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Fundamental study on “stochastic vacuum heating” mechanism in laser-
driven ion acceleration

Akifumi Yogo, Institute of Laser Engineering, Osaka University

Ion acceleration by high-intensity laser pulses has attracted a worldwide interest as a novel beam
source. Recently, efficient ion acceleration has been achieved with femtosecond laser pulses having
suppressed background light lower than the atomic field ionization thresholds. However, there
was no evidence whether such a "“high-contrast" pulse having picosecond duration is advantageous
for the ion acceleration. Here we report efficient ion acceleration with high-contrast kilojoule
picosecond laser pulse producing a plane plasma that expands quasi-one dimensionally. High-
energy electrons can recirculate around the plasma and be heated anomalously beyond the
poderomotive potential. We term this phenomenon as “stochastic” heating of electrons. This
mechanism allows to accelerate protons having energies exceeding the prediction of a conventional
model. The stochastic electron heating also leads to the drastic increase on energy conversion
efficiency from the laser into the protons, depending on time or laser-pulse duration.

The acceleration of energetic (>1 MeV) ions driven by relativistic-intensity (> 10'®* Wem®
%) laser pulses is attracting large interest on the prospects of realizing a novel source of intense ions
for ion-driven fast ignition [1]. Laser-ion acceleration by a strong charge-separation field generated
on a thin foil target is governed by the absorption mechanism of laser energy into electrons. In the
interaction between a laser pulse having relativistic intensity and overdense plasma, electrons are
anomalously heated beyond the ponderomotive potential [2]. This phenomenon has been
investigated intensively by several groups [3—5] revealing that nonlinear motion of electrons takes
a predominant role in the electron heating process.

In this study, we experimentally investigate the ion acceleration mechanism using
kilojoule picosecond laser LFEX of ILE Osaka university. The laser pulse having a duration of 1.5
ps is focused onto an aluminum foil target with an energy of 1 kJ. The peak intensity obtained is
1.2x10" Wem™. The kinetic energy
and mass of ions accelerated from
the rear side of the target, the 100

. . . . T F—F A T T— Ty T— T TR
thickness of which is ranging from - % 15ps K
0.1 to 25 um, are analyzed by * 3ps /
Thomson parabola spectrometer. As L Z e v L
. Ref. ’ At

a result, protons having energy 50 e, [
exceeding 50 MeV are observed | e, t%f
using the high contrast LFEX laser, v s L
as shown in Fig. 1. Note the i Fak ks F%
observations above have been
performed without plasma mirror in
the laser path. In a previous energy
scaling of ion acceleration [6], 50-
MeV protons were obtained with the
laser intensity exceeding 102 Wem'
2 which is higher by an order of
magnitude than the present one. e e L R

To explain the
experimental results, gve discuss the 10” 107 10_2: 10
ion acceleration mechanism via Laser Intensity [Wem™]
anomalous heating of electrons,
where the temperature of electrons  Fig. 1: The proton energies obtained with LFEX laser pulses
and the charge separation field grow  having a duration of 1.5 ps (red stars), 3 ps (blue star) and 6 ps
as a function of time, indicating that  (green star) as a function of the laser intensity. The reference
longer duration of the laser pulse can  data (triangles) were obtained in [6] using 1-ps laser pulses.
make a beneficial effect on the ion
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acceleration. As shown in Fig. 2(a), when we expand the pulse duration (FWHM) of the laser from
1.5 ps to 3 ps at the fixed laser intensity of 2.3x10'® Wem™ (see Fig. 1), the electron temperature
measured by Electron Spectrometer (ESM) is drastically enhanced up to 1.2 MeV, which clearly
exceeds the ponderomotive potential around 0.2 MeV for the laser intensity of 2.3x10'® Wem™ used
in this measurement. In this study, we term this phenomenon Stichastic Electron Heating. At the
duration of 6 ps, the electron temperature turns to decrease, indicating that an optimum duration

can be found around 3 ps. In addition, the proton energy,
analyzed simultaneously with the electron temperature,
reaches 29 MeV at 3 ps and saturates around 30 MeV at 6
ps [Fig. 2(b)]. In the conventional model [8] predicts
proton energies of 7 and 8 MeV for 3 ps and 6ps duration,
respectively. It is clear that the proton energies obtained
here is beyond the framework of the conventional model.

Figure 3 shows the electron energy distribution
for the 3 ps duration obtained with Particle-in-Cell
simulation code [7]. The spectrum exhibits a Boltzmann-
like distribution [ o< exp(-E/T)] having a slope temperature
of T = 1.2 MeV, well reproducing the ESM result. The
simulation reveals that electrons continue to recirculate
between the front and rear sides of the foil plasma during
the laser incidence and are heated anomalously depending
on the laser pulse duration. Too long pulse duration (6 ps
in Fig 2) leads to a large plasma expansion that can weaken
the recirculation effect of electrons, resulting in the
adiabatic decrease of electron temperature.

In this study, the enhanced proton energy has been
successfully explained by our new scaling model introducing the
stochastic heating effect into the ion acceleration mechanism.
However, the detailed discussion is made in a manuscript
appearing elsewhere in near future.
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Fig. 2: (a) The slope temperature [see
Fig. 3] of high-energy electrons as a
function of the laser pulse duration. (b)
The accelerated proton energy
observed simultaneously with the
electron temperature.
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Fig. 3: The electron energy distribution
obtained with a Particle-in-Cell
simulation code for the laser pulse
duration of 3ps, showing a Boltzmann-
like slope having a temperature of 1.2
MeV.
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Tl D FLE £ TS 32 &5k, 25 Hz D)L A Efiz (0 K L 40 ms) 1ZxFL
NS KD, A%, TOTAREA A VPRITHAAR, FHH AL 2 L
BRINHE—ADKMBENEHIET L L BIZ, T2 N—DOFMH, SIEH LAY A X%
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AWFFEDRREFERIZOWTITILL T O®EY ThH D,

® AFtim L

Y. Iwashita, H. Tongu, Y. Fuwa and M. Ichikawa,
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WadiNN—T& 2%, BIE, IK—KEK #H#ED 5, J-PARC/MLF BLO6 B — AT A \ZH 1
FIeE 2 v o —dEE B VIN ROSE (The VIllage of Neutron ResOnance Spin Echo
spectrometers) & HF% 1 CTd 5, VINROSE (% MIEZE % & NRSE Y L5 2 SR H 7
HAV T a—pHaRERD, BEKRNOEREGD T ETOKL REREBIOX A4y
7 AMFFECRIT 5, 2 2 CTHENXRNRSE 134K E AE & O BRREMIA 0720 %
FHBH S L R T HME— D@ RARE D/ L ZAPVE TR A B o — 4 & L
T, FREEDTND, T, F—7 341 2 & LTRERHEAEFEELI 7 —
&L DOMBMIIHS Lo g A B 7 U X — (RSF) OB N & 5, Fex TR CHE— =
vy a—dEE IS, B ORI E VT2 EE R RSF ORISR L CnD, L
NLZENE, BRI T—EFHORWVEBNC LA DTHY , BITEENI 7 —ORl%* &
WF LT, RSF O GEH &G 6D D2 MEED 8 D, (LT DFE T E— LB 77V —T DENIZE
Wt Gt EANTCHERE T /N4 A BAF LTI
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[ CRHMli 2175 2 & T KRR e g@'iﬁ
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[1] Y. Arimoto, et., al., Phys. Rev. A 86, 023843 (2012).

[2] Y. Arimoto, et., al., Prog. Theor. Exp. Phys. (2012) 02B007.
[3] S. Imajo, et. al., Prog. Theor. Exp. Phys. (2016) 013C02.
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VINY ) —VE ) FX U — P ORE—REREICBIT B X BREETSIEMT
) e - BEVE RS Ay L5

[(WFIEE ] EDITERIL S SCA LG 2 RN K> THOM L. EFIC0E
IR IRFIRETERF LTV D, EMO I EE RO S FFRLEME RGBT 2 L ONn
FELTED ., KRR TIEZ < OFEBENRIFL> TEH L TWA, ZOR—M4EY
F SRR OBV 2 BRI D 72012, Z3vE CRKLE Rhizobium HKARGHIEESE D
SEAREE 2 AR IR E L | & OREIE—IEPEABIZ DWW THFZE L C & 7o, ARFZETIE,
WAL Rhizobium DL )V ) — AR REEFEEE (GraA~GraD) OREATZEDO—BR &
LT, ARHROYBRBETHELTLY LY ) —LEkE ReXi k) — LI EHRT %
LYV ) —ve Raxv T —E0E /) X7 —8ksr (Grad) X512, 0
BEE BB L ORISR EE & OEAIRD SRR 2 XS ST I X 0 iR L~UL
THEIEVRE L, HEIE EREOBMRICOWTHI BN E T2 L2 HE LIS 21T o 12,

T AX ST BT AHOBFER T Z D A A THEBR LA WA O 1) B
TRt HFE CTH D, Rhizobium sp. strain MTP-10005 FHEE / 4% 7S —+
(Grad) (Z7 72U X7 % —€ (GraD) &KLYy Ly /) —%E RurX¥x /) —
JNCEWS D TR EEEL LY ) =L B RrXd v T =B O TH D, GraD
&> TFADDNEITL ST CTEIZFADH, & R 0 2 W T LY Ly ) — L DK EgAl % fil
B2, AURTF RE1ARIT 409 7 I 7 BIERETHR TV T, ZDE &I 43, 305Da
Thbd, BONOEUHRROBEENPRE SN TNT, ZIULIFMNERS FEEMR LT
Wb, ZO% /) AF v F —¥lE TC-FDM(two—component flavin-diffusible
monooxygenase) 7 7 X U —IZ3 I N D, 7E- T, GraA 3 KX O GraD O LA E O fifBA
[X.TC-FDM 7 7 2 U —IZBIF 220 7 7 0 O ORI EE 22721 T <,
o077 IV —BEROFAICET AMIC L TFET 5 EWFF SN D, Z4LE TIZ, Grad
DT FRIZONT, X B dAEE RN IZ L D AR E DR EIZHEEI L T D,

AMFFE T, GraA-FAD A KROR A, X SREFFREAE, o FEHEIC K DA
RIEZATVN, GraA-FAD MG R ORS SIEMRAT ICHED) LTz, ZOMREEITIICHTY |
FEiH B D HAES KR FAL TR GETT O & 5 FAEMEHFIF R O 7 v — 7 & O L [FRIRFSE &
LCH#EDDLZ ETHROLY —BOIEEZH LT,

(B 71E]  GraA O KIGEN TOREIH LI L ORI Sz HiETITo 72,
FAD Z &6 L7o7R B KRS 2 15 2 T O OFESMESRIFA 7 ) —= 0 7 21T o T2, Al sl
VT 4T Ry TAERKIEEBIE TIT o T, KR, 20% (w/v) PEG3350, 0.2M KNO,
DOIEFNERE 1 pl & 1 mMFAD 25T 10 mg/ml & > 7% 7 Bk (50 mM Tris-HC1, pHS. 0) 1

_21_



nl RS L CHE L7 2 ul O % 500 pul PEAREKIZ 6t LT 20°C CAS ML X
52 LT, B H TR Z ST, ZofEsEad, HAalZEaT 5 FAD
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vy L, 1 7 —AH VA 1° &2 & HEFR 10 #T 180 7 L— Amlirh &
S FEeR S, 7 0 7T I IMOSFLM & SCALA THLEE$ % Z L T 3. 2A N fRED T —
B aflz, ZDOF—Z 2 HNTF 1 7T b MOLREF T4y FEHEIC K D HEERE &2 A
7= BRI TS IR EFE 2 CTd D 7 ARIR Grah OJEE 2 W)iEEE T L & U CHEICHW T,
DN FERIEOHEIC L > THRREEZEDL Z LN TE T,

