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[1]JM. Kusamba, M. Hashida, S. Sakabe, “Extremely low ablation rate of metals using XeCl excimer laser” ,
Journal of Maicro/Nanoengineering, accepted for publication (2018).

(2] JIASRT, V750, bkt i m B, BGmE . BEEE TXeCl =% >~ L —H & Ti:sapphire L' —¥% M
MK a2MBtoT 71—y a VEIEORE ), BRFERERER (2017) LAV-17-014, pp. 5-8.
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(LIPSS; Laser-induced periodic surface structures) 2SS LA 4 R LT 7, RS L7 H 4k 1 THzZ
WDARICHT M EFAT ThhoTo, AR TIL, SHICHRHRIE A H 325 SR 67 [ T 8 70 J5 R B oD J) Bk
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[FRE#E]

[1] “Directional linearly polarized terahertz emission from argon clusters irradiated by noncollinear double-pulse
beams”, K. Mori, M. Hashida, T. Nagashima, D. Li, K. Teramoto, S. Inoue, and S, Sakabe, Applied Physics Letters
111,241107 (2017).
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1) Appl. Phys. Lett. 99, 161505(2011). 2) Appl. Phys. Express §, 026201 (2012).
3) Sci. Rep. 5, 8268(2015). 4) Opt. Exp. 17,8807 (2009).

5) Appl. Phys. Lett. 99, 261503 (2011). 6) Appl. Phys. Lett. 102, 191106(2013).
7) ALPS2014, pp.75-76 (2014). 8) Appl. Phys. Lett. 111, 241107(2017).

9) Appl. Phys. Lett. 111, 251602(2017).
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Fig.2 Measured THz magnetic field distributions and waveforms by MO sampling.
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[1]Y.Arikawa, et al., “Repetitive neutron generation by laser-driven photonuclear
reaction”,2017 4 4 A 18 H. OPIC/LANSA2017 X 7 4 2 ffik,

P w it & B

[2]Y.Arikawa, et al.,” Efficient and repetitive neutron generation by
double-laser-pulse driven photonuclear reaction”, Plasma Fusion Research, Volume 13,

2404009 (2018)
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ZR1LICRT, SHEICEWTATMHENRELS TN TWDLDITET AV EZBEET D72 DERE
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[1] M. Sawamura et al., Proc. IPAC-2017, pp.1031-1033 (2017).
(2] R&T W i, 25 14 [B] B RIS F2ERTHCHE, pp. 949-952 (2017).
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http://accelconf.web.cern.ch/AccelConf/ipac2017/papers/mopva075 .pdf
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978-3-95450-182-3, http://accelconf.web.cern.ch/Accel Conf/ipac2017/papers/mopva076.pdf

[7] Magnetic shield study, Y. Iwashita, 2017 International Workshop on Future Linear Colliders (LCWS2017),
Strasbourg, France, 23-27, Oct. 2017, Oral, https://agenda.linearcollider.org/event/7645/contributions/40163/

[8] R&D of Thin Film Coating on Superconductors, Y. Iwashita, H. Tongu, H. Hayano, T. Kubo, T. Saeki, M.
Hino, H. Oikawa, 18th International Conference on RF Superconductivity SRF2017, Lanzhou, China, pp.877-880
ISBN: 978-3-95450-191-5, https://accelconf.web.cern.ch/Accel Conf/srf2017/papers/thpb058.pdf

_8_



2017-9

BEZEFRONEICKIT HER F—7F0HE L
IR A AR & B it RB{L DA ST

PEARZEAT i L — IR AT TEREA

B ORBZEERIT AT E 21T 528, AR OBIRE BRI 2 2B THEAR AT 5,
B2 I OBEERIC L > TERAZR/ESE, WMEAFE—L2Z2IETEETH D,
Z OB RIIIRIER CHRAET 2720, b — MRV 7 THRIR
HICHEBRAT B e 0lc K& e a X "5, £z, BIEEE
TITERE O AT A— "V D T2, ZERMEREIXZ D
WREORBICKE KFFT D, &L, =47 /B 24R
DONEHIZEFR F—7 R E1T 5 2 & TIRBRLD ATREZR ; _
TEMERENT, Fio, BEEEOLE I Z9RAE|IC  Instrm. Amp.  HPF VGA  ADC
B T b T, EREIAE AD . Lo EoERsgs L O i (THDRERE
NHAREMENRE SN TWD, 2D DBRZ{HOB(RE
Y TN THEET S 720 BIRIRICI T 2 3 W& i
(THD) BN LY | BEAEHIE 247 5 E 2 M Lz (X :
1), B2 3N DA UC & o T8 0 RS % R i /

NON o 7 AZEHIIN L7228 BIRE 228 b &8, AT D ? "aJ { e
THD Z8H+ 5 2 & CFEERMSLZHE L —FThs, [X2: THD BN & 2 EEABSHE
BIZaA VOMINEEEZZEZ 5 Z & C IS OIREREEEZRE Lz, ZILOOREZLT
O XD ITImEER e, ERESH, BERY—7 v a v PR ETHRE LT,

[1] ZREFWEEFEEIC L DZ B —T ¢ 7 B8 EEE O

HIUSE, A TIFA, WER, MJIRE, IS, AR, hsr, RE{CH, HEIER
14th Annual Meeting of Particle Accelerator Society of Japan, August 1-3, 2017, Sapporo, Japan, 27-29, 2017

[2] KEK (21T % Wil o 7 VIBARE R E & A 7 L DREEE & 2 D AlRABR

AT, REHMCE, ARERGE, A TA, RIINRE

14th Annual Meeting of Particle Accelerator Society of Japan, August 1-3, 2017, Sapporo, Japan, TUP047, 2017
[3] =47 OBILEIREEICRB T AR N7 v 7 OHIE

Deng Weichao, & FJ7/A, WS, FIUfH, =BT, (Llktha, PTG

14th Annual Meeting of Particle Accelerator Society of Japan, August 1-3, 2017, Sapporo, Japan, 415-7, 2017

= ey AT T
— He AT T

-]
-
1

— B ]

=
'

Impadanca [

o
g

£

’

T

o
g

& L]

[4] Thin film R&D at KEK/Kyoto, Y.Iwashita, Americas Workshop on Linear Colliders 2017 (AWLC17), SLAC,
26-30 June 2017, Oral, https://agenda.linearcollider.org/event/7507/contributions/39204/

[S] MEASUREMENT OF THIN FILM COATING ON SUPERCONDUCTORS, Y. Iwashita, Y. Fuwa, H. Tongu,
H. Hayano, T. Kubo, T. Saeki, M. Hino, H. Oikawa, IPAC2017, Copenhagen, Denmark, pp.1043-5 (2017), ISBN
978-3-95450-182-3, http://accelconf.web.cern.ch/AccelConf/ipac2017/papers/mopva076.pdf

[6] Magnetic shield study, Y. Iwashita, 2017 International Workshop on Future Linear Colliders (LCWS2017),
Strasbourg, France, 23-27, Oct. 2017, Oral, https://agenda.linearcollider.org/event/7645/contributions/40163/

[7] R&D of Thin Film Coating on Superconductors, Y. Iwashita, H. Tongu, H. Hayano, T. Kubo, T. Saeki, M.
Hino, H. Oikawa, 18th International Conference on RF Superconductivity SRF2017, Lanzhou, China, pp.877-880
ISBN: 978-3-95450-191-5 https://accelconf.web.cern.ch/AccelConf/srf2017/papers/thpb058.pdf
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X BRIEIEMRATIC & B = VA VERBRIE STEESR O RICHEERT 70

BN PAVE R AL A b TR

[(FFFRE ] ORI RIS Th 2B RBNIR E < B & FUBIZ Xy S, 2 TiEs
O3 178 E DB R & WA T D3 EERE T SNVIKS 76T 5 2 & CAFICLE R = RV X —
WEFES NG, AN TIT O D IRIIEL A0 ERAL G ORBI BN T H L < ORI
WTWD, £ ORERET J OSSN 2 IEMECBRAR 3 21213, [A— B OB R x5 & UTosrfk
REE—TE AR B OREE L PRI RN E R Ch D, £ 2T, WHLE Rhizobium DL )V ) — AR
W BIET L EEHERE (GraA~GraD) Z X%l L, KR JOUEEOMiEER & OB G ROSLIKHE
1 % XS RATIZ L0 R LUV TIRIE L, SIS W o LY vy ) — U RER B R O R RE
RERE AR T 5 2 &2 B L L THERAIZ2BFTRIC B D ALA T Do AR O fcf BL B Tf)
<= LA NVERRE TSR (GraC, 36,405 DaX2 &K) |3~ LA VFERNG 3-4F YV 7 VB U fg~D
Tz Al 2R Th D, ABFED BIIE, GraC & #ilE#H R L OEE & OB A RO %
X RS SRS RATIC L0 - L~ UL TIRE L, GraC OGS & #9252 Z L Th D, BFEEM
DIEFLDT=D | AR PRI Ao FREETF TR B EBE & O LR AT o 72,

[kl vy v 2R S5 KIGE CORBRIR % % L, ZEMIC His % 7'
X GraC #AFETEX 202N LTc, KRERE LIEEREMIEL, A AV T A8 Ni-NTA 7
T4 =T 4 —H T L% HANWT GraC DIFRZAT o 7o, BEICSLHEEREIZHRE) L T 5 7 A GraC
OFEEAESAME (1.4 M (NH4)2804, 0.1 M NaCl, 2% (w/v) benzamidine-HCI, 0.1 M Na HEPES pH 7.5) C
fERAL 2TV B BT #E 5 %2 NAD 3 L UYNADH % & Eefs i LIRIK IR T Y — % v 7 TR & 1T -
7oo E£72. H 5L NADH #iRG L7- GraC FRIZx L, R bt Codsfs b 23 A 7,
S HIZNADH /RS GraC HWiRIZKI L A7 U —F vy P2 HWIHid b A 7 U —=2 7 FERZ21T -
2o BRREE EHEE SN D b ONBE SN EIEC OV TIE, TNEROLGOFEM A2 RE 21T - 7=,

(R L8] 7RM GraC & W T Y —F > ZEIC K D GraC-#ilF = A s i O iR
AT FEBSEATUE W, [REHTHIE BRI fTRE S 2 RS 2 Z L IxCE oz,
Z 2T, LAEREIEIC L D GraC- il Z ARG O A2 R, T2, BN, 7R GraC Ok
(B TIT o 7o A FERIL TE ey o 72, WIZ, NADH Z & T GraC ISR L CAZ U —rF v k
EHWTAEREA Y ) —= 0 T EBRETS T2 A, BT N U A, WU DAL U UK
BT U= AVUEET RN DAY VR A 2- AT R K D 4- A — )L PEG3350.,
Jeffamine M-600, % I & 9~ 2 A& TENZ NGRS & HEE S LD & OB STz, BRI,
BRI OWCEHEMZR ST 2Rt T 5, X BRBIPTERICHE L7 K& SORRERDL Z LN T
A, X BRETIRE T — & I % m kL X — R SR 2eRE O R B SRR 2 ) T
179 2 & T, GraC-fliBsRE A RO @ o et 3 R 9 2 Z L HiIfF T& 5, S b, AF -

R D Y —x% 2 7 EBRIZ L S| GraC-filER-EE —FH A IKE L O GraC-fifilg=- LB
=FEAROEIEMNT 23,55 TETH D,
[RRRHE] ARSI DA EEDOFRRERL LU IARIT R - T,
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X BARERMNTIZ X D L-T AN T ¥ — B OB R VAR fr RAEDOHIFE
INFRAGES 7R e 0 i e e

[FFERM] T ANRTXF—PBIET AT XN DT ART X U ER~DONIK IR % g 5 35
T, VBB R A RET 5 2 &btk ) LSRR ORI E LT, Eo M ELERR o q
DT ARG X ANCHKTDHHET 7 VT 2 RORAEEMZ H0HIF & LTSS T\ 5, 80°C
LI b CAF Al Re 72 AT B B Thermococcus litoralis DSM 5473 H13K L-77 A /37 ¥ —E R
(TIASNase) (%, 773 /BeikSsi 331, E % 36,801 Da D7 2= K2 b7 5 —wikH 3
VB Th D, MOEMFERK L-7 AT XS —EBDOL X, L-7 AT F OIS HIEMEDH
HEINTWDHDIZXF L, TIASNase |J L-7 A/XT7 X & D-7 AT X2 Ol BAMRITVEN 72 5%
ZFEO, ARWFSETIEL, TIASNase DONLAAEIER L OUE - Apkly - FLEIELIY) & OEE RO L%
WA X B SEERRATIC L 0 R LV THRE L, SIS IR S COREER O JUBLRSE - T
FEBUEEAE J0 J OISR 2 SEM IR LRI 2 2 & & BT, B b2 Ze i i+
Gy TREIERTIEREE IR BB L D IEFRIFE A AT 5 72

[F2BRJ775]  25% (v/v) tert-butanol, 0.1 M Tris-HCI, pH 8.0 OfsE LA/ THIZY T K7 Y —
TIASNase Offigh Z# A L, WEHD Y —X% 0 VT EERZRAAT-, L Laens, LA (tert-butanol)
DRI TH D720, fidafb 7 L — D — L EZBHET 2 LR Fr vy 7N TIML S @3 [ED |
oy CREBET TLEW, MmO WA RETH 72, BE®RICNZ 227 74 4T aT 74
¥ MR OB E R L2 & 2 AL 40% (v/v) 2-methyl-2,4-pentanediol, 0.1 M Tris-HCI, pH 8.0 DV
EMT 22 LT FRmOBZ AR SNES TIEEMAET R o7z, £Z T, 50 mM
D-asparagine, 40% (v/v) 2-methyl-2,4-pentanediol, 0.1 M Tris-HCI, pH 8.0 D& & fhdkik K v 7 12hn
2D ZEICRVIEDY =% o T HBA~BATO, fidh a2V — 7 T o TRIFERITHOT T
WURE ST X AREIT BRI Uiz, @ L — RS St i YR AR geitisk 12 38\ T
TR 100 K DWHENR CTorfifrE 2.8 A DEMTRET — Z 2L LT, KT — 2K LTY o R 7 U —
TIASNase i i 15 O € 7 WV EREZ W7 v & L TRELZIT o7,

[(EREBLR] D-TANRTX LAY =X 7 LIERORTT — X 125 LORRE 2.8 A TH 1
TNOREECEAT T2 L 2 A, HWHEZRBERBE L CT VVEBERPRKEZ KT 2 LHEEND
Thr12 &, KT Z2iEHELSETT VR P AZ REZLBE S5 LHEE S D Thge Ik
ToZENZ, ZNE TR LN T T R EFRBE OIS RV E ST, BLERE CIlIa e s gy
TOIE D-TANRT X« TIOVHRUER « L) D-7 AR XD EDOBEFEORETH 510
HIRINNEETH D2, VA RBEEBLISH G L TWD 2 & 2R TE L, S®%IL, fMdmoEo
) b & PESRGEOME 21T 5 2 & T, LV mAMRE CORPTMET —Z ZINET 52 LIk &K
U7y RoiRiER K OGS OWRE L BT, S HI2, oRE - £y - KEEEY & oE s
RFRHT HATH 2 & T, FRE R T 1 OV SOSHERE ORI 2 37 72,

[ARRRE]  ABFZEICEE LT, 2017 48 12 H B S 7z 2017 4R AP R P2 A AR
DB T, RRE—FEEIToT-,
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BREEREB I OB AU TR» DBR IN D KL%
2B 5/ iEtEe

WA AEDT  SARTR IR R BE T2 Fe Rt

A
e JE R e SR 1T ZE I R & AR D kD7 liEZ AT 2 &b, T b a2 &5 A7 51k
FREOBAEICITRER S b5, B bl LTHESN, VRV ORFE r A RICHFE &
MEEICEEMZ 72V T T A ORRIZONTIE, FHELIZL Y HEINTWD L DD, ZDOFUL
LITRBE TH o 72, i, Fex 1T T o F 42D side-on BUTA U U0 ATENL L7285A 1 %
IO THREBET 2 2 LT L, Z OREEMRIT 217 o 72, ARLFEFIA - LEFETIE, 8501 %
A AR— A ARG RIS & LTIt X, /Ny T & DROSEIT - 12,

FEER IR

FBRIIT R CERFHQT., 2 b7 77 =97 HDWIEREET AEER RS E T & 7 e —
TRy 7 RN TToT2, YT T FUBUMIA U U0 LEER 11X S(SiHMex), & n-BuLi & DS
X0 R TIA &8 72 LiSSiHMe: %, [I(PMes)s]Cl & SUS EH 5 2 & TR LT,
FEERAE R L B

BRI, 3 b ATV, Yraa A Z Ly AZ 7 —UEER LI X 0 ilifeiEtE b s h s 2 &
binofz, FEFER L ORIGIZBW T, FHIBIREWER MG DN o0 THRET 5, S5 1 L hidE
HBIREDRILERC BV TITo7o 8 A, RUNTESCHITEITL, 4V U0 A= A RRITHLHE
JEA- 3R L7288 2 MG b iz, —F, AR B U nb T h= MY MZEE LT, UK
JISEATH T2 L 2 A, I=S=S-Si b7 HMBBRSEIK 3 M5O, ZOIGS T, FisRiXA Y
DU L—EMH DI A F—REMICFA LT E B 5N, BKAITE 2ERT — 21350
AUTWeWY, SR 2 38 X003 OIS NMR 36 X OVHERE G X BEEMITIC L DV IRE LTz, EBHIT,
313y A X UHER 90y T, 2 ~EBMICEMALT 2 Z ENH L E 20 | BRI
BIEDN BTN D EZATH D,

H H

Me3Pu,, | "“\\\S\S " Sg (1/8 eq.) Me3P/,,,,‘I o Sg (1/8 eq.) MesPs,, || ..\\~“°\S>
Alr iMe, —= iIs = I )

M93P/| g C.He rt. 0.5 h MesP”” |\SiMe2 Me;P” |\s|
PMe; 6ile L, U. PMe; CH3CN, r.t., 13 h pMe3Me2
2 (49%) 1 (56%) 3

PR
1. Side-on M T FAUENLA U D0 DGR L NG TF EDOROE, REET, BiBE, KEE,
BIRPHEDT . &AL 5 67 [Rlatiame (2017) . ALK,
2. Side-on BT U FF UEUNLA U T T LGHR L BEHBEAR L OB IES  BEEERAER O X v F
72 Y=g REBEI, KM&, MR, AAMSESE 9 8 BFFS (201 8), Mk,
3. Transformation of Tertiary Amines at a Cationic [CCH] Subunit Stabilized by Coordination with a

Tetrairon Core, M. Nishiya, R. Funada, S. Ohta, M. Okazaki, Chem. Lett., 2018, 47, 48-50.
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oY —BRR T TN VBN FEAET D
BESRBEEDO AR & RIS ~D A

R R LIS LR

AWFFE TIE BB R AL FARIZERT D/ INE SR VTN Z B L OEHEIC LD iR 27 7
T SRR R T S [DURMRREEAR ) 2RI L B AR ORI D723 5 Ebkhefih
B SRRy 1 L~V CREBB IR GEE - M55 2 & T i e B R E I A TREERIC R R S H D
ZExEME LT,

Uy —RFELEMETH [R2AT 7700 ) 1E, mRF GO 7 M H0E & Y AL
Bz b0, INBEIR DL, SiEMEReRIISSGEZMET L LT AAT 7T Ui o it
b & n W5 ORI RN K0 AL fRERANL T L U TRRRE T D 2 L 2L T LT E T

AT, /NBHR . MTNBhE D LAFRREE DI, U v RIS @&V Eind FEAVEHE L 72 PNP &
YRR T 7 TV B2 BRE L 10 R AR
A Z BB AR LTz (Angew. Chem. Int. Ed. 2016),
FASERIT, dOSER & L CIZIERICE LV R E S A
THY ., @AYTEOMFmNRITIESE, s HuBE L d il
EAR BT 5 2 LT, R FEEE L2 D 2 &
TG SN 3P Wi

A CERK 29 ) 13, 2 E TOMRRRICE ST, G LICEB BRI IKD SOGEIC
OWCTHBEZED D & & bIZ, Bl F A4 SR 2 Gk L. bR FETAEA~DOICH I
WA, ZBbRFOE R ALRIGIZR U CTER I filiiige 2 =3 2 L 2L LT,

FIAFEIL NEEWRInd EE2FTLY =V U THEGTFRE TR AT 2 IR L,
TRV A AR TH D N-~T m Bk~ (NHC) & DRISIZOWTHAE L, YRR T =132
SrFONHC ERJE L, Vo=V v TEEGNUIM S AR AT ¢ =7 0 —NHC IR A AR
HZ EHALMT LT (Angew. Chem. Int.

Ny
Rin 2 N [ mma Ed 2017), FRRRFEELC LV MR T
d\ ‘ N /
P=R 2):%*ﬁ Li2& 2 A, 150 HO NHC OINLFEF%F
Rind CoDe, RT N\
MURAT =D n *BE EFHAEERT S
DIRR T KRR 7 4=F —NHCHHhn{&
ZLT, BROMELIZY o — U SRR
e > [VRAT7 > —NHC (HOMA ] 23 F A
R R? ELTA R L%, ZohfEko) v —1Y
: UHREG D o *HGE L 25 F H O NHC DOALST
R' R? NS oo O
R R = BB EENTZET, Vo=

Rind

Eind: R' = R? = Et
EMind: R" = Et, R2 = Me

AN EWT S D Z LR ST,
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R 7T AhA NEEEREZFAWZBRGEIT A XD EB R RetEEt
S ERERE s

[(BFFEE]  ARBFETIE, RIS EERRE L LTHERESN WD T AN A MEEEZ AT
D8 (ARG A TEIR e 7 20 A4 MEAEW) CEB L. 20a=—2 a2 RA Lz
FHUAHT NA ADOEHFRENZ D Z L2 BN E LTV D, 20— L LT, Bk ofEIc
ARHRIRDN B b RIEHE B DD 7B HE (LB, B R B —_y 7R E5E) ORIEZ1T 72,
ARG FE T, BMRERORERERIZONTHERD,

[EBa0515]  HeBAHIE I IR 22 E A BVE G DSC8500 (ParkinElmer 1) % v 7o, MIEREH
MAPDbBr3. MAPbI; (W94 & By iRstEl, MA = Methylammonium) & L. FE¥ERREL & 1708 2 15
RS L 25 & 9 RBHTMA L, ABEOENLREI OB AZE Lz (DSCIE), £72. Bdx
WRAEICIX, LY —T7 T v 2T F T A% LFA457 (NETZSCH 1) %Mz, HIEEH
MAPbCI3(2 X2 X 1 mm), MAPbBr3(2X3X2mm) (W3 Bfbdnalil) & U, EEREH HE ek
L —F—% A L, IREELE T ORM, BB OEZN OEGEEER A E M L, £ OBYLEER &5
B, BN OBMRERZEH L. (L= =TT v aih), MEREHIETEIMAERICENT
BUENZEE | MEITRMBANE F RISV TER LT,

[ S2BRE 2] LZHE U7z RBAD IR BEAR AT E 2 7”37, IR C O BT MAPBBr3 78 0.501/g'K.
MAPbL; 78 0.51)/gK TH V| wRfE L FREOEIG LN, BE EFICHED BTS20,
0°C 75 100°C TIXfI 2 512725, F72. MAPDI3 1L 58 - 61°C O#FH CTHIEERIZ L 2 b D LA BN
HE—7 &R L, FHEBOEEEIT 149 Vg L ML bz, K2 IZHIE L2 BYRE SR O KT
PEZ 79, MAPbCl3, MAPbBr3 I Z{EE FRICHEVWEVRIE R G 5 < R AN B 5, 4Rl OJE
P (40 - 90°C) TIXMaREE HIZ 0.1 Wm-K A — & —THER L, BHIEHE & RIFREOMAE bz,
=y 7455, BERKIZOVW TR, WEMEEBEL TV,

ko Xz, A-EEESREIRe 7 24 MEEMOBWMNEEZ TG TE 1o, A%
FRRE C OB ORI EEZITV, D DRREE £ LTEETHLT A ZDRBIZR T T,

0.9 « MAPbCI,
~ 2 03 - MAPbB,
v =
N = 0.7
0 = .

S, B 060 . L )
% -0 .o
it g o
04
0.4 e - A
0 20 40 60 80 100 0325350 60 70 80 90 100
S [°C] S [C)
1 LB E R R 2 BMRE RN E R
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NnaF AR T A A FREERDOX ¥ U TI=EEERE O fiF A
W2 TERFERFEBL IR

NagALEIR T T AT A K CHNHPbX; [X = CI, Br, and 11, ZAfiZR/ER = 2 b - &
WT LR BT g — s AR A e 2 o ORI E AR U CEREH 2D T D
AT AHA bKRBGEMO SR LA B LIRS e s R e TR L 20
WEEBHRIL22 %EB2 D E TICAMICEEINLTND, FRIETIE, X7 RAh A Mg
RITF - R FHELE L THENIHE RN RESNTWD, ZOX 5" a 7 204 FMER
DA R ZTE D LT IR HEART S ZOBRF IR, £ OB RS 2 52 RIZHET 5 2 L 3
PARARTH D, AFZETIE, Fx VT F—=T Liea i Ab&m<a 7 A0 MEESREER L,
L —PF =t L BAEIE ZMARDED Z LT a S U bEB S T A A N EEROF v Y
TAREE 2T 5 Z L 2 BRY & Lz,

RBFZETIZ, PO A Ao & A T BEOEWVBIICER L, ZHERMME LT R—7F452 L
T n’{! CH3NH;PbX; [X = Br and [JHifE S 2 ER L7z, BRAREENIE R— 75 EH L _T1 7 &L
L bEds 2 AR L, R—HEIC L > TETBEIEL 48 ecm’/Vs L E L7-, £7-. Bi i
BENRZNEENBRINA R MR RV F AN Z L < T — S 7 T A VBRGSO
AT MUE 23 eVAHETE—7 285 BIRINZ L 2 A7 MVBIRDZEITZ R Hivie o7z,
ZOZEEF AU RXF Yy MBI R—EU I Lo TELLANWI EEZEKRL TS, — 5T
JART BV, BITIEAZ 518 E— 27 @R AX— iy 7 k Lz, AT bk
KO FEAIZI A D 72 DI 0 R OEE 21T > 72, FE F— 750 CId, FEE 2R 51220 T
B =7 TR VF M7 b LTe, 2T 7+ b VA 70 v 7R GEEOFRIN

LD bDTHD, EER O E— 27 13 Bi BINEITK S 2028 Bl iRNEA % < /e b2 T —
7 ORI L DR F—2 7 MIRZIIS S RoTe, SHICFNFMERE L 2T 25,
Bi IRINENH 2 D1 ERAFMIIFEL eoie, ZHHDZ LIX, Bi F—Y v 7 X DhIREED
FHEMEN T+ " VYA 7 D TR EIMHE LTS E LT 5 Z BT, LEORE
X, R F— o 7L 2ERIEICB W CEERMREZ 52 55D Th D,

N

[11 Y Yamada, M Hoyano, R Akashi, K Oto, Y Kanemitsu, “Impact of Chemical Doping on Optical
Responses in Bismuth-Doped CH3NH;PbBr; Single Crystals: Carrier Lifetime and Photon Recycling.” The
Journal of Physical Chemistry Letters 8 (23), 5798-5803 (2017).

[2] Y Yamada, T Yamada, Y Kanemitsu, “Free carrier radiative recombination and photon recycling in lead
halide perovskite solar cell materials.” Bulletin of the Chemical Society of Japan 90 (10), 1129-1140
(2017).

PR

EBRE= 3, BNz 2 fF
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FEEET Ny MIRT 5% v ) THMEEER OB
AEE  LBBHERF B - TR

FEERET Ry MI, ZOENT TR Rk 2 727 S A A~DISHDBEfF ST,
RET Ny FOEKH - BFEAFRHEZ BT 5 LT, &7 Ny MoOXxy U7 XA 7 7 2 zPiE
THIENEETHD, AFETIE, PEEET Ry b OX Yy V74 A 77 2%, Z %o
77— U NREEEACCTHLMNIT AN ET D,

INETHEAIE, ZET— REAYTFZ 7 747 L—F—% TRk 7 — U =5k
EEfToTEIZ, LIPNLARNRS, FHAH T 7 AT L—F—TIIEMATX 2 EHEARE ST
LEI>AIL, METELIREPRONTLES, 2T, KEE LTFZ U477 A 7 BAEHELG
RO RESEEA—N—a T =a— b NEAWDHZ LT, JAiBibZ B L, £7-, &k
& LTCRBEMAMEE LTI ST D Ea-a 7 271 R -8R MAPbBr3 HiE S & FVy, K
TEIF T — U HIE 2T 9 72 IC M BE R, HEAZ MVOREEEIT- T2,

HFE L TCA—R—ar T =a—b K52/, ~ oY = X —TEHOENETNDOT — A
HEIIEEE (AOM) Z4FA LR 20T D 22T, ~Tu & A v FitaEolz, 260
AOM (T Z L2741 40.000 MHz & 40.001 MHz D A3 Z5 G % 73T 2 & 1 kHz D ©— ME 3 BliL s,
ZOE— MEB ORI &N, TULESORE NI ST 5, LEen-T, TEd»o0
HD—HE) 77 L AL, ey 7 AT T ERAGDZET, HEBORE &N E
fifr Y 74T o7 THBEMNET D2 Z LN TE D, £, FHFHO—20T — AT B E AL D
Z T, ABOBEEART ML EBRLIFNTE D,

BUEZ D TETHIE LTz, MAPbBr3 HifGfh DWW K I AR7 ML Th D, B ORI A I
WMo T2728, N R E OB WIS ORIERE RO ZRT, 215 eV U250 IRINA L5
NHH, ZOBRBOFEIME Y HIRZXAXF—{lTHLZ b, FMMEMETHL EZEX LI
Do MIFHARZ b UiE 2.2 eV ELFORFFHICE W THIH TR IEET 2 Z e kd, 202 &
5, Z OMEBCHEITRICHIES BN &
DT EWGD, o, ZORMRO
f=R 6, BEEMESrHC (Group delay
dispersion) 7% 2714 fs* & RLfE® 5 2 &
MWTEI,

AENE, BB OV S8 > 72728,
N RNOART MaRIETH L
INTEehodz, H%IF, FHONE
ME7Tu—7L3252L7T, NUFN
BHRANT MAOREEATS Z & &5
LTV 5,

150

100

(pes) aseyd

50

Absorbance (a.u.)

2.0 2.1 2.2

Energy (eV)
[ MAPbBr3 HiffdhOWIL (FE#) KONHE (O) =
7 MV, BUERS K DAL,
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BV — B BN 2GR Lic T 7 R o BTt O R
IR B

avA NET Ry b CRERT 2 R) 1%, BRICBWTEIRIZEET 52T /7 MEceh s, AN
AFA AT TRT 4 AT VAR EN T DIEN, R E L oMb ifising, &
TRy hOMWEZ, BrOE/LT 40 0—RfUBRRICHE BB SN, TOD, Hrrta X
IR - MMEOE T Ry BRI TIERICIFE SN TV D, &F Ky hOWE - PREEZ 7T 5
LTCREFESLOFHAEDO O E DR, H— Ry MO NIETH D, ZomtEEMNTH— Ry b
DFIEDOWFRZACE T 5 & NERICTEAL S 4L 2 il 712N 2 T, fr bk 1-<ehie 140 1 D1
BafbZ LN TE 5, &5IZ, Hanbury Brown-Twiss T#EFE2 W TH— Ry hOFED g?
(2WRONFHHBE) ZMETHZ LT, B~ Ry MIphE Sz 2 >O&E R (b 47)
MH 207+ hrBNEFEITKE SN D 2010 A7 — R OWEZFERICHH~D Z &2
TZE %,

AAFFETIZ, BH— Ry MIBIT D 2 HF 0 A7 — FRIEOFHE L, 1ERFELD b S HITHEIC
ST D ER A T o7, ERRIIE, L=V — UL ARRE 2RI U7ZREZ & . B2t S
oA 2 2 CReek T 5 [ 2 A 5% Z7FHA 2 Hu iz, IRV T 655 nm FRE THOLT 2 CdSe/ZnS
B Ry F2EEE L, SMHz DD IR L O afb UL 2T L7z, H— Ry FDFEE%E 200
BRZ A L2 75T 2 E % O — Ry M Lo 7, 24 2% Z5HICH LR
F—HITHE L, FEHIREE - FHey - gQORFEZAE L 50 X U R ORFHEIRIRE TR L7z, Bk 15 7%
HAaBRETE DML T — N 2T T @&t L72as, 7o F A\ F o 7 0ERm ET 5
ZEEMEELE (K1) .

FBRIZE > THLNET—% %, AT+
N DRT Y oA - FENDOIERICIEF 2

I

BL7EF AL LT, BT 0 2k £
T A= R OR N, B Ry b o g00r

WR AT T FE DRGSR 2 R E T & D 2 & H B
LT, R BETHTOREL - 2 o o T o
ST T A — RIS O BB bk

S FCIRETE S Z L, CdSe/ZnS 1

Ry MZEBIT 2 ERIECOWEMN RS L— b

WEL EIELOEITIZIE BT 2 Z L 25

i Lz (1],

Coincidence counts

X1 : Hi— CdSe/ZnS &1 K v FD3EID ¢
EDT — 2B, e 70+ R ERET D00
REMI 72 27— b & 00 THENT L 7= [1],

[1] N. Hiroshige, T. Thara, Y. Kanemitsu, Phys. Rev. B 95, 245307 (2017).
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BRAL IS & 3~ 2 R U W VAR o BR KRG K D BH 3%

ZIHIERE  RRARZER B A B e i

[ B8] EENICW TS & il 5 @ B#ER 2T, FENLEE/ AX V7T —EDn ki
TR BRIREPOERITINA T, ANRFVEPEN LIIEESR T L AR DL e e,
Flo, RAROTTa 74T THLIAXREIITT I /7 Ve Faxv b VR UBBOREZ o,
IO EENE Z T, KRR TIIANR XV EORENFIIER L, kxR Y BVR BB %
AT 28RO G L HFERE Fo X AbRIG (7 = — LV EREIG) ~O 2 Et LT,
[EHFIEIET AU T 7 ULl PAA OKIFIRICEEBESRT) 2 00 2 CHTH U 7= [ % 58 0 o B4
WL CAR Y 77 U VRS Fe-PAA & L7= (Scheme 1. EE) . 7=, AT, 7 = [k CA,
BT VMVBEARELL, VT VWEABE L2, 7 VAR CEEL3 b L <X L4 EEREBEKID A A X
J— VSRR LTtk IR L, W d 52 & C, BfI T L Z#E A L7-8E Fe-L AR L7
(Scheme 1, TEBt) . f3bic@ RO LABIEYEZ | iRk E - IRFEHE (UHP) ZBR{Li
ETHHFRE R X I ALRUSITIB W TR L 72,

Scheme 1
H,0 : HO,C.  CO.H HO,C.  CO.H HO,C.  CO.H
+  Fe(OAc), W» Fe-PAA | L= / / /
. . : . . .
COH - Driod urar vacuum | HO OH AIOCO  OH ArOCO  OCOAr
. PAA at 50~100 °C 5 T L1 (Ar=35BusCeHs) L2
! Mw = 25,000
: : OH CO,H CO,H CO,H CO,H
MeOH | 2! 2 2 2
— s Fel !
L+ Fe(OAd), Too— : HOZC/\i/\COZH N/\) o N com
- Dried under vacuum ' COH A ANEIVAR
: at 50~100 °C :
S : CA L3 L4

[FEBER - BER] p-F v LU OIS (Table 1) T, iR OFFBEELAD) TIXMBETEPER B 520
2% (entry 1) . PAA, T, CA ZEHAL7=H O CIIBLEMENRI L, BERBILEK L 2000
IATERALAR 3, 4 MG 572 (entries 2-4) , F72, TV VEEZEALLBEABHEARLL L2 T
PR TEME 3 A B U (entries 5, 6). 7 X WAVRUEEL3I L L4 Tk, 5 X0 H000EmMENME
T2 Z &nbhol (entries 7-9) o L VB L EZZ TRV 13- A FF o _B DG (Table2)
T, F/ UEROERIZAONT, 7= — /K5, 6 BFbnTz, BIREN T &IZ, Fe-L4 (Fe/ll4
) CIEABEEENR 2 RO o720, Fell4 = 2:1 ¥ ClE BRI 7o il lfEyE 28 3 Bl 2% =
EMGrinoTe (entries 6,7) o BEEEEROTERAEE L ZZ TS

Table 1 OOH H Table 2
UHP (5 equiv.)
OMe OMe
catalyst (5 mol%) UHP (5 equiv.)
catalyst (5 mol%)
CH3CN 80 °C, Time CH N, 80°C. Ti
OMe ~ CMaCN, 807G, Time OMe
entry catalyst Time 1(%)2 2(%)?2 3(%)?2 4(%)2 entry catalyst Time 5(%)2 6 (%)@
1 Fe(OAc), 4h 0 0 0 0 1 Fe(OAc), 1h 0 0
2 Fe-PAA 5h 1.8 0 1.2 1.1 2 Fe-PAA 1h 5.80 5.00
3 FeT 4h 3.7 0.4 3.0 1.4 3 Fe-CA 20 min 2.2 1.3
4 Fe-CA 1h 1.8 0.2 2.0 0.7 4 Fe-L2 2min 3.3 5.2
5 Fe-L1 20 min 3.7 0.3 2.7 1.3 5 Fe-l3 1h 9.80 6.30
6 Fe-l2 20 min 3.8 1.0 4.5 2.0 6° Fe-L4 (Fe/lL4=1:1) 2min 0 0
7 Fe-l3 20 min 1.8 0.1 2.1 0.8 7° Fe-L4 (Fe/lL4 =2:1) 2min 12.4b 6.40
8 Fe-L4 (Fe/ll4=1:1) 20min 2.1 0.2 25 0 ) ) ) )
9 Fe-L4 (Fe/L4=2:1) 20min 2.6 0.3 22 22 @NMR yields using an internal standard. ®lsolated yields. ¢ At 60 °C.

_18_



2017-19

Iron-Catalyzed Enantioselective C—C Bond Formation

Laurean ILIES B RUK S R FEBE B S A 0P S0 B

Chiral compounds are ubiquitously present in natural compounds and bioactive small molecules of
interest for medicinal chemistry. The most efficient way to prepare these compounds is through asymmetric
catalysis, and especially the enantioselective creation of a carbon-carbon bond has received much attention.
Direct exploitation of easily available hydrocarbon substrates through transition-metal-catalyzed
enantioselective C—H bond activation is the most straightforward and step-efficient method to construct
chiral molecules, especially at the late stage of molecular synthesis. However, to date the repertoire of
enantioselective C—H activation is limited, and mostly relying palladium catalysis." One serious challenge is
that mild reaction conditions are required for achieving high enantioselectivity, whereas the activation of an
inert C—H activation typically proceeds under harsh conditions.

Iron is of practical interest because of its abundance, low-cost, and non-toxicity, but also of scientific
interest for its high reactivity, often difficult to control. Our group has developed ligands for controlling the
reactivity of iron, and we reported a series of iron-catalyzed directed C—H activation reactions that proceed
under mild conditions.? The purpose of the present project is to develop the chiral version of the
diphosphine ligands, and attempt to develop an enantioselective iron-catalyzed C—H functionalization
reaction. A key for the development of these reaction is the collaboration with Prof. Masaharu Nakamura,
because his group has developed chiral phosphine ligands for iron-catalyzed enantioselective
cross-coupling.® Thus, A series of ligands were synthesized and their performance for a model
iron-catalyzed C—H activation® was investigated. However, most of the ligands failed to give any product,

except one ligand that gave the desired product in moderate yield, but without any enantioselectivity.
0 NHQ Fe(acac)s (10 mol%) o

Ligand (10 mol%) NHQ
Ph H +ARZn —mM
™ oxidant (2 equiv) Ph Ar
Ar = p-Anisil THF, 50 °C, 24 h

Q = 9-quinolyl
Selected ligands investigated:

b
-~ Ph PhoR,
/7 \_.Ph P O‘
P.,, P N
Ph /—( Me.,, _Me P
MeO Ph,P  PPh, PN
52% yield

no reaction no reaction no reaction no reaction no reaction 0% ee
(-]

In order to design a ligand that is both efficient for iron-catalyzed C—H activation and cand also induce
enenatioselectivity, | visited Prof. Masaharu Nakamura’s laboratory on February 26, 2018. I presented an
overview of my research on iron-catalyzed C—H activation to the department, and then we had fruitful
discussions that spanned a variety of new ideas for ligand design. These ideas will be next implemented in

order to develop an enantioselective iron-catalyzed C—H functionalization reaction.’

! Giri, R.; Shi, B.-F.; Engle, K. M.; Maguel, N.; Yu, J.-Q. Chem. Soc. Rev. 2009, 38, 3242.

2 lies, L. Journal of Organic Synthetic Chemistry, Japan 2017, 75, 802 (account).

3 Jin, M.; Adak, L.; Nakamura, M. J. Am. Chem. Soc. 2015, 137, 7128.

4 Shang, R.; Matsumoto, A.; Ilies, L.; Nakamura, E. J. Am. Chem. Soc. 2013, 133, 6030

5 Recent examples: (a) Schmiel, D.; Butenschoen, H. Organometallics 2017, 36, 4979. (b) Loup, J.; Zell, D.; Oliveira, J.
C. A.; Keil, H.; Stalke, D.; Ackermann, L. Angew. Chem. Int. Ed. 2017, 56, 14197.
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T =3 0 3 BEN T 2 T 5B SR ANES & REEE O
R BRI 7R TR

S JERUT T 13 4 BB TR D22 FENE & ROISHE % i BE AL Gl S 5 = L WATRECH Y, Hi7z 2l T
B & 7 D AR D R 72 F S L A OIS (C BB AREL L 72 5, BAIXT R FATE R
ODRDIZERT DI ENTEDIETE ) T =4 MR OBR & D8k L= v F Vs RIZBET 2
BRI 24T - C & 12, Z OC 3 ) H ORI O EHT IR K X 28 4 I 2 L & R L7,
2 CARFIETIL 3 JET = A AR T O M2 RET 5 = L 2 B LT F oAt 2175 7=,
1] ZEFALTEbUDLHESND 3 ERETFE S DMMEADAR L HiE Jiko

3 i B OB ER & 2 OGBS A i L 7= 4 FEE OB T2 FIV T 2 fl8sk ko e

|
~ L N—Cu—Cl
B AR LTz, TORER, 3 EHOREHR EOEBRIL ORI A S L AEIRFEHD
NR
RICE B0, SAE DY OIS LT 4 BpsE? bk x < OFPALES L 5 e
R = Me, Et

ZEnbhol, n=1,2
2] HUFILTLTE FEREERV: 3ERMFDERE TN v 7 ILEEFEDRE
U AT AT IR IV 3 BT ORISR AR L, AR T4 3 T Bu
=AML T E LTHT D =y S ViR Z G LTz, SO dika Hnize 7 U — H‘g
NI a ATy 7Y T RIS R LR, 3BAICY YRALENL AT D = v 7V N—Ni—Cl
RN A7 il & U CHERET 2 Z & AV e, RENLFIZIBWT S 3 FEH ORUHE Q/L
PREPEREIT K & 2B RIET 2 L b 1o, L = NEt, PPh,
[38] #HR 3 EEMFORFEE B E LIz RRELMF DR
B3 2 BT & T D G EHE BRI L (NHC) 1dmWEFHEG-REICN A, &8 & 3 225 2 T
ETEDBRYL T ThD, £ 2T, KEICHRYED Z & AHEZR NHC ik D2 HE LT, &R
FALEW TR S 72 NHC O GREEDBFICKY Le (BMEREE 1D, RIS, RERALFE LT
RAR=T LAY e+ 5@BEARDENEZIT o7, BONT#ERZ THICHF L2 L 25, RAR
=V LAY FIZNHC &0 b@mnwEFitGaz s, &L OMMRREIKREZ AT 5 ENnbho
7o (ARG 2), A%, b2 00mMRE S LT, KRERNMFE2HT D 3BT T =4 o MWERNL 1%
PIZE L, TORBEHRIBET 2EZ21T O TETH 5,
BREE
1. Ono, S.; Watanabe, T.; Nakamura, Y.; Sato, H.; Hashimoto, T.; Yamaguchi. Y. “Synthesis of N-heterocyclic
carbene boranes via silver N-heterocyclic carbene complexes™ Polyhedron 2017, 137, 296-305.
2. Takaki, D.; Ogata, K.; Kurihara, Y.; Ueda, K.; Hashimoto, T.; Yamaguchi, Y. “Synthesis and reactivity of
[M(n3-allyl)(n2-amidinato)(CO)z(phosphonium ylide)] (M = Mo, W): Investigation of the ligand properties
of phosphonium ylides” Inorganica Chimica Acta 2018, 471, 310-315.
3. Hashimoto, T.; Asano, E.; Kurisu, N.; Yamaguchi, Y., “Biaryl Coupling Reaction of Haloarenes with
Grignard Reagents Using Nickel Pincer Complexes™ 64th Symposium on Organometallic Chemistry, Japan,
P2-55, Sep. 8, 2017, Sendai.
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vrunRS TV UYOBTFEEOMRBE L WE AR
DI S re e Ne s e 5 T

(HW] v 27 aRg 7 2=V 37— A F = TR =R F ) Fa—T OR/MEKHEMN THY | <
VEVRICHENTERIZL > T A FEIRY AT AR A & LT < 72 Ehk & 2 BERERITE 3 W fr
INTWD, RIFFETIEY 7 axgT7z=vy (MR, VINTTF A, ST Y) OFET
WS 2 0 B TR - BHEAL R TR E O T O IC U, EREMWE Z %3 5 720 O1E# 4 15
HZLEAME Lz, BMEEE TORFNIEIZL T, ¥/ T T7 2=V DYV ATFH
([MICPP*, n=5-9) NI —R > F ) F 2 —7 L FRRICIERI IR CORIE RS 2 LR E 2 52
WCLTE, SFEII 7 anRT 7 o= Ly DR TF AU ORI EIEO B IR ZE L, btk
BBICHOWTETLFEFHEZIT ) 2 LT BB A XL SORE O BRI 2 ifdT L7,

[EBRIE] 7 u T 7 ==L T4 T RS DS BFE L2 515 (S. Yamago, et al. J.

