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1. FXC®IC

H—RrF ) Fa2a—T7( CNDEIFLDLETHE3FIF
72 =R UMENT, NN OB ROMEER
BENTEMEEZAT S, ZNEEN L EEETRM T
NA AT EORAFE - IS 22 0 T T
XTVHN, EALEBEELLLVETERMLTWY
BRI, B2 E<HME L LT, e
WE WO 12D OBEREINLENE L Z DD
WESLDIMZATH D, AMFRETIECONT 21X UL ET 5
T =R MBI SN T, —EIR LD S
e, NI BE 9 2 SR oM R I A VG > L 72
H, BLOZOEREROIRFEEZ Z DO EIENE D
BEREAM BIBI R I 2R 2 D CE 2. 72T, <
=Vtalb—va UHEITE R E LB TEMEEE DY
BEAZEIZLD, ~A 71 F ) A— LA —LDfK
A7 FEI COBWELS BT 2 MO icE ZFT L
D K HZEEIIAD 270>, BUEEHIN - FHAIEAN 2 B TR0
OB LTV Z & T, 7/ A7 — L OWENERT
L7 a R R ROFE WAL, KV EEEEe
MEIOBIFRIZEIT T Z 2 HELTWD. 2022 4F
FEVE, BerpE S8 ONT oAb NILHET —7
(CNT ¥V 7—7) OFHICHEZBHEL TED T
To FEBERFIE I SV THRT T 5.

2. ONT v ) F—TJOFHIGA

BT/ A — L LV DGR R SEREHEA B T
HDHH—RF ) F2—T7( CND)EEMKESIED &,
YTV L EOMMEEEERE OBEE A 21 L2 N TR,
EREM (YVT—7) L LTHEET B[] 7—7%
723l 2 ORHE L A ORICE 77 T T — L
AT R DEEEDTD, AR ZTHY ST, hoHE2%E
HCHEHATEAREORMEAT 5. RIS, ONT 76
2HYEVT—71E, EBEOYE VLT S iR
ENEAL, BIAWEEFERICBWTERTE5Z &,
WMITRCTHDLIRFBHEMEMN S 2D 2 LD, FiL TIEF
22 M CERIEL L 7o OMEERAT I CFFA & LT ok
AN SN TS, FEERIC, NEREH TS
2 | OFbIR- -REHTE T Dk 72 TR OfkL 1
Z CNT VEYU 7 —7 EICHRFFL, X#RCT 23T
Niz. ZXFHENRFEHIKRTH D Z LIT X - ThL 21K

TR EE R

D X # CT @A XFHRICER SN TS TE, 1ok
REFE O FHAIC B R IR BI N o 7o < BT RS /e
fENT 2 FTRRIC L7 2 E R ENFEFESNZ[2]. S BIZ,
Z® CNT ¥E U 7 —7 2 F M 22 MITRIE (<100 m/s) T
FilET 5 FHEOBEMEM & L USHT 2 Mt 7
SINTWD. ZHE TOMFSETIL, Blif kR S 72 CNT
NIRRT A B S D &, REE O T2 T
ETE, FOMEIPRRIEKGET D Z ENRENT
WBH[3]. L L2 s, Rtz oW CRERAIN
WZELNTEARITERE SN S>OH 5 DD, CNT vE
U7 — 7 OFHEMEM 2 BHT 5 720120%, H22hL
T T 2 RS L OF O A = X A& FEH
ICEME L, Sl b BT 2 e mE L &
T35,

3. BEAFROER OCNT DEREHES LK VEFH

EEEFEMBEN =2 L —FEZHWNT, §
50um ORY AF L <A 7 a b —X&EH CNT (216
S DI LIAATS L Z(<10um/s), @ TH LIAATS &
& (EndAn, K 9m/s) OB R L O ) O
ATz [4]. ETOM LIAZRBR T, ©—XJEl
5 100um OJRWEEIELTHLM] CNT AR L, B —XE
T CNT (T k& < Bl LT 10pm A— & — o [HkE T
JENA T D, 5l & B LIRFICIE, o0k mliE L¢3
DODEANRES LD bEWVENE/RENS (M 1a). 2
*L, mEAMRHNCIE, BR CNT 2729 CNT O X v
N — 7 BEF T — X & T X O I EIRBAD
AT 5 LIRIFFIZ, B —XE T Tl ONT Jeimilsr O 4703
RFTHNCH LB SN D K LT 5. MR £ mir
PEOREIE pum OEVWa Y F T A R ERTESICITE
EIZHMOWERESER I TEY (X 1b), Ziuds:
AR CO ONT mE b2~ 3 5. RIS, ©—
RuG| EBEL N OHEENZFHRILIERER, ©o< b

5.0 kv xLaéi—
B 1. EAR 10pm O~ A 7 1 B — X% (a) 10um/s, (b)9m/s
T LIAATE & & OFL\ CNT OEFZEEOE .



P LIAA T CNT 2RN720Te% TiE<IopN ThH -7
DI L, EEARRICIEL 10~130uN Th o712, EHA
P & 0 EEEMEES DRI R L, Zhngs
T\ SN EEZ DD,

4. BIFREICBTS 0N VYEY T—THREODEE

AWFFEETO I E TOMMETIE, H S 1.2 ~1.5mm
R SET2EE A CNT ~ERE 1 mm O AT > L A
(SUSERZ 22 S5 &, 28l 2~Tm/s D & Z L
M) CNT WENICH E VSN D Z Enbho T 5.
=L, ZOBHERIZBWTY SUS ERAMHETE 20
TR 20 %DFERTH D BV EITE 2R, £72, AT
T2 COMZEFRR TIT A AR EEN —E DOFELA CNT
DAV BI, B\ CNT ORI X D HiEMEOE VIS
WTIEH SN TR o 72, 2022 X, B\ CNT O
e BTSSRI T HIE A~ RT T B LTI 5 & & BT,
BTSSRI 7 O A 15 & BZSR R I 31T B BRI
DRk EF~7[5].

F£9, B\ ONT ~KL 2R L E © =100 F —Huh
NEVBRAELLATLDZ EEFEL, CNT ARkEH %
FHHELCCONT Y2 T —7DREIEZEEE-. &S
0.5~3.0 mm DOEA CNT (2% LT, B 1 mm @ SUS
BRA R 7m/s O ClifZe S, WL A A
B — N7 A 7 (14776fps) Tatdk L 7oA R, CNT ms %
2.0 mm L EIZT 2 EHHEMERIT 50 %A 52 &8
el Tx 7z (M 2a). 561, ®E 2.0 mm Ll EOREH
CNT ~OhL {-HEZERECEL A CNT B D5 E T
IR LT D &R L. TOREER, TORE SI3H%E
KT T 5 2 E DR TE 723, SUS ERDMifE =
Nl xb, KEBER L L EIZETALNRNT &
HoR Sz (X 2b). T Z L, SUS ERAMECM CNT (2

RFE

a 15 100
IS
£ 10 {%’*
el o
#
N &
0
0 E 1.0 1.5 20 25
BCECNTOR & [mm]
b e .
% 14 X, 0
N & RECNTORE
ﬁ‘; 10 x ° mm)
E 8 X %2.0~2.5 (RF)
H s %2.5~3.0 (R%)
QFQJé 4 ©2.0~2.5(8%)
Pe_ 2 ©2.5~3.0(##%)
ﬁ 0
0 2 4 6
FHREE[M/s]

2. B2 m & oM CNT IZEA 1mm @ SUS Bk & #28 X
B L & o@FEMSR, BLO EA CNT ERE THiEL
7= B ) DE R ATE.

BALTOHOIERICELRET S TORAF—HHO
RESIFTHETRICRESEE LW L2RBT 5.
T, NMAE—RHATEEIZLY, SUS KM%

ENDHEAITIE, SUS ERBVEHEIZEEL TV o 72 A
H L7, BEl CNT OWNEC B NAERICIREN L7223 5
RO T Z ERLFFIET2EERALNZ. 20X
72Bd A CNT W C 7 — 7 N T I ZIRE 3 5 3R 5 # U
1%, SUS ER2SECHE L CHEEB CNT 2> B IROH L7234
A GNT, TS XD =R X —HukR D A &
T 28BN,

F7o, FEATREZEERIE 3.5-6.0 m/s TH Y, CNT
BT E ST, Z OO FIRIT, EZED
BEND, b IZROLND XD RBRNBNEL DR/ND
BHEETHD Z ERnbhrotz. —JF, BRI, 5K
EZF T 28 % D CNT #5712 %, Blm CNT P
TOZRINF—HROREIICIVREDLEEZOLN
%, RIS AT kR 7 A e R O B2 25 S H Rk o
AN L, BEY, L0 2RI LT 1A
CEELCONT Ry bV —7 iR R L T Z LIz
X0, EEMEM L L ToORER IR T TonEE X
T35,

OEDDORAE LT, Bl CNT ~ AN ZBRICTE 2 R
L, SUS ERZ¥#E DR d> CNT W72 fihi 2 A7 & (2 ffi 22
SHDE 100 %HETELZEE2HALNILE. Z0
BaEb, Wolz A SUS ERENTERICIEE L, ff&
BRI Uz (1K 3). SRR RN I Z i B 7208, flif2e
2L VAR S DT ANE % 7o B m CNT JIEED & k5
HE~Metkd 5 Z L1k v, SUS ERDIEENZLE S =%
DX —BRN LV NRESELTEEBZOND.

B

CNT v & U 7 —7 ~DOEREROZITICH 72 D FHl
WLZEWF I B A R BRI SE A, TREOR T H TR E &
VS & . AT AFE 20H02029 O BhAL %
2T AT,

BEXH

[11Y. Maeno, Y. Nakayama, Appl. Phys. Lett. 94, 012103 (2009).
[2] M. Uesugi, K. Hirahara, et al. Rev. Sci. Instrum. 91, 035107 (2020).
[3] R. Serizawa et al. Adv. Space Res. 69, 2787 (2022).

