE OEB R A HEET 5 L 5 22 TIEOBRIZE Y i,
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An Analysis of Discharge Product Formation Reactions in Lithium-Oxygen Batteries

Kiho NISHIOK A*

Despite their high theoretical gravimetric energy density, lithium—oxygen batteries face limitations in
practical performance due to significant charging overvoltages. Addressing this challenge requires an in-
depth understanding of the formation mechanisms of solid lithium peroxide, the discharge product. Prior
studies have identified two primary reaction pathways: the surface pathway and the solution pathway, with
the donor number of the electrolyte solvent being a key determinant of the pathway. In this work, spatially
restricted discharge tests were conducted using an anodic aluminum oxide electrode with gold deposition
as the cathode to investigate how the reaction mechanism varies with the electrolyte solvent and to identify
the factors that influence these variations.
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WEMm O T, U T v AEEFE N (LOB: Lithium— Los () "f\
oxygen batteries) | “ZEMRO AR R EH” LS N J
NBI1E LR ERA A b, LOBOEMCIIKE . @@ [ mEenc<oomem
B I E R O@AR (L ) 2 A (LLOy) SR S, #E e o e e |
A Z SR CHART 5. Lo, LiO, 12 T5 M oo™, vl
PEAMEVN 0D, 202 LR RS OBELFERISD e -
AT 2T TS, FrICRER OB EFEITIEF TR —
X<, ZORE, BECEMEORIL MRS “Fﬁgwﬁ-
W HZ T, FEMEHARRRENEN G LN
WDRF X RIRETH 5 }Eaaa:ﬂr;;i,{f&<1%ot K1 UF v L-FERREEMICIT D HERISREE OB,
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WEOHFETIE, HMEKSIZBNT, RERE &R &V ) ZOOSRERH Y, ERFRIEED R
F—F U NR=R OO RIGRBERERFITR D Z ERHESATWAIE 1)), £9, BEO—EBEFEITHE
THDHA—NN—FF T RT =4 LEMRERTO LitA B EE LT, MSHHETH L BRREY F 7 A
(LIO)NERT 5. 29 LTAER L LiOy 1%, AL L7z LiOy 3R mW A TE(LIO,") & ISAEE(LIO,S) & ORIk
RBICHD EENTWVD., IWIRRIETIE, WM L0 DARHMLRIGIZ XV L0, NWEMFHEIC R ITHIICRE
T 578, EmFREIIMAEI V. —FF, RmREE T, FmWaERLIO, ) IEM E T Lo, ~ &8 &
nNod. 16> T, L0 ITIEMRE 28 5 KO RIS ET 5. /bbb, MEREEON EOBE»HIX
WIS SN D Z LM E L. AIFZETIE, BRRIAEE OFEIC X - TRUSHEN & o X 5 1241k
THDD, FREDLIRBEHENEELEZ TWHONEHLNIT S Z L2 AWM, EMICERELZTIT-
7= BkERR L 7 L X F(AAO)VBE M M 2 TEMR & L C AV, 22BN B A HIR SN - ERBR 21T - 7-.
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2. EBRAZE

HE A > 7 O W I ITEYER R ESILF eV EH A L. AlAE S L TR Y 7 L0, 1B
Bhe U Ca7EE 21T > 72 AAO(FLEE200 nm, JEZ4 50 nm, [HA& 16 mm) Z i H L7=. AAOITHkxIETH D DT,
BRE L THWALEOICHEICEDEZEAREZIT> TS, B —X & LTIE, H T AHEASH(GF/A,
Whatman), 75 fif i (Z iMMMQMMwmek;UMMMQWNmmmmmmwmmm%ﬁmLt
G4 °DMA LY F 7 LZEEMEMK & L T —RANIEH SN LEETHY, FI—F o "—32zh£h17,28
Ths. B O EBETH L, GABMETILL Y RAFEE, DMABMHK TIE & v IR T Li0, SRR L
LTV ENZD.

3. ERERLER

X 2 i(ﬂ*%mkmmiﬁm%mwfﬁmafommAmﬁfmﬁﬁwmmEﬁmmﬁwM@%r
LTWb. 7 7277 A LEMEOGEIXERLLO, DT AR TE R > 7202 LT, DMA TlEififk
ﬁmm%ﬁmﬂ%mqmﬁmﬁ%@ént.:nmmmmkwf@ﬁﬁ%m%@m@ﬁ%ménktb
FeEZLND. M3 IITHEHDEAERORESEMEEZRL TS, BEEMDEAREHIZILG4, DMAE
AR D ] CREA Li,0, DT HH 23R S L7

| P el
2 T 0.01 mA cm ” THEE % D AAO EREO Wi SEM{&. (a) iFERT, (b) G4 FEfRE, (c) DMA FEMEE COME%.
A= 8= T L um & "7

(a) Pristine

®3 A 0.01 mA em T D& O E SEMIL. (a) iR, (b) G4 BMIK, (c) DMA MR TR,
A== E L uym &R Y.

4. FLHESHBORE

B R — %/n—%%omm MR DA T I AAO B D FLIN & & 72K 55 1H OO ] )7 |2 [EHA o e
ERIBHER S NT=DIZH LT, T 877 T4 DEMREOEE TIXENDN @G T OH TR S 7. L0,
O ST DA NI TIEAF R EIENER R —F U R—=RNRELS BB LTV AAREREZ DN . 5%
ZDOREEBHRET D12 OIE R —F U N = O @R FB BRI EZ b2 PIEIND T b= U L iEE
EHWCTORERBREIT) TETHD.
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Theoretical Study for the Mechanism of the Initial Step of GaN Crystal Growth
Kanami SUGTYAMA®

Gallium nitride (GaN) is one of the III-V semiconductors and has been attracted attention to use for
power devices. The metalorganic chemical vapor phase epitaxy (MOVPE) is a method to produce GaN.
In MOVPE, substrate trimethyl gallium (TMGa), NH, and carrier gasses such as N, and H, are reacted in
the gas phase. The decomposed species then react on the GaN surface. To produce a high-quality GaN, it
is important to understand the crystal growth mechanism, in particular what decomposed species are likely
to generate. However, the detailed decomposition mechanism is still unclear because of complicated
reactions involving various chemical species. In this study, the reaction of TMGa + 3NH, + 3H, was
theoretically analyzed by constructing reaction path network using automated reaction path search method.

1. ARER

LAV T A(GaN)E TV RAHERD—FETH Y | T —FT A 2L LTOIFANPREEN TS, L0 &g 24
BHE5 5720, MEIOR KBRS L ORI O 4 b 2 HE+ 5 Z L FEETH 5, GaN ORLEEOF & LT, Ak
&R R EMOVPE)ENZET Hivd, MOVPE TIXET, FEATATHS ) AFAHY U A(TMG)RT VE=T
(NH3)2, v U T HATHDHERN)CKFEH) & & IR SN D, T75 ERMBISIZ X 0 D REIS A HEST L7z
%, OIRERMINIER B L, MR ENETT 5, 22T, ISOUEERETH S TMGa D43 RS OFEREIT,
O FRORF DG D 7D IEF M T, BEHEE IR TH D, AT TR EHLFHEEZ VT Ga 28t
B L NH: £7203 Ho O FRIBISOBFEN R S 2[1], Lo L, 2 TSRS % 8 6O 12 RS R OREE IR K
L LTHRMEIATH 5, & Z TR T, SOSRRE B BIERIEO O L S Th 5 N T I1FHE(AFIR)E[2]% VT, TMGa
28 NH3 R0 Ha & SOUGT 2R 2 R IRSE Lo, £l o b RS 2R oG 2 i+ 2 Z L 2 BIg LT,

2. IRAZE

ABFIETIE, GRRM23 71 7T AIZEIEX LTV D AFIR 5% AW CROSRR I 2 B 8 0 /it R#E L=, AFIR {5
T ARELTZ 22007 7 7 Ay NS EFHE UET- 2Bk a5, HOEEICH L, SESERTTZAV D
HE)ER & AFIR JEOBEH &40 K4 2 & T, ZHOBE L ZNEZORSRENEOND, Z0L &GO REHKEZ
J— R, Ko E 2y VL LIRS Ry N — 7 DEETX 5, AFIR BIZ X D8RI, wIlEEDO %2 A )14
IXR W DB RN O SUS~ b A fBECTdh 5, RBFFETIE, TMGa 1 43, NH3 3 53, H2 3 43 15 Bk % TMGa + 3NH3
+3H: Z WG & LT A LR 21T o 70, B HIREERHEICIX Gaussianl6 7'm 777 A% FIH L B3LYP/6-31G(d,p) % Fv>
oo FT AR A F—RHHOBIINRE S T=1300K & L7z,

RN OBEHA SN AR Yy NT— 7 PN MR, ZOH TEORECRENEE CHL1E HH CHRT L Z L1k
Wi Ch D, 2T, USRI v b T — 213 2 w15 T o 2 3 ERATFIHERI(RCMC)E[3,4] % F v Cfig
WradT-72, RCMC {ETIE, f8E LIEBORIRE - RFEINICEE A RER G2 7 —TICE L, ISRy hT—72
MG 5, MLy MUY —271Zx LT, RUGKRIZZE 2 72236 RCMC {EE DR LEHT 5 2 & T, &OGEE
MTED L) REENAER LTV EIFHET D Z N TE D,