Am. Chem. Soc. 2016, 138,338.) #ZZICL T L7z, GONLI AT AL DY 7 nnm A2 AR
DFN ALY F R, IR 2 AW T T L 3 RIS T THRIE Lz, 80 EFICRIZT b
Ttert-7 F )T T E T = R E L U CHRRE K 0 B U7, BEEPLEIERE 2 O TR AR
S - FE IR R OIS R (LR 2 ATV IR R AE S BRI B Bos 2 W TR O A7 bV &G
BT,

[fERLERE] 7R T 7=V AF Ay (nCPPY, n=5-8) OHEONETICRARE L L
Z A, [6]CPPTDEAINER (@ = 1.8%) MEbE< ., oA XD hF A4 OBAIEHRIT, 3.5
X 102% ([5]CPP*"). 1.9xX107'% ([7]CPP*"). 7.7X107% ([8]CPP*") & 7po7-, &I hF A4 Dk
bt — EIR BB Ol IS 2 WV CHEREOE AT PV ZFR L2 E 2AH ROV A ZHP/NE
725 EERMBRFEEHEROMENR< 720 | IR FIREN NS R ZERHLMNER ST,
— ROV A ZXPRKRELRD LRIPEEDREES 7 b L, RKEE — EERE & LR ED =
TN F—FEN NS L T B 2 D IEHEGH RTE MIERE S D, T AL D O KB EE ] OVEE & MEiE G 2k
IEOMRMEDHE DAT YRS E Y, v/ asT T ==Ly OB F A ORTINET [6]CPPY Tht
bElleolt Bz oN5,

[l Rt ]

(1) “vr7anRg7z=LrOF /) v IEEICR S ERLEE”, AR B, BilE M2, PR K
—, W R, KR SR, PN B, B 11 1A ARV T A2 0 1 T [F], 2
017%6H8-9H, [M.

Q) v unRT Tz L AIBT D ERHE L NS MY, A EBR, B W2, B OR
—, W %, A RSk, NI EAh, BB 4 SHIRUS ERRDOESR T R T A, 201 THL
1H6-7H, @iL.
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REAHBE D& DBHEX v DU —7 OFFHT
PIARIE UM TR TR JEE

5iA=1:D)

Ry N =7 2B DEBEOR Y U —27 DL AT KBGO E TN (Xr—7 U —HE)
EVIME AR O LRE SN TS, EBICATF—LT7 U —PRIMz, WEMITWATESE S L
BEHET D2EE R ENE WO IEOREAERM, & L<IX, REOERLTEALE 5 LERT 25167
BN E WS AORBARBE O WTND DML FFOHAENZ NI LERREINTWD, ki, PFER
RKHF L ILFERE TR B 2 FFOEHER » N T — 2 T 272D OB 72 B T A BR%E L
7= (Takemoto & Akutsu, PLoS ONE, 11:¢0157868, 2016), Z Ofiftt Fikix, v MV —727 #1EHI%%
Ffofly 77 7RI HEIL, &7 T 7ICBW TR ELZ RO, REZICEhLZRALTx Y b
U— 0 BIRICKT HFHEEZEL NI DO THD, ZOMEEHWTCREMHBEER>Ar— >
U—%y NT—IRF U H ARy NI =7 IZOWTHR/DEEES DOV A R Pmac A S 2 Fik
L, Y Iab—va VIRITIC KD T ORMMEEZ R Lc, AT, R/ SRS LIS D
77 7 RIS EOMITICEA CE 2 X I oFikimE BRI T L &L bio, EBEOERER >
U — 7 Offtr~DiEH 22 5,

BHANE

LB IIRBAHRBR A ROy T =2 & Xy N =7 DI T AZ =D A ZLMEE D /04 & OB
FRIEIZOW TR 21T o 72, L L2ens s, BRBZe i 21213 % %ﬁ‘fﬁf%ﬁﬁdqugbé
—J5, WHEEBIE 3D LBEN A3, A—A NZ U T OMEL EHHFE LT, #2327 I
Mﬁ%&%&@ﬁﬂﬁiwﬁmﬁﬁ%—&ﬂ%@%ﬂ&_owfﬁn%ﬁotmo&/nﬁg®¢

TIXEEE. OF D AERPNEFERICOMEE L L THEET 2 OBRHEHY, TNETICKF 3
E@%%%‘ B LTEL OIZENMTON TE 2, L LR G, BEEMEAL AR SO 63K
ZFEINTWD, 22T, AR 7 EORFIEHRE L OSLAREENE 7> 5 Random Forest &
VN B B2 IO TS A &2 HEE 5 FIEA RS Lo, FRICLIMBET — % &1 v b
U— 7 RUTEHL L, & T BRI, betweenness, [EAXT hv, 7T AZ—{5¥7e Ekkx 7y
Ry U= 7K ES TRICHIH L TW D SRR DRI O—2 L > Tind, I HIT, kD
TR BRERIENEETNICRELS ST 5L OB SE, Ry MU —ZIZBIT DA
TOMEZRY IANTERFEEZHIICER LIEH L TSR b EERFEDO —DER> TS, N
VI — I T2 ERHOTHETEE OB EITo IR, FSU EOTRRE 2> 2 & 2R
THIENTE,

Fe R i 3
[11J. Song, F. Li, K. Takemoto, G. HaHaffari, T. Akutsu, K-C. Chou, and G. I. Webb. PREvalL, an integrative
approach for inferring catalytic residues using sequence, structural, and network features in a machine-learning

framework. Journal of Theoretical Biology, 443, 125-137, 2018.
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B/ NXBIREIC X DBHER v b U — 2 Ol & T
Al FF e BRI AR

HERBE : 2 7 EHMAEEN Ry hU—2 | BiaFH#Ery hU—2 R#fxy hU—2 R ED
EMERF Y T =7 DS IET U A Lty NT—7 LIxRR D | B O_REFL (A r—v
—) EWOMEER O REINTWD, THNET, REPFRE & HLFRFEELIIZNLD
2=V T =M EEOEMER Y T — 7 12ONT, MR ERRET L, Z 8B EAE T >
NI =2 DERET N, 7T 7 OEBIAED A r— 7 U —EOBHAI & Hix et a17-C
&7z, IHFRITE ORIEZ OIS ILFEFIE ATV, 7T TEERICB T 2 RS AWk R U —
7 HHDE T AL & QBT & PEIRIC DWW TR 21T - T & 72, ARSIV TR, KBLES
WS KA IR IE, ARXy NV =228 2 XEESIZOWTOMEMT, > I 2
U—a VT, T A RN ARTEAT O, EDIS, HEOX Y NU—I o bRy U —
JIZOWNWTH, ZNE TOMGPFIEDILIERZRA D,
RN - BRE ARy U —21ZxT 22 TOR/D BIEAITE £ TE AT MR A & EE
o, ZOUEAERZ EEICFEET 72D HHOT L TY RAERE LTz, 2 OWFEOREIT
VATAERL, b LR, IR ERDTERZFET 2720 OBAIZ FERAICEE | 71T Y XAV
TIEZEOHAMAREY IR LENT 5221280 %y hU—27 OY A X2 K& Mi/h L, £ O%ITLIAT
(B N L 72 B EGHERE ISR FIELZEAT 2L 0 b DO Th D, ZOREE, LIATICH
FLI=T T Y AL L L TRKT 176 (50 End kA 2R L, 65,000 THAD B 78 5 KB » b
T— 7k L CRATES AR R T 2 2 ENaRe L Moz, 2073 Y X L% 70 FOHEY OH
Xy NT—27 BEO 3FEHOEY DS 7T IGRENAT = A\ LTSS, MAETERITEY
FHNCEERTARII R DM EN D & ER R Sz,
—JF., ZlExy bU—2Z7IZBT %L LT, ncRNA (/> a—F ¢ 7 RNA) EHRBOBMERE
TR 57D OF R TIEEZH L-, LLATE Y ncRNA, GaEE T, HERO OS5
“EOXy NU—27 ERHOWD PRIHENER I TV, ZHUT neRNA 3 L UK SEE 1 O
MG R A T — VS Z @ U TR L7 PIIFE L B Lc, 2ofE, THREZ K& < mEs
L ENTE T, ShlZTMEnTz 23 [HOBRMEIC SOV TIERIZ L DHEZIT o 12/R, £ D
% WEMFHNC R Y e b D Th D Z ENRBEI NI, AFRIZEY 2Ry hU—7 ORI
THAEAMERTZENTEN, S4YOHNTH D HEICEET 28 AR T 0ERH 0 | BITE,
fkfoe L CHFZE & D TV D,

FERFw L

[1] Masayuki Ishitsuka, Tatsuya Akutsu, Jose C. Nacher: Critical controllability analysis of directed
biological networks using efficient graph reduction, Scientific Reports, 7:14361, 2017.

[2] Takuya Mori, Hayliang Ngouv, Morihiro Hayashida, Tatsuya Akutsu, Jose C. Nacher: ncRNA-disease

association prediction based on sequence information and tripartite network, BMC Systems Biology, in press.
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HARDIERAKNSBE L2872 72 K DNA U A IV ADF ) LENTRFSE

HAER  AOERR S

[HM] FERET 1TEE, LREICH DIIROKN D, Ty 8T A— N 2 FHER Y A
JVADGTHEC RS LTz, BB 2 £ & 32 2 E COREFR RN G IE, ZivE TITHE
SHTWDHLERYANALITRRD VA NATHLATREENE SR> TN D, £ I TAIETIE, Z
DFHLD A N ADAT ) DT 2 | ACFERTTERT « #5182 205 2 L RIFZEE . [RIREBeE - &5)1c
KAEMIEH # L L3RR E L TITV., Z0RBEBEZ/RETH I 2 M E LT,

[ 28 HE)] RRAKNO GBEL 2B E XY A VA Acanthamoeba castellanii medusavirus

(Medusavirus) %, 771> 8T A—"ZfEEE L TEZE L, KREIZHHE S H7-1%. NucleoSpin® Tissue
XS (Macherey-Nagel GmbH and Co. KG) % H\\\T%4 /7 2 DNA Zfifitt, %% L 7=, PacBio RS Il ~* &
TLEFIALCRY ) by —r V AEFTD, Canu TRV T ZIZRV TRV TV EITo T, BIBTT
X GeneMark I X V1T o7z, S BIZ. Medusavirus KL 736 5 37 B a2f L, LC-MS/MS (2 X
Va7 d— LM 21T o T,

[ 52805 -] Medusavirus /7 7 2%, 2F73381,277bp (G+C=61.7%) OEHR AE DNA 7/ A
THHZENHLMNE oz, FT-, 443 HDOZ RV EEG TR TFHIEN, ZD ) H L SOk
BFIZIEA v ey REEI TV, NCVOG (nucleo-cytoplasmic large DNA virus orthologous genes)
THEINTWOEETE 16 fHRAEST D LN TERI Lb . Medusavirus 73 NCLDV

(nucleo-cytoplasmic large DNA virus) [ZBT2ERV A NVATHLH Z L3RRI iL7Z, B DNA R
U AZ—+E€, MCP (major capsid protein) . DNA packaging ATPase 72 & O = E8 s T D43 1 Rt fif
(2 &V Medusavirus H:MfL0O NCLDV 7 7 X U — L HE(LAYITHRD TIEWBIRIZH 5 2 L Rk Shulz,
& BT Medusavirus 7 /7 K21, B A N UL TRISNABIE T2, BEEAEW EFC 5 EFEET
D 2 ENRIR ST, Medusavirus KL 7D 7 0T A — LENTIZE D . ZDIHADE A R Z R
78 (H2A. H2B, H3, H4) PHRLTWICIFEL TVD Z & bR S L7,

[B22] 7 A—5 AOESIENTIZHV T, Maumus & Blanc (2016) (&, ZAVE TIZHIB T
LERTANALSE, TA=NNT ) LEDOHTRIGTRKIEBEZEZ LTEREADOERY A LA
77 IV =R EET D2 LA TRIL TV, AAFEICZIIT 5 MCP, DNA packaging ATPase 151
D1 FRMATIZ KV | Medusavirus 73 DRFIEZOBERT A VA TEH LD algetEimg I iz, £/
b A MR T A S BRSO Z &  BRIDNA R Y A T — BRI FNEEAEMD DNA RY A7 —F 6
BETEMDODTHBZETHD Z D, Medusavirus IS IVE TOERTANVALIZELRD HFETH
L7 A= O L BRI 2 RO 2 & VR S LTz,

[t Rt ]

1. ORATEA, &)Iloe&, Chihong Song, £ A #'5L, Romain Blanc-Mathieu, £ HFNE, #& 5.2, R
DIEEIED B 7B LT HBLE R 7 A L Z13H7 7272 NCLDV 7 7 X U —% T 5. 8 65 B AARD A
IV AN R, KBK, 2017.10.24.-26.

2. ORKB&, #)IcE, Chihong Song, 2 H 5L, Romain Blanc-Mathieu, #THFIZ, #4412,
ROJEEIE BB L T2 HTHE K™ A VA Acanthamoeba castellanii medusavirus DJEREFNY « 7 ) I
BFERIBESE. 2017 FEAGRFRFRARFERREV—27 v a v/ TERUA VAR REOH (L
=) 1, M, 2017.12.6.
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FRBERMEASERICBIT A ERT A LV AR
dsDNA 7 A )V AE{L %2 K D FHRERABZ Iz MT T
RS = & R AR R 52

AR DU E RTINS . AT T A NVARHZR T DR R D A VA0S MR CHR e
HREFIIR B A o TWD Z E RSN Y o0 D, ALEFRIAAIEIZ. ERY A L ADNHE
BARF (DNA RYU A7 —RRF) ORFNFEE IR E LA AN—a—F 1 v 72 EfiT %
Z LT R EOBERBREMFA X NOFRTER Y A VARRIETHENZ DN TELET 5 2
EERHME LT Tz, RIFRAHEET 2 ECTRAIKR 72D A VA OMAL BT 72 & NS A
AT H7T 47 ATOWTUEL, ALWFORETIFREPHYE Lz, /o, &7 1 —/L FE LT
TR A U CREETEO RIS T 5 SN T 5 m kRl 2 W& x4 & L RiRFEE D
B ma Ay T 528 L L,

AAEPEL, BFEAERE SR WIBTOEMY 7Y v 7% 20 ME L, ERVA VA EE
L ARFEY TN BRI LTz, E—EOV > T IOV T DNA O A5 T Lic, i/ i~
TNVERMLIEERYVANARAZNN—a—=F 4 72O TUE, A%EO TV FETH D, &
FEIE, KIRVE CRREL L 72 PIREHCBI L C A Z N —a—F ¢ v 7 %k, | B2 7 ST
FOERTVANVABFET D EE2H LML (M), A X N—a— REMITT 272D/ A 4
A THRT AT AN TTA AL THRGMIRENHIELZ 7T Lz, FRFZ, PCR ORI 4
WD U CEBRIEREZDRILT D720, Bird T T4 ~—%MAG0E 5 FIEICHE L TRHAZITV,
BRI LTz, 200 PABIEENTIZ BT 2 I BUERED Th 2,

WHEia . TR 294 5 HB X
ONERE 30 4F 2 2R TIT o 72,
F72 6 HOmmEH  NEToOY
I NEREUZIE, BHERS D D
HE., AL, HFFRNARES
WYY T OREEEZT D
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ANVFE A L TR FERELZHN T2 A7 4THD, €2 T, Thb 2 DOV AT LEHES
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ZDEY 2= VORTOES (72 BEN-T £ F NVEBEE) (S5 T 2815 175 GENIES O 5#
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Machine Learning Based on Sparsity Regularization
with Auxiliary Genomic Information

Motoki Shiga  Gifu University

Recent developments of measurement technologies on molecular biology data such as DNA sequences,
protein structures and metabolites have enabled us to profile each cell line or individual patient.
Along with these developments, a lot of biological and molecular knowledge has been accumulated
into databases and they can be used as auxiliary information to improve performance of biological
data analysis. This year our collaborative project focused on a multi—dimensional sparse array
data (or a tensor data) and developed tensor analysis methods for drug combination analysis and
gene expression analysis

Targeted and personalized treatments are important for cancer research because the innate of
tumor and acquired resistance to a given therapy are essentially different for each patient. Thus,
a given therapy for common patients is ineffective for a cancer treatment. Against this problem,
cancer researchers have been actively investigating relationships between effectiveness of drugs
and genomic profiles of tumor cells. Furthermore, considering the synergy effect of drug
combinations is one of active researches because it has the potential to increase anti—tumor
potency without increasing toxicity [1]. In this case, a synergy effect prediction based on
statistical machine learning is necessary because the exhaustive experiments are much more
difficult than investigating single drugs. In this problem setting, datasets are given by
three—dimensional array (a three—mode tensor) and auxiliary information of small molecules and
cell lines. To integrate these datasets to improve analysis performance, we developed a Bayesian
personalized ranking method with a factorization machine model. An advantage of this approach
is that it can suggested ranking of preferable drugs (items) for each person (or each cell line),
thus it is suitable to the situation of personalized medicine. We evaluated our developed method
using a large scale famous dataset on a recommendation task. The experimental result indicates
that our personalized ranking method outperforms the existing methods such as an original
factorization model and a matrix factorization. For feature works, we will evaluate our current
method for biological datasets and adjust our model for the task. Another feature work is
improvement of the computational cost. Same as the original model, our model for Bayesian
personalized ranking requires an iterative nonlinear parameter optimization such as gradient
descend, which requires a lot of initializations. Reducing the computation cost is necessary to

analyze large scale biological datasets

[1] L. He, E. Leppaaho, M. Shiga, et al., The 9th Annual RECOMB/ISCB Conference on Regulatory

and Systems Genomics, with DREAM Challenges & Cytoscape Workshop, Phoenix, AZ, November 6-9, 2016.
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W) T, BB AE OEEORNIAEWVIZHEBE LTS (K1 /£0XH) 23, Sample 51-100
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WL 7= L i % & . DPA-RS-FTI277 % M
WS E A B o T, T DR D O
DPA-R8 [Z4 & A A AT T RIRFH Trish=R1C o
PR VEE & NS S L, S S
IHEMEZ RO Z 3RS iz, 4%, DPA-R8 % /1] O
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1) J. Sun, M. A. Blaskovich, D. Knowles, Y. Qian, J. Ohkanda, B. D. Bailey, A. D. Hamilton, Cancer Res.,
1999, 59, 4919.
2) S. Machida, M. Tsubamoto, N. Kato, K. Harada, J. Ohkanda, Bioorg. Med. Chem., 2013, 21, 4004.
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BEXAT LI ENMRINT, LarL, LITE ZHIMTERE LG E 10BN T ZOMRITELS, 4
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[1] Mohri K, Nishikawa M, Takahashi N, Shiomi T, Matsuoka N, Ogawa K, Endo M, Hidaka K, Sugiyama
H, Takahashi Y, Takakura Y. ACS Nano, 2012, 6, 5931-5940.

[2] Akishiba M, Takeuchi T, Kawaguchi Y, Sakamoto K, Yu HH, Nakase I, Takatani-Nakase T, Madani F,
Grislund A, Futaki S. Nat. Chem. 2017, 9, 751-761.
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1) Abe, M.; Je, J.; Mishima, M. Chem. Soc. Rev. 2012, 41, 3808-3820.

2) Abe, M.; Akisaka, R. Chem. Lett. Highlight Review. 2017, 46, 1586-1592.

3) Abe, M.; Furunaga, H.; Ma, D.; Gagliardi, L.; Bodwell, G. J. Org. Chem. 2012, 77, 7612-7619.
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ZHAWV, Fa—TWEELZR> CPP 4 I~ — DRV R EMRIE~LDREEZN D, TORMNT
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ARE L C. WMIND AL Bl ES 2R HT= & Z A, [10]CPP & Cipo & DEEIEFRIC K 5 Ciyc [10]CPP
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[ 3C#k] 1) Hashiguchi, M.; Inada, H.; Matsuo, Y. Carbon 2013, 61, 418.

_33_



2017-34
ﬁﬁ%%ﬁ@%%%lﬂ Liz~Tua 7 XLz d<-—nail
BIRAL ARPKR TSR

[AY]

TR HEREAMTH LR TR RBNT 4 U IS SR R i e R A AT
THIEDLSHMONTEY, AT A AL LTEMESNL TV LD L EHAFET S, 2D
O 1 WS FIRGEMEE A L, fRx RIER O EWINT DRk 2 R o720 | IRAWT R L F—H 0
HERENTEL0KFLE L THEAZED TV D, FHIOBEERIT A 2A00EWEIZ RV TETT 7
BT —ThHo7 77— bITELHWOND 2RI n (L EHE LT, EEERY ~—
PEREMEIR ) 172 & OBAFE DV ANZATIe DIV TN D, AWFFE T, IEREZ U8 L7z 2 ot n 4%
ST EER L, EEMT S A A~OISH SIS AN FER 2 RE A (R & L TR S
ZEERBET, BRI AL R AR = b & LT AeisErE R ORIRA HiIE LT
W5,

[ =5 E]

ASEIFZNE TR L TERET AL U TR 7T AL UBHKRIC L D E I 2 >OEHRF
TEEBANLETY T AL VAR REAREKE L THO, ERETOIFEOIEN 20 &2 KIS &35
Z LT, AR ORIERYGEERS T, FRICIE, -7 T AL R LU T T XL o
2-3 — FEE W3 — F = X 2 VHSOG 2Et U, SREFREE L ORISR KO FRITO D »
TV TR ERIA T, &S — REOGRIZOWTIE, 1-7T 7 XV AT O HiEE A, 1, 3-
CTHT A AIFHUCAR LTz, T FERATF-90C T, THF /= —7 iz g — Rk
VAL, n-BuLi £721% Grignard i3 (PhMgl, i-PrMgBr) ZNNZ 7%, brine F7-13 TMSCI &N
Z CHEIRIZKE LT,

[FER & &5

28— R-1-7F7 AL U iFEK L n-Buli OIGTIL, 83— F— A ZVHRITHE T3, 7
AV VBRD AN ~n-Bu NI L7z 4-7FL-2-9— K-1-TH T XL DOV Raknfgshniz,
¥/, 2-3— F-1,3-VT7H 7 AL & n-Buli £720F i-PrMgBr OIS THREIC, 7 XL BRO
ANESDOT VTNV ANES L, 39— F— A X VZEBOSTEIT L2007, —F, 1,3-U 7
T AV b Phligl & DORJSTIE, @BEEOEMEIREM NG b iz, TOF-MS ORIEICE > TZ D
BEVIX L,3-Y 77 AL A ) I~v—Thod I ENHA L, 51T, ZERR O ERITE
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BABMREISICL 2 nIHRF = ) 7 T VBEEDO AR L T O
Wakih  WILKFRFRE AR DR R

FAT7 2 VBRETTUVRPMER LT =) 7 7 A E G n JEIRT = ) 7 T USRI
BARIR T P22 OEWESE L L THMWREWREETH Y . AMMEEMETH 508, ka2 G
RIEPRESNTNDE DD, WTNHZERBELE L, HIRTEHKRT ) 77 VEREZEY 5
J 2 TET IR o Tz, AR TIZ T v 70 o 7 RO& & KRB BOGIZ L 0 TR T n LR F =/
77 UHEREGHKT 2 FIEORBEE DS L, 7, BILAEHACHL Y Rek o7 FLF

Table 1. £4 54 &AW =BKERIE RGO &%

OH o
T O zeolite (0.5 g/mmol) A\ /
) s
m—xylene
HO 150°C, 5 h O

1a 2a
entry zeolite pore size (A) crystal type silica/allumina crystal size (um) cation type yield (%)?
1 HS-320 (Wako) 9 Y 55 0.2-0.4 H 60
2 HSZ-360 (Tosoh) 9 Y 15 0.2-0.4 H 78
3 HSZ-931 (Tosoh) 6.5 beta 28 0.5 H 84
4 HS-690 (Wako) 7 mordenite 240 0.1x0.5 H 84
5 HS-341 (Wako) 9 Y 7 0.7-0.1 NH, 50
6 HS-320 (Wako) 9 Y 55 0.2-0.4 Na 5
7 HS-500 (Wako) 8 L 6.1 0.4 K 0
8 HS-642 (Wako) 7 mordenite 18 0.1x0.5 Na 0
9 HS-720 (Wako) 4.8 ferrierite 4.8 <1 K 0

@ |solated yield.

FT7 2 1a BT NEEICHNTES 7 A4 N ERAWTEBAKBRIEDO SRR 521T - 7= (Table 1),
(LRETERIR 1a lCkf L, Fix DEA T A FEERSEE A, w4714 FThD HSZ-360.
HSZ-931,HS-690 % Fu 7= & & 12X

Table 2. i3k F T/ 75V DERK
R CTHMY 2a 15 517 (entries -~ PH zeolite (0.5 g/mmol)

‘ <{Ar\/ . (HSZ—360 or HS-690) (,f;;\/ \0/ -
~- 27N . y
2_4)0 s \Ar/‘) m-xylene Y \:A_rf
N ~ N . =~ °C,
ik D& RFHT TR WG Z R Ho 180°C, 5h 2
- P S i —_— o o o
ZHWTERE — B OmE 217 - 72 s 0 S - 320
(Table 2), At TR & 2B L ATERA 2a 51% (HSZ—-360) 71% (HSZ-360)
B 78% (HSZ-360) 79% (HS-690) 80% (HS-690)
DARBOSMZEHFIEE TH | k)i T 84% (HS-690)
N N _ 0
XA RN 2f Ok TF T ) 7T i’ s
) ‘ljﬁlk. Q'H QD O
BRI E AR Th D, Fio, Q (o)
2f
© YLEETF T ) T T U R A R 88% (HSZ—360) 93% ( HSZ—360) 74% (HSZ-360)
85% (HS-690) 41% (HS-690) 0% (HS—-690)

Ty o7, BIE. L0 nhEiE hem=384Nm, ® =045  Agp=373nm, @ =043  lgy =366 nm, & = 0.19

LRk QM OIS & T g eyl

REFEDORN 24T 72> T D,

ME#HE (1) Mitsudo, K.; Tanaka, S.; Isobuchi, R.; Inada, T.; Mandai, H.; Korenaga, T.; Wakamiya, A.;
Murata, Y.; Suga, S. Org. Lett. 2017, 19, 2564.
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=TT RGE RO G & AL EAME L LT ot

FYEERE R TR T

[HAY] 08, fIEEREEMSCAHEE EL 72 SISV o D B e el & LT, o 35822 =3otic
IR S TALEWOBFEEH ST 5, FlE O G TIERIZ T 5 face-on X edge-on J7 AT D A
Mg 2%y 7 &2bh, RGOS WEMBEIZ AT O LT, koG s b o LawEEETIC
BWTH LWL HI I OHEMAE &> Z LICRY, FHRERBEIORINATETH D, n &
BENL & W 7o @RS IR, BB AR 2 B & I SR IE A e C& 57 e —F L LT
AHTHD, BlxIX, 8-F /U /= VEBNLFIZH DT VI =0 AEK Algs 1L 7 2~ T D =R ek
Zb 5, WREMAMEE LTRSS TWD, RIFFETIE, 8-F/ U /=1 o IR ALk LI2Ad
P2 RANT, EWETIEFFES IR S D8 LW =0t o MESER A AT 2 Z L 2B & Lz,

(G55 L 2282]  Fox OBIZE 2 L—7F L L2ERFge  Scheme 1. Synthesis of n-extended metal complexes o R
PO, ETRIETHDLA I k%
WA LT R 2 U 2 — BRI L1 DA O N°
A—bEmE L, aRLeieTeRec T e,

3 SOFMF A BT LI = AEEK AILL; % O‘ Fon

BEHEABEAKE LTHEECEZ 2R LTY o
b, I T, miRERISEKICI T D9 L4AE D, L1 o ALY, 92% N
(R = 2,6-Pr;CgHs) . G;(L’l);a 98% Mg
AR DR P NAL R I KAE TR T2 & o RO In(L1); 90% ©

5720, B L1 WY U LR D NIA V0 LA AR ARG LT, & ORER,

R E N T, T =0 LEEEROSA SREROFETH U U LK Ga(Ll)s B LA 20 A
BEIK In(L1)s Z HLEECTX 5 Z L 3 h o 7= (Scheme 1), 'H NMR HIE DGR, Al(L1); & Ga(L1): 1 C %F
PR meridional A& % & 5 DKL T, 4//7A#Whﬂm3iQﬂﬁ@ﬁmmm&LTffbfm
L Enbhotz, ZOMBIE, WIET OSERO LIRS 2 .08 R OFEEEIC ERHIWD I EER
LCW5, F£72, L1 ZEN A2 O8KICB LT, Y7 a2 X TN ERIIIE 217 5 &,

Ga(L1)3 (Amax = 640 nm) & In(L1)3 (dmax = 645 nm) OWIAR K E ANL1)3 (dnax = 634 nm) & LEEZ L TIRIFE
AT, WIGRE L FRIRE Ch o7z, 7705, MOSREE XD Z L12 XD HWIUFE~ DRI
INEWZ ERDD T, PBIRIT KD NARKEE OEEW 2Rl 5 726, DFT #H5 2 VT M(L1)s (M=
Al, Ga, In) @ meridional & O fiE{lA%IE 725K D, wE-BNLFHOR S IEHEZ WS > 2R, 3 DOl
P2 EB T DEERIR 13 L ORI 15 5 Pl E O IEHE O 1L, A T OBBIZ/R 5Lz
TEL o TW0BICHL b b, WIUBRKITIZIEZE L2V Z &2 TD-DFT sHRIC L X &S i,

(Rl HREEW, MWW, EHEEES, FEERES, [ ikRix Y ) — vz v
BIBEEERO G EME ), % 28 MIEREARL RS, TUNKRT, 9, 2017 4
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FI R T R A KBEAORR L EHEA S — HRTE O PR
PEfBIBRE  RIORFRER TR R

LA D CH3NH3[MA]PbI; & e Xe 7 25 A FREGEMOFEITA R E LWy, AME~OZRMED
RARECALER e F D B IS LS 2 £ LU, MASNI; X° CH(NH2)2[FAIPbI; (3 &4 5 Sn %m 7 A
1A NIRRT E L CTHER SN TE Y, #EEREHE Tl MAPO I 20 v U T RBENE A HIfF S
LEVOMELHD, LA L. Sn D Snt ~DEL RERUIZ L D FE RO FIIAEM R BETH 5,
BT TIE SnFy HINSe LT-VASP 72 E O 7 1t A2 L —EOBREIMEI N2 Sz, Th ThH ARk
NHRIL 6~9%FEEICH E > TN D, SER S BICHTHREZN ESEL720ICH, Snz a7 A4 +D
REWARDICHEBEEH O IZT D EEAAXRTH D, £ 2T, AUFFETIEEE T I &S

(Photoelectron Yields Spectroscopy: PYS) & If[#l 70k~ A 7 v AxE E (Time-Resolved Microwave
Conductivity: TRMC) Z M\, R FMHREICZ VT 4 IV BEHR ThHH =RV —YEN & v U 7 BE
DRZGIETE N L HZEER SnFy DR FAZONWT, “47 R r—)b
TREAM L 721,

#EHI MASNI; , FASnI; Z 41240 20 mol% SnF, UsIIA Mt D ¢,
D& FIRIEIZEVIER L, BT o 7 &2 RGUCIE LD
OUEEITo 72, 7B, AXHIBEA (Snly) IZIL RS TR
L7=bDEMEH LTS, PYS Ml TiE, SnF, OAETE

WEDHEDD, BRTOH T IZBNT 5 5Ll Eo KGR
P& CiEA+# B (Valence Band Maxima: VBM) 72357E< 72 1) |
HETINEMEF L (K1), F72 TRMC #HIE TiX MASnI;
& FASnl; THE7Z2 2B bHHED WL 540, FFIZ MASnIls ClE&A))
D2 BT FARER L, IRNTIR T T2 &0 ) Frfkie

Energy from vacuum level / eV

MASNI,
MASNIg+SnF,
FASNI,
FASNl+SnF,
0 5 10 15
Air exposure time / min

20

B 1. RRBEBIZLHDAZAGTATA b
» VBM OZA{k (PYS HITE) .,

ZEhn o (X 2), ZiuE, BEEKE TO Sn* &b
T5 MASnls fREIC L A2 b0 EX B D, BIEIER L
MA,Snle DRFAi 2> 5 . MA2Snle DR U 7 8 138 O3,
N RNESE SN T v T hbl20H, FEREOIK T A5 . 10
TR ZFTZENG oo, —FH FA R CIIELORESEAMRT P
MR TE 72n o7, PYS 1L TRMC %2 AN T, Sn B<n~”  E
ZHA NDLY A —LTO VBM BLOBEIEOEL 2 EE 8
L, SnFs 139 > ZAMERGI O LN < b oD, 20k 3
DEEMEICIZH E DL\, F£72, MASnl; TIZ MA,Snls
DERPBES N, BAREBET N T 7 ER015%, —FFA
FRTIHZEOL I RFERHITA LT, L0 EWLEERH D
LI TE D,

1.2

K2 AXRaF RAHA kDO TRMC FEZE
B O KK RERIFEL,

(1]
(2]

R. Nishikubo, N. Ishida, Y. Katsuki, A Wakamiya, A. Saeki, J. Phys. Chem. C. 2017, 121, 19650.
M. Ozaki, Y. Katsuki, J. Liu, T. Handa, R. Nishikubo, S. Yakumaru, Y. Hashikawa, Y. Murata, T. Saito, Y.
Shimakawa, Y. Kanemitsu, A. Saeki, A. Wakamiya, ACS Omega 2017, 2, 7016.
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FR LA EAAB TR S T D ARG EM
Tl RIS TERER 0T

7 LS U T VHMR BB E DO LM R THBR G R AT Z L AT ENIE, Tk TOMER
FABECIX IR #E 7 KRR o fh sk B KA COFIH R ARE L 72 0 b A =R A F—DREL LT
OFADBIENR D Z & BWIFF STV D, FHMEE T KBRS AR D 2 ARME A i LT,
Oy T DR 2 IR RETE RIS FTRE TH 0 | R D T Y 2 LR KB EMOMERE R BT 5 AlREMEE © 5 T
Wb, £, 77— L Co DFFERE n R v~ —DHRDEEWN, [TITAF v 7K
M) & LCRIHTE DLW D ZEMEREZED TND, HELEBNFEL N LI DH72HITIE,
2 A B O EFHIEE OFEITIN A T, MRS EEZ D S & 2D EIROE/L 7 + 1 2 —HfilfH
WEHETHY HH T =R ~— 77— UFRRORESHAEEZ AT Z ENEETH D,
BaDITN—TTCHRE LT 7T —a=y bOUER Y I aT N MR TF AT =& R
F—a=y hOVFI v L EBEDEID AR AR ) v — 3T BT 7 A R

ELTHRET 2 2 E2BEICHE L QWD T TAREEIL, 2077874 —2=y NOBETZEH
PEOM EIZET C7 v BRTE2EALLZCAX Y7 a7 T AT 47 = > (PDF) ikt L.,
neEvF s vr—n (DTS) & R —{LICHWZ D—AR 2R Y ~—D&a, Yt KEGE
HRFE ORI 21T - 72,

DTS-PDF & PC;BM % K —, 777X —IZHW=T BT 7 AEO K& R 2 554 L
7ol ZA 130%DICEESEE (PCE) BEbhiz, 7 v REFOBWEFREIMEORETE W
BIBOREL (Vo) 21325 Z &N TXIo—J, EHEEBEREE (L) LBRET FF) I&kHEORM
MR ONTz, T3 AYERFETA D Z OJREIZ, IRE RO EILBENEE D E T BEIE LV IRV T
o ZENHLNE ST, T I TIEABEEOR EIZHT T, 3-~FF 472> (HT) & A
~R—H%—& L TEHALK DTS-HT-PDF ~ & J£Bf L7z, DTS-HT-PDF & PC7BM THEp S5 7 E /L
7 7 ABERIGIERBICH WD & BIFF B Y Jo & FF E S, 9.12%DE )\ PCE 2K LTz, =
DIREROBEEZFM L& 2 A, EABBERH LELTHWD ZERHLNERoT,

J-V Characteristics

5
(=]
‘i‘ 1 O.Do.
E 0 XL
: -
E PCE [=9.12% .
2 27 Je [=1772mACM2 o .
= i _ .
i R R
7N s R
HyCa ey P /F g DTS-PDF — s °
et o £-15 - 3
HsC, (SI\ C;Hs (_:;
TN s ) sy r’: DTS-HT-PDF
U s U, 20 .
o e 0 0.5 1.0
13%6 613
Voltage /V

DTS-HT-PDF

ZZE 3k Y. le, K. Morikawa, M. Karakawa, N. B. Kotadiya, G.-J. A. H. Wetzelaer, P. W. M. Blom, Y.
Aso, J. Mater. Chem. A 5 (2017) 19773-19780; Y. le, K. Morikawa, W. Zajazkowski, W. Pisula, N. B.
Kotadiya, G.-J. A. H. Wetzelaer, P. W. M. Blom, Y. Aso, Adv. Energy Mater. in press.
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HIBRAIE Z @O & 5 B A SR O F V=7 7
SRTH] AR BRI B B AR T JE R

(B8] ABFZEIE, T E T4 RIS BRFICE D A T 7o TRIBMATE] 28K
i LI 245 2 & C, 1EREIIRR LG FREHIEDIW T T r—FI12
LV EMEREREERORRAE BT O TH D, RE MK IX, AHKEE

(OPV) ~DIEH Z &l LIZHTHHE n RGO G & FHmIZER W A 72

[RERE &K UHER] AR AIEIC L D o S

o
IR TCIE, FIERRIBRMM e e s | 40 R o N
fillzd &, BERRE TRV L FsC w CF, MeOO _ \s/ 72 /s\ 7 oOMe

THE SN D E RN 2L LEHRE oo e

A, BELAMOWIEL RS, & crcp o | 200
BTt BURRSHEATELE CFCP RS PR g SN
MHEB/BENDERX T RLVT 4 ) ) - \F3 °
UM CRBP b, JRISHAE | o w Lo:-as0or

R1. (a) BBIEAEICLE RV RILT 4 U
Q > BERCF,BPO AL, (b) HRIBKEIC LD T

NF3-DK »bBbhb 7y hoky | O

T NF3 2 AR CRIEL, © | 0.,  BRRBLsIas0cr s hEtan
HOMO: —5.30 oV T E G TRLE.

oYL L7z (X 1), @,

CF;BP & NF3 B LN S ORTEREIE, Wb ARIFIE CH-ICiRE LB A&

ThbH., REFAETHHIBCLIVBIE LA A b vX— (HFEHE, HE#ES

#E (HOMO) &%) IE, CF:BP 23-5.30eV, NF3 73-5.70eV Tho7=. £, Zh

O OEIZER ORISR FE = R VX — %% 5 2 & TR LI RIKZE#HE (LUMO)

ML, TNEN-3.70eV B L -3.60eV TH-o7=.

[EE&LEE] CFBP & NF3 © HOMO # X (' LUMO #471%, OPV THW 65 %<
O p B EHZ TRV, B 20E, R\ p BB TCHHLRY G-~F LT 47 =
>) (P3HT) @ HOMO ¥ X O'LUMO ¥#(L1X, ZiLE41-4.8 eV BL 2.8V TH Y,
CF;BP & NF3 (X P3HT (T LT nBiAfEtE L THERES 5 L HIRF SN D . ARIZERRIC
OPV F 72 AFH L, SEEWRMEOFMi 2D 5. 71T CFBP 3R TEEE D) OfG i
HEOEmWMEEMTH Y, BEOFEEAEEEERME L IIRESERLIENVT 41
C—DEEE 5 2 AT, RESEEEL T Y —, BXOETFEEOMEBEYEL
SHRETDHTETHD.