[4] HA-RE, 2022 F KRR HE LG

[5] 8AARKA, IR, B AR SR SGT Bl ES
2022 FEREFAE B AT R GRS, (2023).
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Surface as a Foundation for Realizing Designer Materials

- Wizardry with Richtungsquantelung and Quantum Effects -

1. Introduction

Any  sufficiently —advanced
indistinguishable from magic.
- Arthur Charles Clarke’s Third Law [1]

technology is

Asinall ... problems the governing principle is one
of energy. - John Edward Lennard-Jones [2]

. Questions about what decides whether the
photon is to go through or not and how it changes
its direction of polarization when it does go
through cannot be investigated by experiment
and should be regarded as outside the domain of
science. ... - Paul Adrien Maurice Dirac [3]

In 1922, the Stern-Gerlach experiment introduced the
world to the key concept of sorting quantum states via
Richtungsquantelung (more commonly known by its
accepted English translation—space quantization) [4].
Among the many descendants of the Stern-Gerlach
experiment, we can name nuclear magnetic resonance,
optical pumping, the laser, and the atomic clock [5].
In the same year, the world also came to know about
chemical interactions at well-defined surfaces [6].
The concept of an activated adsorption process [7]
and a model based on potential energy (hyper-)
surface (PES) [2] proposed to describe the nature of
this process followed a decade later. Chemical
reactions at well-defined surfaces now form the basis
for heterogenous catalysis [8]. How do specific
features of the PES affect reaction dynamics across
the surface [9-11]? Which forms of energy can best
promote activated processes [9-11]?7 How to gather
information regarding the PES, test fundamental
assumptions of the theory, determine whether (or not)
a reaction occurs as an elementary step, by scattering
molecular beams [5,12-13]? Note the inherent
orientation dependence of reactions. The
stereodynamics of reactant molecules (the orientation

Wilson Agerico Difio

and the movement of molecule in 3D space) play an
important role in reactions. The small rotational
energy excitations involved (ca. less than a few meV)
render the reactants susceptible to dynamical steering
[10,11,14] and make direct verification of calculated
PES rather challenging [8,17-21].

In the following, we mention some reaction-related
case studies where (observable) quantum effects play
a key role in determining and controlling material
properties and reactivities.

2. H+H; exchange reaction (cf., e.g., [22] and
references therein)

The H+H, exchange reaction may be considered as
one of the simplest and most difficult chemical
reaction to study, both experimentally and
theoretically. Several experimental advances, e.g.,
molecular beam generation and detection (cf., e.g.,
[5,8,12,13,15-21]), can be attributed to its study. The
same can be said of fundamental concepts (cf., e.g.,
[9]) such as reaction coordinate, early/late barrier, and
entrance/exit channel, that help us understand
reactions in more practical settings (e.g., catalysis and
materials processing). In the well-studied collinear
H+H, configuration, the translational and vibrational
degrees-of-freedom couple. Here, we report libration
concerted dynamics during the formation of
intermediate  H+H. complexes, for non-collinear
collisions [22]. Libration results from the additional
coupling between the rotational and vibrational
degrees-of-freedom, brought about by the orientation
dependent H+H, exchange reaction. Libration in
these intermediate H+H, complexes allows for
efficient translational to rotational energy transfer,
enhanced reactivity, and lead to roaming behaviors.
Such libration-concerted dynamics would dominate
reactions (e.g., HtH, exchange reactions) in the cold
temperature environments (7 = 3 K) found in the
interstellar clouds.



3. Probing Surface Reactions with
Space-Quantized Molecular Beams (cf., e.g., [23]
and references therein)

The interaction of O, with various metal surfaces

induces changes in its chemical stability and reactivity.

And the ability to control such processes bears on the
chemical economy. Alloying of pristine metals
provides one of the simplest and oldest way to do so.
Understanding the microscopic mechanism entails
unraveling the stereochemistry of the processes
involved. Here, we directly probe and observe the
(polar and azimuthal) orientation dependence of O
adsorption on Cu(110) and CuzAu(110) using space
quantized O molecular beams [4,21,23].
Chemisorption proceeded rather favorably with the
0-0O bond axis oriented parallel (vs. perpendicular) to
the surface and, also, rather favorably with the O-O
bond axis oriented along [001] (vs. along [-110]).
Alloying with Au introduced a higher activation
barrier to chemisorption, hindering the surface from
further oxidation, and rendering an almost negligible
azimuthal anisotropy. The presence of Au also
prevented cartwheel-like rotating O, from further
reactions.

4. Filtering/Hydrogen Isotope Separation via
Tunneling (cf., e.g., [24] and references therein)

Deuterium (D) occurs in natural water, hydrogen,
methane, etc., in a D/H molecular ratio of ca. 100-150
ppm. The ratio in hydrogen varies somewhat with
the source of the hydrogen. Because deuterium is an
isotope of hydrogen, the two cannot be separated by
ordinary chemical methods. There are, however, a
number of prior processes by which deuterium (heavy
water) can be separated from  hydrogen
(ordinary/natural water).  These include distillation,
electrolysis, diffusion, normal kinetic isotope effect
and various chemical exchange processes. All of
these are expensive, requiring either large capital
expenditures or large amounts of energy, or both.
On an industrial scale, D, enrichment with an H/D
separation factor of ~1.6 at 25 K involves D,O
electrolytes produced by the Girdler sulfide process
and cryogenic distillation. Here, we report an H/D
separation factor of ~25 at 0.15 V and room
temperature [24]. We realized this by polymer
electrolyte membrane electrochemical hydrogen
pumping (PEM-ECHP) through a heterogeneous
electrode consisting of palladium and graphene layers.
The hydrogen isotopes tunnel through the one-atom

thick graphene layer during the -electrochemical
reaction. Application of a bias voltage enables one to
switch the system from a quantum tunneling
(dominant) regime to a classical over-the-barrier
(dominant) regime.

5. Remarks

As in all ... problems the governing principle is one
of energy [2] ... And yet, we still need to know
what Dynamics would result. Hence, ... The Quest
Continues!
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1. IXLHIC Wiz, ETEmEICOWTIIRSANEEZEERBE L, 2/8H

FHENZ BT 2 BE SR X H AR AT T < TEMW
R CH < Rbh, Sttt o fE &R
ZRHENE, Fmics D THEREE 2T S B R —0
ks S ORI HIT 22 &icoenh, A=
FNF—HRBNTEETHD.

B R BRI O R AE A I = XA D%E L L
T, HFENREEHWEY I 2 b—2 3 0, [E R
S & AL D B R & EEEE R L, 3R A AT 23 AT RE
THDHEWVWHI A THHATHD. IETIIEREZ @
W92 B R A JE SR o RS D A N VIR
T TRy M2, BREEIFRETHIHEAIC
I3 i OO FH B4R R o &4 wfbfzmaﬁwﬂﬁm¢
HZENEEINTWD. —FHT, WEROMIEL D HE
TN -4 75 ST X0 EE S AT
ﬁ%M?é ERHEINTWS Y. LoT, FEfEE

(2T REERER T B D 2 L TRITBHHTO R AE A
jJ AN T D ENREZLBND. L, Z0D
X O 7 EENTR T NG A OBEGRED A = X LD
PRI, DAY NIVOBLE D O IEA 5

AY=VAE AN

ABFZE CIEE AR IR T DAvTe T/ #EE 0 RS
I F 1T B B S 12 5 2 DRI DV C, AT
FYOBLRNOWLNCTHZ EZAME LT, oF
AHFEEANEY I 2 Lb—2a Uk BRAE A
T DEGERD AT N VIRMT %, B O R
IR CTIT > TR R 2N T 5 .

2. BAE
-1. #EET, HEFE
AWFIETIE, RS2 2z Ho ETFICHRE ST
BRBEICHEEN TV A REM L, BEERET, WIS T
DEFIANTFNFNPL, Ar Z V2. &SI TEE
BEEIC A Y v MROT /G ER TG EICo0 T,
Z DONESC i S A3 [E R [ O Bl 6 B 1 5zé % e
Lz R, FHLEBEORE S25R/T. £72,
X 1R ERFTER O EHE R~ T, KEFETH D x,
y A iﬂﬁ\;ﬁfﬂ‘ﬁ*ﬁi%ﬂﬂb‘fkb T OIE % 21k,
éﬁt L, ENENDORIZET HHER ONE 2
L<T6t WZHETTIA (x F7m) OBERE S 2B E

10

% Langevin {EIZ X W IREEHIE L7z, KiFRlORT v
¥ IVEIEIZIX, 12-6 Lennard-Jones iRT vy )L %Al
F U7z Ar [#], Pt R CIREEYER) 72 T A — X & L,
Pt & Ar FIOMHAAEA L, BEARZR I TR 55 108
fih 73 85° LR DH K HINTA—FEFEELT-.
SHETFNEICE LT, £3°0.1 ns AT LT
A= v Z AR VT 100 K 12, BRI LT
Langevin ¥ AW TC @A 125 K, T/E% 75 K \ZIE
21T > 72, T RLABRIXIR IR OIEEHIE O %250 L
T 2ns MEHE 21T 7212, 10ns [ OEEIC L Y 29yt
FRBRPLA G R LT,

#* 1 MGk

System Width  Height
nm nm
st. 1 0.98 0.78
st. 2 1.96 0.78
st. 3 2.94 0.78
st. 2-2 1.96 1.96
st. 2-3 1.96 2.94

2-2. ERFEEEST
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M3 AHEEICBT D RATEILART .
4. EHYIc

AT TIL, /i A A T 2 B O R ek
THIESNOIAT R ALY —IZEH Ly @i hHEya
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1) K. Saakliahti, et al., Phys. Rev. E, 93(5), (2016), 052141.
2) A. Giri, et al., J. Phys. Chem. C, 120, (2016),
24847-24856.
3) M. Shibahara, et al., J. Therm. Sci. Tech., 6(1), (2011),
9-20.
4) FHMEE, KK RFEE LE 7R & im s,
(2020).
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BCC 7 EHMli/fEiEE & 50, EROBEAEERE
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EROLERTIEABI = AL —2RDIZE 2 A,
ZEHBET XX —13094eV TH D EHET I NI,

170

160 r

ey
[+2]
o

140 +

Positron Lifetime (ps)

130 +

300 400 500 600

120

; Annealing Temperature(K)

