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T A AENZ X D RS EORIEIZ, KeaIREF (QCM) &
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#IZ FT'IR MIE&4T > 7=, TOFEHE, FTIR 227 b
VX, RGBT, 2200cm-1 (ZENRWINAH Y, =
FUIEEFRIZZZ2WINTH Y, BREEOFEE TIZY T
JIHTH D FHREMED E (K] 4).

1 ABBICHIE LAY FubiL, 2200cmt O
WIN/R8E 5 & & BT, 2900cm ™ [ZHT 72 (W A3 I H
SNz, TR T T BN, BB oRE & & B ISk
IIREDILFEANEZ W, -OH Rt Ens
Iolcho-tESND,

HL, V7 ETHUIEFIZ N B IShTnb
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BRI E 2 7T A~ E TR T 2% ¥ U 71267220,
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FIRT Dz &T, kxRS AMTbTRBY, £D—
DWIEEN DD, HITA Y T L ABRENEREE
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pHE L W 9 Hifi 2 BI% LT\ 5 [3, 4], 1K pH B0 HE
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BT D EREETHD EEZTNDS[6], BRM

1 LF(Low Frequency) 77 X~ = v k1, 2],
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DRIBRAR L 72 HIEVERE X NFEEL TWD 2 EQVRIE S
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WCF R A D ERI GO EnD, TR X 2NE
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SOD (Superoxide dismutase) DI K 0 % E 105K B
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52 & CRMIEHERZ R TICRAFT 22 NNk D &
WOEIRZ T D L b d v, 2FD, 77 A<
FK DRTERAAF & 1%, K pH 1% TH 2h 22 1 MEAE & B AR
ELTHIIETICIRMET 2R ToND, D7D,
BRI ClE 77 X~ BRATIRF & R B IR 23 A 12
—HTHLODOD, TT7 AR TILT 7 X~ 5
RefE] & BB ST L b — B L2, SV HEEZ
5He, RRFRIBE L7 T X< BK I L E R E O
EHREAEZONTEY , TE W TR ERAIT
D e, TT AR AT 2R D4 720 ORI -
T —JE AT A OICEmWRE AN ESND & D
ZETHD, ZOX DB ZFHITER TCOMEFAHE
EBRDHEIEFILHEETH D, D EIREIZB VTR
WFSEE OWEHE B 1 LN OEELHEZ EE I
TWDHA, EHERETZLE 1 5LURNOT T X< ER L
TERWEDIZ, BENBIRENTH D, UKL
T, 77 RA<UHEAKE NS Z LT, HlziE, 10 M

—@— direct exposure
- £3 - plasma-treated water|

viable bacteria count [log(CFU/ml)]

detection limit

| 1 e e e e e e e = ‘—
0 T T T
0 10 20 30 40
plasma exposure time [sec.]
M3 FIRAVEERN LT T XA E
7-#HEEBR (£ coli, pH3.8),



DT A~ W AT o T2 BLKIXZ V72 1T OTEPEFEA
BADLNTEY, AHIKEZ T B ALE TR C
ARECHDHLEE R D, ZNETOMRTT 7 XA~ L
KOFRENFIEFITE . BEERR L7 7 A~ e
KICHEKEZIRET HZ L CRENEHMI L& Z A,
AR E. BARO T T X~ LK TIX, Bacillus
subtilis GEN) OEIEE % 10212, Escherichia coli
TIE 107 E T SH 2R 2 RE IR H Y |
EIRIEKFE T 100% Y DORE T TH D Z EVHIA L
TWD, ZD XD OB T DI N A~FI AT
HE & ZRAVIZFEF AT AE O i H FEALE A HIFF C &
5,

— BT, 7T A= b IIR & 2R EPERE N R RE ISR
G S D [T], AR pH IER AR R &M T TR
OH - . '0,, 0 72 K DR FEMIDIGVERED % 5138 E ) &
WOBLEMNDITERIZLEE 2 5, AMREHEB 22 &
Z D XD I AR R OIETERR TR RIS B E &
FOGSS 2 T2 DI NMRIZKT 2 BIWER 23 & 2 FTREME DS &
ST, TR KEHNDET, Z0 X5 RiEHE
RO EE NG, 77 A< EKO X — {5 MEFE
ThOHENME X OLZMiGT o2 N TEDLEE R,
ZHIEENENOIEMNR Z L O OZEE R H L
7o, IEHEROBIROMIETHL L E O 2N TE 5,

INFETT T A< B KOFZE T EMEN 7o B L5
DWFGE % LN AT 72 B A iR 3~ 2 T2 DI 8 T
XD, BRRISH Z 5 2 TH R RAMAE S & AT 23R
HTET, SHITHEFTOYEYLFIEZB 02T 5
Z LT, Atk BERRFOSE ORISR Z fE T
LHZOICHLEETHD LiEmOT 65,

4. B pH ZFAW-RKREEEBRTSXATICLDTEAR
REORE

KEEIRIE T 7 A< 3R {L A b L A& A EKEE~F
TG T2 & W O R H 0 | MY L 7= AR
F M OTH B ET O W RHCAVE 3 B~ I FF 5 % 1 6
TW5, —IICAERRHITENRE CTH DL LD,
WBHIZBTABRENEETH D, BxITEBRERICY
T A wBET D8 RO pH & 4.7 LU ICH#ET 5
LT, PPESME T &bl U D (EEERE 1/10 12
DI DICDITHEREER]) 25 1/100 & BRI E L)
REmEd 5 “UKpH¥E” #B% L7z, UL, HEE
HRIZT T A~ B U CRE&1T 5 1n vitro DFEEFR
2, EEARREIICT T X~ 2B L CORREELT
9 in vivo DEBRBITIREN S\, A NSHEHBERICEK
57T X<,

(DAA R 1 O kA
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QD pH FETETRE

ORI L DIEHERED A R
IZRY, FITRXAORENRITHEDL LEZDBND,
F2. BEDBEOETDOIE)N, 77 A~RBEICL D,
R OBWIREN RS SN D,

AL TIE, & NRIBHEOET LV E L TT X K%
v, 77 X~ EEREIC L DK pl kO FE R &
DCAEMEOFEELHEZR L, T72bb, Ho0 UK
B B MR ALER 7= T X RS e T R BRI IR B IR A B
fiL7oth, pH Ny 77 —%8BAT 5 2 & TT ¥ Rl
O pH ZERPEL HFPEICHREE L, 7T XA~HHEEITo T,
BEDROMERRIT, 7T A~ Uiz 7 ¥ e R,
HICH LA, B Lo =—%2818425 2 & TfT
>77,

ZORER, T X R ED pH & 3.5 FREEICHRE L T
T A< B U722 Clid, pH 6.5 FBRIEICIHE LR L
g LT, 7T A~ BEERO AR A LT
ZENH (M4, EpHIEIZ T X EERTHLARTH D
ZENHERTE T, T, THEDOT T X< B EER
X777 A< eSO 7L & g LT H Y. » 7221k
DHER SN o122 L s, BEAMITHRR/N S
WhDEEBEZ NS, AENLT 7 A~ O EERKIZ X
HFEBRICEIY, KpHEFAITHDHZ EE2R LT,

SR AT pH &2 R T IC ARk I 7 7 XA~ 2
4220 OERPITOATWDEN, Foxr DR LT
RpHIEIL 7 7 A~ HENFEALIN D 2 DIENAEDOE
MTHDHILEFFHLIZEEZD, 5HBITT T A~
HAKICEDRE N OFEFEE D, KRIZE-TT I X
~ W & 7T A< BRI L AR E R A Vbt h
X THTETH D,

5. 7S5 XTMBKIZKBEE

MERHER O TIX, DR, RE. EEWRIERICE
JOMHEB~OBEHEZ A RFLTHRY, FEET L E
RESE U2 R ) - Bt Ol &2 #E D TV 5 [8, 91,
v NEENEERHWT O R T VA ERR L TR D
DFZIT> TV 5, HLEEHNTHKEE-dH LI

(X 5). Streptococcus mutans % 7 B [EEKE CHEFR L

M4 7T AvEBERE LT T X< BLKE N
7AW IR (B coli, pH3.8),



X5 WIKEIT-TZE MNMEERO~A 7817 4 —
J AXHRCTIZ K 5 b4,

O ARG T LV AAEEE LT, UHER B TR e &
PRI UAEBEBUT & 0 B E DR 2Rl L7252k, 79 X
~HVEK & 10 RVRREMEH &85 2 & THo R R E R
DLz, WEHMORE N2 Lz & 2 A
LY 0.8mm, 1.6mm, 2.4mm DIEINLE T, 10° L~ D
EET, BRHERA (10°) LIFE7e b | ek B o R
WP LTz, A RNET T A~ Bk E W E Th
L5, LRI 7 A~ OE#ERE CEBRZIT->TEY
180 IEED T A~BENMLETH 7208, 5L
T AR E W2 2 & T IO RRE OALE T+ T
HAZENHA L, Tk et BE N EES
Nl s, RIS S H I EARICHE 2 % FlHE
PHEFD TWDHENTHL L F 25,