[FRR#IHE (FEEED)] (1) E. Jeong, K. Takahashi, M. Suzuki, H. Yamada. Modulating
orbital energy levels of tetrabenzoporphyrin toward high-performance organic solar cells.
PVSEC-27 (Nov. 2017, Otsu, Shiga, Japan). (2) tR3JE W, KFnHEm, $aARFeEA, F ilfdE—,
WA A, CETBRATE CARIETTEEZRIE Y T — L o n RUEHEEIR, 55 65 [0S A
SFEFFIHEES Q01843 A, RMAKRKFEFEMAYT v /1X).
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W BICRBIT 2 EMESEMESR DT T v 7 AHF5E
TIARE ISP BE L

[ B] BT X OV 0 Ja s T [ kB & AR ORI % b offolilE & L ChrE >
FHNTWD, 2 OUEEIEPERFECHIRE R OW I KR A8 CREEFRME N, £ K FEEINE
KDOFEMN L0 W AEWE DS SN OEHERERCTH Y | 2Ol L EB 2 b FRcitiE 5 2 &
IFEECTH D, AMFFETIE, 2015 4 10 A0S 11 ST T IHEHE S U7 EEFSE B3 B F1 L
KH-15-3 YAFFERLIEIZ 350 C S RS K OVEAMHR C R &= 7 v LB OB E v ¥ L
71 VO AEYTEMRE TR O HT ATV KR Al U7 S T~ O A Wi s e O flks
BERMOGAZEEZHME L,

[FB1E] R 7 7 Y L ORI ERTFE B 38R 0 JRAL KH-15-3 RAFZeiifE (2015 47 10 A
15 H» % 11 H 1 H) 128\ C HIGH VOLUME AIR SAMPLER AS-9 (foA®E - T¥H) o7 7m v
W7 ans—%ty FLTUT> T, BHERIRZ DO 7 ¢ L 7 — 300 L THFERICFBIR Y | Fine (&
/INKIF) . Coarse CHHIKIF) (2EIL., 77 v L BSRARERICE L, B imasmyne, mikEmg s
ZFRZEN2ml TOWMLTZ, TOHREAFL L IITTITOW TS mE0 IR LA LT, &
B UTz, BEEBHEHOGHIIFEES T 7 A~ B R i E (B R EiT R ICPM-8500) % IV TIT -
77 FT2A A VBS54 HTIE Fine, Coarse ZiLEILE AR Y =F L AR MUZE L, ik 2 N 285
I ZATV, A F UL, 14> a~ 2777 +— (DIONEX £ 1CS-1500) THrr
L7z,

[ F8s Jeds K OB 2] MK 1-(Coarse) 1 D Al SR FE 1%, AARMIZ BV MEZ R LTz, 8/ 1-(Fine)
D ALJREEIX, Coarse [ZHRD LT E A RSN oTe, EloPEISEWVERIUS TRRRE
AL A B, MK T-(Coarse) D Mn BRI, BIKEICEVMIEA R LT, PUINRLT-(Fine)
Mn DJREEIX, Coarse (2D EARVWMEZ 7R LTz, MR 7(Coarse) D Fe JREE 1L, BRAIZE
AR LT, $/NKi+-(Fine) @ Fe 21X, Coarse [ZHE_D LiFE A MBS N2 o7=, 11, 12
TR /L BTz, MK T-(Coarse)H D Pb 1T, 2ARIZEVMEZ /R LT, %/ 7-(Fine)
D Pb #ESEIX, Coarse IZH_D EHE VM &7/ ->72, Mn, Fe, Cd X Coarse 33 J O Fine
TORKHNUT 58 2 I TR P B A3 EL AR ME % 7% L 72, Mn 35 U8 Fe 12D T2 ER I
KO THDHEEZDNDDTIDL ) BEERITIR ST BEZ DIND, T DOMDILHE T Coarse,
Fine FZIEHIBREIRORNG T E A LA ED TV, FFIT V. Mo, Cu, Zn, Pb 1% 98%LL L& &
WEZE HD TV, AAEJRBERE &5 Zn 0 Pb I3 Table | ROFBARTOELBENEEAEE

DRI HEEIS T D &\ 9 FERSN DT, Table 1 pren Flux(mg/ m” year)
ey e T T3 B Fine Coarse Total
A T~ D LW TS R 8 DO R AE B A R L N o 0 a5
7oo TRTOEERE THRBL ORI B0 T3 @0 Cr 0.01 0.30 0.31
N Mn 0.01 1.04 1.05
ZEBPhot, Fe 0.15 30.45 30.60
— . : o Co 0.00 0.06 0.06
[BFgER R F 5] Nakaguchi, Y. et al, 2017. Distributions Ni 001 0ol 02
and atmospheric input of bioactive trace metals in the East Cu 0.08 1.75 1.84
, , , Zn 0.05 2.12 2.18
China Sea. Goldschmidt 2017, Paris cd 0.00 0.06 0.06
Pb 0.02 0.77 0.79
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A XU BREESRIEZRAWIC@RA A D
A D E RGBT B A5

M R RSB

[BE9] 0B - IAEED—> Th 2RI T, AL W 2 H A~ AR 3 BEDS AN B2 DRI )3
B D=7, WEHE MK | BARICR R 2 Z S 5 USRI & D, ARRFFETIE, IO LW
L LA TR a RN L, ZoEEMAFRIN Lzl omh v ba B LIiE 217 - 72,
AKAHHEREAR KA O —FR THERK & L 2 RIS T, FRSRE, KO, ST ToA A B
BE RIS D, WERORIEA A DIREAR, KO pH ABRIOMIZ, B AN Z #7212
RTDZ L TRIBA A DA AU B ZRESY, WEOSIRIEE TN La e L,
[HE]  Cu> ORI BIE R DA A i iR s v |

I'EV ca. 70 pA
(Figure 1) Z= MW7z, W&MEMA (LM) & 0.005 mol kg' BMPP I

Electrode
(1-phenyl-3-methyl-4-benzoylpyrazol-5-one) % & o A 4 v & K 60 mm
. N 30
([C6C1im][THN]) Z V>, FLFE 045 pm @D PVDF 5 2 TR T A LM mm
=)

T L7 4 VHZIRE S, HCL T pH Al Lz et (S) @ y I

e S R 2
K ([Cu(NO3)2] = 2.0 X 105 mol dm™, [CH;COONa] = 0.01 mol dm™) ?mm

7, i N7 _ N \
&R (R) DK ([CH;COONa] =0.01 M) %, 124 25 cm? — > 5
PO DRI ATz, A D Y — R, SRMET /) — 45 mm

FELT, H—RUEBWCHEREE 1.5V 2L, BadEipy  Figure 1. A reaction cell of a
supported liquid membrane
(2 &0 —ERFRERER, KR O pH, M, &EREZHE L, type for transportation of Cu?".
BRI Cw* ORI & AFERE S LT, o e iy an
R EEE] pH AROMF LT 72 & 25, fktho Cu?* @ receiving phase (R).
[EY R IX A O pH 2MEWEAIZ REF Th o7, pH 26 3. ZAM OISR ET 52 L T, 97%
DAL & BAF ek i 572, 7/ — K TO Cu DR LR biviznoiz,

X pH FC Cu> LSEERT D720, BRfREE Uo7 WEAL 723G R EHEE S 41D, & L— MUtk
BLAZ - BMPP (%, pKa 73 3.92 &/h &< RIEFDOF v V7 —L LTRY L Bbisd, BRI T O
JRIRE LT, AT L7 4 2 i OISRV IR 7 A A L RIR DN 4 fHZ B L, Cu?t &
R 5 Z LB HEE SN2, Lo CORIROFREUCIIM B R NRO A A U ik E WS Z & & L,

NIRRT 00 Cut DIFIER DI L 2T ~To & Z A, 6 FFEEE T 72%0 Cu?*
NEZAFICEE ST, B AR VAT 24 Wil 245720, B AELIC X 0 BisdE )
mELZEBX BN,

SOMBE LT, EEMRREOER, KO, EMOMNROBERBEANFTEND,

[ R#HE]
I MERETR, xR0, AREM, mds, IR, 28r/E5 66 (11), 817-824 (2017).
2. H. MUKAL, et al., Proceedings of The 21st International Solvent Extraction Conference (ISEC 2017),
292-297 (2017).
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N 7wy 7 EREDOKE AN =X LERADT D DRE - FREHEEOMHE
B

=i

HIET  #A R FER A% (CROSS)

B KA D 5 WIEENE SR T LB X M- DN DR DB T — 71, HL< bR LHD
LT, Eunr T =T RENFETH LMD TWD, TEMICITS HICH A ORERDMED
NTND, L ZOMERBREWITL 55 Dy, L Do THARW, FEEAID S 5705 THR
IRIERDT-DITIE, KB A T = X LOBRE L FIUTIES S REHES OMSINAKE Th 5, KiaHAl/ S
RREOBEEZY D720 j=#E ) Om L& B LT, 71 v 7 REAKRN 72 2 HEA & i LT
Wb, RYZFLNT 7 ) L— K PuBA) Ky ERY AF /L AK 7Y L— k (PMA) 5y % & - 7= TR kY
71w 7 LEARPWA-H-PnBA-H-PMMA) % FHV Y, PMMA L& AR Y AF L PORRICHE W AdbE T, 140°C
T 10 Sy gL ©— VIR 2l > 72, 35 & PMMA BUZIER S BE D DWW 7228, PSARICITIZ & A L REY
Mmighol, EZTHREDOET VA ZFR L, 3L AmEROBIE LB IR o7,

ERFE  FABET O VEAEZAWT, PnBA 4y E PMVA 0575 Y7 v 7 EAK
(PMMA-A-PnBA) Z &k L7z, %9 1Bl 38000 T PnBA & PMMA DEESRIF 1:1 TH D, PSEBLPMVA & & &
(2 MV ANTER LT2th, AV a— MEZXDEBIER L . KiEi~D 7 v —F 4 7 EEABEDE
C. (OPMMA/ PMMA-A-PnBA/PMMA 35 &L UN@PS/PMMA-A-PnBA/PS @ 3 J@K% Si w = LI LTz, T
O DR 140°C T 30 sy fHIANEAER . Wi % 1258 3 1 BAMEE (TEM) T LTz,

EREOELE

4 1 1B O@DWrif TEM 47~ 9, O TIEREIFATICZ A ZDBEM LTV DR8I ST,
T AVTAEAEFF D PUWA B3 AY EF O PMVA J& & BIFtE RS @ o, FIFEICREIT L7272 ThH B2 6
D, PMMA 25 PMMA J& & O R EICRHT L. & 512 PMMA & SG75EA T3> T D PnBA 4525 PMMA
By o LiCH 8 L7k @ e .
R OFATEMN 7 A 7 M
NS EXD J
N5, —o8a. RiET
I PWMA [I-E7SBE D B —
SRTVBEWD, R :
Mo XL ¥— 120 cd X 1L (a)PMMA/PMMA-5-PnBA/PMMA 3 JEHEH L UM (b) PS/PMMA-4-PnBA/PS 3
B, @TILPS IZPaBApg  EIRO TOCHIRE DM TEM £

53 & PMMA R DT FIZE T, Whp 5 FHERIZZR > Tnd, EHLDRS S PS EREICEH D 7=
<lpnWiesd, \EIZEMT 5 EBEZX D, 208, il E BT 1L X — TRV IRBIZ R 5,
ZOREHE BT RVX —DEN, ZOREF O PIMA MK & PS R E DR T DK E REWIZ DA - T
HLEZOND, 5%, PO ESRAS X BREELE R &2 - THMIIC Z OBR A L, B
BB REMERG A A DRREHT D721 T < o ARWFZE IR R AL AR ST - 77 hiie N2 & D LFRIBFZE T,
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HfESL Pd F /7 RIFNIZ BT KB DOSFIREEDFEHA
IHNZERE  JLK I2CNER

BHY PdI3UKHEZ FIRTE CTEEEICWRT 28D RVHECH Y | i< L0 2 DRBEREFEC
DNTEL DIFENTONTE T, PAdITEEHTZ Y OKBRIEED /N S O Hd BT AR X
Th D0, KFESEERE L3 bmVEREZ R T Z LmbitTnsd, Z O EFIHHFRORE R,

SRS PA T R, R RK SRR O AR IAEREIRIC 38T D IENRE DR 72 &L R
2L > THRBWRFFEICZER B Z D Z EBRH LN Dod 5, £z, Pd OWIHCERIRZ 5
pnT / RL T & T D & B A Pd T KL I8 1T DK RIS K ORI T sl B 2 & b
Do TE Tz, ARG e ER RSP FET 2 L 2BETH L. LHKRD
YA M X5 TPd EKFEOFEAIRIEN BT 5728 SRS R IXERIRL T & 13872 5 K R ik
FEE T EBEZBND, T T, AW TIE, SR Pd R D KRR RHGEE % E RN~
LEBERET D,

AWFIETIE, SLHRHAE G Pd LKBEOHE/ERAORIZWONNCT L2 L2 HINE T2,

EBR HRFOFEHEEICBNT, R = n U RU2F#ER & L THOWAIRMEITEIC

£ O SLIEARRL P F 2 R (NC) ZERLL 7=, F72, 2HEEHE L CEA 4 nm ERIE D Pd F / ki1~ (NP)
EAER L 7o, KRR DK R WRRIE EE 2 B 8K RUGRFFGZEE (BEL HP) % VTRl L7z, 4AdIC

200 mg OFE}Z 363 K T6 h LLEEZEBK AT, 303 K ETHAI LB, 1 kPa DKFE %7k}
(AL, AL OISR ORI & gk LTz, AKRFBWIRIZ K> TEARBAT 570,
TV B3R SRR R E 3 5

FERLELE  303KITH D REE S ORERIKFME ” il s
% Fig. 1 lR"7, 7L OSMGENCH 5 Pd black g 06l —E Eégn:;
ECRARICEARSNED Y 10BBICIIES § Bl g
ﬁﬁ&*ﬁﬁ&éﬁ\pé4mmDMNPkfﬂ\§&*

1000 s FEiE & CHGIICFE N BT 5 2 L dvb 8 \‘\;\
o, UL, AEREE RS A Kkt £ O T
HTZEERLTNWD, —F, —OK E)8 15-40 nm

D PANC ETid, KRFZBIES N L 10-20 s £

Elapsed time [/ s
JEOIRFEZ R T, eI ESEICE I N = 5 Fig. 1. Time course of reduction in hydrogen pressure on

) ] Pd NCs, Pd NP and Pd black at 303 K.
Z Lo T, IR O T8 O & X Pd NP

& Pd black OHHFEE TH H Z &6, Z OO Pd NC D/KEWREIZHN 5 2005 Pd DKFEK
JHIZIBT oA ZDRICHKRT 26D THLEEZBND, —UD 10 nm L FD Pd NC 2725 &,
JE R DOFIEFET 5375 1000 s &R <725 & & bIT, WH OKBRRIZH KT D &5 2 HILDFHEEO
JEDBA & RIEICIEELS 720 | BIE )y & OIENWAOEN VIR 0D Z e BN LT, VLED
FERDS, —i23 10 nm LL N0 PdNC OKFEWRRNZIE, SIEERFEROBE & A 5580 < Sk
SINDZEBWLMNERoTz, BUE, BONTRERICET M LERETTH D,
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ERT BT AVIOtRRETRR— AR s Ol 4
LIRS BRI R T

B e85 (PAS) 2 W2 EAM B ORI XA < JSTRB STV 5, ITAREITHRHC
EEPE NS AP AR ST Y | H U oETE BN O W ~O IS E b, )5,

WL 2210 | S 5 7o DI R IR A~ ORERIMEIZBI T 5 FE L LCL &R T/ KL 3RO
Rt 1G9 2 MR BOL S D, ABFECIEEIR T/ B4 FV OBER O milre b 4 X 5 721
TR, T— 7= A= RERICORNB D L 57, ZWiFICREIRERIET 5L o2 Lna
YET FOMB AT Z L2 AR L LTWD, ZHIUSKT D BARAYREL D A L LT, i
B AERTZERT /B OFMEET 57 — & AL EET OFE 7 v — 7 L i CERE L T
X, AT, INHOT—ZEEN LT, EERNOERT /Wi roBfez a2y hr—1Ld 5
Z L TURIRPE O D X O 0y Pt e oM IE D I b & MRRE T 2 HIE > A7 ST B 2 JEHE
Mk 2 BN E Lz,

FEERITIE BN R AT D A = XA, RRAOZE, HLFEOFE, £ LT, HIEAH
DERPIE SN D, JFEANTIZ Z A6 3 2DOEN, M SNt ¥ —2 00T 5 LB R
Do TIUD & EBRAYICHGEET 2 72 DI MRS A B L 72 BRICF AT D 8L, AR, &I
WD FERERTE > AT KON T, ERRHINEZER T 2 72Ol B2 R 2 RF L7, Z4hE T,
D FARITAE MM A x5 & LI ERERIE TH o 7203, Alal, fifla L~V ORE % FTHRICT 5728
BT FCRIECE D Lo Ic LT,

FERAE R - BEMETICIE AT L EBRT 22 LT BT LI LT D, RIFEOHWNIZERE
TR LT HIRE - JeAbY - RIETIR TH D720, KRB DI LY | Brasiiin ~o 2
TRV IRE S A2 REA SRR Uiz, 2 ORI AMIAE & IEE ML TR o7z, £7-[F UM
T, MUV AENT- @B T /RPN AR EZ LW bR Lo, T72bb, BAMEEICH
TR TRIE SN D EBRITBIET /BT HRDOERZ DL D TH D Z L AMRFES L7z,

BE A O TR A RO L — T RERR Lic @B T R & . WS T IREIC D
B D K HICT 272D DRFHI LI R NE R AR LT, RBISHRIET /727 /7 nv—IZ kD
A2 L TWD A, ENLS O R &R S 722 - TR FEBLT 572012, invitro 725 in vivo
FT—H LIEmEt2flie L Tt T <,

J A

1. Shinpei Okawa et al., “Numerical and experimental investigations of dependency of photoacoustic signals

from gold nanoparticles on the optical properties" Optical Review (accepted).

2. AJRZEIR, HEEA A -V 7 ORScEEIN 20187 , FHMHE OCU MER%: 7 a7 47 in

Tokyo ¥ > AR U I, B, (2018).

3. Miya Ishihara, “Advances in clinical application of photoacoustic imaging” , The 31st KAST International

Symposium, Seoul,(2017).
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SR KA VARKRTFOS T AT RBICBIT 5 HBEHRORTE
BHEBT AR FRFEEEE R R

[iFroic] Pk 28 FEEDOILFEFRIA - LFRIFFZETIE, Ag AL COFEHIKE D DT 7 XE %%
B U7 IR AR OR AR L CL BEROTRE RO fdT & 2RI X 0 K& 2RI AR S EH T 5
Tl AR LI, EITAMIE TR, 77 X' RS T DL RICOW T, fix OB E VT
FERNIREEZ T2 2 2 AL Uiz, 77 XE UL, —IC,
BIROT T RE G OWROKOBFHC L - THFREIND, A
WFZEClE, Z O DN HEOKOBIHZ L > TH,
DEZDDMNE ) IOV THF LT,

[52B&] Nanosphere Lithography (NSL) (2 X ¥ | Nb, Al D4 g K
AA 2 (ORLT) DA Y 25— VRIS 1 % A S F R BIAER L 72,
—fi] & LT Fig.1 IZ Nb KA A > OJFHIkE 0> SEM 144 7+, 1R
L 72 JAIRS ok L, SOBBEMEE FC. S4B 0Lt & 722 5
1% 400-440nm DA WS L, —F b e vy 7RG & AV TR EIR
HEZ AL L7z,

[R5 5 % OV 22] Fig2 1L Nb R A A > O JF I 71294 400-440nm
DI LIZfER TH 5, KRR 28T 51220 T, F—
T by 7R ERAZIIC RSN TEE L ER L, ZHUE,
GREDOWBEDS LA LI Z L 2R LTWD, £72, Nb O

DRI AU, EREORIC LA LAV T & BHERE  homotope liquid erysal on
Nz, LTdioT, CORBMETFIL. AT THH L O am in nonrcsonancsconditon.
ERIC X D BET 5 2 EMEAES Tz, FRROBIGHT, Al OJEWIFE 1120V T H iR Sz, BIRER T
X, 20 X ) 2B S T IS K D IRE R A DOFIKIZOWTIL.S. Karna 52 X 5 i [Scientific Reports,
6, 36898 (2016)] (T RSN TVWD L D e ENMHAERICL 2 bR H1EEZ NS,

Figl. Periodic Nb structure

[CRFEER] PRk 29 FEEOFIRIZ. LT O LI 0 G 1, FERESERER 24 TH D,
<“Affism 30> R. Shimada, H. Sakai, J. Yamamoto and H. Watanabe, “Creation of large, periodic temperature
gradient via plasmomic heating from mesoscopic planar lattice of metal domains”, Int. J. Thermal Sciences, 118,
248-258 (2017).
<P ¥§3%> (1) R._Shimada and H. Sakai, “Generation of large temperature gradient through plasmonic heating
from periodic metal domains”, 18th International conference on physics of light-matter coupling in nanostructures
[PLMCN18], (Wurzburg, Germany) 9-14, July 2017. (2) H. Sakai and R. Shimada, “Molecular Transport
induced by Plasmonic Heating of Periodic Metal Nanostructure”, APS March Meeting (New Orleans, LA. USA),
16. Mar. 2017.
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EFFRROBRRIBIFHEEPOS X VHDFIAF I T R
e PN PN N Ly

[#5] ®mor#E LT oM EEENICE AR LIRS 2 E A2 L, DDS k7 &~
MRS TWD. L., BERICHEMODHHMEICOWTIL, #ME BELIEET 272010
DILBEBO PR +43 T o Jo. MR OB GEE TIEH AR AP 7 P dot o HEMi % L
T TaEBAL, TOUEBMEBET LD TETHS1N, HEMENESESEZ L CLE-TdD
AR TIX, 7 A NHOBEBNZ LD, SOMES FBROILEGREZ NMR THIE L, HhjEtE
REFN L i 5 2 & TEOBEMEBEHORfMEEZ T HAE Lz, BERMICITEEOBKIEL 2k S+,
KIOFEEFMEHHE L, B OIEERE%Z "THNMR TRl L 7-.

€9

(1) FREHREL RS AMERS (HEUR) 13X, 2984 My=3.5x10" g/mol O D% IV, JREE
X 1L.0Wt% (ICEE L7e. WEHCIIKk E =& ) — VOREBIEEEZ W, WD X% ) — VIR %

0-5.6 mol% |ZZ5{t. &, HEUR KimDBAKMFE BAERHIZEbE 5 2 7-.
(2) WE: BRI 'THNMR & W C, JEEAREZNIE L=, £ HIER L A4 A —4% —Z Hun
CENFIREBEERNE 21TV, FRAEER] &2 3R 72

[ - ]

Fig.1 |2 HEUR OFEFIRFR D A # ) — VIR l 71—
Wz T, ROAFIKEIEERIN ¢, OAME 011,00 o
HEUR OZRA%ARIBEEE & 2208 L CIBUR D & 5 e o

L BRI 7o %70, GO AR 2 w00l gl s ]
F RN R — LTS & L, ABRIRE A5 ~0.001 - 0 © -
AL > A EHBEE OO 3 FfRE L TR Qmmh)'é -A- é

Dic. WTIORERR R S A & 7 — VIR
B LTEBY, AH 7 —I2L Y HEUR KD BUK
PEARILARI AN L TN D 2 SRz LT D, —J5 Fig.1 Methanol concentration dependence of
T, AZMREICE ST T i Trg OB LL 100 the relaxation times for HEUR.
BETHD. IR —RFHE B B TR ERE A T2
BRI OEHDBNHES 2 Z & THRMPEIT T2 Sd. ZOBMICESTIE, v & g 1XEER
Fofx LD ENTHSH, AERE B LRV, KERTHON © & 1o OBRMEDL, K
MR NI RGO BMBEO - CIIEIT L2V Z L 2R L TV D, 2RO O/RERNL, Kt
PEE 5 T OFFNIEHOBBE T2 <, ZIUTHE D RERDILBIZ L > TCROEHTMZH LS EL Z

LITER LTV DO TRV EHLE L TN D.

MICAEZL, FbHGEM LS n F 28— 2B E RO F& 26T 278 E TV
(Tetra-PEG 7/L) OHITEAL, SWARAEZEOCEIEENTE 2 Hvy, EREREOFHEIC kI L=, £
DRFENTRT 8 HFDOREKRELL, BYDOTELRRIV—EDHRNH>TLERD.

C MeOH / mOI%
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B FRIRICE ) 50 FEEDMHEE
Dynamical correlations between molecules in polymeric liquids

Sathish K. Sukumaran Yamagata University
Multichain models for entangled polymer dynamics directly simulate an interacting system of
many chains by using appropriate interaction potentials. In contrast, single chain models
essentially model the motion of one chain. The focus of the single chain models on the motion of
one chain is justified by assuming that, even in a dense liquid, each polymer chain moves
essentially independently of all the other chains. However, using molecular dynamics
simulations of the Kremer-Grest model, Cao and Likhtman [1] showed that there exist significant
correlations between the different chains and that these contribute to the time-dependent
orientational relaxation function. They attributed these correlations to the excluded volume
interactions between the chains. They also found that entanglements do not contribute
significantly to these correlations. However, there exist multichain sliplink models where the
excluded volume interactions are rather weak and the coupling between chains arises mainly due
to the entanglements. Therefore, for the past several years, we have been investigating the
crosscorrelations between chains using one such multichain sliplink model, the primitive chain
network model.
For a direct comparison with the results of Cao and Likhtman [1], we calculated the orientational
relaxation function for the subchain vectors between sliplinks. The crosscorrelation contribution
to the total relaxation function monotonically increases with time and reaches a maximum
plateau of around 40% near the terminal region. However, in the terminal region, the
autocorrelation and the total correlation functions could be superimposed merely by rescaling.
We also calculated the relaxation function of the end-to-end vector of the chain, which
corresponds to the dielectric relaxation of type-A chains. In this case, the contribution from
crosscorrelations was essentially negligible at all times.
To understand the difference in the crosscorrelation contributions to the subchain relaxation and
the end-to-end relaxation, we systematically coarsegrained the chains. At each level of
coarsegraining, we found that the crosscorrelation contribution to the coarsegrained subchain
relaxation decreased [2].
As mentioned earlier, the crosscorrelation contributions to the total relaxation function of the
subchains was significant in the PCN model. At a first glance, the result is discouraging as it
questions the value of single chain models for simulating entangled dynamics. However, as the
crosscorrelation contribution to the macroscopic physical quantities strongly decreases with
coarsegraining, single chain models for entangled polymer dynamics may still be useful at the
appropriate level of coarsegraining.
1. Cao J., Likhtman A. E., Phys. Rev. Lett., 104, 207801 (2010).
2. Sukumaran S. K., Nonaka R., Masubuchi Y., Watanabe H., Takimoto J., (in preparation).
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78R ) A FRAR LG DR ARERABEROMER L R,
WNZEhRE L% B8 LRt EILFERR R

HHAE AHBRPERFGEE R AR

B
ERHERGEM (DSSC) 1THIE a2 FMELS B T 7 VR KRBT, v arjRon 7 Ah

A N RBEEMIC K L CTHIERN RN IR SN D, BEEDIZIINET, BiEOT v vy T =0
Fh AWV THERFM 21T 20V, LG L BB ROV TRE LI, 7v b7 =3B
(27 A b)) OHFTIY BNBRKORBERY 7 b EAROLREMDBPHEOLNDL LD,
RAEF L O FEEF L, K EBEFEL LS S 72 DSSC 2R L, FEREZ R,
Fk

EEMEO AT AFEMN (15 mm>X 20 mmX 1.8 mmt) (ZEE(LFZ 2 _X—Z FZ& 4 mm A, BEK 10 um
28 LT 500 °C THER %, WELT ¥ VLB EZiTo-, ZTOEBMET by T =0k
flavocommelin % & ¥k (ZHZ 4 0.5 mM) (ZiRIE L, DSSC ZAHAL T/, /3 it 2tk OTENTO-SUN

M Y= 2 —%ZHWT AL 1.5 G (100 mW/cem?) ZME L, B - EEMEZITH7=, &
BT, EHERAEEL SM-250 NA X—F ) T A b AT D& TR RRE A JE Lz,
MREER

flavocommelin &, HFEHE OAMAIZY 27 HHFEEFRAENOHBELZ b DT, KEMERE L,
TR T 2T AMBREGREOEN E R TV D, TivE RS 72 DSSC T HA
7 DSSC I H~NEFALAHEI L, BEIXEINTWD LN RIS ERER M E L (F1), 2/
HOWMBOREINESEDL L, DRTHEEKOFELV L IR LR BN THD, & IAHD,
flavocommelin TITZNITML T, IR RBD b, £z, AR TIIPL3C 23K bHERED
m o Tzn, RAE R TIEL, Cy3G, Dp3G 25 Pt3G (2Pl 2 MERE A4 = L7z, ®EARHRIC TBP 2R 5 &
BIEITE T LR S TEDERMEN TR0, fERMIZHIEN T -7z, BIROT > b7 =2 & WD
R EFETH T, BIE, 72 by 7 =2 L flavocommelin OEAHEED DFT HHE 21772 > T 5D,
Ltk BB LMBEFEOLROMWE, WAL E2E L, PRE LVFMCHNLVEEZ TV,

®1.  HBBE 0SSO FRER

Dye Jsc (mA cm‘z) Voc (V) FF PCE (%)
Cy3G 3.06 0.37 0.68 038
Cy3G: Fe=1:1 6.03 0.35 0.59 1.2
Dp3G 434 0.36 0.62 1.0
Dp3G: Fe=1:1 7.15 033 0.51 1.2
P3G 487 037 0.64 1.2
P13G: Fe=1:1 6.18 0.35 0.61 13
) Mv3G 215 0.34 0.59 04
OH OH Dp3G (2)
ERT PISG (3) MVv3G: Fe=1:1 273 0.33 0.54 05
OMe OMe MV3G (4) Fc 0.97 0.32 0.51 02
[=]
RS

B, Rila—, EEIEE, MHEERRS, bR SFHEAK: T T =l ihaFedk
W SE T BRI GERONIZE: HARS(LFR 2018 FFERE (B dE) 3.15-18, 2018.
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BRI = NEF RS FIEERKD pMAIRS 1% AV T2 S B ST

WAGAT  RAEKRFZ T E R AT

BLFIHIAEH N EE Cd 5, Fx 1% Langmuir-Blodgett(LB) % 2 W CTHISHIZ =
Bk a AT D W BIENE R o1 O H O FIEERE & 28 REICI LA TR0 |

[ 5] AT LB BT O R 2 4310 51 & 121 SRR AEE D5 D_) QJ
e ° NH © NHn

CqoHas

KR LTEF A7 =2 &A% pmHBT) (1) % pDDA LtRMT2  PPPA - =

Z LT 80 mol%LL D E LAY R T & 22 ME AR A IR R & FabR -~ ik B G A

MAMRETd D Z &z L U T & 7o, ABFIE TIRE AT L SR O i i fig Caa

IOV Cifsim L7z, p(mHBT)
[ 5. & %%2] p(mHBT)% pDDA & flix OEIA TR Fic R Usiok sty g 1. Chemical

structures of pDDA
FIZBRE L, ZORFERIZOW T X B EXRR)ME 21T - 7255, B and p(mHBT).

fift 72 Kiessig 7V > 2’ & Bragg B — 7 MR BTz, B, BUKEN 725 2-box ET LV ZE L
T4 T 4T EITH ERERMEE > EHIAT D Z &N TE, B TR0 B AR EN I IR 72
JEREEZRFF LB O RSN TS ZERALNI R o7, £T2. 74 v T 4 Y IRITING
p(mHBT) DAL DHNNAE > TIREN KR E < 70D Z EnsyinoTc, Z0 Z L1 p(mHBT) DRIEH A
FENERR NS D ER -T2y F U F AR LT D, & BIC p WA AR i# 5y Yt (pMAIRS)
EEROWTT A7 = VBRO CHEAMEAIRBOE 5006 EF A4 7 = MO RN 2 A - 7-
fid, EFF 7 = ATEBIER T M HK) 307 HNTWD Z LB HnIckoTz (K 2) o F72,
CH IR EhREIR O(E 50> B 1%, JLRBHEE T O 7 L% L8113 pDDA BB 2 R T trans =2 > 7
A= 3 VINEL B ENIRRF G TH D 2 E BN ot i ARV R AR X
#1517 (GIXD) Ml & ~C (% 1 o+ F5
M ITE &I Hk T s e —2
NROENEHOD, mHHHIC
IR — 7 IR ONT, B
F A7 = HIF AN TR L
THELT 7 X LREEERL-
TWD Z ePmRainic, ko

Absorbance

Z & 726 p(mHBT):pDDA 2 F& 5 3000 2900 2800 850 800 750

TEN G R ORFITA S0 Wavenumber / cm

OO, HHFT N O R FE % Fig. 2. IR pMAIRS spectra of a p(mHBT):pDDA (80:20) co-spread
. ) films (32 layers) on a Si substrate.
BT A5y X 7252 &N
NI,
[Fad#]
(1) 2 65 [liG AW BR F AT AN G 1 22 (2018/3/17-20, FLFG R 578 AR H % v > /3 R)
(2) 2017 @57 TS BAL S SE38 £ 23(2017/11/9-10, ILIFERFKINF v > 73R)
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Tl FR AR D I B 1T 2 Hil g OB 5
BhDH IRBKRFRFBE DB TR

[E#Y]
YAEAXTRAFORESL N T A 2 —LEFEOREMIIT, BIEEN LGN L2 ENE ., MO
b - TR R C 1T D55 & ST E e, T ETIZ, REMIRD b/ 2 — il
WRME DGR 7R & D3k 2 72 BAR TSR IS L 0 BB K SN TV D Z LB bhoTETWD, L,
&l % OBAZFRERED E O L 9 ITHEMEH L, 2EOHIEHEEZH > TW D 02T 212013, &
BETOBSHIER Y bV —7 OB 20 & Uiz, X0 MRS FAMTF RN LETH D,
ARFFECIE, BARFRBFH O FE TH 2GR O XL 0 FEMRBREMITIC X v | MK D
SrAb A 3o Z OB REIE R il BeAE O iR BH 2 B H5 37,

(=B ¥E]

vaA XX FOWREF K E T 25K CPC 12X, 4 oD 7 7 IV —i&fs{ (TRY, ETCI,
ETC2, CPL3) WFAET Do THNODBBETFNaT— RT 25X /37 EO, MR C 055 fig il 4 Hig
THEREITIR o, BEIEFEINC GFP BIaF 28BN Ty rA XFAFITEA L, GFP f@éa ¥
YR BORAEEBLE Lz, £72. MG132, MGI115 %% AW ERIEREZ 1772 57,

[SEBRAER ]

WE kD CPC 77 X U —-GFP @& ¥ v NV EORELEZBELE LI L Z A, CPC-GFP,
ETC1-GFP,CPL3-GFP 3R DR B AR DI JRET 2 Z & 3o 7z, —F . TRY-GFP & ETC2-GFP
DOENIFTBR I N>, 2O B, TRY & ETC2 X, o> 320D CPC 77 I U —& 2%
TR TR EI NSV EHEE L=, TRY & ETC2 X, 7 7 I U —2 7 E X020 7
RBIEER WV C RS Ao T\ d, £ TIO C KRS ZRY R\ =L Z A, GFP #)
MEE L7=DT, Zr " 7Bamniz btz Effam Lz, S 512 MG132, MGLLS # H /=%
AIZEBRICE D TRY & ETC2 DX RV EGENR, 28X F o -T7nT 7 Y — LRI I S HDT
bHTLHEXIRDT,

[B£]

AKIFFRIZ LD, v r A XFXFOREEHIIT, & T EREREDL Z &2 LML
Too MEEZELMEZKDE5 20D CPC 77 I U —F /X TE O RIEMEDEVTIL, C KDY
20 7 I BB EETHL I Enbrolz, iz, TRY & ETC2 D& /X7 EHRIZIE, B xF
7T T = AREAEDS Z L EEE DL, T OREE, YO AL
WIZBTDHT AN = ALERALNIT LD THD, TONRIEEDEND, EFEICED LD
BAENE RT2 LT D DINTDONT S HITRT 2D | KB D ARG O PR~ L B % [’
B L7\,
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AR D REE 53 USRS DR FE
SR SR BT

[E#Y]

W IS AR IR IR T LB A AFE L CB Y | N OITHEM RO T T E i ZhiC
FEEDOMBMaZ 7 & L, IO NN D 2 X— A MZEBEINLTWD
—RAE ORI E & U COIREIZA A VAT 4 — TN D MIN = 23— kX 2 MCER
INd, —J7, M N—= A N THLTRT T A MIULE ) TARNRT L =1{b7 =

J =i 8 REMEL S OZ < 3 S, FRIHMERL D 7 F 27 F B\ TEET DR
BTHDHY v I AR ENEERTEHIND, 210 OIREME LS WITMALN QR E DAL THES
A S AVHIIAMZHE S 40D & B 2 BALD A, Z OlfikiEiEic % IERER K OSSN 3 Wh D 53 A
= ABZONTUEINE TIEE A EM BTV, RBFZE TIINRTANE ZIRIHPEM O 4T T
NTHDLTFXRNEET DEGMTNRGBRED Y 3= OMRANTWRITER L, £ OMIaN
ERE A AN DAL R T RLARIEOENRE & & 6 ITRIBIZET 2 2 LIC L0 | EHilals K D IR
YEALA W D5 R BT 2 BBl oM R A 55 Z L # RV L 35,

[RER L BE]

Ta= %, ARENIZEWTIEIA A VAT ¢ —IBT B 7 OVIZRTET 5 A3, MRS S
oLt XD X0 RERIREAIERL, & 2 WIEREDR & 7e > TR EICZHMNET D, v =
SV EFBEMNICAEET D AT FOREMBE AV, v B EAT AT 7 VO D
fast~DlE E COWEL, A= OHFAEE BRI E U CHLE S BIMEE CRIFRYICBIZE L7z,
Z DS, BAR TR CHECMICROAEHRE E LTRRELTLE S v a =Bk, ek
D ATTEIREE CHIFLAMT 0 S D DDA T~ D 76 KRty HIfuaR I E 5y AP 531255
AL, LC-TOF-MS 35 XL OV GC-FID & FHWCENLEIUCE ENDREE DL F 5T 21T o 720 T DRGSR,
HOHED~ MY v 7 APFENR Y a =L & BICHIIMI AW S TN D 2 ER R ST, BT
DEEIZONT OB 2D TVD R, Z D Z L3 a= 2B T4 b s oI A
2NV 7 kRS A U RSN W SN D Z L 2RI L TR Y, Uy 7 ARARY o
ToREW) DFE A — RN b R TR RREE A E O 53 WG DRI F N 2 52 5 6D Th 5,

ZS
Tatsumi K, Okazaki Y, Kajiwara M, Ichino T, Saito K, Fukuzawa H, Yazaki K; Secretion of lipids
from Lithospermum erythrorhizon cells and its relevance to shikonin production. JSPP Annual

Meeting, March 28-30, 2018, Sapporo.
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BRE[KF ARR1 DHEM YK DNA Rz BT D EIREDAFSE
Jong-Myong Kim PP ZEpTERBEEIRAL FFsE 1 o & —

[EHY]

ITAED 7 7 2 DNA OFEFERINIEIZ 31T D B B ORI L 0 | EAEMIZ B W TRl s 12 %t
R LIEHBRNT BB > T d, BT /UVEY S 1 A XF X FIZHE W T bk il 5%
% W T B A T B ORI T A T D, 2o X912, Blg Lt L CoOBE B0 1
7 7 A TEEICI DM S o205 503, Z ORI O 5 THECBI L CI3kAR L LTSI G T
DRI EIR TV | Yeta 2RO BT FEBLHIE 2 AT U723 v, RHEEFIET
I HEHENLVE L D—DThHDLYA N IA =KD 27 sE Tk CHG IS % 7] 2855 R 1
ARRL 2R Z2N T, ZORAKEORAEEEEZ 7 0~ F o REEBKEIE (Chromatin
Immuno—Precipitation: ChIP) (2L VLN HZ & T, MWAILE T T M LD Rk
B — L 7R FEBLIE OO 53 THERE 2 B 5 08T D,

(k]

ARRL DY A A =22 7 FIISERF O 5y FEIEIAT 2 4T72 D 72D £ ARRI En 7 0 E—
Z—|\Z LY ARRI-YFP Z3BlT D BIn T A2 ER L, > v A X+ X F D ARR] i1 HRE KL BAR T
b5 arrl-1 \ZEAN LTz, ZOREEHIROI Y 2/ 7 L — FMERHTAERT ST, T 601
ZMEALEE . KIZ K DMBE, RO UL T T = (BA) HETeAKIZE DA% EIL L ChIP 21T -
72, ChIP TiZ, ARRI-YFP JZONRNA 7R U A 7 —F TT DY K DNA I3 2554 % & bichmiti+ 572
B, YFP O'RNA AR U A T —F 11 38T 2z 22T 2 @Y 1T/, #i4 DNA §8
oML, R — v — % W - R SRS R E I L v iT o T,

[ L Z2]

ARR1-YFP {%, Type A ARR {5172 & ARR] EHEER) & B X LN TCWeBIZ D7 rE—F —iF
BTk LT MELEE . AKLERIZ BT HEA L, BALERIC X VRS LT, Zh et LT,
RNA R U A Z—F 11 @ ARR] EHAZAE G A~ DA S BA LFIC K 0 BN L7, Zh 60k
U XY | in vivo (21T D EHEEREE 5T 5 ARRL OFESPERRMNTHEI O HD & &
H1Z, ARRL OFER) DNA 1T T DHES DY A b A A =V IREER R STz, SLER, KBRS
% ARR1-YFP B L OVRNA AR U A T —8 11 OfEEIE, WEMOT A R4 = U I2E% LT ARRL 23 E
PEREE O 7 ' — ¥ — RIS L, BEEEEEZITo TWH e ThHEEXbND, £
Tov A M A = VIREIZEE D ARRI-YFP 0 DNA A5 5 fEIR O BN 72 Z2ALIZRR 0 B 7eino 7z,

RO IR ST 2 E D ARRL ELEEERIEAR T OAFIENR SV, £4U61T1E, microRNA 72 & D
non—coding RNA I+ bEFEND, ZNOLDOBEIRT DA I A = INEITEBT 2 EMFrIEE
B | AR ERELS TS U CHERERENT 217 5 TE Th D,
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& I v D OFHERE DS
BB RUR TR

WHIEE Y

ABFZECIE, NEE AR 2 NI E T D2 AL I D ORIREZ AL T2,

iz 5. [K]¥- SREBP (Sterol Regulatory Element-binding Protein) (%, NEEIEE MR OFHETH 5,
FRFEEICT R 300 [HMORERENKMES T 74 77 V) — 52l CAZ ) —= 7 Lick 2 A,
SREBP Z il 551 & L TKE{tEZ I DULEM 2 B LTV 3) # ¥R L=, 2/ 5%, SREBP
BNy EZDENRETH D SCAP I3 T 25 (ICso £ 50 uM)

FEEBENE ML ST — I, RN TEEOERIZ R L TnD, B4 I D OYAE, Kig
fbsn=obe ¥ I v DEZFRERE LT Y T AREEF R, BEREORHER S D, 4
[E]% L & 7= SREBP 24t L - R ERH O RENIHHTH L 1,

AILFIWFSE CTlZ, SREBP it 2 A3 5725, BECKB{b SN T & I D ZAIRETEE L
BRWANLEZ I D AT 2, AIRS 5 AT E# I DI, NASH (GE7 V3 — UHER I PET 2¢)
~ORENRAIFEY — RICR 5 REMER & 5,

1:R'=RZ=H
2:R'=0OH,R?=H
Rz 3:R'=R2=OH HO"

4 N\TE%=>D
HO™ FEHR
M1. ©Z3I2Ds(1). Kb # I D(@2,3), ALEZ I D @)D

FEI ik
RIEBFRECTIIINETIZ, HEOEX IV DFGEERARETo TEle, ZhbOAERFEEE
I, ATEZI D@ XBLOYIZERZ LIHRERR) DGR Z REANCIT 5, EEFEET
I, ZADLERSNOHHALE S I DEOIEE M Z FE T 5, 7 I M Fnd—F
RIZ K O IEERBIA B = XN E i 5,

EXTNE S

e 4B T XBLOYICERZ LIERA ATV, BHREEOFHALEX I DO
B FEH LTz, ZAUH 22U T SREBP FREIREZFH L7z & 2 A, YIZE B Loid i Es
VT, SREBP @ IRAYICBHETE M 2 R T HHUL S OBURIC D) Lz, F 728~ 5925004 fliy
2 ARERI DD EVEZ B L S 5 72 SR 4 F40 L 7=, BifE, HufS Lok &mic o
WCEIFET A~ 22 W, ZOREREEL TV 5D,

1. L. Asano, et al., Cell Chem. Biol., 2017, 24, 207-217.
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TN F—R3 v OFRERE
HIEIANE SRR

BB BN My IR e AR BEVE N F IS E I T HILT 7S, ARBFJEClE. BB R fe7e
SEBDENEIER FD—D>THAHT I R— R I H L N-T 2L R—R3 U3, R
KL LTHBNTWE D U F ) A RZRERCA= 0 A FZREICHEERTL 2N mbNT
W5, Ll thoEFEMEIZOWTIIARATH 2, AR TIL, 70 R— 33  OFHERE 2 3
AL, 2O AT = XL a BT D E 2 ALFAIERT O BB b L1T -T2,

LSRRI > D ERAE S 7249 300 DA BIEANENE S 17 4 77 V=7 b HIFIZRRT 288
BNAZ #IHHAET D NERES & LTT b R—= R U2 RN Lz, EIFBEER Sy DR b 16
FEFED N-7 2V F="2 2 b P AR LB TR T Z ~ORRIZOWTRE LTz, TR, 3L
AED N-T I R=_" 0%, BERFZ 2 ZES e, Y EORERNG ., AENITHFIET S
FEAED N-T IV R= ", BERTFZ 2 LERT D2 ENRBIhi, S5, o1k
W« LRI ZRIFFRIZ K0 . T IV R R TR ER A Z OKE A B L, KER(LEEE A
INEBEOENTHHZ LR LT,