Non-irrad. -
As-irrad. |

1 REPBESIL &L D 22k

3. E—REHEICKSIZABBEIRILX—OFFME
3.1 ftEAZE

o D EE RG-SR WT, TR O D570
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il % DY A RN ED LD 7R T DA EFF2OD )
IEEE SN2, B ZEALITRFTH e o 8 % 5
KZFHDT, b xRt RO &2 LY
ANDEVS Bnbh, A== LDV A XEIH 5
FEREWHENLEE L, £ 2 CAMZE TIE BCC H#iE
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CrMnFeCoNi & 4281 5 ¥ /B 2R,

CrMnFeCoNi &4 & b9~ % & ¥ /AL T 1 H7T
FREE, AL LI_‘@‘ L 3fERLEE TiVZIMoTa 54D 5
BDRELSBALTNWD, ZDX D IRFEADENALDE
X, WROC R O 720N TIVZtMoTa £ D 15 )3
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€ 400 - .
= I
= 300 | .
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2 200t :
100 1
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0 L ) an Fe Co Ni 4
2 TiVZrMoTa & CrMnFeCoNi (Z331) % a3 — 25T

X 3 A RIFHEEZIT T2 TOYA DO
FINF— L KR FROFEHEE2 RS, ZEER TR
F— DA FED FIIEIL 1.74~1.96 eV DO#iPH THAR
LTV YA FOVHHEIZ1.81eV TH D, ZDOMHEIE
IR FED FIIE S 2.00~2.04 eV % 759 CrMnFeCoNi
AEOL D HOREMETH D, Mid B TIXZE IR~
FOL X =T ICHBI L TREL B Z N6 T
BY., MoX Ta 72 EOREFAEETIL3.0eVREDE
BREHE STV A2, TiVZrMoTa &4 H Tl
JR R & FIRRE DA R L F—2 R L TR |
CrMnFeCoNi &4 L b L CTHIKWMETH D, &R 1
FED 22 FL RV F — D43 A0 OFEYER 1L 0.43~0.63 eV
L7 - TEY ., CtMnFeCoNi A&IZBIT &R FFHD
ZE LB L — OFEHER 7 0.10~0.20 eV &t %
LREULEREREE o> TS, N hrbE—f
&I, R R C O TR 7 O TR O FE 0K
NIRRT IR b0, BRI L —DRE

%ﬁ#éﬁm%ﬁﬁﬁ K 2 s Lizkoic
TIVZtMoTa & & I B 1 2 & i+ f o £ i 2
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TNbMﬂhé@kk? Z2 LI AT R L — D3 AR
EHEIIRESLTWVWDE EBLZLND,

TNbMﬂhé% BT DB IR RN 22 FLIE K
TAHRNFX—ICHZ LB ERRDT-D, LR D
WERFOA BAZE L =& RREOZE LB R = v
X—OVHEZK 4 127, 2RO SR
X3 F—FIEFE, WTHORTFFES 1.0 eV FZE
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LHEET A L REAREL > TS, ZHUEIK 2 1R
L7= & 5 \CHARN 72 BCCHEIED b DAL &2 /R348 —
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TiVZrMoTa &43IZ B W THEifil A8 Td 5 Mo <° Ta D
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® L TIEEWERESEZ T, 2ot/ 3 KockiE
HiEe LI2GE, 2IRe"r U A A NHROZE
EMEORES &, 3L a U AH A MHKOEN
TN BEBDROBINYFFTE S, 2721, 2
WL T AT A R ELR L7236 R
~OF U T e A HE T 5 72 6 B a0 23 8
ECThbd, T T, BxlZ2WmaeaTAAA b
OEL[AHIE & & 8 L 7= 2 kT, 3 R CiE @S O
VERFIEZ e LT,

AWML T 1 IZARTT 2 7 /N —a— k&
WZ& Y 2ot/ 3 RociEEREE A ER L7, 1[H
BHON—a— MLV EEESD O
PEDOT:PSS THFE S N/- 47 AHM EIZ 3 &
e A A~ MAPbIs O RIBRIRIANTL ORI
B LT, Z0#%, 1000C TRV S Z gk

16

D 3N TANA NERE AT, 2 [ H O
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D 2 WX T ANA MEHARZ 3 Rot<n
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LW A IREETHLEEZ, T AL
WACTE~ 7 a RAERSORET TR, OIS
FiAFE CTH DAL FREF 1720 D UYL & ARy DI
JSZB U CRATR 22 ZE I A 2 B8 L T2 X 7 a 7R i
Lo ZWAT L CHED TE T,

TR BAT LI TV D R IE D BRI AT LT
HHEE DR Tl e <. Wiz ORIz ER RO AR
ZOHLDIZHT DT T A - MBI L CEEL
ROWPICH T HEEICER L TE T, ZORIGHEIR
BIZT T AERS T T AV RER EDNAA FISHO
FRNEHEPULTBY ., 77 XA~REIC L0 ik Tl
FIOGEHEESE D V) 77 AvFH R E S
LeWHra el NPREETHDL, TIATEDHD
RS ~BEEMICEE L 52 52D Tlidenizw
2, S SRR R AR T AL E R T
R CVERMT AT 5 2 LIXEETH DI LD
53 RERXIZ E A EfTbTE LT, FHED Tt %
D SN TNDDOINYFENBFOBIRTH 5,

2. {EpHZZRV-RERERH

TR a v R CREEBERNICONCER S
LI TWVDEN, ZNLHIN D, 7T A~ FEE D
WFEITRAFIC Do Tk L TiThihv T & 72, 22T
L BRNERECERRZR COMENIRY S/-sh Tk
0| ERBSGICR T 28 E (NMERICHEE R L~V E T
W5 NEE b bW LMAEMZ TERITEET 5 1K
B2 E) ICK LT T A& W2 72 B0 0
T Tnsd, BExtgme LT, ERGFEOLLD
PG AR Y BEWLORBREIENATEY ., B
HIZIER UTe 7T A~ 25l ORFZERH 5 A R I D &
nWTWN5B,
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el 5977/

7T Xt FEOERSMIT L VIR, B, IR
OFESR E ST T A =S — % Ffolm, 77 X~
BEESHOTHLZTDIERA A=A NI ZETH D, =
DX ST T X2 FEFHOFZERITB N TIX, x5
W L7 7 7 A~ B AR T 20 ERH D | A
MR EIC LD EM ~DF A=V a2 i/NRIZLOD, 7
Bt B\ EFGIEMERE A R L72# LR EED
FENSEEINTND,

T A REOMRITERSERE A E LT, £
WCHLIEE LTSS TITbn TR Y, £< OMRN S
HAILTWD, LU S EMDBKE T 2501 —
REICIK N L, WM ESE D 2 R BEHEIT O N
T3 550 DR R0 BRIV, T 72 bR
HCORFEFRMN AR T S Z LIIEFICEETH D,

RRERIR T 7 XA~ %2 FHT 52 & T, R TITE
Lo Tmil@IRIC 3257 7 A~ rne ARG 12k -
TE, LR L B ERESE 2 RE T2 &
0, AR ER ORI CERICR L CHFEEIT O BE
WZIE, XR &R DEMITIRIRSONA F 7 4 )V BHED
GKETHENTWA D, HHRE (77 X~ Lk
EMOMICIRENTFET D54 FTOKE) 2175 2
EBWMEE TR D, ZORE MET DRI OK) BIERN
AF BT EL L OIEMEREZWRIN CRIE) LTLE
I MR ETOHMEDE CIEMERENEE IS, —
RN XA 1D T 5
RHEREON R A MRT D720, REKICHEHSE
7o KB (107 CFU/ml) ICKEEKIR Y 7 A~V = v b
TR D EBR AT o7, BHK 0.5 ml ZEAL 16 mm D
KA (FEROWES 38 2.5 mm) | RFHICEE 1
mm FREED Y = v NESRBEEANT A S T IS TR EE
BrZAT 72, TOFE, 0 BETITIFEALERESL
RNHDD, FD% 120 B E TODOT )30 WOMIZA
B 6 ML E—SUCIAD U BRHIIRALL T & 72 o 72,
KB EDHT LT 2 A, 77 A< BREHZIBI L TR
TENOSMEINT 5 Z & T pH MR A IZFE T LT\,
pH Z[EE L2 & CERBRZGEVIRLIZEZA, 20D
BRI O pHIZ K& ARFF LTV D Z &2
STz, WHRD pH % —ELL T OFEIEIZHiHE 3 5 2 & T,
TI R XD REE N R LSS 2 BTk



L7214, 5], 2@ pHikfFMEIL, KRBT TR,
BT O & 5 It 2 5 0 T, FERICHWZ T T
OWMAEY THREREINTE Y | KEMEO L7253/
FROREFEIZ BRI L TWD, BEICT 52 & T
PEIZHEANTRBE ) % 1005 E ER S5 2 &8 TE,
OB AT 2 1% MK pHiE] &4 T2, Z O
A ORI LS 720 —fetkld, pHIC K > TRE £
WXL EWENEACT D 72 A B IO PIEMERE DI 2R
2 LT\ 5, ALl X D IREZR DA, SR
DO SRR e f i 2 T o 72 & 2 A T OTEERE
DOERfREEES pKa DB L F 4.6 TH D L PRI,

Z 2T, iEMEEESE (ROS: Reactive Oxygen Species)
DFTHEICA—R—FF T KT =4 TV H (0, +)
WCHEB Lz, 77 X< X0 IRPICAR S B IE TR
D% L IXFMBIEFITHOD, 02 - 1T E WS & %
HhHEELRNRL, TV HLE L TITHBHERE W
(~10 7)) ZFoed, WRP CThHLRBREILHTE S
EEZLND, SHIT, 00 IFKIEIEF TlIAKEA A
EREALTE R ULt F T V8L (H00 ) ZIERk
T 5, 2D HOO - IXFEM & R 72 72\ T O D AR a5
REGIEETE, ZOR/R, 0« L L THRD T
W )2 FFD, 20 0, + & HOO - 1% (1) THT
LD 7ML T ORREIZH Y | pKa 1X 4.8 THDHZ &
MHIHIVTWD, T OBAE IR E RO L 5 T4
SNTIEMRED pKa & FEFIZITVVETSH 5,

HOO: =2 0, + -+ H+ (1)

TDOEHR0, c OBEEEMERT DO, 0 - ZkF
BENCHETIMETHDHA—/R—=FF L KT 4 AL
Z— (S0D) # HKIZIN 2 CREFER AT T2 2 A,
AT 2 ML BN, TR bbLERE NP KRE KT
THZEPMERINI END, 0 - NI TAITLD
P REICKRE LS BEELTWD Z L DBHEND BT,