6. HiEF

AW RIIMBLOHBEBZ-HLOTHY, <D
HFEBFEH O T 5, FRlZ, o TEMTFIER
PR ST PE S TR B I FE AT O FH) B TATATZE B . W FE
{EFIE IR KRB IER O R FE LB, B2l TES R R
B ORI HEBR . ERIXENL D A
— WU R D4 T FILBHRE ORI IR KB L TR Y
F7, £, TARDRE v 7 « FAEOERRIC G k72
FER AL L CHED CITHE | COEBESFEICHTH S
JERSRWT — X ORBICH ) LT 72 X a5
Do BlEREE ., RO WS &5 TR B O % HEdE
LTWVWEZWEEZ D,

7. Xk

[1] AEEPBSA. ISR FAEE, 4 H 5. (2008).
[2] HARERFFE 4677530 5. KERFFT 8,232,729 5
[3] S. Ikawa, Plasma Process. Polym., 7, 1, pp.33, (2010).
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1. EL®IC

WK DO Z AT D T2 DIiE, Wik %E— 7 i
WRFFT DN 5, RELSOWE OGAIL, B
EHWDZ & TR E— 7 FTICRFFTE D, LLIK
RAERICR D &, BeaDIEom S & A F
JEER ZTRNND DD, FIROBUA DB & R
BICHET LI EIFIELLNETHL, DD, &
RCIEMNRT 7 F /A4 R RliROB ML &
LENTWRW, T72bb, 775 /A4 RO@KIZET
P LFIIERICRMOEE THY, b LT VT
A4 RTHD U EELAEERMEOEYNEDFHE & = DY
PRI A ) = X AN CE L, 727 F /7 A ik
WAL L WO B LW R Z IV BRA gEE 22D O
Bo AHFFETIE, U & Zr-Fe O&&IZERT D, 7287
5. Zr-Fe ZIXHEAE T D Zr-Fe 3RV AMEM 24 LT
WARWILE R TH D728, Zr-Fe filA DEWIZ L - T
RHOMEENPRKRELS BT D ENTERINETZDHT
b, £z, U-Zr-Fe G&I1IEEH 1 13 BT OF
DIRRENE S B CHRER H L2 P DRI & £
TWHEEZLNTEY, FHERBREOMI &
BLAND Y U-Zr-Fe WBRALA G OWPEICBLR AR - T
W5,

FR OB PE L FANT « TR R & 72 BBR & Ff -
NTWDH, Bk X 5 (2 IEMe 2 e O BUS A3 58 L
VD MBS SRR SR EHEA T o T2, 2
AU, RO —FETH D EFERIEY OBIREMN
KELHELR, BREFESED 2 L TREOMBEZ fif
WL, EfEREBWMEZIEST D ENAREE o7z,
RN LR T X o B s Eilkl e 2o
JEPHIC Bl L 7 b & oM@ < 7 —na v &2 FIHT
LA TH Y il L RENIInE L — Y —%
WU 2 2 & TR T X 5, RFIEIIMoOREEE & IX
H7e 0 | PR LU TIEIEIE BRI WIEIR E e DT,
Bl Kk ) K OAEMELREE OB MO IEfE 7R
HENFETH D, T7hbb, BERFEEZ O
U-Zr-Fe B&EOEMRBMEZNETEDEEX
HiLd, FREFIEEIL, BARTIL JAXA D7 /L—T" )3
D& THIFE R D TN DY,

ZOXEIBEROL L AR TIIFEREELY U
EatefRICERA L. 727 F /A REATH 5 U-Zr-Fe
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KA., LHdRIr
HAEMEOBWMEE FHEICHMT 22 LIk -T, 7
JF A RBUEKO—FETH 5 U-Zr-Fe B4REDEY)
PEERAEMICEEST D 2 L2 BINE 35, Zr-Fe IALA
BT OWTIL JAXA DIFFE 7 V—7 & HRIFZEZFT0,
JAXA OFRERIEFEE 2 O CTEWIEZET 5, £/,
BB D BN AIRE T & D KIKKFIC B W TR ETR
WEEEAER L U A& T 7 F /A REko it %
WET D,

mAF

LEEE N
VAWV AV 3
Bl é L2X 24 )L 5—
T e sl E
lHe-Ne I/—"f—i +l:l_:_ &Egg

i

THEE
YA EiE T L

— BETVT Ay
A/D ZEiR3R
PID il
BETVT —{I /A iR l
B 1 EeETRiEE O & | FilE L TV A EE o
TR,
2. ERAE

Zr-Fe | ij\:EEEIF(ﬁEEE 710,760, 24 Kja”é;j\:EF'El?E§0i
928 CTH Y. Zr OFhS 1855 CX° Fe DA 1536 C
AR TIEFITARVIRE T4 2, £ 2T, &l
A& &Te Zri-Fe, (x = 0.12, 0.24, and 0.50) DAL
DOEL 2mm FBREOKE XORE 27 — 7 IRRIEIC L -
TIERIL, SR FERICER Lz, ER L7230k
ABIX %K 2 12T,

FR AR LSS E N Ol L 7230k 2 0 A Z Tl
®LUTEEL kD, A
BroEE & RENS

k.
VO 4 O B 1 2 age
o il WSO b
KEHE & B R
WHRENEIZ X - Tl
e M2 HEOMEE.



3. ERER
3-1 Zr-Fe BRAE S ORPMLRIE

31T, WIE LTz Zr-Fe IR A& DEEE, FitE, %
T8 9 ) DR FERAFVE 2 TRk Zr, Fe OSCHRIE® @ & 3k1
NS R e Y YA B iND ALY Y (AN AV EIES S| AN
ZAb L. REPEIIEEHAR D x = 0. 24 D & X TR & 7
b, Fio, BEEOREEINL Ir LIZFZFRBEETH
DTNl @,

r © Zr
0.88
7000 | N

N\ 0.76

Nooa
Zr0.50

—Zr[2]
--Fe[3]

6500 —‘ R

FeO.12

FeO.24

FeO.SO

Density, p/ kg-m™

6000 L
900 1200 1500 1800
Temperature, T/ °C

2100

100

F(B) © ZrgFep s
B Zrg 26F€ 0

s ZrO.SOFeO.SO B
—zr[2)
--Fe [3]

-
o
T

o |

A

Viscosity, 1/ 10°Pas

0.6 0.7

0.5
Reciprocal temperature, T~ /103K

0.4 0.8

1900

E(C) © ZroaetCor >

1800 F o zr

0_76Fe N ’:

0.24 ~

1700 - & Zro 5P €0 Mo

P —zr2 ]
1600 |~ Feldl

g AeBog, ewo
tad :

i ——
1400 © o

1500

Surface tension, 7/ 10°N-m™’'

1300 |

1200 1400 1600 1800 2000
Temperature, T/°C

Zr-Fe IR &40 @B E ., (bKE, (O HEE
DIRFERATE,

1200 [
1000

X 3
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3-2 BHERBEEOMER

Zr-Fe VA& 4O B IMERIE 28 L TH b= A
ZIClZ. JAXA DRFZE T N— T D52 ), il
B A RIRKR AT TER L7z, 41T, KIRKF
TER U 2§ Bl E B oNMEIN &, BilFL TV 5 Al
DEROET %R T, Al OERZREMICIFFESEDL 2 L
WZREIZER D LT D,

X 4

AR EAMEL L VRIS D AL RO,

4. ¥&hHYIc

Ir-Fe A&MRICEERELEA#EHATHZ LI2X D,
Zr-Fe B&RMADEE | itk K OFREEN Z[ET S
ZEWTHRPI LT, Fio, ERERIEEE E KRKTICE
WTERLL 7=,

5. SEDERE
(1) U~Zr-Fe B4R D ¥ MHERIE,
(2) FE 2 FA O T oA S AT

6. 3Tk

(1) W. K. Rhim, S. K. Chung, D. Barber, K. F. Man,
G. Gutt, A. Rulison, R. E. Spjut. Rev. Sci. Instrum.,
64 (1993) 2961- 2970.