TV K= R VOEAREEEREE E LT, Fu s U EHEMELE L, Fr v kEREEESE (TH) .
FHEWL-T 2 BRNURFERESE (AADC) ., fRIAEET X RIIAK Al (FAAH) @ =FEFEOEEFRE O
HEWRBENTHAER, TOFTHLT v rnb R—=XIGlrOfdifEEchd s TH BT b
R—= R v OAEBRBERICEE T D AHEERE, £ 2T, 7 YL R—33 VAR BRI R T
PR ER T Z TR O EZ B D IS T 572012, K 40 FEO A AKIKICE T 5 TH B X U5
BRAZ OB L~V Efat Lic b A, gl RO O 23 A CEZE K - Z 3 LTV TH D%
BLAARENZ EE R Lz, 2 b OMIEASAMBOEER PN OTF e v E2BRETSH & i
BRFZ ORBEDMET Lz, —FH, F=_I V2RI 5 LGRS 2132 e Lz, ZERMER
BHRET LV R—=RI A NEFEREE L CTHW T BEE&SIMEIC XV lNO T oL R—RI 0
BAHELZLEZA F=R U EFIMC LD 7LV R— 82 VEREIML TV D 2 & 2R3 54
REFGT, LEDRERNG, Fr vy 2 MBMELE LTz 7 2L R—/XX VAEGRGREE D, 825K 1
ZORFEICEE CH D Z LRI,

KIRALEESE AR L. SIS T BEEE~DT L F—RI v DOWBLHR-, BET vt
A REACFHENL I X v B VAT XF U I T A REY =T AT vEA (ALPHA) & 5 M T FERE
SRE SIS T L —i5% (TR-FRET) EAFH L CENEIVEE LI, 2o T vbAREH
WTCREHEREEE AT L2 A, TV R— N2 VIidE L7 3EEOBEE L HET A Z L &
R UTee 7ob R=s33 U BIMR T 5 FTREIE D & 5o 8 D2 W-OTR BT S LD W REMEDS
b5,

N
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FHRAE b= 2B LTD
BHRBRAEYRXNVEI T 25 4 MR {LYER OB

iy NIt SE NS SN o RS S i

BE STEDOAE MR ORIEICED BIERIEH O R TEENIRICAICRELS LoTWD,
HTHAERNMT = T4 MIAVBRIEBEBIRE LR ORRBIETELR L, o, F—F v ME
EITEWD MgO RBBEIE LIC b X F Uy AVRRETEL I ERENDBIERZIB TV D, RF5E
Tl BB CoFe,0,° Fes04 b W o T A RN 7 = T 4 A {ERIG 25 L L Hic, Kxp
AV R NVHRERT Pt EMABDED Z L THRIT DA E A — VRS HUH R (SMR)IZ D
WAz, RIS T & SR A i L 2 DA = XA AT MR 255 2 L2 E Lz,
KRG &  SUBHERII RIS T B 2 o — k& A7z, BRI 1T MgO(001) B & FE Ak 2 F
W BBEIR & LTRSS T A 5 VIR TRIEHE L 107'Pa BRERETF v /A—PICEA LT,
fEmiE G L O B2 F o — AR T X BRI & S r oL ¥ — B R EIT(RHEED)IC L 0 #8182 LT,
TH RV T TT 4 —IC RO A=A NIRRT Li=t%, 1T AL B L0 —F—% —
& PPMSCR RALIN Z & B TRESHRPURIR . A KR ST R (ADMR) 2 ] E L 72,
KRR L FEE - MO KR D CoFe,04/Pt JEIXA F U —2 @ RHEED /8% —> &R L, TE XX
VXN E LTINS Z ENER SN, —J . Pt LT CoFe,04 #HE L8 G 1X AR v MRk
RHEED /"% —rZzRmL, BIREE LTS 2 &R

Wi, 2L 1%LV I Ay FITED B0 oon [T ;
EEDNG, BAIFAROME TN SMR 25l et e
Bl =N 7-, £7- =8O ADMR Tl SMR 2381l < _wé E ':'. .
nRCARECCORKISIARVENS A, Sh T I
I%. CoFe,04/Pt/CoFe;04 D FHIF I IZI VT, Pt 23 Eﬁn.oaé-tﬁil . : 2]
CoFe,0; DITHANFIC & 0 EZHON, RAMEMSE & °

AR A R LEL DL BN G. =08 ® o.ooi--;:" ......... ,-"',"
CoFe,04/Pt —BIECIZH EVHM I NN FIZ = -u.OIE—H:;;:::“_-': =::::::::'- |
JERRE BRI TR L TV D EE X B, R -002| T:300K

BT D T LAVRIE SIS, £ POREA 20m & ool odtom 2 4]
dnm Db OFIBET B L. BB T trednm O H A Y R AT

SMR M K<, ZBETIE 2nm D FRKE N EWVD 1 CoFe204(50 nm)/Pt(2, 4 nm) /
BOELHED B SN, ~ OB Chen bizkp  CoFe0i50 nm) =EROM kL
) RERHETIN R, IR LR, En
SMR OHG[1] & FHELIZbDTH D, BEBLE 1T
[1] Yan-Ting Chen et al., Phys. Rev. B 87, 144411 (2013).
MREE :
K. Omori,et al.,Appl. Phys. Lett. 110, 212402 (2017).
WA = fh, JSHBLES 5 78 IR 2R [7a-C18-5]12017 429 H 6 A f& [ iii
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ZREEBEEZH T OMMET 7 VA Y —IZBiT 2 EXRBEKIENZIROBH

[BR] SRR VA Y —iZ, T/ 2 —LOEREI 70 A —LORE S EHST A ¥ —
T, NUE TR O R IHMUE S o E T L LCOIHBP IR SN TV D, ABFFED BRI, K
BIRBEBRBC LV ER LU=t s A 2 2 EeiET ) 74 Y —OESKN ARt ch s EX
BEIEPIGMRZN R ZIE L, SIS D3 R ORI 22 PEIC DWW T ENMZT 5 2 L Th D,

[5E62J77%) NilCu £J8) 7 F ) U A ¥ —i, EE 170 nm OHFLEGT DT VI LT 71—
b EKREAEIC Z D ER L72, Ni/Cu ZE it ORISR MIL, Ni BEE : Aa=2.5 nm, Cu lRE : t,
=2.5,5.0,10nm, FEEEE : N=500 T&H Y. CPP-GMR @ Cu FREIEHKAFMEIZ DOV TRA~RT-,

[ =55 R] X (@)l mi=2.5nm, few=2.5nm, N=500 DM TEE L-LET ) UA ¥ —OREHE
PIMR)HIERE R A7, ¥ 1(a) L 0. MR ELIEHI 90% & JERICEVMEE 72, X 1(b)IC MR H Cu
AR AT E (tew = 2.5, 5.0, 10 nm) DGR A ~3, X 1(b)L V. Cu BEHMIZ® LT MR i35

RGO,

] 100
100} 15000 i ]
. s X ()
é‘ ] 1) o~ 80+ E
- 10000 & g |
g 50 ] & ®
= - ol g ] =] = 60L i
g ] IR o 1500 & =
= | IR 'S =
Olemmsmmees - 40- 7
-10 ' 0 ' 10 S S T/ R
Applied Magnetic Field H [kOe] tcy [nm]
Fig. 1 (a) fni = 2.5 nm, £, = 2.5 nm, N= 500 T MR i (b) MR F£.0> Cu J& BRI

[#%£%%] CPP-GMR AGEREI O IEREMEE T & MR HeOPBIfRIZ, Valet-Fert &5 /L[Phys. Rev. B 48, 10,
(1993)] L V@IS TV, SEIORERIL. Z0FEFLE—F L= MR BB RS-, LT,
%R/ A ¥ —T GMR 2 RABINTE . BRI T 2HBEEAH O N T 22 LR TE T,
L2 L7235, MR TR K TR 90% & FEFICKRE RME L 7o o7c, ZOBHIE, OEEHNRZ
¥ Ni/Cu St DN AR —MEA R D GMR 2T A KT T A B BELBE S Ni/Cu S CTHIN
L7c, Q7 VI FHILT > 7 L— h 2L T D720, EBFRVA Y —RICNL DD Tiddel, 7
NIFT T U= FEN L TCHiAL, TMRAIZRZEZ LR EREZ LD, L LR, Ev MR
MG ORI IRIIA R 7o), A%, Ni IR, R Z 2 S8, BfIIC MR 21k

TRRLZENMETH D,

[ & ] AWFZEIE. H29 1, IR K5, KigHEse, &G0 INi/lCu £/ #ilf T LA O
WL REDF] I TRELITo T2,
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BRI K D2HEOFHECH CiA) &I A L7t T ) gD ARk
THAH AU LF AR

BRI L 2B O UADITFERIER TTEERROBEEFE L SADIZEE AV LT
Do AWFETIL, FH DI A TV D BB O 2 77— NS CHIET 5 FiEE Hu,
WEMEDFHECH CiAD ZRIM Lo T 2 & DA E Bfs L2 Z21T> T\ D, TORE#N & L
T, ABFFERRE CIXH) — 7 M I o — 8-/ sl ORI 2 7 — N ERIC L D AR+ 5 2
L ERFBRNCIGIET 52 LA HE LTUL RO L 9 RV A ZIT S 1o THRET 5,

TEELE SIS Z &0 Co/PHIZIBW T, Co ERIMICERLANT 5 Z & T, F= U —REOH:
REFVENENT D ZENZNETOER L DI TH D> T D [Nature Mater. 10, 853 (2011),
Appl. Phys. Express 6,073004 (2013)], % ZC, Co/Pt 7/ flift & | #eFE@ 2 ML /7245 k5
F 7 — NEMEER LToSEE DEERL, 7 a 2R A 2 MO OB B E RGeS 5 Z &
E LT, &2 AT, BT MRICBIT 2BIRIC L 2RO 7 FEFIFHLIZL—A R T v 7 A
TUMNEHZED TV LN, BX =15 ROEFALIITERFZRLOT N AT v RGPV AT
%D, BT, BRI L DBROEBALDMT UL, WEREIZRE KB TE 5 L0 ) FF
bHDH T EME, AKIETIE, 7 0 RRA » MRS — FERFUNTHEXAEATE 2008 97
ZETIIMGEET 5 2 LIS Lo Tl Pt ZRBEE DO TR LTe & 2 o217 5 Z & & LTz,

FREOFERO D, EERMLAE b OIS — NEMA R L72B A ER L, £, vt
RS K0 RBRR & TR ST — N RERR OB T 1A 2 — T A 2 72 D 6 BORHA & OFHUVEISIT K
0 MR OBHALDO % K5 LT, 20k, ADF — NBIEZFIML, 7 7 ARA > My & w ek
BBIZ L, IEOS — MNEEZMZ THOMBEMIKEBICR Uiz, 8EMES — MBI HIX7 n ARA
M ITIRAUER 2 E C TR Y, FERLOFMEEZITH 2 & T v ARA M DWWl O I % Al D A
BB EROHTICTE DX T Th D, T72bb, XN 0 ARA » MBFIEATEHZ LICR
Do 7 RARA Y NS OBAL T, 7 — NEMOEIEIZ L A —2h 578 & Oy Fik TR
THIENTERWD, FERICITRER— AR TR TE D Lo e FR L7, £/,
FRAE DX 2B T 7 b L. O 20— RBME TN TE 2 X 512 F 57202, 4RO
BEPE A D RRGEES CIEIE 5 pm O 2 Az, M oA EFEITA <23, Eitor—Fr v &
WZE D PREBYERANMOALTHEEPEATETWND I EN, BEFR— VRN OMRTE 2, &4
%, A LTWEXKOBRBENOFEIEC, ERICL DT/ B EOIK R EIZETF LTV EZ0,

1:A/ERILU 7= Co/Pt F /7 MR L, 7
J 7 — N,

|
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EERLB ORBIERRAERIC LD
FYRNVBIRAE T 4V E—BRICET DTS

HIPER A R TR

BINRLOAEVHRELZE T M AT L2 A br =7 258 ClE, A BHHERN
{72 B (A B U AmIE 1) & D FEAA E RN T A HIEORBNEE CHH. FxldE
T RFFOA YV HHEIC L0 BRI O N Y TR SN R 5 2 LRI L. oo al
AT ANE=WRIZEDH LDNAE AENEOWHFEEAT o 1o, IR T S A 2 DO EERIEIZIE
EEMALRDIEH BRI TH 5728, RS TIIERE L TomBMEitEEo 2 v v 724 K
(CoFerOy) TEEREALIEDAF L 21TV, R b v RNV EAGMTNFE T ~OMLE b > RV
(TMR)ZH DM ED & A B LR AL DA % 1T - 7=

YAG 2 {5 L —H —Z2 e v 2 b—H —HEFEE T MgO(001) Hifks il 2 EIC IR R D%
{bF 2 > L BIEA) 20nm FRE D Fe DOEIA 2320 (CorFes. 04, 0<x<1) DU AT~ 7=, Fm M)
E DT DITKG RO OAFE 2 SSLERL Y v R~ R 7 TV TR Z (T > 7o, dBHIRF LT
X BREPHEIC X BRSEE « B EER ORI, 38 X O SQUID RS E 2 W 7= B LRI E 12 X 2 TEFLR
KEIFVET FOLX —DFliF LU Fe A AT 7 —43 JEHIEIC L B Fe A 4 > OO a2 1T -
fo. Fiz, ANV T = T4 MEOHERRME & A VU TEASIRE TG 572012, RGO RN
T HEE & IV C{Co/Tb}, 2k A 2 IR g & 3~ 5 TiN/ CooaaFer 6604/MgO/{Co/Tb}, H§ii D MTJ 3 1%
ERLL, BN TR LU o RVBERIERUI R b A B IR OFHEi 21T - 7.

EAbF # o BB L 72 CooaFerss0s D /L R 7 = T A F RO RIL TOMALEIRR 2 X 1 1R
T ZORERN D, CopsaFerss0s D23V b7 = T A MEBRIZTEERRIE LRI Z LR,
FTo, AANRNTT =0 HORERNG Feld3fiTH D Z
EMD, ZOREFCIZ 2 lid Co A AT Fe 1.0F
ATV TEEHWDALDTIE R, v T ~v A4 bDOLXDHIZ

KT Z LN EIE LTV A 2 EbinoTe. MT) %7 %0'5

DEFEEFHERAM D 20 7 = 514 MBI § of

THMBEIERD Y, bR RY T LRI 5 ";‘E;_O_s_

e Nbiote. TMR MIEET-> NS REER L 2

MT] EF TV 7 =54 MBS L A7 2 10peeeeceemd®
EUTEMNIEN S oo, AV UIEAOBIMNC TS B ﬁwmﬁwﬂﬁ ‘
HEOBRHPLETH L EHEZ LS. 1 TiN J§ L0 CoosFes 04 IO

A1 T 7 [0 DAL Fi AR (300 K).
(EINEHEHRR)
o RRMEIZEIT. BPRTSEMG, A P e, HAPRER NP | A [IEREMES R TIN L CoFes Oy
T ERALBEDOMERL & 2 B UARTE b o R AR
%5 78 S LA TR AR S, 2017 429 5 B (it 1 1)
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BRICEDADI—IFVDOBHE)

st FEGE(E R HEL T2 sE R

WHoEHr

THETIC, AV BN A UV TREMEREIE Bl 2 REREREE O EEIC DUV T OWFIED B AAT
PITE T, RSB OREEICKTF 2 A 8 Bl X DB bEEx, - I —32a Ui
B - BEGRAEAT & OHIRE D | ZDOA I = XL OB EATEY , KBS EFH LAY 734
AHEBRBEINTE, LR LZOEEIZIEZ OERBLETH Y, B OB L2 [H-E
Lo TV, ZAVE THFEAEF 1B R L AR Se i N By Bd% & 3[R © MEER BB R IC oW
THREEITV, ERE VI 2L —a VO LD ZOBE A I = X A5 L, Fa0mm SRR
FAT-CTE T, T, BEEEL D LV MM E TH Y . T OMIEN XV IKE ) TIT 25 Z &2
FFSATWD Skyrmion & PRI 2SS LSER SN TEY . BACHEMTOA TS, &
DI, BT X D RHEEEICB T 2 7e s Mo TR Y | AU EIRIC X DBEEEL Y
b K723 S OB IR STV D, AIFFETIIFRAERICL D I 2 b—va v &/ N8R
DT N—I1 LD EERIC LD . EBRIC LD Skyrmion BEIO W[ FEVEZ A L, Skyrmion % W
72T A ZADEEIMEDOAREVEICOWTHRFTT A Z L2 H & L,
FEBRiE R

AAEPEIX DC RIS & AC HECE R OMADOEIZ X D Skyrmion BEIOFREMEE ~ A 7 n~ 7 %
T4y yIab—varEAWTRELEZ, K 1IZ, EREREE mNERIZ X5 Skyrmion B8
WEDENERT, I, 2D DOMAADLEIZLY Skyrmion NBEIT 25 Z & BNk E
R OREREHIT 66Hz FEETH D 2 & IR O8N & ST ERE A BINT 5 2 L b, K2
2, EBAR O(AK) KRORESRGHRE (H) 12 X 5 Skyrmnion BENEE DL 27, = 2 THEAOENEIX
6GHz & L7z, KXV, BEBMEIImNESICHAIL, $EROBRICHHTL NN, 4
EIOWFFETIZESUC L D Skyrmion BEYO AIEEMEZ /R d Z L3 TE 2y, BEIAEHEIIIEFITIKETH
L7, SEEEBHTFEORMNPLETH D,

AKu= 0.1 Merg/om® 004 ‘ "AKu= 0.1 Mergicm® —+—%
0.009 " Hx= 10006 ﬂ" 0.035 ¢ AKu= 0.3 Merg/cm %“‘
0.008 | g b 1 003 | .
0007 H B, ]
0006 ®© o ] g 0025 -
» H IS g
£ 0005 ] 3 0.02 |
g 000 F W 1 Voo0015 ¢
\ o
0003 | & 1 x
s .01 o
0.002 Eﬁ!l 1 00 o
0.001 Fu,_ s oK | 0.005 |y
0 _&TT T ¥ Y h ‘.J“l 0 f L L
0 5 10 15 20 25 30 35 0 200 400 600 800 1000
f(GHz) Hx (Oe)
B 1 BEAEAEKRLIBABREICLS K 2 BRRERUOBEMABEIZXS Skyrmion
Skyrmion B &) E O £ 1k BE®EREOE
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AT A RTR T &S —BEEEREIC B B A5
TR R R TR

m%am AR AR B 2 Sl & U 7oA T 3 AL, B OIS DT A R L TR
25, T REEOE VA BESRREAMN & W BEAA L TRBY,, K- ISHOMWED S
%ﬁ%&TA4XT&éOﬁ%7n4%@%$%£b<@%b SHICRESE DT, AEME
53 1S — IS — HEREAR BE 2 B & 2 ﬁéﬁnmﬁgf%é&%z%Mé ARHFZETIE, 5y
%%L@ﬂﬁé@ﬁ@ﬁ%#%WMﬂ TxF U CHEREMERFAM S KL OV 217V, #EIED GREREE T
FBARRE 21T - 72
EBRFE  AORIC L0570, FI3A L0 TG0 R 2 5SRO EK#EMMIER L 0T
INA ARFEDENEZ W T D700, BREEREIT 70, BEMEEST A AR EMIZEHE L
tﬁ%%ﬁ@ﬁwi%%%ﬂ 23 %728, Fig. VIRTHEEZ W CTERL L 72 285 s LT
R EEABERE (Flash DSC) %, E7-HEO 7= OMAKRAEHIX LT DSCHEET-7-, &
t\ A & TN AFBEICBE LT, B0 T EHEEEE AT S R —MEORIR, 700X
BURARY 47 = > (P3HT), BELUT 7 &7 % —#F PC;iBM % F\ 7= A B IF A b5 i oD Y 78
TN DENE R D729, Eﬁ@%bhlmx@ % LTy A— v X OVE RSB R
iz bt % v U 7 BE R E  (Time-of-flight : TOF) 1L W 1iT~7,
F%k%$1%@D$%ﬂiMBCMm@%%%Rmukmﬁ*m%mmcm BT, T
DI Tﬁ72%%ﬁ(a)#%mém\%@mgikki%lmmfﬁoto—ﬁ\H%ﬂ
RN ES SN IRE CTh A (AR E (1) X, CBP, CDBP, mCBP DJEIZIKL 720 £/, HIE
FHEZE D B PRAEEE X CBP 2k & . BB XL X Uiz~ L7z, CBP ® DSCHIEICBNT, 4
BlDFEBRTIEH T AR SR SR> 7oA, =TT 62 °C HRVWVEN RS S TEB Y],
—MEHIIZ CBP IZEWIME MW ELE 2 2 5T, Lav L., AW TIL CBP A EIHD B 7 A%
/8 144°C & LB WBWIE 2 R L2 Z Lo AT A 202 IE L &Eiwd 5 LT
MR CTOBMMEFMNEE CTH DL EEZOND, T2, AMEBEXEEMIZE L T, B&IR
P3HT/PC7BM JE& 25 L UMK P3HT/PC7iBM IR G R D B BFEIL 4.05%8 LV 3.23% Th >
o ZOEWEREIT A0, £ BRIk JOWRIK P3HT MO A — A B8 EZRE LT, ZD
#%18%%%5xmﬂm%&ﬁﬁkf—w@ﬁr:ﬁwiﬁ%én@#oko%@:EP&BM
&/E'% SE75% B RBENE OB R (K A X ONEEE R gV R b, 2 2T,
XEC PC71BM %ﬁ\ L CEMRM %

BELCEE ey )7 Ths, Bk N Ve N
¥ CJ

P3HT/PC7BM iR & RICHEWTIL, IED B

BT RV k OFE ) HURB I cBP N e
TRIEIE S BRIk P3HT/PCBM 1RG5 R I O Q a N:
BUWTIE, AOERRIE R Hooto :NN: 9
OB T A TR S T, © ¥ 9, mCBP
NOEN L, BAENEBET 5% CDBP

U7 OEESHNE NN DT L Exr

. Fig. 1. CBP derivatives for organic LEDs used in this study.
L. ZOJKE L THEHEITE ML

AR RETII S AREL TS = LA Table 1. Thermo-physical properties of CBP derivatives.

> - - VELAN Flash DSC (Film DSC (Powder
EZBND, ZOZEDD, BAEN  paterials (Film) ( )
DI BEREE I E VN H D 2 & N TR Ty [Clel T [eClel T [°CJd T, [°C]P]
S, TR AT AN CBP 144.3 106.2 n.d. n.d.
MRINLHHEHDOVUEDTHDL EER CDBP 147.8 98.7 106.7 103.6
b o, mCBP 134.2 92.2 92.4 90.6
[1] M-H. Tsai et al., Adv. Mater. 19 (2007) [a] Flash DSC were performed at a heating rate of 1000 K/s. [b] T; were
862 estimated by Richardson method. [c] DSC were performed at a heating rate of

’ 10 K/min.

_60_



2017-61

4g-¥n Yoy - Y DRI X B
LRI T VAL RS DO BREREIARAT

IIRENEC e S ONE SEiE il

AAEPET, 4-PPY fAESOGOBIMENTFE L LT, I B K- THE STV DA 8T k1)
LA I QIZHBIT D aza-MBH SUGIZ I3 1T D (L ERPUE O SKIZ AU FFPE I DWW TR L7z, B S
AJETlE DABCO % AW 7235512 a F KDY . DMAP % V72355108 v - AL E R A 12
535 (Scheme 1), AT 4 BROEBIKETOEEZRET 272D LENLTH 70 B
FHEBFE(TSIZ DWW T, B ARIITHET L 72 (PCM(CHCI3)-0B97XD/6-31+G** @B97XD/6-3 1+G**),

0 O pn-Ts (0]

DABCO a~adduct : y-adduct =100 : 0

NTs Lewis Base (1.0 eq.) (Yield = 92 %)

Ph  +
+ P HN-Ts
_ Ph™ "H Solvent (0.25 M)

20°C,24h / Ph DMAP a~adduct : y-adduct = 13 : 87

(Yield = 91 %)

1 2(2.0eq.) o~adduct : y-adduct

Scheme 1. «,f,y,§ - Rfafnr ko & HOTALEEIRD aza-MBH SO

FF. a-APIMERPALE BRI DA, ERIICHIEBRERDS) A R # — RFERE AR T D
TS(TScc) & T2 DABCO MG T CTOMFE 21T - 72(@B97XD/6-31+G**), 2 43 H ® DABCO %
7213 2 D AV = VIR BIRF-(Oa)lZ £ 5 70 b U BB OfEtE 2 Rat L7 R, Owic kb7 ko
FlEPEx L T2 FHD DABCOIZ LD 7 0 h Bl EHE D TS BWEE & 7o T, IEMHEL=x
X, 4 BB AT 555 O 41.47 keal mol! 75> 25.84 keal mol! & 720 | oL TD TSc.c
& TSy DR/ F—751F 0.04 keal mol ! IZHEE 72, I BT afif & y MO RVF—2E1X, afffDFF
78 TSc-¢ (ZFU T 1.48 keal mol™!, TSy 235 T 15.10 keal mol! ZZiE & 72 0 | EERFER & R—8% L
7=, HIH. DABCO filifii Tl 2 431D DABCO 23BH 595 Z & T, SUMEEET 5 Z L ARZ STz,

WA,y AP E RIS L TR DAL, FEBRINIZ RDS 2% TSk & S 415 DMAP filifitge
TN TR %17 2 72(PCM(CHCl3)-0B97XD/6-31+G**), DMAP il 5 N Cld. il o SO Ek
TBEZ 1T REDLZEPPHONE RTINS ®»

Ve

W, O I2ED 71 b BENZOWT y fLTO
MRt a7 oo, ZORER. 4 BERMEZEH T f
5540 39.13 keal mol! 7» 5 32.37 kecal mol! &
0 KRESLENT D LR otz Hlb,

DMAP filt 41 Tl, 2 O ALk =L AR FRIR

n—n stacking
%Zﬁ 70 = }\ :/*g’%j] %1}%@'?‘ 5 Z & Z)S/ji\‘uﬁ é hf:o DABCO facilitates proton transfer SO facilitates proton transfer
Lth S 5705 TS HEER B L Wa i cofat  Figure 1. (A)DABCO fil it 514 F T o i, (B)DMAP
WZ DWW TR ZHE D 720, L T y fLOZZE T TSI T % ik
AR

LB el - MERRIETT - FukEE— « IR - IR, 25 10 MIATES it s o N 2w A(2017), 504
R FEELF v 32 (EH)
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LB B OSSR FI R LAk S oD BA 5E

i S Sl 35E SN

(22 HA) BEEEITA T 1Al 2 F 2 SRR U BOG I BT 2 F28IC B ML, = okahiibfeic s
WTA— 3 VRO A FEEICER LES DA EIT> TS, OH T VAR A—/8—F %
VRT =F T VAN FEWDY S ROS (EERRRTE) 1L, I TR LA L RICBET 5 L E b
TWDHHR, —HCHIRNY 7 F URZBICS BEEREEH AR T LbZ 20T\ 5, Thbb, /—
Fx Y FEIRERNO 7 V= VO ABOEOHREE L EZ BN D &3, ROS FF—& LTy 7L
fREEA T = X DO ~OFG KR TH 5 E OEFEER ROICHIfF SN DILEMREE VW2 5,
LN LMD, =% % REIXZORZENNS . BN RAERFEORGNITIEE AL LS T
WV BRI, L OSEEOBIRAY S — 4 2 AR OV T, (BT E 2RI TFIEITEIE LV 9 O35
BETHD, £ T, bl &k 500 1Rl A BEMBLEOS ORRE & | Fox ORI LA RET 5
Hili, BB ARG S, AL R OSLAEIR B LA OBR % 2 B #E L7z,

[AF2EMNE] 9. R VAT EIT 53— % 2 RORMARARIEIZ OV TR E2{T- 72, —fi%
IR DNT I HINT, RN FIRBERDIET D5 LN T v T L, N=AF T TV %
BCE Ra/X—4F T REERT LI ENRMBNTWS, &EZAN, B RaX—4F v NGRS
TTELSITWMALTT Forl B0NEIA—FFUREEGRHAEL TV v a— WIS TLE Y, o
T, B e X—FF%T FEZLEICIY BT 72023 SEREOFEMTF 2 —= PN ETH S,
ZIT, TFARCEUERBILE L L CHY, B Ra =%y RERIRICAERT 5 UGS
Et a7 o572,

[EBRREH - B2 BRSSP EORER, N7 oE'2A 7 A 2 K, (LUFNBS) | i#fg{kK
FRF. LT 2= L& MA, JEIRIC 470 nm @ LED 245 Z & T, BRNICHIST 5 e
N XV FRFOLND ZEBHLNE o7z, EHIT, fix DZF R B FFERIT G LS
MO EZIT>T2 L 2 A, HHRE LTI v T Uik 2 WE TIIKCOETHRR SN2 b D
O, FHRIZBW TR wR INT, £, EFRIIEEZATLIREICOWTIIET 28 Rr/v—
FHY RPFONT, —T7, AV MUCE#IEZ A9 5 REIT—MRICSUSHEDME < . NBS O &K
JORFHOIER 2 B L LIz b DD, BIFRIE TR AL Z LN TE L, FBRENC LT,
AV MIICEBEZ AT 2 REICBE L TE, sHET 27 F AROARDHERR S 2, Al ST
LI TMETHDH Z 0D, ZRHDE RuS—FF% 3 ROLEMITNL P UNLJE I O SRR EIC
EDbDEHELTND, RERPE T 2= VO@BE 25D, KIGA =R LIONTTEEZARHTH
DH, LA EORERIIAMFEIRE L EL T 72O OBEERMRATH Y . 5%, JIIENHE L7z4 — ¢
)Yy RIS TR OB AT Z ST K0 | AL K ONIARESER A S — A% ALl
BEBRFE ~DEBIR I S D,
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HRREMEARIE 2 A\ T RRTERE A 7 OBIRAV LB
EIMSSRHE AR R B

[BFFER ] ABFFERREEIL, BRI 2 7 B OWE - BEEEMITICE T2 & LT, ¥
N B A ERENICR D TORIED £ £ ALFESUSIC KV £ O E OB RES & K AL A ER T 5
TEZERETLLOTH D, BZ A7 HIT, FERICEBWTORAROmEREERHEFF S, €O
FER, BEHERENRILEND Z b, HEBERAEL <, T OIS - BRAERT IR EE 2 M) 5
bDOTHD, AL =5y NOZIBEX Xy ThDHZLaBEZ DL X T HORRI 2
AL 7 n — 7 A e EOALHER & FIRE & 3 D A 03B S i, AEER A AR Ry
PICRBWTH A RIEHIBREL 20, TORRICKESFLETE L LHIFFTE S,

(WFFENA]  AIERFEAFERE T, AREROG TIEZ2R < KIEE, 7 7 & IR Fy
B, T NE AT ERE ERSFRICEBFEET DEREEZ AR ET LI LICXY, AR
G F O BRI B A FRE & T D RARR Th %, BRI T 2 /HERUS 2 HiI, IFEREE S

(S « JBF &) X TATHAMEERINC L DT I Falkz, £, RFENZEE TH D)5 - HH G
X KBEDT P AEROSIC K 2 = AT VERRICER 2 H T TENENTEZ Ffli L TE 7o, £72,
XV ZERTIRIAWEBZ Hig L T, 73 /UHBBOSICE £ 5 2 & 72 < IR AR B e B EL Al o
BAFE AT L CTHED TV D,

[AFZenk ] BFZRREE DIZ, KPTHNRUBEE T I v & OGRS % FTHE &3 2 BKHE &
# DMT-MM (4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride) Z iz & LT, D
TEPERIESC, AE R RME e & NS E RESSOALE IRV 72 E OMRER I 2 B 5 L 7okl x & Lz
17, Flix OFFEERBEREEZED TE -, £72. DMT-MM B X OHE L Zh b 08 R AR L,
R T HAER L U R R ERERR SN IC OV TR L C& 2, A4EEIL. NI TV VEKE
B2 L7 IS PE KM A A DBRFE 21T 9 L L IS EDRUSHEEZ A L CREERT—4), %
7. DMT-MM OIEBE L LT, RIS Y 2 FiEGEHT 202 v RV EERDET VL L
T, BENTF FOEGRMRIEORREEIT 72 (ref. 1 T L DILFEATE) . —T57, &< RARDRIGH L
LT, 7/ 7u~) UEReRoLaWn, SLHERIBKMEEHR & L THRET 2 2 L 2 6
L7z (ref. 2), JEMAHHZ &Ko TAE CTTEME P AN I VAR B 2 1G9 2 BSOS T fRERAVISOEHEL
FORERA & L CORMS bR N R D, —05 . BRMBET VX AL OBRMETIZ, M) 7Y
VEROBRAMRIZE Y o BRI LA ER L, & DICAZERMEEICH ) VX —LIELE
BRI L322 LICh 0 mMIETH LYY V=0 AEOMBESNRIC Lo TRMAREFETHM T
DHBIAN L DNACRIDOBAFEIZK ) LTz (ref. 3), SRITBAE L7226 ORIGHIZIEH L TH 8
770 & DEERGF DR LR EM B~ & BB L T <,

GEBE|
1. Tomabechi, Y.; Katoh, T.; Kunishima, M.; Inazu, T.; Yamamoto, K. Glycoconj J., 2017, 34, 481-487.

2. Mishiro, K.; Yushima, Y.; Kunishima, M. Org. Lett. 2017, 19, 4912-4915.
3. Fuyjita, H.; Kakuyama, S.; Kunishima, M. Eur. J. Org. Chem. 2017, 833-839.
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F5 AR 25 A BE 9 5 R/ O e & T A A

SRV N YN

mp

[#5 5% - Bf]

Y ONFE IS RRSME N SHEEICAR L, HEE AERBRERE TV D, 2 OINME
I EREBRT2EMAE FREERE L, TN E2RHT L L TRHHFOEMmAEH T HL &I
Fix ORBFEDE T 2 2 LR EIC L > THEEOAEMGEIC L FELKITLTND, 20X H 7%
AL OMEAEM CREIR L 2 DALEMO R, 1EE~OEA. i EMIOKRERE 2 L) (B0
TiE, IBNHIEE DSR2 W 2 M S B 22 ekl A2 RIZ L T D 2 LB MEE S D, ARFFSE
Tl fEx OGBS O NaAPEMEOENT, & OREHE & D WHEREOfENT 21T L & I, B oh
TR RIS EE SN T, BN 2RI U728 LWERFE & o 3 7 B0 A SR O BRI H Y fiLTe,

[5ik - wER - BE
1. JERE RO LBV G AE OB MO B FLRREE SOWERE O 42 PE S D I M O R

WA, WM BEEFLICE EN DMWY (B 100 nm F2EE) A RWE L7z, S 612 Wistarrat D5

WAFET DB E (B 100 nm F2EE) 2R 72 L, B X 0 HEE L 7= Lactobacillus johnsonii 3
W/ Maz=APES D 2 & &R LT=, Lactobacillus acidophilus <° Saccharomyces cerevisiae 13, 47 Hh##
D W LA TSN 2 A2 PE U=, L. acidophilus D FF/NEIXEARE 100 nm BREEORE S THY . £
DIF N 5317 1E GroEL <° GroES 72 E D % L /X7 8L 80 nt O RNA NE ENTz, ZhbDH
7 R0 RNA ISIX SR IS ) SR 2 FLAA D B 78D A4 1% /I 2 F 7o 45 50 122 BEEE O FR AT . RNA-seq
density gradient TO #1782 A5,

2. FERG AR (2 35 0 2 W6/ NI T RSB D figtpr

T DOIGE DS Sy Bk S T KW Shewanella sp. HM13 [XELAE 50 nm FLE DI/ NE % A ES 5,
Z DIFE/NIZIE S B 41 kDa DX /X778 (P4l) N EER X X7 HE LTEEND, P4l D
T X BRI E ARERDO RS ) ARSI ARG T H 2 LIZL Y P4l 22— NI LR A FE
L7z, KDY 7 KZBWT PAL AR F DI EFICIE, ALY X7 By iE O sy & LT
535 PulD OARER V& a— RTLBE R ENRWEZ iz, P4l 38 LT PulD AE 1 7 D/
NER DG Z 5720, 2 bDOBGFZMEE Lz, TOME, WT OB
THB AT E R B EZ T RN ERHENE R TR bD X V37 BB ARE ORI
FERRICME TR EPRENTZ, —J7, PulD AT v 7 s OMEER T, B/ EE /> IC P4l

BIEEAERONRL ooz, 2O END, P4l OFR/NE~OBAITIZIE PulD AE 0 73854
L2Hb0DEEZ BN,
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BREFURIBEHORESE D7 I BROBEE & A RS O AT
KA KB TR T A T

LA ]

W, D7 2 REREGEAED- T X VA b oX R ER BRI, ANER EOER & D
Bl ER S LTV D, L Lanns, A D-7 X/ BICEAT 2RIERTEA < Aoz
RARZ, WFRARERE O IT VR 28 FEAL A FE T it 28U 2 ic BT, UPLC & LC/MS %
MOWTZRIT 24T H DT F FRICHEE D-Val REmnEle TaEnsd Z ez /L7, =
NETIZHEAINTNDHEERED-T I /RIX Asp & Ser DA TH Y | fEEHE D-Val OFEITIER
(ZHIRER VY, AT F NI EOBRERE TR 2 2408227 TR, 25 O/RBEOFITH G
Re7 X VO RMLEZRET 2 TERN S 20 TIERWNE B 2 | REE TR EE O v 7L
OWTHITEATS Z & T, B ba2REST A AH S LicnEE R T,
7kl

NI D RESTTF RiL, Waters ££0 Pico-Tag Z il L T 6 M 5T, 110°C T 6 FEfH
WES 5 Z LA KV BINAKSRE U=, BEINKS I, o-phthalaldehyde & N-acetyl-L-cysteine
WLV FFEMRIL L, ODS 1 7 A% i 2 7= Waters £ ACQUITY UPLC TUV system (Zfit5-% =
& T, DLAYEI L EREIT -, B 50 mM FriREiRpH 5.9) L A ¥/ —/L& L, il 0.25
ml/min, FhEJEE 350 nm, =G E 450 nm (2 C5EH L7-, LC/MS o4 CiZ, SHIMADZU tt
o HPLC ¥ A7 & & Applied Biosystems #-0 % 5 AP0 EEAGRRVE & 43 B3+ (API-3000) % {# FH L
oo LCMS 12t 4 2 % v 7 Vi &R BICX 28BN KSM®EEATV,
4-fluoro-7-nitro-2,1,3-benzoxadiazole (NBD-F) Cihi&{fk{k.%#47->7-, NBD L L7=7 X /fiED DL
4rENZIE, SUMICHIRAL OA-3200 (4.6x250 mm) % £/ L7z, B#EIMHIE 10 mM Fifg 7 v €=
LxGie AL /=L L, #idl 1.0 mUmin, 7 AE 35°C, IR 472 nm (2 THEME L7,
F 72 MS 753#71% Negative ion mode & L, f&HIE m/z 260-290 O#iPH TIT- 72,

[ 5 & & 22]

JEEHH > 7 O) B T L@ICED ETO 12 BfEOY 7 |47 | Val (/D+LEE %)
JUAZDWTEEINK 3 E L C, UPLC oM 2475 Z L T7 X/ §E O DL /& @ (BEH) = ffzsffo: .
EERmAEITo 2, £72 LCMS % W f##r <, D-Val BEHT 21301 [@ 176 0.3
min)lZ NBD-Val OB (% 75 280.2. m/z=279.2)% =+ '— 7 i’fat @ 14061
ShBZLEHRLTONS, £ 1IORTEY, o7 1@ic813% Val |2 12524
@ D/D+L HiE 25.8% &5 FEFITEVWVEZ /R Lz, 72440, FUBHIIE g ;Z:i;:
FEATED-ValiZIZ LA EEEN TV ARVDOTIEARANMAEFRLTWER, (@ 27.3+ 0.5
P T NOIEBNTEH 17.2% & BWEEZRT Z ERH LN -T2, 72 263+1.3
2L, SRS Lz o Z OB ERN T v 7L Th ® 190+ 27
B, SBIEHHETOY IO TE I LTV EY, o ?ifi:ﬁz
NONHEWDDALE AR LI OO FHIH T LODBEMN 5 D/DHL [ @me) 25.8+ 0.8

ML CWa, £72 Val 7217 T7e <, Asp, Ser, Ala £ 7 /L0® &L H2RISTFFEMASBEHO

B EEERREICH D ValDD/D+LE
R DIDHL AN L Ty A (data not shown)Z &b, ZDOAT v
TNWBMAL A RET D HERNNDH DD TIEEEZ TWDH, S, ZOEMIZRIT DIz OV CEEM
TRfRAT 2 D TUNE 20,
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WA DO ERBIFRIZBITHERTHEMIRES 7B DREEARMT
ZIREAH SRR KSR

R MR /K > 5 BLBES 1072 Shewanella livingstonensis Ac10 (Ac10) (X 4 °C 75 25 C TAEEF T HIKEHES
PEDTZ KEVEIE ChD, KOS /5 EIZIE, v huah ¢ Za— R 58E 1723 40 BAEL, 2hb
BEARe S BIHRICE S T2 e FREN COD, REITHE F Ty U@k (111) ZE&E 72 R/IRE
LCTAEBFLZEE VBB INEAR —Y 2 R0 PhoE OFRERY k8 AT D, RIGEIXV R Z K
|2 PhoE ZFFEFEBLTDIENIBITODH Ml OEIEULIZI51TD PhoE DABEENIALIICIN
TR, RBFFETIL, S. livingstonensis Ac10 OEFFNLIZI1TS PhoE DAEFEEREAAGNIT 5284 H
e,

Acl0 @ phoE Ein1 KA (AphoE) ZAERIL, B4 (WT) & AphoE %ZIEHL 15 mM 7 = gk
()& A G R TR E R R L7z, RIS, B REEFHIIL R A B I o TR T 2 Ali#k &% &
BT DZET, phoE ORIBDRE OGN RIE T HEZMRIT LT, T ORGSR, AR ~TAphoE 13,
HGHEE &AM ER AR ARBE N BEE AR T 35200 o7, AphoE & phoE %#FBLT 57 TAIREE AL
phoE AR THRAIREIL, [FSMT WT LRIEEDEEFE MskAREEZ R, — 5., 7~ /VEREE % RIR
LLTCETEHTIL, AphoE (X AERRERBRIZAEB LIZZE0E, REOEIFRIZIW T, PhoERERY N E
BRBERE A IO T RSNz,

PhoE 1377 LM M (2 i BE IR AF SILDAMEAR =V o 2 R T D, KB D PhoE (3, IE&E A4
HT DTN RTET DB B S 4 R IR T 22T, U A A % i B A ERD A T e i
EIREEZEZ LN TS, Acl0 @ PhoE DXL R ESLRREE THING ., 11 HOVP VR R =V FLNIC
FAET D ATREMEAN RSN T2 280 | RE DOERFEIC I TH, PhoE A LI A B A FF DN LT (=
BRek (TI0) OELD A FHEREDIFAEARIE ST, Acl0 @ PhoE IZBWTC, ALNICRIESNTWHYY ik ik
EENENT NVEIVBICERL | AREOGEIEWEE~O L BA AT LT-fE R PhoE @ C RIKIZFET D
313 ZHHDOVVUFRE (Lys313) ~OZEEE AN KREOSIERGEL BE (K T2 enibrolz,

— R, M OFKE S, TonB X° ExbD THERS AL L RIEHE AR (TonB RIFHRIEEIR) (2Xk-
THIESH TS, Acl0 DOFRITIRIZISITSD TonB (K AFERIE A D A B RE 2 RT3 5728012, ronB & exbD
B RIERAE TN ENERL 720 sk () {772 T COAEFREE _Mh#k Al &2 it LTz, £ DR A,
ZNDLOBEETIERRIT, BRI AE B L2800, REOSKIFULIZIE TonB KFER S AZ LTz
PRI SRITM A TR W ZEDRENTZ, LU EDOFERND . Acl0 OERIFEWRIZI W TIX, BEA1O TonB K
IR AR A AT LT gk Cldze<, PhoE 2 L7CFFR R OMVIAL B EE CTHLZ LN LI LTz,
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RZERNLE RS ORE

R A B RFERFREZ TR

H /Y

AWFZEIE, BZENTEZ VG IMWERERBRZRA D 2 L2 ik& AR L T2, £Dw, TitSa L—
Y= 27 LNTRATE D @2 B2 T TRAT 2, 29 FEHFHN T, 10TW £ TO fm g 1 —
P—IZ L2 L0 RIREOEZENIDERIREIRBEA~ATZEROT v 77 L — a2 E LT,
P & B R