3. HERR

HWZER D LA LN SRR v T —27 2R3, BEHREND 564 DL EME & Z 5 % D7 < 640 D SRR A
Boniz, MHPo/— Rofid, GallfEA LIz A FAROKIIIS L TOLDIT SN TEY . KA TMGa, 4+ L2 Vny A
FNH Y 7 5 (DMGa), FENE S AT LHY T AMGa), £ L THNZDOMD XA T NVEBFES L TORWEERETH 5,
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LT3, £ L THBRRH T g 2 2 e
EWORE a2 L—yarofzd ), fEoME
TEICELDTVD, FEARISRHICENT E1 TMGa + 3NHs+ 3H, DRSEEE % v k7 —7 .
BREBEDRE 2L —a v OME10E L

TS, RE2b—ya VOREWVEEZTZE>THSE K (a)

T B TMGasy 5 NH, & OS2 A RICH#EST L, DMGa 19

(NHy) 42T, 10 *BBIAIC MGa(NH,), ~ & 5 = L B 54y °° \ vt
(272572 (K2(0b)), LA EDOFERE S, TMGalZ DWW TH, & D

HNH; & ORISR EERIICERTH S Z L RRB SN, o /\§{
F 745 DAV EREIT I3 Ga(CH,CH;)(NH,), D £ 5 12 C-Cif - 00— pe PR pe
BNERLIEFBELEEN TN, b ORIERY~ & (b) timesoale [s]
ELRENAFTHDLZ LWL/, F72MGabllff \T/ - \T/ _ T
DOIIBEE L 0 SEICRMT 5720, MGNH), NI+ Y Y Y Y 1T
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MGa(NH3)(NH,),
MGa(NH,),
Ga(NH,)3

3H, & I IE & U 7o BOSHREBE BRR b RIBRICAT - 7o, REAIN TMGa MGa
fENTH CTH D3, FHROIEITHFIE[1] THHE S 7z Ga(NH,); E2 BRI OME. (a) RIS R 2 B HE o R L 2
LGaH; D L ) I iy fRAERMIB L OEN L OREE~ L EDH IR L—a vk, (b) BB R,
BRAGohTWD,

AWFFETILE BT, M Fm LTl 2 5 SIS FE & BREAE 3 2 72 8 GaN(0001) 1 = o> NH; /) fR i B O PR 38 % ki L 7=,
COREISOFFIT2BREO LR D AT 7T /AEFIH L, 55 L~ULPBE/DZP TiT o7z, %55 NH + 2H A3 4F
WCEEREETHD 2 ENbhoTe, £, WaEVA NORRDZREHEME SR~ 7 L—2a VOREIELN
7=

. SEORE

AAFFETIEIMOVPE IZ & 5§ 5k = 0B FE T & 5 TMGa D /3 B FE D ffHT 217 - 7=, OGRS & RARIICERR LIE
HEZRSUGHRIE MU — 7 A8 LT, SR m RN 2 a2 6 Lz, Iz T, GaNZKHE k
DNH; S RIBFRC SOW T SR 1T o 172, S H%I1TV < 20D TMGa S5 RA I ST, GaN M | T S IR e 2
EATH, LT, BREERICGE LR 70 bR E S ETT L T EBRICON T S BICEIT 2D Tnd T
ETH D,

5. @
ABFFEITAE I AN B H B L AR JET O B BT A 7 T —Bhpkic K0 T2 WIS L, Zohefn TR
SEGHA LETET,
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Development and Characterization of Synthetic
and Blended Urushi (Asian lacquer) Samples:
Towards New Sustainable Functional Materials

Francesca PINCELLA®

Urushi, sometimes referred to as the first plastic, has long been used as a natural material to provide
durable and aesthetically pleasing glossy films. The synthesis of the most abundant compound in natural
urushiol, (8Z, 11E, 13Z)-trienyl pentadecylcatechol, is envisioned via iron catalyzed coupling reaction
involving an iron-catalyzed aryl-alkyl coupling, an alkenyl-alkenyl coupling reaction and an alkenyl-
propargyl coupling reaction. The optimization of the reaction conditions is currently in progress to access
the natural product in large scale. Additionally, urushiol analogs are being synthesized to aide in the
optimization of the urushi film properties.

1. Introduction

The need for sustainable materials to replace petroleum-derived ones has renewed the interest in a traditional resin that has long
been used in Asian countries, urushi or Asian lacquer. Urushi is a complex natural product, a water-in-oil emulsion composed of
urushiol (60—80%, see Scheme 1), water (10-30%), gum (3—6%), and enzymes (2—3%). The durability, high stability, and aesthetic
beauty of urushi, combined with its renewable nature, have made urushi an excellent candidate to become a building block for a future
society. Nevertheless, several limitations exist to the use and extraction of this product (expensive, time-consuming, requiring highly
skilled labor to collect the raw sap and process it). Moreover, the complex nature of this cross-linked and heterogeneous material and
the fact that urushi formulations often include mixtures of several other

components have also hindered a systematic and in-depth OH R: C15- or C17- alkenyValkyl aliphalic side chain

characterization of this material and its applications. So far, several H 4 kool Wik

reports have attempted to develop synthetic alternatives to natural WA it
urushi, notable examples being cardanol-based artificial urushi [1] and Y I 15.0%
analogs with the alkyl chain connected at the 4 position of catechol e — — 7.4%
with different linkages [2]. Currently only two reports of total synthesis WZWN 6.5%
of trienyl urushiol exist, but the first one requires 16-steps and has a

0.2% overall yield [3], while the second one only focused on the b %
stereoselective construction of the skipped trienyl side chain by k. Lo 44%
utilizing the cobalt-catalyzed isomerization of 1,3-diene to (2Z, 4F)-

diene [4]. Scheme 1 Main constituents of natural urushiol.

2. Results and discussion

The total synthesis of the main component of urushiol (see Scheme 1, first compound from the top), (87, 11E, 13Z)-trienyl
pentadecylcatechol, is envisioned proceeding via iron-catalyzed reactions according to Scheme 2. (87, 11E, 13Z)-trienyl
pentadecylcatechol can be synthesized via an iron-catalyzed aryl—alkyl cross-coupling reaction of protected catechol with the alkyl

halide bearing the original pentadecatrienyl configuration.
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iron-catalyzed
aryl-alkyl coupling #— 0 "
% M. = ORISR
iron-catalyzed

alkenyl-alkenyl coupling
X — — X — X
z x > NN + M ~

iron-catalyzed
alkenyl-propargy! coupling

me‘ > x\(\‘){=\[M] + x/

Scheme 2 Retrosynthetic approach to the synthesis of the most abundant component of natural urushiol.

The necessary triene framework of the side chain is to be stereospecifically constructed via an alkenyl—alkenyl cross-coupling
reaction of a (Z)-propenyl metal reagent with a vinyl electrophile, which is obtained from the hydrohalogenation of 1,4-enyne. The 1,4-
enyne can be synthesized through an iron-catalyzed alkenyl-propargyl cross-coupling reaction of (Z)-vinyl metal reagent with
propargyl electrophile. Currently, the efforts towards the total synthesis of the target main component of natural urushiol, (87, 11F,
132)-trienyl pentadecylcatechol, are still ongoing, with the development of new methods for the stereocontrolled synthesis of the
intermediates.

The researcher has also been working on the improved synthesis of simple urushiol analogs using renewable resources as feedstock,
as a continuation of the recently published achievement on urushiol analog synthesis from biomass and naturally derived fatty acids
[5]. The current focus has now shifted to the large-scale iron-catalyzed synthesis of 3-substituted urushiol analogs. The simple synthetic
method allows us to easily access many urushiol analogs with different degrees of unsaturation and different aromatic units and to
investigate the properties of different artificial urushi films in a systematic manner. Currently several analogs are being synthesized
and they are characterized before and after polymerization under different conditions. These efforts are aimed at the rational synthesis
of artificial urushi with optimal performance, and at the development of a reference library of model urushi compounds and films to

aide in the interpretation of complex mass spectra from natural urushi samples [6].

3. Conclusions

In conclusion, the total synthesis of the natural product (87, 11E, 13Z)-trienyl pentadecylcatechol is proceeding via iron-catalyzed
coupling reactions, with the main challenges being the development and optimization of stereocontrolled methods for the large-scale
synthesis of intermediate compounds. Parallelly to the effort to obtain the main component of natural urushiol, urushiol analogs are
being synthesized to study the polymerization mechanism and hardened film properties in a systematic way, with careful control of

composition and polymerization conditions.
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Development of Molecular Transformation Using Hydrogen Radical Equivalents
Kazunori NAGAO™

Hydrogen evolution reaction catalysts are known to convert a proton and an electron into highly reactive
hydride species, which were utilized to hydrogen gas production through the dimerization reaction. While
hydrogen gas has been used as a reductant in synthetic chemistry, it is necessary to activate stable hydro-
gen gas utilizing expensive noble metal catalysts or harsh reaction conditions. This study focuses on direct

use of the hydride intermediate as a hydrogen radical equivalent to reductive radical transformation of
organic molecules.