INLORREEDETCEZD L, KpHEIC L 58
HAN=ANIROL I RO THD ETFHREIND,
FRPE D KIRIE T TlE, 0 « DENIKFEA A LHES
LT HOO » & 720 ¥R 29589 %, HOO « 13K HITAF
ET DAY O Z @i L, MR X O
HONEERH VR I A=V a2 AW
EHBEED, ZOKEA D= ALIB N THBO THE
M EAE 5D TWALEDONRH0: THY . FDFEH,E
DDA pH & 4. 8 L FICHHHEET 5 Z L3k 1%
EDDHTDITITEE LUy,

29 LERGQERIR T 7 X~I2 X 5k PR BRI
B4 28 LWERIEZ, 79 X~ EEHT O E RS~
DO LWBEZ < Bl 21X, MEOE D OREIZEEYER
EEBHLTRBX, Y5 RA<V=y hERET AL
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LY, REORIZHEY) 277 A~vEEaiid 2 &N
"lRE L 725 (6], AMROMEKIEIT pH ZHPEICRE 5 &
HIBFEREAA L TVWATDIC, AMRICH L TT T X~
HEEZITE Y T57261F, Z DK pH iEIZSLHEDOEHTIC
RBHTHAD,

L L72M 5,0, (HOO) DFEMITERFRETH D |
T I A RER IR S LTH L mm A
— A —DIES B RFORIRPNICIE iR % (JER) + 5%
IXTERY, ZOMELFRRERLY | 77 X2 M|
HINTHWDKREETIZ, 0 - ZHHT DAL
HIBRANIFAET D LT DI E -T2,

3. TS XINBKZERAV-HEEMN

K pHIEIL T 7 X~ L iRIK & EEEREA S &7 56 0 A
BT, BIZITHETAOT 78— a0 —% 4 mfLE
DF 2 —7 TIERE L=MEN B OLETLHEZ T
HDEDSI T, SO EED Ly, T X
< EZRE L72AKTH D7 T X< UK %Z V7 RN
RITTARERETHOAENTH L Z Ebool,
WARNT T A< BT L TERLET T X<
B % BB —ERMZ BT D EIR S IRE S
Z & ORI AR L7s, AER RO BT Y 72
D OXEAME (LogR) 2> B &R S ORI AIRE T H
Do 7T AAHKORE TIIREH & &b IR
WD LTtz BB D — RS, T2 bbLHEE
SR LV R TWA Z EBNHERSN, FED
PRFFRERNIT IR CITE RS & BN 2 &0
7T A= ALK o O R K13, FF A3 FE IRV OH -
R0, % TH, HFMBENA Y 0 b kE &
WoTALFRETH RN EB X bz,
FIRICTHERD CRIET IREEAL TWeZ Enb,
BEERFEICERA LT, SEIEREEICRT H2%E
F1 DRI 2 BRI R D -, KIETH H1E LR
MRFECEDLZERDLNY, T L= R T my Rhb,
Z DO—IRIIEN &K D 53 RS OIEMHEAL =RV F—13 11
0 k]/mol BRETHD LW LT, £z, 77 X<
AKAFUZIEBNT S K pH £ T CRE 3 m B35 2 &
PHA L= Eonn, 7T A< RS & RERIZ 0, -
DEEICEE L WA Z ENRTREINZ, T2 T ET
Z B (ESR: Electron Spin Resonance) ¥E&E %
FANT 7T X< KT D 0, « DRIE % 1T - 72, ESR ]
TECIIBIB R NTE DREE ORE N D &) 2 b
LHY, A T vy THIERANTO, » Z{EFEOICE
FEALSHETHEFRITI) ALY T v FEE N, &
v hT oy FHIE LT CYPMPO &2 VN [7], BRI S
LINTIRIEF D 0, « 77 Me B O 2 IR ERIE T



Tz L7z & 2 A, BEERTH O IEE =2
NE—=LRETHoT-, TOMENLL, 77 A~ ERE
BE DR 5T T A< HEKIZB W T, 0, - MK p
HiECHEHBEREEZRIZLTWDEZERNbNEN, 77
R~ ALER K DR BEIENE O PRI, —MRICE H AT
W50, « ORI LD X2 ICEWED, AL
DORIBRARNER SN TND EHEZR LT,

7T R~ JVER 7K O R BT M 0D M-I R [ A% i O R
A RT 2 ene, 7T X~ B KOEE %>+
FZTFF TR ZET, 77 XK OFE 1 % ()
ETEsLEX, BESKEGBHARE/R T 7 X~ W4
EEAZHE L, S5 7 T X~ KORE O
MaxHE 2 FEAT 3 2 72 D12, AR L7 ALK C Bacillus
subtilis (FEEEEE) OIFENREIRIZkH3 2 % 6 ER %
1Tolzl A, K pH &M F TEWERE RS LN,
ZOF—=25, ik (100 %) ISHMEFROEE 1
02T DRIV EII 2R 2 A LT,
v 7« U KU OEANCES O TLO R EF & O ik
AT 2 A, Forx DT T X< LBRK DR 77
1%, 100% D EER (L KF L T2 FEN D hoTe, 7T X
ALK E L THE SN TW AP TR TR bE W
BENEHLTWD,
ZOEBREREFZHNNRENOEZ DL, TT A<
JVERK DR T, |IE Ty A — & — O R T
HOHERTHENCEIELTLE DN, BB -G+ 52
AT K 0 BRI ~%r A A — X — TIRAENDATREIZ R 5
TEEERLTCWS, — T ERTHEONET L=
ATy k) BRI T ORI IR & HESE S,
RO E CTHW DB, R EMEND 72 < MR

TR EMEPRD THRVWEEIETHD EFEADND,

— 7RI T I D X D R N & 15D T2 DITITBIEE
EEINDEFRENVLETH LD, 77 A< ULBKIT
FEOE Y RIE IR RRE TRIET D720, ERo
REDOAHEFHET HHEBEE LT, ERELEED D
WERARR 2 SRR & HAFF T E B,

7T R UK DR IS pH S TR ) 3 m)
L., 0y « OGN RBEND Z D, AERICIK pH
L LR U LS B 5 L Wb B2 b5,
TH B Al 7 R &2 b D 7T X< LK K D%
WX R WFEFEE U ORI IfF T, wR 5
TOEMEBIELT, b MEEEZ AW fET
NRCEBREN & TR EF YT T NV EO R KB %
HO, BWRENIRELND Z EREID LI,

4. TS5 XINEKBOEMRS
7T A= ALVEK OAFFEIT S TIT DO TV D 28,
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Fox OB LTz 77 A~ UK I3 BB A0S & O
ZHELTEY, BRIEZP STZOITRIE TREF L 72K
W8 & IRpHIEERIHT 2 2 06,
T HMOBITE L ITHR DB RIr > TND EEZX DR
Do BRENOBLEND BEUT DM L 1T AR
o TR EAMFIIE<IMmTHSL LS 2D, K
BIGTHEE SNLULORENEHT 577 A~
HKNERTE 120720, FERILDTZOIZIT 7 % W
LMNCTDHERD D,

7T A LB K DAERREIZ | RS VAT A % 0o
Now Air, He ICEE L= Z A, WP AIZ o NHLETH
DENALICARY . F—I5MFE L RNS (Reactive Ni
trogen Species) 72 &HfEZR STz, I BT, EBRTH
LN T T X< WK O W BV R R P 2 B . % —
TEPEFE I ZEAYES (HOONO,, PNA: peroxynitric acid) T
HDEHEE LT, BRI HNEE & EmERILKE RS
TEHEETHELN, ZOWETVAXF T A T A b
(HOONO) 72 b U= hr = hA 42 (NO,) ZHfEHEL
TWADENMOLITWD, EAEEE % 5 BE T FTRE 72 A
Fr a7 LBFR L8], 77 XA~ ALt
K EALFEG AR U T2 B AEER YA IR D bt 21T - T 7 BE%
DSy %777 v aryalb s Z—CIEKREIINT S Z &
T, TNTNDOERICE TN D E RS DR 71 O FEAM
BiTol=b 2 A, BE— 7B D OREIEIEN —E L
T2 Emb, T XA AEKDOEF K IZIREEE TH
HZEBRALNCR 0T, HIRICKTT 577 A~ DHE
BHRFHIBWTYH, 77 A UEHKE W EEAICE
WTHEKpHIEFAEDTH D Z Evh, BANEEAS HOO -
DOHIEARTH 5 &5 2 T2, WmAHERIE Z < —&525 HOO - &
NO, « |\ PfiRBfE 28, 77 A=k 0 AR Sl
fHEE A HOO » DOHIERIA L LT T T X< ALEKIZERIFE L,
FRVEERE F CRWERE N EZREL Wt 525, U
kot 7T AWK OB STIE RNS Th 5 ilb
feCdo v | IBREER HAREE L 72 ROS T&H 5 HOO « 23R H
KT & 7o THIBANEBILA N L 2AZ2 52 TERENMTD
AT D &SRO 72 (9], FRSCORFRTFE O ST SR %
1ToT & Z A, BEERIC X2 REEITE B3R E N E
WM RYOTIETH D Z ERbnro72110],

5. LA L I-BHERIC & 5RE RN

7T A K OMF Rzl U T, i 2 v 7ok
EHEATOBAFEICE - 7203, ALFEIEZ VT
JBE DM IR ISR 2 Z G b, FAMICIZZH 560
FHINEFE LW, ¥ F—v (EEekAkFE 3 % HYD
R ) & R TR RIS 2 B KT D 12 OIS B R JF A
Bt 2 M3 1 /LT TH Y 77 A~ HEUK TIIAE



ETERDPSTERMVEEST~OwEH b HEIZ A
5T ENAREIC /2o T, ALFEERIEIZED 2 MERED
WA EAVAR & ARk C & TRV | 200 {5 7 BRI C Al 2

(B, subtilis) \Zx9 5 DfE (1 LogR IZMEE72HE)
N1 BRECTHo Tz, BFEATRIC L DR ER 5K
W CTE LY | B L ZimER{b/kE 20,000 %, WK
Fle 4,200 %, BEEEE 100 WY OZXEEELZA L TE
V. WEROBFEANZEREST S S LTz,