[FER EBE]  His— & V& Grad Z KEFRBLSETH 1205 F TREL 73R %
FAWTRERILSREA 7 ) —=2 7 &7\, FAD Z4EA L= a il GraA OfENT pTRE 72 %E
Eaa ST, ZOREEIE 3. 2ANMEEE TOT — X INEE FTREIC Lz, #EdhOZERIBT
P3,21, ¥ EHIT a=b=204. 4, ¢=299.9A ThH o7z, HHFEHIEIC LY | FERFREAL S
24 BERDTNADTHFAELTND ZENHB LT, W CTET MUEEEZ e /7 A
REFMACS THIMARIRE Z bt X OSERIRE# L L BT W L R b 2D IR L7z & 2
HREBIOR MENENEI0.186 BLTN0.279 L 72 o 77,

GraA D% 7= MIEIZHFITa~U v 7 ANLRDHNKH RAAL . KD B
V= IREBRSTEHFRRAAL . EVAKROH AT a~Y v 7 A0B7% C K KA
ALDIODRAAL U THERINTWD, Grad 5 FIZMNEKREZER L TWD0R, C K
W R A A R EAERNZE ORBICEE L T\W5, Aok ik, JERFREAFIC
WEAENADFIFEL. FY 7 2=y MIFAD S L W B L T 2=
kD C Kl KA A B2 L—7"75 FAD Z 35002 9 KO ICBE L Tz, 2
DN—T" (FRIFET 271~283) 1%, FAD ZHEE L CW W7 REEE TIET 4 A4 —
X— L TBYETEENIE I N1, FAD L—7 O 0K LEHT (FREE
277-279) ORIZHESLIRIRICE EN DA 4 L BN D EFHBEOHNBBILE I,
FAD B L OEEEA A DFEAN, 7L X TARN—TFDEERZ LIZEEZBND, &
DIEIEA T DFEAE LTV DL EFTIR, BETHDH LY VY ) — LB AND Z &N AR
REZOZEMERSTED, L—70O VR LEFNEE/B AT O— 52K T 5
T EARB S LTz,

[FCR#E]  GraA (CRE9 2 B 13,2016 4R 3 A TAICBAfE S o A A= L2 2016

FERDCBWTARRAZ —HRETELTWND, o, KREFONEITHESW G
XHIEKTTH D,
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HET AT X UBRT £~ — B OREBEGHEICEET 5 X SR ETSE

It Koz

m

& ST TAAY TR B LOEM T2 v 7 —

[FEHA]  HUER RICIT IR O D E NN ORI Lo ¥ v "7 Ea e
ALTERL TS, Bz, . &l ARt & ORI ITa-m e »3.
FIRRR K7 & O @RI TARRMAE Y. ENENDOIRERK CEFT T HDIC
W L7=2 o Xy EEpEE L CREICHEIS LARLTWD, TV OMAEMMNAEET 55
ANTENE, WBREREEICIEIS T D T DITHIRMAED D b O & e 5 Rz R o T LR IE &
Lo TS, AT, FIR~KIREREEICARE T 2 ABEH Lactobacillus sakei NBRC 15893
BRHR T ZANZ X U7 v~ —1 (LsAspR) DR E Z XBURS aufigtT L. Bl&ftT o
BEIREREE AR T A ME Thermococcus 1itoralis DSM 5473 #RHISED[RIEESE (T1AspR)
DOFIE & T 2 2 & CRERE ORIRER SRS 2 B 52T 5 LRI TN L OREFE D T
ERNH~ORREM: 218K T 5 B HT X SR St 217 - 72,

ANFLEEE Lactobacillus sakei NBRC 15893 I H A R DOEEE ML THKD T&H &)
NOHBES N BRIV OIAREO—FETH S, HABEDOFAIIHFITE EH TV D D-Asp,
D-Glu, D-Ala, D-Lys DIREDBEURL TWD1, ZHHDD-7 X/ BRITHABHEIZ L > TEDL
Wb, FXIZIX Lactobacillus sakei NBRC 15893 72 F DI MEHEH KT X /T ~—E N
BIGLTCL-TI /VBholfEbnbs eEZE2xbNTWA, 7T/ Boe~—BILT I JBEDZ
b A AT DR T PLPARAFI L IR D — 5D T NV—TI1200 1T bivd,, A4S
THRETDHTANRT XU T~—E (AspR) I PLP-IHEFR T 2 VT v~—E8I2h
HEhbd, ZNE TOBRBCEOIILNE, TARTXUBET B~ —EO eIz O
T AT A v % - EEILEAETRIL L U, WE OMxHESE KT L T o&E %
AA wFF%H T ET L-Asp 225 D-Asp ~DHIR BT W AA~DIS SRS 5 & I TE
7. UL, BB HE Prrococcus horikoshii 0T3 HET A7 X+ —+ (PhAspR)
DFGEEIED RN ST, ZOD T AT A FHREIZEE L TVD &V I IRE I NI,
L7273 T, LsAspR O NAARHIE 2 P E L, HEEICHKD W TS A =X L & FEMIC iR
52 &% PLP-IRKFIT X VT £~ — B DORIEHRZH NI T 2 5 A THETH D,
BT, RIEZIRIRMEZ X7 B OIS & BRI PRI EIC OWTERIID e n o T, At
BT IOF - I SVAS RN PR S 3V (I

AKX BEEFEITII TR 21T 5 9 2 T KA S FE T O &5 AR I SR e s (J
WgE=E) & OMILEFESME T, BMFEEOMRE LI E X T EL BICREB I ELH72OIIK
LFEFIEEAT > T2,
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[EBr 1] Lactobacillus sakei NBRC 15893 FEHIE 7T AT X U o ~—1
(LsAspR) @ 0.35 x 0.06 x 0.03 mm D HfEEE PF-AR O B — A7 A > NE-3A T 100K
DEFZFP CAEAH L TIEE 1.000AD X #ECIE LT-/0fifRe 2. 54 A o [Elroh
T e DT oy T B L T ONFITRE &2l Ar 7o, BEICHEERRHT S B B AF B oy
FEE Pyrococcus horikoshii 0T3 T A/XNT X U figT v~ —1 (PhAspR) D&% PDB
DO L CHIMgEET VE L, 70 7 T A MOLREP % AV CTZERIEE 3,21 (12O Caf
BLIzE A, BB C B AR L TV D ZARDORY X7 F REDOIFIEE R
TN ELNT., ZOMERIC, Fu ST A Refmacs % W CTHINE TOREEAL
(Rigid Body Refinement) & HUfdSe{ T OF5% 1l (Restrained Refinement) Z1TU>,
O NTAEEET NV EOMINAF R I W, HEWT, 71 77 N ARP/wARP % FAVNThy
TET MED BEMEE ZTe o7, BT EEXOEE - IR, 5 FT7 VOMBE - &
1E. Refmacs\Z X 2FEEALD—BHDOITREZMY KT Z LITE V| /3fERE 2. 54 A TO K%
B% D R,,,... 28 0.187, R,.. 75 0. 255 D& 2 157-,

— 07 BEENE A Thermococcus litoralisDSMBATI KRR T A NRT XU T &~ —
£ (T1AspR) (% LsAspR & [FIERD HIET, 40fERE 1. 56 AT Ry 23 0. 193, R 3 0. 240
DIEEEST-, ZO XL THBIL7- LsAspR & TlAspR OESE % i/ —RIEICIL HE
NAEDEEIC X DG B A TV, WS OFE D> b B BT OVE 2 ST 2 i R 1 %
i L7,

[RER & 522]  AspR I TN AR CRILR ST b d 2OV 7= h b7
HAREHA ~v—HEE & > T D ABFSE Tl LsAspR IZ DWW TFE LT 5 1-169, 173-233
DA EFEIEE S 1-163, 175-233 D B #4, T1AspR (T DWW CTHEILE 5 2-228 D A $5 L 7Rk
Fir 1-163, 167-228 @ B HN LR D VRIE ZIRET D Z LA TE 2, AspR OH 7 =
=y FOWEEILZZ DD RAAL UNB7 0 F RAAL NT—HDFAT B-— bEEARD
a7 ARFATeHEE DD R TV T N-RKE a-~U v 7 A[EERWPATICER -
THEA~—ZEH L TWD, 7 2 ik O & REERRNT D5 875 . LsAspR (B
1% T1AspR) 1233 T Cys84 (Cys83) & Cys196 (Cys194) MiEMEFESL & U CREE UGN G- L
Arg48(Arg49) & Lys168 (Lys165) 23 EEFRFKICE G L Tno E&Ex bhvd,

LsAspR & T1AspR O & bl 92 Z & T AspR DR EEREE~ D L BRI O — g 2587 &
MIZ72 o7z, LsAspR 53 F1% TIAspR KD RE TEHTE LD WEE TH D, —wEmAKF HE
TIE, TIAspRIZ N-K¥i o -~V v 7 AR TIROWBUKPEHAAAER & L0 £ < 04 F %5
A% CHRE 72 % A ~—ZTEAL L TV A DIT, LsAspR 1% T1AspR 1F E Oi@E /8 EAERIZ L
TR,

[ ]  LsAspR OfES LI K OWE S FROMFICIZ B3 2 iR 1X Acta Cryst. FT1,
1012-1016 (2015) \ZF8FR L7z, FEEHAT DRRIZ OV T O L EERF TH 5,
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X BREENTIC & B T litoralis H3E L-7 A3 X —F O E—HREBe /B RF 22
DIEE  FEER - BIVE AR SRl AT HE

[WFFEER] 7 AT X F—BIIT ANRT XU NE T AT X B ~D MK fiF % fil
I 2R T PUEEIREZRETLZ 2 oAtk v MMER IR ORER E LT,
FRMEERICELTOT AT X ACHKT HEHmT 7 VLT I ROREEZIZ
HPHAE L TEHEN TS, AIFZETIX, 80°CLL L CTHAE Al g 7 M A 2 il
Thermococcus litoralis DSM 5473 37 A/NZ7 X —B MR (TIASNase) % xfH1Z,
il & BERE D BAMRIZ DWW THEIE—TEH MR BT 21T o 72, TIASNase I3 L-Asn, D-Asn @
W EMERICEN T2 &K 7T Th 50, MR BE R L2 MEE 6 KON IAE
IR TH Y | KEEROIEVER BRI S iU, REERZ MY P Ea i
JROTERIE L U CTHREG LIZBRIZE 2 V152 BITER O X0 A 72 FEH 0 BHSE < BIE %
FFIOBRICESL b O E ]S D, £ 2T, BEFE BT B L OEEHEL YL EA
& DA IRO ARG 2 X BRHEEMRITIC L0 A L~ THE L, S E IS v
THERE - DM BILMAE 2 SRR LI 2 2 & 2 BRYIC, B R SERT O
RSy F AR FEREIR D 7 L — 7 & DILFRIFTE 21T > 72,

[EBRFIE] MEERE LT — %ty b B o migEE T LIz oV T,
COOT & Refimacs 7= R\ THEEET L OEIE L REELZE D K LIT S5 Z & T TIASNase
DOHFEE %1572, £72. TIASNase [N FE TIZHESINTWDHT AT —E Lk
;L C D-Asn (26T HEERTEIEDN B O SICHEN H D 2 LD AKEEE O LB O kE
& FEM 72 SUCHEE 2 f R~ 5 72 DI VBRI & DA RS b O RS fRIT 2 B &
L CEREZITo T2, BUEAT > TV D fE b SR X B AV R U i i BE D s M T v
a—NEFLZEND, ERLEREREZIRYD H L TREZEA T 2EKICIRET 5%
BETOBEAERHERORHEIINETH 5720, HEEE TOBE SRS O R 2 R 2
7o FEEUMTH D L-Asp. D-Asp, a7 @E AW TREm LSO R 7 ) —=0 7
ZATo 7,