R EZEEE N A L 72 5 O I AAE R 225 AR & LR RE 22 00 L —  — i ] O B 22 5 4
DGR OENEEAT o 7o, 29 FEERICHISMATET L. T D OEZERBBEOER N FREL 20 | &l
DL —PF—=NEH AN EHEHFNSNLEATE L /IALTH D, WITL T, 3EOEERIEE HW-HE
HRHELZ T L7 K0 @ EERICR T 2 RIGRRFEL y R E mBE L —F — 2 a8 cH2E
MR FIEIC OV T h i XA AR L 7=, \ZEBE 2 @6 Light Driven Nuclear-Particle physics and
Cosmology (LNPC’17)%& dfml F=ff U7z, LLUFICHCR S GaisCHIR, EFS - BN SE T o) 2584,
i SCHAR -

[1] Probing vacuum birefringence under a high-intensity laser field with gamma-ray polarimetry

mm i

F

at the GeV scale , Yoshihide Nakamiya and Kensuke Homma*, Phys. Rev. D96 (2017) no.5, 053002 #&#FiH ¥
[2] Exploring pseudo-Nambu—Goldstone bosons by stimulated photon colliders
in the mass range 0.1 eV to 10 keV, Kensuke Homma* and Yuichi Toyota, Prog. Theor. Exp. Phys. 2017 (2017) no.6, 063C01 ##Hi A Y
[3]  Report on OPIC Light Driven Nuclear-Particle physics and Cosmology (LNPC’17)
Kensuke Homma*, L —¥—%&5E0—%—B% 20174 10 45 45 &% 10 5 662-663. #wiss L
PR R
[1] Search for new physics using high-intensity laser fields, K. Homma, Workshop at Aspen Center for Physics:
Developing New Tools for Dark Matter Searches, Aspen, USA (A5 1& 2017.9.7)
[2] Exploring pseudo-Nambu-Goldstone bosons in the sub-eV to 10 keV mass range with stimulated photon collider,
K. Homma, Photon 2017, CERN Geneva, France ({3 # i 2017.5.22)
[3] Search for Axion-like Particles via optical Parametric effects with High-Intensity laseRs in Empty Space (SAPPHIRES)
in a wide mass range, K. Homma, Light driven Nuclear-Particle physics and Cosmology 2017, Yokohama, Japan (— % 2017.4.19)
[N 2= ek T
[ V—F— R BT - FHROR R, KB, L —F— 220 EHSE 38 BIEKR KRS (RFFEER 2018, 01. 24)
R EREL—VF—BrAVWCEEZBE~OZHANT S —F,
AHEE, 57 BB - 3B SRR B S AR Y U A (FRAFEETE 2017. 11, 04)

[3] BIRE L —F — 58 E AV e BE LR EELIC X 2 BIBER,

AR, ©RY — 7 < 2 —WF%Es, SRR (R 2017, 10. 03)

[4] ELI-NP TOXEBRHE, KM, XETFRZERS VR T T A, KIKT (BFE#E 2017. 05. 09)
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BRADRIC X 2 BB & BRI OFBEREREDERR

JMEPARE 40l B R PR b LoeafF e i

[HAY]
B RTRERER X LIZ LIEF v U TIREIC L > TIRES N D, O T2 0ES e & O %2F|
L7 U T IREOHIENE, BEUARDOERERFEOHIE I LOHBICAM TH 5, ARE T, IR
BEAT2EBEERAM AR E L EFIRICEDF ¥ U TIEAZITH 2 & CHRERMEBRSE £
Big L7, &BRIEZ RTYHEICBWTIEIAZ V—=V ZRBEFICH N0, BRE 2 BHEEL
EELOITTEMBEOF v )V TEARKLIEL 25, 2T, @FOEKRE 7 — Mtk s Lz b
T UV RABZHATH 100 [FOF ¥ U T EENAIRETH D4 4 UK E 7 — Mfxik & L7eER
CHE N7 U A (EDLDAEEEZFIE L CLERIRIC L - Tl Sh 2 ER SRR O R %
R L7z,

s - B
EELEZRT a7 AT A NP LaNiOs & F ¢ %V & L7z EDLT Z/ER L72(X 1(a)), ¥
IV D LaNiOs 1213, 7V A L—H —HEFE L C SrTiOs 38 L ONLSAT Sk BIC/ERI L7 ¥ F oy
SV (IR 20 nm) & AW o, A 7 ZABEZHNLRVRI TIX, F v RVEIHMRIR TR
(R ERTZE MR LIz, K10), OI/ER L F T VAL EEICBW T, EBLCED/A
A& N L7 BRI b A ", AOEELZFM LZEICIE, EXENOBTIzE AL
Abehnolz, ZHUT LaNiOs DA 7V —=2 7 RIZx L TF ¥ FVEOBIEN 20 nm & IEFI
FEW=HThsd LB TEX D, TO—FHT, EONA T AEZHNNLGAIE. F ¥ RVEORN
REL ERAT LB poTc, T ZOWBLEFIZEINAA T 22 B0 |ZR LIRETHBLRS
N, ETEBIN EA LT vy X VEIZE W T, KR E CEREENBHI SN, ZhbDRER
E. IEOAA T ZAHNNRRE TlEA A IR & T v Vg & O CAR R R ERIL P RIS NI AE L,
F v RVBOREENRWAD LI Z L EEHRL TS, DE D LaNiOs F v RSB TIET — b3S T
ZRHALTTF Y X VEORES ZHETE S, £ A T ADHEEELSEDH LT, FrriLE
IRIFETHR (Fx U THEAZTBLRULERR) & bl cx 2, 4%, BRI X > THRE
fl S F v ruElixt L, BRCTH ¥ U T HEAZITOHAF R EE R EORR 217 9,

©)T= ZZV__A——‘*\

(b) T=220K '

AR (%)
AR (%)

= N W O =2 N W & U,
T
| —

Va(V)
Va(V)

o

1 1 1 1 L
0 200 400 600 800 1000 O 200 400 600 800 1000
time (sec) time (sec)

X 1(a): LaNiOs-EDLT O BEMEE. (b), (¢): LaNiOs-EDLT 2817 5. IEB LA D
7 — NEEEIINC T 2 T v R VERBTEA L O BRI AFYE
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BR BB O T 2 O RLEE & HHEEL
SHBPERE  BLATAF RS TR

HEY: U7 Az @idmELE 2 &, LIXUIEHETEREZ P75 L1382 DR iR 2 #¢
L ENDHD. FIAIE SIO AT ANTHEETIMES T AIET/R 53, 15 GPaDb & TIEA T Ah
AT 4 v ang MinTF YA XATEE ISR L, £ ORISR TR OV ME 2 om 970,
7 A L @mikmEOMAE DL, ITE, FMERERIZORn 5 b0 LTERSATWS., — 5T
Fex L, R ZEI ST E FRESEIEARELZN VWS Z LT, ZNETH I AMELRNEE X
BAIVTWMAIR T, B O T AEEM L TE Iz, & 2 TR TIL, FBEREIEM B D&k
ZHAME LT, 2 OIFMERM AT T 21Tkt U TR m BRI A6 U, HEIZB T Dbk &
g U7z,

F2  Lay0y-TiO; “ I RILEH OFHETIEAN 7 2L Ly, ' ‘;_j‘?o L/
HAIEEZ D Z & T LayTioOxu UTfF DR TH 7 2035 ng:Z:‘g —T

5h % (Figure 1) Bl LagTigOx 7 T AD A T ZAFERRSE T, § seof. 'F‘""E

FE LIRS T X224 808°C, 872°C T 5. LasTioOxu 1 = sof o;o .

5 2% 7.7GPa 900°C 30 S O&ME TR EAEE L=, [y f  © °'°“°‘°\°__o

L7235 0BHZ DWW TIE R XRD Z#IE L7z, 0 & Tio:{m]ﬂiz) 7

Figure 1. Lay0;-TiO, —Jt2 D A 7 AL FH.
FER L EE2 Figure 2 121F, MA@ ELEZOREE L bic, WETEHE L L&D XRD 7'
77 ANVERT. HIET900CE TIMENT 2 & LasTigOxu [ZHIET D E— 27 N2 273, #ilintEME
<7ua—RThsh. 1300CETHERIRIZT S &,

Yx—TRE—I LD, —HT, EREE | |

SLER U 72 30BHE, LasTioO24 TlE72 < LasTi 07 g Ahuﬁﬁﬁﬂi
WEME L TRHEBLEL TS, LaThor X 8 s
LasTigOa4 & Fhif L "C TiOs /\ i 148 JH 0D Jey T g ' gomc-
DX, SRAE T CIHRFED B | — R
LOEOHEE L DTV EER S L, o U JmumLMMwmhf;
BT T B E & EmEOEVNIAEATHS. IV, |V VWY R S | W O v o

o \ 10 20 30 40 50 60 I 70
FrZoZ i, MEAMBERTO N T AEEIZ 20 (degree)

S B T L AR 5 10) BR8]
DEN DD T & AR L TES ) BUBRIR L Figure 2. LasTisO2 ' 7 27 Bt L S B 723UEHO XRD 7' 7 7 A /L.
ZE 3R
[1] N. Nishiyama et al., Scripta Materialia 67, 955 (2012).
[2] M. Kaneko et al., Journal of the American Ceramic Society 95, 79 (2012).
[3] A. Masuno et al., RSC Advances 6, 19144 (2016).
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BEBRIZEX DT NVA Y r A BRIET T A OWEERH & HeERH %
R PRI AT

[(65] M. 7 ADFy b7 — 7 IR T DR O C U T CTH Y . Zhik,
77 AD A REEOHIEIL, KIARDOT T AHFFED 1 D Ny 7 ATl b Z LR THREND, —
Ji. @R E RO EHG RIE, 8 O RKIRBR N CIEEBINEE T H 5 MACHEENERITE 5
ZEND, FHIMBHRREOEE Y — 1 Th 5, UL, BE) FOMEHERICEY A TN D
(LRI TE T DR e S B & LRI TR & 920 U7, ARFSE Tl WERlEZ VTR PRI HEZE
WRieCThHL AT A kK 2 —BERL, I 2Z2BIRLTHRONTZHREEAVCTELET LA
2 &0 BrHUER DR BLA R AT, RFaTlE, REOT NIV r A BT 7 A D FEFHRER TIx7e <,
AR Y VEHEH T ADFERIZONTHET 5,

[EBFE]  FBO XY Ul 5 2 70Sn0-30P,05 (mol%)iE, ARl TEE VTR L7,
BONTH T AL CERO Pt 7 E/VICE AL, MEXDOF 2 —E w77 U7 L 2%
ECME « BV L7, FEBREEE OFEANICE L ClL, 3B UiR(1ICiEfis T b,
[EBRERBLIOBE]  FfxOEEAMSEME(ES): 2GPa £721% 8 GPa, RE: 300 K ~ 1273 K,
{RFFIRFER: 10 min ~ 120 min) & fiaf L 72 30BHZ B8V CL AR CHRY BIF23RBO ) 2 R 23 11257,
IO OFREHT, YK - FEF OB, BIREIEIET S (BW) 1L TERL, Bonic
WEHT, 7 2B TRBICBWTENThH -7,

TS ERELOE ST D XRD 7327 — %X 1IZRT, 300 K 38 LU0 600 K CERL L 7250k}
IZHBW T, 8 GPa ZHIUINL TH, BIWRAREIT N Z — 3 s vz dr o7 (B 15508 No.l) . —
Ji BRI SRR U CHHEICASE L 72, 2 GPa I LAF Table 1 Sample Lists

LB IR, A & L ORI SnpPy0; 834 & L No. Pressure Temp./K Duration

|/ GPa min

THERS S AL AR EE OfG AR tEOMT & sl S 7z (K 1k No.2) . 1 2 300 120
—J7. 8 GPa FIIIN L CHERL L7238 Ti%, 800K, 900 K THOERL 2 2 1273 &0
12 L0 211, SnsO5(POL); (800K), SnsO2(POy),. Sny0s, Sm,P,0; > ° 1000 30
4 8 1273 10

(Q00K)SHrHHFE & L CRERE S5 1 0D, 1000 K LL LD fERLZ %

W, B No. 3 B8 KT No. 4 DX 512, JCPDS /84 —
NIRRT ERWEERAEA A & L CHERR ST,

ARG CIXFEHE L7223 Sn K Ui XAFS fg#ir e 5, 22T otk
[ZBWT Sn OF 2 BB OFHITIZ L A SR I N2 o7,
SFE Y, 8GPa 1273 K &\ 5wl E TR L 723k 3 T
B 2D Sl TFE LTT X LITHFELTND Z ENRTHEE

Intensity (arb. unit)
k

10 20 30 40
No, ZORMIT, s EFRELZHETHIF I O TH 20/ deg.
BB DI, MR b IR I B, Fig. 1 XRD patterns of the samples.

[2%3C#k] [1] T. Saito & Y. Shimakawa, J. Jpn. Soc. Powder Powder Metallugy, 62, 289-296 (2015).
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13 BR BRI 5 REEER OBFRZHRRAK L LTORA

BRI RBRRF N RS 36 v S B Y 22

1. B

A, RSO E LIS L0 BAEMOMELE LT In OFEREE-TEY, £
DOUHEARZE B EGA SN TN D, ZOPIIK E LTREIEMN O DY A 7 VBEH ST,
i CoYBERE D W EIEE D KR D HILTN D, B ITXEATIHIZRICEB W T, 3MiDBA 4> Th 54+
e B TR ORI 21T o 725G L AP E A A MR EE R Z2 34 % 2 & CThlaz R
A, NP B2 WS R E S, In I3KEIERFP T3IMOBA 4> ThDHZ b,
i PRt E LRI RIIRS R S D 2 E NS LD, AWFZE T, R ER O
VI A2 IR (SIR) 12 K 2 In D433V T FiEiE Al OB X 2 HhibaE o m Ea Rt L7z,
2. EBRF:

R OREHILLF O X 91247572, £9°, 0.01 M DEHPA % L < 1% 0.02 M PMTFP {2/l %,
0.01 M S iEMEAI (AOT, C14BAC) Z Eie AHEAH (BRI . ~F v 2-mFjb-1-~FH ) —/L =9:1)
0.6 mLAHR L, 0.5 mM In 2 & {eREOAKIA (FEMHEA : 0.01 MEFR) &IRA L7, /KHHIZHCI
B L' NaOH TIEE® pH & L7z, DEHPA D3GA13 3 K], PMTFP OA 1% 1 FEHiR E 5%, =
DB CKAE & AR Z 3B L. AKFEO In SR % ICP-AES 12 K- CHIE L, In fliHERZ RO 7,

SIR DFHILL N D X 9 1A T o7z, £7°, =& 7 — /LT LickiiE 4. Al - S A
JEAHIZ 0.05 M TH LT & P IERIC—IER S Bk, n—F ) —a2 /R b — ¥ — T e i
ELTSIR i U7z, Wi & RIEROKMEZ I L, %5KHH 2.5 mL 12 0.1g D SIR Z/1Z T 2
Rl & 9 L7z, #RE D%, AKM%A 2.0 mL ZBEL . BIE & KMEOEASWIZ 3 M HCI % 2.0 mL i1z
T 24T o 72, /0Bl U 7= A ds 0N Rl 2 D K AH T O In i 2 22 ICP-AES (2 L » THIE L 7=,

A

3. WRLEBZ

TR 1238 Tk DEHPA & PMTFP Offi 5122 T, AOT % 100 -
W% & In fhifsRm B U7e, Zhidd HEER TR Offi & 80 o
kg, f2A A MDD AOT OBAKEIZ L > T3 DA 4 Thod %60 OO
In BRECH X HFEONELDEELLND, —F, BAERE g 40 o
A F M THZ CI4BAC ZHINT % & DEHPA TldhliH A K& 20 5 ooO
SRR L7248, PMTFP THIFIN L2\ A & 1 EIER Ui %) % 0 o1O .
7 L72, DEHPA |3 C14BAC & a9 % 2 & THHAI OB AR pH

L In BN &< 72 A5, PMTEP & CI4BAC DOFESITIARLTE PMTFP #&2 87 SIRIZKS In &

ThHY . In ORI E G2 Aot LB BB, R (07 ML B OTER)
X2 PMTFP 2 &2 SE72 SIR IZ X % In OfH#I R 2779, SIR IZRWTHEREAHFEIRR, AOT

T 5 Z & ThiHERER R E < m B L, RiEiEEANC X 2BEIRNSBE IS Z 03 bhroT,

4. BREHRE

1) HAEME, %20 B L¥EEFMPERAENTFIIEIES, KRRFFHEE 2 —, 2018.3.
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LT A ZVICEBFRIY e, BoERRE OB
LIARE T 7 BT R0

1. BB

LT AZNVTdHDHGak InldA—F4 —
4%%mﬁﬁﬂmw%uéinétw\prﬁglﬁﬂwm<:> ”<i§ P /EE&
Al Zn BBOBEMBZHESRDEN O 1 ) . )
TVB, BN T, B ko v
YRR T 0> 40 A > SRARPELC BN Q\WCFS ) Q\WCFS
FRE I HIBERE (A b A X) SR o, © oL, ©
TR (2= T Karxy
R) WRE 72 EE KT [1,2), AFETIE, CNHOHERIZHEH L, BEHIEORZR S 4 HEHOT
ATV a R (1~4), 2FEO N Tt aTeF v sa T vk s U (5,6) #HEELC
XAD7 #5I1C & % 13 &R A A4 8 X OMEh A A OB 2R LT,
2. FER

KL S T DIFAE T T 1-7 = = L-3-AF)L-5-B°5 Y m v b VR st 1,4-2 4%
PR THBGER L, 7T Yy a  EHESE, KFET NI UAGFET Ty 7 a~nty b
N ZNVAaliEAF V% THF FCHEEL, N It uaTvFrs a7 i ) AHEf,
XAD7 #tE 10 g Z 0.05 M OEMIFZ & de 7 & b WL 100 ml (& —WpiiE L=, i SE, g
FZ AR L7z, 0.05 M BEEAIFS L0022 mM &R A 4 & & Te/KHH 2.5 ml EWAEH 0.1 g Z#RE D
%, KFHD pH, @BA 4 REEZRE L. WERERDT,
3. RERLEBE

T I T Y m AR U TGS R~ o EARRR H TR & R OIS R b T, N
Y ANGEEE (1), 3,5-VATFAR Y AFFEL (2) TIE, Ga, In & Al O5FEEDATEETH -
Too —H. ENBANVEREIK 3), THS X UHNARS VR (4) Tidn & Al Ol A
fil &4, Ga ® In, Al DL OGEECEN TV, T X~ X 2 VAR = VEFE R Z A T R i
T In IR S 2o 7o hy, EFEfH CITft sz, N 7rtdueTreFesrar v
VHL (5,6) 1E, TIAET Y I In & Ga ONBERENR R o T2, FTo. Al & In OSEEN
AR TH 272, Zn 1TT X TOERNLA THOBIE A F it~ Sz < < Ga, In LA 55
Bt 7=,
[1] S. Umetani, Trans. Res. Inst. Oceanochemistry, 16, 52 (2003).
[2] S. Umetani, Y. Sasaki, Y. Sohrin, H. Mukai and S. Yamazaki,, Bunseki Kagaku, 66 (11), 817-824 (2017).
4. BERE
1) KALEKREf, AAGHALFERHE 65 (F (LB K¥)  2016.9.14-16.
2) KALEREMh, % 77 Mot aline (BEAREE) 2017.5.27-28.
3) RALEREM, B ARSI L FRE 66 2 GREEIRIRY)  2017.9.9-12.
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RY ~—TF U BB/ BB BES S NVICRBIT 5
T NVIRBE RS O JEHIEICBE - 25T

WAL PESRBANG A HFERT

AWIECIE, 7 YRR UFRERIRINES &R Y ~—7 T AT BRI S 1 DA T VTR D
CTHRELT H 3 2OFVIREE (REVIEE 7V, EWEE SV, EVEE S V) O & R
1D AN D < & VIRBE MRS O i H A fit L7z,

WY~ =7 T U BRI, RN ZE T O KRS TLRIERSR L 0 ISR Y A 2 7
UV A TV SR ENAERM S 7= U Ik (A = 130 nm) Z AWz, DEDOT N B
{b&%) (4-butyl-4'-methoxyazobenzene) & AR VU ~—7 F U Gk T2 32 ~F v 7 RbIEGY
(ZL1-1083) & L < IS+~ F v 7 ikt 54 (7CB : 4-heptyl-4'-cyanobiphenyl) & iLZ 7
WML THEE 7V (RFIRE = 10 wi%) Zaifd L, SRoREilE, maseiailiE, L
TROGBAMEIEIE 1T o 72, F7z, 0L (R = 365 nm) WHHZ X 2 7V IRRERIESRS 2 kGt
BROFRMEZNES S 2 & TRkl L7z,

ZLI-1083 % JAW=HA 7 L, BIRRSHEMERIEICB W, X2 2 207 VIRE (-
FNEHBEF V) T 2 Endbinoln, RAEERERENDS, WXOReD 2007 0 E, K
U~—T T N 5T 0 75 7 bR Y~ —8{OEBE (FT AR L = 20REE) OEWITHKEL
TWLZEZWOMNI L. E£7, FLBMEBERNS, WEHS VTR OREE (X~F v 7
FEETR) Ko THFHRED R D 2 SOREBATRT Z L3000, HET ITHHEMED L <
IR FRHED B DL T D 3 D7 WAREER BT 5 Z L 2B L L.

FERE 7V (B *~F v 745 777 PR ~—# : 7T ARHEE)
FERMEE 7V (R - EHM; 777 MRV ~—8# . 77 XIRE8)

3. BWIHRE 7 v (lh - S50 79 7 FAR Y ~—8{ 1 2 200R08)

W, WERTICRMUE=T S R A D N T v A—T A&
JERMACFOSIZIED R DSR2 FMM L7 LR 3 >0 7
JVIREERIBERIC DWW TIRET L2 & 24, BA 7 IV 5 i
DN J o THHIEH A TRE 22 7 VIR BEBRR B RN e D = &
bmot-. Bz, ZLI-1083 & HWicE &7V Tl [REIEE
T—ERE V] OXHIE (K1) BArEETH 7. 2o
HEENE, BOEFOME S 2 HERF U7 2RO TN R TH 5
ZLERRLTEY, HIAEWEDOIFM A MLEL L2 &

S HNAE SR T ~OICHNRETH DH. F£T, TCB # HW
BT, SRR LHIEE 23 AT HE 72 528 Bab ~ D JE A 23 _ .
Cx % TEUIIS L — BRI L) N R LT BWEESN

M1 AsEHmE s v (k) &
BEWABE v (F) oGl
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BT X -THEFReAVEBOTFESHERIE T oRERED
TS R AT

RS N7 A KPR BRI R

HrBLOUHMW] EFRHEES O, PEHiZ KB MREWNEEY T ¢ FESBHICENT, BT
FRUE T FMEE OB I ISR E R WIRFRE E - TV D, ARIFZEDILFEFFEE TH D nidl K b P oFFe T
R E RS LOMRERE RS X, o7y 7 HEAERE S oA E T~ R 7 ZBED
5{ELL O MERN EEEET v —AF ) T 7 A 23— (CONF) s{b B R A M 2 B L C& 20,
ARWFFETIE, ONF DJgUEFE LTI T & 2 RR#HE (never dried cotton fiber, LLF NDCF &)
ZHWTRESEME 2 &tk T 5 2 L 2Rk Al 612, RESHMEORSERHEE & MO LI 5
DT HZEICE-T, S50 EOREEHED 2 L bARMEORE LTz,

[FUEFE k] NDCFIE, 341Ky GO REK) ST LEMoREL T ) s
L7z, F72, HEGRENE LC, —MRMICHLE LTV D iR (dried cotton fiber, LA DCF & 1) %
HWie, Wiz 70 VR L, MieER], & oAl s @EERY =F L UMkl (7r—b—
X HE3040, {EARALMEASHE) 2MATEHBELEZT LI v 7 ZAZ2ER L, S6ICZ0F LI v s %
LEEEARY =F L (1320, B LR 1) & A/ VL 2 BiR BREE 2 U C 140°C O RIRIRLEE T 1 IFfE]
R LT, Z ORM%G OB L 0 HHRRIS T ONF LB EAMEI O T 2 e —2 2R L, 556
M= T A b E—2 2 BRGSO R HE - THIRME 72 & O 2 JE Lz,

[fEHE & 52%2] [ 112 NDCF ¥ X OV DCF % fV 7= CNF S L HIEE A8 K (BT, Z42 4 NDCF
REEHELS KU DCF HSRE AL & FES) O BITRMMERIEICIS T 206 -2 Mhi# 2 on 3, fI s
(T, NDCF HURBE A MRS LU DCF BORE A B CAIE 2R Ao 72, — 0, WM EE IS 1OV [ BRIR
I% DCF HREAM BN m WM MEZ < Lz, 712, DCF HREA MBI OB IRIREIL, KR/ 7 % i
BHZV F ONF sifb i A stosmE Vo b 15 |
WETH D, ZOZ L, M ONF B LTRRT R
bBZEEFLTNS, MY LT NDCF % A5 = & PR e

({2 &% ONF LR HEN RIT, T 7m kOBl H I Wl
FBNIR o To, LU, HEE 1%00 6 2% D8I T3, NDCF
HORAE SR D J5 725 DCF BRI A B L 0 b s T &2 %
BLLTW5, BHET O CNF O BOREEIZ 3 TN H 5 ]
REPEZ RIR L Ch v, BIIEE WM E 1 BMEE 2 V7o o
WG DT 2D TNWDH E ZATH D, Mk % CNF J5UE ‘ ‘ , ‘ ,
CHVS = & DR EARTIECH BT 52 bt 00 0 M0 e a0 s
o AtRE, KABURDIEHERC OIS -/ X BBELIER [ 1. CNF S ILBIIE O bR 0 31 3RIE /)
SO IR T BRSNS & B B AR I TR Y $LA T < —E AR

51 SCER

1) Sakakibara, K.; Moriki, Y.; Yano, H.; Tsujii, Y. ACS Appl. Mater. Interfaces 2017, 9, 44079-44087.
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Synthesis and characterization of novel narrow band gap semiconductor
nanocrystals

Yasuhiro Tachibana School of Engineering, RMIT University

Introduction

Semiconductor nanocrystal (SN) is one of the most attractive nanomaterials for solar energy conversion
devices. With their large extinction coefficients and a wide light absorption range over visible wavelengths,
SNs can be effective light absorbers. Despite these attractive properties, composition and type of synthesized
nanocrystals are limited. In this project, we will develop novel narrow band gap metal chalcogenide
nanocrystals and perovskite nanocrystals, and fabricate and characterize nanocrystal films to be applied for

next generation solar cells.

Experimental

Nanocrystals were synthesized with the conventional injection method, but with low cost and less toxic
precursors and ligands. Precursor and ligand concentrations, reaction temperature and reaction time are altered
to control nanocrystal structure, shape and size. Several spectroscopic techniques including transient

absorption and emission spectroscopies were employed to monitor excited states and charge transfer reactions.

Results and Discussion

By controlling reaction parameters, methyl ammonium lead iodide perovskite nanocubes with
photoluminescence quantum yield of nearly 100 % have successfully been synthesized. By controlling the
reaction temperature, nanocrystal formation mechanism was revealed [1]. We have also successfully
synthesized tin bromide perovskite nanocrystals.

PbS quantum dot solids (QD solid) were successfully fabricated, and characterized. Transient absorption
studies revealed an energy redundant process of photo-excited QD solid [2], potentially reducing photocurrent

generation of QD solid based solar cells.

QOutcomes
[1] Manuscript in preparation.

[2] Manuscript in preparation.

Invited lectures at international conferences

[3] Y. Tachibana, 2017 International Symposium on Energy Conversion and Storage Materials (ISECSM2017),
Brisbane, Australia, 31 July - 3 August 2017.

[4]Y. Tachibana, MRS 2017 Fall Meeting, Boston, USA, 26 November - 1 December 2017.
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Augs 7 FRAZ—% AW EBREEBMEREF NIV VRF
BHEE W T¥ERTETa T 0 T HEFZERT

2020 AEHUEICIE, PEROBRDRI LT O AZ LIXFEEA R D | Sam LR D A 7 — LT
EICEET 27 A A0 FEGRRHRF SN TWD, HET M7 VR Z L, B—ETE2H 2&hD
AR EE ) C, EEBERBAETE . Bnm O R 7 — L CREICEET 2RI OETF /31 2
Thod, LrLant, BEMRS ERCLECBETAHE T M T v URA X Z RS2 2 L
INETHETH 7o, FxITINETIE, BEMREA yFICEIVFyy 7R3 mOS / Fry
TEMEERT 2N A ML L, T X v TEMEIC, FEMEECER LI EIERT AL
TEALFRAEIC L VEAT D LICT, MO TEECEET2HET R T U PR X EZEBH LT,
HEF N7 PAZZHRTHESEL720IE, 77— U EOREN 2 nm LT CTh 5 0B 13 H
%, SEPFFRE TIL 25 O AuJZ 1B AR E I Aws 7 T A X —DOREE G RTIEDHENL S 41T
Y. Aws 7 7 AL —ORLE | nm LR L FIRBECATHET 7o PAs0s —n kL
LTHETHS, K1 nm UFOs —a v Bioy— MERETREE 357 — MERkE#5 01
I, F¥ v 7R 2nm LR TROWY — 2 P LA CBmIEHELEZ A3 57T/ F v v 7B 0A
T D, HEBHFIEE CIIRIT, YIHERM R 2800 AeIciz 5 Z 212X v, BERIE 30 nm LA
TOF /) ¥x v TEMOERT 0w A2 L, 2nm L F D7 —a VB0 57— MERZ FREL 3
DF X ¥ v TEHEOERFIE LS LT,

ATl BT SERHCI T 2 EROSI O Z A, 2 7R 1 nm BL
Ted Aws 77 AF—% 7 —nGE LTHEFERAE LICHEET 7 DR 2FRL, HiRE)
EHET T v P22 OBEDEBR AR,

BIRE—LAY YT T 70280 Y A RF— MIZASUHX v v 7EmEZER L, BB
Ay FOHFIERISEZHNTE v v 7K 2nm, Y —X/ R LA EMHRIE 20nm ©OF /) F v v 7
BAER Lz, Z0F )/ Xy v TEBEIILFRET DI EEAREL TD Aus 7 T AZ—& L
T, EFEINFIEE OFIEBERD U I —5rFZ & Te, Auas(PET)i6(AcS-biphenyl-SH), 25k L 72, Auws
JTAR =X X v TR RE LTCHEBE T N7 o VA R BETF R T U X DOER

%/f{*cﬁ’g‘HEU L/7LC. & : %\ 7 — :/Z?T 500F T L T ] 160 K Log(/) 42 11 -0

K

r—AD 5 — NEHE K THER L.
160K (CTINETTRLWM 7 —1 Z

LHAT RS ROWEEH L, 0 Y e g s eres
FTIE WA T2 bR T LE -T2, ;

la(pA)

o
FH7< Aus 7 T AX—HETF LI S
VAL OEBHEEERCEX DL EL I —
N N L ) st Tl A G n e
%ﬂf)o -2 -1 VdQV) 1 2 -6 4 2 VgO(V) 2

Figure 1. (a), (b) (7£) Aus nanocluster SET @ Iy-Va, dla/dVa Frik o W 7E 15 5
Figure 2. ({7) Auzs nanocluster SET @ 160K (2B 5 7 —w > X4 7€ > FE
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AR LE BB L RZRRTF FOMEERZ VX2 BORE
PH (FEH) B AEHBERFRNT AT +—~T 4 TGS TG

M= 7"F N (CPP)X., MEWBATIEZ R8RS 20 FREBREOTF KT, &
IR RIS O BEEE OMRAPBEAF v V7 — L L TR ST A1, A I 7 ¥ =
NIRFEIRCPP DD THLIN. ZDHIHLDIROAF 7 X T NAF =2 (18), KT AT LF =2 (r12)
DIESERAREREME 2o~ 3 2 & MBS TE T O AR 512 K o Tl 2], RIS O RE A~
IS B WfF S D, CPP &iiEY /37 E & DHEFEMNPM LI TEHY[3], CPP-IIEH /N7 'H
#4873, Enhanced Permeation and Retention (EPR)ZNHAC L » CHIGHIGRICERE T 2R E 2 5
N%, LU, CPP AW IOMLiGEZ > /37 H EAHAAER T 2 0B L TEEHMICIT~ 5T
RN, EZTARMIETIR, AV IT7F =0 FRC 8 SHHAFMT SIEZ v BEoRES H
fEL7=,

FUITNX= b LT, @WIEBEERIEEZ /R L2 8, 112 & & bic, BEEREREZ RS20
DIEDOT R T T AF=r hEay br— LIV, Zhb 0T F ROE IR % Fmoc [
HAREICZ VAR L, BRI TG & v R ORI SyZ2 L0 b T VT 2 v L OMEERICE L
THFE L7z, 4, 18, 112 TNZEHUICHONT, TIAT7 I ERA LERICRIMNERZITV., 7 4 b
4 — 2> 72 CPP LiFim L7z CPP OEIG Z R Lz, ZORE, WD CPP b, 77 I
CIRAETDZETT 4 NE— RICERGFET DEIGNEE 22 e b, TAT I OMEAERNRR
ST, EBC, FHRFEERN I Y A R — (ITOZHNCINODOHAEERZ#ER L&A,
B SN REEEE TN T b M A —F—Th o7, LEX V| 4, 8, rI2 1TV T hd 7 v
7 IV EMEERT B2 OMAEFERITHERITNE D TH D LR I L7,

INHORERNSG, MIEFIET AT I v oz, 4 374X =0 EMAERT L MmiEZ v 3
JEBPFEL TNDDOTIERWNESZ X, TORKREITo72, ERR3IFEOFY AT X = DT
b B ESERNEA R T 18 &Ll & DIRAIR % Native-PAGE THEB L, d0tOMH Shviz N
REEID LT R Tl Lz, Hoie 7T Rt 28 &oiric L0 fiftr L7 — 2 X—=2
ERAETAHZ LT N RPIZEENTWEZ U RV EDOEHPE LT, ZIVDERZ 08
&8 EOMAEMERZ, BB EE (FCS) & AW CTEBNCFEM L=, ZOREER, Frloim< 8 &
MEMERT D2 R BERRA LN o7, S, 18 &~EAF o v O E/EHRROMIZ1T 5
L L bz, HEEMMRER~OFLEIT OV T HHFHITNE TN,

(2% 30Hk]
[1] Futaki, S., Biopolymers, (2006) 84, 241-249
[2] Nakase, I. et al. J. Control. Release, (2012) 159, 181-188
[3] Kosuge, M. et al. Bioconjugate Chem., (2008) 19, 656-664
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FAL¥EY FHON F.LR L OESHEHH L SR
WO PEATA ST R T — =L s b o=y AR L X —

(5] 1 vEL RO NV UL, EILTZRED S B HROR R o 72 E~ols iR S
TV, £O NV HULE, SR — 1l HE L7 kiE (NVT) S HPRiREE (NVO) @ 2 Do fif
W Z BB 2 Z LV b IL TV D, BT ORI 3R RIS 5 2 LAV b i, Bl 21T 532
nm O L—HFHIZ L LRI TIE, NV & NVOOFIER, NVTINVO = 732725 2 ERFMHN TIN5,
SERHRE R IR L 0 A B REEZ RETE 2 OIE NV 7215720 C, NV-ORELAFRETH - 7=,
COMBEIZH L. FAIXINETY O F—=T L7 n X A P TNV OEIG2 1ZIF 100 % (NV
TINVO = 10:0) ERH T EAEIRLTE, —C. BEMICIEIARHMY) D72V intrinsic 72X A PEL KT
NV- 22k 5 2 Lid, B2 iiEz B3 BRICIIEETH S, £ 2 TH AT intrinsic 722 A
YE L F% n-type A ¥EL FTHAT nin #1352 L V| intrinsic # 4 Y& FIZBWTH, NV %
TETEDDTERWAEEZ, Al nin #EZ2 FFORBIZER L. ZERIC OV T,

720 NV BN T, X A B URIHER, BEHEEICR T 7245% T A ASHICmT 728
LN Ch 5, LL, KPFHRAE RHIEIC L > TH—OE T - A OBt ThitTng
—7, BRI A BRBER, BEETICT P T AVETF A ORISR L T DB TH 5,

DEKAZRFHEIEOE IR DFRIZDOIIE, B AT ORISR OBRIESE 21T O LERH 5.
Z ZTARBIZRIE, A oI TESNRET - B HELBRHICER L,

[58R & K54 ] CVD T intrinsic # A Y& N2 GlfL, =y F o 7 TAVHIELZIED | ntype X1 ¥
T2 REBICEILE S¥ T nin #EMESNTWS, 532 nm FHEO L —FI2MZ 593 nm HEOD
L—HZ2EH L, B—0 NV HLOEMKEOREGEZHT 7 vy ay NIEEIT>7-, & L ClEM
#1450 intrinsic O d (& X DKM L OHG LEIC X D IREMEICIER L THEBREZIT 72,

B NV-OEIGIL, @H O intrinsic 44 Y& FOBEIG 2B 5 80%RENENSEON-, /-
intrinsic J& d OEIC LD EAAES B S 4L, d /NS WIEE NV OEIGBE L, N2 FHEEDEE
IZ LD ERRI e TRl E —B L2 fERBE O 7z, BRIE Appl. Phys. Lett sEIZ4B# S 7z,

BARET - B HLERE IR, UN AL 0T EiEE %4 Davies ENDOR /3L 23 —4 o 2
ZISHLUTHE Lz, ZOMEE, KR TICBWTEAY O T EIRBIOEBEZIRHICOIO TRZh L7z,
Fiz, TOWBHIRIT D UNBEAE O TolIEZ BRI Z VTR, BAE DO TeNEFAYE
YDARAE Y - MR Lo THIR SN TWD Z &3 0hoTc. A OT7 EiRE), KO T #ll
7E % FiL CEAINTEI L 726l EHC BT 582 B THID TTh 5, BRITHm LM T Th 2 [3],
[ 5% 532 ]1[1] T. Murai, T. Makino, H. Kato, M. Shimizu, D. E. Herbschleb, Y. Doi, H. Morishita, M. Fujiwara, M.

Hatano, S. Yamasaki, N. Mizuochi, Applied Physics Letters, accepted

[2] [ffsak] KEEM, XA YES R - SiC BT 2RETIEHRET - BT VIEOBMRERE]. H
AR 1 6 2EB R, 2017412 4, f

[3] H. Morishita, S. Kobayashi, M. Fujiwara, H. Kato, T. Makino, S. Yamasaki, N. Mizuochi, ‘ ‘ Room Temperature

Electrically Detected Nuclear Spin Coherence of NV centers in Diamond”, submitted. (arXiv: 1803.01161)
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A ey FEEMIICBITANFLORA Y ak— L ARBOERRE
WE BT ARSI T s I %

[B#] 214 vEr RROR 25 - ZHAEGENY) FL (1
1) 1FENTZ AR R OO PRI Z AT 5. FFET R E R
F, H—AE A EIRIZBW ORI - #ECTE 28 TH 5,
ZOHR—-2AC 2T n—7L L, H— NV HLZ ikt
YU BSEY RER IS LT, T, B SRR
RNIRENTEZ, XATEY FHO NV Lot o Hs A
BTNV FFREE A ED =080 7 L UL OO FEkICTF
ELTCWDERERH D, LinL, T/ LoV TORMITO NV
HUL T, B e UOE 2 2 EAPREED — 1 MZ e L 7= NV
TOBMRERALEIL/RD Z LR, AV ab— L2 ARFH
(T2) OEFFRMICEY B VRENELRTT 2728, HERERTXEHELHDH, Z O
K, BHleplio—o & U TREMEOEHMERBCAMBOFEC LD b EEXBND, 2
DD T, ARETIE, Vv F—=7IC kD n WEE W =B O R e, Fii ARk
firzMnsd ZLick Ay ae —L o AR ORR R A B L7,

[FEHR & A55] NV RT3 RA T 28BS U EMRER H O . — o AICHE L7Z NV-
TIHZ DAL ARBEDHE & A ATRETH 5, LAxL NV UL OEFRIRERIZOLENEIC & - Tk
L. #2103 532 nm O O IZIE NV-& HPRIREED NVO DK 7:3 OFIGIZ/Z > T L %
9o NVO TR B RBEBOHIE & i 23T & Agnizd | NV UL OIS Tl NV-OZE K 5
N5, BIZE I L CTEERE2 B nm (150 NV FLNZEIT 2 ERIREO RLZERS, A
vrab—L AR (T2) Ot pus LT ~OmERRHE7HREE LTH D,

ZN O OBERITED—o & L TR FHUL AT 2 M5 Z LI2 kD T ORFRMED &
Lo AATXELRIZBWT, 2 CVD G GM2h+ &, Bt pm WHTOERKICBW T, Fr
LUV TCT Ty bR R ORBI 2 ER T 5 2 L3 TE B2l F o0& ) 7n i iR T R
22 NV Lo E % BEE L2l ERE L ORHI OWFZEIC B FHA 72, B 7 2 o
RROBGMICB T D ERREORIEORKML U LB R L —FBMENC K-> TiTo 7, £imh
BT A= MLOBRSIZH DL EEZLND NV FULABIHI SN T=, A, EBHIREIX NV Th
DT EDMER S NI, XA YEY ROVHRESRET T A YES NENICES L2 NV LD
WCTab—LRRRZHE L, TeM 0t ps L ETHD Z Eahotz, 5%, MERIEIZELD
KD D DOWRSPE & Te ORFFFULICE Y #A THWL TETH D,

[17 Y. Doi, N. Mizuochi, et al., Phys. Rev. B, 93, 081203 (R), 2016. [2] N. Tokuda, et. al., Appl. Phys. Exp. 2

X AXEL RHPON
O NIZZEER T, Vi
JRA-DMR G 72224 (V).

% 1
vV
R

(2009) 055001. (b) N. Mizuochi, N. Tokuda,et. al., Jpn. J. Appl. Phys., 51, 090106 (2012).
[ SRmis] (1] R KEEM, (44 YEL R - SiCIZBIT 5B FIEMET - BB
FEOBRE R, AAAMRIEE 1 6 2K55, 20174 12 A, ftg
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BERE Y o HIZhT =& 4 Y £ KNV .0 0OFH

q

WU BUX TR RZEGE T e T2 X 1R

[Fia] 24 ver FAOER-ZAESETOD CLFTIENV Fub EFES) 13, RFEFF 1 ESEHR
FLEH LT, ZOMNELTHLHMEEEZA L, THEEMRE NV OLSEFZ 1 EfEL TNV &2
He, BINALY Y ZEHEREZEMRT 5, 0 HEREZBSGOHINSH LIZORE A YEL R
BrEUVHTHL, FTH NV HLT U U7 VERA LSS, BEEE TGS SQUID & B
R DRLEE IR - KA THROND 2D, A% DOIMBEEHLEGET, MRI 72 & ~OIS AR S
TWb, NVHLERWZE A YEY RETE T OBKBEIL, —RIICNVIRES 36— L2 Rl
ffl (T2) OFEOFFRICKEHIT D Z RO TEY[1], FLINHmEFIX L — R4 7 ORRKRICH
D72, MEDNT L ZAOWNHIBENEE CTH D, AEITIO NV RE, RO T IZEKICEELE
ZDEHEAHY (LLFTIEPLHL EIRS) OBREOHIFENCOWT, Hiizlem iz 57,

[EBRTIE] ESR EEAZHAWCT, PLEEZHIE L (K1), BETRHHANZER RSSO KSR 512
FVEFREREZLTHEOW, TORIZBEIEAIT) ZEIZK > TNV FLEAR L, HERL—
BEMEE 2 T NV IR ONS T, OJIE AT - 72,

[EBRRER] W - MEHFZEHRE (RN R) TRIREEEICEV AR L T b o/ ¥ A VEL RO Pl
IREEVL, WP OTFT &2 AREIZRY | BHICOEVRELSHIETE D Z e 0hoTe, Eo, BER
ECHDH NV IREL T, Ol 5. MR IR @B A HE ST 550k & R O B HIRE S
OB TE 2B BND,

(&% 3CHk] [1] T. Wolf, et al., Phys. Rev. X., 5, 041001 (2015)

[ 4] (1) T. Murai, T. Makino, H. Kato, M. Shimizu, D. E. Herbschleb, Y. Doi, H. Morishita, M.