PR FEA O FZRE D 72 DI IT L VORI X228
T b, OECD BIERER Y A KT A NHe - - B Ek
\Z K o @M A SN TIT o722 2 A (KIRK
T LR B FE R B KRR B 29-T-0) . A 70 <
Eh 0.1 MomiEEEEK OEER{bKFE 1,000 %R E
JICTHES) X, StkmEtE (BRI, & 0) N EET
Hol-, Tz, EMHEAEERBRLEDTEY, 2=
— & — il C H B s ) AT RE e B A UE LT,
ZOEEEIZE Y 1 EMOERGERR T 1, 000 [FOFER
MATRE & 720 | BRx oM B Bl L7223, BIfED L 2 A
RIED =M EHTI A STy,

WAERIE, BRENIDBEFITE IS0 LPRE
PEDSE < o BTEIARE A & U CHRA VS R B AN 4% &
b, KE CDC DHA RTA4 128D ETHREHFEET
VA 2R IS RTE AL TE 720 E STV DA,
B LR CLEAVEDRRGE S T IR DL T O il R TATR
T, B0 R E AT LM E SR o EE LIS R T
HIDTHED LTz, TEROBEEANT LT & R
JOWEPENTE Y, JED ATRER R E T LB ER
TREMENRENTZDIFA ) =T v OFEHIFTH
D, ZNECTHREADEH TE R0 TORA
MHIRFTE D, BRI, R EFIC W CTHIE G Th
29 OERE L LT, BRE TR < WELRY 722 8IH|
Bk LER LS TWARY, 2k o i (RYLH
B) & AICRE T X DIRE OB AT AL E D
BLNLTHD, b MEEREHANEET VERND
WA AR TR E 2 L CT& 5 2 ENFEFES L
TEY ., EHeBmEHARENEIH RS b Lz,
T BESTFICBT O FEETIL BT~ X A —
A [ATRET 5 72 O VI H Sk 5 R B A O FE IS IR R A
N0 BEAFOIEA THRIFROHER: & @V ) A [
FRICHEBIT 2 DIIREETH D, —F ., IBHEBAIRICE 5
BECIIRERZETSEDL 7L, MERE L
2 E\ELT A2 L ICbRI LTV D,

AL e B ~EHATE 5L EL TR, &
W, B BSOS e, RS E R
BT 2 HREM R E C, 2L OEMEET AT IT
MOOEEREHED TG, FEFEEICL Y ERLE
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HEEES 2 72012 “BmBRIc AR o Yy — T A
EEELTRBY, Z2LORESCENINOT 1T 270
HZWLTWA[11],

6. HiEE

AL TIXW B O FIPH & 8 2 72 BRI 22 if
IR ZED TR | kxR S5 100
NZiiz 5% < OILFERIZEE O HIEHT 5, R,
53T FIIR IR E SE BT SE T O ) 1R EATFJE A
WEME P TARF RO S HE RS e 138 R
WO KRG FNEZ, EFILENLS AR
Z —HURBE DRI RBIFH R HEEED T OZIRKTO
JEAREGR . 7T A~ 3T 0 B AR FOFRAE I
B, "o A A A =T TIETHEEB RO ERATEH
BOERIIIRERHSH L TBET, 2. TRDAH
w7 SPAEOERRIC bk 7R F2R A fikfe L T TIA
X, FOEBSEICHTLEITEIL W — X DL
PRI L TN IR S T 5, 51 & fe s L B O W)
R TRSBEOMIEZHEHE L TWEZNEEZ TS,
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1. [FC®HIC
LB ABREEE LT, ARk
(Boron Neutron Capture Therapy :BNCT) 237:H 41T
W5, BNCT 1, LA FIZRT AT HE 10 LRz L ¥ —rh
MA & DML > TAE LTz it &Y T v Lk1
WZE o THAMIEZ R ST HIRFEIETH S,
n+'" — o +Li (1)

RUBPEBEAIICOHLERE LTS E . £ OEEM
OB EFHRSEDLZLENTE D20, MEBRIERT
VEME— R iR 2 T 5 & E it TS, BNCT
1L, DO R RFIEF TG STV AIRRIETH 575,
TS b fRfEE IR TWD Y, b H AR
RKOBERIIFHEFRTHY | E%ﬁfi&<ML“%
N2 BNCT O SEBUFE R ED BTV 5, IEERIC
DIERL X 31D T+ 3 (Accelerator Based Neutron
Source (ABNS) ) DFpMIL, Indds, ABPhi v, =0T x
X — AR NIV EDDZ ERMBNTEY,
ZTOREEZEMECID Z ENVETHD, L, it
FORTE, FFIZ BNCT THW S5 BN O IE R 72
FHANZEE LV, AAFZE Tl BNCT A ABNS O H -
X FRICBSN A DR L = AT L
FEHEBEHN T2 AR huA—XOBBEZBIEL.
EDRFED T2 O D B — DRES P PE G ORF 21T

2. ARy bRA—=H

EH DOWFFEE TIIALE BURT LB 8 2 728
LWHLERIZ K D = — A7 hVIIE FIE DB 5
EED TN D, KL ICHIERB AR L7, (i B HuE
EBIRHEE T, B OmbmI H w28 R0 A 60

n‘l‘ %ﬁz—

FE B, EEEME. H I

DHAEROE LTANLBEFHREFTD T ENARETH D,
BT A1 3He Z AWz, *He 13Kz L ¥ —Hifk 1
Wk L CRWEBOGKTafE 2 A3 27210 Tz <, 10!
~10*eV DJAVTH /L F —FHIZIB W TEN =RV F
—Z LT 1%t 1 TEE S, AFEIT, M EBUEE T
BIFHE IC L > TR BN D TROSAEE# ) & °He O T
BOGHTERE | 125D < INEBEAE W THEEZ1T 9,
WE Y ZRHEROWE SR 2 ISAE 5 (LR,
Wé“ﬁ&iﬁéﬂﬂ/fﬁﬁﬁRiﬁﬁ%izw%
WX D NES i L EL , X ZZRLF— AR
4 }\/w:@“é VYR XEMRSZE LD, 2T
¥ A% spectrum unfolding W5 X 1IZ/;xT Y
FPNCE BB FHCE O 1025 AH T D
Kﬂ#é@ﬁ%é%ﬁ%ﬁ%%ﬁR&bf%ﬁTé
ZDEE, *He @ (n, p) KIGWIEFEORHEIZ LV | YL
¢@%®$T%i*w%~ﬁﬁw%®immﬁxom
Hi&@&b\“ﬁiﬁfv}iﬁi{, TRL R — A D HE

RHEF O N TH ISR Z 7280, B+
ﬁﬁ@%m%»# (2D TIEA OB B E DM MERL T

X%, Y & RZMV spectrum unfolding #4795 2 & T
TRV F—AXRY MVORHEEBEHD Z N TE D,
AR TIE, ZOXEZMS FEL LT, XA XDEH
AR, AMEEEEZRA LT DY,

AME FEERFET 5720, K2 (1271 X ) 72 ER
EREZRMEL ., KRBKRE 14MeV ik T2 2B IS &
OKTAVIAN \ZRW Tk IRE ERRZ £ L 7=, ZD
FER, MEOEO—EII R+ THY | ZOHIMEEL R
TIEEL o7 (K3), RENE, BHEHAlmE» &
NS 2 P ORBENRRKEZ N L BT DS H
LD KOREORBWEREZITO OIZIE, BE—20R

| Energy spectrum |

TWTC, BB FERIC SO TR 235 EE N
| Response function | | Depth distribution |
l Low Energy E,, I ®
o e
I High Energy E, l I

Depth

Device

Flux

Depth
P Energy

X1 A7 bo X —ZOHERH
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Neutron flux
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—— Measured
102 f — Calculated
3 Lol Al i i araul LA aaaaul ol A lilll
i 101 10° 10! 10? 103

Neutron energy [eV]

X3 SEATHRIEDRE R

3. BShEFE—L
3.1 &S thtEF E— LDRE

AHFGED BWIIL, EREE OMGEFERZ1T O 72D, B —
LROPEFIRZHG - BET 22 THDH, K4
%Lw@i£%¢ﬁ®mtl%mLﬁw$ﬁnfj;ﬁ
NS T BEART v A =X EDORBIZH I
VA—=ZEEATHI LT, Mt wﬁ#%ﬁ%ﬁé
P2l 5 2 L ERAT, AT huA—HF
DHLOFTA Y A—FEINTWNDED, ZOFH LW
AV A—FE[F)axA—4F] LEZLEL, TDOf
EOHME L LTc, BEH T _N&ERT A =X TRD 4
DThD, BB, 7V VU A—FMHaEIZ, 7Valy A—
AHORRLENLTWDIZD, AT ha A= 37
VaYRA—XIZETHETT)a) 2A—203<thAH
ICRET D L & LT,

O 7V alA—XOME

@ 7V alyXA—FX0DlE

@ 7V alA—HDORE

@ BH AT HET) 2l A—H O
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Component B

Component A

Component C
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Top
NGS5 FHEF O RSy

X5 fRHERIC

AT, EBICTU 3 ) A—F 2 A LZERKR
EREEEL. VI ab—ra VHRICESH T T2, R
D 3 OO AEEBRIE L, TOHEEE =T /37 &
— X ZmiE e LCRE L, X5 ISR AST
LD 3 sy (A BKENC) ZARLE, B, M
FERBR ORI R LD AT ba A—Z|ZOWTIE, %
TR DOEZR Y2 ZDOEFHEATL L L LT,

L MmiischRisns A RKoHRErFoRE
(RatioA) = 99 %

I MRS THREIND A RO HEFO T b

X (Count A) = 10* (count per day)

g TR S D B syt

(RatioB) = 0.1 %

I1I. oo EE

[.ETIL X, YV a ) A—FERETHILIZLD
E— AP OB Z R TRIECH D . . (IRREESE
BROVEREZ R T IRIE CTh 5, Btias Ol b AR
LIRS DM ESTFEFE 525729,
Ratio A |X 100 % THAHI EDREE LY, LNLED