1. IRER/LEM
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fEoniehotz,

Br Bu
. Et0,C ~ CO,E oH oH ok
u
N : N HO” : HO HO
) = H
Q:CO_N BRAORN Br Bu
Bu 6 by

é 53% 0% 0% 0%
MGOW (1 mol %) BY Bu Meom "
_— iPr. Pr
MeO 4CzIPN (1 mol %) MeO H X SN
B|ITTA (2.0 equiv.) 2 (20 mol %) DR NEts - | H
toluene, blue LED (YeROF/ VETH) N N Pr

1% 0% 0% 0%

3 = v Ml E V=T L v D KFEE.

UL R B T BRI AT U BRI SR weo s T T wo )
OBFTHITo72 (X 4), BEICKERADOCHEE L L-Crbit T MeOD/\/ o ACEPN (1 mol %) Meom
HRUSFT TV S B PRI BT o 7. W < O P oions, bl LED.
EREZTHLOEMRE LI, Bt E BT S5 Fi KB KERERGHEORE
FTRBEAE A RETITTE > TRy, A%IT, T7 oK S 5 -
HEETRERROEL T 3L ¥ — AU S E R FEORE AR H@/“ o A" @“
BEE BT R L — 2 BT E TRMEL V. A LML H Br on
T, 0% 0% <5%

4 BRI A =T L7 Dk FEL.
4. FEHEEE

ARG T AR IR TTAME . 2L Ml SBSTAIE WD Z & TT AT L OB TSN RREREIT TS 2 &
ZRH L, 5% TKOBILRISIC L DA F 2= 2T )LV OETCHIBEAEEOSR] 2> [Pk Fax /) v 28 Hl & T 5
FUGSFRDOH] &2 B LTV FERIICIE, T AT o ~OKEBIRTBENTA UTRE T ¥V EIZTTUSN O 5 7254
WIS LT, S IMBE OB 7 & S0 DEENC GRS 5 2 L & BIET,

REFERENCES

1) V. Artero, M. C. Kerlidou and M. Fontecave, Angew. Chem., Int. Ed., 50 (2011) 7238-7266.

2) C.T. Méndez, M. Axelsson and H. Tian, Angew. Chem., Int. Ed., 63 (2023) €202312879.

3) Y. H. Hong, Y.-M. Lee, W. Nam and S. Fukuzumi, J. Am. Chem. Soc., 144 (2022) 695-700.

4) Y. H. Hong, Y.-M. Lee, W. Nam and S. Fukuzumi, Inorg. Chem., 59 (2020) 14838-14846.

5) M. Axelsson, C. F. N. Marchiori, P. Huang, C. M. Araujo and H. Tian, J. Am. Chem. Soc., 143 (2021) 21229-21233.



106 N-N LBl & 22 & 5 2 B HERRB AT F F Otk O

N-N\OfEEiieER ET S
O RMIFERABRTF K OREEIGEDHEL

[R5 B

Synthetic Methods for Hard-to-access Unnatural Peptides Based
on N-Halopeptide Strategy

Takeshi NANJO*

Unnatural peptides containing unusual structures such as non-proteinogenic amino acid residues,
macrocyclic structures, and peptide isosteres have attracted much attention in recent years because they
often exhibit better bioactivity and pharmacokinetics compared to the corresponding natural peptide
derivatives. Therefore, it is important to develop the synthetic method for such unconventional peptide
structures to promote structure-activity relationship studies in peptide drug discovery, and recently, we
have developed an “N-chloropeptide strategy” to achieve the chemical modification of peptides which do
not contain the reactive functional group in side chains, and demonstrated that the N-chlorination of peptide
main chain successfully promotes the formation of unconventional peptide side chains. In this research
project, we developed a new fragment condensation method using N-chloropeptide carboxylic acid to
efficiently install the N-chloroamide moiety in oligopeptides. This synthetic approach enables not only the
epimerization-free fragment condensation of peptide carboxylic acids by suppressing azlactone formation
but also the successful conversion of obtained N-chloropeptides into the unconventional peptide structures.
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Development of Tissue Cryopreservation Technology Using Nano-heating

Masanobu HORIE®

This research aims to develop cryopreservation/thawing technology for organs, tissues and cells using
‘nano-heating’ technology, which utilises the oscillation/heating of magnetic nanoparticles in an AC
magnetic field. Specifically, as an example of tissue, the technology for preserving liver organoids created
from human iPS cells will be completed, with the aim of practical application in the medical cell production
and clinical fields. The development of cryopreservation technology for transplanted tissue is essential and
urgently needed in the rapidly developing field of regenerative medicine and its industrialisation. This
research aims to create a new industry and market in the medical field as a nanotechnology-based
cryopreservation technology for living tissue and to realise a new stage of advanced heat-using society.
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Integration of Photo-sensitive Metal-organic Frameworks
and Plasmonic Nanowire
Toward Intracellular Material Delivery Systems

Tomoko INOSE*

We developed a nanowire-based single-cell endoscopy system combined with metal-organic frameworks
(MOFs) for spatiotemporally controlled intracellular protein delivery. ZIF-8-coated nanowires efficiently
encapsulated proteins and released them in response to pH changes. Intracellular insertion of the nanowires
enabled protein delivery into HeLa cells. Further improvements, including photoresponsive MOFs, are
being explored to enhance release efficiency and enable precise, light-triggered intracellular biomolecule
delivery.
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Fluorescence Lifetime Cellular Temperature Sensing
Using Carbon Quantum Dots

Shingo SOTOMA*

Temperature significantly influences biomolecular structures and enzymatic activities, making accurate
intracellular temperature measurement essential for understanding biological phenomena. Carbon quan-
tum dots (CQDs) were developed as low-toxicity, photostable thermometers that combine with fluorescence
lifetime imaging microscopy (FLIM) to achieve non-invasive, precise intracellular temperature sensing.
CQDs were synthesized using a hydrothermal method with 1,4-diaminoanthraquinone and L-cysteine
(180°C, 12 hours). They exhibited strong fluorescence at 450-550 nm, and temperature-sensitive fluo-
rescence lifetimes with a sensitivity of —1%/°C. CQDs demonstrated high environmental stability across
pH, ionic strength, and protein-rich conditions. Using FLIM, intracellular temperature changes in HeLa
cells were successfully measured.
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CQD DIREISEM TR D728, 25T 5 60 COMREERPHIZ I HaeFHFa O a2 E Lz (X2a). £ OREE,
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(c) TREEFHA D 3 Ui,

[+
W
Fluorescence lifetime (ns)

3 CQD DHEey i & AV 7= MR N O IR 5.

CQD O IREE FHAMERE 2 F- T~ 5 7201, b hESEAAME (HeLafla) & HWi=FEBR%Z{T>7-. CQDIX

ZORNHIIAERE & @ WHIIAER W IABBI R A EN LT, Ur vy a7 ) —CAMBNREZIETES. £7, CQDD
AR E A ST A 729, 10~ 70 ug/ml D T HeLaffifld 2 5528 L, 24 W% 12 CCK-8 7 » & A % AW Tl A 17K
ZHIE L2, 10 ug/ml OFEFE TIE95%, 70 ug/ml TiE80% DA EMF L Cnia. FEBR CIHMIE~DORE L /N RIZH
257280, 10ug/ml OPEFEZEUYESEE UTERM Lz, WIZ, CQDZ ¥R L7z HeLa M 2 AT, HIRLPN OO 1R B 5+
9N L7z, CQDITMMEMNIZHVEIZI Y JAE L, #OLFEMOMER R TH S Z LRSSz, ZORE, MidoiREz
25°C, 30C, 35C, 39ColHIZZ b &, KEETO®EIFMEZRE Lz (K3). ZTOFE, CQD D IFHFm kiR
WG U TN T2 2 LR S, £z, FUMREZ G0 IR LIEEZITom & 25, #bFEmORE
M—HLTHY, MNIZEBN TS CQD DIREFHIOFEMED S SRS L. S%IFAFE LIZCQDZFIH LT, 4
MBS T DIREELE T 5.
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Control of Binary States of The Multiferroic Heterostructures
for Memory Devices

Takamasa USAMTI*

For the development of voltage-controlled magnetization switching in spintronic memory devices, we
demonstrate a highly (422)-oriented Co,FeSi layer on the piezoelectric PMN-PT(011) substrate by inserting
an ultra-thin vanadium (V) layer. The strength of the growth-induced magnetic anisotropy in the Co,FeSi
layers can be artificially controlled by tuning the thicknesses of the inserted V and the grown Co,FeSi
layers. As a result, a giant converse magnetoelectric effect (over 10~ s/m) and a non-volatile binary state
at zero electric fields are simultaneously achieved in the Co,FeSi/V/PMN-PT multiferroic heterostructure.
This study paves the way toward magnetoresistive random-access memory (MRAM) with low-power
writing technology.