[#5 5 & %%2] OTIASNase D& : TIASNase (IfE S CRI—DHY 7 2= hn b 72
L BREEELCEBY, ZESVIERZ v~ N7 T T 41K D0 ERIE ORE R
E—HLTWE, SV 7 2=y MIKEWNEmm RAAL U E/NSWC KR AA D
TOD al BRAA AT, TAUH D Asnl85—Glu204 D 20 T X/ FEFRIEMN D 7
LV =Ko THFEIN TV, 184 7 JERFERAEND 2D N Kili KA A 1% 4
KD -~V v 7 A Nal=Nod) & 128D - A FT 2 K (NBI—NBI2) THERL &
NTEBY,8AKD f— AT F (NI, NH—NMB,NLII—NSI2) L4 KD a—~V >
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AW RAAL VDERFRER L., 7L RE BT+ — AT 4 7 LT,
Flo. f-a-BEF—TIFTFELAEDEZ LRI ETHEEETHDLZENRMLNATWD
23, Prol06—Phel45 O TIEINB—NA—NBI INEBEIZ T+ —VT 47 LTED,
THUIHE RN IED T =T 4 7 E LTUIB LWEETH 5,127 7 2 BRFERIE)
5705 CRIGM RAA NI S KD a—~Y v 7 X (Cal—Co5) & 4 KD f— AT
Y R(CA—CPRY) INB72 D YATS— > — P THERASNTED .C RO _RKDOa-~V v
J A (CoA—Cabd) N RAA URIZ, Y DOa—~Y v 7 A (Cal—Co3) v — &
e /U CTROHINZEL & L Tz,

CREERRT D o0 T =y METIE CARILENRESARTHI L TERDL- A
N7V RPBRAHRERT— MR ZREMICETR > TR S, EIZ C Kl KA A
BT AMHAEEMICE>TEAAMO 8K 2 TR L TV, TBRIBE 7 285 %
F =L BT 287 X —F X dimer of dimers & FEEND X A 7D, >0 &K
D78 5 U EARESE 2 AL L T D23, TIASNase D - BEARIEE X Z U O — BiREH
OREEEFHBIL T D, LR L, IRKGEHT ARTXF—B I 7aex7l v’
FERE CTh D7 EIEMHRBIMEO R CIIRERERZNDH Y . 26 & KRG 512X
XV ESRRE COMEMI N LETHH L EZX OND,

ﬂ) U h— R A

N it KA 1 o \ N

TIASNase DYV 7 = v &

QEEEUY & OB EEFEROFRR . LEHEWY & oM bEFEOR 7 )V —=0 7
DFER. T AU E TIZ TIASNase HLR THEGL MG H AV TUW D 5ol & 1T E e 2 BARF D5 b
BTl AR D Z ENTE I, BONIEEMIC OV T, B R — 2R 5E
R BURDERMERFZEIER PF I C X BREIFTER AT o 7203, fRbT rIRE R BT 7 — & %
BTS2 D o7, 1l L2/ 5720, i bR o ik i ch 5,

[ RwmA] 2016 453 A FTAICERE SN D H AR I LE2 2016 4FE KEITHB W T,
KA —FE2TELTND,
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RISHALEEROL 2 A L 7A B EL MR OG- AR E R 1L
TETWR - INKE BB T L7 bo=s 25ty & —

[EW]
BIE MR AES Y (Thermally Activated Delayed Fluorescence, TADF) ##hZ.

A% EL FTHCTEL S —EEB IO ZHEFERES 100000 THRICEHRTE S
EWVWOFFREZAL TS, A% EL ORI ELE L THERZED TN D, K
PR TIL, MWL A 77 TADF M8} (Scheme 1) ZF%FF - ARLL. EHIZ, Zh
SERNMEE LTHWS Z &, @AM EL £ 12 FEBLLT,

7 oF
SNN@Q Q@i @g @i
-

2DAC-Mes3B DACT-II 3ACR-TRZ DMAC-TRZ

Scheme 1. TADF #1045 F#51E
[HEimORER & BE]

TADF #1 Bt D IR =R 2 7] £ S 5 720113, FICE G4 5 —HIHE L O = HIEEhE IR

EOTRNF—7E (AE) /NS TDMERDHD, AE,ORE X, FIEHED HOMO &

LUMO % 5H 9 58 i@ < A BEAO RS S LR L. —fi%IZ. HOMO & LUMO > ZE

MM N TSN TNDIEE, A IF/NS R ZEDRMBNATWD, AFETIL, &F
LRI L 0SBz A B, 72 B ONZ HOMO, LUMO 23 2 FAxt b4 5 = & ¢, /NE72 A
Ea BT DRIMBIERZR Uiz, ZORER, Scheme 1 IT/RT LI R ——T 77 ¥ —
TIAEEIZ 35 2 & T, HOMO, LUMO D3 An 25 JEIZ i S 4L, /NS TR AE, B TEH 2 &
R LT,
[ =8 GE]

Scheme 1 @ TADF #BHZ >UWNT, A ML U EHEFR T UV-Vis WL 227 kL,
FEIEART RV P PLEEERIE 2 RIE Uiz, E72. TADF Bk Z 78 A AR ok
SHT F—T7HEZER L, FREOCMERIE 21T > 72, TADF O3 pL
MBS AES o 7n, BZERBFEROWNIAY Y a— MEZ W T, TADF Mk
ML LT AR EL B2 ER L. - L7z,

[HR L E£]
DPEPO A8 A MEEHIZ 16 wthDIRE THE S E S Z & T, 2DAC-Mes,B 1FIFIE 100%
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DFINEFUNFR A2 7R LTz, 2DAC-Mes B & F B & U7 AH#E EL =+ (FF-FH%1E 170 (50
nm) /TAPC (70 nm) /16 wt% 2DAC-Mes,B:DPEPO (30 nm) /BmPyPhB (40 nm) /Liq (1 nm)
/A1 (80 nm) ) & 21.6%& V5 @mUVIMNBE IR A R LT,

CBP 75 A hEEFRIZ 9 wih DR THH S5 Z & T, DACT-TT IZIFIE 100%D % &
TR Z 7R Uiz, DACT-11 23kt U= A HE BL 1 (F7#1E 170 (50 nm) /TAPC
(100 nm) /9 wt% DACT-I1:CBP (40 nm) /BAlg (30 nm) /Liq (1 nm) /Al (80 nm) )

1£29. 6% & D iSO TE WM B TR A2 R LT,

CBP AR A NEMEHIZ 16 wthDPRE THEBSH5H Z & T, 3ACR-TRZ (X 98% & V> 5 FEiw
F TR Z R LTz, 3ACR-TRZ ZF&IhEEE LT, BAmBAH EL 1 (FiiE
ITO (50 nm) /PEDOT:PSS (35 nm) /16 wt% 3ACR-TRZ:CBP (45 nm) /BmPyPhB (30 nm)
/Liq (1 nm) /Al (80nm) ) Z{ER L7z, A~—/L#ikfg (PEDOT:PSS) BLUFENE (16
m%%mwmww)i@ﬁ7ufx RV L, w2k (BmPyPhB) | EFIEA
J& (Liq) BLUEM (Al) (FEEAREFEBEICIVEEL -, Lo HkECER L - A1
&%%@%%%%@%iﬁﬁfﬁﬂ%@ﬁﬁa:@@@Mmﬁﬂ%%%k%ﬁ@&
RFOPTIIEWVMETH 5,

DMAC-TRZ > =— &% 84% & i\ L& IR A /R LTz, £ Z T DMAC-TRZ O =—
FEEERNEE LTHND Z LT AR N7 ) =B ARAEHEL EFDOFEBREZ TE
% & %, FEFAEREITO (50 nm) /PEDOT:PSS (40 nm) /DMAC-TRZ (70 nm) /BmPyPhB or
B4PyMPM (X nm) /Liq (1 nm) /Al (80 nm) DOFHEEL &1 Z/Ef L7=, PEDOT:PSS J&¥5
F OFE S JE (DMAC-TRZ =— K 5E) i‘ﬁ%%ﬁ Ta AL R L E S E  (BmPyPhB) |
BEAE (Lig) BXOBRMR (AD) 1ZEZEFAFECIVRE L, ZoHETHERL
k%ﬁﬂﬁ%m%%ﬁ\%ﬁf&z%®%mﬂﬂg%@$%%bkoKﬁ%@%%\
TADF MEHIAR A 7 U — 2@ AH EL RFORNMELE LTHAMATHL Z &n
I,

[ R ]

® K. Suzuki, S. Kubo, K. Shizu, T. Fukushima, A. Wakamiya, Y. Murata, C. Adachi,
and H. Kaji, Angew. Chem. 127, 15446 (2015)

® H. Kaji, H. Suzuki, T. Fukushima, K. Shizu, K. Suzuki, S. Kubo, T. Komino,
H. Oiwa, F. Suzuki, A. Wakamiya, Y. Murata, and C. Adachi, Nat. Commun. 6,
8476 (2015).

® Y. Wada, K. Shizu, S. Kubo, K. Suzuki, H. Tanaka, C. Adachi, andH. Kaji, Appl.
Phys. Lett. 107, 183303 (2015)

® VY. Wada, K. Shizu, S. Kubo, T. Fukushima, T. Miwa, H. Tanaka, C. Adachi, and
H. Kaji, Appl. Phys. Exp. 9, 032102 (2016)

® 20159 A, FHe4mlFEyIatine. [TI7IVXVBIRNITIOUrnbRb il
TADF #4} 2 FH VN 7- 83478 OLED DBR¥E | il 3 £
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BEABRRTBF LV ACHTHEMEE R Y MERINIT L D
R RO FRFOAIR

Jrm B - EILERR AR

(EE@]

BIRT B F LT, TORELEFREBICHRT 2EFWEICINZAT, &n
Kﬁzzw%— E%?émﬁmﬁ%m?$#%meﬁm%ﬂ%Lké%@%ké
VDGR 2 D e R+ DOERMITICH STV D, HEEE 61, ZThETICHIL
VAV O Wittig-Horner LD FUG & 51 & f5e < AV =/VEE D ZHEBEROG &2 FH U
T, fix OEBBEEFT HEELBRIRT £F L (Sondheimer-Wong ¥ >) DEK
WZEKED L CTE Y (Figure 1la), S HIZ 26 DALEW OMTEE FERIYE L ORI FH
T FEE AW THL NI L CE R, £, ZOEEARRRKT BF Lo 2 FEHT AW
HIET, RULVUFBROER R EFT T n RRLE M ORI 1T o T D 1

—J5C, WA I Figure 1b (239 X 912, SEDOTFE TREA O T L% U HHO VR
Uk, AR RY MEB L OB AR VIR HRREIT T2 2 2 AL T
% (Figure 1b) °, ZN OO THEARGERA VR EIIr A FHIERIIS O D 1
R ROILIRCE A WIZEN S, 22T, AR TIE, S L7 0% %
W%, mERBERT EF L ACHEH L, ¥l IEES FAaSE & LTHiRF S
% m LA A WO AR E R LTz,

@  so,ph PhO,S
Nucleophile (Nu)
Trapping reagent (E)
— Q 9
SO,Ph
(b) . . . . .
Carbosilylation Carboborylation & Diborylation
1
MeO-B(OR), R~ B(OR):
; s [Fe] cat R' [Felcat [ > ) _
R:[R PhMe,Si-Bpin I pinB—Bpin R® “Bpin
. 3_ 1 3
PhMe,Si”~ ~R? R-X =2 rRix  RNR
R2?” “Bpin

Figure 1. (a) Protocol for synthesis of Sondheimer-Wong diyne and pentalene derivatives

(b) Iron-catalyzed silylation and boration of alkynes
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(EITTEES|

T UDIT, BRAREED LR S ) LIS DRiEt E21T > 7= (Figure 2a) **, ARG T,
ANRR I B X OVR U IS L1357 Y, trans (AL ORISR ETT 5, 2
DAV U AT RHERE I STERRIRE A I 32 2 & C, EERAO VRS Uk
MUEAT L, N2 U URREREG AU D & ]I LTz,

T3 URBA T 10 mol %D 83 & dppe (1,2-Bis(diphenylphosphino)ethane),
UF U LARFY FE THF HUEFSEME T MR L, Mz Lz,
Sondheimer-Wong A > LD, BRIV ART U EINZ, 62 60 °C
TMBMRHRZAT o 7o, JRBIO DA IBUGSRMET 8 R THR L7z, 567 AR
WISV TN T hrav 87T 74— GPCIZ X AR EZRAL T8, A DH
HE, FEIIZES o7, GPCIT X DTG, TRFFRFH] 45-80 min DO T 1 —
R7ps 7 n@ifll i (Figure 2b), @ FEAERIOIREGY RGO TNWDH Z L
DR STz, AL, BAHRDOANE ) U Z T, LiOMe (2L 25 VA >~
DRI EN Y, HERERME G ZTbDEBZEX TS, BUE, HFEH
TE7R E DFEMR BN 24T > T D L & B, SBRITERBEOHEENSRANE R TR L
bkt 2 PETH S,

{a) (b)
FeBr; (10 mol %) 70 T

cl dppe {20 mol %) S s
- l LiOMe (1.3 eq) %

; i == ]I] A [l | PhMe,Si-Bpin (1.3 eq)= complex g\ 30
S M N mixture z

NN THF o

(1.3 eq) 80°C,8h 20

40 50 60 70 80
Time(min)

Figure 2. (a) Iron-catalyzed carbosilylation of Sondheimer-Wong diyne (b) GPC
profile of the crude product

[Z% k]

1. (a) Orita, A.; Hasegawa, D.; Nakano, T.; Otera, J. Chem. Eur. J. 2012, 8, 2000. (b) Xu, F.;
Peng, L.; Shinohara, K.; Yoshida, S.; Hosoya, T.; Orita, A.; Otera, J. J. Org. Lett. 2014, 79,
11592.