BRI OB G THale vy Mot JE
FEEMETFTLTLE 9, £ 2 CTARMZE Ik #3liE
MHARTLHHEFNG 20 5MiREE 1 % LLFT
BITTHFARTEDL L L, FHGERAED 1% ATICRD X
IR EARZ R E LT, 7ok, FHEGRZEIZ DWW TR,
FHEEIEAR T Y U AIciED b ok L, 1/VCount AL
L7 F£72. 1 — Ratio A ZFRMiEZEL L, MDA



ZEOMAEFHMIRREZEE Lz,

3.2 #NPHFE—LOBREBRETVaUA—=4D
=

AKMROMFHZ L > TRE LY a2 A—2DR
TA = L HIEEORREER 1 IR LTz, ZOREEN
5. MIEEBROBIZHE SN D Ratio A DFMET-1
O BAF RS B — L ORYEIZ P LTz, Count A
WCOWTIERME AT 2 LN TERNS TN, 2D
% 5 BFRIFRST 2 L UEIC L ETH v . HEEREF & 4E
FTHZETCHRUZZERTED, LN - T, AHFFET
BUYEL 72 B — 2R PE IR E VD 2 & T, WREEFER
ERELTY 2N TE D, ZoRIZESH
THER L7272l A—2%2K61Ir LTz,

F1 AR
Material Polyethylene
Width 70 cm

Hole Diameter 1.6 cm

Distance 3m

Ratio A 99.5 %

Count A 4.54x10°

Ratio B 7.8X10°*

Count A 1.1X10*

(% 12 hours irradiation)

Collimator

Pre-Collimator

H6 BUYELEZTYaY X—X

4, $EEm

AT TliE, AL USRS S 2 W28 Lo
R RV — - 2T B\ A —% ORF %% FEE
THROICE— 2 RPHEFIROREEZ T o 72, JEiTHF
FRDFEBRERRIZONT, AT ha A —X Ofil;%H
T L7 Y 2 ) A—2TEW, A7 ha A —
I ANET 5 A% B — 2RICEBIET 5 2 & THIE
DU A2 R AT,

TV aY A—=2I . OFYal A—ZOME, @7V
Y A—ZDE, @7 Y a2 A—XDRE, OBIAZ
LETY Y A—=FHOEEE © 4 SONRTA—F%
REL, MEAEFEBROKREZERE L v Ialb—a
HEICK > T EITo 70, KEHRFTORER., © RV
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TFLL,. @ 70cm @ 1.6cm, @ 3m CHELT,
IOl EFRFHOBICED - HEMEIZOWT, BT
R Ens A OB ST OEE Ratio A KV
Ratio B) (ZBIT AGMFTZEMRTE OO, MHET
BHEND A BT HEFOH T ML (Count A) I
BB &MITER TE R ol L LZDOEIL 5 B
ARG 2 BB I E L7 HUE T o 0 . EBRIE 2 12 I
MICERET D2 LIk CHEME LEDZ ENTE
Do
FROMREMEZ, 7V a2 A—FOREELKZ T
WA, SBITEE L ©— AP ETFRO B — AR
BFE L R L F— e 27 fa 2 —X OFHE
KFED 2 SOMGEERE LT ETHDH, £ LT, &
fEL7Z B — A% BNCT DOEZRMFEIZIT TRl
TIOFTT T 4 —RRHERE R & B I RIS
HLTWFPETH S,
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Fex i, BUE, AREWITHE R T D M O E
WetET NA RZDOWTHF Z1T> T 5, BEIC, BEPE
FURELT 7 AAEY (Magnetic Random Access
Memory, MRAM) @ xFEAMLENTWD, AEVITH L
T, AR, WEREH O KGR E » S U7 afFe
DREANTATON TV D, ZILTHE, I, HEE I
BLTC, YPEAERETEMET A ACBEHRZ D L
ETERWEAS I D, TRMTZUE, 2L IEE %
RN, B OERE R REMET A 2T K VAT 9 Btk =
VEa— A NEBTEDLOTIR WD, Bitar e
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AT DIETC, AFENEOICFHEMICERT 72
DB 2D TIIR N EFEZ TN D,
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BT BEE T IR IR 2R B SR & S 4L 2 HERL A ZR BRFD
(XOR) # MW=, ZEDOFER, ZOFRFIXAHT 3
Hr Tt & e B D Z & ¢, 3 flRTE TOADER L
XOR A ZFIT T 7,

2. Za—JILRIkIT—Y
—a2—F)VFy MU= 7T AR O AR L7 N T4
BBTHY ., TFERERFIREZET TVWDLET L TH D,
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—a— IRy NU—7 13—, R EREI
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AT LWV ERRE LD, T NHIXHE
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WXL, MR X AT BT D EMeH 2 ERT S
EWRREBNEHET D, Lo T, KIHAE) CTIERM
REMEH N TED=a—F 0Ky U= BRRD DL
N5,
Za—INFy NU—J I ERN =2 —T LRy
kU —2 (RNN: Recurrent Neural Network) ., & 7
ABh=a2—F )%y hU—2 (CNN: Convolutional
Neural Network) %, k4 7eET VBFEL, ThE
NOETANGEET DX AT BFET H, RNN (I8
RINT — X DWMBNEE THDH 2 LD BARSFELEE
ZE U 7o RIRR o TS L, S AR E T L <A
WH L, CNN [HEEGEERO B TCEI<FIAEIND.
FxiX RNN O—FTHLHATED Y f——ar '
—7 47 (RC: Reservoir Computing) (Z7EH LT
W5, U —R—ar ' a—F 4 7T, ANEHR
U= N—NZTH]Y | FREQAET L5, U=
— T/ — PO EWRAERFFL, / — RHEOHEAERIC
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WSR2 BEAER 2 D00,
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1. [XL®HIC
TEMbRFEE Cl JRE L THWET VS VO R
7 A NRF ARSI, BREAMMEEICE, K5
AT AJREZR RN S L AR IR W VAR U E AR L
I DHEMBRTERETHD, TNETIE, EBER
il 2 D2 EBI R 2 < E SN TE b OO,

FIEOLFETCH 2 LEE T HRISREZ R L TV 5,

— 7T, BRI TELRREOR A2 LB L
P, MR OBNEEZEZ D Z & TRICOHIBENES
ThdlEDMNNE NS, LnLeRb, 1Ek0E
SALFHE Ra LR X AALROSIZB W T, ZE
72 TERAL R B HIEVEAL T D 7 O IEE IS B W ELINE
DB L 75T, YBFREE T, XL E g
{E3EITRE & BN A faFnY A N 26T 54 Ak %
A5 Z LT, KOBILSLZMbRFEOERTLE VT
TN TG & T h =R TR L C & 7= (Fig. 1A)%, A
WFZEClE, A S A EROFLEREZ NI & Lic=y
v S BEERNIS)ZFIHT 5 2 & T, Z2EFBEEE
O TRUIRFE OIEMEA L A BRI & 35, L VIR S
HTFTOT A HEHOE Ra b LR UL G %
Ji% L 7= (Fig. 1B),

A. Previous work: Small molecule conversion with pentanuclear metal complex

Oxidation of Water Reduction of CO,

. o
Y ]
. % L ¢ XY
S A H,0 ﬁ‘,ﬁﬂﬁ'\.g f Co,
CH / \t {

“Hesy A
DLOPIX x=oorom L ) 4
- NS @ SH Ne
v Multi-electron redox ability
Fe5 0, Co5 €O HCOOH

+/ Coordinatively unsaturated sites

B. This work: Electrochemical hydrocarboxylation of alkenes with NiS

N
' Coz o
Alkene
5
iy L [
A COzH
O _ “\/

Nis Carboxylic acid

Fig. 1 Pentanuclear metal complexes for various reactions

2. HREER
F7, Nis ODEX(LFEHFI 2 HET D720 A 7
Vo 2Ry 2 ) —REEIT-Tz, TOREE, &

38

L[ BEAT

208V -1.65V

-2.34V I

current

10 YA

Ni5 (under Ar)
= Ni5 (under CO,)

1 1 1 1
-3 25 -2 -1.5 -1
potential / V vs. Fc/ F¢'

-0.5
Fig. 2 Cyclic voltammograms of Ni5 under Ar and CO»

B OBRACIE T A B S H, Nis Ok %% (iR s
TCREMNHER SNz, F7-, “EMBREREAK TN
TARAM 7R ERAEOE MBSl Z LD Nis 28
bk L FHAAER T 5 2 & 2VRE S 7= (Fig. 2).
AfERZRE X2, ETAVEELE L TAT LY, EE
L LTI T vy ——R (GO &ZHWT, DMF 1, =
TR ORI BN 6 V, 1 KJED bR FFIAK T
D&M, BRALFNE Ra VR 2 ALRIG DS
PRI, JREE, EAFE, Ef, FUNERE, WAl
N T o T, BRFE L L TRALSE AW 25512
WMTEIT LR o 72— 5T, HT V=0 M5 E S
LEMEZX WD Z & CRICOETAEER I, £0
T EuNBr WiiELEMRE THLZ LA AT LK
(Table 1, Entry 1-5), %t < \EMBOMRFTIL, 7/ — RiZ
HEHEEMm L U CTHEREL 9 5 AlEME VW= & Z AKIE
TRNCER DM BRI I, BB 94%IRIZTHM
WaE1SD Z L0 Th Lz (Entry 9), & 512, XV RWED
IMEBELRMICB T D ISOERE B L L, 4 MEt
L7-f6 5, EIINEEE 3 VIZE W THROK 89%INER - ik
N%T 7 7T —%hEEER LI, ZOREIE, 10 VH
DOIEFITEOEINEEZ VB T 2BE O 1 &iE
MEHTHY, FEEVNERE T 7 7T 2R e W
TAHLOTH-T-,



Table 1. Optimization of reaction conditions

PIreS
+ N(iS 21 m(;‘)/n) H CO,H
co, TEOA (0.33 eq.) HCI Ph)\,COZH + Ph)\,CO2H
Electrolyte (0.1 M)
(1atm)  pmF 60V, 1h,rt. 2 3
1 os\a 10
Entry  Electrolyte Cathode Anode Yl?zdéf) F;:;I;
1 CuBr GC GC 0 -
2 BuyNBF, GC GC 40 5.7/1
3 Bu,NCIO, GC GC 48 5.7/1
4 Et,NCIO, GC GC 48 4.3/1
5 Et,NBr GC GC 54 5.8/1
6 Et,NBr GC Mg 8 -
7 EtyNBr GC Ni 38 6.4/1
8 EtyNBr GC Al 79 1.2/1
9 Et,;NBr Cu Al 94 6.8/1

“Yields and ratios were determined by crude 'H NMR
analysis using 1,1,2,2-tetrachlorlethane as the internal
standard.