1. BUBIC

WA IEA T & L CHIB SN IMRIBI T VA LT 72 A AT MEDSRE
(MRAM) 1%, K by RS MTI) FZ2mskfHE LTHA LTV 5.
MTIZ#EF T, REEMETE OREERCE CEAT/BOATIREE) ([TIS T T, BRI
BACT D0 [ b rUBERHREL (TMR) Z058] AT 5. ZoESRIEI A (L%
FEHO 0/1ITHIEST 5 Z & TMRAM T AR A £ VEIERARE L 72> TN D,
Z kO RFEE T Z kT D MRAM Tl, BALBELE 22545 2 & AEH
EXALBEICH YT 5. BAETROBACHE TETIE, MTIEFICRKERZ
HIINd 2 %N 728, BEICE) Va—VEORAICIY, FRES AN
BRBIWHENKENENIT AT v FEFL TN,

B EZIALICET D REEET 572012, BRI TEEE O 70w, EIERENC X 2 B bflE i
ORFENRRDHNTND. L0, RUDRT LD RIBBEIER & EBERO~T o &I L VBRSNS RH~LT 7 = n
A I IEENET A AFEEOBLR N O F N R BIEMALTE R OB & ShTnd. T<RE, Fald, Mg S LT
WA E U RIREZ AT 5 CoRobA AT —HEMMERD—2TH 5 CoFeSi L, &WEBMHEZ A T 5 Pb(Mg,;Nb,;)0;5-
PbTiO; (PMN-PT) Z# A A bW - RE~ L F 7 = 0 A 7 S 2 ER L, EALOBEL L THEE L TV 107 s/m B OMERETE
¥ BREBLEAEE 2EBL, S9EARILFMEEEEE L ", SOICEBEAMC L2 RERAEY A vF v
TEWERRE S FRFCAZ L T 5.

AR O B VERBFE S & RIEFE A A > F U VT ORFFEIEL, R~/ T 7z v A 7 iiiEE MRAMEDAE Y fr=7 X
AEV TN ANEAT 572D OEEREMETHY, MWEEEO S & ZOEENHLZINDL ZENLETHDL. 20D
FbICiE, BB ISR T AR RS (K) OBERENEE CH D Z L NEFHEICBO RS TS,
oz 8 2 E TIHEE L T & 72 CoFeSi/Fe/PMN-PT RIE < /L F 7 = 11 A 7 HEEIZR\WTIE, WREPEAE & EBAE O S
T ENALT7 7 ABBRERENBY [(K2(£)], ZOT7ENALT 7 A@BIE, FECo,FeSi s 8 o fs i it a1k 2 1K L,
FETMEORE DB A LA Tz, & 2 CARIFIETIE, iz ISR Co FeSifg & JE 8 AR PMN-PT Jg O S @&,
TCBRBANTFTY UL (V) RTEEHRT A2 &T, AR REMEOEBABE L. Zhicky, auilmtEs a9 5
WRBEPEIR CoFeSifB 2 FERE L, RER AT A4 v T 7 OEEHEMEEEEZ B L.
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2. ERBRER

ST E S X —EE IO T, CoFeSUV/PMN-PTRIE /LT 7 =0 apitisE
A 7R R LT, 2ok, REFRAVEOBE (,=03,06,10,20  CozFeSi
nm) X°Co,FeSi il DIEE (tcrs=10, 20,30 nm) ZZ{b S 7B 2 HE L A
oo ARRLUZZABIOREEHIB T 27 [EARELEREREY ¢4  fERTE [
BB EE (HAADF-STEM image) ] # X 21259, SiEFE T8I Fe %
FIA L7=M2 (F2) offis " 1cT, VEFILEE2 () olEics
W, IR REAFEBR L TBY, EEOMiENE CoFeSiE Ottt HE2 %ﬁfz‘ﬁCoZFeSiE/ﬁ%E(FeorV>/E%M:

BELTWAZ LB BN oY, 72, BULIEORKEN S, B RO T

Rt BT %D 2 & T, CoFeSiDK, Z RN AR ATRETH D Z &

%%675 272 o7, 1O T e

U C O IR TE ﬁ%&ﬁAM@%&ﬁ#ét , BEHCE 0.5 {740

ﬁ%ﬁﬂbﬂbfﬁﬂﬂj’ﬁ%&zrwﬁ%(ﬁﬂm L7-. K3 (R) g, K,=12.6k)/m’ D S |

iR B 71 % R Co,FeSi/V/PMN-PT ~ 7 u%m@ Kerrb 27 U & AR S —
BT, E=075-0.4MVimOELICEE, 285 B %8 7 o B 05 037

HEICEIL LTS 2 L0, FERARRRN 21TV, BB O 1% B =

BEFHLIZEZ A, 24 X 107 s/m &V ) R B, RO Co,FeSilFe/ -40 20 0 20 40

PMN-PT~7 & DM AR LD HE R & 7o 72", F =B RAICAE
5, BEMOEE ML 720, BEBILREZBER LTS
my bLEK3 (F)]. 22T, #f (%) @o7o vy M, E (8) ERx
A (IF) %ﬁm®24~7"%?bf“é EAOBROENN LR
BALIRREIIZEIL L, PrERICRE LT, BREBLREMEEShTh2

BB MRS, 2O LY EEREICEWT, B TE

W% LB LETIRLTOS. —HT, K=0.6km’ &8V %7~ 98 03 0 02 s
TD%L :Ibb\’C&i, B 72 MR BE N B S g ino Ttz 2 b ok E (MV/m)

b REFEER DA L& RERAL v T T OEWMEFEMEDO S & TD  R3 Co,FeSi/V/PMN-PT(001) i~ /L F 7 = 11 A
Hﬁ%ﬁ i, ARBFZET R U7 R E IR AT 35 < K, OREE R 8 /IS BRI R BB
B THHENZD.

3. ££8

EOPEREFS S A FEEE L T X 72 Co,FeSi/PMN-PT i~ /L F 7 = 1 A ZHEEICK LT, #r7- 12 fieME & Co,FeSi J& & £
RPMN-PTE O HIZ, @ AT Y0 A (V) FEEZRGT A2 Uz, 20U & 0 B 7R Sk oo Sl mif g % 52
BLL, @B ZE AT 2 MBEER CoFeSiBMEBL L7z, ZIUC XY, K O & RRAINCERT 22 EMNafeE 72,
T S U CETMERERE S A LRIZMEAFET D L L HIC, FRATY AL v F o 7 EmEHEETERLE.

A

AW EBATT DIChT-Y, TR, TWHAHEBY F LI RKIORER AR T es IR A AR, (hHEh
R, FEHAMS, HRR, KRICRFPRFE TAOest hase—8d%, A LEEEIRICEHP L ETET. £
7o, THEEWD ELASMETEN B EEYE TR EHE N L LT R T
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Exploring Hidden Antiferromagnetism in a Negative Pressure Region
by Uniaxial Pressure

Suguru HOSOI*

Unconventional superconductivity in strongly correlated electron systems often emerges near the verge
of electronically ordered phases, indicating a strong correlation with the superconducting pairing mechanism.
Antiferromagnetism, as a typical example, can host superconductivity near its critical point. To investigate
the relationships between superconductivity and antiferromagnetism, the heavy fermion superconductor
CeColn,, which has the highest 7, = 2.3 K among Ce-based Compounds, has attracted much attention.
While the normal state of CeColn, is paramagnetic, antiferromagnetic fluctuations may play a pivotal role
in hosting high temperature superconductivity, as suggested by its similarity to the antiferromagnet CeRhlIn,.
However, there are no direct evidence for the presence of antiferromagnetism at zero magnetic field. The
most plausible reason for this is that antiferromagnetism might be hidden in a negative pressure region,
which cannot be accessed using standard hydrostatic pressure techniques. Here, we focused on uniaxial
stress that can apply both positive and negative pressure as an alternative method to explore the putative
hidden antiferromagnetism. To achieve this goal, we developed uniaxial stress apparatus capable of applying
large strain using the thermal expansion. Furthermore, to explore the antiferromagnetism in the supercon-
ducting phase, we also developed a novel microwave probe that operates within the uniaxial stress device.

1. BRLAEV

SR L RIS RO EWE T RBRER 2R EICHN D FEIEORTUEB 8T UL IR RO PRI R BT 5 2 & H
b, ZORBIRE O FEGUEAE AR < L CTRRIETEN & OBIRMIIZEEREO 2> Th b, PTHEVWEFRBIEHR
CeColns 1, FEALKHR HIEHZED HBREARD 2O Th D, ZOWHEIZCALAMO T THIE FICBIT 25 b @EWlBR
BHGIRET. =23KE2 "L, ZOEWT.OERICITREMED S ENRRESHEEINTVAZ EARBINTWA. L
L7, CeColns |ZF W THESHT L » THE S 2 BORREMA OFEIZE SR Tw s 500", P o F ook
BMERRIT RO o TR WORBRTH D, TOZXGNHIRKOERE LT, RIRFEMEFDIER D ERKEIIHNEA T
EEB L2, AEEERICOREMEADENTWD Z ENET bR D, UM E O SR CeRhins OJF /) T
DIEDTN R ENS AR SNDY. 2 OQEFERICR S KRR E RO % LT, SB0B iR 0 LEROm 5
FZIES &M 5 Z L3 C& 2 —HECIER Lz, IEJ7§h D CeColns \ICH/KIE S ZFIINT 5 &, alfi & c iR O# 13
FRA—BclaSRT D2 b, clFIMCERT 2T EZENT 5 2 Lok v, AEERA B ©X 5 etk
NH 5. ¥olgs FCorEEpEFE R RIZEE, CeColns (21T A IBISE DB A A EM R FREZSEOND
EWIRESIND. ST, RO —HETITIE L o IXGRICHFHEEZGEAT D52 5405 & L TEH S TE 7223,
AW T UL, RORTHEERIET 2 L0 HENRINEE L CoFAMEEHIC T EnTE 5.