Fujiwara, M. Hatano, S. Yamasaki, N. Mizuochi, Applied Physics Letters, accepted
() [HBfrEE] KEEM, 44 ¥ESF-SiCIZ

B 2ETERE T - BB VIFROBUR L

R, BASRERSHE 16 2 K82, 2017 1.0
12, e 38
c 0.5
() EHESD. KE. AW, & T, BEEE >
£
. L EE, A% Ef. INVHLICk s E 5 0.0-
Tl L O BRI 16 7 22 AR 2
W
B 31 XA FEY NS URY YA, 2017 4 11 e ~0.59
-
AL B R = ol
(4) FHEER, WE, A0, T, EE -
W, WHIHET, AWEM, (514 vE FET 3450 B0 3910 940 3570
B OFRIELIC T S HAE magnetic field (G
78 [ES M ESE S 2017429 H . 4R X 1 ESR Measurement Result
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Dielectric Relaxation of Linear Rouse Chains having Type-A Dipole and
Undergoing Head-to-Head Association and Dissociation

Youngdon Kwon Sungkyunkwan University

Polymer chains having type-A dipoles parallel along the chain backbone exhibit slow dielectric relaxation
reflecting their global motion. For mono-functionally head-associative Rouse chains having type-A dipoles,
this study combined the Rouse equation of motion with the association/dissociation reaction kinetics to
calculate the dielectric relaxation function, ®#) with j = 1 and 2 for unimer and dimer.' D(¢) reflects

orientation of the end-to-end vector of the unimer, whereas ®,(¢) detects B

. . . . 0°C 2 PI30/oB3
orientation of two end-to-center vectors of the dimer (having @ ° QE0YoBY
o PI30- 0B3 |

once-inverted dipole), both in the direction of the applied electric field.

The calculation was made by mapping the conformation of dissociating

dimer onto the created unimer and vice versa with the aid of the Rouse y
. . . b) 10°C
eigenmode expansion of the bond vector of Gaussian segments. ®1

This theoretical calculation showed that ®,(¢) is not influenced by the

reaction, which is in sharp contrast to the behavior of the viscoelastic

log Ag"

relaxation function gq(¢): g(¢) is strongly affected by the motional

. . . . . c)25°C
coupling between the unimer and dimer due to the reaction.”  This ©

difference emerged because the dielectric ®,(f) corresponds to the theory B M op

vectorial first-moment average of the segmental bond vector at time ¢,

u(n,t) with n being the segment index, whereas the viscoelastic g(f), to a

. . . . (d) 40°C
the tensorial second-moment average. Because of this difference in the N

averaging moment, theoretically calculated ®,(f) is subjected to

cancellation in the conformational mapping but g(¢) is not, so that the

reaction effect emerges only for g,(¢). A0 1 i / |)3 4
og (wls
The above theoretical predictions were experimentally tested for ) ) )
head-carboxylated polyisoprene (PI30-COOH) chains synthesized Fig.1 Dielectric .data of PI'in
unentangled solutions.
anionically. These chains, with the molecular weight of M =3.0 x 10°,

had the type-A dipoles and underwent the head-to-head association at

the COOH group, thereby serving as the good model material for this > [ PI30-COOH
test. For comparison, the neat unimer PI30 and head-to-head dimer 4t
(PI30), having no associative group were also examined. The dielectric 3l

and viscoelastic data obtained for unentangled solutions of these PI
samples in oligomreic butadiene (wp; = 10 wt%) are shown in Figures 1
and 2, respectively. The curves show the results of the above theoretical
calculation, with all parameters (except the dissociation time) being

determined from independent experiments. Cleary, the dielectric data

log (G, Gpy"/Pa) + A
(=)

are very similar for the three PI samples and insensitive to the reaction, 2l (22"53_4)
and are well described by the theory at low frequencies (w) of our sl
interest, supporting the above calculation. The viscoelastic data of 40°C
4 L =
PI30-COOH are also well described by the theory (and are strongly @=-6
.2 . qs . 5 " L
affected by the reaction”). Thus, the validity of the theory is confirmed. 5 4 o0 1 2 3
References log (w/s™)
1. Kwon et al., J. Rheol., 61, 1151-1170 (2017). Fig.2 Viscoelastic data of PI in
2. Watanabe et al., Macromolecules, 48, 3014-3030 (2015). unentangled solution.
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2T vy 7IHEAERO—7 U A E NV B OFER@mOME

WS Al BRI R B LR

]n

[(#5] #Eo®/ ~v—» o 2EESEOREH L LT, 7oy JIEGEKL 7 02 AILEAE
DD, MHED SINIHEZET DL, 7y 7HEGIKII 7 e T 205U, 74 4

LEEGRITNF LIV THET 2, REWEEZ LT 2 L. 7 vy 7 LBESERIZ— R0 28I
FHAFRHTT 2 DIZx LT, 7 v & AIEEASIRITHAUD IS C T PR 8BNS, 20 X 5 IckES
(RIZI 1T DHER S OGRS B (S — 27 = ) OFEWZEY, 77 BRIOREOMHEEITKE
Wi h, Tay s ESKOT oy VA LT AFTry 7{b L, =7 2 ZA&EL LTS
&7 U HLIEHEAGERITE SN TN EBZHLNDLN, ZTNETEDOER LD — 7 2 ATHONT
DFELWIFRIT R ST, Z 2 TR T, fixfey— 7 U R & Fo—#OD 2 iy~ LT
Tay y KEGKRE T X DEBEGEREEEAR L, 2050 VY OGRS 2 HE - T %
ZEIZEY, Tay s ERKE T U H DICEAKOSEREM A LTz,

[EBR] UV eo 77 = EEEENO R Y ZF L (S),
Table 1. Molecular Characteristics of a
RU@-E R AF L)LY, 4rf&&, 7 ry Series of SH Copolymers

cades TR mamn L

DRI D —#D SH B~/ F Ty 7 HESKB L) SH 7 102 20z}

. . . Bl AAAAAS 2y 102 {30

FUoA AIEAEREAFH STEIEAK LTz (Table 1), ZAUD =) ;vmmemnss 12 Lo 109

L A, X bz B0

E/\ﬁr j_éﬂifj\ SH 7~ /7&)71‘0033/\#7&’ [SHld  AAANANG m 1.03 46

(o= v AR (Ls)) EEH# L. ZOf% Table TIR  ony s ey
T UL HEEIEC 1T, AR TR EE(TEM), /vy S Saaaaae 3 IR S

X #REEL(SAXS) & R e i B /AT (DSC) A | 2R s &R AT 12
X BT HIE(XPS) & B2l A 0 E & T,

[R5 & 5%2] Table 1 [RT L D12, WL o B0k
<.Ls DE7p 2558 Y ORER G S 4172, TEM #B1%% L SAXS
HITE D> 5 Ls 73 250~100 OFEFCIEBIHEZ: I 7 = 3 B SE 2 12
T 2Dk L, 60 LLFOEHE T 0 Z AILEAE (S--H) T
X7 o fHGEEL TV 2 & D3R S L7z, & HIT SAXS HIE
I, 60~46 OFEITILI 7 mMSEEEL L TR0 A, FHE
ZERE— I RBNTZZ D TR MR LTV
ZEDPRBE Tz, LT Ls 28 15 LUF Ok Sa-H Tlida<
AL — 7 BN DT 2 8D BT L UL THIEL TV D
LR E T, EEJE DSC ERCEES A RIE D O HIFIEE
ROFRRPG NIz, ULEORREERET DL, vV F 7 ry 7IEGKRD Ls 28 15 LFIZ2 %
Lo T UFBMIREAREFRE, T LUV THE LT (BERD om0 —) gz ord 2 e
ootz

[ARmas] L Eom R, HesE LA no—itime (B8 ICTHERE L,

Log Intensity

Figure 1. 10 SAXS profiles and TEM
images of a geries of 5H copolymars,
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FRBHEY DR TuAL RV arihaf RESRRBEEDOMENA
KBTER AR B Je R

[BH] AFZED BIIE, b~ MRy A BREOT AR N ERET D AT oA K7V a7 vk
oA ROEARRIEOMIATH D, SFEEITRNS, b~ FORBRIEICE T DA E7R a-tomatine (1,
X)) 2R 2 EHEE S DEEE DOX4 IZEH L, £OMRROMHEZHE LTI EZITo 7.

N R:

(0] OH
HO 0 HO O °
H%/O OHy
HO&HO&E
HO o HO
HO

RO

R =H: a-tomatine (1) (235)-23-hydroxytomatine (2) habrochaitoside A (3)
R = OH: (20R)-20-hydroxytomatine (4)

. AWFEICEES D AT rA R Y a7 huaA FOE.

[F2BRAE] Fex X2 ETOMIET, b~ FHOROBEE 23DOX 5 L VDOX2 23, T Eth 1 %
HE L LT 1 IZ/RT (235)-23-hydroxytomatine (2) & % 3 habrochaitoside A (3) & KT 25 Z &
ZWPOEMNZLTND. 22T, b~ DY ) LT —Z_X—=2)b 23DOX 3 LU DOX2 L AHFEIVED
VRS T A REE L, Hi72l2 DOX4 %7 a—="7 LT=. DOX4 & 1 /37 B IE R 2 F T8
L, SN HMERICE D 1 2 E L LR % LC-MS Z W Tt Lic. RIS, TERFEEK
ISR E ) AV v~ N T 7 4 —, HPLC, 3 X 0% Sep-Pak [EFHFH I & 0BRSS L 7214,
#HENMR 222 kL ('H, °C, DEPT, HSQC, HMBC, COSY, NOESY) %, J:[alFif « LFHFFeHL &
O I B IEIERR T d 5 Bruker AVANCEII 600 THIE L7-.

[ =BG H - BE2] DOX4 1%, 23DOX B L DOX2 L Zh2H 69.1%, 90.5%DFHFEMEE R L7,
72, 23DOX PFFFHFED h~ FORFEL LOMROW T2, DOX2 BEAERD M~ FOREIZZEN
ZHIRS FBLL TWDHDIZK L, DOX4 ORBIFREIIHARD F~ FOM TR b&E <, LD
BB LOBAORIETHIBNED G20, FEEFMFEOREITB T 2 8BLTD TK - 7.
X512, DOX4 DOEEFR USRI O KT NMR AT R L% it LT2AER, 1 0 20 A3 kb S
7= (20R)-20-hydroxytomatine (4, [X|) THDH I ENRHA LN E o7, 4 1THAEFED b~ FOIRTHE
RO bNTD, HIEmFEORE LOREOW G L BARMORETIIRL SN o7, Fxid
WU, IVNERTDAI=ALDO—2E LT, DOX2 2LV 4 BARRL L7t T 20 fAKEEIEDOBiK &
F B0 DR 2N BRI Z 2R 2 HEE L iz, L, ARBFJEIC L - T DOX4 28 4 & Ak
THEHRLE L TRIESINTZZ L, BLO 4 BNEELTUHET D Z BN E R oT7272%, DOX2
DM 2 1 OB RSUGIE, 4 DBIKES SO & 13870 2088 THEITT 2 Z L < Rg S hvr-.

(ARSI SPARaess 5 O SUKR 5 2R /NKk ; BRUSBET R sk ; ASER |
KRIER. AR -~ hORATaA R aTuhad ROSEEMEEH S BERE R T ORI
55 35 I8l B AR RIS AT R, 201748 H 31 H. Sz Eili.
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ROVAILTZZIILD LT REBERBENIDDFLANILIZEH (T 54 A tEAZER

TGRSR LR AT e

RV A )T = =)L 7 L 7 (Benzoylphenylurea; BPU)IXR O FF o Gk #LE L THEZ A~ 2%
FIZEZLEICEL LODEEDN TH L. ZOEWIX, 1973 AT X OMFET NV—T12 k-
TEREAIBHZE PIMBIRIE R ENTALEWM T, V7N Xa ot B ERIicENTZ. Dk,
PREICBNTHZOERKRTH L 7 a7 T Xa U B ESNTE. ZO% LW OO E B
BN RA, HA=FE L TEHEN TS, ZOAY TUE LEZRRICBWNT, ¥F 08
BMETT 52 L5, FF A kE%#(Chitin synthase: CHS)DFLEHI & % 2 Su727%, BPU (3R
UAFTOLDICHERECHS Z[HE L 22 o7, £D1%, BPU OIERBEIENIZE T, a7z
G2 S 7z, CHS DMES 2 DRV ~—LDETIER L, $72bb, FF ok (%
FF—8) 7 = ) — A XX —BOIEMAL, CHS FF—7 AR LD, N-acetylglucosamine
(NAG)DEgI AR E 2 ER3HE SNy, WIis BPUDIEREE 5D TIN5 7.

AW 1L, 405 20 L0 E S AN EE/ILR T, BPU OIEMERERN L REMHEE L. 2Ok
FRLRICEBWTIE, BREZOTX T ) REHSFHR L 7- BMAaiHY %2 BPU WEE L 7235512
39kDa % L X7 BV U bMEE SN D Z &, BHIKR O/NME~D IV T KDL JATHIEE
ENDZEEWSMNCLE. Z0%, K'F ¥ RO EIC LD FF o ARMREERRE SN, W
T, IFUAMMAEEOBERIIAHOEETH T,

T UTIZ 72 > T Merzendorfer D 27 /L—=7"73, BPU OEMAMIEIZEE T2 LWGREFEB L7-.
7R BE RO CHS (180 kDa)lFMEIZAATE L, MIBPNICAR U A% o o THEFIAIZ PHLE S 2 ke
DIFEL, & 2 THEMRSNT-F T PR 2 TSNS STV A, Z OEkoimfeZ BPU
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PFITIZBWTCHSI DA YO A YU RAF AN T 2= )LT TR LTS Z LD
HIlo. E£, FTFUAMMAENE Y =HITh DT F XY — ARFUE N =0 CHST 12\ T
LRI YA 2o b 7 2= VT T2 ~OERPNRD SN, BIfEDO L Z A, 2O CHSI @
2 BPU OHEMEICE L XA THSH. 22T, AWFFETIE, BPU BKAET DX XV E
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H) & HiT 46kDa T Sy FICHEHABIER S L, ME OMICERRD bR hoT, £z, Z0
WHIEFH ST RliZZn—=2 7 & T\ 5 CHS DA X(180 kDa) & (3572 » T /=,

Fepal TE e
<. FEFEBOGIZHVZ BPU B X OV OHOLERIA (n=4 or 5)
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R LT N aTF A ettt =y NOMAERIZE 2 D EEZ NS, (LAWY 1a
DERIN A7 MV ERE L& 24, 2 EFEEOSMET 1100 nm (&, 4 & FE{LO 5T 980
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ETHEEZILND. R
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9%% 52 7. FlAY MR UVEEEALIALAEY le [ZoW TR <>
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1c: R' =R2=0OCgH;;

[£2®] M) 7==A7 IVEBEEALESERKEIRS T
DEBII L, ~n T 2 A MUK ER O E LS E & Lo vEz it Lz,
[BR#E] F2%E: [Ty b T7vra=y bEMSAALEGERRERILED DGR E WTE)
EARTR, INNET, AR, $hARE—, BHEE], WBIE, AEEE, AHERES, AR
2% 98 FFFL (2018) , 201843 A 20~23 H, HAKRZE (HEHFER) .
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Flo, RSN THWDGITH, &FHEY OV A XL iThoTWiRnWZ &b phole, ThbDZ
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1) T. Shimada, H. Nakashima, Y. Kumagai, Y. Ishigo, M. Tsushima, A. Ikari and Y. Suzuki, What is the key
structural parameter for infrared absorption enhancement on nanostructures?, The Journal of Physical
Chemistry C 120, 534-541 (2016).

(A 7R R]

2) Toru Shimada and Takeshi Hasegawa, Determination of Equilibrium Structures of Bromothymol Blue
Revealed by Using Quantum Chemistry with an Aid of Multivariate Analysis of Electronic Absorption

Spectra, Spectrochimica Acta A: Molecular and Biomolecular Spectrocopy 185, 104-110 (2017).
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(1) T. Hama, A. Kouchi, N. Watanabe, S. Enami, T. Shimoaka, and T. Hasegawa, “In Situ Nondestructive
Analysis of Kalanchoe pinnata Leaf Surface Structure by Polarization-Modulation Infrared
Reflection—Absorption Spectroscopy” J. Phys. Chem. B 121, 11124—11131 (2017). (2) P, FN
SE, JEESERS, WRIET, A, ITE -, FRESR, BRI [EEOREOIEMIE L 0%
RO KN L D7 F 7 TR ORGIERNT ) A AR F25 81 B2, 2017 4F 9/8-10, HUCELFL
REBPHF v 320 Q) PIBEH, BN R, EEER, T —, TRER, RN 6 DR
WO HIETIRD THOBELEYMOEORENE] @oF - A7V y SHEER > 2 =35 F
7 A —7 L, 2017 5 1211, FACRFEZ T E R SE T
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Exploring for novel functional transition-metal oxides by
high-pressure synthesis

Wei-tin Chen National Taiwan University

Introduction

The control of physical and chemical properties through cation ordering in perovskite-structure oxides often
gives rise to unexpected and desirable functionality. For example, the 1:3 A-site ordered quadruple perov-
skite LaCusFe4O1> showed a large negative thermal expansion behavior by an unusual charge behavior, i.e.
intersite charge transfer between the A-site copper and B-site iron.! The A- and B-site ordering in the quad-
ruple perovskite CaCusFeoRexO1 results in large magnetization with magnetic transition temperature much
higher than room temperature. More importantly, the compound has a half metallic electronic structure, in
which only up-spin electrons contribute the transport properties, and this characteristic feature will be useful
for future spintronic devices.? We are thus very interested in making novel functional transition-metal oxides
with specific cation orders in the perovskite structure. The target compounds in our research are novel per-
ovskite ABOs3, double perovskites A2BB’Og, triple perovskites AA’>B309 and AA’,BB’,09, quadruple per-
ovskites AA’3B4O12 and AA’3B»B’;012, and Ruddlesden-Popper (RP) layered perovskites Apn+1BnO3n+1.
Conventionally such strongly-correlated materials can be prepared by solid-state reaction using standard ce-
ramic method. Some materials, however, may be hard or even impossible to be stabilized under ambient
conditions. Since these proposed perovskite-related phases tend to have dense and strongly-bonded struc-
tures, the application of high-pressure high-temperature synthesis techniques are particular useful for stabi-
lizing such compounds. For the purpose of such novel materials preparation, the high pressure apparatus
equipped in Shimakawa Lab at the Institute for Chemical Research are excellent facilities, providing extreme

condition up to 15 GPa for metastable phase realization.

Results and discussion

CaMn;O12 is a Type-II multiferroic exhibiting the largest reported

magnetoelectric response to date, where the spontaneous magnetic
ordering consequently arises a ferroelectric polarization.> The mate-
rial crystallizes in the cubic AA’3B4O12 quadruple perovskite at high
temperatures (Figure 1). A 3:1 charge ordering of the B-sites
(Mn*2%4 — Mn*3Mn*") is observed with a rhombohedral struc-
ture distortion at ~400 K. A further structural phase transition, at-

tributed to the B-site Mn3* orbital ordering, is observed at 250 K on

cooling, resulting in an incommensurate modulation along the hex-  Figure I Structure of AA’3B4Opp. A
cation shown as large spheres, A’ as

agonal c-axis. Further cooling at 90 K, a helical magnetic ordering square planer coordinated by O and B

is observed, also resulting in the observed ferroelectric polarization. ~ Shown as octahedra.
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Recently our group has successfully prepared a mercury analogue with high pressure high temperature syn-
thesis techniques. Similar to CaMn7O1., the mercury analogue shows cubic to rhombohedral charge ordering
phase transition on cooling around 490 K. Unlike CaMn;O12 which remains rhombohedral phase to base
temperature, however, the mercury compound exhibits a further symmetry lowering at 240~260 K with ap-
parent hysteresis. Detailed physical properties indicate the transition is attributed to orbital ordering, the pre-

liminary results were accepted for publication.

To have comprehensive understanding the role of mercury and also the interplay between mercury and man-
ganese cations in the observed physical phenomena, the study of mercury manganite simple perovskite may
provide valuable information. In addition, the observed rich physical properties imply the potential of fasci-
nating properties with the introduction of other 4d transition metals such as ruthenium and rhodium. Various
synthetic routes were carried out with high pressure condition. The direct synthesis with mercury oxide and
manganese oxide or ruthenium oxide mixtures were yet unsuccessful, possibly due to rather low decomposi-
tion temperature of mercury oxide even with the application of high pressure. For the case of lead ruthenate
perovskite, the phase was reported to be prepared from pyrochlore precursor under high pressure. The mer-
cury ruthenate pyrochlore was prepared, further synthesis attempt of phase transformation from pyrochlore

precursor to perovskite phase, however, was also not successful.
Conclusions and future plan

With the conducted high pressure experiments, it is show that the mercury containing perovskite phases are
challenging materials to be prepared. The results indicate that the mercury oxide in the conducted experi-
ments are excess, and better control of critical amount may help in the phase stabilization. Considering the
similarity in ionic radii, mercury doping in calcium manganite and calcium ruthenate perovskites are sched-
uled. In addition to simple perovskite, it is also promising to prepare mercury containing double or A-site
ordered quadruple perovskite. Fascinating physical properties are expected with the introduction of mercury

cation, and potential functionality and application will be explored.
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Elucidating the cycle of dissolved and particulate trace metals in the ocean
based on stable isotope analysis

Tung-Yuan Ho Academia Sinica

Introduction

Dissolved Nickel, copper, and zinc, as essential trace metals for phytoplankton, display nutrient-type
concentration profiles in the ocean and the distribution is attributed to biological uptake in the surface ocean
and subsequent remineralization processes in the deep ocean. Due to successful launch of GEOTRACES
program, oceanographers have obtained tremendous amount of trace metal elemental and isotopic data in the
global ocean. Particularly, trace metal isotopic composition provides more information to investigate trace
metal cycling processes in the ocean. Various biogeochemical processes fractionate trace metal isotopes in the
water column, including active biological uptake, chelation with organic ligands, and passive adsorption onto
Fe-Mn oxides. Therefore, trace metal isotopic composition coupled with concentration hold the great promise
for exploring trace metal sources, quantifying their fluxes from the different sources, and investigating their
cycling processes in the ocean. In this study, first we have carried out the inter-comparison study of Zn isotopic
composition in seawater to validate the accuracy of our methods. Then we have determined Ni, Cu, and Zn
isotopes in the seawater collected in the East China Sea and in the sinking particles collected in the South

China Sea to study their cycling processes.
Results and Discussion

(1) Inter-comparison of Zn isotopic ratios in seawater

We have determined the §°°Zn in the seawater collected at station TR11 in the Northwestern Pacific
Ocean by both Japanese and Taiwanese methods, and compared the results. The major difference of two
methods is about Zn double spike used to calibrate isotopic fractionation during measurement. The double
spikes used for two laboratories were **Zn-""Zn and ®’Zn-"°Zn for Kyoto University and Academia Sinica,
respectively. The dissolved Zn concentration and 8°°Zn profiles at TR11 obtained by two laboratories were
comparable with each other. We have validated the accuracies of two different methods for measuring

. 66 .
dissolved 6°Zn in seawater.

(2) Isotope ratios of dissolved Ni, Cu, and Zn in the East China Sea.

The seawater samples were collected at four individual stations during the Hakuho-Maru KH 15-3 cruise
(Fig. 1). Ni, Cu, and Zn concentrations and isotopic ratios were determined as described in a previous paper
(Takano et al., 2017). Briefly, Ni. Cu, and Zn in seawater were pre-concentrated using a column of Nobias
chelate PA-1 resin (Hitachi High Technologies). Pre-concentrated Ni, Cu, and Zn were purified by a column of
AG MP-1 anion exchange resin (Bio Rad). Finally, Ni, Cu, and Zn isotopic ratios were measured NEPTUNE

Plus MC-ICPMS (Thermo Fisher Scientific). Isotopic ratios of Ni, Cu, and Zn are expressed as 6 values:

oni — [(60N: /58N ON; /58N
8Ni = [(6 Ni / Nl)Sample/(6 Ni/ NI)NIST SRM 986 1] x 1000
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8%Cu = [(*cu /%cu),  /(*5Cu /5%Cu) — 1] x 1000

Sample NIST SRM 976

8°67Zn = [(66Zn /%*Zn) /(°®Zn /%*Zn)

- 1] X
Sample JMC Lyon

34°N
1000

The variation of isotopic compositions was much W

significant in the surface ocean (+0.75 ~ +1.68% for 3%Ni,

+0.36 ~ —0.66% for 5"°Cu, and —0.91 ~ 0.42% for 5°Zn) than " fa0e ~ ~ 126€
. 60 - Fig. 1 Station locations
in the deep ocean (+1.31 ~ +1.41%o for o ONI, +0.64 ~ +0.73%o0
for 8°Cu, and +0.34 ~ +0.45%0 for 8°°Zn). The variations in the surface ocean may be attributed to two
different processes. One can be the mixing of river water and surface seawater in the East China Sea. The
isotopic compositions in river water are significantly different from the compositions in the seawater. The other

process may be the uptake and/or adsorption by marine particles.

(3) Isotope ratios of Ni, Cu, and Zn in sinking particles.

Sinking particle samples were collected at Southeastern Asia Time-Series Station (SEATS) in the South
China Sea. The modified version of the Nobias Chelate PA-1 technique was used to determine Ni, Cu, and Zn
isotopic ratios in sinking particles. The range of isotopic compositions for sinking particles and the other
natural samples were shown in Fig. 2. The isotopic compositions for sinking particles falls between those of
aerosols and seawater. Therefore, the isotopic compositions would be explained by the mixing of atmospheric

and authigenic particles.

SN A0 a¥zn

S il (13 1 A d <2 € Yl o4 ke R

Crusial silicale
Acrasal PMIS-10

Agrosol PM2.5
Seawater < 1000 m |

Scawater =100 m

Sinking particle o1 2000 m. ﬂ: E

Smiking particle ol 35000m

Maring sedimeni

Fig. 2 The 6 values for Ni, Cu, and Zn in sinking particles, crustal silicate, aerosols, seawater and marine
sediment. Boxes indicate the range. Solid lines in the boxes indicate the average.

Conference

The isotopic composition of dissolved and particulate Zn in the water column of the western Philippine Sea,
Wen-Hsuan Liao ef al., 2018 Ocean Science meeting, Portland, Oregon, USA (poster).

Paper

The isotopic ratios of Ni and Cu of the sinking particles in the South China Sea, Takano ef al., (in preparation)
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Fig. 1 Chemical structures of 1, P-1
and 2a,b.
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1) K. Tani, H. Kato, N. Sakata, T. Yashima, K. Kubono, K. Hori, K. Tao, K. Goto, F. Tani, H. Takemura, K.
Sakakibara, Y. Tsujii, “Synthesis and Radical Polymerization of Acrylamides Having One or Two 3-

Carbazolylmethyl Moieties and Properties of the Formed Polymers” , Chem. Lett., 2017, 46, 85-87.
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FEICROND EBZ BN TERLN, A HIT, RIS S/ D BT AF=00 8 Bif
(r8) 23, BVWEBERMELA /RT Z L& R WZ LT 5. Control. Rel. 2012), = D& LT, (1)
MAFDTNT I AT - RFESN D T8 BMENZAER L, 2) MENRALT < 2o TV DR
FARICED , 817 V7 I U n . XV sRWEIFMEZ R mla o miigbiEsE (7)) 293 7Y
712, GAG) ~EZFIESh, (3) 8 OMIfaZEBMEIC XY, BHlICERT 22N Ex T
Lo AMFEIT. BAADWFETF — L ENENDOBESE 210 LT LFEEIC LY . ZORGERIZHES
W T VT R R IR & B BNER ST T RIS L D BRI O EREEREET S 2 L A
Bz HIE LTS,

e EH O/ — 7%, HRFEEARNE (ITC) %MW FER7F R4 7B
GAG ~DOHMMEOFMR, RS2 AW TEMRNBIT X7 T FOERICEKZAL WD, —
B ZAREIRO TN — T B X5 IZEEIR AT T R OMSRERGT & RN T IR AT 12 S &
ALTWD, AREFEIZITC ZHNTAY ITAF=2 (RS, R12) & GAG ET /L& LTH~RY
VEOHEERZBRFI Lz, ZORE RI2 &% o OfifBEE L K 1E 250M FLE T - 72 DIt
L. R8§LDHEDIF 250 nM FRETH Y . ~/3U 2% LT RI2 (I RS ICEART LY mEAEE2A
THZENGhoTc (Fl1), —FH, TATILEIN6OXTTF ROMAEEREZRHRZEZ A,
ITC TRBEERMAENZMET 22 LITTET., ZNOLOXTF REIT AT IR LTEDY
GAG IZxf L TRV EMEZ R Z L PR TE 1,

F1. AYITFLE=ZVEANRY U EDHEEER

Heparin in PBS, 25°C

Kd (nM) AH (kJ/mol) n AS (kJ/mol)
R12 205 -302 £ 15 0.465 = 0.05 -860 + 40
R8 507 -340 £ 20 0.245 +0.05 -1000 + 80

GAG 9 24RO CHO K1 fifll & . GAG & K42 L7 EE (A745) ~DZNHDO_TF R
DEOAZFARTZE Z A GAG KIEME TN H DT F ROBUAREIX 14 FEICKR T L2 &5
5, ZNHOXTF FOMI~OTOAMIEBIT 5 GAG OGN I (K1), MyEFEEFEFH
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FEIETFTOE & DT F ROHM~D

BUAZ HEE L7 & = 4, MIE1EEFT

OEOATIEFLE FOEA D T0%FEEET

B R8s HO., ZNHORTTF RiZmigg o+

CO R8+serum o </ gL fREEMT S = & 5
10; — @ r12

D R12 + serum Loz, LML, MiFOFELD G

GAG DHIEDOREDO FR K&, Eig

. (D). QOEENIEL WD &R S
72 AV AT X3P HIR
H WHHET BT AT o L RO %

ID TRERRNWZ ENH RS L K iREI

a2 % N EBRFEAET 2 wRENE
bdHD, IHHICEL TEAEREICKH
AT EATVIZ,

o

CHO-K1 A745

A7 ILFZUDOMBABGAICHES TS5
A EMBEDORE

Quantity of internalized peptide (pmoles)

um®
F
i

N
3 =
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B7OTBROEFL AR FOEDOE13EV—T g v

SRR KBRS

(QELD)!

ARET, BT UVTENO LA =L E L, @0 TRS, MERESE: SO BRIC
BT, FEOMIEE LEE L Tl FfEE - RERAEDEBERRZIEEST L2V —27 v a vy 70
FBIZFETHNZ. IWEAYR-13 (13" International Workshop for Fast—Asia Young
Rheologists) ¥, HHZREHFHKD T TOMAERE LEmOLE2ZMEIIRET 200 THY, FF
SeDILFRFTE O FAg & 70 DAY - WHEEFED D Z L2 HINE LTS, AR, #ETHESh
N, BHOS B HEER(bA~FTET DEmA R T ooI2lE, BAND bE OB FIFEE -
KRFBGEAEDOSMBEEN, CFHEFOEDEEZD & &b, TR 2D BANL DS
MELEh T 5 ARIGFEN 21T o 7=, 7ed, MEFTIIFHORBBRTSMTE R0 o700 T, BfERIC
& HY 2 OB A O A Z1T - 72

[FFeE 2 O BESAT « HR]
IWEAYR-13 |%, Prof. Wook Ryol Hwang #FITEZBRK & L C, #EFHMET201841 H 24 A
—1 A 27 HIZBE S 7=,

(W74 2 DB F |

ZOU—r7vay7ORBBREX, UYLVERTOTEICBT S LAY —BXUOWERFED
HIAR 248 5 5 FAFFEE O K FEB A OEBRANE - EEEZ X025 ZL12h Y, ZOORRE L#H
WMOL R L, BEESBHOEMLENS Z L ThD. £, W8S L — 7 B oI FEF
TEDIEI L S HICRIBSEL0IC, NORROBEZRETE 2 L10h 5.

[(WF7E4E 2 DREHE

ZOU—r v ay A, 1 EOY L (2006 £2 H) LI, EERRINTEY, 5E
(2007 41 H) , ki (2008 451 H) , Nakhon Ratchasima (2009 4F 1 ) , 281l (2010 4F
1H) , W Q01141 H) , dbig (2012 2 H) , 7=/ > b (201341 -2 H) , YU
(2014 4E2 A1) , f&hd (201542 A) , #YI (2016 1 A) , Ny &% (2017F2 H) &, &
EH, BHAR, HE, 21404 rEHORHEY CTHRESN TEREND L. EE, HkoFFE %
Bk U CRMEIZNOE T OETEILZH D OO0, HFFRE LR FIEAEDEBEAN - #EEDEG L L
TRBEL TN S.

[ZInE] AEOBMEL 1224 T, Z ZHEOFHHLLThotz. TS, ERBEs
TIZHT%.
Seung Jong Lee #&[E Seoul [E S KFKHEE
Kyung Hyun Ahn §%[E Seoul [ENL KR HET
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Youngdon Kwon ¥#[E Sungkyunkwan KF3d%

Wei Yu 1 [E A28 R E0%

Kang Sun H[E_E#EASE K FEHTF

Jun Zhang 1 [EFRFEEEER

Natthida Rakkapao % A FE[E Prince of Songkla K:#EN
i3V I/ € (N (e S5 e €

BAEE  UERFERFERHEEE

I B RBRORFPR BT

REHTR KRIRORFPRF P8

AR VE WP RFRFRIEE

SRR R VR NE Sy NE U RS

EERE  JUNKRFPIRE ISR
A % AEELERPRPBMERE
PG LR R bR

KRB  (WBERFRFplEHE

FHREA B RFRFPHESR

SUKUMARAN SATHISH KUMAR LIS KRR PR

[ DB & NEY]

FABIOEFEFICLD 16 0020 HEFEER G144 holhEole. GlEHNTHFAEID
k250350 a—bTLBYyT—v gy @6, SHITRARZ—RE Q1) Mibh
7.

MRFEEONEIL, @HTHE, 7/ 2Ry b, BEEEMEMERE, e o FHEHT
B2tz F0Ic, Y7 h~F—DLAnP—0H - v o b—3 a3 - FEB, sl s
W o e BERIZERC, T/ a v R Yy b, KGR EOBMR ROBEEIE O R L, SF
SFEPMEE LA e U —IZBT AR E M TO.

[#a45]

HEEH I3RS RN DT O OICBINTE
IRINSTEDS, BIMUTFEIEM AR D &,
HEfiZ CTREAERTE LN LB X
. ZHITIS, SREEIIAEER TSN D
ZLEBRES .
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ELALR 43 IS 31T 2 b b — FERE S RIS TS OB AR AR BA
REIFIL KRB 2 P TR

&R A A & AR T ORLRE G D DA L2 DR E T T, RO AR —F 2B Ch 5 €
FTA MRIEMERICIT AV ZARME, @V —PE, R R E . ERRRERAIE Le
Aoy F-OWE, . A, A A RS ORI T TIThh T D, . I ZEEOR,
—IBOBRNLE 57 TICED L IENFEMIE N 2 525 2 & T, fEsat0 6 IR, 2 LT
s ARG T D 2 L VA SV TV D, T Ot — RIS I, BUALE S T DR R ZE
{EAE U ~DIGHBEGFTE L7720, EREZBOIMO TWDD, OB OFEMII &0 &
725 TRV, AWFFED ARYIL, 5814 OIERT RIS 4 [EA NMR TH&ET 5 2 & T, B s
MOEMNT L, BB A BT 22 L ThDH, BREL LT m b AREIZER L, fdh— RS
MEEBEZFH L7 o b AzEREDm L2 ik T-,

HNNERFAK T IZBWTH 7 e N AREREE A 5 5 [Zn(HPO)(H,PO4)2(C3NyHy ) (Znlm)IZVEH L
2o T OBALE T, Zn(HPO)H,POL) D 1 RTEE & (CNH),™ DA F A 2 in bl Eis > T
D, BEABADERRL, BHITHZ L TH I RREBICAR D, F LTSRS _xPED 1oL L
T, H 7 ARKED Znlm (THI DFE D T FRIRI A 52 5 2 LT, BfimibT 5. ZOFRRE— i
2RI U B D) A7 7z, Znlm Z2EH2%5 T, 170°CTIEA L | @l S 72, £ D%, H,0
CIRERNLHAIL, HID Z & TREEIRRED Znlm 2472, XRD EHff/ 8% — 2B\ T, E—27 73
KAMIIZY 7 L TWDOEMERTE -, H0 A 1 RGeS, SO BB LS 72 2
LETFIEL TS, A =2 ZIEIZE D 3.2X107 S/em (100C)D 7 11 b U ANRH 2R T X,
filidh & Ll UG 10 (5 OB SN iEsE C X 7o, BV IAATE HyO BEBO A I XY — b Tnm
FoAEZTELTDHZET, BEERR ELIEEZZTND,

1 ROTHHENICH Y JAATE HoO, K ONT IR AR AR & FEAG S IR BB OREE O E K NMR fi#ir i, 7'm
N ARERE EOME R RS ETEETH D, @l kNS A FH L2 "H-"H Double Quantum
NMR (DQNMR)%Z W% = & T, BALF-0 'H A OB 2 572 L, H0 ONLE, K ONTHE
EDRAA I TE 5, "H-"H DQNMR HIED, il — I RS E R TR JAA 72 Hy0 otk
DEBDFHIZAHZN T D h WAk Lz, HHEBETE ORISR B < A 5TV S [Zn(C3NyHs))
(ZIF-4)IZ Hy,0 & £, L S 7-3BHx LT, "H-"H DQNMR & 2175 72, H,0 ko
E— 272 Z T, Oppm JHOIZIRIEREE/R B — 27 2N 3 DR TE T2, BALAR Y T — 27 OfEN—
HRANLT, A I Y —LBRELNIEL TWDL Z ER TIN5, DL, HO ORR 5T, D
EACETHMABHEOND Z LB TE 72, 4%, Znlm (2% LT 6., 'H-"H DQNMR HIE 247\,
{rigRER Lo Z I L T FETH D,
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2017-94
B E 77 X R R OKSE -~V U LAEBICEY L BT o HFRIBA
HAE  BIRAR OB TR

X UDIT : BRGREOERBUCL, BT 7 X~ OREMERIINZ, TN a2 B0 btk & oA
Mz Efcfifg L TR ERRETH DS, —7, BERBROEDREBRAEA IR (TER) 2B\ T
X, 77 A~z O Ky % Hd 55— Y U D AOFIHANTE SN TNEH, TV Eo
FREL H 0, & Z COBEOKERN RIS AERB O~ 7 AOFENBIT 5 MmO TZ L. %
ZCARBIZETIE, XU U NGB O KR RINL KRR KUY 7 2568 A MR RR 2 b & BESELAH T CRE
THZELEHE L.

ERFE  EB I T Uiz U U o 250BHS, BARKFED A A o BRGHE E ERE AR T RS 2 VT
I T 3keV-Dy', 33K U 3keV-He MU L7z, ZDEE, MEKT, I LORKEAR IR DMkt
EEOLBE L. SOIC—HOREHE, A A4 U IRERISES KL AT O /) 7 1 X — 2 HEIK
Ny R RE Sy T 7B T BEMERIC K 0 T = R VX — R RIE 21T o 72

EBRRER : EAHE, BIUOANY ULALF U E2ZNE 102 jons/m? S L2~V U o AHZiE, Wi
& Inm FEEE ORI e TR EEEITIER L, & HICHEZO 573K L EICHET 5 &, »wWiivh 10nm
BRBADNTVICKET DBl sz, —F, SO6R5FR T T, KREJRRDL AT IVOHER
FENBIE SN K 1T, (@) EAFE ST IH(~T73K),
BLOO)NY 7 LT I(~1073K) DI it 2 Bz L
TeBR O G R 2 s, HARFE AN T VITHKI 773 K TR x
AT ARHE L T DXL, ~U 7 AT )0E
e r i £ TR IR S, K9 1073 K TART L
[l DA K & BRI 7 IR A iR T 5 2 & A kT, 5. e kg
AR TlE, 2D NRTIVND T AT OIELE % e = ;?:l::?am” o

RY D701, FROEETEASE, BLO~Yva H1 SUTTLAROEARAT L, LU
A A2 WA L7 E 2K 700K £ T =—1 L, iR W.Aﬁ%ﬁrﬁ?*@@*{ﬁmﬁ.
L7eNT AZ DWW TENEI EELS IEZ 1T 72, X 2 4

X, AT NEEGTRD Y T AGFEO (a) ) A LT
BRIEFAHEF (HAADF) 8, B X O T LOHFLERE <
MU w7 2SN BAGF BHALTZ EELS A7 MLV A Z i
TRT. HEATAHIZ, ZENENEKE, BIUA
U U ADFIEICENT 5 B — 7 B S, , BEAEN
TN ENT T BNT VOB EMER PRI R D
EMB BN RS,

[HESTT 5T w5023

b. He bubble § a. D bubble

D bubble

r
[ 1} )
10 16 20 25 30

Energy loss (eV)

[ b. ELLS spectrum | |a. HAADF image |

0 . A
o 15 20 25 30

Energy loss (eV)
X2 #HAKFE, BLONY AR LYY D

REB, AW/ NEFBURIRA B (BIRKRY) 2tk (a)HAADF &, 1 X007 L0
oA, IRHEEE GRS &0 L E~ MUy s AN LHE LR

EELS A~ 1.
SRR L L CEIES S OTh B, 7 b
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RTVHAL T )T AERE L bR ARBMET ) VA 0
R
AR RORR kY

(AR F /727 /av—2boREE LI, KAZ~T VT VITRESNLEE L1382 D
Keltk DRERENE T MR OBRFEIC B L AR E - TV DA, FALCT R CEET 2 A 4 ~T U 7L
DO FEBUIIAHLIE 100 nm LA N OEBHIFALETH D, =2 TRIFETIE, &FET / EERIC X
LFTNMMAZT VT NVOR LT v 7EMIEORE L BIEE Lz, @B/ iEik s LTiX
WMENE WML ARBMET 7 VA Y —EAE, BERMIZIE, 700 ELTDHRKRD 12-E
Rex 277V Ui (D-HSA) SHfliaT) / U A v —EmOEAIE L THx 035 Lo RET
R7 I UBEIR(CI8AA) E v, WifkaWmZ KT TAAL T Uy MusEienTHEeRKET 7

WZHIH L THEAROmMET 2 VA Y —0&kE B BiE LT,

[E8r] VEO ML B A7 CI8AA L HSA OIRAKEIKIZIELY 70 A& IFINT 5 Z & T,
NA R FNEFHE LT, N Ra s, Sk KOE e &Rkl 7 221 e Uil
ZCETF I AT —0RkERRT, /

[fEH & 5%8] D-HSA & CISAA 28, MRSEE ~ F7% 170 nm, HE
2325 nm DY —R 5 E LR AVRDOGFESEELR L. (G
b)) TOEEGIRN CIBAA O 431 JEH D-HSA O 451 JEIZ#k
ENTTATEEEHRL TV D Z &AL D-HSA:CI8AA
=4:1 THDHZ ENDMNoTz, ELITHEA R TRHRETZ2 B
RN THEEGEREHEMNL L 2B EAROET 7 VA Y — (B
Brp e, K& 3nm) OFRICKII LT, Bohicet /U A v —
DE Yy FBIOERG THEREGEHRE —H LI b, D TEREGE
B L 7o TH I UA Y= LIZEEZbILD, SHicH
EHMREOEEBIRIC L 2EFEMBER PO, &/ VAT —
IHEMOS THEEGWER CAEESHWETHD Z b oT, F
72, DR®D HSA OOV IZLIKD HSA Z W2 & /AiB8E D 2 &
bEANRET /UAY— (G E) BBRELNLZEBHLMNE
mole, SDHICEDIERE TEM B 5 ., T/ U A v —I3HE

CD [mdeg.]