Ni5 Zfifit &2 2 F L o OBEZFHE Ra L
N 2 A OARERREY 1 7 L% Fig. 3 12T,
Z ORI TIE, £THIOIC, 1Y — R ET, Nis@4)
N2EEILINSHNELD, 5 & BbRFEIAELE
4% Z & C, Ni5-COy IR 6) MBI 5, FE T 6
NEE1 eIy TV 7T ETTIVINT =F
R 7 BERT S, &&ZICT e N ALERTHEOY
THHIHIVRUEE2 2525, =T, 7TI2H 9 1 HF
O AR FEDROGE, 70 AL ERTY LR T
VIR3INELND, T/ — R LT, BRER¥RkD Br
MR ITAIE LTl < 2 & CE 20 S it o
A T IVERET D,

Ni = Ni(ll} Ni 1. 2-electron reduction of Ni5
2e”
@ -nigy | w
N, |
'a Bry
3. Coupling with styrene
Ni
. Q ! - 2e”
Fh/\,COO— {

(<]
7 ~_
X& - NI COo,
Ph X o CO; 2. Formation of Ni5-CO, adduct
1

H
2H*
+ Ph*,COOH
2

+CO, COOH
W‘ PhJ?’\/COOH

4. Protonation

Fig. 3 Plausible reaction mechanism

BB, R{bEEES LI, T CBEOREE
FEPE DA %17 > 7= (Table 2), B 1-2R5 |1k « it 5% &
EEHT DTV UHS-10), ZEBRT IV (11-14),
FIWERIFZEAEER SN DT ATNT 7S
H=T VT (ST ESRRIT M IS L, T
FRENOEICETHMIME 5252 L2 /AL, &
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Table 2. Substrate generality for alkenes

o W

GC(—) (+)Al

_ H COH
Alkenes Ni5 (1 mol%) 2
+ TEOA(033eq), K0 (102a) ol gm A COH + o L _co.H
Coz sat. Ety,NBr, DMF . .

50V, 1h,rt.

(1 atm) Carboxylic acids

Styrene derivatives

o o o
Me;Si F4C MeO
8 9 10

82% (1.3/1)2
Substituted alkenes

81% (3.11) 84% (4.6/1)

Ph
h _~.Ph o Me @
p  Ph Ph
1 12 13 14
50% (20/1)  91% (>20/1)  85% (>20M1)  74% (12.3/1)
(1.5 h) dr.=11.3
Michael acceptor alkenes Aliphatic alkenes
N O~ N CN
. Sgy X
Ph S ey Py P x
15 16 17 18

55% (>20M1)°  46% (>20/1)2 85%

(/B = 11.7)°

14% (111.3)

“ The reaction was performed without TEOA.
b The ratio of o/p- carboxylated products was shown.

ST, BRIGET Vi v (A8)DESALFE E Ka i vR
FRIZOW T H R THID TREI LT,

3. BbhYIC

PLEF 2L, CLJRE LT ffbIREN AZH NS Z
&, BERMSE(ERE 23V ICBIT S, mnINERE 7
7 7T —hREWNLT D, T HEOE Ra vk
X 3 U EOG & R TR TRk L7z 5, AR D kD
DR E LT, (1) Nib 2 Xk B “Ee{biR3E i FE 72 fE
b, (2) EtNBr MPZFFEME & LTS The < R
THAE LTHHEEL TWA Z LAVRBR SN, AWFZE
%, AHEEKA~O ZEBLRFEFAZER(LFHIIEE
ELATH IO OFHIMIER ZIRET 2D TH Y, fill
DA B A~DIS AN SN D,

4. Xk

(1) (a) A. Alkayal, V. Tabas, S. Montanaro, I. A. Wright, A.
V. Malkov, B. R. Buckley, J. Am. Chem. Soc., 2020, 142,
1780-1785. (b) Y. Kim, G. D. Park, M. Balamurugan, J.
Seo, B. K. Min, K. T. Nam, 4dv. Sci., 2020, 7, 1900137. (¢)
A. M. Seta, A. Alkayal, M. A. Mashaly, S. B. Said, S. S.
Elmorsy, A. V. Malkov and B. R. Buckley, Angew. Chem.
Int. Ed., 2021, 60, 21832-21837.

(2) M. Kondo, S. Masaoka, Acc. Chem. Res., 2020, 53,
2140-2151.

(3) N. Yamaguchi, Y. Saga, T. Akai, K. Kosugi, M. Kondo, S.

Masaoka, under revision.
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1. IFLC®HIZ

SESOSITESE &1F T 70 D A i o R 2 -
ALAMBRERFBETHY . SehEREOHIAEIT K

INEREHC BT A EEARELMESIT O TE -,

A ARRITREFEOIEEIIA AW H L, b
FOGZHBWT S, HE & O EVER R FED S
DEZFNX—BE 2R S =pnmbns Y,
— 5T, M ABEDO SO ERIER & LTHIAL
TENSISIE D 7, 2, b S - BR o2z
BIE~DE BB, LA ABRMEOHIE 2 K
LTWh7dhEtEXLND, T E T S
NHOHFENA ARBITEFETHZ LT, LA A
PED ITE Z i L 725K D #@E 21X d b DD,
oA ABEOME O FHIENZ X K ATV 2o T2,

Selective Excitation 0

of Pyrene 0
oY

Excimer
Formation

Structural Changes

of Complex —> Catalytic Activity

Figure 1. Design of cage-shaped borate 1 with pyrenes
through linkers.

YR ETII=ZEDO R 7= 7 5 VBN %2 A
W, RUERT VI =0 AR LT RS
JR A it U 72 SR O ERE DR 247 > T X 7=,

71 ARG BICESRIEZ BT D Z LT,

U I A AR DI DR, A AR PO
BRIEOMRE YNARETH D, AWFFRTIEL, VA R
Feothhif s L CofFEHEZfRm L, AF L8
EMNLCELUZEA LY IRRTHHEEKRL %
FXEF L 7o (Figure 1), #5851 Tk, 7VX LA
L7 LB & R T RHL OB BEH

/N A

NS ENENDMS LT E R E AT E D,
Flz, TAFIVEOREGER A BEX, bR
B0 FHNOE LU EOTX T ~—Eal% ke
T 5 EEBZLND, L OEREIE E =%
~— AR T, BhEIRRBICISIT D 1 D& I
JERRE L RES BB LB Z 6, HBRHTICE
VT B e DAV B N R 7= 7,

2. BHROER
AFVUEENLTE LA 3 DALMY
7=/ X UBRL T 1H; IZ BHythf Z/EAH S, &
IR T FREEAR 1-py 2 A A L 72(Scheme 1), £ 72,
L& 2 D ALL 2-py, 1 DEALT 3-py.
AFVCHEN STICEEE LV ZEALL 4
py DEREAT ST WTHOSEKRS X Bk bk iE
RTINS, EOREZ B BT L,

ol
WY WED
o 3-py

Scheme 1. Synthesis of cage-shaped borates with
pyrenes.



3. BRI

R FEEIR 1 py 1 340 nm (ZHREWRIL A R L,
E' L (Imax = 336 nm) &AL TH 722 &5,
HEREBIZBT A E LV U MOMEERITIZEAL
BRNEEZEZBND, HOGHIEIZIBWT 1-py 13 455
nm (2 FNTF v —LIRE SN FEE R L,
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Bl STz, #EeFMAEN S, 1-py TIEXE/~
—RNINE DT A XFKH7(~3 ns)ITheV T, =F
~ —FIHAY T D RFHFMAST(46 ns,80 ns)Ad A
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4. FEADALIEREET(

PR 1d-py Z/LA AEAMEE LT, £ 5
LU N T TS =) 6 O Mannich B ERIC
)ﬂb\t(Scheme 2A), 1-py TIIIF *14:(15%14“(%
S7=DIZHE L, 370 nm OFEIRH T TldE &M
%%7ﬁ%%ﬂkorwf%ﬂ$@ﬁimﬁEﬂ
T2VHRITEL . 3 DO LU 2ER LIRS
DITEMEILICEE L HERl S 7o, E72 1-thf (37
vibhE 8 LWET /T2 —9 DY 3 fkilk
W, JEHRHN T CRMBZNEZ R LS, mVIL
T B 10 % 5 % 7 (Scheme 2B),

(A) Mannich-type Reaction

|
o
MeO'

QSiMes catalyst (2 mol%) : NH O

+ Y oMe —M
\ﬁ\ THF, tt, 24 h MOMQ
MeO

5 6 (2.0 equiv) 7
catalyst | 1-py 2-py 3-py 4-py
. dark 10% 2% 2% 0%
Yield -oeeee e e
photo 9% 0% % 0%

(B) Glycosylation Reaction

BnO:
BnO: o) BnO
BnO BnO O
BnO F BnO

BnO ™o
i o)
8 (1.5 equiv) 1-thf (10 mol%) B%(g&'
CH,Cly, 1t, 1h B0 Hme
HO ERC 10
Br'laOO 0
n BnOJ,, dark: 0%
9 e photo : 90%

Scheme 2. Catalytic applications of cage-shaped

borates with pyrenes to photoactivated reactions.
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5. RO M@ LI S iiEAER
J:?E@ Mannich B &2 €7V & U721 FE R
VEESBLOGICL DX U —DIENIX
%ﬁ@ﬂ ézhﬁ“ AR BE D SR B FE ~D = v
X —Ba)/E - BEIIABER RO m RIS LR
WehipEile, £7-. DMAP RN EE7 1
dmap OFEE Y 2L HIZISIT D BT 1R %
'H NMR JIE2H RAES 5 & MEEHIOLRA T C
SO 100 fEAR S D Z L BB L E e o
72(Scheme 3), T % >~ —TERITfE 9 SR DREE L
B3, BONL P E Ak O fi Bl e 2 e U, filfie
WRER ESEZEEZLND,