2. (a) Babu, G; Orita, A.; Otera, J. Chem. Lett. 2008, 37, 1296. (b) Xu, F.; Peng, L.; Orita, A.;
Otera, J. Org. Lett. 2012, 14, 3970.

3. (a) Nakagawa, N.; Hatakeyama, T.; Nakamura, M. Chem. Eur. J. 2015, 21, 4257. (b)
Nishikori, T.; Nakagawa, N.; Iwamoto, T.; Hatakeyama, T.; Nakamura, M. 93th CSJ Annual

Meeting, 2015, 2E6-50.
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V7=V BRMEEETBEAZ NS F R O3 &
RENA F~ A REE A5 18 B~ D it F

WD ] - SORRRSE - AEAFIEARSERT

[Fm s B]

RFBITHIRE A ED 0.4% LR WADERTH Y, JLREIEH 28U HLAERIC
RFE LT AL T2 BA L, B R A A~ 25 REBFEIR E T2 HilF AR~
DTG L 7o T D AFFBIIEOZEE S AL AR 7 v — 712 - TEMi S iz
AILFFFERETIE, REY 7= 2 KFERE U THME T E 2 BT 2 T34 A4V
T ATV — FFOREERAE LT, 7= 7 asl) A REEORER S ERE Sy
TThDH U 7= OBRR % FTRE L T DAL OB 21T o 7.

V= BT HRAFY 77 A4 F U =TI, D FERTFICBEICEENS HEER
ZENAYITHI U, £ 5 2 AIMlE O S A BRI A b G L CRIAFBEZR B T
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Figure 1. (a) Schematic illustration of enhanced -catalytic effect of AuNPs with
alkanethiolate-SAM. (b) Schematic illustration of alkanethiolate-SAM-capped AuNP 2D-array.

_33_



T~ K- I TIRIAR D R STEEHIE EA FAR 2 RS 2 Bl &2 S5 Z & ITEY)
L7c? £2°T, RBFFETIE, KV EiEtEeflsigfle B e L, BEICRAIEE/R LT
e SRl L THWE T o7 v aR ) o AROSMZ BT D RIS & ROS
TGP E OFEREBIRZ I 5 Z L 2 B & L THFgE 2 T o 72,

(E3TTEES

ZWRoTBANE E AL AT R b oo il EEAE & Al S & OABIRAIR A Bl & 2T
HI2OI, Flix OWELZ AT HMIEEAZER L7, B Eo&T 2R+ OWBREE X
TRRIESOR AT o To il 2R, AREEPEIIHE RIS L T—RIZHBIT 2 b 00, mEE
EIZfE, K 70% CEMRZ R T2 &2 /A L, £/, BEEE &7 2 8E MR A
PO U 7oL, ARIEEAE 23 6 8 S ONE MR B OSBRI 5 36 L& Hufil 4~ 2 fE 3
BoONTZ NG, &F /R & EEMEEER OB AEH DS T 5 L
TV ZEBW LN ERoTc, AMEEOILFENIFEOM R ZTE L, e ORFED4ET
J RLF IR SCER S E EAL FEAR A VRS U CARIEE 2 0 L 7GR, ek et Rt

REE DY A RKAFIE & 1T R 72 / AuNP-array i g
j— u j— H
Y, PEREE DA 20 nm T @‘5\” L @S\" B

TGN ARG PE DN 8 < 7R D
RBNFIETDHZ E2 R LT,
Z DY A KAKAFMEIT T VT
FF 77—k SAM DS & L
TEHT 2 THLAD
SAM HE & E T/ b HA O
YA ZIRTHY, SEOKE ' 0 5 10 15 20 25 30 3 40 45
&8 /bl _ s

e Figure 1. Size dependence of catalytic activity of
D EE IR EHES 2120592 2D arrayed  alkanethiolated AuNPs towards silane
LOLEEZ LD, alcoholysis reaction.

initial reaction rate/effective surface

S il ek ek AT R

o N A OO O N B OO
o

Au atoms (x 10% min' mol')

[£ L]

T RLF RSB E E AR O 4 OREEER A2 2 T2 ERL L, & ol
BEEMERHI 24T © 2 & T, Al S & ARBETRPE ORI OFBIBIR Z B S i Lz, £ 0
fide, TOAA T AT — N TREEM SN TeT /KT ORIk D4 T/ KL
TR & TR DV A AR R RS 2 L R LT

[ 3CHK]

1. Taguchi, T.; Isozaki, K.; Miki, K. Adv. Mater. 2012, 24, 6462—-6467.
2. Ochiai, T.; Isozaki, K.; Nishiyama, S.; Miki, K. Appl. Phys. Express 2014, 7, 065001.

_34_



2015-18

Mechanistic Studies of C—H Bond Functionalization Reactions Using Iron
and Related Base Metal Catalysts

Naohiko Yoshikai (Nanyang Technological University)

Introduction

Homogeneous catalysis using first-row transition metal complexes has gained increasing
interest in the recent years because of their potential as cost-effective and environmentally
benign alternatives to precious transition metal catalysts. Among notable examples in this area
of research are low-valent cobalt-catalyzed C—H bond functionalization reactions developed by
Yoshikai group.' Regardless of the synthetic utility, the nature of catalytically active species in
these reactions have not been clarified, as is often the case with first-row transition metal
catalysis. Given the recent success of Nakamura group at ICR, Kyoto University in the
mechanistic study of iron-catalyzed cross-coupling reactions with the aid of solution-phase
synchrotron X-ray absorption spectroscopy (XAS),” we sought to combine the expertise of
both the research groups to gain insight into the active cobalt catalysts for C—H bond
functionalization.

Results and Discussion

Our present study was focused on a cobalt catalyst for ortho-alkenylation of aryl imines with
alkynes, which is generated from CoBr,, P(3-C1C¢Hy)s, pyridine, and -BuCH,MgBr.> On the
basis of a series of qualitative experimental observations, we hypothesized that a low-valent
cobalt species, presumably in the Co(0) oxidation state, is responsible for the catalytic activity.
In order to test this hypothesis and to gain deeper insight into the nature of the active cobalt
species, we performed Co and Br K-edge XANES and EXAFS analysis of solutions prepared
from CoBr; (1 equiv), P(3-CICsHy); (2 equiv), pyridine (4 equiv), and varying amounts (0, 1, 2,
4, or 10 equiv) of -BuCH,MgBr in THF at BL14B2 beamline of SPring-8 synchrotron facility.

Figure la shows an overlay of a series of Co K-edge XANES spectra measured for the
above samples. A clear shift of the pre-edge peak is observed along with the addition of
t-BuCH,;MgBr, indicating the change of the oxidation state of cobalt from +2 (precatalyst) to a
lower-valent state. Comparison with XANES spectra of Co(0) foil and CoCl(PPhs); suggests
that the formal oxidation state of the cobalt species generated using a large excess (10 equiv)
t-BuCH,;MgBr is closer to Co(0) rather than to Co(I). Note that a similar process of reduction
of a Co(Il) precatalyst to a low-valent Co species was also observed for a catalytic system
comprising CoBr,, P(4-FC¢H4);, and CyMgBr (Figure 1b), which was developed for
branch-selective ortho-alkylation of aryl imines with styrenes. In addition to these Co K-edge
XANES spectra, Br K-edge EXAFS spectra clearly indicated loss of Br atom from the
coordination sphere of Co along with the addition of ~BuCH,MgBr.
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Fig. 1. XANES spectra of low-valent cobalt catalysts generated from Co(Il) salt, ligand, and

Grignard reagent.

To validate the presence of a zerovalent, halide-free Co species, we performed fitting
simulation analysis of the Co K-edge EXAFS spectrum of the cobalt species using atomic
coordinates of a series of model cobalt-phosphine complexes optimized by DFT calculations.
As a result, fitting simulation using a zerovalent 17-electron complex [Co(PPh;)4] gave a
modest R factor of 4.89%, demonstrating reasonable agreement between the experimental
EXAFS spectrum and the one expected for the tetrahedral cobalt—phosphine complex.

Conclusion

In summary, with the aid of solution-phase XAS analysis, we have gained insight into the
process of reduction of the cobalt(Il) precatalyst with the Grignard reagent as well as the nature
of the thus-formed low-valent cobalt species reactive toward C—H activation. Taken together,
the XANES and EXAFS data and other experimental observations suggest that a neutral and
halide-free zerovalent cobalt-phosphine complex represents, if not completely, the nature of
the elusive low-valent cobalt species under the catalytic conditions. While there still remains
feasibility of other types of cobalt species, this implication would be helpful for further
exploration of improved catalytic systems for the ortho C—H alkenylation and other related C—
H functionalizations.
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ipr—N._ N~ipr R’N\_{N\R
L = fpr L = IMes (R = 2,4,6-Me3(CeHy)) !

L = IPr (R = 2,6-Pry(CgHa))

Fig. 1 Molecular structure of 2a with

Scheme 1. Synthesis of 2a-c. 50% probability ellipsoids.
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= 1.0 \\ 210
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g -15 . . 0.5 . . .
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time X107 (s) [Si(OEt)4]o (M)

Figure 2. (a) First-order plot of the reaction of 5 (0.005 M) with Si(OEt)s (0.204 M) in toluene at 80 °C. (b)
Plot of first-order rate constants (kobsd) against the initial concentrations of Si(OEt)4 in toluene.

S 52 EByring plot 2179 2 & TIEMEALRT A—4 2R HEHT 5 & EM b= FrE—(A
SH23-153.4 Jmol! L AIZKERETH D Z D, MUNIREMINZHETT 5 Z E0RE
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OR OR * OR

RO _OR [Mn]—Ph | .OR RO_: _OR
\§i’ ——— |RO—Si%. P _ \Sli' + [Mn]—OR
OR RQ\[Mn] Ph

Scheme 2. Phenylation of alkoxysilane via Sni mechanism.