2. EBRFiE

—HH )T ORI ZRET 5 LT, AR TIERE L 200OERELIT /R o7, H—I2, BBMEHEEFHE T
EDIEEH S E N TEZHNLT 2 2 L Th D, EAAIMNZIEE =Y R 2EIC L RRERE Tk Th
HAECE N &I CE 2 —WE B2 VY. L Uit b —ilEEE 2@ T2 101 d B K X 7230 Bk X
U5 7A3, CeColnsid 1 mm EA EDO KB DB B REAAREMLAEMTH DL OO, cliFmic oWk 258201 X LI
LIZWREECH 2 = Lo, REHTO TR 7 v 75ENREEN T D EENRBEYNCEHIINTE 2R EORBERH D, EEE
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Development of Supramolecular Photosensitizers Driven
by Near-infrared Light and Their Application to Theranostics

Hajime SHIGEMITSU*

Photodynamic therapy (PDT) is a minimally invasive cancer treatment that uses light-activated
photosensitizers to generate reactive oxygen species and selectively destroy tumor tissues. However,
conventional PDT is limited to superficial lesions due to the poor tissue penetration of visible light. To overcome
this, near-infrared (NIR) photosensitizers have been developed, but further improvement in light absorption
and photosensitization efficiency is required for deep-tissue applications. In this study, we developed a
supramolecular NIR photosensitizer based on an amphiphilic phosphorhodamine derivative, PR-Et-C18,
which self-assembles in water to form J-aggregates with enhanced optical properties. Comparative analysis
with a non-assembling analog, PR-Et-C2, revealed that PR-Et-C18 exhibits red-shifted absorption and quenched
fluorescence in water, indicating supramolecular assembly formation. The assembled PR-Et-C18 demonstrated
over 1000-fold higher photosensitization activity compared to PR-Et-C2, as confirmed by ABDA degradation
experiments. Mechanistic studies using ESR spectroscopy revealed that the enhanced activity originates from
charge-separated states within the assemblies, leading to superoxide generation without singlet oxygen
formation. Furthermore, PDT experiments using melanoma-derived cells showed effective therapeutic
outcomes. Our results highlight the potential of supramolecular assembly-based design to overcome current
limitations of PDT and offer a promising strategy toward deep-tissue phototherapy and theranostic applications.

1. ARFR - FHAROKE

(a) SINOBIHIE (b)
NIR UE A
/' &x \ NRX  NR a7
BCES HES N
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“*5/ WARMSHE ON S5 ON
) MmE
BRI NIR &8 NIR XI5 F
el e NIR AR FI & B
( ~rpotT ) ( NRE5/27192 ) KBNPWESEUES /2T 1 IR

B ABFME : (@) NIRAFEO H OESIC L 2 ISR 2 A5 2 B FOAIR E ¥ T ) AT ¢ 7 A~ORERE L0
(b) 72 & DAEKREICBIT HPDT T ) AT 4 7 .

IO BRI EE R IBFRIEDPBEZ A ESN TV AICHBEDL LT, BIXEARE LTAARADIER by 7 Tho. iR
PR, SRHIIRIRCHRAI N ER CH 523, Wb EE~OAHITRE L, [KEERRIGFIENRD LN TN 5.
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BIFLPTOESRZ AL, [EROE] &N D AREEMED & WITRAME (700-1000 nm (NIR: Near—Infrared))
DR I WL T X A HHRAIDOBIFENIERITITOIN TV D, LA LARR S, #KIKE L TR ARR ORI REA
K<, EREETORBFARICIBE SN TWD. 2059 2EEND, MNEER & OERERIZEIT 5 PDT 2 E8l4 572
20254E2 H 21 H 8L

A 5 —
KWK R b T2 b AL S B




LARYOE TSNS 2 B 0TI EHI ORIE L £ T ) AT 4 7 ANDJER 119

DITIE DERIUEE] o TCHaREEe] 72 E O F 2 HHREI LS TH D, L LR b, PDTHEZ R4 NIRILEY D
WEt c BARBIIRA L o250, [ HEMUSNOFM T 7o —F1 #BRHRT 208N H 5H. AL Tl [ERT 5801
WHIEHI DT L ® T ) AT 4 7 A~DORHE] ZAE L. KIAMAKEAELHCESSESHZ L TNIREEZ SRR T
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INFETITYMREETIE, B—FI v 7=
W To A F MDA Z W ToB Sl Z2 B L

TwaY. oS TR, @FESTIKETESE 9 sotassemny
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07NN NIR supramolecular photocatalyst

FIUR, HEEERL, ENIHSEAAL, FY N

VT R R L L, CHERIC X > TRIRERR Prtecte PRtz
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D, 2O0OEBENHEGTIRETHEE LI EMEEZ AL, 6 SR EOEICHE L2077 ThHZ LR nhol-
—J5 TR T, PR-Et-C2 TILDMSO H L IZIFREEOWINIS L QAL MBS R BZIC% L, PR-Et-C18 TI3ARK %
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3. FRA77A—-4X02BRET B FERESFOAIERIFES KU PDTFEM

PR-Et-CI8 AR ETEMRT 5 2 & THIGEAFEO M L2 FE L2, MEEERMIICIE 7 R 7B B8R Th D
ABDA # vz, IEDFER, PR-Et-C2 TIXABDAHIROHN AT & A LA Lo 7= DIZxt L, PR-Et-C18 TIXBiZ
IR SR B, 430 i3SI B IS b RS R B LA 8, PR-Et-C2 TIX2.8 X 107 min ' Th - 7= DIkt
L, PR-Me-C18 TI123.0 min ' & 720, FSHEENS 1078450 LTS Z LR345inotz. 2D Link, B FEARE
AT & o TR 285 L7 2 LR ande. 612, JEEEORBWSEOMIIZE T L. ZORRE, o144
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Combining the Toughness, Self-healing, and Degradability of Polymeric Materials
by Separating Thermodynamic Stability and Kinetic Mobility

Ryohei IKURA™

To overcome the trade-off of two desirable properties, this project investigated the three approaches for the
separation between “thermodynamic stability” and “kinetic mobility” of the polymeric materials. In the first
approach, toughness and enzymatic degradability are successfully balanced by movable cross-link’s bond
stability and mobility. In the second approach, enzymatic stability and degradability are switched by photo-
irradiation or changing solvents. In third approach, the excess amounts of guest units in host-guest elastomer
show high toughness and self-healing properties by effective exchanging of host-guest complexes.
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Elucidating the Mechanism of Tracheal Cartilage Formation by Mechanics
Kana FURUKAWA*

When we breathe, the inhaled air passes through a long, thick tube called the trachea. Since the trachea
is the only passageway that carries air to the lungs, the luminal structure of the trachea is directly related
to the maintenance of breathing and is essential for life. The shape of the trachea is determined during
development. Therefore, it is important to elucidate the mechanism of tracheal development. In this study,
I focus on the collective movement of cells during tracheal formation. Using simulations that treat cell
populations as a continuum field, I aim to elucidate the mechanism of tracheal cartilage tissue formation,
which maintains the luminal structure of the trachea.
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Microhardness and Tensile Strength
of Electroformed Ni-based Superalloy Sheets Exfoliated
from a Dumbbell-shaped Titanium Cathode

Ryusei SAEKT*

In this study, Ni-Co binary alloy sheets were synthesized by electroforming in a sulfuric acid bath using
exfoliation from a dumbbell-shaped titanium cathode. The Co content (X, ) in the electroformed Ni-Co alloy
sheets reached ca. 28 at% —57 at%, whereas the proportion depending on experimental parameters, such as
cathode current density and the bath composition (the proportion of Co* ions in the electrolytic bath). The
alloy sheets were shiny and the roughness values (R,) of samples were below 1 um because sodium dodecyl
sulfate (SDS) and saccharin sodium dihydrate were added as an additive to the electrolytic bath. Based on the
X-ray diffraction patterns, the electroformed Ni-Co alloy sheets have a nanocrystalline structure (crystallite
size = 20 nm). The lattice constant of the electroformed sheets increased with an increase in Co content (i.e.,
solid solution). The mechanical properties were improved due to the synergistic contribution of solid solution
strengthening and crystal grain refinement. The microhardness and tensile strength of the Ni-Co alloy sheets
increased up to 584 kgfmm™ and 2661 MPa (X, = 57%), respectively. The tensile strength of the electroformed
Ni-Co alloy sheets exceeded that of solidified Ni-Co alloys (ca. 370 MPa).
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Towards Enhancing Both the Efficient Utilization of Large-scale Medical Data
and the Protection of Patients’ Privacy

Yujie GU*

In this study, we introduce a framework called Abstention-Aware Federated Voting (AAFV), designed
to collaboratively and securely train heterogeneous local models while preserving data privacy. AAFV
achieves this by incorporating two key components into the local model predictions: an abstention-aware
voting mechanism and a differential privacy mechanism. To evaluate the effectiveness of AAFV, we apply
it to real-world task of in-hospital mortality prediction. Experimental results demonstrate that AAFV
delivers strong performance in both predictive accuracy and privacy protection.
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Spectroscopic Study of Inhomogeneous Photofunctional Materials Using Interferometry
Kiyoshi MIYATA*