Me<. .Me dark
N D
| BN . DﬁD hv 370 nm) j\)i ﬁj
? | Z Z
N D" N"TD
B
1-dmap kdark—81><10 st
= borate 1 Kohoto = 8. 2x10° 5™ )’(100

Scheme 3. Accelerated ligand dissociation rate under

photoirradiation.
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PHERTLEBRSREEE, MR LTH 7 EMED
BERISH~EHEAT D2 LT, NTE&BRFRIT, JEEDSE
B 7 AL RO R\ TN 7 AT & R 5 D,

T, a0 NV—T1%, BICHEERE CH MAERAL
FISICAE R L, AT & LT Cp*Rh K% & 7 2
AL N T4 % % L= (Figures la and 1b), [IE 72
10 R8H B-NULAEEE R T 5= ra (7 1 (NB) ®
2 R EROSHNERIC, Cp*Rh $&1K % EIELT 5 2 & T
Hivd N LAeREESR NB-Rh 1%, HEKR C-H AR L& /%
HTA27r 72/ 0AFT a1 &7 0% 02 OMMERIEK
S BT, AL e il TG M A2 3 2 & A3 L 72 (Figure 1c)
2, I hIZ, A~ X, Cp*Rh $5AZGFE L, EHITIEK
5B % BUY AT KRR OB - OS5 5L T
HZEEEMIZ, NB © 10 K8 B-N Lot L TRz
W2 ARD a-~Y w7 A8 (HLH KA A V) ZEALZF R
FRO N T 48R3 NBIUH.Rh 28I L, BH&EE C-HESE
e LRSI T A ALiE 2 m E S5 Z Ik B L=

(Figure 1d), Afa Tk, ZoOxF* ZM A T4 JEESE NBH.
Rh OBHFEICHOWT, TOFEMAETET,

2. FASB NI & EESR NB"H-Rh DR5
AT IB O TH 41X, NB @ 10 A B3 L kg E
ANTDBH T Ry FEET—7 & LT, RS G 7 2R
2778 (FABP) O helix-loop-helix (HLH) KX A 2 H L7=,
FABP 1%, EENTREESL T/ 4 R EoBmtE &y
DEIEEH I FELG X X ETH Y NB L REED 10 A8 p-
PNUEREIZMZ T, 2 RO a-~V v 7 2572 % HLH
RAALHEAFALTNSD Y, 2O HLH FAA %, Z25LRRIC
WBUKIMET 2 BEFRFEOSELS L, SMANCITBUKIET 2 k%
FENEFIT SRR 7 R EAEE LA L, FABP OREER G0
P75 L LTS 5, Fxld,. TOHLH RAA v D=2=
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NBHLH-1

Figure 1. (a) MD structure of NB-Rh. The Cp*Rh cofactor is
shown in orange stick. (b) Chemical structure of the Cp*Rh
cofactor. (c¢) Cycloaddition reaction of acetophenone oxime 1 with
alkyne 2. (d) MD structure of NBHH-Rh with a chimeric protein
scaffold. The Cp*Rh cofactor is shown in orange stick. The o-
helical cap domain (HLH domain) was shown in yellow.

— 7 REEVEICER L. NB O B-/SLUliE~ LA AT ¥
AT Z Ny NBHM 2458892 Z & T, Cp*Rh 51K & 0l
L, X DICIFSOGHEE % B AT S BSOS 3 B EE T
x5 L& 2 7= (Figure 1d)

ETHDIC, BEMICEERT AT X /37 8 NBIH 4 R
EEEET 2, Rt biEicd &5 <k T
AN EREEFE LT, FORE., 119 FEHOT I
eIy =k, 149 FHOT IV BREICT 7 Y N
BON & 72 NBTUHI(YI19A/G149P) 28 45 & 7=,
NBHLHI(Y119A/G149P)i%, 25°C 725 40°C D#iPH T4y 728
BEMEGE L. E7-. FDOCD A7 MEZHELI-E 2 A,
NB L[AEED B- Lol HLH KA A VIZHET S o-
helix FEEDPRFFSNTWAD Z &2 L7 (Figures 2a and
2b) . F 7=, NBHH(YI19A/G149P) D 7 3 J R EC ¥ /s &
AlphaFold2 |Z X A i AHGE A A FM L2 & 2 A, HLH R 2
A VW NB ARDOBKNZELZTE O TH R Bmikigis



ZIRE L, M KA A > ORICIE Cp*Rh $5{A % GiET 2 DI
T3 70 KE SOBKRIZEIDBTER I TND Z ERREB I
7= (Figure 2¢),

(a) (b)
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—— NB
—— NBMLHI(Y119A/G149P)
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wavelength (nm)
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wavelength (nm)

Figure 2. (a) CD spectra of NBMI(Y119A/G149P) (red) and NB
(gray) in 100 mM KPi buffer (pH = 7.0) at 25°C. (b) Differential
CD spectra between NBHUMI(Y119A/G149P) and NB. (c)
Predicted structure of NBMH!(Y119A/G149P) calculated by
AlphaFold2. The hydrophobic cavity is depicted in gray with
surface modeling.

Wiz, ¥ A 7R AT 4IRS NBAH(Y119A/G149P)-Rh O
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ZEREM LI, ZORER, W&ERIDO N Le R NB-Rh &t
i L CL 3 A TR T AJREESR NBPUHL (Y 119A/G149P)-Rh 11,
PR RO EAR L, FRCEE 20 I =Y RAEHK
(Km) (DWW TKIRZRBD DS Lotz IEMEEE G 2 v 37
BD HLH RAA CEEALZZ LT, EEFRLoBIKMEL
Al OFFERT L L2 EARB AN, £, AAT
& B IR OfMBLEER E2 D S L, HBREE(RIkIC X D8R
7% NBHLWL(Y119A/G149P)-Rh Dk % Ffifi L 7-FEH, 7 ==
NT T2 RTF v VEOFERRT I BIREN LA R

W OAN X R = NBMUMYAP/FYNF)-Rh 2 ® {k »
NBHUML(AP/FYNF/HT)-Rh & B (K 23 18 15 < 1 7= ( AP:
Y119A/G149P, FYNF:  L75F/L76Y/L131N/L134F, HT;

E125H/F127T) , T b DX A T A T RERLRIKICH
W, TOEFIREBEER AT A—XEHEBLEZ A, HE
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2kt DI EE BHCHEE 1 OI =) ZAEH (Kw) OBED
DR I 7= (Figure3) , ZZFLNENC K EFIER T X/ BBFR 5
PEASNEZZET, TR M7=/ o FF 0L OHFFRE
HERANECL WA Z e TREND, -, HENILEDS
U7z NBHEHY(AP/FY NF/EH)-Rh 25 FLAAR O fil 5 SO 503R (Keat! Kiv)
Id. ZRHITO NB-Rh & bhife LC 40 el b L7=7=2 &
HOMNERoT2, U EORKERID ., HLH R A A KT 5
BUK S O APERER &z,

(a) (b)
substrate 1 substrate 2
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Figure 3. kea/Knm (solid bar) and Km (black circle) values for the
evolved NB"'WI_Rh variants with various concentrations of (a)
acetophenone oxime 1 and (b) alkyne 2.
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Apomyoglobin” Takashi Hayashi and Koji Oohora, 44th International Conference on Coordination
Chemistry (ICCC44), August 31st, 2022, Rimini (Italy). Invited Speaker.
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(1) “Engineering of hemoproteins”, Takashi Hayashi and Shunsuke Kato, “Comprehensive Inorganic
Chemistry III” Jan Reedijk and Kenneth Poeppelmeier, Elsevier, 2023, in press.
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(1) EEHENRE S 2022 WA R O ERSENE . “Obliquely oriented 2D Perovskite in 2D/3D
Heterostructure by Templated Growth on 3D Perovskite”, FHEpsxth, EH# 2. RIRHEH

(2) IEHWER BV 2022 EAR A 2 —H (BHE), <SR rE2Mnlal 27y
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(3) Recipient, Student Sponsorship Program, Society of Vacuum Coater, Charisse Marie D. Cagomoc
(F i PG HIBEIRR FHIFIEER MY S BSOS RT3 HF) , May 2022

(4) TFEC-2022 Best Research Paper Award, “A Spectral Analysis of Relationships Between Overall and
Local Thermal Transport Across Nanostructured Solid-Liquid Interfaces”, Kunio Fujiwara, Shogo
Nakata, Masahiko Shibahara, 7th Thermal and Fluids Engineering Conference, Las Vegas, USA,
May 2022, American Society of Thermal and Fluids Engineers.
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(8) Humboldt Research Award, Takashi Hayashi (43%04 4= 10 H).

(9) Recipient, 2022 Encouragement Prize, Association for the Advancement of Manufacturing &
Technology, Charisse Marie D. Cagomoc (% ifil & il IR FHFFEER T 22 SO % a3 #F), Oct
2022

(10) Finalist, Coburn and Winters (C&W) Student Award in Plasma Science and Technology Division
(PSTD) of the American Vacuum Society (AVS), Charisse Marie D. Cagomoc (% [ S bt ill {175 &
WFFEERY 2% RO E% RT3 5F), Nov 2022

(11) 13th International Conference on Nano-Molecular Electronics (ICNME2022) 2022 Student Poster
Award, “CH3;NH;Pbl;-Based Solar Cells Fabricated by Bar Coating Process” , Z5EE s, BEH-#2
=, RIEHER

(12) James Hoeschele AsBIC Award, Shigeyuki Masaoka (4514 412 A).
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(16) @=L X —NEAFIorRE 2 37 [T HU R s & 2 oS IR e SEEDE,, “Validation
of Low-energy Neutron Spectrometer Using A Position-sensitive Proportional Counter - Design and
Fabrication of Beam-neutron Source —”, Yu Fujiwara, Isao Murata,2023 41 H 25 H~27 H(2022).
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(19) JSPS Research Fellowship for Young Scientists: Charisse Marie D. Cagomoc (7% [fi )it il {H15% &
WRSEEY 2 SOe 3157 8F), April 2020-March 2023.

(20) JSPS Research Fellowship for research (short-term): Pierre Vinchon (3% i S b~ il fE13% 5 72 80 Y]
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