_44_



2015-23

VHERT7 2 MEFRICESS FHREERMEIR T 0 -
& JB 85 I Al 1 D BR 3%

ik BN« O T3 KPR P B TRk 2o At

NI @V Mes* (= 2,4,6-+-BusCeHy) ZECHERIICLENMINTZYRAT = v
(Mes*P=PMes*, 1) 1%, 1981 FFITEE « fiiA B2 K - THAMHERE & MGEIRED 2 S
kA TH Y | EEIMR TR L BRSO OREE L2 LR EO O &
DERSOTWD, D%, 1 OFEMAHEENIE L & I L PN 2 et S v, 18
JRNGEHIC B W TSR L iR SN D . B & D U AMALER AR S LTV
Do Flo—FTIE BRA R EEEEZBANLIZVHRAT7 = RS HE SN TEY,
BETHERICHIES LTS 2

Uiz id, 1 EAEY F U 23N DRESE T =42 2 1ITHbT vz Kk
SHEDH L, AKIE T CTYRRT 7 AR 3 O P-P #EE N EIE S5 & FRIRFIC P-
O BN I IV, AZ B AMDAERM THDRAT 7 T NT s 4 BZETFLIETR
ItAEWE LTELNDZ L2 R LTS (Scheme 1) °, 41X sp” U VIR & sp’ 78 A
Ty ) XVENGETAEETHD LD, STEo0E MR VR EIERTR
(X, 2=— 7 & RERNHE TEDL LB LND, Bx Tk, P=C _HEEG D
A R IG T D RENE & U CEMBERSICER L, A ISR L 72 AREAL AR A
7 4 IR T S Z L ERA TN D, T L EEE X TRIFIETIE, 4
EENL T & LTSRN O Ak & G ARNT I L OMBLTE M ICBT amita R /) 2 &
L L7,

Scheme 1
n-BU n BU Mes*
n-BuLi . ' PhC(O)CI |M P ~ i
! WMGS \P/P\Mes* FREI, e o j\ IIZIZBu
ti /&O Ph™ ~O" “Mes*
2 3 4

Scheme 2 {Z/R T L 912, 412I1FT 1 HED (tht)AuCl (tht = tetrahydrothiophene) % =
ECHRIGSEIZEZ A, sp RAT 7 ) 2V IRIERIRANC SN U 7= BEZ SR 5 35
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B LICARY AF L 2R L THN— 50 ZRITHERE L 72 B8 MoS, #UEk D A
A=V, BEER T X D2, BHED MoS, iE) I3 B2 BB S iz,
B2 (R)ITY CERRRETIE DA% T LTZBROHJE MoS, OFCBEIMB 2 ~T, R
650nm fJUTITFNE— 27 BFE L, BE Eapd—F —oFtFHFmpslifll < (K2
) . 2B D BRI BV T STV D MoS, 5UEHN O H HIRhEE 7 D38 St 75
LI —ET R TH S,

it LT, ADEMEAET DT T ReWaE SEEORLHFEMTE+va
DIFFITEN N FHm & o7 (M2 T), K3 ITIXZTh b OB ZHR L, &
NI Lo WK 912 Lz, TN E DT T ROWFFIT X0 BFMH 5
WD LTV Z e ifD, MEFEEORE L RKICB T 2EMR R & Z ofmix
—HLTW\5D, X5HIZ BSA & HViz[FE

B R T bR ORE RAE BT, E ————
A EDOMFIEIC BN TG B AL EHE 10 —— with peptides

MR, Y AF L h S0 A b1$é ‘

AL THRIEMICRERPEIE 2
IR, NTF RREOWFE ARy 2 10T

TR ET 22 Thd, ¥ _1“5

7. MoS, BUEHT & - Ti. i & 22

CAERIRSRICE AL U B 0%, BURHC 107 = — e — i —L
WHEZE T L Thb—ERFRAZE & Decay time (ns)

BRI A 22 h & [FRE D EIC B b
5L REST-, b oEhmEs X2 FEHEORRRTFIIER R, ~7
BHEHMERE N LA LIRL S, FREL@E) E~TT FHY OF)
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ATTANAT 7 IV —RREORT 7Y a O RDHD
PCR 77 A ~—&% 5t

KT RS SER

1. B

Megaviridae FHIJET 2 KT A )L 2 BHEREICB W B ETHAMM 77 7
NoaELT2ERMAEMOAEREEBLICKE REEL RIETEEXLNTND, L
L., BREEN S O DNA B 7 v & FW T, Megaviridae 7 A L ATk L CHREBRAY 7258
BFW R ZHEE L, KU ANV ZADZERMERLHUIR S 2R DTy —v (FF 4
~—) [IMFE L7\, AWFZE i, EBSMEEA 27 L7 ey =2 | Tara Oceans O
vay MUV ARF ) AT —2ERHATHZ EITLD Megaviridae Bt~ —h —i&ix
- (DNA polymerase, RNA polymerase) (ZHiFA)72 PCR 7T A ~—Xt 285G EHT 5,
RSN T T4 ~—F HN T, HARRETERILES N IRAEWE 53725 D DNA % §7H
LT, v —EaxFWhZHEEL., Y RESTA T 2RIERY —7 = —
(I1lumina, MiSeq) IZ XV 7 7V 2 UM 24T 5 IO DR FTT 5, T4 ~—
DE%FHR X OWHHELY T — % OfEiTiZILE e s (LR & JEETIT 9,

2. FEBITE

Megaviridae \ZHE T 5~ — I —i&E{x T (B-type DNA pol, PolB) % Tara Oceans X %
7 LA —4 (xx Bl OHH L, EIERSIL AL TT T A A R ERITD, R
w2 B L CL BlSI D 7 v— bz 1T - 70 GLRIBFIEE - 7. R i - =R,
AT DO TN — o TS E T T A ~v—%ixet L (WFEREHE - W, F5EH
F o =R, PR 27 A 11 HRBRIE TR L 72k Z 7 4 L2 —TAHIMT 5 Z LIk b
PAMESy (3.0-0.2 pm) ZFHE L7c, ARy S L7z DNA 28R & LT, 1Rk
L7774 ~—%MNWT, ~— A —Ez Wi % PCR g L. HHIEPEY) % 5 i R
VkEDIEE (Agilent Technologies, Agilent 2100 XA AT F T A %) Taltfb L7z (BF
JEREE  HH., MR IE R

3. FEERRER

Megaviridae Bt 7 A VAR D~ — 1 —8 a1 (PolB) % 923 BLAIfhHI L7225, 37
TOBEHNARIT SN D HEBITIRED b o7z, &2 CTRMBZER L T/ —E
T EAT, KT N—T I R23 82 O F I (~—k v hEi#Fet L7z (®W1), A7
Z7A~—% >y h%& Tara Oceans A X7 ) LIZX L THRELIEZEZ A, 97.4%D
MegaviridaePolB FiAZ M AIRE CH -7, KIZ, 82 T A ~v—k vy  DHIH A X
70 DRSBTS ARSI N R D 7L —7 (8. 68%~0. 03%) AAE) LT 5 20 &~ b
iR L, KRB L0 Hhi L7z DNA 28558 & LT PCR 217> 72, L22L, WTiho
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T4 =y MCBWTHEEFH OMIETREBSAZ B L 1 2
Iote, &2 TRIPRENE 7 =T ZIOE LT 3y 0. =R
FZJINT, &5 PR &b i Lz L 25, FIHIE %823__.
% 0.1 ng 725 10 ng ~, HEEY A 7 V5% 25 [B]705 38 Al 55—

B9 Z&T, WTho7 74 ~v—ty MZBWTHEEY se-——

1 REAHLEEEREOREBETWN 2/ 2 LickII L

WEYC1ZX 204 410 466
(2) (bp)

M2 BEFHEEOSNTS
A<T—(1~3)ZAL=
4. B PCRTELNIEE TR

Tara Oceans 7B ¥ = 7 MIBIT LY 7V 713 RIEE, SO e
g, A 2 RPER 82 FULITAT DI R, R A AT OREHIZ T
iib\o U7 LAMFZE Cld, SIS KT DA X T ) AT —E Db RE LTS T4 ~—

. KRB OAEYEFIERFTRETH DL Z 2R LT, ZOMEIE. KST74~—
oy bR OUWRT T Megaviridae B U A /L A DZARMERARE AL AT SH 72
HOY =L LTSHARTH L Z L am< mme L T o,

Stk EREFME S HICHE L T, SREIZIZ A O g 72 Megaviridae 7 2
TV a MR ORI TR D, S BT, AARSHMOWEE L 0 KRR 2 AF L, 4
W5y D I 72 B THE X oA XM 43D DNA Z A fER T o 7 U = UFRITICHE L .
Megaviridae Bt 7 A /b 2 DMEFEAI R ZARMEMANT 24T 5. 2D K 5 RWFRE &2/ T
TEIZBIT DR T A )V A DSARMECARE DA S 7v, WEEE O W BEIE BRI FR ~ D BRAFE N 1
LboLWfFIND,

=

e 7

B1. Tara OceansA%24 /LT —Ah S EhT=Megaviridae|ZH 3 5 PolBM923EL I T S h =R #i#st
BEORFLIBRBEDEE. TNoDOEINE—D TS/ I—tIrOMRTHAEETRT




2015-28
b MENHIEBRERE T — & =2 OB

A=)« R TR

HA

AALFEFZEO B#IZ e FIBNRE DRGSR T —F X—2ADMWETH 5, b MYy
PIZIIZFELER R S AE L TV D T EIC e 0 v R 3E(E) O EHE DNA 2l L.
ZORHNERET DA LT ) MEITIZE D . B MBAREES OFHMAEY % DBs
FEHINB SN » T&E 2, LLAR S, IBNMEOBGFEEICE L Tz o
ZLMKRBATH D R, BEHOFEEIZEL THLT —Z A3 STV,
ARIEFEFIEIZIB N T ZAE T, OIERTE R b OBEF O KOS FEHROMHIZ L 5 &
FGNERBTICHH L Lo RE T — 2 R— 2 DR, KV, QXA X7 ) AT —H
WO ORISR TEZEE LB FERET /) T —Ya oA 7T OME L

ToT&E e, AEEZZNOOMREIERET — F X— AR OMEICI ., A ST
WD T — 2 L OFHSTT, EHIT, BIsFHEET /T —3a AT T4 D3k
T2 ~DOHEHAEERNE LT,

Jiik

OB OT— 2 ZhETIZHRE SN TV D B MENIZIIT 2 ME TR O
T2 EMRE L TAT o7, BRI X DR O A7 69, B2 g fE R ©
179 BOSERKE 72 E AN Y Z &z kv, BRREE L L ToRBREOT — 2 b
1To72,

Q7 )T —va AT T L DET—F~OEH  piEEICER L8 e T /
?—ya/ﬂ4774/%ﬂﬁb\@%%&&/AT—&@%£7/?~VEV&U%
MraiT-7,

@FT —Z X—ZDHEE . O, QDRRKVBAFOT —F X—2A%HET 5HZ &IZ XD
TR BN BR BRI IS 7 — 2 N— R M LT, AR Loy =77 7' A W]
BE7R T — X RX— R AT Kk L Codi L7z,

i

RESE U 7= T AR 1T 662 DU, 545 DILAY. 259 D GRIEE Y 22—/ T
MR SN TWD, KEGG 7 —F X=X EDREFDT —F X—=ATEHER I TV D UG
BEBE R Z N 2, 3302 OISR, 2963 DILEW. 476 DIGTEY 2 —/L 2 L T
B, INbOREE L LY — NV EERK, BREOAZ T ) AT —Z e~y 7
HZ L AERRRIZ LT,



1.

1.

EDa—ILT—4

EPRO727

E 45
EPR0728

1 C01630
R LT RX—Z20x FUHl, BRNMEICL YRS 21LED
(compounds) . )i (reactions) . M ONHERE L 72 SOnfEE (modules) (2 XK W #ak &
b,

BEL

AEFEOIEIEIC LY, BRE LT — 2 _X—ZABR K OER TN T T4
DIEEZITO &, EleimlmEE1T o7z, £72, web X—2 D> — /L & L THEHIH
EITHoTRBY, AXT ) AT —HDOv B T HREFHRTH D, BIERT —X X—
A DFHCHE Z D TN D,

FEFR L
Identification of Enzyme Genes Using Chemical Structure Alignments of
Substrate-Product Pairs: Moriya Y, Yamada T, Okuda S, Nakagawa 7Z, Kotera M,
Tokimatsu T, Kanehisa M, Goto S.: J Chem Inf Model. 2016 Feb 17.