(2) T. Ishikawa, P. -F. Paradis, J. T. Okada, and
Y. Watanabe, Meas. Sci. Technol., 23 (2012) 025305.
(3) T. Iida, RIL. Guthrie, The Physical Properties
of Liquid Metals. Oxford: Oxford Univ Press; 1988.
(4) Y. Ohishi, H. Muta, K. Kurosaki, J.T. Okada, T.
Ishikawa, Y. Watanabe, and S. Yamanaka, J. Nucl.
Sci. Technol., DOI: 10. 1080/00223131. 2016. 1174626
(2016).
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EFE—ALARROBOTE L OMEEM. BT,
FEEYE O HTIZ B DA A
SEEAR, WUAIE, AR, PUAREES, ALK

1. LIz

=P =B E— NI ALROFEBIZER L <,
ERSDISHBEAL TWND, ARUFFEE TIREMDE,
SAEW S, RIEDEF R R L, LY —2 X
ChETrETE— AEAERKVEYTELEDOMAE
TER. WMEfRAT . R E O T BT A58 21T -
TEY, Zhb O CEAERMEER, BARARE
) Mo A (FERICHIATX 2 8MBI%R) F Lok
& PR BRI AT b)) BB LEETL
AARFZE 2 HEME U 3 LER e O e - Babks
MAEBELTWD, LLFIZ, REEONFTEIEEMEE %
SIS

2. L—Y—2l - BB
2-1. BEEMLBAREH VS A L—2 a3 VORRBICHITE
EHABOERLGAFEHFEEDORE

E BRI RN A EMET 5 72 DI It Gk D e 7
FEVEAE (WO AREL pa HRELERER ps. HAVER T g, &
WESTE ) ZHNTHEHR S I 2 =33 V2T O
ENRdHDH, HFFHEEOFHICHW G RERN T
HBITHE DR R R EWT T /e (inverse Monte
Carlo: iMC) EZ WL D TH DAY, IMC iE% V-
FHR T g DED u \IZHRWEBEE2 52 5, £7-, A£K
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— —-—g=0.9 --:-measuredg
e 25 | =1
E g S
£ 20 | B =l
Qo he) RS
Q2 BEGBEGB
5 15 | el
(@]
(&)
2 10 r
5
® 5
O
(%)

0 1 1 1 1 1

600 650 700 750 800 850 900
Wavelength [nm]

1o ERLERGHRT ¢ 2 T U RO

BELARY V&G U2 E (measured g), 35
T gm—FEOME L TEHILIZRER (g=0.9) &
D g,

35

D g 1T 09 BRELMBNTND — T, WL, B
O E~OEFELHE SN TWD, REEOHIET
1T g DERUBIZFE DN EMHER us DIREEZ HIIE LT,
R 600~900 nm (233 1F 5 A REEREHS X OVERH
o g ZWE L, g OFRMEZ N COBFRRREE 2 B H

L7z,

FER L g OEE AN COEHEEEEFEE T2 &
LY s DENRZE L (1), I, BROEE~
DIRFEEZZRE LT g DIEEZHWT e ZRETLH 2 &
IZ Lo TERNRIEROEBIZEMR TE 5,

2-2. BIAREIL 75— OMFBREICM IT1=EE 1200
mFIILFARY MILIERBRFEOFR
HIREE(LIEZ W W T, SR ERE 25 & 2
FTERERDALES 7 — 7 ZRET DHFIENRRD S
NTEY ., R EERNNWET T — 27 O L
i~ 2 W N AR ST\ 5, 2o
=D THLIERITNVTF AT MV A =TT
(near-infrared multispectral imaging: NIR-MSI) (%, 1%
WHBIE OV L TFEX VT 412K, TT7—7 DOFRE
BRI KOS HEROFEFFIGN AR TH DL EEZD
ND, AEFEOHZETIE, BR 1200 nm #~ /L F 2R
7 MVIENESIORR Z B & L, BifikiE(lk > 7 —
777 v R AEAWTEDOEDEIC O TREZIT-
72
MENEEZ AN LET T —2 77 FLDH
FNEEG (K2 (a) T 7 — 7 B OH R R

X 2:

BER 1200 nm i~ LT A7 R VILE R
BICLDALETT7—2 77 hADOBIE. (a)
ME NSO A, (b) A7 N7 7
< N IEIC L B LT AL R L.



HTHoT-DITHR, =/ TF 227 b (32 (b))
TR 7 — 7 Bl 2RI T 5 Z L TE -,

2-3. RELGFEREEICA T -ERHERBEO T4
IWARFADRBZENEDHA
ARSI 1R (photodynamic therapy: PDT) 133
R PEWE & CRREIC X Db RO AR L2 A
RIEIETH D, i, B A, %;wﬁ@m@ﬁﬁ
EIZHNRIBRIETH D0, SRS E AN
ﬁ#é’k?ﬁbéEW%@WE@tw@m%®ﬂt
W], ez ‘5_’&"5?& RS A21T 9 £ TOFRF
FERER OFIME, E7o. DA~ DY E D%
%ﬁ@ﬁiﬁﬁ@%hf“éo%_f\%%ﬁWt
WA %f) hemagglutinating virus of Japan envelope
(HVI-E) ZHE=EW'E CTd 5 protoporphyrin 1X
(PpIX) HR'E Z B A L 72 FrBl ez MESEH) porphyrus
envelope (PE) % PBH¥E L. PE & & A TCEHIZHU A
MPERTSZ MR 23 A (PC-3) Zi@% O PDT LV bl fL
VN 10 min 72 IRIE S 72555 0 PDT W3R & st L7,
B 312, R 405 nm O L —HPF—%&/T—EJFE 100
mW/cm? C 60 s B4 L7z 24 h # 0 PC-3 R o>l i A= A7
FhRT, HVI-E ~O PpIX JEEDOE AEN 55~9.5
pmol/HAU T&H 2556 EARmD AN > TRl AL
MK T L7z, B AR 9.5 pmol/HAU 2B\ T, #lfat
PR 10%E TIRF L, +57 PDT IR 3554015
BRI,

HVI-E OFRE 2 IAEICER L. FLs AAImHER]

SEHRD A ’ﬂTé@ﬁW&ﬁf@Hﬁ%@ﬂbﬁF%\
PE % V72 PDT X2 fH 10 min T & 443 Ze R
WREFHET D Z LRI NI
120
& 100
= n=3
0 g | (n=3)
g 60 -
% 40
& 20 -
O .
No 035 175 35 55 75 95
drug
Enclosure rate of PplX lipid [pmol/HAU]
3: HVI-E~® PpIX flFE DE A &% 0.35~9.5

pmol/HAU & L7z PE % v 7= PDT # ® PC-3 i
JLDAEAF R,
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3. L—Y—AFUILEESH

-1, BEBRERER O A -V EEST
RO 7 F oL LTSI LD 7 F o
BHEEWANRRBRETCH LRV 7 F o N EHINT
W5, EREGEOLATIE, VI FUPREFHT S
ZETEDORAERIE L 0EMIER (T ¥ any
) BHAWSNTWD A, BURORK Y 7 F LG
ARER T V2N RO TRV, £2T, &
M2 CIXFEER COME N FTEE TH 5. MALDI
(matrix-assisted laser desorption ionization) % FHV 7z
A=V B RSN E AT RGN T 5T Y
2 NOJHOPEE BRI E LT, A4 1EIZiEY)
oA A AL (= NV v 7 R) ORFEITVD, K
JERREN DT P 23 N O AR T,
REKEHOCTEE 100 nguL © 7 ¥ 23 b
(imiquimod) ¥FIEZER L, 5.0 uL &~ o A DGR
AR T L7, W e, BUKMES VX F 2K
RGO AHT . 24 h BICERR A RE Lo, WL
g2 2 & 5 um (23 W) L, indium tin oxide (ITO)
WL DEEEa—T 4 TR ENTZATA R T A
WZHE D fHT, BN TR ST, R, 01% Y
TVA a BERRAKIAK & =& ) — V% 11 (viv) TIRA L
T2 O CIREE 10mg/mL O~ Y v 7 A (0-3 T
J A RaXi b A KR OWREE-RL, X7 1—
T&AR L7o, PR S 7%, MALDI 181 TR R AV

RPER (EMOBR)
- anml
lmz

1mm

A3 48 (miz 241.1) Tk A0k

0 20000

0 1000

4 TP 2N b R BRI & T B R
SR OJeFwig, BLIOA A K,



BOMFHICK VA A=V T EEST 21T T2,

24 h ZRICHIH U7 BOSAERR D)/ o e, B LD
TVanNy hoAF M ER 4127 T, TV b
O7a hAfHNA Ay BEOF FU U AMINA A
MEEMEMER, B3 LONELrLHRE S, Zhbo
A A NIRRT NVARy N ETHREB SN, 2R
L0, TVanNy "R EEND 24 h #FE TR
FEDHNER~EIRE LTV D ATREMEDN R STz,