Photofunctional materials express useful functions such as photoelectric conversion and photoreaction,
originating from transient photo-excited states generated by light absorption. In many cases, molecules in
different environments are heterogeneously distributed at the microscopic level, and this environmental
heterogeneity should essentially be taken into account in functional analysis. One potential method to
disentangle the inhomogeneity issue is to discriminate local environments by excitation wavelength. In
this report, we developed spectroscopic methods to discuss the role of inhomogeneity in optical functions
by applying wavelength-resolved spectroscopy to excitation light using interferometry.
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Elucidating the Role of Extracellular Vesicles in Epithelial Tissue Homeostasis

Kenji MATSUZAWA*

Extracellular vesicles (EV) serve as a crucial mode of cell-cell communication by transferring bioactive
molecules, thereby influencing recipient cell function and contributing to diverse biological processes.
Epithelial tissues form critical selective barriers that maintain the separation between interior of the body
and the external environment. This research proposal aimed to characterize EV released from a model
epithelial cell line under steady state conditions, and to elucidate their physiological functions. Our findings
revealed that the epithelial adhesion molecule Claudin plays a crucial role in EV production. Furthermore,
epithelial EV were shown to modulate epithelial adhesions, a process dependent on their lipid profile.
Therefore, EV likely play a significant role in maintaining epithelial homeostasis. Ongoing research is
focused on further characterizing the heterogeneity and mechanisms of action of these epithelial EV.
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Development of Blue Emitting Thermally Activated
Delayed Fluorescence Dendrimer

Ken ALBRECHT™

Organic electroluminescence devices generate 25% singlet and 75% triplet excitons, and the key to
high performance is to harvest the triplet excitons. Light emitting electrochemical cells (LECs) offer low
cost and low-voltage operation electroluminescence devices but suffer from stability issues. We developed
solution-processable blue-emitting carbazole dendrimers with diphenyl sulfone core. This dendrimer
harvests triplet excitons as phosphorescence and achieved a blue emission with a peak luminance of 204
cd/m? in an LEC device.
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Aerodynamic Drag Coefficient of Microsphere
in Hypersonic, Low Reynolds Number Flow

Daisuke ICHIHARA®

The aerodynamic drag coefficient of a micro-object under hypersonic, low-Reynolds number flow is
investigated. An exploding foil accelerator was used for micro-object formulation and ejection. Input
electrical energy ranged from 0.30 J to 0.55 J. The local Joule heating at the bridge section ablated the
conductive layer, and the polyimide-made-micro-object was formulated. The blast wave accelerated the
micro-object. From the time history of the micro-object velocity measured by the photonic Doppler
velocimetry, the object reached the maximum speed of 2.39 km/s and gradually decelerated by the aero-
dynamic drag force. The estimated drag coefficient was 0.9, which is 1.8 times higher than the literature
value due to the wave drag of the shock wave.
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Development of High Sensitivity Image Sensor Materials
Yukana TERASAWA™

In this study, we have developed materials with the aim of creating highly sensitive optical device
materials that can directly convert unpolarized light into circularly polarized light. Chiral organic-
inorganic hybrid crystals of lead halide perovskite type were synthesized and their crystal structures were
determined. The circular dichroism spectra revealed that they exhibit chirality, but the intensity of the
circular dichroism was not very large. The external quantum efficiencies were in the 10% range, which is
the standard value. Therefore, we hope to promote material development through a high level of
collaboration between experiments and calculations, and to develop optical device materials with high

conversion efficiency.
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Establishment of an Aged Vascular Model Using Microdevices
and Evaluation Techniques by Raman Spectroscopy

Kazunori SHIMIZU™' and Kaori SUGIYAMA™

This study aimed to develop an aged vascular model and to elucidate the pathophysiology of vascular
aging-related diseases and to develop bioactive substances that could prevent or improve these conditions.
Specifically, we constructed three-dimensional tissue models from wild-type vascular smooth muscle cells
using a device. Additionally, we examined methods for evaluating these tissue models. Furthermore, we
constructed and evaluated models using Fbln4-deficient vascular smooth muscle cells.
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Novel Enzyme Inhibition by Small Molecule Aggregation:
A New Avenue in Drug Discovery

Kenta MORITA™' and Ryuhei HARADA™

Molecular-targeted drugs have advanced cancer treatment, but traditional small-molecule drug discovery
faces challenges. While antibody drugs offer high specificity, their high costs drive the need for alternative

approaches. This study reveals that Mannan 007 (Mn007), a small molecule initially identified for Fukuyama

congenital muscular dystrophy, forms aggregates that selectively inhibit DNase I, a virulence factor in

Streptococcus pyogenes. Unlike conventional inhibitors, Mn007 aggregates interact with specific

hydrophobic pockets on DNase I, as shown by computational and experimental analyses. By designing
derivatives, we found that stronger aggregation enhances inhibition. However, when C12-R2, an optimized
derivative, was incorporated into liposomes, it lost activity, suggesting that random aggregation is key to
inhibition. Our findings challenge the notion that molecular aggregation leads to non-specific inhibition

and propose a novel strategy for small-molecule-based enzyme inhibitors, opening new possibilities for

drug discovery.
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LA, ALBW 1 iE DNase ZHRERAICIET S Z L2 R L (K2). BE L THBESNEADRECRES A TY
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L]
S F 8% (MD) FHRLC K 2% Mn007 #5544 o e VAT Al ﬁmm’ {.
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Exploration of Precise Protein Engineering
through the Fusion of Synthetic Chemistry and Theoretical Calculation

Kohei SATO™' and Yuta HORI™

Using fluoroacetate dehalogenase (FAcD) from Rhodopseudomonas palustris as a model for the activa-
tion of fluoroacetic acid, DFT calculations identified key amino acids that influence the activity.
Substitution of Trp156 and Tyrl41 with non-canonical amino acids reduced the activation energy and
improved the enzyme activity. Towards the total chemical synthesis of FAcD, a novel aspartic acid
hydrazide derivative was developed to improve the peptide fragment synthesis. This research establishes
afoundation for designing proteins with non-canonical structures, advancing precision protein engineering
for environmental and industrial applications. Future work will focus on the synthesis and evaluation of
high-activity FAcD variants.
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BN 55-65% TAR LT (M6B). ZDOiFEkzZEAL-ET /L o N
o AE}Z L, B2y ST Ik e J‘T@—é%%‘lﬁ%%ﬂﬂﬁ L b= (A)TRNFXVEE F 7Y FEBAVWSFACDss.11, D AR .
7T RERL, AT e BT A - - umovraoncis (TR
A, PERD tert-Bu AT )VFHERTIE8T% BT A7 LF I RERD

e N SRRIII kS B BT ry
RIS ER SN DI 0b 6T, AF e RT Y RFGEE 01(? 9 2 JLL
N _NH,
VD = kT AT 5 = LA ot (He0). O YT —

Fiz, TARTIX UL KTV REFATTF RE& CuSO, & & Lo KE
WIS B &, € RT Y ROMASRIERT LIIGT 57 x5 OHRRITCRRTIZE o8k
TERUBER T T RRENFETE L (M6D). SHIZZDK T { o e

R, CARME BT Y RIAEFICBOT S 1S RORINZ 05 o B e K;ﬂ“mmm
T & CRIBGEIRICHETT B L B Sk Ao, BLEORRAE e ML ML LT
BSE 2T, FACDss  DERRICT AT R UEEE R Y FiEEkA

FALZE 2 A, BEMEMEDRTF R OHE R KIEIZm E

L, BIEOXTF FEEGD Z LI Lz (7A).

BV TAT T NSRS ORME & Fh L7z, AR E R T 2 72 DI A ¥ — s 28 L. £7, C
K3 7 7 7 A N ORISR L, #RET DN 2 b 9725 2 & TCRIM 7 7 77 X > b FACD g0500 DB 2
L7z (K6BA). NEMH T T 7 AL hOEKTIE, & RTY RDLFT AT AT ILA~OEBBERHCRI G R S
7203, BUGKFO pH Z fciiiflb 35 2 & CRISUE DRI B Lz, ZOSMEEHWT3kg 0ER 2R Azt 25, FrEO
NERIGHM 7 F 7 A > N FACD, 5o DR R STz (6B ). BUERBE O SUNZ OV TR EZMA TS EZ AT
»H5.