T
O - b MBI RIS T — 2 X — A OMEEE, 55 366 [B] CBI Faililis, 77712 b
KB, 2015 4F 11 A 5 H (FAFF#E)
B b MBNAE IR T — 2 X — A OREEE, 5 15 [8] A ARPUNEE SRR e, 1@ b [EEE
SEEIE 201645 H 29 H- 31 H (JA4%:E)
A - b NBAHIE AR T — 2 X — 2 OMEFE, i 88 M A AMIE s . REIIEERES
. 2015453 H 26 H- 28 H (fA%5#TH)
B b MENHEARETRE T — 2 _X—2 51 S EGNME TS, FE KRS [REE AT
ffget > 2 —, 201446 A 11 B-12 B (GRFFERH)
S b MBNAEEHRE T — 2 X— A OMEE, B 17 [ A RERBNRED ek - F
fhrfEs, OREESERRT: (WHEX v /3 2), 2014410 H 4 A (FBF5EEH)

%
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NIV BLEBOKKY ) I 7 X

S5 - KEREGIIEE v & — B KOKERFFET

H i1

VU H O AR THEE) 1%, MEAERBRICBIT 2 FE - RAEEHR L LT, BUEW
MRIZVEECT 2 HIER IR DO NG RR D 2000, L& 5, Fio, SRR L HEE 10 TR E & i
b, BERDERL TV AIMEE CH D, TOERFNEIE)ND | HREDBEY
et - LT O 42 B s LI E R I E I SR ICE A L 72 0 | BRICE e o 42
) ABNRFESITND, L, TR, BRI INV— TN TOMITICE E -
TR HRENEDO L IICHIIL, #L, BUEDOEBIZE > 7-0) Z OmRITKA
ELTARBATHD, —hH., BEREFREO V) I OkEFFD 72 5 AR REMIC AT
T LV, BRUKT - RN CRIMOEBH CThH o 7oh, TH, Fox g
I EEDEER REUI I TYIO TP L, 2 oBdEn s Ll e e R o2 b T
kR EN I N—TThDHZ LR LI, Zhux, 7L ~an, EERE OB &
{LIBFE A fRI T 5 LTI ORI RAEY Th 5 Z L 2 ER L, BUER A1, WMo
AR A X D BEROEIGBEROMHEZ D S L, BEEROEILDO I X E2EDL L
NEDT ) Mgt D T D, BUE, IR —F o=l k55 ARSIO v —
VUTBKET L, BERER - I har R TS AOMRHE L O ) ANOEBGTHEE
WET L, #EESNTEBIFDOT /)T — a OBEBEETWD, AWFZEI. e
MYDFE ) I T A« ARF ) I T ADIH A R— N Th D EE R FALFIRICFT O )5 7
=7 L OIEFEFFEIZ LY (KEGC v AT LEDTERIZEID T /T — a AMNEELZIE L,
BONTZ SV~ EEDST ) MR EBEFOBERES 7 LR E OFEM 7 iRt 2175 2 &
FEHBET D,

7k

2L BED BEERR (Triparma laevis) D7 ) AEEHIT — X IR A — 4 o —12 X 5
Vv IRV BE L, AT -2 RO HEE S NS ) LA OBRRBIS DT
J BEBCH & A AL S B R ] A — 8 — 2 o B o — # — 2 2T L DKEGG Y AT L DKAAS
(KEGG Automatic Annotation Server) I3 J U’MAPLE (Metabolic And Physiological
potential. Evaluator) I XV T J 7 —> 3 v %2iTo7, HWTHEL LR 2 KEGG
Mapper(Z Z D R DO~ v B FZ2ATUV, 7L~ Ba0 FEREHHRIE O 217 > 72,
Flo, WAVREDT ) D=y I iGN — T OMEE T = v
7L, o) — KT =2 2B T —2 D78 T VICEVEELTEES ) L0
Referencefid#iZmappingd 5 Z LI K 0 —HJLM (SNP) ORMZR EHEZMAT L., /b
~ BEOAEEANE A FRGE LT,



e S =
1) 7LD~ v 7

AAFZEZ LD | 7S~ B FEREREE O~ v T E2mgE Lz (M), BRicfiFaishTng
¥ 2 fE (Thalassiosira pseudona, Phaeodactylum tricornutum ) D/ ) AT —X|Z L
DGO EERB~ Y 72T D&, RETOMNERKEA LB THL Z LW LML
oo, EEEIE, BICHRRRAY L STV IRFEIAE 2 582 B TR-O 2 L X Silaffin 5F
U OB EE BN FF O Z N R FFOZ EENT ) AMERICI DB Bk
o TED, A%ILS HIZFHEMR L~ OB O 2 D 52 FETH 5,
2) 7L< PEED SNP i bt

—HEIEZA (SNP) DT DFER. 7L~ SNP IE, 10000 HEEE G &72 0 1 fE DB T
BT LB SNETp o 7o IR OEED SNP OSHELIE, 1000 A5t 872 0 1 8 DL T,
EERRIZHE AN TIRBHEE D SNP THH Z & BIb b Zrolc, BEREMERAKTHDH Z L &
BETDHE, L BEBITERIRTH D TREMEDN IR I N, SF%IEI 5T SNP RHEETH
LBIZRIZONT, £HOBRFHIREE DT GHREEL T PETH D,

| 1 1 '
by = 1 ¢ | ;
s LT | >
a | | b.i. 1 :. i H 1
[ Lo | L ! B | Y
' == i | S ¥
| (=%3 : =T -
=t — AT p==
:-:‘.‘.“‘1:::1: .|- I
1 llllll U I 1 B - .:-; :
LT NI e :Il‘,'o s :‘; H i Tt
} =t -+ A )
| — gt =
f : | 1 )
! | . r 1
[ : i ——t =
— ;
& L
L
ML EORE
FSCR R
=
Kuwata A.,” Exploring the evolutionary link between Parmales and the success of
diatoms in marine ecosystems” , Gordon Research Conference “Marine Molecular

Ecology” August 5 2015, Hong Kong, China.
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NRAFA VT FT 47 RACBITHEET —FITHT 5
FEHPOBERBRRET LI Y X L

L. ~

H 17

M
[H]
<
Tff
=
1k
=
it
EIH

o
DN

5 A=)

T—HRXR—2AGHEB IO, A T r~T 4 7 AHOWE I W THEET — ¥
DFFFT N EBEMEZE L OD0b 5, FEEE. Z< DT —F =208 XML 72 EDOAREET —
ZEMNTRIAIND LI, —J7. "M FA T+~ T 47 ATHRDOND RNA
TS, BESEREE. AEMER EOEMIERT - IIABEET W TRETE D, =
NHOT —H Tk U CEERRBEIT O, AfEET — 2 ORICEB L 7o T —
BIKIT NG =~y F U Z TR, o, mEIAT ) ERLETH DL, i
FTICHREA RHETENFE SN TE N, 2D MR CH F R BRI~
AERIeWIR EOREN B o Tz, £7o, K0 R~ v F o 72475 IITEHEEN D
HOBELZEREHWTERAETHZEBMETHL, T TEMETHLE DL
~ T U TR O TR AR IC BRI RGE L £ 6, o, FEEICH &
ICEET 273U XA T 5,

BREtNE

KRAEE KT D R p R E — o~ o F o T DT DI RKOIRERBE R FIH ST
&7z, FIEARICNEF 2 & D AT AR OFRE G I OV TIZIRDO B W T LT Y X4
DHIHITWD DN, FTEAITNA 23 72 WEENE 7R OfR A BB IAE A FH R N (NP
W) ThorZ enmbhTnWbd, —JH. ATTORPMITICHEEN D E WS KD
GREITRERMHREREORRr — A LB 25N 5 P, BIEFAOLEIE %X
SHEWNEETH DA, HKRE (1 EOESAOREHSFIESOEE) NERLLFoSRE. %)
FRFIHETE D ZENAOLN TS, PSSR ST DWW TR R ED E 5 TR
ENDHTDIT, KAEFEZANEATE DR H D, LLaens, [THAD TN
WINFERIC—ET HUEND D, AET LN LRV OERET Logohn T
AT SFRTERY] LW RERNH Y EEOT — X T ICHNCEAT 5 2
ENTERMhoTz, 2T, REMEFILHFEMIEE S L E BT, ZNOOMENZ
fRE L, K0k~ v F o IROMBIMTAD X OICARAEEZIET 52 Lilc Lz,

T, DAL 0 LRI TR Z AT > TV EE DO E O L TFIRCABE D/ — v~ v
FUoUME (=7 47— a VR I2OWTHIFEZ B S8 5 X BH 21T 9
N e B
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(=R S

AOEL TTEROHABIEZ T EZTF L TR TN ~KEEMTE D0 L)
M CTH 7o, HRO T NVEWBAZFTFL, o, AT A NZEATLHI LITLY
MEOILIRZITV, B/ha A MARUEREE LTER Lz, £ LT, EIEFAICKT
HARUETNTY ALEPRTHZ EI2ED . F/ha X MRUEMEICRT 27 v
URXLERF Lz, BB LT VI XLZIEVERE R D725 TWD N, FHERE
FIZOWTIEALEOSLAE LR LA —F —%ERT 52 LTk Lz, 612, £V
FHMEZE @D~ v T U TROMRBEARRICT H7-OI12, EHEOTEAHIGREZ T L5
BOTNAY ZALEFE LI, £ LT, BEMET —FX0FET — 2R 2 WG
BREERRICLY , BRLET A ITY XLOFHEL RN A BEE LT 1],

— ., =T 4 r— g VRIBIZOW T, BLRTORFZEIZ B\ T RIS A RIS
AL T DA DFHBEME 2T L, T O EZEBREHETEEL TV, KIFERIC
BWTIE, ZONEL S & IZFEMZ DOFHZRE R4 BN L7z Journal it SCHFR 2
(ZIETER L, FENICRImTE D RIAHR Lo T,

LB OBRE

B AREE DO MRE ATRE L T 5 712 XA THERIRENRH D . o,
FEEIZ G EHEICEET 2L DIXZNE CTICHFEE LR o T2y, AR L D WD TE
NWRAIREE 7p o Tz, LU G, HREDN K E < 72 B O EH R R A FE I 1
M7=, NEZ—=V ROMREN TRREOBAEETLIANTEMTERWVNEND
FESARH D, £ T, HIREIZE L TE D ESHICHAERMAEEMT 2 L 5 71
Y ZLDORFDEZOFEL o TWD, £, HAHIREZFFLIESGEOT LAY
AL DRKIBIRENRLE S SBROBEE 72> TV D,

AMHAIRRE BRI RN T 2 GG D=7 4 r— 2  OFHEEHEELICE LTI
HINCIRRE T ER DS TR NS D BRI TNDHD T, ENHDO—ETHRERET S
ZE BRI EBEOT—HEHTICANICEATE 57 0T X LDBRENEHOFE
HEpoTWA,

TR i
[1] T. Mori, A. Takasu, J. Jansson, J. Hwang, T. Tamura and T. Akutsu, Similar
subtree search using extended tree inclusion, IEEE Transactions on Knowledge

and Data Engineering, 27, 3360-3373, 2015.
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BHEIR v U — 7 OfFHT & il
Rt FF b FORRFE G WA R

WFFEE R

Ry NU—2 RN EMEENR Y NV =2 BinfHlilry FU—27 7
EDOEER Y NT—T DELIFT X hxy NT—7 LR IREDMADONEF
QI (R7—n7 0 —) LW HEEROLERESILTWD, ¥ NV BEHABEHAR Y
N — 7 TS R ERTERICEE R Y B U — 27 TIREE 2 TERIS ST
L, KRRy NV —7 TIRERMEEY S AP S0 2 BRI E S, dIixZ o
SHHEOERMICORGIET D, T7obb, #5777 7HEEZROE WO FFENRH 5,
Flo BEHEIR Y NT—7 BBy NU—7  HE - F NI EHE Ry N U —
IR EL T T TG A RO, ZAVE T, REMIEE L LEEE O IX S T T
WiEZFRFOFR Yy N —7 BAERT BT T V0 OHEGRMNT, T — % R — AT 72
EIZOWTHFETHEEIT> TE e, Flo, ITFEEEENE L WA MRy FU—
7 DFFNZ SN T HILFEIFFEEZITV., 77 7HERICBIT 2 XREAZ VW=7 vk
& DOHERIENT 72 EDOR R ZFFTE T2, AETIXZNE TOMRICHE DS E HR 53
A2 HE LT, 877 7E R ROy MU — 7 OWEHIBENZ DWW T, PR E
Hro ¥Lab—va U, T2 RX—= AT AT O .