3-2. fFNL—F—FRAWNKK[ES A VILEEDHT
EDwEE

AR Gy 1 OREFER) 72 FEATIZ 35 W TE AT 13 D
TIESHWBNTEBY , A4 U ALEITEE R AR
Thd, AR EIZBT 20 TREMIZIHN LT
V% ESI (electrospray ionization) (3, RS AR
RBFN AR L W o 72 2 R OB O
FECRUBHABLIC BB SN D A A b ZET 2
TEBABNTND, RFIETIE, HRAL—F—%
MW REKEA A ACEESHTICIER L. AKBRIE
— 7 EROWEE 3, BLO 6 um HIZBWTXTF R
ENERLA A ACTE DEMBORF 21T 72,
AR L —P— & L C, R 3 um # TGN T R
MU w7 BIEFRO, FE 6 um H CIXEBERAES
RKOBEERAE L —F—% Az, WEREHIIZIRT T
N (TroAFTovs ) AV, 0.1% Y 7vAd e
R KA IR 2 it & L CIREE 10 pmol/pL D FS K 2 14
L7z, &%, #E 2.70~3.10 um, 5.80~6.38 um
DL—PF—ZL VA A NS HETHEANY MLEHl
E LRGSR, WE3um ., BEO6 um HIZHB T,

9 _
1 1046
6 2.88 um 9
[ | 300 pJipulse ¢ {\
c 3| 0
=. e 1044 1047 1050
-E 0 | ‘ll l sl —r
So9 .
2 16.00um 9
% 6 7 300 pJipulse gj I\
T 3 1044 1047 1050
0 +— i T—
0 500 1000 1500 2000
miz
B4 5 R 2.88 um, BLTV6.00 um O L—H—

BHEIC L > TEHBLNZXTF R (T oot T oy
V1) DEEANNT ML,
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ETNEI, HE 288 um, BELU6.00 um Thi b7 F
RDA F NG EHREDE < 72572, 412 KK 2.88 um,
BED6.00 pm OHFFRI L —F—Z B L THLNT
BHEAXT MR d, XTFRK (Torodrrvy
ID O7 8\ s AHINA AU PRI ERTND Z &b
5, F2, WE3, BLP6pum HWVITNOFEIZE WD
THRBED A A AEHRENG O, WE 3 um 1
BT D AKORIREIE, K& 6 pm #rZBITF 5 F &
DHR S ERENVTHEDLDD LT, A 45 5MmEN
WFERTOL—YP—CTIRERBRE TH-72Z b,
A A AN HRIT IR DO WA ARE A O ZE RN & (K7
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i A
/ 10 20 30 a 50

1 ERHIBER A () 36 X0 1300°C A A% BE
fEk Ch) OB E.

41

Hrigr R

OFIRFHE THE, 1250°CT 30min, HZZH|Z TEUL
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YT EAToTE. ZOI VU IR 15g (IR L, PNEE
10mm ¢ DEEHF A 2\, 1300°CT Smin, HZEH
50MPa OANET T SPS 775 Z &IT LV BEfbR A 157
W, ZD 10mm ¢ O FFRRBERE AR Z, PEE 20mm ¢ D
HENAZ A Z T, SPS IC k0 EZEREHLA T, iR
B 50°C/min, 1150°C2>% 1300°C £ T 50°CE & D4k
FETT 12min fRFFL, BHEER ST, MEIIAER
40MPa, JEEMRFFTIX 50MPa & L7z, B b 7-BHER
BHZ*F L, Lotgering 5% FV 2B M OFEI, SEM %
HEFAARELZE, XRD IZ L AMEESCHEERIEDIED, ~
A7 vy h—A L HERBR T2,

3. ERBERLLUSBE
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(1) C. Hu, Y. Sakka, S. Grasso, T. Suzuki, H. Tanaka, J. Am.
Ceram. Soc., 94 (2011) 742-748.

(2) H. B. Zhang, C. F. Hu, K. Sato, S. Grasso, M. Estili, S.
Q. Guo, K. Morita, H. Yoshida, T. Nishimura, T. S.
Suzuki, M. W. Barsoum, B. N. Kim, Y. Sakka, J. Eur.
Ceram. Soc., 35 (2015) 393-397.

(3) J. G. Noudem, D. Kenfaui, D. Chateigner, M. Gomina,
Scripta Mater. 66 (2012) 258-260.
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Figure 1. Possible regioselectivities on the addition
reaction toward 1,3-butadiene.
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Scheme 1. A possible catalytic cycle
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(18), 5550-5554 (2016). Highlighted as Front Cover.
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JoA ATRIIFE % DRSS I TH ] 7o fil i
ThHY ., TONA AFRMEEBEICHET 5 2 13w
WCEBERHRETHSL, 0 TH, AUF - THI=

Al WoT- BIETRITE VLA ABEEA R T L L BT,

EFRELEETHY, TOADEHANLEEND,
LU, Z3vhH DI ORI HIEA S Tldzeun,
el 2. RURAEY 1 T ikt s U CHEEE L 7R
W, AL, L IXPEEETH DRI, AU R-RR
A OB N R B E Z DA ZAFENRTHTD 5T
WhHhEEZLND, £ T, Fxid 1 OfBEAF
MZEB L. 8RRk 2 285 - &Lz Y

7 ARIOREE IS N3 7 #- MR F- M OB 25550 |

2 IZEVVBERE A BB S D 2 M TE R, &I, &
Pt R O A CHEAE TN XY 2 I8 bS8 H 2 L
2L DNA AFBYEOBIE I S FIEE L fe o7z ),
ABFFETIE, 7 TR T FBEEER DBV T
VM TRA A TEBER 3 R - AR L 72 (Figure 1),
T T UNERAE LTV RRFE— A FROWEHE
BREBWEANILD o JLR2S, 7 IRIAR TR ED
L OREEE B 2 HDN, 3 DI « LA ABEYE - KU
PEDNBRRFET L2 9,

Figure 1. Design of cage-shaped borate

Previous Works This Work
. o is Work:
higher Lt_ems a_c!dny photo irradiaton control
catalytic activity B
[opiodale}
= 080 o7
0--° ——— %\QR — O /
= o= R o Mo
Y — H Yo
X
1 2 3

2. LA RERMEE RIS

AEER LT T T ks & AR A TSR 3
DA AWMEZ Bifhdh X S ERENT . NMR, IR 705 AL
BH ol

HUL DR 7 R & BULIEBETd 5 THF OREFRIRT-
IBEBEICEH % &L 3-THF TIE, 1.575(4)A & Rk
D7) A Y R, 28 THF (R=H, X-Y = CH) LY b
RRENZ EDRDN D, T THF OBERE T304

/N

AMEFE UTER L, A ARMEZ R TR U RET &
DOEOMAEEROREZRL TS EEXOND,
W B-0 fEAEMND. 3 DIT ) A AferEnm B L
Z &R E e (Figure 2),

Figure 2. X-ray analysis of 2a-THF and 3-THF
3 .. 1.575(4) A >

3D A AT y-E e 4 EOERND, KV

EIZRIES 5 2 & T& T, BCNMR HJIEIZHBIT S C3
MAZBT D7 hDZE AS(PC) & IR JIEICEIT D
C=0 HHEIREI D% AV(C=0)&RKHT=L Z A, WInb
3134 LIBEERR L TS Z EDRRED DAL LA A
FRPEIdSE R 2a K VSRS IO NE VI EN RSN
7oo 3NFHIBEY 2R T DRV A AFETH D BBrs & 55
VA A TdH % B(OPh); (L)DRITALE L TV 5, (Table
1o

Table 1. Estimation of Lewis acidity of boron compounds
4
4
3 2i °
Bcompound + 270 —- 4
1 =
o7 2
4 B

B compound  A8('3C) of C3/ ppm Av(C=0)/cm™

BBr; - 25.07 2 high
BF3-OEt, 8.71 - Lewis
3-THF 6.82 13.90 || acidity
2a-THF 6.78 13.69

B(OPh); (1) 0.77 289 | low

VT, 3-THF OffiiiRE & it Uiz, /LA ARl
ELTHIIT N R=ARISIZHWE Z A, KT
FOSHEEST L 63D 2a-THF LV HEWINERE R L2
(Table 2), FEBRAVIC AR S B vV A AEED W A K
1 QO QNI I =AY iy N [21 T2 el U ST e e N Y 5
HmERoT,



Table 2. Catalytic reactivity of 3-THF

o ) Me;Si0 O
)LH . OSiMe; catalyst (10 mol%) 3 oM
i OMe CH,Cl, rt, 3 h ©
R
yield / %
| ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
catalyst o { R=Cl R=Me
3-THF 57 40 61
2aTHF2 3 8 29
a:6h
3. HMEHE