7 FACD N/C RSl ~7 7 7" A v b DA K.
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AWFIETIE, BRamEtH & AL OBAEIC L D REREH Y v 7 BT 2O % B L C, FAcD OEEHR RGBT,
BRI ORREE, BRI EFEARICOWTHE Lz, DFTERICL Y 74 o HiIK SRS %E b L—A LTz
FER, MIRTRXNF—F AT 7T BOMERRE &S CHREREE A RI2T7 IV BEREORENAREL kol iz,
CFRA ARG DIEMAL = RV X — 2 L LT, Trpls6 & Tyrldl OIERBEET T N 2RISR T2 LT, B4
LD RN EITT D ATEEIEO & A FEMEM AR L2, S5, ThOBERAREZED IO L
THATER OERALEARUICERY A, NREB L OCREMN T 7 7' A s OGRE TR LT,

A% FACD DAL A BRI 23 fe . S AuE, BRREHRIC L0 TEVER _EASVRIE S 7o IR 2 RIS Ak L CRERTR TR
fli~E BB 5. ARREIE, ERREEE G VX EORGE - GEFHE L T DBHERGET Y v B TEBm 079
DIIBEHANT L DD TH D,
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Cancer Theranostics under Real-time Observation
and Activation of Tumor Immune Microenvironment

Satoshi OTA™' and Risako MIURA™

Immune therapy has attracted attention as the cancer treatment in addition to surgical, chemical, and
radiation treatments. While the activation of T-cells was inhibited by non-inflammatory M2-type macro-
phages, immunoadjuvants transformed M2-type macrophages to M 1-type macrophages, which indicates
that the tumor microenvironment affected the therapeutic effects. In addition, the tumor microenvironment
was characterized by observing the magnetic relaxation of magnetic nanoparticles under a magnetic field.
We purposed synthesis of the nanogels targeting M2-type macrophages including immunoadjuvants and
iron oxide magnetic nanoparticles. The real-time characterization of the transformation of tumor immune
microenvironment contributes the enhancement of the effects of the immune therapy.
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2. IRER (i) : BW¥F/ FILOER L Ll

INETIE, BUKMZHETH A TNV T 00, BUKMIRIMVE St FE (IR820) &, M2 w7 m 7 7w —UICRELT 5 Rl
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3. BARER (ii) : @F/ HFORLEEEEZN LEFREOEITEN
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RICBTDRMETERR D, D7), KMESTREAMTT 2 2 & T, JEEOMBMER AT MR e ZEx b 5.
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4. SEOHRE

BURTIE, ST Y any MydEalbT 2 7 LBegk ) /R Ealb T ) SV O2EA SR TE, &7 ¥ an
Y hOEAICE D~ v Ty =V OIEMCOFEE, BbEET ) R O A K DRERUNEME AR L. TEHEN O
BT & LT, O AT L ORESE L T IR 2 18 L 7o EBMEORERRICH Y MA TS, A1RIT, ET Va8 |k
LS T K OB & FRRFICE A6 T 2 HEE ML L, 2 OGRS KOV invitro 7213 invivo IZ361F 5, JEG
FEBR L DURHN R OWGIE, BEARE RN R AT 22 18 U 72 I O T BT, M~ DR EME O RGEZ S5 2. ReLEHl s 2
T BIZOWTIE, BURODO 205 RELL Eo SR L (10 pg-Fe LU T OREMET / wi 7R ORiH) & BT

ACHICIE, MRS X D IESREBREE D U TV Z A A COBL & BB R OMER A LC, EEICBT 200
Y, NEGWUNREDOE, SERHEEDMEIZ OV TORIS 27l 2 2 & C, EFRERE ORI A I = X L &,

TIWED @ WIETRIE Y AT AORIRL E W D BIEDOERICEIT 5.
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Photoinduced Electron Transfer Employing a Novel Cubic
Electron-accepting Molecule

Midori AKIYAMA™ and Akira YAMAKATA™

Perfluorocubane accepts an electron its cage, attributed to a stabilized vacant orbital derived from eight
o orbitals of C—F bonds. This stands in stark contrast to common m-conjugated electron acceptors, which
usually host electrons on their molecular surfaces. In the present work, photo-induced electron transfer
(PET) employing perfluorocubane as an electron acceptor was investigated. PET was observed with fluo-
rene as a donor, as confirmed by transient absorption measurements.

1. ER B8
7 o FIABRIEHE BB RO TE TH B, WA T AW THET KT TAFaRAF L OBTHRRMAITIS N =
UL CF A 2R LTV o BUEA T v ZANR->THY F LOBFBENKE <, bl EH-RET 2T 5
ZEIETERWMLS THD. FEEDS T THH N TN Aax a4, 2RFOPTTROEREETHL T vED
BT C-FAEA D o xENRFBMNICKESIEYVHLTWD. ZO-DFONMIT o sBEDER Y M4, FARZEIE
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BEhE L OWE TRENE, A OOBRERBICEDS BEEAKBR THS. TNETT 274 —OREHEENT, n %
2 DR SN RO LN CET 2RO LT 56 Fo. Fo.
DTt CAUCKHLTET v #lbF Ui, 2<ES HacETEE | 10 Rjjf __*fﬁjf
BYBHLVT /€7 ¥ =L 02 b, ZITRBETIE, 27 v#ifkrasy | ol | DECHF e
E7 w7 —L L THWENNBREETBEZEI L, Z OB oW THE :
SRR A MBS T 2 B E L. B1 27y R{LF 2/ v OBTRE.
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() ~OETHEIE X CEMOIEREL R T 5. EHOEERET —E0HEME bE, WETBBZED L CLERE
~NRD. OO R B 720101, FNER OB TA U IR HERSEME R A BT A LEN D 5.
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EHAWD L, WU ERIPE 400 nm~ 10 pm, FFEOAEFEE 90 fs~1
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2. A FREABEEFRBEIOLHA
KBEEFBIHEZBHTA7-0120%, @R N F—¢T7 7872 —DAELEERBSIEBPTFETHS. (1) Fh—
RIS B 720, WIEENE T v F X a2 XV LV ERZFAX—THH 2 L, Q) AW 210 (—EEH
ERIEB LT PN B FA2) OWIUERENET v ¥ 2 S HROBER (70T =4 ) ORIER & B2
LRRWZ &, GVEERERB LT VIV TFA ARETRICE R RN L, O3 DDOFEMENS, 9,9-TVAF LT
NF VAR R F—E LTBELE. 27 B bF a9 0-PRAF L7040 DIRASEIRIC 305 nm DA TRE LT
MR EZITo72& 2 A, 700 nm IZBI SN D R —RiEREEOREEEIL 3.7 X 10° s'&, RIT—Ohzfhi
L7ziE (2.9 X 10° s7) R T—HEL oz, ZOMRIE R —RERENS 27 v F{bF 2 v ~OBFBE %
WA T 280 THD (BEODER).

3. A FAXFEEFBES KUERIBHOERAI

AITECHARB BB AL 2 TR R =R oo 72720, ZhaAnTHrNEHEBErB#E2Ma L. R
T T T HARATENT D Z LT, BIBUHEORN ENLIAD LT TR, R —-T 77 ¥ —H
FEEEDSHE SN DT OETBEN T A= BRETE D, K1ITHE, 9,9V ATFATINF LU EELRT IV T HT

A a XN AT ILORE OF
N F
F F

F F

I K o T, EAES R AR L. FF DMAP
B e LT, ~TH T Ak :ﬁéj\o'* THF/GHLCN.
2N DRDbYICT v EILINT FFOoF . 2 days QD

. s 22% yield
W NF 2 N EETEMS T b Y

BbE AR L.
BAHERREESEKTHIE, RF—F PN B F A BIOT 787X =T PHNT =4 BEBlllEns. b0
{LZEFEIZ DT TD-DFT 38 (B3LYP/6-31+G(d)) & ko TR 2 T35 &, Zi24 750~860 nm, 460 35 L U 525
nm &g o7, WS T O Y = b Y OVERIRICI T DIV IIE O R A B 3 1R, 580 nm Bl &S R
—OFhERIEF ML 78 ps & 720, HTFMBETBHLY b—HiKkEWEE T 0025
EFBENEZ D Z EARRENTZ. D%, 460 nm, 550 nm, 800nm LA 02
v—7 by 7 E b OIBERA 505 ps O FaCEI S NZ. 2 ORI IL TD-DFT
HREOBRLEFIEN 2L, BRDEERETHD B2 615 (HEQDERK).
[FREDFEBR 2 B DL DI CIT o722 2 A, 2D OBEROFMNE
ET2Z BB ONERoT. A5, FNETNORES CEKLFHEE % 1T
W, BFBENCE) X T AZIAX—ELZ2RD D, 51T, BONTHEE
Bl~w—NAOREANTT 4 v T 4 7 EATV, BRIV —F
N TV TONRTA—=EERETHZET, 27 vFRIEFaNVOBETT

K1 FF— - 77T E =l T O
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0.01

BEIEHIRRE
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7 -E7°&_ & L’C@%‘l\é%ﬁgﬁ—gpé = & % E :FE‘—;—‘ ( E 1:%@ : @??EP) : o 500 600 700 800 900 1000
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4. FLHERE B3 L T OBERINA Y b,
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INCE VD TER I N, 58H%IF, &7 vFbFa 0T 78752 —E LTORMEMIIL, ZnEIEDLIAME
JER~DREFANEEND.
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Development of a Tankless Solid Space Propulsion Thruster Installable
in Ultra-compact Industrial Satellites Utilizing an Ion Conducting Glass