BREAE

AR, & U R BICRIIR ST IZHERE 2 8 B9 % neRNA (non—coding RNA) D HEZEME
MR EN-SOH D, LLENL, ZOEKRNTREZTHEEOZIIARATH S,
Z 2T, RFWTGEE & LFEZEE D TR L T & 1o/ 3BdES (MDS) 1T X 5%
MrFE%E ncRNA-Z R0 B %y N U —27 L) &A% v b U — 7 OfffTic
WHTHZ L2 LT, FRICHEFEE £ TOHRFEMFIEIZIBVTHFE L7z MDS I2F1) 2 A
TE S (critical node) & IUETEMA (redundant node) Z w4 A2 LIz, LAL
BN, FNOOFHAEFEL - HRREREZRFORy N =21k LTHBEINZH O
ThHoTlDOT, KRBT #ry b= 2R RICENOLEHERL, IHI
BEGHENEZ AWIEHRET VT Y XL ZRF L, £hxt MIBIT D neRNA-Z /37
By NU— 7 OfFFTIiciEH Lz 1],

FER
F— B RN SIS | IETE S O AR IZ O W TG B L OV — & R — 2 i %
1T BEGRRNT OFE RN T — X R—=Z T OB W TR A 52 5 Z L 2R Uiz, WIZ,
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WDS BELOWMATERDFHET VT Y X L%t MIBITD neRNA-Z VXV B xRy NU—
7 OFEMNTIZIE L7255 R DS 36 X OMAZETA AL & 72 5 neRNA (30 8 & BEMED ) < B
BRERNERICTHENZ N 2 AN L, SHIC, ZO/EMITMLATARIZBNTE
VEHE CTHDHZ AR LT, F£72, ncRNA-Z VR Exy U — 7 N HED, 7
O, RESHEENRLRDE Ry NI =71 ns 2 b RH L7z,

Flo, AR EIITL T, ZAE TICHFEMEL R L C& 72 MDS & Z D&M v
U — 7 RN ~DISIZDOWTE & 7o iiiim 2 g L7 [2], MDS 17 T 7 #Gm I
BOWTHS IV HAOENTWOIBETH L8, Tk TOREEICIE W TH A 1E MDS
Exy MU — 7 OMEERFTHIENE E OREMEZ B G T 5 & & BT, FANAER
Xy NI —JRWTICHEI CTH D Z L AR L TET, &I, DS IIfhO#FFEEIZ L - T
BEEA AR R Y N U — 2 OIS Soobh 5, £ 2T MDS & HEERI ATl
& OB, MDS DR, AR > 8T =7 T ~DOISHIZOWTH —_A 21T\ £
EELDDLELBITABOBEIZOWTHEMEIT T2, T OB SIS % O BEaf
TEDFRIBIZBWTHMRER L 120 Z LT TE D,

L% DBE

AIEEBFRIC LD, MATHSOESE 5y MU — 7R 52 LR TE, 2
D FND neRNA-F U XTE Ry NU— T OFRTIZEBWTH THO A Z L amdT I &
MNCTET, 2B neRNA-F U T E %y WU — 7 )3 RO B HREE & R o8 1 >
FNO—=21ZnWrEan2 22/ LEn, 20 X5 gz F oM hiT -+ gl <
TTBLTAKROPEE LTHEINTWD, £, LAHKOFHEOTZDIZIT MDS &
BEBEZKETHLENDY , KEBRXy MU —7 OITICEH T 2 1IZIXREET
HDHEVIMERBFET D, £ 2T, REEEILLFEFRLE S & & HICHHATER
ELOEEICHET 200 FEEHBE LOOB 5, ZOMEEZRIE, LD £L<
DRy NT—ZPTICEA T2 2 ENHEE LTEIRL TS, £72, DALY
BET 1T TV DRIER R EABE LTy MU — 7 OfEFTCHIENZ DWW TII AR &
FEODEFEIZITE > TV RVD T, RIIVASZOREE 7> TW D,

FE 2w 3L

[1] H. Kagami, T. Akutsu, S. Maegawa, H. Hosokawa, and J. C. Nacher, Determining
associations between human diseases and non—coding RNAs with critical roles
in network control analysis, Scientific Reports, 5, 14577, 2015.

[2] J. C. Nacher and T. Akutsu, Minimum dominating set-based methods for analyzing

biological networks, Methods, in press.
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Biological Data Analysis Based on Statistical Machine
Learning Approach

Motoki Shiga, Gifu University

Background

Recent development of DNA sequencing and measurement technologies on molecular
biology such as protein structures and metabolites have enabled us to profile
each individual patient. Personalized medicine is becoming more real possibility.
To achieve this important task, data mining and statistical machine learning
methods to find not only common subgroups of patients but also common
sub—structures and patterns of genomic—scale structures is essential. Thus a data
analysis method to find these patterns simultaneously is necessary. However, due
to biological noise, achieving such a task is not easy in general. Against this
problem setting, our collaborative work has developed a data analysis method for

combining a lot of auxiliary information sources.

Method and Result

On gene expression analysis for each patient or cell line, a dataset is given
by a data matrix, in which a column is data of each gene and a row is data of
each patient or each cell line. Our research has developed a machine learning
method to identify essential low rank matrices from this data matrix, based on
amatrix factorization approach shown in Figure 1. Each low rank matrix identified
by a matrix factorization is expected to identical to a gene group or a patient
group. To perform this task more correctly (robust against noise), we have
proposed a new structured sparse penalty term of a non—negative matrix
factorization to combine auxiliary group information such as gene function groups
and patient groups.

We evaluated the performance of our method using gene expression microarray
datasets for yeast cell cycles and human tumor cell lines, shown in Figure 2.
The evaluation measure used in our experiments is normalized mutual information
(MWMI), which indicates good performance when the value is large. We compared our
method with existing methods (two NMFs with a graph Laplacian, a basic NMF and
k-means) in several cases when auxiliary groups are overlapped, i.e. degraded

auxiliary information. These figures demonstrate that our method outperforms
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(a) Nonnegative matrix factorization (b) Overlapping group information
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Figure 1: Non—negative matrix factorization with auxiliary groups
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Figure 2: Performance of our developed matrix factorization

other existing methods when the number of additional groups is large, resulting
that our method is more robust against noisy information than existing methods.
Thus our method is effective for real data analysis where auxiliary information

includes noise.

Conclusions

Our research result demonstrated the effectiveness of auxiliary information
for machine learning methods. Future work is to reduce the computational cost
for analyzing huge datasets by developing a new fast algorithm for structured
sparse norm. Another future work is an extension of our model for other
applications. For example, predicting drug combination effects for tumor cell
lines requires a factorization model with a three—dimensional data matrix (a
tensor data). Extending our framework for more general data structure and

auxiliary information are important future work.
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ARFIE T, AFFERERE - HE DN N ECTRMA TE oA RiERICE Dt
RetEREM & L — —~ OIS BT 2078 & LFFIE/ S— b —TH 2 A KT - K
B TRIMEER D HEE SN TWDEIRY ~—T TV 28T D8 au A Rk & BEREME:
EHTDanA NERERICET2ELMET 22 LIk B LuweieeseE
ERBTHY T Moo KRV AT LAEEBT L, 2 2Tk, Al RERIC 7 +
N=w I R Ry v Foffoan A NEREERST 572012, B0H nm O Y il
Wi DR A R 2 R T,

[E=B5E]

AMETIH, ToE=TEK AWK . 7 7= ¥ 7 (TEOS; BiEK) @
2 FIEORIBMAT &7 ) — IR E W, ARIRE BIRREZRR L, —EREM LR
FRU7-t%. BIRIRAE A HRIZ 1 FRENT CRINT 2 & B0 U R340k L
Tz HLBEE AIZ X > THRL, 2 U IRk DK BUR 2 TR L7z,

DNWT, VUKD F ) — N ZRE L, 60 °C TH 7 A FEM & ik 1
XU TCEESFAISRET S, Wb mBERMBIREREIZL > Taa A N5 E(E
WLz, A REREOKE AT M 2ERT 5L L b, A0 7 —HERIEIC
K OHERHI 2RI A~ MV ERH LT,

[EZBER - BE]

2 BRI A DERRICB N T, SUSHTICHIBRIAD = & ) — VIR & — SR UL L
PR 2 2 & T v U BRI ORIROEERE (CVE) 1TRIBITIKLS 70D 2 230
Mmole, 7ok 2L, 60°C THKT D &, v DR I3 EERIR Z Bk L VT D
L ZMER LT, PRI DORIRIZHOW T, BIRDEHGEL (DLS) MIE & AR+ B
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# (SEM) Bl Tl L7z, &6 b OREFIEIZB N T 2 U BB 0ORi£21E 200 nm
A THY., U IR OEBRICBWCREZ S35 &, IRIFHHE L TR/
KL B ENbrolz (K 1A), LEEn-> T, ABEEOIREZ LS E5 2 L T,
U BRI T-ORIEE A& 100 nm~270 nm OFPHTHlEI Cx 52 L2 R L7,

D%, VIR OT L ) — Bk AT L, BERBRERE T T A K
WEilzaa A RiEEEEERI L7, KL
£48200 nm. 250 nm. 280 nm ® U 5 (A) w0
Wk & VW Caa A NG SRIRZ ER ®
T5 & KR EITENENE A, bk,
HEZ 2L TR, KR EEIC=
oA RO 7+ b=y 7 /N FR
XY v TMNFEEL WL EEREBL
TV (M1B), ENENDORIF A~
MU ZRIET D & 430 nm. 540 nm,
600 nm {JUTIZ S5 B — 27 8Tz, ¥

250

200

150

Silica particle diameter (nm)

100

U ki DO JRITER . RiEE, SR 50 525 55 575 60 625 65

Reaction Temperature (°C)

DT A=Y BB TREDT, o
A S T — IR BBEIC X o THEGRAI 72 X
WA S VEEET L ERLE
FE AR "L EFIE—FH L TWD 2
L EHERTE, ZOREE. LU b
WKL Dy EE D | < . mEBE
FEEIC K> TERI L7 2 v A R A
TR R B REME L TER L TV D
ZEEFRBLTVD, IHIZ, BER
RRHATC 2 A FREGIREERT S gy (a) TEOSEAIEREE LIeS U Dk T 0
PR, =X ) =V RBIRICKEINA D &, ARRICEITRRECH T IHREDZEIL. (B) #iI

ko o e LA L EPRBES U DMK T AL, SEERER
A RO RO ER L. o e R0 M SEOES,
A A NN T

[ FaHE]
[1] IUA 35 - KEF TH - & 22—, F 66 a4 FBIORmEERERES (BIR
B . 201549 A 10~12 H.
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FNRY — VBB B R—R LT BHHER B —/VEgEER Y ~— DR
BOBOK - KBREE RKF

(72 B BY) Ay — g adt, ORI ~—KTHAHRY (FE=L LN
¥%4@wﬂﬂt%§$%ﬁbfwé END  BEREMEAMELE L TIER ST E T,
PVCz I CITER D E/AR VR L 2 ER VRO X v~ —%2 AR T 52 LML TR,
&ﬁi%@&47~ﬁ%7wmé%kLTﬁ»N7m77Vﬁ%ﬁf%é:&\ik\
HRT Ty oD RF—EIxIeT 5 )~ — KL bz a2 RH L,
—J5. PVCz F OB —NVBEIOMESE LT, BN — VDX A~ —5A0IExEST
HE) N LD SRERIT AL TN wmKEART D720, A= LEBEIO
NIy 7HA M LTERTAZ ERERINATNDS
ULz &b, anxyua7z o 2IBICAT R ~—NERTEE, A—
VT T A SBEEET O KEEOHNN THLR— L NBEITE AEN AR —
JVEERINBRE CTE 5 & PR LT, ZOMSEHENZERT 57290, R LR HH0% -
il Bh 2 & DILFBFFEC LD DAY = AVFHFEROR Y ~— b2 5 IZZEN 5 DN
BLOETIEE R 5,

(B T1E - FER & B
REAEE . NIz
B IV I — LT _Bu
e oR Yool

2D\ L N (CH)m (CHz

Hex

SAFHAL Y 5 $
S \y& W<

IV AT VR EAR o
— s 4m 5m
43, 53 D7 73 v Fig.1 Chemical structures of methacrylate monomeres having spacer.

HAEZATV, ﬁﬁ

B o1 &M, 7 CHy)3

43000 O P4y w w | )\

89000 > P53 34 i 62) Et ®WM &

THIEEWEL O)g ° @
o TORIGHL Pam %f WA
Z 63l CmEH LTz b
= A, P63 TR L
b0, WRENMELS . BEERZ LW Enn /e E2Rb Z Llx T2
Mmolc, T THEL, Iy aTy R~ —OEREZR LS 572012, L

NS — VBN E B THAIAX I IV NLNT AT AZEETATAFLUESZEL L
TRUH L UL LT-HEIK 45, 55, 65 2R L. TNODT OO NVEBEZT = —

Fig.2 Chemical structures of methacrylate polymers.