AEIOEEE 3 DL A AT RICL - T
HLRFFEI N, EBEOIEMHERCTH D ZFALSEIRIT O
C DFT 3tHE %47 > 7= (Figure 3),

A AL UCTER T 5 next-LUMO ({2 W TCHEH
Ll RV T TR 3RO I TRIR U FEER
2a L0 HIEWELEIRM 2 A L TWD Z ERRMEL O
2o ZHUZL, 2a TIEA T FELICHENRAELELTWD
DI L, 31TV 7T Bk & AR nde % LinE
DEEE LTS LD EEZBND,

—F., BV YU ENAA AL LR DR ElLT
XX —AE AfEb -7- L 2 A 312 2a L IFIFFRBRED
i & 70 o7z,

e D F1 /IR T FEEK TIX next-LUMO D #E AL
DMK 2R IVRSEE R Eb = XL X —AE b IAERICA
WCREL RDBMEEMB R LN TV, ARl 3 Tk, K
VY LUMO A2 Rm T I b B 6§, AE 1% 2a & FIEED
EBEioTEY, ZORERRWEEEZRET HERE R
Sz, TORFRIREFAEEN, BITRLTEEmWILA A
Felk & @ EER OB HEO—R E B 2 b b,

E5iz, 3 Tid2a LB L T 15 56 K& WV GT-E
— AU EALTVWAZELREL N, XV T
T BRI T D BTN IR ICEE SN D
ZETHMEINTZZ ENI DN,

Figure 3. Theoretical calculations

-B. >
00 (o] o)

— H !
2a 3 N4

next-LUMO

next-LUMO energy level -18.26 kcal/mol -21.58 kcal/mol
AE in pyridine-complexation -19.2 kcal/mol -18.8 kcal/mol
*
@ o @
3 oo 42
X @ " ‘ e o
Dipole moment @®@ o-d o oe _.:o
..-" 2: Y ® *
° [ e e
1.95 Debye % 97 Debye
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4, i I G DS AR ER

BV A ABRME - RBETEMEZ R T Z E RSN E R
o723 THDHN, XV BEEAR 21T 2 72912,
BN 1A HGEE DR EEIT -T2, 35 & 3IIERD
K 2 TROINZHES T TORM FOMEETIZ R &
FHOHMAEERZE AT CEITT 5 2 &R RS
niz,

FEBIZ 3 D UV AT MLIZBWTC, o EFEAEE
IR T 2 RERFESBI Sz, ZhExr Y
7T VERENIED 3 DRI TE— AL MT
ik U (Figure 3). FEofz 1 AHADBERE X, fLOSEK L D
HHAERZ G AVEEREEZR D EE 2 bz, 3
V%557 [ O BB PG AAE I L - T, BAL T
BRBEAREE SN D & & B ITIEER A S EA BT
Lo BUBRH T, ZOAMEMEMERE L CaEv il
IR Z 725 LIz LR E N5,

5 MEMEILAL XB~DER

7T v 7T A4 MRETIZBWTHEEA LT L K—
VRO EAT > 12, 2a-THF TIIBE OFHE TILRITIFE &
A EZEDBR N> T2, 3 THF % HW5 LSRR
RFIZ 1.7 (5 OUEEO M B R Sz (Table 3), Z4UZ
0. B TIRIR BRI A ZEEYERYEIT K0 I
TEDZEWRENTZ, NV T T BREE AL,
2 LY REIEECOXRENEA ATEE & 722 0 JEhL IR e 2 fik
BIEMEIC 52 DB E L B2 5 2 LI LT,

Table 3. Photo irradiation experiment of borates 2a-THF and 3-THF

(o] : Me;Si0O O
R /OS|Me3 catalyst (5 mol%) 3!
H \ﬁOMe CHyCly, 1t, 1 h OMe
Me Black-light (365 nm) Me
or dark
catalyst  light yield / %
3-THF Black-light 56
3 THF  dark 34
2a-THF Black-light 37
2a-THF  dark 35
6. SEXM

(1) M. Yasuda, H. Nakajima, R. Takeda, S. Yoshioka, S.
Yamasaki, K. Chiba, A. Baba, Chem. Eur. J. 2011, 17,
3856.

(2) (a) T. Matsuo, H. Kawaguchi, Chem. Lett. 2004, 33, 640;
(b) M. B. Dinger, M. J. Scott, Inorg. Chem. 2001, 40,
856.

(3) H. Nakajima, M. Yasuda, R. Takeda, A. Baba, Angew.
Chem. Int. Ed. 2012, 51, 3867.

(4) A. Konishi, R. Yasunaga, K. Chiba, M. Yasuda, Chem.
Commun. 2016, 52, 3348-3351.
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- EM, Wb - EesR b, EFBEIY v U T E O
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VBRI LI, TDOTRY R EOVEIRICA~ L &R
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T BURIEONAT Y v NAIZ RS T, LLTIZZE DR
REid,

2. ALBAVINVE—EREDFNAT) Y FOERK
AR LICRT LI, RY T 7 UILERPA) DRI B v
RO~ LELGHES TEM L., 150N EMR Y
= DENCANDE R EDOT RIEEMZ D212k,
RV ~— L CHERY I EEBET D FEER AT, B
REIZIE, T EEE 70 35 L0 3500 (Mw = 5000, 25000)0 2
FEEL D PA(PAsk, PA2s)DISE D VAR VB & IEME= 2T WA
L, REO~LT oAU BRICT X ) 2T 54
LfEA L TAMMER PA AR LT, RICRIRD L EERE
LT RIA T 2~MMEM PA LIRGESEDHZ LITL
D 2ICTRT LR IF T (Mb)E PA BFEE LTZ
Mb-PA A 7V v REBiZ, ZDONA TV v FEOREIC X
5T, PAsy, PAosk TNENDRY =— EIZ, X237 8828
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o Es
BB EN 76 HEA LN T7Y v RBRELNZI ENRHL
WElrolz, Fiz, FONAT Y v FIROAHEPYL AT K
NERIET D & A~ LITRHERI 72 Soret (KDOWLIRIE 408 nm 12
B, KROMb LIZIE—FKT 22 &b, FY~—MIgHIC
B STz~ EBALTREZ U RIELEESE LTS
DR LT,

CH;—CH CH,—CH

PN A,

HNTS0 | | HO O,

) =

T

Heme-PAsx
(M. =5,000, m: n=4.5:95.5)

Heme-PAgsx
(M, =25,000,m:n=3.1:969)

Protein-Polymer Conjugate

Figure 1. Molecular structure of Heme—PA and strategy for the

construction of the Mb-PA conjugates

Figure 2. A proposed model structure of Mb/—PA2sk

3. AFM[Z&B/1\1 Ty FIEDEA

WIZ, Z B3 Mb-PA A 7' U » RIZOWT, T DffiE%
JR M ST BEAREE(AFM) 2 Fl W CEBEEIHT 5 2 & 24T
(B13), M & LTHOPG Z W, KK FCTRHAIZEZ A,



Mb-PAsk DESIT 1T, 2~3 DD E—2 (5 &4 3 nm) DFF 40 nm
FREE OREHER OREE R Z R L1z, —J. Mb-PAxs DA IS
i, 6~7HOE—7 L EE 120 nm BREOHEERNE SN
2o E—7 OIIRY ~—HEIZKFELTEY ., ThEho
E—7 @RI, Mb 2Bk IR Y ~ —8HICIE A TR RE
OREE—FT 5, Lizdi»> T3 oA, X21omd
X957 Mb-PA ~NA TV v ROFEBREHZTNDHO LS
ns,

a)

3
3

nm

b)
1]
Figure 3. (a) AFM image of Mb-PAxsk deposited on an HOPG
substrate. (b) Magnified view.

4. AFM [2&B/\14 T) v FIRDOE A

WIT, ~LEERM L PAICKH LT, 7 U 7 &FRR L
TAFED—B & LT, UTICRT L ORI NVEREZ Z AR
o BARMIZIZ, 9 Mb DA A125C (Mb @ 125 & H
D Ala % Cys [IZEHaLT- & /X7 8E) 3B L., Cys DK
DFF—=NDTANT 4 RiEGIZL o T2 8fbanIA
oA v—%G7, THRELE 2 BEI A a e Mb
% PAs 7213 PAosk (CIRIML T, AERIZAR Y ~— LT L ¥
VR BOERER ZR T, ZOHA, Mb X, PA OZEREH]
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LTl ZEnifFshng (K4a), ERRIZ, Mb: & PA
WCHRINT 5 &8 105 T A 7 a FAREBmE LTELR,
SEM TH LM AR LT (M4b), EHicZo~vArul
NHB RO I A7 m e s LRI, BLEITIGEL COo, O
DOFEBREN A L, ThENOWREIS U a0t a2
L EHLEDYETHLNE R ST,

a)

Figure 4. (a) Preparation of Mb>—PAask and (b) SEM image of

xerogel structure of Mbo—PAask.