Yusuke DAIKO™ and Yasumasa WATANABE™

Space development using nano-satellites weighing less than 50 kg and space observations such as
gravitational wave detection have been actively conducted in recent years. There is a strong demand for
the development of small propulsion thrusters that can control satellite orbits with a thrust of 1 mN. The
ion engine propulsion system onboard the Hayabusa space probe, which ionizes and emits xenon (Xe) gas
to propel the spacecraft, has operated for more than tens of thousands of hours. Still, the need for high-
pressure components such as gas tanks, pressure regulators, and regulating valves, as well as the restrictions
of the High-Pressure Gas Safety Law, has made it very difficult to make the ion engine smaller and
lighter. Our team aims to develop a new ion engine based on a method of applying high voltage to
sharpened glass that exhibits high silver ion conductivity. Here we report on the ion emission current from
the glass under high vacuum conditions and simulation results on the behavior of ions emitted from

satellites.
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50 kg A O/ N R K 5 FH PR E MR e EFEIHEIRTERACFEM S, 1 mN OHES) CHRIEHE A
HIE TR 2 N OHEERR (= > V)R ARD N TN D, [IRSS(FEHEER BRSNS ) v Xe) T A A A
A R U THEE S 24 A v = o D USRI T R A B X DEAERE A S D b 0D, HAF U, ESHERCH
BN T IR EEEEM DS ER b, BIETAREZEORK L H Y, ZOMIBICL DA AU oL - BB
LW A ABENED A T RIERK IR E B HEER & T 2RI TH, # 0 7 3R R TR FH OKIR R TOgE
B R 72 S E 2D,
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WNARETH D. T DM T ATA X AR A L BER: =103 S/em) B EET 5 @A A BERREI! S/em)ZRL, 20
ZEIREIREE ARV D HFRUTEANT, LOEWEIRBRON S FREMEE L. RIS DA A= U (2018 4R
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2. 4AUEEESLSAOHREBER
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725 5 C/min OFEHE CHE L7 & & OWEE LW EORIZLE Fig. 1(il, £72 Agl-AgoMo0s 7 AT 5 ik
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Agl-A©M0O0, 77 A1 19.8°C L7y, Y —X T4 LD 13 FTholz. Agl-AgoMoOs H T AT T 7R IREE{L T—5
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HHUEPREECH -7 B2 NS, FTv=vATay N0, BT AEBIEEL FORERIH T HiEE L= RV
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3. ETEHTOA A UMLEER
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5. #AFA

ARWFFETIRE T D HEMERAE D RREZAT 5 72, RV T NOHEDFHZE 2B L, HEA TR E S iR DAL & L —
P—ZEAFHI TR L7z, FHIITIE 10 Pa LU IR G HIERIKHUEBR T 288 L 7o 22T v 23— IS, Mk TA A4 1r
BT A a A LTcilo v Raeg| SRS EMEILTHY T, 2 kv OBEFINRHIRAEST 2N ZFH L. HE%
BIZHEY, ®mY o=y FBHENB KOEAN OB NG NCENT D, ZHEFHIEE 1 pm O L —% —247
FICRIIL, o8I0 BV BHEN ZFHAI LT, BRI TIE ) A XD ENRESRONDD, HE L HAcHh)
DRELTND ZEPHEGEETE, APRICTRET 2+ A A MENN T ZADMAE DRI LD, &< LWEREIERA
Frar P AZBL, HERHOEIENTELLEZLND.

6. SEOWMREE

AgAF L DBEREEAFEROBGENS, BEE 30 um R TASA 7RIS 7 ARE ML TEE, RETIE3
cm AREEOHEME T 0.1~ 1 mN OHEDERAFREE A D> T A, 1 mN OH#ARELIIE, B/IVUEE % & 400
km OETEN S DA A UEFHZ XV BTEEEZ 100 m UL EBEB S5 2 LN TE, fROMBIETR-ORE - INE, +
FREOERK TRICRKEEANC L > THEEASED 2 LT, BARFEHEIT (T 7)) OB L ER S, MELFIA
LARNRSYA 7 a=— AT LA GO EZ D TN . HT RIET & AgA T 2 0BET D08 X 5 1@ =,
JETHEN TN SN B A4 A EBRE LA LT 5. ZRNETIIEM LT T ACEBEREL T T AT I v ¥ &1k
BILTEEDR, SBIFA Ny FZEREORBICHEA LTI 7 ABME2MET 2 L bRFIL, F—A e TH
FEE( mN, % 100 FEEE) 2 R L CHEZ D L5, AXEFHATH LY [T TAIZW, e TZARE
BaOoThIEDL] LWo ZTRENHIVUTEIEL L E T THE 2.
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Development of Trapping Molecules for Endocrine-disrupting Chemicals Inspired
by Halogen Bonding in Biomolecules

Ayami MATSUSHIMA™' and Shunsuke OHTANTI*

In modern society, advancements in science and technology have led to the creation of many new
materials and drugs, enriching our lives. However, various harmful environmental chemicals are being
released into the environment. Among these are numerous compounds containing halogen atoms such as
fluorine. This study aimed to develop molecules that can capture harmful environmental chemicals
containing halogen atoms, inspired by halogen bonding in biological systems. To this end, we used porous
network polymers obtained by polymerizing cyclic molecules with fluorinated linkers. These fluorinated
polymers exhibited adsorption behavior toward bisphenol AF, a harmful fluorine-containing environmental
chemical. However, this was not practical. To enhance their performance, we added hydrophilic groups
into the polymer based on crystal structure analysis of bisphenol AF and protein receptors. Despite this
modification, the removal efficiency of bisphenol AF did not improve significantly. On the other hand, the
newly synthesized polymers formed crystalline structures and were considered to adopt one-dimensional
nanostructures. Gas adsorption measurements revealed that these structures had angstrom-sized pores,
even smaller than the nanoscale, which were capable of capturing compounds, yielding intriguing results.

1. HRHR

BUEHRITB W TIIR AR O RIC LV 2 < OFBMECHER B LA S, A bOAFEEZENILTNS. —F
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THWEEREEM L7 (Mla). WHIEEL 10meL 12225 X5 ICHBLL-E X7 = 7 — LV AF KA 10 mLIZ, YA
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FEBAEIT, 7y BIC IR ERT LI, £, 7oREFHERVWERT = ) —VAIZONWT, WEEREIT-T-
(X 1b).

a) b) C) FiC, CF3
HOH HOOH
Bisphenol A Bisphenol AF
14 14
12 12
CH, CH, 5 L ‘_510
3 8 éa
V4 " 4 " S £,
2 y
n=5: P5-FBP n=>5: P5-BP 2 2
n=6: P6-FBP n=6: P6-BP 0 0
P5-FBP P6-FBP P5-BP  P6-BP P5-FBP P6-FBP P5-BP  P6-BP
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Integration of Thermoelectric and Electrical Storage Devices
for Waste Heat Utilization System

Momoko DEURA™ and Kazuhiro HIKIMA™

We have aimed the integration of thermoelectric devices and energy storage devices to realize a waste
heat utilization system. For the thermoelectric devices based on nitride semiconductors, we developed
epitaxial growth technology. High-quality InGaN films with a whole range of the In content and an InAIN
film without phase separation were grown. Seebeck coefficient and electrical conductivity of such InGaN
and InAIN films were evaluated. The process conditions for patterning of InGaN films and ohmic electrode
formation on InGaN films can be applied to those of GaN. Furthermore, cathode composite sheets and
solid electrolyte sheets were fabricated to miniaturize all-solid lithium-ion batteries. The all-solid battery
was operated using the cathode composite sheets fabricated using the immersion method. Li GeP,S ,
solid electrolyte sheets with high ionic conductivity at room temperature were prepared using the solution-
based method.
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Measurement of Spin Currents in Hetero-layered Thin Films
with Group-V Semimetals

Akari TAKAYAMA™"? and Minori GOTO™

In the development of modern spintronics devices, the generation and control of spin currents a are
extremely important technologies. The aim of this study is to investigate the spin properties derived from
the surface spin state of Bi thin films, focusing on the detection of these spin currents. A Si/Fe/Bi/Si(111)
multilayer structure was fabricated and processed into a Hall bar shape for Hall measurement (2@ mea-
surement). The experimental results revealed a Hall voltage behavior that suggests the presence of a
nonlinear Hall effect, likely originating from spin-polarized electronic states of Bi. Furthermore, a dip
structure in the Hall voltage was observed at a specific angle, and this is implied to be related to the out-
of-plane spin component of the Bi.
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Research on Tunnel Magneto-thermal Resistance Effect
Minori GOTO™' and Takafumi ISHIBE™

In this study, we aimed to establish a measurement technique for the spin-dependent thermal conductivity
of magnetic multilayer films with an insulating intermediate layer. First, we fabricated magnetic multilayer
films using a magnetron sputtering device and measured the thermal conductivity using the 2@ method of
the thermoreflectance method. As a result, we obtained thermal conductivity in the range of 1 to 8 W/Km,
and confirmed that the thermal conductivity of magnetic multilayer films can be evaluated. However,
although it is necessary to apply a magnetic field to investigate the relationship between the spin state and
the thermal conductivity, a problem arose in which the stability of the measurement decreased. Therefore,
we investigated a device design that can control the parallel/antiparallel state of the spins without using
an external magnetic field, and demonstrated that the spin state can be controlled by the film thickness
when the intermediate layer is made of metal. Specifically, by measuring with a sample vibrating
magnetometer, we confirmed that the antiparallel state was stable when the film thickness of the metal
layer was less than 0.7 nm, and the parallel state was stable when the film thickness was more than 0.7
nm. This established the technical basis for measuring the spin-dependent thermal conductivity without
an external magnetic field and demonstrated the possibility of controlling the thermal conductivity by spin.
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