-30

300 400 500 600 700 800

ETIEZ L, O ENARIRPIZHKE LSk Tchr b Wavelength [nm]

bhrotl, bEARET ) U A V=Rt 2 PR At A7 bR~z 4 FTH
DR E DI, HEELAEE TIIMNBMRE— 7 BRBE SN2 LD, b AMERE O MR
N MR RS 2 EBFE T E T,
(AR # 5] "Chirality-controlled synthesis of double-helical Au nanowires templated by twisted ribbon-like
molecular self-assembly" T. Kawai, 7th ACCIS, (2017.8).
"Preparation and length control of water-dispersible ultrathin gold and silver bimetallic nanowires"

H. Kurata, T. Kawai et al., Colloids and Surfaces A, Fll]H.
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BT = RVF—HRHHIC K D Nd-Fe-B A O BFTRER T — A v Ma#T
21, > PIRIIPN R e e

HiY

Nd-Fe-B Fefitgha Otk R D Nd O 2 KRB TEO K E 7 Te iIc@Efid 2 2 Lic kb, &
Fhikmbebnz LHffE vz, R THNT L 72alEHE Nd-Fe-B Fefdtda (<R AL AL
ZHMALCTTh Z@HML b DTH Y, RERICRFF O LA INT WS, LA LR35 Th
DRI E D XS BRI CTHIEL T2 ARHTH 572720, AL CIIE T AL F —H8Ky
JH(EELS) Z T L 2icdT 3 2 e 2 HINE LTz,
it R

Fig. 1a |3 Tb 7l Nd-Fe-B BefEiA 2> b HtfS X 7= BUK 7 2 D D N E Tl A<= 27 v
THY, —/TDARZ Pt Ne & Tb © M WU 238l X LT\ 2 23, fh/7icix Th & M ¥
W28l X Tz, Nd & Tb oWUno@EIc X 5t~ v 7% Fig. 1b IZ/"d, Fig. 1b
DILHE~ Y 7 13H 2 —2DHEHKNTH 523, ZDHT Th AERREIC Nd LEHRLZMHE Tb %
B X VIRIIATD Nd-Fe-B D 2 O ICHHE L 28285 S e, 2t R
TEHNAdDThICEIEINS & W) FHIE IIRT2HRTH o7z, £72.1 DOFEMAIDOH T Fig. 1b
D X 5 ITHERIC Tb DA AT 2 &) 2 &b, Th LA RE CHE LSS H 5 Th g
5, ThbLbBLHAIAE N & OBE#EIEEL CTWD EHEEIND, Fig. 1c i Nd-Fe-BtH& Tb i
LD 5B I NGB A= 27 b LTH D 15eV 5 35 eV DR T 4 v F —FHIBIE WD
KNT 5, fliEFEARZ P VA ICBE G 2MliET 0N FEEIKE L. Th ORED
H7% 53, Th AL DR S 1< KFF T
3%, b L., Nd-Fe-B f# & & 2 A 72 |

Bz o 7 Th RLH O 2 FH oA
HEAER TN T3 T hniE, Rk e
2 S S Nl EFRIEE A~ 27 b i " " Energlsn
WEROERFTA 5 b Fig. le D 2 DD A~
7 FPVAEBOMIBHETT7 4 v T4V
ICE D, HLHBOME KRR

Intensity (a.u.)
I i i T I

NB-?E—B Tb M-edge.

Ne-Fe-B (A) |

Tbricb(B)
Fr=y FICBTF DB AR FLVA BRSO

#l& % Fig. 1d IR~ 5. Fig. le D 7 14
vZuazrAAhbbdb ko, fiE

Intensity (a.u.)

A/(A+B)

TR 7 P VAITEDPIC AR P v A T Ememlesey 0 Reioagm)

B2y, Akl Fig. 1 (@Ne-Fe-BA(FH) L Th BLARGR)H & B S 7= Nk

) Fhhte A~<27 s NA(F) & TbEE)DHE~ » 7. WUAKT a
25 Nd-Fe-B #H& & 2 Bl 7 Tb BE#a% o x~<r U@ (Ne-Fe-BFIGR) & Th LA ) & )
S - ) B SNTME TR A7 Fv (e DA~ FLA L BOER
o7 Th BALM D 2 MRUCHINEEL T o 0 i A oE A 7 @)d i o
WA A[REME R RIB X LTs, HLleoA4 77y A0,
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B X ERT e AWz, 87 v BB/ FoRREEICRBITS
T )VF T A EVER DA

BARKZE RIS LRy 1R RE oA

7 v FEMBIEIMCAY OB 2 REL N ESED0H2 5T A TOS RSN S %59
5720, n ARG B OB ICINTE 7 v BHELAWHRER SN TWD, LrL. &7
ALy T ORI Ly M EAEH OBIMRICIIRBA D RN L 7 VRSN P =T Y 7T
TN T A EAER ZFEBAITE AT 5 £ TICE > T, FrZ, TRUVESALZ U 7
a7 =2 Lo TR RS FIIA RS RO HERREE T — 7 ThH D08, BUNERh &
TR LR W 2 D il i X SIS AET AR 2R 58032 <L 2 O 1 R0 T FRiE
BILAE AN LT 7 v BIESFITBIT 5 7 v AT 2N O BRI M LITIE & A S,

AWFFETIE, ALSEWFFERT ORI AL T X RS Sl A IS AT 2 VariMax 2 FV T BFgERER
BENBRR LT=E 7 vHET B R T4V o7 E T = ORGSR L. 7 V4T 2 AR
N HA Nz 7 R OFEANHINC LT 2 7 REWILOWE 2 AT 5, ZOMRITHEDNT,
TN T ZAMENER TG LT-8 7 v # 8% T ofE sl & w5 R4 B4,

KAEFEOWFE T, FRICRERT R T 70 a~Fiout (BIF, Rf &) ZEALE~F)
7 = =L R UFHERIZ OV T, VariMax & W 7 U N BRSSO X BIEERRIT 21T o 72, AMES
PNEHEE R R A TR T 2 mIC 0 . BFRAREETTE O/ X BAENTEE E CIL R AT 7 SOR A
BUAITE 2D o 7205, VariMax & V5 2 & THREEMRITIC N EE 22 X a7 — 2 2 BUs T& 7, 7%
BN E | RE EOWLWT 4 AA =X — D7D RIRIENTHE R G D IILE L R o723, ~F
Y7 2= VR P UL E REFEDHDEE L, 74T A EEX DN HREED R A HER T 1=,
A#%IT, R FEOEHECBAIE, AL ZB(LEEToAF V7 o 2 L_X B U FERE RFRIC
BRL. 7y REWILOWE - BUIS CloildiiE 022 i+ 5 Z &L T, Rf RIZ X5 ~F 4
T 2 =)L R_RB DRy I HEERIE A RS,

F13Ce O
O >
F13Ce a O

(AR E]
T. Agou, R. Ohata, Y. Mizuhata, N. Tokitoh, H. Fukumoto and T. Kubota, J. Fluorine Chem. in press (DOI:
10.1016/j.jfluchem.2018.03.002).
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FERHE V) B X OEE & BEFRDOER & Wtk
AR RAE KSR S SR

HE :

TAFEGL EEAETHLI UV RV U T R T AT D G A L 0 | fEBE LT
BRWIFRED n fEGEROLWIORERH D, ARETIE, FHEFIEE & OLRFEIZ L > T
F L (T V=) BIOIEHFHET U 1 BLOV Y 2 OEREITD, BRI O RTHEIC
HORT 2 IERBRED . 2D DOE T A £ ZFERGEOMECE IREBICE 2 2 EAMA+T 52 &
ZHBJE L7= (Chart),

Chart
R

R
Q _ SiMey(tBu) B /SiMez(tBU) Bro SiMex(tBu)
MesSi, Si=Si MesSi, Si=C MesSi,  Si=C MesSi, Si—C

T e X X B D

tBu SiMes tBu SiMes tBu SiMeg tBu SiMeg
1 2 3 4

RERLEBE

WEAEEE XS U V2 DF LRI THLH Y T rEL LU 35T NI 7o RANLRESES =
CITRRII L. E DB e 21T o 72, SFEITMFEES OGN CERT — 2 2Bk L, ¥
TuEy Ly 3 OMGIROME L IFETRRSCE LTl L | JiBAL LTHEEL WY 7R
FBVL Y INPNIRT D720, 4353 ) 2 2 EKT DT, EICRINR RSOSSN HETT
THORNERDVEN DD Z LRz,

SOSGME R LIZE 25, 4 O ML UIRIRIZ S 'O Y F 7 L) 7 % L= KO DME &Ik %
-85 °C T F L. 15 9B ER AT La— L TEILT S &, A HF R Dt Fy
FEDNE A X725 78 67%0D NMR IR TH: 51177 (Scheme), Z OFERIL, ISR 7 rEL
ZR6 PELTWVLZEEMIRRLTWND, VFULFT7Z L= REDRISKZDITT L, 5
DYEEMET U, AN EH L L2 Z 06 B 6 13-85°CICBWTH ML TV 2 &R
Gy tz, LAY 6 OB, BB LiBr ick WAL B2 NV Vv 2 3ET TN
MEIDTBIED & ZARH Th L0, B2 D ICGFMORELZITV, 6 ZEZIETHEIED
ZETEOWEOMH L) V2 DA E RfET,

Scheme

[ Li* (5.0 eq) B SMedw)| Bno_) SiMex(tBu)
. MesSi S|=C\ > MesSi Sl_ﬁ
toluene, -85 °C Bu L 8 0
15 min SiMej u SiMes
6 5

1. S. Ishida, Y. Kato, T. Iwamoto, Chem. Lett. 2017, 46, 1155. (selected as “Editor’s Choice™)
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Fh<=g AREFILEYDERR & 75+ & 0 B
MR s RS TS0 A bR

ABFFETIE, KPR TET ORHEEEER . HEREmHEEdR B 4R KRP80%)
& OEEEIZ L0 FTHIC bAMEO Vv [~ =0 AAfaFba®) 2RI L, £ b D011
& AL TERTET A O Mol [RRRS G X SRS A IS AR AT 448 VariMax) % BIRflE U CHAERR
HZ LT, AR FEARENICERESIELZEZHE L,

RTAERE . R0, AN & LR EE H 1%, [Eind
) 25 N~=0U A BIZEATLHLET [V mdrnity)
AR L. WIRPICENT e rI Ly iRl s o b
WO LT, EBind BE2HFTD 7wl &
KBr EDORISTIX, Z V77X ROBMZEY T7axs 13
VAR 28R BT 5 2 LI L, o A 2 s d
X BAEIEMRATIC X 0 & L7z (Dalton Trans. 2018),

LAREE (SRR 29 ) 1X, ZHE TOMSERERICE SN T, Fl~v=0 A 2O S0/ E
72 TEMind 21 2 25F9 2% o7 V=TI y) &vr7maFnIby - DF 4 kL
DOENLA SIS OWTIHEL, [P7oaPFrAy) 28K LT, EMind E2G4507
DY TNVA L E ) FULAT TR L= RTCEILLIEEZA, [T RIS~ /mT7 x| n
BERT D Z & A RWE Uiz, 43 A & B X SR IC KV IRE L, v =0 ADMES
WERDEELZOLE#HETHD 22BN Lz (WD Jahn-Teller &%) (Chem. Commun.
2018), LA AMIERLEBOEMLORN (7Y —] RIPVEDT RN~ 7T 2T DA
XINBPDTThHD, 7 I T~ vrnrrrvzreyrsuaf I by s DX Uakke
DRIGEFELZEZA, (L1117 eXT U NERTHZ L2 RNV L,

EMind EMind Cl
\ toluene \ /
Ge: + GeCly«dioxane — Ge=Ge
. RT / N
EMind Cl EMind
STV IV >oOadgIV Ay
EMind
LiNaph n
(2eq) __Ge  _
B EMind=Ge Ge nEMind
+
THF e
~78°C ~RT |
EMind
TETIw a7y

X HIZAHERE T, TFMind 2] = [Find &) X0 &0 &EW MPind ) 247 L~=v A ki
ANTHZET, HrLWn [ r7may Ay AL, 2 Bk s X SiEEmaric Lok
ELT, Wind RZHFT2 [ aPHF X ] OETTMISERMYIZ S BN E-N 5,

—104—



2017-100

T A RILEY O RBRIE T 5 E SN

eIkl BECFERT B MMER AR o & —

& L
FRZZEERITB VN TUL, [Ch2IUE U oL D R RARE T a N RSN PRI TN D
AR TIEZ ORI IefbEma 2 —7 > N LT, EBRMICHLINEEOETHEIE %, MEORE
THLHMEFLEOBIL, Zhxb LICHEREEZH LTS, ARUEIE, (LAFIILRFEE CoH
DRHTREZ 7 v — 7 NG 5 @AV C R LG, R A F00V~ = 0 AR T ERE GO
WA ERT DILAHOREAIRIER L OB 100 &, BREEE 72 BUREA X BRAS SIS RERT 20 DA 5 2>
2T 22 L HHME LT AR T o 72,

ABFFEIZ e - T, SPring-8 ([ZHB VT 14-PF N~ X B o OR8N T 7= B ds X
BEYTE 21T 272, LvL, BB ALEMNER, SIIARLZETH 57Dk & k3 5 B
BEC, (LEMNDIRE LB T — 2 5B 5 N T&ipol. 2T, AFETIEZY—F v hE LT
14V _Ro BB I, HRATH D 1,4-0 0 TR U E R, AR S 0% (L)
THU TV 7 LT, BEHICERERTUEETo7.

FEBRIE SPring-8 THIE L7 b D & EHIL L D0, REF RSP SONTET R 7 =F Lo I~
PEVBIOT T F AT TN R B UFFER(Scheme INZ DWW TAT o 7. BRI ANIRT 21T
DT ENBEBTH D70, MEILFTREZLIR VARV R CTfT O MERHSH. Licdd- T, BRI RE
TEEETE D REEIZI 90 K THEZIT-72. EZ2AM, YrIxXvEy, UV Ero
w7 L, BAMEE FEERHICIIRF CTh o7
Fhdn Ay, ARR N CIERERYEDE LWAER R

Tbb Tbb
vl R OBUGEORE L E 2, FRiLE
BRI AR SR AR LS, v N N B
THNOHRERIEZROZ ENTE o7, K ‘ ;I: ’ ;I:
I O FTREM N E WL E %, 200K B Ge Et Et si Et
ICTHEZAT S Z & & Lie. BUEREMOMEHT Tob lw
ZHEDTWDLD, T ONFIEv v Ik X
WO TN _B TR, N LUl R
PELTWA E B2 BNG. BUE, HEEIR Mo fes
HAE RS TZEEOERON, WRF DL vess e,
L NREEE LTZ O MRE T D 720, Gl Thb -
RN 2D T D

Scheme 1
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S VEFRTILEY DA & BRI DREH
B W 1 7N 8 e e

BFE 6 BRILEM THLRAT 4 =T HRIKOE ) 0 L UEICRERAERDNH D Z
ERFBNTEY , ZOMWEMINCHER R 2TV D, RETIZT e 7 ==V EEZ AT 578
AT A= ETIVHHEDO D T ) TN E O FHARAT 4 =V HOGRERFIL, b0
HEECMEE A i LTz,

RAT 4 =1 &7 I 2a iR YE, M=y V85K, Bl & L C PPhs, HifklZ -BuONa %
AN Rbm i 80 °oC THIFET 2 Z LIC Ko TRUSHEIT L. 7 X JBAERM) 3a 200K 16% TH
BT 5 Z LI L7z (Scheme 1), 7 IV EEHEL, Y7 V=7 I 26, E/T V=T I
2e BEOTAFAT I 2dE AN E 2 A T X LAY 3b-d & TREEEDINFE TRz, A AT ¢
= 3b OOy AR TR KOS X SR RS AT CIRE Lz, A AT ¢ = VBRI
PhifExZ & BERBLUEEA LY FHEHEEAF L TWDH Z LN LN E o7z (Figure 1),

Br Ni cat.
Br
/
Ph IPr—Ni\—/\Ni—IPr "‘/"’J i
H i Ry Bl
+ N L P/ \ N r r}
R{TTRy — R, [Pr )A
~ | PH =\ :
S 2a (R = Ry = 4-MeCgHy) 3a (16%) N__N 9
Ph™ "P” "Ph  2p (R, = R, = 4-MeOCgHx) 3b (30%) R '
1 2¢ (R = 4-MeOCgH,, Ry = H) 3c (60%) oo ¥kl
2d (R, = +-Bu, Ry = H) 3d (22%) !

) ) o ) Figure 1. Molecular structure of 3b with
Scheme 1 Buchwald-Hartwig Amination Reactions of 1. Reagents and thermal ellipsoid plot (50% probability)

conditions: (i) Ni cat., PPh;, ‘BuONa, toluene, 80 °C, 24 h.

BRI AT 1 =2 3b-d DESNATHEIE L OEOEARY FIVORIEZAT -T2, AN TR A
AR7 MLVTE, BAZ =2 1 OWIAEKRD 281 nm THLDOIZxH LT, 7 I VEM a2 A7 578 A
7 4 =2 3b-d I EZ LA 386, 366, 364 nm (SRR KB S ulc, RAT 4 =1 Ll L TR
G 3b-d [TV EAYER L2 EICK D Ly R 7 FLIcEBZER 65, EFHEGRED TRV VE
BIEEZH L TODIEEMIUBR P ERET D 2 & bHL N E o7, eV THOLRE LA L7,
{EE# 3b-d X7 B A X ERIET 546, 489, 479 nm (ZZ AV IVRSEAB R AMBLH S v, e 1IN
FT 46, 11, BLD 22% ThH o7z, WILARY RV ERERIC, IERILIRIC X » TR R L >
Ry 7 hLizEBx b5, BEMmNBEEEZITo7- L 24, HOMO X7 < U OniiliEic, LUMO
IRAT 4 = VBROEICRER L TEY , K3 X —OE EBILS T NEMBEIEOr-n*
WAL CTH D Z ENHBLMNITR ST,

R
N. Nagahora, S. Goto, T. Inatomi, H. Tokumaru, K. Matsubara, K. Shioji, K. Okuma, The
Buchwald-Hartwig Amination of Phosphinines and the Effect of Amine Substituents on the Optoelectronic

Properties of the Resulting Coupling Products, Org. Biomol. Chem. in press.
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BEDOI-N) FFIUNANAFLELEERVELENRLICHNS
BRI TTRILEZEOESR EEE

BB SRR R
1. [FL®IZ
E AR LAY O A, EE B ZEA T 2 MERNLELE e TS EES (OF
A FEA) RARBAAL A O ZTICHKEL TS, 20 ENA T, Hx OFER b O E
WEIEZ Db D DBFE TN TS, L L, WMELZEKEZE LARPES TH 5 4 AL El
EBOA BN )T, EEe 7V FOVEREC X O RN E bz 5 U 7 m OB E S
WAL EAYIE. ABRADR S N TE VIR IZL BN TW»S, HLld, ZRICICIA -7
EEOWTILFVERRIETH S Y TF 2 oL(Tp) Rz iGH L, SRS A BRI R T = 28
7V X OUSIIRRERE OB HIB L 72, MY 7 F P VRIS S IR EEI R 2 N 5T 5 70
2, BEBLE WM L 7 Trpe ez 3Gt - AR L 7, £, VAREED RO AL S FRREEZA L
LEEET D ICKIE2ER %2 52 5 2 LS AHEZ Trp*CH, K% 79 A v L 12,
2. M)TFUNEEFRALE-ESVEBIARERDRR ("
MY P F v EIETERICICIA > G2 AT 5 2 &
Do, INETITHVAEELLE LTSN, fr0EK
AL ARl O M SR L E LN ST E R, P T F R
VEKICE 6 % 5V RRE R E A 5T 5 2 EBTE R,

Large Reaction Space

FOMNHMCH VS ZEDRTRBIC RS EEZ NS, Z 2T,
39D 1234-Th7EbFB-1,144-T I XFNFTT7FL
05 75 DS 7 L F VI HA U 2 SRR R (Tp i & |

Peripheral
Steric Protection

Trp* Group

Rigid Core
3D-Spreaded Structure

iRk - AR L7 g
3. Trp*xCH, B#&IZK YL KB RESN=TFSTILFIL DI LUR,SIESIR,) DA AL
RO H B EMIEL LCHAL LMY 7F [ 10 ——
TIVERFOU(Trp*CHYHE & M) 7’ F o Va2 r 4 £ | *ﬁ_ KCs F@ FH
CHALEY 7RESY 7Y 1 2#E ARLYY Ly | p0 T ST
DERIH T2, ] 5
v7uersv1ik, AVILT 7774 FKC)%E ¥ Front View

HOTEIET 28, MInT 5P Ly 2 BEIGETHE
5T X B REERRNT IC X o TZ OREZRE L 72,
T, BRI ABDOADBPBH ST WS Z EBbD
o7, 74 BHEAGEIZ 2223()A TH Y, RN
A B A ZHEAROHIPANQ.14~226 A)TH -5 72,
oL, ZNEFND Y I FUINFEIFEED X 91
BAEG-STED, ZOMAGWIZ X D CH,-Si=Si-CH, %
SRR EINT LB I EDBHL IR S T2,

HRPICBWTH P Ly 2 FH— CENE .,

k7 v 2R AD BEAVSOG IZ 2 Bl S s d o 7z,

YTl 2103300°C PLEFTMEL TH e, B

NCIERICZETH 508, BRANTRER LRI NS0,

.

4 (2Bottom
YO Trp*xTrp*

4

VY@ TrpxTrp

J

(R & B2 O OBFEHTE TV 2 2 b h ok,

KRR ZITIICHTD

FUPF R FOLERIC X DAL

FHSRAACAWTZERT - WE AIEU A2 R A BT R LA 72 SR D IR E 1
ek, AT ARAICHER - WEDHEHZM > THRE £ L, WOEBEL T,

M. Yukimoto, M. Minoura, “The Synthesis of a Novel Bulky Primary Alkyl Group and Its Application Toward the Kinetic
Stabilization of a Tetraalkyldisilene”, Bull. Chem. Soc. Jpn. (2018) doi:10.1246/bcsj.20170422.
M. Yukimoto, R. Nishino, F. Suzuki, M. Ishihara, K. Sugamata, M. Minoura, “Synthesis of a Peripherally Extended Triptycyl
Group as an Aliphatic Steric Protection Group and Its Application to the Kinetic Stabilization of an Aliphatic Sulfenic Acid”,

Chem. Lett. (2018) doi:10.1246/cl.171230.
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BEMHA A=V 7 LEBIT 0T H I 7 ATX B AT uA RALEY
PEAETEAE DB ST
KEE  SRRSTER AT

B#: WHEMORT oA RRESL, RICRIRBE, R, IV T, CYPs OKER(LEER) <
HSDs (Bi/KFEEER) OB Lo THK - b, B8 / i FaA R0 B 7 ks
LELE LTHRET D, 2RHDRATEA RABAE UL, HERD T ECREk okt #1k/z 8¢
B TERNZDIZ, HxrDAT A RARVECVEABN () 1220 T, E 6 ORf&ERiH
FORBINL 2 T 2 2 LI ko T, BIBICHEE STz, ZaUcsh L, AR TIEAT 1A
RABVE CEAEOMIHZ B E LT BEmnth A4 A=Y ZiEE T, kb Eox T r A
RARVE % GRS CERE, BT 2 EBROMRE LT 7o, X, AT 0 A REABERERE (&3
7)) ODEEGA A=Y U I XD Y EEDORRE I TIT > TV 5%,

EBHE: AT oA ROEEHHA A=V T T v b 7Y FEORIEOBEHLRY A (8 pm F)
(2, Girard T (GirDiRIEATEZZR CTA T L— L, 5l&fkix CHCA ~ U v 7 R &M% LT, {L=0F5E0T
DORBEE w7 eD FTICR MS # VW T, MALDI VEA X ¥ N2 L > TA A=V T 5 T8 o7z,

AT A RERREBERTEOEM Y VI BORM 27 v A NERlEFEEED cDNA XV | in vitro #ix
5T mRNA ZAFERk L7, /INEMIFEMINGRGR C His % 71542 7 B a2 G, FRO®ZIZ,
MU G, RS DN T R R ORIE 21T > 72,

ERER: AIBEEU R EoAT oA RARLE L, GirT iR3KIZ X % on-tissue i &R LIZ L 0 |
FRNA A AL 7T AN B ARFRIEFT O & E 5 ERE (R:100 5) @ FT-ICR MS w5
ZLIZX o T, miz fi£0.001 INOIERE ST, GirT #8{K({k & 7= Corticosterone, 11-DHC 72
EL B EONREMNRAT 0 A RRNVELOBRGHTA A= 740, BIEREOFINE, HRE7
EDFIIF BTz, X 8FRD AT 1A REAMEFRE %L cDNA LV Hililuamk L, b Y 7o o ofiftk,
MALDI {EIC £ 0 SRR N S VD~ 7 F R OIRE 21T > T b,

ER: 270 FRALE R IEFEMREMALDI A A —2 0 7T, HAMEIRZ & 1K m/z 8
Wic~ N w7 AHKOSE DNy 7 7T 0 RE—7 PR ER D, AFETIE, AT a4 REHE
MMELTA A AR EHD D Z LIZE D BOFERMERT oA RO mz =7 B3 bl L
IZX o CTURRROI R E 2 IRTTE BT A A —2 0 TR ATRE & 72 o 72, X AL 7EFT O FT-ICR
MS %Ei# 1T, EEiAE 100 7 OEEE RO REE AT 5720, RO miz ©—7 %&bl & kit
By DAL A HEE STz, RO m/iz ©—71%, BIBORRKE, J0RE, Mg, sigey
(2. Fx R OZERG 2R L, HEE SN O BITe R AT v A FEORHICH
ORNVDHEEBEZLND, Atk LV @EE, SZEMRGE CORAT oA NMEZBRET 5 &0 2Bt
D EIT, AT v A FERBEREOFEE & OBHEE I OWTIRIT L T & 72wy,

BEE:  ILFENTER OREIGREILE A BFSE R O IATEIR S AR I E B L £,

BREHE: [SALDI LFHEMLICE D AT 0 A FRAEL DA G AGEDSRER L EESHA A—V 0 7
~OISH] BEEAE. BRREIL. PTAR VR KW M, SRFETE. RAREE, IR SEt, —EE . )P
55 68 [a11 A > US55 157 [AVE BT BEPERREG /4 6 11 A4 BB NSt - AlRifste (2017) AEM
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BN FRBOS I AR T D PGy 725 — DRl L T OEESHT

WA —  SERERIR:
FAT—b (SR) T Lo TRMENT=42 T AZ— (AuSR 7 T AKX —) (X, BENO Y 4

TR SN VMBI, WEHMEE & R BT 5 2 L FrBSREME T M B OREREAL & L TR
ERFHEEDTND, —FHT, INOLDT TAYZ IR DENAZEANTHZ LT BN
AR . EEEGCIXE MDA RNEE R B D6FHRDLE S T AZ—% G T D52 L HARET
HD, EHIT, BNASHLOEFRIIE, BRI ERICH W7 7 27 —PMUOFEEORE Y T A S —~
EEMENHIRFE T, EEOKISHFURDB AR T 5, RISHEERD 7 Z 2 2 =220 CTi, KISHT
BT ITALZ—DELLEYL | B LBMMELZA LTS PRI, ENETTIERLS, e
AR & CIXOWME, REORBEL L IIFFSN D, SBIFEE HIk, BN AHE)S P AR T 5 )
ISR 7 T A4 —%  EEHIIC L VIBHT 2 &I, 2 E TICREDRWVITH Y 7 A ¥ —
DIAEAERD E L THRONAZ EZW LN LIz THET 5,

ARFZE CIEBCNL TSGR D47 T AH —L LT, V==V ¥ o F 47— MEi#Ed: 25 BIR
7 7 AH— (Aus(SC:HsPh)is) ZHVN, T DT T AKX —% M IR S E 7%, (2.4,.6-F U 2
FNT 2= WAZ U FH =NV ENZD LT, BN RRESG Z AT ST, B A D
W, AROSEER (1 FE~6 B) 1B 27 oLy ha 27 L—A 41k (ESI) E&
AR MVERET H 2 & THEBF LT,

BA 1 i, BROSRRICI T 2 70 ESTEE AT MvERT, KISk 1 Rt 7
\ZIE. Auas(SCoHsPh)is @ SCoHsPh & (2,4.6- U AF NN T = =)W A X o F 47— (SCioHiz) 2
R LT T AZ =L@ SNDE—7 OLPBI S ic, —J7 TN 6 I D 7 izon
TIX, SCHsPh & SCioHi3 23 11 43 7 F TR S 72 B — 27 12 A T, Auao(SCroHiz)is (28 S 41D
iz —r BB, ZDZ &1 Aus(SCHsPh)is 12OV TIE, 11 7317 CTik SCHsPh &
SCioHiz DENL T AN A U D DIZxt L, EALIBRIXZ 5 LIEAHEUL TIER L, Bifc/es 7
AL —=~DEERE L TND Z LA RL TS, Jin HOWEICHES L[1], AERICHBWNT
b, BN AHSSZ L0 7 T A X —NOEEWENL T (SCioHis) OBHMT 52 & Tr 7 A
B —DOREIEN B, AU L BN AR TIE 78 < 7 7 A —OBBIOGPEIT LT & TS
N5, IHICZDO7 T AL —E Auis(SCioHiz)io £ TEMB I (9 KEH) . Z D% Auau(SCioHiz)is &%
T (12 K[ . Auas(SCioHis)i3 £ TE#L Iz (6 H)o 2D Z &% Aups(SCaHaPh) s 235 & 72 KUt
H A Z % T, Auas(SCroHis) i3 £ CEME D Z L %
RLTWD, ZOXIICRT=BIX, ESI EaEiohr#
Mz 2 &C, B2 I AR T D RS 1550
MRA2T=F—925Z LI LIz, &5 (CHE

AU5(SCyHsPh)5 (SCygHya),

Augy(SCyHi3ha
z

- |

W2 BT, IR LT Aus(SCioHi3)13 [ZDW

k|

T, BN RSO O T Auas(SCoHsPh) g & [ Al SCwthalie J
CAETEN MRS N TS bOD, B FOK —
NERSTWND, ZOZ E1F Aups(SCroHiz)is 23 — \
Aus(SCoHsPh) g & B7p H&MEIEZ AL TV H 2 & ‘ L I
R L TWD, SRIISERISTRUED 7 F 2 52— 68 I

4000 5000 6000 7000 8000

B LN Aups(SCroHis)is & HEE L. LRSS X BrAf g
Hrick v, BMEEOLELHALNNITHTETD
50

m/z

X 1. ESI E & A7 h L OB 2.

[1] Zeng C, Liu C, Pei Y, Jin R. ACS Nano. 2013, 7, 6138-6145.
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3. fEEERES
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5. HEEAN (BT 2 AE T 2 Mibd . KA bER <l 7 n /7 ARBR>)
PRSLEE. S RTLR BN R FEALFEMIZERN). FHEEM (R ALFIRRATR). SFlflie O
RO R S ER AL FEZE LA R), BERE (KRR, ER—=. HhER] (EXE
ERFTERT), TR DB R F B ER. NMR 222 R), BRFEE0E R Y: & Eb
FeFT). EKRME(ER NMR - #1787 +— 7 L2R), BBEE@E S 752 NMR IESEEERE
). Gaél De Paépe (CEA Grenoble), Takeshi Kobayashi (U.S. Department of Energy, Ames National
Laboratory). Alex I. Smirnov (North Carolina State University)

7. BlfES
FHRFFIRF v /3 A I EEAR—v B OGRS RE < - —=

8. WEX

NMR (&, S FEO—>2 & L TOMHEARE WA, HEE IS IO HEI 2 E I2H R LT TR0 |
ZHABPEBERNFEX R TH &5, MO FE S R L7256 IRIAWERISKT L Chiied TR
7ok X ONEENIEH A G 2 T ND—F, BERMRNE W I ME— oD TRERRENRH D720,
FEIR Lt TV D NMR OFESHIZIW T, B BICBT 28k % 2 A BRI S C& 7z, 2o
T, FFICEGE, BIWIEZRME (Dynamic Nuclear Polarization, DNP) %A FI|f L 72 NMR 23N BV TR E 722
R E S OOH D BWCKIZ 20 R, 7T I ETIC I BOTREPEAINDICESTND, Z

—-111—-



DEIIIRPDOE & AFEE 10 A, mERKAEFIFEITIC DNP-NMR #E QS EAINDHICE ST, T
¢ DNP-NMR [ E & L CIZENID TO O T, AEIZOE AN, (LA RTERS S v R
7 2 (Institute for Chemical Research International Symposium, ICRIS) @ NMR 73Ft> AR T L L LT
DNP-NMR V—7 >3 v 7 &R L7z, 3 M -7, HilEo ICRIS-NMR ¥ >RV 7 AZBW T
50 4 THoTBME D, AN 131 4 & RIBIZHM L7722 &6 DNP-NMR 237372 0 {EH 24D T
HIZENRTHENS, WN—VOHET 17T D25 X912, RS E R CIHHE L TV A8
FHN—HIZHEF Y DNP-NMR B L OZEOEBHANCEA L T, #HERBHOT 7V r—va L cEDHE
T, DNP-NMR %4 & THI LR > 7207 2 1Z%F L THARD TH D LT VEEEN T, RIEARPIEIC
BT Lic, KAU—27 a2k, 5% DOHADDNP-NMR NKE S BRT L2 L, £72, ZOM%E
WD BFRENRRELS BT TV Z RSN s2Th-o 12,

KT =7 v ay7ORBICHTZY . RIEMETE N LR 2 X g B 2 —a—0 b 5T
MICE BRfESCIEBI AR 2 A L CTHW 2, E o, RESAIAE L HE S I L CIHW e, sk
D OIEFFREF O3 L ORI IL, ISPS BHAFFEE: JHE(A) (No. 17H01231)D T HL % fli o TIH
Wro ZOWEDY THELEHT %, £72. DNP-NMR ZEE OB AICE L TiE, AREOFZERFmAE
M PR - EER - ABRR G Vol MG 7 — L9871 77 F A(SPIRITS), & KON b50F
gepr EEFIAE - LEFE T v 7T MUEOBEE £ T D,

Nuclear magnetic resonance (NMR) is ever-growing, and researches and developments on NMR based on
novel concepts have been still ongoing. Among them, tremendous efforts have been made for sensitivity
enhancements from various perspectives to solve a crucial issue on NMR, low sensitivity. Recently, more
than twenty commercially-available dynamic nuclear polarization-enhanced NMR (DNP-NMR) systems
have been introduced in Europe and the United States, and these DNP-NMR systems have achieved great
success in the sensitivity enhancement in these countries. Under such circumstances, we installed a
DNP-NMR system in ICR, Kyoto University, this year. The system is the first commercial DNP-NMR
product in Japan. On the occasion, we had an opportunity to hold the DNP-NMR workshop as an ICR
International Symposium, “ICRIS-NMR '17: DNP-NMR Workshop”. Three years ago, we had ICRIS-NMR
'14. At that time, we had 50 attendees. This time we had 131 attendees, indicating that DNP-NMR attracts
significant attention as a forthcoming analytical technique. In this workshop, we had ten world-famous
researchers as invited speakers from all over the world. We expect future developments of DNP-NMR and
researchers related to DNP-NMR.

This workshop was financially supported by Kyoto Convention Bureau (MICE support) and several
companies. Travel and accommodation expenses were supported by Japan Society and the Promotion of
Science (JSPS) Grant-in-Aid for Scientific Research (A) (No. 17H01231). We also acknowledge Kyoto
University for Supporting Program for Interaction-Based Initiative Team Studies (SPIRITS) and the
Collaborative Research Program of Institute for Chemical Research, Kyoto University (grant # 2015-90) for
the introduction of DNP-NMR.
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November 6

Program

14:00-15:30

15:30-18:00

Satellite Seminar by Dr. Gaél De Paépe (CEA Grenoble, France)
DNP in Grenoble: Radical design and advanced instrumentation for challenging applications
Individual Discussion

November 9

9:30-11:00 Satellite Seminar by Prof. Alex I. Smirnov (North Carolina State University, USA)
Combining solid state NMR, DNP, DEER and nanotechnology for structural studies
of membrane proteins in native lipid bilayer environment
11:00-12:00 Individual Discussion
12:00-18:00 Excursion for Invited Speakers
18:15-20:15 Dinner for Invited Speakers

November 10

9:30-10:30

Registration

10:30-10:40

Welcome speech  IRHEE I ((LEAFIEFTETER)
Norihiro Tokitoh (The Director of ICR, Kyoto Univ.)

10:40-11:10

EJ”EI* (E'\%Bj(% I%bﬂ: *’l‘) [Hzlsuuug(ﬁ]

SR R AR 15 % 0 o 7o Ml A 4 0 FEBR 1k
Masahiro Shirakawa (Kyoto Univ.) [Japanese lecture]
Cell biology by using Optically Detected Magnetic Resonance (ODMR)

11:10-11:40

R (KRR RSB bt T2 9ERl) [ B ASEE ]

EIRBEREEAT T HY 7L > ~ DNP &) OBUEL KK
Makoto Negoro (Osaka Univ.) [Japanese lecture]

The present and future of triplet-DNP

11:40-12:10

Alex I. Smirnov (North Carolina State Univ.) [English lecture]
Towards DNP of macroscopically oriented samples: Biradical molecular tags and instrumentation

12:10-13:10

Lunch Break

13:10-13:40

Jean-Paul Amoureux (Univ. of Lille) [English lecture]
Dynamic Nuclear Polarization: new insights into the structure of hybrid and inorganic materials

13:40-14:10

Gaél De Paépe (CEA Grenoble) [English lecture]
Efficient high field DNP at low temperature and fast MAS

14:10-14:30

Group Photo

14:30-15:00

/R (ULS. Department of Energy, Ames National Laboratory) [ H A< i af /5]
MAEHEEHFZEIZ 351F 2 DNP [E{& NMR O

Takeshi Kobayashi (U.S. Department of Energy, Ames National Laboratory) [Japanese lecture]
Applications of dynamic nuclear polarization (DNP)-enhanced solid-state NMR

in the study of materials science (tentative)

15:00-15:30

ARG (ORFRKR & HEWFZET) [ A ASGE ]

J&FE 1000 fi% D [# A NMR -16.4T, 30K T DNP-

Yoh Matsuki (Osaka Univ.) [Japanese lecture]

Over-1000 times more sensitive MAS NMR -DNP at 16.4T and 30K -

15:30-16:00

Fabien Aussenac (Bruker BioSpin, France) [English lecture]
Recent applications in solid state Dynamic Nuclear Polarization

16:00-16:20

Break

16:20-16:50

Melanie Rosay (Bruker BioSpin, USA) [English lecture]
Instrumentation development for dynamic nuclear polarization at 263 GHz to 593 GHz

16:50-17:20

PESLEL CRLER RS ALSEWTIERT) [ B AR ]

DNP-NMR DA & 480D BB A1) T

Hironori Kaji (Kyoto Univ.) [Japanese lecture]

The introduction of DNP-NMR and toward the future developments

17:20-17:30

Closing remarks

17:30-18:00

DNP-NMR/800 MHz NMR lab. Tour

18:00-19:30

Banquet (Cafe Restaurant Kihada)

November 11

14:00-15:30

15:30-16:30

Satellite Seminar by Dr. Takeshi Kobayashi

(U.S. Department of Energy, Ames National Laboratory)

New developments in the studies of surfaces by DNP-enhanced solid-state NMR methods
Individual Discussion
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ABSTRACT: The CF, symmetric stretching vibration
(v5(CF,)) band of a perfluoroalkyl (Rf) group in an infrared
(IR) spectrum exhibits a unique character, that is, an apparent
high wavenumber shift with increasing the chain length, which
is an opposite character to that of the CH stretching vibration
band of a normal alkyl chain. To reveal the mechanism of the
unusual IR band shift, two vibrational characters of an Rf chain
are focused: (1) a helical conformation of an Rf chain, (2) the
carbon (C) atoms having a smaller mass than the fluorine (F)
atom dominantly vibrate as a coupled oscillator leaving F
atoms stay relatively unmoved. These indicate that a “coupled
oscillation of the skeletal C atoms” of an Rf chain should be
investigated considering the helical structure. In the present
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study, therefore, the coupled oscillation of the Rf chain dependent on the chain length is investigated by Raman spectroscopy,
which is suitable for investigating a skeletal vibration. The Raman-active v,(CF,) band is found to be split into two bands, the
splitting is readily explained by considering the helical structure and length with respect to group theory, and the unusual peak

shift is concluded to be explained by the helical length.

Bl INTRODUCTION

The intermolecular interaction between perfluoroalkyl (Rf)
chains has recently been revealed to be induced by the dipole—
dipole interaction, which is generated by the large dipole
moment along each C—F bond."”” The dipole—dipole
interaction induces a close and tight molecular packing of Rf
chains in a two-dimensional manner, which readily explains the
Rf compounds-specific bulk properties represented by the water
and oil repellency.”” The molecular packing of Rf chains is
discussed by infrared (IR) spectroscopy’ using the peak
position of the CF, symmetric stretching vibration (v,(CF,))
band at ca. 1150 cm ™.’ Thanks to the large dipole moment of
the C—F bond, the band strongly appears in an IR spectrum
even for a monolayer sample, which makes quantitative
discussion easier. Although the IR-active v,(CF,) band is
practically useful for analyzing the molecular packing of Rf
compounds,” the band has a unique character of an apparent
“higher wavenumber shift” with increasing the chain length, n
(number of CF, units), that is, 1126 cm™ (n = 3), 1135 cm™
(n=5),1146cm™ (n=7),1149 cm™ (n=9), and 1151 cm™!
(n = 00) as presented in Figure 1,” which is an opposite shift to
that of the “CH,” symmetric stretching vibration (v(CH,))

i 1 © 2017 American Chemical Society
7 ACS Publications
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mode.”® This Rf chain-specific character of the peak shift is, in
fact, useful for distinguishing the Rf chain length.”* However,
the mechanism of the unusual shift is not revealed. The aim of
the present study is thus revealing the origin of the unusual Rf-
specific shift.

On considering the vibration of a molecular chain composed
of many repeat units, the coupled oscillation must be
considered.® Although the shift of the v(CF,) band should
depend on the shape of the coupled oscillation as commonly
found for a normal alkyl chain, the vibration of an Rf chain has
a complicated character as follows. The coupled oscillation of
the CH, symmetric stretching vibration (v,(CH,)) mode of a
normal alkyl chain is explained briefly, followed by discussion of
the difference of the v,(CF,) mode from v,(CH,), so that the
mechanism of the shift would be revealed.

Coupled Oscillation of a Normal Alkyl Chain. Molecular
structure of a normal alkyl chain having the all-trans zigzag
conformation corresponds to the point group of D,;, on which
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Figure 1. C—F stretching vibration region of IR spectra of an Rf chain
with different lengths measured by using the ATR technique with an
ATR prism of Ge at the angle of incidence of 45°.” The v,(CF,) band
exhibits a unique high-wavenumber shift with the Rf length.

the vibration is analyzed by the factor group analysis.>’~"* On
the discussion of the coupled oscillation of the alkyl chain, the
phase difference (¢) between adjacent two CH, units is
crucial.® The coupled oscillation has many shapes on the phase
(0 £ ¢ < n), and the frequency of the v (CH,) mode
dependent on ¢ (dispersion curve) is revealed by the GF
calculation method."" Fortunately, Raman and IR spectros-
copies only observe the vibration bands of ¢ = 0 and ¢ = 7,
respectively, both of which correspond to the wavenumber
vector of nil (k = 0) because of the restriction by the Brillouin-
center condition. The schematics of the v,(CH,) modes of an
ethylene unit having ¢ = 0 and ¢ = 7 are presented in Figure
2a,b. When a methylene group alone in the schematics is
focused, two hydrogen (H) atoms seem to oscillate with the
same phase, which is thus denoted as the v,(CH,) mode. As a
matter of fact, this vibration mode is of a repeat unit of CH,,
however, which has different shapes on the wavenumber vector
or the phase, and they are assigned to different symmetry
species: the former vibration of ¢ = 0 is assigned to the Raman-

(a) Raman active (¢ = 0) (c) Raman active (¢ = 0)

|9 s <6 733 em?
: o v(CF): 77
N S 3 !\/ 5(FCF): 12
. 2 3(cce): 4
v %
Ag “ A1 % © v(CC): 7

(b) IR active (¢ = m) (d) IR active (¢ = 7)

” 2850 cm'? Y 1156 cm!
- =t v(CF): 76
N alrcRi20
v, \ d(cco):a
Bsy A E, & o Seoro

Figure 2. Schematic images of the coupled oscillation of an alkyl chain
having the phase difference of (a) ¢ = 0 and (b) ¢ = #. Those of an Rf
chain having (c) ¢ = 0 and (d) ¢ = 7, and the potential energy
distribution (%) of vibrational components in the vibration modes (c,
d) reported by Hannon et al. (ref 22).