5. #E

AWFZETIE, R ~—8IC ¥ 7 B A EMT 58 LW F
BERRM L, SOIZHMERINIZ~LF 87 B ORI,
KIRD Mb a2 EBRENT, £, 28RO
SNIEIFRY = — OB LTHEE . Bkl o
DO~ A 7 u L LTI EN 5,
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-8, HHli AL KFEOEELEHENA[EETH D,
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TRV EE A FTRETH 5,
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AERRMICEA SN SR BRI, RE, BHE, BmE oy
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BE, 7TL—VIRFB—AKREHEEOR Y MG DRD L

I A U DT LA L B VU ROEN T RS Y
7R ThD, AFETIL. AEMEEE A5 RE—KE-KE
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C-H Borylation Reaction of Arenes
H  HBpin Bpin
R or
@ Baping ©’

Review: Marder, Hartwig, et al. Chem, Rev. 2010, 110, 890
R

ol

catalyst

= Hs or - HBpin

* No directing group required
« Regioselectivity controlled by sterics
* Boryl group as versatile handle for elaboration

state-of-the-art catalyst By By
[Ir{OMe){cod]]yidtbpy 7N "
N
= N7
dtbpy

Ishiyarma, Miyaura, Hartwig, f al J. Am. Chem. Soc. 2002, 124, 390

49
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2. HEMBICKIRF-—AKFEEORYIERE

bivbiud, TETIZ=y 7 VI AR TO R SE — K
FREADORYILEZREL TS, P 10EE R DR ¥ — K FEiE
B DRIV NALR IS T D RIS E RN AT H72012,
INTUY A BAEIZOWT, ZOMEEEEZRRETLTZ, DR E.
&S AR L2 R T2 e b -T2 (K2) , = /r VI
FUBRIC . N—~F B b /L~ (NHC) AL 7035 B <5
Sfclah, flix O F4— NHCEMAZ G AL RUNALI % 1R
LT, ZOFEE., v ra~F i L AR NHC Bfr+ ICyY &
FAWTZIREIZ, TON 23157 &b @GR LTz, 2O
IRFEFEE DORINMED A AL X0 EFT L1 To

)\7ﬁ‘
BT D, ¥

X2 : BT DR

Pt-Catalyzed C-H Borylation: Catalyst Development

Pt catalyst -
: 0.30 mol %) Bipin)
+ Byping @
100 °C, 20 h
solvent oo te,si” sime
l__,( * 2 5|
Pt catalyst TON o\ _\{PI—/ '&‘—m;: o
Pyjdvims), 5 e,
Pr{iMes)dvtms) 40 P!z[dulms], Karstedt's catalyst
PU{IP1){dvtms) [
PIMe){dvims) 6 R
PHI'Pri(dvtms) 69 >\,_-5-
FtilI"Bu){dvtms) 16 [ >_
PHICy){dvtms) 157 y"s'
PUPPh;), 0 R
Ptyldvims]; + PCy; 2 IMes: R = 2,4,6Me.CH; I PriR=Pr
Pty(dvims), + 2,2 -bipyridine 13 |Pr: R= 269Pr,CHy,  'BuR='Bu
‘R= 1Ey: R = eyclohexyl
7 With 2 mol%. of Pt catalyst and ligand (Me: R = Me ’ emey
NHC-HCI
HPICL  Nanco, Ko
T Pry(dvims); | — — gm PHNHC){dvims)
avims  ELOM, reflux benzene, rt
{excess) Marko et &l J. Organomet. Cher. 2005, 650, 6156,
B REZEIT, AP EMBSRIE, AV F LD &S emiA Vb

R AT NV FEZ RO | iRD TILRIEE O KX RE — KBRS
DORVALICH AR THHZENDh-72 (1K3), BN
ZDIIRAFBENDRELRIEBE DAL, KO EMICRER
2,6 AV TN T 2 =)V HEREHITRED 1Pr B T 3HEZN T
HBHZENRDN T, ELITABZE VO KE 1,3,5 NI=F /L~
B OFEEFERERIALTHIELTED, BREEFFAMEICRELT
by TATIV TV R, TyRREO T RN ER DS
ZEAp| RFE —IKFBREB DRV HEIT T 5,
%%@4ﬁ®b%ﬁi‘¢¢F IZHBUR ChH D, EEE AT
Lo EAVDD MM CRIGESEDE, JDIABREGND DI
UANLD [RFE — K FREE PRI ALSIL, BV BR ETOR
ISR B (1K4)
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C-H Borylation of Hindered Arenes
Bpin
Baping  +
Bpin

solvent
Me Me, Me Bpin
i Bpin Me Mo e t Me
Bpin
R Me Me Me Me Me
Me
T5% T6%

Pi{IPr){dvtms) (2 mal%)
120°C,20 h

(ca. 20 equiv)

R=Me: 72%
R="Pr: 59% 68%
R="Bu: 78% (at 140 °C)

Me Me Me: Me
EIOZC:©E Epin MMN]@: Bpin CIﬁIBpin F:@ Bpin
Me Me Me Me Me Me Me Me

62% 58% 6% T4%

+ dechlorinated product (4%

R4 : A7 I filfit o Lk

Hindered Arenes Cannot Be Arylated by Ir Catalyst

Baping Me

e We [Ir(OMe j{cad)]a (1 mol®%) Epin
dtbpy (2 mol%)
_————
e 120°C, 20 h Me
(solvent) 151%

no reaction

ME/\%)/‘MO same as above
————

Me (solvent)

the only example of catalytic borylation of mesitylene at the aromatic ring
Baping
Me.
M nane-Fe,0; (20 mol%)
'BuOO'Bu (2 equiv)
Me K2C0; (2 equiv) Me
[solvent) 80 °C, 4-5 days 41%
YanJiang. Kuang, Wang, Liu, Zhang, Wang, Charm, Commun. 2010, 46, 3170,

AALMERIZ, 7Aoo oA 0 MOIBRGR Y
JABIZH A THY . ZHbIERDA Y D0 Al & 138
DRI 2R PUEN R BL L T\ D (IK5)

X 5: 7 AP B RO A LV MLGEIR R AL,

C-H Borylation of Fluorinated Arenes
F F
Baping * ©/ ©:

PH{ICy}dvtms) {2 molt)
B0-BO "C, 20 h

- Bpin
oy isolated yield
(NMR yield)
pinB F Cl [~} F
S C U b
= F Bpin CI Bpin Bpin
539 (84%) 46% (86%) 47% (75%) ol
(o:m:p =73:20:7) 80°C 80 °C AT% (T6%)
80°C 80 °C
Bpin Bpin Bpin Bpin E 4
3 1 Fo L ol
F 4 F L] 6 .
i pinB
F F MeO cl E
OMe F F
34% (61%
425, (70%) 3% (74%) 50% (86%) % (04%) o0 =‘32: : ;J
(R4=001) (1:5+6=93:7) (1:6=02:8) (1:6 = 95:5) 60 °C
60 °C B0 C B0 °C 60 °C

Bonl=RIACAERDIX., TV, TU—Abk, T3

50

b, B{b7e & SRR MR AT RECTHD (M6) . IARB VD KEWN
NP UFHERIL, IS AREME, 5SS P RO SR
PRI RISV B CIE SN CRY (K7) L ARSIEENS
LB A M OTEE) > F H7R G kIR0 155,

E6: EPHDILEER

Synthetic Applications

i v =
* Bpin B
Me Me PHIPniavims) |y e Pd(dha), {5 mol%)  Me e
{2 mol) KF
_—
120,20 h
Me T me
Me Me
e o Mzm Me
shavent 1409 oy, 8%
(82%) 04
0, Fioetoh
Nny 170 , Mo, co,Me
H;NOSO,H * '\@\ )
NaOH
: COMe’ O
H

OH
Me e
Me Me
Me
1%

NH,
Me Me Me 0 ot
e T pe Me: MEME
Me

32% (89% brsm)

K7 ARG NDRENBUFFEROH M

Widespread Use of Hindered Aryl Groups

Me
Me  Me
Me
Me =\ Me -
e W
e T .
N Me: Me Mé e =
® - |,
N stablized carbene (]
H Me

photocatalyst

marketed drug
Xylometazoling)
i O\ _me

CRF, antagonist
(CP-376395)

ETy-selective antagonist
[A-192621)

chiral acid catalyst

S35 Xk

1) Mkhalid, I. A. 1.; Barnard, J. H.; Marder, T. B.; Murphy, J. M.;
Hartwig, J. F.: C—H Activation for the Construction of C—B Bonds.
Chem. Rev. 2010, 110, 890-931.