8426

active A; mode, and the other (¢p = 7) is assigned to the IR-
active B,, mode.

The vibrational difference on ¢ influences the peak position.
In fact, the v,(CH,) bands of polyethylene in Raman and IR
spectra appear at slilghtly different positions of 2848 and 2850
em ™, respectively.”'” This noncoincidence is practically found
in the spectrum of a normal alkane, and the peak exhibits a
lower wavenumber shift with increasing the chain length®
because of the decrease of the elements in the matrix of G of
the GF-matrix method.'""

It sounds strange that the observed difference of the
wavenumber positions of ¢ = 0 and 7 is only ca. 2 em™),
although the shapes of the two oscillations are largely different
from each other. This is because the mass of hydrogen (H) is
much less than that of carbon (C); that is, the oscillation is
intrinsically represented by H atoms, and C atoms are relatively
unmoved. On considering the v,(CF,) mode, the situation
should change greatly, since the mass of fluorine (F) is larger
than that of C. In fact, the ,(CF,) mode appears at ca. 1150
and 730 cm ™' in IR and Raman spectra, respectively, and the
difference is fairly large by more than 400 cm™. This implies
that the coupled-oscillation phenomena of an Rf group should
be significantly different from those of a normal alkyl group.

Coupled Oscillation of an Rf Chain. The critical
difference of F from H is not only for elemental mass but
also for the radii of the atoms.””' The larger radii of F than H
by ca. 20% induces the Rf chain-specific helical structure due to
the steric repulsion between the adjacent CF, units. The
twisting rate of the Rf chain depends on the phase dia%ram of
polytetrafluoroethylene (PTFE, known as Teflon)."’~" At an
ambient temperature in the phase IV (19—30 °C), the Rf chain
has a symmetry of the 15,-helix about the chain axis; that is, the
direction of the symmetric axis of the CF, unit is rotated by
180° over 15 CF, units. This helical structure corresponds to
the point group of Dis.

The vibrational modes of PTFE have also been studied
already by the factor group analysis using D;5.”' ~** The point
group of Dy has nine irreducible representations, A}, A,, Ej, E,,
-+, E;, and the irreducible representations of IR and Raman
spectroscopies are calculated to be 'y, = 34, + 8E; and g™
= 4A, + 8E, + 9E,, respectively. The frequencies of the
vibrational modes of PTFE were evaluated theoretically by the
GF calculation using a classical force constant,”>”** and the
v,(CF,) band at ca. 1150 cm™ in an IR spectrum of PTFE is
assigned to the IR-active mode of ¢p = = (E,) as presented in
Figure 2d. The dispersion curve of the v,(CF,) mode is also
reported, and the Raman band at ca. 730 cm™ is assigned to
the Raman-active v/,(CF,) band (¢ = 0).>>">* The schematic of
the Raman mode is presented in Figure 2c.

The difference of relative mass of F and H to carbon (C)
changes the shape of the normal mode greatly. Contrary to the
CH stretching vibration modes, the C atoms having a smaller
mass than the F dominantly vibrate leaving the F atoms stay
relatively unmoved as presented in Figure 2¢,d. Since the C
atoms in the Rf chain are covalently bonded with the single
bonds (—C—C-), the “coupled oscillation of the skeletal C
atoms” must be considered. The character specific to the
coupled oscillation of the skeleton has already been pointed out
for the CF; symmetric stretching vibration (v,(CF;)) mode.”
Although the CH; symmetric stretching vibration (v,(CH,))
mode of a normal alkyl chain is nearly localized at the terminal
methyl group, the v,(CF;) mode is spread over the entire Rf
group because of the coupled oscillation, which means that the
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Figure 3. Raman spectra of MA-Rfns (n = 3, S, 7, and 9) and a PTFE tape.

transition moment of the v,(CF;) mode is parallel to the Rf
chain.”® As a result, the intensity of the v,(CF,) band is useful*®
for discussing the orientation of Rf chains in a thin film.”>** In
this manner, investigation of the coupled oscillation of the
skeletal C atoms is crucial to reveal the unusual IR-active
v,(CF,) band shift.

Aim of the Present Study. To reveal the origin of the
unusual IR shift dependent on the Rf length, the v,(CF,) band
is investigated by using “Raman” spectroscopy, which is suitable
for investigating a skeletal vibration. As the samples, myristic
acid derivatives having an Rf group (CF;(CF,),(CH,),-
COOH; MA-Rfn, where n = 3,5,7,9 and n + m = 12) were
chosen as used in previous works.”** The IR spectra shown in
Figure 1 (n = 3—9) are the results of these compounds. As a
result, the Raman-active v,(CF,) band is split into two bands
for n = 7 or shorter. By considering the Rf chain structure in
terms of group theory, the splitting is readily explained by the
conformational change of the Rf group. After a spectral
simulation based on density functional theory (DFT), the
lower-wavenumber peak is assigned to the Raman-active
V,(CF,) band, which exhibits intrinsically the same shift as
the IR-active v,(CF,) band. The unusual peak shift is concluded
to be explained by this conformational change.

B EXPERIMENTAL SECTION

11,11,12,12,13,13,14,14,14-Nonafluorotetradecanoic acid (MA-
Rf3), 9,9,10,10,11,11,12,12,13,13,14,14,14-tridecafluorotetrade-
canoic acid (MA-RfS), 7,7,8,8,9,9,10,10,11,11,12,12,13,-
13,14,14,14-heptadecafluorotetradecanoic acid (MA-Rf7), and
5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,14,14,14-henicosa-
fluorotetra-decanoic acid (MA-Rf9) were synthesized as
reported in our previous work.” A PTFE tape was purchased
from AS ONE Corporation (Tokyo, Japan).

Raman spectra were measured by using a Thermo Fischer
Scientific (Madison, WI) DXRxi Raman imaging microscope
having a diode-pumped laser with an excitation wavelength of
532 nm, a grating having 900 lines mm ™', and an edge filter for
eliminating the Rayleigh scattered light. On this spectrometer,
Raman spectra in the range of 3500—50 cm™' with the
resolution of 5 cm™" are measured. The bulk sample of MA-Rfn
in the solid state was put on a glass plate, and an objective lens
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of 10X with a confocal aperture with a pinhole of 25 ym width
were used for both laser irradiation and collection of the Raman
scattered light. The laser spot size is 10 gm, which corresponds
to the spatial resolution (xy) limit on the condition, and it also
determines the depth resolution (z), 30 ym. Since the linearly
polarized light was irradiated on the sample, the band intensity
should be influenced by molecular orientation. In the present
study, however, it has no problem, because only the band
position is discussed. The laser was operated at a constant
power of 10.0 mW at the sample surface. The Raman spectrum
was obtained with an exposure time of 4 s and with a total
acquisition time of 150 s.

Density functional calculation for a spectral simulation was
performed by using the Gaussian 09 program.”® The optimal
geometry, harmonic wavenumbers, and Raman intensities of a
single MA-Rfn molecule were obtained using 6-311++G basis
set. For the DFT calculations, Becke’s three-parameter
exchange functional together with correlation functional of
Lee—Yang—Parr (B3LYP) was employed.”””® A harmonic
wavenumber, 7y, was corrected by the linear scaling factor,
ljscaled:ﬂscaled = 0'9613'17harm'29

B RESULTS AND DISCUSSION

Splitting of the Raman-Active r,(CF,) Bands of
Partially Fluorinated Myristic Acids. Figure 3 presents
Raman spectra of MA-Rfn (n = 3, S, 7, and 9) at an ambient
temperature (>19 °C), which corresponds to the phase IV. As a
sample of an extremely long Rf chain (n = o), a PTFE tape
was also measured. As mentioned in the Introduction, the
helical structure of the Rf chain in the phase IV has the
symmetry represented by the point group of D;s. The Raman
peaks observed in the spectrum of PTFE are, thus, assigned to
the Raman-active vibration modes of D5 (A;, E,, and E,) as
shown in Figure 3. Since MA-Rfn is a diblock compound
consisting of the Rf and normal alkyl parts, Raman spectra of
MA-Rfn also have bands derived from the normal alkyl part,
which are highlighted by blue, whereas the bands derived from
the Rf part are highlighted by pink. The lower two peaks (ca.
384 cm™' and ca. 290 cm™") are assigned to the CF, bending
and twisting vibration bands, respectively.”” The band at ca. 730
cm™" is the key band for the present study, which is assigned to
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the Raman-active v,(CF,) mode with ¢ = 0 (A,). This band
exhibits a remarkable change that the peak is split into two
peaks for n = 7, and the splitting width becomes larger with
decreasing n. The mechanism of the band splitting is discussed
as follows.

The splitting is known to appear for a coupled oscillator
composed of repeat units having a high symmetry as found in a
normal alkyl chain with D,;, which includes the mirror (or
glide) plane as a symmetry element, because all the C atoms are
in a plane. The factor group analysis on D, reveals that a
normal alkyl chain has two skeletal vibration modes, in which
the C—C bond length changes without a significant change of
the C—H bond length.” One of the two modes has the
symmetry species of A,, in which the C atoms vibrate in the
radial direction (y direction) with ¢ = 0 as presented in Figure
4a. The other mode is the B;; mode, in which the C atoms

W

Figure 4. Schematic image of the skeletal vibration (¢(CC)) of an
alkyl chain: (a) A, and (b) B;; modes.

vibrate nearly along the chain in the x—y plane (Figure 4b).
Both modes are denoted as the C—C stretching vibration
v(CC) mode. In fact, MA-Rfn having a relatively short Rf chain

(n=3,5,7) has along “normal alkyl” part, which yields the two
v(CC) bands at ca. 1100 (A,) and 1060 cm™! (Byg) (Figure 3).
In this manner, the D,;, symmetry is the origin of the band
splitting of a (CC)-related vibration band. Since the mass of C
is smaller than F, as mentioned above, the carbon chain works
as the core part of a normal mode on an Rf chain, which is true
of the v;(CF,) mode as mentioned below.

Fortunately, a former study using the GF calculation of
PTFE reveals the potential energy distribution (%) of
vibrational components in both IR and Raman-active v,(CF,)
modes,”” which are presented in the squares in Figure 2¢,d. The
IR-active E; mode (Figure 2d) accompanies the F—C—F and
C—C—C bending vibrations (§(FCF) and 5(CCC), respec-
tively). The Raman-active A; mode (Figure 2c) accompanies an
additional vibration component of the C—C stretching
vibration (#CC) as well as the §(FCF) and 6(CCC) vibrations.
These details of the v,(CF,) mode are comprehensively
understood by considering the v(CC) vibration as a key
vibration. The v,(CF,) vibration is thus a result induced by the
v(CC) vibration, and the §(FCF) and 5(CCC) vibrations are
also generated as vice products. In other words, the essence of
the v,(CF,) mode is of the £(CC) vibration over the Rf group,
and the name of “the v,(CF,) mode” is a “representation of a
local image” of the v,(CF,) vibration at a CF, group. This
vibrational image agrees with the unusual motion of an Rf
group considering the larger mass of F than that of C.*°

Here, note that a short Rf group having three CF, groups is
known to have a planar skeleton with D,;,."® On the one hand, if
the vibration of an Rf group is driven by the skeleton vibration,
then MA-Rf3 should therefore exhibit doubly split bands for the
v,(CF,) mode, which is confirmed in Figure Sa. On the other
hand, if the symmetry of the molecular skeleton is lowered, the
splitting is lost to have a single band, which readily explains the
single v,(CF,) band at 734 cm™ for PTFE having the
symmetry of Di;.

It is worth noting that the other compounds of MA-Rfn
having intermediate Rf lengths (n = 5—9) exhibit a gradual
change of the splitting. To discuss the splitting width
depending on the Rf length (n), the “twisting rate” of the Rf
chains is introduced for convenience. Twisting angles of the
two CF, groups at both ends of the Rf chain with n =9, 7, and
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Figure 5. (a) Magnified spectra in the Raman-active v(CF,) region. (b) Splitting width between the two bands shown in the v,(CF,) region (A)

dependent on n.
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S are 108°, 84° and 60°, respectively, and the twisting rate (%)
is calculated, so that the angle of n = 15 (180°) corresponds to
100% as presented in the third column of Table 1. In addition,

Table 1. Twisting Rate of Rf Chain Dependent on the Chain
Length

number of CF, twisted angle of the two CF, group at both twisting
units n ends, deg rate, %
3 0 0
S 60 33
7 84 47
9 108 60
15 180 100

since the Rf chain with n = 3 has exceptionally the all-trans
zigzag conformation, the twisting rate for n = 3 is made 0%.
The splitting width (A) against the twisting rate is plotted as
presented in Figure Sb.

The spectrum of PTFE and n = 9 has a single v,(CF,) band,
and thus A is zero. It is interesting that A in the n = 3—9 is
found to have a “linear correlation” with the twisting rate. This
indicates that the splitting width reflects the conformational
change of the skeleton from the planar structure (D,;) to the
helical structure (D). Through this analysis, the Rf chain
having n = 9 is found to have a vibrational character, as if the
helix were completed, although the twisting rate is only 60%.
This implies that the v,(CF,) mode of MA-RfS and 7 has an
intermediate character between the planar structure (D,;) and
the helical structure (D;5) as the molecular vibration. In the
next section, the assignment of the two bands is mentioned,
and the origin of the unusual peak shift in IR spectra is revealed.

Assignment of the Two Bands in the v((CF,) Region
and the Origin of the Peak Shift of the IR-Active v((CF,)
Band. To make the assignment of the two Raman bands in the
v(CF,) region, QC calculations were performed. The
calculated Raman spectra of MA-Rfn (n = 3, S, 7 and 9) are
presented in Figure S1 in Supporting Information, which are
compared with the measured spectra. Almost all the measured
peaks are readily reproduced by the calculation. Of course, the
calculated spectrum for n = 9 has a single band in the v,(CF,)
region, and the vibrational motion is thus assigned to the A;
mode such as the schematic image shown in Figure 2¢; that is,
the chain of C atoms vibrates in the perpendicular (radial)
direction to the Rf chain axis. The calculated spectra shown in
Figure S1 also reproduce the band splitting for n = 7 or shorter,
and MA-Rf3 exhibits the largest splitting. The vibrational
motion of the lower wavenumber band presented in Figure Sa
indicates that the center C atoms (second and third) in the Rf
chain vibrate nearly along the y direction with ¢ = 0 (Figure
6a). Therefore, on the one hand, the lower band at 689 cm™" is

@ (b)

\
O 4
Y 3 Y ¥
X ! la N < I
o SRR L el &
1 3 “» ]
L1 L o
&
y w Y. ¥

Figure 6. Calculated vibrational motions of the split two bands for n =
3: (a) 689 and (b) 766 cm™.

assignable to the symmetry species of A, of Dy;,. On the other
hand, the other band at 766 cm™ corresponds to the
vibrational motion presented in Figure 6b; that is, the C
atoms at both ends (first and fourth) of the Rf chain vibrate in
the x—y plane, which is assignable to Bj,. As a result, the two
v,(CF,) bands for n = 3 have the same symmetry species (Ag
and By,) as those of the skeletal vibration of a normal alkyl
chain presented in Figure 4. Since the B;, mode is Raman-
active but IR-“inactive”, the split two peaks are available only in
Raman spectra, whereas the IR spectra have only the lower
wavenumber band (Figure 2d).

Although the entire Rf chain of n = 5 and 7 has the helical
conformation, the two bands in the v/(CF,) region for n = § and
7 suggest that the vibrational mode involves the planar
character due to the low twisting rate. To confirm this
speculation, the calculated result of n = 7 is discussed as an
example. The vibrational mode of the lower wavenumber band
at 722 cm™' (Figure Sa) is assigned to the A, mode as
presented in Figure S2a. The image from top view (Figure
S2a’) clearly indicates that the C atoms vibrate in the radial
direction of the chain. In the same manner as n = 3, the C
atoms in the center (marked by the pink square) mainly vibrate,
whereas those at both ends have very minor motion. In the
vibrational motion of the higher wavenumber band at 739 cm™
presented in Figure S2b, however, the C atoms on both ends
(marked by the blue square) vibrate with a large amplitude
“along” the Rf chain. On closer inspection, the arrows on the
three C atoms at each end lie in the plane involving the three C
atoms. This indicates that the individually vibrating part
(marked by the blue square) belongs to D,;. The individually
vibrating part has a motion assigned to the Raman-inactive B,
mode. When the entire molecule is taken into account,
however, C atoms in the two squares vibrate in the opposite
direction. Therefore, the vibration mode of the entire Rf chain
is assigned to the Raman-active totally symmetric A; mode of
D) along the chain direction. As a result, the higher
wavenumber band is thus concluded to be induced by the planar
structure. The two v(CF,) bands for n = S are readily explained
in the same fashion.

The A} mode is IR-inactive, which readily explains the single
IR band in the v(CF,) region for n = 7 as well as n = 3. As a
result, the lower wavenumber bands for n = 3—7 are all
explained by the A; mode in terms of the vibration of the
carbon atoms in the radial direction. The higher wavenumber
band shift (indicated by the pink line in Figure Sa) with
increasing n corresponds to the decreasing A of the split “two”
bands in Raman spectra.

The higher wavenumber shifts of the Raman (4;) and IR
(E,) v,(CF,) bands are interesting, if the band positions are
compared as plotted in Figure 7 against the twisting rate. The
Raman band positions are presented by the green circles (see
the right axis). The change is gradual along the green dashed
curve, which shows a good correlation between the Raman
band and the twisting rate. This indicates that the
correspondence of n = oo to 100% is reasonable, and the Rf
chain of n = 3 certainly has the planar structure. Since the
helical structure generates a strain in the carbon skeleton, the
higher peak shift can also be interpreted as an increased strain
of the Rf chain as a result of an increased force constant of the
Rf chain.

On the other hand, the v,(CF,) band positions of IR spectra
shown in Figure 1 are plotted by the red cross (see the left axis)
in Figure 7 and exhibit a similar trend to the Raman band
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v,(CF,) band positions plotted against the twisting rate.

except an apparent wavenumber jump between 33% (n = S)
and 47% (n = 7). On the one hand, the entire trend is similar to
that of Raman, which can be explained by the representative
vibrational components commonly involved in the Raman- and
IR-active modes as summarized beside Figure 2c,d. On the
other hand, the IR-specific apparent jump is attributed to a
fundamental difference between Raman and IR spectroscopies.

The Raman bands are derived from the molecular polar-
izability change of the Rf chain, whereas the IR bands depend
on a change of the transition dipole moment. Therefore, the IR
band strongly reflects an atmosphere of a dipole. In our
previous study, the aggregation property of MA-Rfn dependent
on n was studied by using IR spectroscopy. The study revealed
that MA-Rfn having n = 7 or longer forms a close molecular
packing via the strong dipole—dipole interaction, whereas those
having n = S or shorter exhibit a poor packing.”**° Since the
strong dipole—dipole interactions make the molecules tightly
aggregated only for n = 7 or longer, the atmosphere about a C—
F bond would largely change from n = S to 7. In other words,
the difference of the dipole’s atmosphere induces a
discontinuous IR band shift between n = S and 7. In short,
IR bands of an Rf compound are influenced by not only the
skeletal structure but also the packing of the Rf chain, which is a
benefit of using IR spectroscopy for investigating the packing.

B SUMMARY

To reveal the Rf-compound specific IR band shift of the
v,(CF,) dependent on the Rf chain length, n (number of CF,
units: n = 3, 5, 7, and 9), the skeletal vibration of the Rf chain
has been investigated by using Raman spectroscopy. While the
Raman-active v,(CF,) band of n = 9 has a single band at ca. 730
cm™" as well as PTFE, the band is split into two bands for n =
3—7, and the splitting becomes larger with decreasing n. To
investigate the origin of the splitting, a twisting rate of the Rf
chain is introduced, which is a useful index for interpreting the
conformational change with n. The band splitting width was
found to have a good correlation with the twisting rate, and the
variation of the width was readily attributed to the conforma-
tional change between D5 and D,;. The “lower” wavenumber
band of the split two bands in the spectrum of n = 3-7
corresponds to the v(CF,) band, which shows a similar higher
wavenumber shift to the IR band. The v,(CF,) band position
also has a good correlation with the twisting rate, and the
mechanism of the unusual shift has been concluded to be
attributed to the “strain” of the skeletal chain dependent on the
chain length. A similar trend is found for the IR band position.
Since the “higher” wavenumber band found in the Raman
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spectra is inactive for IR spectroscopy, the reason why the IR
band exhibits the unique higher wavenumber shift without a
band splitting has readily been revealed.
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Published online: 30 October 2017 . Network science has recently integrated key concepts from control theory and has applied them to the

. analysis of the controllability of complex networks. One of the proposed frameworks uses the Minimum

. Dominating Set (MDS) approach, which has been successfully applied to the identification of cancer-
related proteins and in analyses of large-scale undirected networks, such as proteome-wide protein

: interaction networks. However, many real systems are better represented by directed networks.

. Therefore, fast algorithms are required for the application of MDS to directed networks. Here, we

: propose an algorithm that utilises efficient graph reduction to identify critical control nodes in large-

. scale directed complex networks. The algorithm is 176-fold faster than existing methods and increases

. the computable network size to 65,000 nodes. We then applied the developed algorithm to metabolic

. pathways consisting of 70 plant species encompassing major plant lineages ranging from algae to
angiosperms and to signalling pathways from C. elegans, D. melanogaster and H. sapiens. The analysis
not only identified functional pathways enriched with critical control molecules but also showed that
most control categories are largely conserved across evolutionary time, from green algae and early
basal plants to modern angiosperm plant lineages.

An understanding of the functional processes and mechanisms of living cells requires combined knowledge of
multiple life molecules. However, these biological functions are not the result of single molecules but rather tend
to emerge from the interactions among molecules. Complex diseases are not an exception; in fact, these diseases
: are often the result of failures in interactions and molecules that can exert effects on distant pathways'?, and this
. view naturally leads to the concept of biological networks. To restore functional features or reverse a disease state,
: one prospective way is to apply intervention or control to the disrupted pathways and molecular processes. Since
it is impossible to directly alter the states of all genes or molecules, it is needed to find a small number of nodes
in a given network control of which drives the whole network to a desired state, where these kinds of nodes are
called driver nodes.
Indeed, recent research has led to the development of several frameworks for this controllability problem in
complex networks. Liu et al. employed the structural controllability framework for linear systems and showed that
the minimum set of driver nodes can be found by computing the Maximum Matching (MM) in graph theory>.
However, they also showed that this approach requires a large number of driver nodes in scale-free networks®. As
an alternative approach, Nacher and Akutsu proposed the Minimum Dominating Set (MDS) approach?, where
MDS is also a well-known concept in graph theory. They showed that the MDS approach needs a smaller fraction
of nodes in scale-free networks. Since most of the observed complex networks in nature are scale-free networks
and the MDS approach can cope with non-linear systems*°, analysing the controllability of real networks using
the MDS approach appears reasonable. Actually, the MDS approach has been applied to analysis of various bio-
logical networks and reported to be useful for finding important genes and molecules not only by our group but
also by other groups®"’.
: Although finding the MDS in a given network is known as a hard problem (NP-hard problem), the MDS can
. be found in reasonable CPU time in many practical cases by using Integer Linear Programming (ILP) if the net-
. work has a scale-free property. However, the MDS is not uniquely determined, that is, there might exist multiple
. minimum dominating sets. In order to cope with this non-uniqueness issue, the concepts of critical, intermittent

and redundant nodes were applied to the MDS framework'®, where these concepts were originally proposed for
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the MM framework?. Critical nodes are nodes included in all MDSs, whereas nodes that belong to some but not
all MDSs are called intermittent, and those nodes that do not participate in any MDS are called redundant®. The
computation of these control categories is very intense and requires solving the MDS problem #» times, where
n is the number of nodes. For undirected networks, in order to address this computational difficulty, a novel
algorithm that benefits from heuristics pre-processing procedures has been proposed'’. This algorithm was suc-
cessfully used to investigate controllability properties by integrating a proteome-wide protein interaction network
with transcriptome information.

However, many real-world networks, including metabolic pathways and signal pathways, are directed. To
efficiently examine directed controllability features in these systems, we propose a new algorithm that includes
heuristics to speed up the computation time and increase the computable network size. The performance of the
algorithm was examined using artificial complex networks. The results showed that the algorithm expanded the
computable size to 65,000 nodes and increased the computational speed 176-fold.

The significant improvement in performance obtained with the proposed algorithm allows the first directed
MDS controllability analysis of large-scale directed biological networks, such as metabolic networks and signal
pathways. The results provide novel insights and findings on specific functional pathways that are significantly
enriched in critical control molecules and other control categories and show that most control categories are
largely conserved across evolutionary time, from green algae and early basal plants to modern angiosperm plant
lineages.

Results

Theoretical and computational analysis.  Theoretical analyses of control categories led to an efficient MDS
algorithm. The formal definition of an MDS in a directed network is as follow: Let G(V, E) be a directed graph,
where Vand E are sets of nodes and directed edges, respectively. Then, each node pair (1, v) € E denotes a directed
edge from u to v. In a directed network, S (S C V) is a Dominating Set (DS) if each node in V is an element of S or
has directed edge(s) from one or more elements of S to the node. If the size of S is smallest among all existing DSs,
it is called an MDS. The computation of an MDS is an NP-hard problem?'*2. Therefore, the development of an
algorithm that can solve the problem in polynomial time is not plausible. However, we formalised the MDS prob-
lem using Integer Linear Programming (ILP), in which x, = 1and x, = 0 indicate that node v is in an MDS and
not in an MDS, respectively:

Minimise

2%

veV

subject to

x+ > x,>1VveYV,
(u,v)ev
x,€{0,1} VveV. (1)

Here, by solving the ILP (Eq. 1), an MDS is given by the set {v|x, = 1}.

It should be noted that an MDS satisfies the structural controllability condition, as demonstrated in Theorem
1 in our previous work®. However, this computational approach has some problems. First, the solution for a given
MDS problem is not unique, which means that multiple node configurations might have the same minimum
node size but contain different nodes. This problem is particularly serious when analysing real data. Previous
studies defined control categories (critical, intermittent and redundant) to address this issue in both MM and
MDS approaches'®?. A node is critical if it belongs to all MDS solutions. A node is considered intermittent if it
belongs to at least one but not all MDS solutions, and a node is redundant if it does not belong to any MDS config-
uration. To identify these control categories, particularly the critical set of nodes, algorithms for undirected and
directed networks have been proposed'®. These algorithms successfully identify the control categories in complex
networks. However, the network size that can be handled by these algorithms is limited to a few thousand nodes
at most, and the computational time is not fast because the MDS problem needs to be solved n times, where n is
the number of nodes. Therefore, pre-processing steps inspired by theoretical advances are necessary for the effi-
cient computation of large networks consisting of tens of thousands of nodes.

Here, we present a new algorithm that computes controllability categories in directed networks using the MDS
approach combined with efficient graph reduction techniques. The main novelty of the proposed method is the
incorporation of heuristics in a pre-processing step to significantly improve the computation efficiency in terms
of both computable size and computational speed. The details of the algorithm are shown in the Methods section.
This manuscript also describes theoretical results obtained using the graph reduction process.

First, we invoke two important propositions for controllability in directed networks'®:

Proposition 2.3 If v is a node with indegree 0, v/ is a critical node.

Proposition 2.4 If v is a node with at least two directed edges to nodes with outdegree 0 and indegree 1, vis a
critical node.

These two propositions are related to the identification of critical nodes. However, a large fraction of redun-
dant nodes could also be predetermined based on the following new proposition:

Proposition 1: If v is a node with outdegree 0 and has an incoming link from a critical node, then v is a redun-
dant node.

The combination of these three propositions led to the design of an efficient algorithm for the computation of
control categories in large directed complex networks (see the Methods section). The operations performed by the
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algorithm are illustrated in Fig. 1, and an example of the classification of nodes in real metabolic and signalling
pathway networks into control categories is shown in Fig. 2.

Computational experiments using artificial networks. To assess the performance of the algorithm, we
constructed scale-free networks of different sizes, ranging from 500 to 65,000 nodes, with a degree distribution
that follows a power law k7. We also investigated the performance of the proposed algorithm when varying two
topological parameters, such as the degree exponent v and the average degree <k>. First, for each parameter pair,
ten undirected scale-free networks were constructed using the Havel-Hakimi algorithm with random
(Monte-Carlo) edge swaps (HMC model)*. The direction for each undirected link was then randomly selected,
leading to the generation of directed networks with the same incoming and outgoing degree exponents ,, = 7,,,.-
This procedure was repeated ten times, yielding a total of 100 networks for each data point. Figure 3(a—c) shows
the average results obtained with the algorithm. The specific degree exponents examined were 7, = ~,,,=2.2,
2.4.2.6,2.8, and 3.0, and the average degree values were <k>=2, 2.5 and 3. Compared with our previous algo-
rithm (black line), the proposed method (red line) increased the computation speed 176-fold, as determined
using the computational time for N =4,500 nodes with <k> =2 as a reference. For a network size of N = 7,000,
the computation speed was 156-fold faster than that of existing algorithms. Moreover, the computable network
size was expanded to 65,000 nodes for some topologies. In general, we observed that increasing the average
degree < k> from 2 to 3 increased the computational time (Fig. 3(a—c)) because the density of the edges increased,
complicating the solution of the MDS. In contrast, scale-free networks with lower degree exponents were solved
faster, suggesting the existence of high-degree nodes.

Although our new method significantly expanded the size of networks for which the critical, intermittent, and
redundant nodes can be obtained, the MDS problem is NP-hard and thus exponential time is still needed in the
worst case. Indeed, the log-log plots (see Fig. 3) suggest this tendency because if the computation time were pol-
ynomial, the curves would be almost straight. Therefore, it is reasonable that there exists some limit on the size of
available networks. However, if much faster ILP solvers are developed in the future, larger networks might be
handled. Since ILP solvers have been continuously improved, we can expect such improvements. Furthermore,
when ~,, = ~,,,=2.2 is small, our method could compute the critical, intermittent, and redundant nodes for large
networks with 65,000 nodes.

Analysis of directed biological networks. In this study, we applied the proposed efficient MDS algo-
rithm to directed biological networks such as metabolic and signalling pathways. For metabolic networks, we
used the latest update of the Plant Metabolic Network Database (PMND)*, which includes 70 plant species
classified into the following four major groups in the green plant lineage (with the number of species in each lin-
eage shown in parentheses): green algae (6), early land plants (2) and angiosperms, which are further subdivided
into monocots (17) and eudicots (45)**. The analysis was performed using an enzyme/reaction-centric network
assembled from the full metabolic pathways. The number of plants included in each main evolutionary group is
shown in Table S1.

In addition, we assembled networks downloaded from the SignaLink 2.0 database corresponding to signal-
ling pathways from three organisms, namely, C. elegans, D. melanogaster and H. sapiens™. The statistics for the
constructed signal networks are shown in Table S2. The signal proteins in these pathways are classified into seven
major pathways that contain all main developmental signalling mechanisms, namely, the Notch, NHR (nuclear
hormone receptor), RTK (including EGF/MAPK and IGF/insulin), TGF-B, Wingless/Wnt, Hedgehog and JAK/
STAT pathways.

Fraction and enrichment of control categories for each functional metabolic reaction class.
The algorithm was able to identify the controllability categories for each analysed metabolic network. The fraction
of metabolic reactions in each control category computed for all plant species in each major evolutionary group
and classified into specific functional classes of enzymes showed a heterogeneous distribution. Specifically, some
pathways contained a larger fraction of critical nodes (e.g., detoxification), whereas other pathways were largely
depleted of critical controllers (e.g., energy metabolism and intermediate metabolism; see Fig. 4). This tendency
was largely conserved across evolutionary groups, from green algae to eudicots. However, there are some excep-
tions, such as specialised metabolism; for this pathway, a large fraction of critical nodes was identified in green
algae, but this fraction progressively decreased over evolutionary time. In general, for all examined functional
classes, the smallest and largest fractions of nodes corresponded to the critical and redundant nodes, respectively.

We then computed the enrichment or depletion of metabolic reactions associated with each control cate-
gory and further classified these into functional pathways in each lineage-specific group. The results, which are
shown in Fig. 5, indicated that the enrichment of controllability categories for functional classes of enzymes was
largely conserved across major plant lineages from algae to angiosperms. However, some tendencies regarding
the enrichment and depletion of control categories in each functional class were observed. For example, energy
metabolism was largely depleted of critical controllers, whereas the detoxification pathway was largely enriched
with critical controllers. Moreover, specialised metabolism also showed positive enrichment encompassing all
major plant lineages. The highest enrichment of the redundant control category was also observed in energy
metabolism. In contrast, nucleotide metabolism was found to be largely enriched with intermittent controllers.
The statistical significance of each enrichment, which was assessed by computing the corresponding two-tailed
p-value using Fisher’s exact test (see the Methods section for details), is shown in the figure. Furthermore,
the fractions of nodes classified into each control category for each analysed plant species are shown in the
Supplementary Information (Figs S1-5S2). We observed that the fractions were conserved not only within each
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Figure 1. Illustration of the steps in the fast MDS algorithm. This graphical illustration follows the algorithm
description shown in the Methods section. (a) Consider a directed graph of 13 nodes. (b) The application of
proposition 2.3 to each node identifies a preliminary set of critical nodes. (¢) Proposition 2.4 is then applied
to each remaining unclassified node. (d) The incoming links to the newly identified critical node are deleted.
(e) The application of proposition 1 to unclassified nodes leads to the identification of redundant nodes. (f)
The incoming links to the newly identified redundant nodes are deleted. (g-k) Because links were deleted in
previous steps, propositions 2.4 and 1 are re-applied to delete additional links. (1) ILP is used to find an MDS
in the reduced graph, and the critical algorithmic procedure is applied to each node that belongs to the MDS
and that has not already been identified as critical to determine its critical role. (m) The redundant algorithmic
procedure is applied to each node that does not belong to the MDS to determine its redundant role. Both
remaining nodes (2 and 3) are classified as intermittent.

SCIENTIFICREPORTS |7: 14361 | DOI:10.1038/s41598-017-14334-8 4

—-131—-



www.nature.com/scientificreports/

Figure 2. Network visualisation showing the classification of the nodes in a real plant metabolic network of A.
thaliana (a) and in a signal network of H. sapiens (b) into control categories.

major plant lineage but also across evolutionary time. The analysis of the enrichment of control categories across
functional classes for each individual plant species is shown in the Supplementary Information (Figs S3-S11).

Fraction and enrichment of control categories of proteins in signal networks and their func-
tional pathways. To further apply the proposed algorithm to real biological systems, we assembled networks
downloaded from the SignaLink 2.0 database corresponding to signalling pathways from three organisms, spe-
cifically, C. elegans, D. melanogaster and H. sapiens, and then analysed these three networks in our study. First, we
assembled signalling interactions representing experimentally verified physical interactions between molecules
that have been classified as (1) directed protein-protein interactions and (2) transcriptional interactions. The lat-
ter represents physical protein-DNA binding interactions predicted based on promoter-gene data. Moreover, (3)
a combined dataset consisting of both sets of collected data was also prepared.

The fraction of control categories was then computed for each of the assembled networks for the three organ-
isms. The results show that for all three signalling networks, the fraction of critical nodes decreased with increas-
ing organism complexity, i.e., from C. elegans to H. sapiens (see Fig. 6). Second, the fraction of critical nodes was
similar to that of redundant nodes in directed PPI networks. However, a striking difference was observed in the
fraction of intermittent nodes. The results of the combined networks showed that the intermittent nodes con-
stituted the smallest fraction in all of the organisms, particularly H. sapiens (Fig. 6). This finding highlights the
structural differences between metabolic pathways and signalling networks.

The subsequent enrichment analysis of each major functional pathway showed that most of the pathways were
depleted of critical nodes (see Fig. 7), and this finding was obtained due to the existence of few star-type protein
hubs, which perform critical roles connecting and controlling multiple molecules (see Fig. 2). An exception was
found for the NHR pathway, which showed an enrichment of critical control nodes. The fraction of intermittent
nodes was largely enriched in several signalling pathways related to the transcriptional networks of D. melano-
gaster and H. sapiens. The Hedgehog and NHR pathways showed the greatest enrichment of intermittent nodes
in the combined network. The statistical significance, which was determined based on the two-tailed p-value
computed using Fischer’s exact test, is shown in the figure.

Discussion

In this work, we propose an efficient algorithm for analysing controllability in directed biological networks using
the MDS approach. The existing algorithms require solving the MDS problem # times, where # is the number of
nodes'®, which makes the application of existing algorithms to large and dense biological networks unpractical.
In contrast, the proposed algorithm performs efficient graph reduction in a pre-processing step, which aids the
identification of a large fraction of critical and redundant controllers and results in a notable simplification of the
network. The resulting network is therefore smaller, making it easier to detect the remaining unclassified nodes.

The computational results obtained using artificially constructed scale-free directed networks showed that the
proposed algorithm solves the control category problem at a speed up to 176-fold faster than that achieved with
existing algorithms. More importantly, the algorithm is able to solve networks consisting of up to 65,000 nodes,
indicating that it is suitable for the analysis of genome-scale biological networks.

The algorithm was applied to directed biological networks, such as metabolic pathways and signalling path-
ways. The analysis of the results revealed that although most control categories are largely conserved across evo-
lutionary time, from green algae and early plants to modern angiosperm plant lineages, some specific metabolic
functions tend to have more critical nodes than others. Therefore, we were able to associate biological functions to
certain control categories. For example, detoxification reaction classes show a high enrichment of critical nodes.
In addition, the detoxification pathway contains a class of proteins and enzymes specialised in degradation and/or
elimination of endogenous and exogenous toxins*, and the concentration of these enzymes represents a response
to an increase of toxin stimulation. Our analysis showed that these enzymes perform structural control func-
tions in the network. In contrast, the genes associated with specialised metabolism encode enzymes that reflect
evolutionary mutations that occurred in response to specific environmental changes*>*’. Our results show that a
significant fraction of the enzymes in the specific functional category also participates in critical network control.
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Figure 3. Results from the application of the MDS algorithm to artificially generated complex networks. The
figure shows the computational time as a function of the network size N for scale-free networks with the
following average degrees on log-log scale: (a) <k>=2, (b) <k>=2.5 and (¢) <k>=3.0. The results for
networks with different degree exponents from y=2.2 to y= 3.0 are shown in each figure. The colour legend for
these values is shown in Fig. 3(c). Note that vy refers to v, = ~,,, because only directed scale-free networks were
considered.
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Figure 4. Fraction of enzymes in each control category computed for all plant species in each major
evolutionary group and classified into specific functional classes of enzymes. The red fraction indicates the
critical nodes, the white fraction denotes the intermittent nodes, and the blue fraction denotes the redundant
nodes.

Signalling pathways show a unique network control category distribution. In fact, as shown in Fig. 6, signalling
pathways include a small fraction of intermittent nodes, and this is a consequence of the structural differences
between metabolic and signal networks. Among the functional pathways, the NHR pathway showed a conserved
enrichment of critical control proteins (Fig. 7). Signal proteins associated with the NHR pathway represent a class
of ligand-activated proteins that perform on-off transcriptional switches when bound to specific DNA sequences
within the cell nucleus. These functional switches play roles in the control of the development, growth and differ-
entiation of skin, bone and behavioural areas in the brain, the determination of sex, the continual regulation of
reproductive tissues, and the regulation of cell metabolism.

We believe that analysing the controllability of biological networks is a useful technique for identifying critical
control-related molecules associated with not only specific biological functions but also human disorders. In
future, we encourage further studies on the identification of critical disease-related proteins in directed biological
networks.
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Figure 5. Enrichment or depletion of metabolic enzymes associated with each control category and further
classified into functional pathways in each lineage-specific group. The statistical significance was analysed using
Fischer’s exact test, and the corresponding two-tailed p-value is shown next to each pathway with the following
notations: *p <0.05, **p <0.01, ***p <0.001, and ****p <0.0001. The colours provide the same information
as in Fig. 4.
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Figure 6. Classification of proteins in all analysed signalling networks of the three organisms into control
categories. The colours provide the same information as in Fig. 4.

Methods

Datasets. The data used in this study correspond to metabolic pathways of 70 plant species downloaded
from the Plant Metabolic Network Database version 16.0. These species were classified into major plant lineages
as follows: six species correspond to green algae, two species are early land plants, 17 species are monocots,
and 45 species are eudicots®. The analysis was performed using an enzyme/reaction-centric network assembled
from the full metabolic pathways. The bipartite network is therefore transformed into a unipartite network in
which nodes corresponds to the enzymes. The statistics for the assembled networks are shown in Table S1 in the
Supplementary Information (SI). The analysed signalling pathways of directed protein-protein and transcrip-
tional interactions corresponded to those from three organisms, namely, C. elegans, D. melanogaster and H. sapi-
ens®. The data were collected from the SignaLink 2.0 database. The statistics for the signalling pathway networks
are shown in Table S2 in the SL.

Algorithm for the efficient computation of critical and redundant dominating subsets in
directed complex networks. The combination of the propositions introduced in the Results section led to
the development of the following algorithm for the efficient computation of control categories in large directed
complex networks (see Fig. 1 for an illustration of the algorithm steps):
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Figure 7. Enrichment or depletion of proteins associated with each control category and further classified into
functional signalling pathways in each organism. The statistical significance was analysed using Fischer’s exact
test, and the corresponding two-tailed p-value is shown next to each pathway with the following notations:
*p <0.05, **p <0.01, ***p <0.001, and ****p <0.0001. The colours denote the same information as in Fig. 4.
1. The critical proposition 2.3 is applied to each node.
2. The critical proposition 2.4 is applied to each unclassified node, and the incoming links to the newly identi-
fied critical nodes are deleted.
3. The redundant proposition 1 is applied to each unclassified node, and the incoming links to the newly
identified redundant nodes are deleted.
4. If Steps 2 and 3 involved the deletion of one or more links, propositions 2.4 and 1 in Steps 2 and 3, respec-
tively, are re-applied.
5. The simplified MDS problem for the resulting network is applied after adding information obtained from
Steps 1~4 into the ILP.
6. After an MDS solution is obtained, the control category algorithm for critical and redundant roles is ap-
plied to classify the remaining nodes as follows:
6.1 The critical algorithmic procedure is applied to each node that belongs to the MDS'® and has not already
been identified as critical to determine its critical role.
6.2 The redundant algorithmic procedure is applied to each node that does not belong to the MDS'® to deter-
mine its redundant role.
For artificial network analysis, the formalised Integer Linear Programming (ILP) problem was solved using
the GNU Linear Programming Solver (glpsol). For data analysis, the ILP problem was solved using the IBM ILOG
CPLEX Optimiser package version 12.0.
Enrichment analysis. To assess the extent to which each control category is present in each metabolic and
signalling pathway, we used the following enrichment factor. We first computed the fraction of enzymes or pro-
teins identified for a given control category (S) and existing in a given enzyme functional class or pathway (P) N&
divided by the total number of enzymes or proteins identified for the given category (S) Ny, yielding fSP = NI/N.
We then calculated the fraction of enzymes or proteins that are located in a given enzyme functional class or
pathway N* divided by the total number of nodes (enzymes or proteins) N in a given metabolic network or signal
network, i.e., f© = N¥/N. The enrichment factor for a control category (S) in a given pathway (P) was then com-
puted as E{ = ln(fSP /f?). We then defined a contingency table and evaluated the statistical significance of the
enrichment or depletion of the identified critical, intermitted and redundant enzymes or proteins in each func-
tional class or pathway using Fisher’s exact test. The two-tailed exact p-values are denoted in each figure using the
following notations: *p <0.05, **p <0.01, ***p <0.001, and ****p <0.0001.
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In the analysis of signalling networks, only one organism was included in each enrichment computation. The
computation of the enrichment of a control category (S) in a given enzyme functional class or pathway (P) for all
organisms included in a major plant lineage involved Nf , Ng, NF, and N, where each variable has the same mean-
ing as defined above but aggregates the total number of counts observed in each major lineage.

Data Availability. The metabolic pathways were downloaded from the publicly available Plant Metabolic
Network Database Version 12.0 (PMN) www.plantcyc.org. The signal pathways were downloaded from the pub-
licly available SignalLink 2.0 Database http://signalink.org/. We did not perform biological experiments, there-
fore, we did not generate any new biological dataset in this study. All the computational results are presented in
figures and included in this manuscript and in the Supplementary Information that accompanies this paper.
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