2) Furukawa, T.; Tobisu, M.; Chatani, N.: Nickel-catalyzed
borylation of arenes and indoles via C-H bond cleavage. Chem.
Commun. 2015, 51, 6508-6511.

3) =y I ABEIZ 1T D ICy BLALF DR RN RITHON
C : Tobisu, M.; Chatani, N.: Cross-Couplings Using Aryl Ethers
via C—-O Bond Activation Enabled by Nickel Catalysts. Acc. Chem.
Res. 2015, 48, 1717-1726.

4) Furukawa, T.; Tobisu, M.; Chatani, N.: C—H Functionalization at
by the
Borylation of Arenes. J. Am. Chem. Soc. 2015, 137, 12211-12214.

Sterically Congested Positions Platinum-Catalyzed
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(1) “Size-controlled sub-micrometer spheroidized ZnO particles synthesis via plasma-induced
processing in microdroplets,” M. Tsumaki, Y. Shimizu, T. Ito, Mater. Lett. 166, 8§1-84 (2016).

(2) “Ideal efficiency of photon-enhanced thermionic emission energy converter driven by blackbody
radiation,” H. Takao, K. Kobayashi, T. Ito, Jpn. J. Appl. Phys. 55, 018003-1-3 (2016).

(3) “Self-Organization in Planar Magnetron Microdischarge Plasmas,” T. Ito, C.V. Young, M.A.
Cappelli, Appl. Phys. Lett. 106, 254104-1-4 (2015).

(4) “Defects in ZnO nanoparticles laser-ablated in water-ethanol mixtures at different pressures,” T.
Goto, M. Honda, S.A. Kulinich, Y. Shimizu, T. Ito, Jpn. J. Appl. Phys. 54, 070305-1-4 (2015).

(5) “Plasma-induced processing in microdroplets for nanoparticles synthesis,” M. Tsumaki, Y. Shimizu,
T. Ito, Prc. of the 9th International Conference on Reactive Plasmas and 33th Symposium on Plasma
Processing (ICRP-9/SPP-33), Hawaii, USA, LW1.00170 (2 pages) (2015).

(6) “Oxygen sensitivity of zinc oxide nanoparticles produced via laser-ablated plasma in pressurized
liquid,” T. Goto, Y. Shimizu, T. Ito, Prc. of the 9th International Conference on Reactive Plasmas
and 33th Symposium on Plasma Processing (ICRP-9/SPP-33), Hawaii, USA, LW1.00169 (2 pages)
(2015).
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"Low-energy mass-selected ion beam production of fragments produced from hexamethyldisilane
for SiC film formation", S. Yoshimura, S. Sugimoto, M. Kiuchi, Journal of Applied Physics, Vol.119,
(2016) 103302-1-4.

"Application of ion beam induced chemical vapor deposition for SiC film formation on Si substrates
using methylsilane", S. Yoshimura, S. Sugimoto, K. Murai, K. Honjo, M. Kiuchi, e-Journal of
Surface Science and Nanotechnology, Vol.13, (2015) 174-178.
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“Ion dynamics in a DC magnetron microdischarge measured with laserinduced fluorescence” C.
Young, N. Gascon, A. L. Fabris, T. Ito, M. Cappelli, 57th Annual Meeting of the APS Division of
Plasma Physics, Savannah, GA, USA, Nov. 16-20, 2015.

“Oxygen sensitivity of zinc oxide nanoparticles produced via laser-ablated plasma in pressurized
liquid” T. Goto, Y. Shimizu, T. Ito, 68th Annual Gaseous Electronics Conference/9th International
Conference on Reactive Plasmas/33rd Symposium on Plasma Processing, Hawaii, USA, Oct. 12-16,
2015.

“Plasma-induced processing in microdroplets for nanoparticles synthesis” M. Tsumaki, Y. Shimizu,
T. Tto, 68th Annual Gaseous Electronics Conference/9th International Conference on Reactive
Plasmas/33rd Symposium on Plasma Processing, Hawaii, USA, Oct. 12-16, 2015.

“Laser induced fluorescence measurements of ion velocity in a DC magnetron microdischarge with
self-organized drift wave modes propagating in the direction opposite the E x B electron drift
velocity” C. Young, N. Gascon, A. L. Fabris, M. Cappelli, T. Ito, 68th Annual Gaseous Electronics
Conference/9th International Conference on Reactive Plasmas/33rd Symposium on Plasma
Processing, Hawaii, USA, Oct. 12-16, 2015.

“Disordering O-H vibrational structure at water surface by reactive species from plasma analyzed by
vibrational sum-frequency generation spectroscopy” T. Kondo, T. Ito, The 17th International
Symposium on Laser-Aided Plasma Diagnostics, Hokkaido, Japan, Sep. 27-Oct. 1, 2015.
“Sum-frequency generation spectroscopy of water surface influenced by plasma” T. Ito, T. Kondo,
The 17th International Symposium on Laser-Aided Plasma Diagnostics, Hokkaido, Japan, Sep.
27-Oct. 1, 2015. [invited]
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(1) "Evaluation of fatty acid oxidation by reactive oxygen species induced in liquids using
atmospheric-pressure nonthermal plasma jets", Atsushi Tani, Satoshi Fukui, Satoshi Ikawa, Katsuhisa
Kitano, Journal of Physics D: Applied Physics 48, 424010 (2015).

(2) "lon-exchange chromatographic analysis of peroxynitric acid", Yoichi Nakashima, Satoshi Ikawa,
Atsushi Tani, Katsuhisa Kitano, Journal of Chromatography A, 1431, 89-93 (2016).
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(1) "Physicochemical study of plasma sterilization in liquid with the reduced pH method and the
plasma-treated water (PTW) for safety and strong disinfection", K. Kitano, S. Ikawa, Y. Nakashima,
A. Tani, T. Ohshima, 2015 International Workshop on Microplasmas (IWM2015), Newark, USA,
(2015/5/11-14). (Invited talk)

(2) "Extraction of Bactericidal Components in Cryopreserved Plasma-treated Water", K. Kitano, S.
Ikawa, Y. Nakashima, A. Tani, 22nd International Symposium on Plasma Chemistry (ISPC 2015),
University of Antwerp, Belgium (2015/7/5-10).

(3) "Innovative Plasma Disinfection Technique with the Reduced-pH Method and the Plasma-Treated
Water (PTW) - Safety and Powerful Disinfection with Cryopreserved PTW -", Katsuhisa Kitano,
Satoshi Tkawa, Yoichi Nakashima, Atsushi Tani, Takashi Yokoyama, Tomoko Ohshima, 68th Annual
Gaseous Electronics Conference held jointly with 9th Annual International Conference on Reactive
Plasma & 33rd Symposium on Plasma Processing (ICRP-9/GEC68/SPP-33), Hawaii Convention
Center, USA, (2015/10/12-16).

(4) "Innovative medical technology in plasma disinfection of human body with low-temperature
atmospheric-pressure plasmas ~ the reduced-pH method and the plasma-treated water (PTW) ~", K.
Kitano, S. Tkawa, Y. Nakashima, A. Tani, T. Yokoyama, T. Ohshima, 25th International Toki
Conference (ITC-25), Ceratopia Toki, Toki-city, Gifu, JAPAN (2015/11/3-6). (Invited talk)
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(10) [Freezing preservation of the plasma treated water for disinfection treatmentnt in dental and
surgical therapies based on the reduced pH method |, ALEFEEA ., FEILIE L, HIIES, AESL, H
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PCT X 0 B17).

(3) =F—wm v HEE, JEEFFSA. [Method and apparatus for producing liquid for sterilization use |
EP/14800253.8 (2015/11/20 PCT X 1 F447).

4) kEMHFE, AL¥PA . [Method and apparatus for producing liquid for sterilization use ] .
US/14/949511 (2015/11/23 PCT X 0 B47).
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(1) “Isotope effect and hydrogen content dependence on the heat capacity and thermal conductivity of
zirconium hydride and deuteride”, K. Kurosaki, N. Fujiura, Y. Ohishi, H. Muta, and S. Yamanaka, J.
Nucl. Sci. Technol., vol. 53, no. 4, (2015) 508-512.

(2) “Mechanical and thermal properties of bulk ZrB,”, F. Nakamori, Y. Ohishi, H. Muta, K. Kurosaki, K.
Fukumoto, and S. Yamanaka, J. Nucl. Mater., vol. 467 (2015) 612-617.

(3) “Phase State and Thermal and Mechanical Properties of Zr-Er Alloys”, K. KUROSAKI, Y. KITANO,
Y. OHISHI, H. MUTA, and S. YAMANAKA, Trans. At. Energy Soc. Japan, vol. 14, no. 2, (2015)
123-127.

(4) “Thermophysical properties of americium-containing barium plutonate”, K. Tanaka, I. Sato, T.
Hirosawa, K. Kurosaki, H. Muta, and S. Yamanaka, J. Nucl. Sci. Technol., vol. 52, no. 10, (2015)
1285-1289.

(5) “Thermophysical properties of molten core materials: Zr-Fe alloys measured by electrostatic
levitation”, Y. Ohishi, H. Muta, K. Kurosaki, J.T. Okada, T. Ishikawa, Y. Watanabe, and S.
Yamanaka, J. Nucl. Sci. Technol., (2016) DOI: 10.1080/00223131.2016.1174626.
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187-192.
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(2016)182-186.
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AR L —H—[E 455, Vol. 36, No.1 (2015) 18-24.

(9) “Effective photodynamic therapy in drug-resistant prostate cancer cells utilizing a non-viral
antitumor vector”, Masaya Yamauchi, Norihiro Honda, Hisanao Hazama, Shoji Tachikawa, Hiroyuki
Nakamura, Yasufumi Kaneda, Kunio Awazu, Laser Therapy, Vol. 25, No.1 (2016) 55-62(a secondary
publication).

(10) TRIDZARIERIEI S 2 L — P —ZKBIRIC B 1T 2 BGEER S O - BBl I 2 — 3
YaR W), B, RZMUL, BN, BREE, SERE, AR ——E¥Ya
75, Vol. 36, No.4 (2016) 440-449.

(11) “Optical properties of tumor tissues grown on the chorioallantoic membrane of chicken eggs: tumor
model to assay of tumor response to photodynamic therapy”, Norihiro Honda, Yoichiro Kariyama,
Hisanao Hazama, Takuya Ishii, Chiaki Abe, Katsushi Inoue, Masahiro Ishizuka, Tohru Tanaka, and
Kunio Awazu, Journal of Biomedical Optics, Vol. 20, No.12 (2015) 125001.

(12) “Influence of diffuse reflectance measurement accuracy on the scattering coefficient in
determination of optical properties with integrating sphere optics”, Takuro Horibe, Katsuhiro Ishii,
Daichi Fukutomi, Kunio Awazu, Laser Therapy, Vol. 24, No.4 (2015) 303-310 (a secondary
publication).

(13) “Localization-dependent cell-killing effects of protoporphyrin (PPIX)-lipid micelles and liposomes
in photodynamic therapy”, Shoji Tachikawa, Shinichi Sato, Hisanao Hazama, Yasufumi Kaneda,
Kunio Awazu, and Hiroyuki Nakamura, Bioorganic & Medicinal Chemistry, Vol.23, No.24 (2015)

77



7578-7584.

(14) “Selective removal of atherosclerotic plaque with a quantum cascade laser in the 5.7 um wavelength
range”, Keisuke Hashimura, Katsunori Ishii and Kunio Awazu, Japanese Journal of Applied Physics,
Vol. 54, No.11 (2015) 112701.

(15) “Quantitative evaluation of lipid volume fraction in atherosclerotic plaque phantoms by
near-infrared multispectral imaging at wavelengths around 1200 nm”, Ryo Nagao, Katsuhiro Ishii,
Daichi Matsui, Kunio Awazu, Advanced Biomedical Engineering, Vol.4 (2015)158-163.

(16) TEWAREEAL 77 — 27 OFRGRBLIZZIZAT 2R 1200 nm H~ /L F A7 h v NSO B
) RFRRHE, A, FEEYE, AARL—P—EFREE, Vol36,No.2 (2015) 216-221.

(17) « Selective removal of carious human dentin using a nanosecond pulsed laser operating at a
wavelength of 5.85 um”, Katsuhiro Ishii, Tetsuya Kita, Kazushi Yoshikawa, Kenzo Yasuo, Kenzo
Yamamoto, Kunio Awazu, Journal of Biomedical Optics, Vol.20, No.5 (2015) 051023-1-7.

(18) “Optimal wavelengths for near-infrared multispectral imaging of atherosclerotic plaque”, Ryo
Nagao, Katsunori Ishii, Kunio Awazu, Optical Review, Vol.22, No.2 (2015)329-334.

(19) “In vitro study on selective removal of bovine demineralized dentin using nanosecond pulsed laser
at wavelengths around 5.8 pum for realizing less invasive treatment of dental caries”, Tetsuya Kita,
Katsunori Ishii, Kazushi Yoshikawa, Kenzo Yasuo, Kazuyo Yamamoto, Kunio Awazu, Lasers in
Medical Science, Vol.30, No.3 (2015) 961-967.
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(1) “Thermophysical properties of molten Zr-Fe alloys measured by electrostatic levitation”, Yuji Ohishi,
Hiroaki Muta, Ken Kurosaki, Shinsuke Yamanaka, Junpei T. Okada, and Takehiko Ishikawa, Asian
Zirconium Workshop, Sendai, Oct. 5-9, (2015).

(2) “Physical Properties of ZrB,”, F. Nakamori, Y. Ohishi, H.Muta, K. Kurosaki, K. Fukumoto, and
S. Yamanaka, Asian Zirconium Workshop, Sendai, Oct. 5-9, (2015).

(3) “Thermodynamic assessment of U-Eu-O system”, Atsuhiro Yoneda, Yuji Ohishi, Hiroaki Muta, Ken
Kurosaki, Shinsuke Yamanaka, Masahiko Osaka, Shuhei Miwa, Akihiro Ishimi, and Kozo
Katsuyama, TMS2016 145" Annual Meeting & Exhibition, Nashville, Feb. 14-18, (2016).

(4) “Thermal and mechanical properties of bulk Fe,B”, Fumihiro Nakamori, Yuji Ohishi, Masaya
Kumagai, Hiroaki Muta, Ken Kurosaki, Ken-ichi Fukumoto, and Shinsuke Yamanaka, TMS2016
145™ Annual Meeting & Exhibition, Nashville, Feb. 14-18, (2016).

(5) “Thermophysical properties of molten Zr-Ni alloys measured by electrostatic levitation”, Yuji Ohishi,
Toshiki Kondo, Hiroaki Muta, Ken Kurosaki and Shinsuke Yamanaka, Junpei T. Okada, and
Takehiko Ishikawa, TMS2016 145™ Annual Meeting & Exhibition, Nashville, Feb. 14-18, (2016).

(6) “Determination of scattering coefficient considering wavelength and absorption dependence of
anisotropy factor measured by polarized beam for biological tissues”, Daichi Fukutomi, Katsunori
Ishii, Kunio Awazu, Proceedings of SPIE 9792, Biophotonics Japan 2015, (2015) 97920T.

(7) “Quantitative evaluation of lipid concentration in atherosclerotic plaque phantom by near-infrared
multispectral angioscope at wavelengths around 1200 nm”, Daichi Matsui, Katsunori Ishii, Kunio
Awazu, Proceedings of SPIE 9537, Clinical and Biomedical Spectroscopy and Imaging IV , (2015)
95371C.

(8) “Selective ablation of atherosclerotic lesion with less thermal effect by the control of pulse structure
of a quantum cascade laser in the 5.7 um wavelength range”, Keisuke Hashimura, Katsunori Ishii,
Kunio Awazu, Proceedings of the 5th Asian and Pacific-Rim Symposium on Biophotonics
(APBP’15), (2015) APBPS-3.

(9) “Effect of the sample thickness on the scattering angular distribution and the anisotropy factor of
biological tissue phantom”, Katsunori Ishii, Daichi Fukutomi, Kunio Awazu, Proceedings of the 5th
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Asian and Pacific-Rim Symposium on Biophotonics (APBP’15) (2015).

(10) “Hemagglutinating virus of Japan envelope (HVJ-E) allows targeted and efficient delivery of
photosensitizer for photodynamic therapy against advanced prostate cancer”, Mizuho Inai, Masaya
Yamauchi, Norihiro Honda, Hisanao Hazama, Shoji Tachikawa, Hiroyuki Nakamura, Tomoki
Nishida, Hidehiro Yasuda, Yasufumi Kaneda, Kunio Awazu, Proceedings of the Optical Molecular
Probes, Imaging and Drug Delivery 2015(2015).

(11) “Selective ablation of rabbit atherosclerotic plaque with less thermal effect by the control of pulse
structure of a quantum cascade laser in the 5.7 pm wavelength range”, Keisuke Hashimura,
Katsunori. Ishii, Kunio Awazu, Proceedings of SPIE 9706, Optical Interactions with Tissue and
Cells XXXVII, (2016) 97060J.
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