NP TIFoT, HEEK 6513, WAV —Anb 4 BEETHEOND T 0 EEKE 5-7 3
VAU B ) = VTR L TANAY B 7 7 ok Ltk st T Cciifb A 4 27 Y
2AVERRSETAK LT,

# 1 @ Entryl, 2 [ICHEBALEW 45 & 55 DT P HNEE DR AR LT, WTLh B

U 72 HR L3R T M, 28 -
3

FRIFEFE 78000, Bf {N e, o

106000 DAY~ — 4steps ’T‘H) H,N-(CH,)s-OH o)\f .

P45, P55 345 5 11 H X 2)3  NaOH, NBuyl NEt, 5

foo 65 OV Br (oHs

leEibEmE v 4 Scheme1 OH

Ko 7= 1FIE

RO 7T = — VIEHR(10wt%) TIT 5 72, BRAAHINR B DO S ET 21T - 7245 . Entry 3
R L2 K 9102 M, 23589 11000 @ P6s 35 BTz, tbilsfbam i v by a 7y
VERERT M, WINEL BRo DI NNV 1 T 7 UEAL L BA L OSRREEICA
HEEZEZLNDN, BERITIN%THY, ZNETOINALARY BT 7 o OF Tl E
MoTe, AN AT 7 FREATHARY v —P6s NEMK LI LI, NMR 225 i
W HIENTET,

F1. 45,5565 D7 VHIILVEA

Entry Gk BEGKEE PR BUGFIERE R IR M,  MJ/M, fEE

1 45 50wt% AIBN 1mol% 24 h 60°C 78000  3.89 95%
2 55 50wt% AIBN 1mol% 24 h 60C 106000  3.57 85%
3 65 10wt% AIBN 2mol% 24 h 60°C 11000 1.86 91%

b, SEEOLFMFIEICLY ., Ay n 7y UFHEROKRY ~—{kizB L T,
BBFRRHMANDKSZ I BONT, 2%, Ay a 7y R ~v—KOA 4 AbLETF
VYR R ABEIEZRET S Z LIk, FRHONE I OEKHAEEENE b
RIS 5 T3 T 5.

[RRE - F2%EKR]

[1] T. Yashima, K. Hori, K. Kubono, K. Tani, K. Sakakibara, Y. Tsujii, Pacifichem 2015, 1930.

[2] K. Tani, K. Hori, K. Sakakibara, Y. Tsujii, Pacifichem 2015, 1871.

[3] K. Tani, M. Asai, K. Hori, K. Kubono, H. Takemura, K. Sakakibara, Y. Tsujii, ISNA-16,
PSB-28.

[4] T. Yashima, K. Hori, K. Kubono, K. Tani, K. Sakakibara, Y. Tsujii, ISNA-16, PSB-29.

[5] NG, 5 J. APRAR fiMs, IR, BHe4lnlm sy RZ, 2Pe055.

[6] HeH. A T, ADREE, fs, IR FRedlnlm sy AR IR R Z, 2P056.

(7] NG, A, S ABRAR, TR, A AR, . SR26l A B L SRR =, 1P060.
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BFIa2L—varvEEBMELEEL e —RRYXABIRN MLV T D
X I N72 I 7 v o BEREE DEEKR

HIAR 54« #h P 20+ K52

HEY . BEOAKE S FHZ ARG CEE L7 ey 7 HEHEKRL S 7 7 MEEAER
%, A XEREORE SOFAHEEZ B CHROICERT S, Wbhbwd 7 afisy
FEZZ D Bt nm Offix O MIEELZIHE S5, ZOMWELZRA LT, kRO - B
PE - BEF IR = L X — WA EHZ A 20 e G BE R A T 2R ITHE B DR E 5,
E Vb, M EHZ X D HERER X2 — =0 IR ER SN TLR, W OO &SR
BRELESKRREPEREIN TS, LML, FTAREMEEEZET 5 I 7 o O
HERESIIRBECH D, 29 LW RNDL, B —RX0OM K LEMNHNIZH D 3 DDK
gt (2-OH, 3-OH, 6-0H) (ZZNZE A7 % IR & o F 8 2 (LERIRIIC 77 7 Mb (b
X AR MV T TV DORK) (XD, Baw— R0 FEICRAA O 6 AR OB LT
727 n MG OBV BEEITT TH S, ZOHBERDTZD, SFEEIT, YLk
BT DR AR E LT, 10 BRET A2, Y7L TEVWIEE (X F U,
TFNVH, Tu ) TOFEEBZSFEINFICLVBREL, BREORS (OF®) B
T —ZADOME I T A= a I HEZDEEEH LM L,

ik BAa—Z(CEL) X IU S (). Am Chem Soc., 2002, 124 (31), pp 9074-9082)
CEVHESN TS, Brue—2 I, ROty —#H% 10 BATHY H L,
65X 65X 654 @ Box (Z CHARMM (2 & £ 5 /3T A —X & T, Box OF LB/ B —RE
TNEEEL, YIalb—a HH#
E7 V& Lz (Fig. la), i 8O HIE
FIL, BELe—XFEFTLOETD 6
MEEHRL, ZOWMELI =~ A X35
ZETHE I =AM ABRDENEND
FER (LR FUAFLELT—R
(CMC), INAARFTv=F /Lo —R
(CEC), IvihRFva/tio—A
(CPC)) % Box MHLNIFRE L, #IHE
TN EREE LT (Fig. 1b, ¢, d), 77 18/
ST CHARMM3T % AV, BB B
{b &7z CHARMM35 /X7 A — & FuN =,
ZOETNEFREEWPD T oY
7 L D IEFE 300K, JE /) lbar T Fig. 1 Simulation model: (a), CEL; (b), CMC;
L, EAMEEREET T 60ns DU o (), CEC; (d), CPC.




L— g v E{To7-, 3BT Ifs TITW, 100 27 v AL — & &2EXH L7, Al
{biX Visual Molecular Dynamics (VMDI.8.7) & H\u 7=,
HRERL . 3252 . 1 2 1T 05-C5-C6-06 DHIEH A UL

DAz RT, gtiggitg DHFIZLLTOHEY Th . ; ;
% : CEL, 0.447 : 0.488 : 0.065; CMC, 0.436 : Eg
0.524 : 0.040 ; CEC, 0.289 : 0.684 : 0.027; CPC,
0.322 : 0.657 : 0.021, OMC IX gt % & HEI&
EWDIZHKF LT, CEC & CPC (X gg & DOEIA N
BWZ ERHLNE RS T, —ICE L — 2D
MIBEN gt a3 T A—a vk & DA, SAE
IEHIIZ 06. .03 Do FHKBRES ZKT 52 &0
A[HETTH D,

CEL @ 06..03 FIZBIRT 200 FHKFEM G "
03-H..06 & 06-H..03 ThV, ZHZH 0.018 & ﬁ%mmﬂh”mi? 180
0.039 Tholz, NF—/T 78T DOZMMNEADL Fig.. 2 Torsion angle distribution of side
NBA, EAOAEHL0. 057 & 721, OMC O 03-H:-06 ﬁﬁﬁ%ﬁ%ﬁf&%ﬁﬂ@fmeMa
KFBFEEEIED 0.043 L0 L&D -7z, OMC 1L CEC
R CPC LV b TN 03-H--06 KEFESHEIGNEmS, T 06..03 HD55FHNKERGD
FERREIG T ECik~7z gt OFIAGNAE —F9 5, LrL7e23 5, CEL X CMC @ 06 25 gt =2/
T A= arEEDLEAE, YIalb—va O L AR ETHDL LN BEEZ
T, W TRWEIS TH D, OMC 1 CEC =2 CPC & H_T, 06..03 Doy FHNAKEEEEZITF L
WETERLBWNZHE Db LT, gt AT+ A—3 3 U EHEEFT 5FIG 2355, ONC 13 CEC,
CPCIZHERTINREEN DRV LD gt TV T WARIEEMEREZ X b5, Br—2R
DIy FWKERBAD O B LEIEOEWHOIE 03-H..05 ThHDH, 03-H..05 OKREREAE
A&, CMC>CEC>CPC>CEL DNIETE 27, 3 F DS D—DODFEIE L L ThF#HRImRE
X&BH L7z CEL, 45.94 A; CMC, 49.77 A; CEC, 49.68 A; CPC, 48.61 A, Z OfHE)
5, ONC BREbLOFHEENEL, 2FVHWES 2D, ZOHFHRRE SORERITSF
MK RE G (03-H. . 05) DFEEEFRIL & KW—F 2 "7, 03H..05 D43 FKFER G DFEET
HIFE, HFET7 LR TMCEN ZENEELL, R E LT 2D,

AR ¢ A Horii, H. Miyamoto, K. Sakakibara, I. Wataoka, Y. Tsujii, C. Yamane, K.

-180

Kajiwara, Current Cellulose Science and Technology: Chemistry, Analysis, and Applications,
B Analytical sciences and cellulose, 8. Interaction of water molecules with carboxy-alkyl
cellulose, In progress, 2015.

A. Horii, H. Miyamoto, K. Sakakibara, I. Wataoka, Y. Tsujii, C. Yamane, K. Kajiwara,

Interaction of water molecules with carboxyalkyl cellulose, Japanese—European workshop,

Berlin, Germany, 2014/10/13-16, oral.

_78_




2015-40

FEEBIG FZT 7 Li SR T 7 2 DBA%E

B - 28 B s e R

[B#]

TR, BT LW RS L aOeA ke & LT BIME & @B T (M) %20
FEOML 7 ANEBZHED TETCND, —RICHOOND BT 7 ANy ¥
uﬁ%éméioum%ﬁmmﬁﬂiMEKTﬁﬁ%mkﬁwoo%o\%ﬁﬁﬂ%
FIKIT HHIRHIRE WV, L L, BURBRFS RSB ~DIS HIZEE L Tk, ERRIC
M EICESTZIE T 7 A (Li T 2) IZBWTH, £ DOFREFHEIT 0 Tidie <,
B0 @ ERHIM DN EEN TS, ARREIX, BT 7 X & W35 o
WFFEI B9~ 5 SR8 & 2500 T 2 sUE RS AE FE i O IE R B 2 & 1 70 L. Bl
SRR M oA X O, 2oz B 2 o7z,

[EERAX]
Fli 2 OEAMEIOERL WPERHME 2 R 2ei0RE . BL O ERREMEE A =L LTH
fiti U 7=,

[EEBHERRUSBE]
DCe™ MM Li,0-MgO-Al,0,-Si0, 71 5 R M F& It 15 {4 FT4ifl

FT. INETIZTENT 7 AMEE LT, ME—pEsb STV 2 B Li
T AR LT, 205« R MEZ M L 72, BUBHZ CeO, &2 VY, R 1400°C
TR L TIERL L 72 Ce F—7 Li,O-MgO-ALO;-Si0, T A% Ce*lcik+25 & &% 6
NHEAECEZE LT, —RICEIR TORMIZE ETLEOMBUTRIR 2 & 2N H D
M, Ce IZBWTITH O N 5 D Z & DR ST, FRRHEDOFHMOFE R, &P

EER, BNRE, BLO, Xk Fr— 3 ! 7

! D |

VEREE (1) &b, RGO Li # 7 AZHARTRVWME |,
R LIz, ZHbid, Ce DI EICH kT % Lk amft T
B ERTE D,

— 5T, X B A7 FUICEBWT, CetHsk L &
AOND5Ens DWREREB AT LRSI, 2 0
WE TR E DR 2 DB A MBS D Cet 3 IED : :
WAL < . ARFZRIC X o THITIC R LR 68 < R by T

HHENRD, Fig. 1 X-ray induced scintillation
spectra of the Li-glass and the
present Ce:Li,0-MgO-AL,O;5-

@Ce™# M Li,0-B,0,-Si0, H SR D FH 45 14 5T Si0, (ID1) glass.

06

04

Intensity (a. u.)
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RO R E 2T, Ce OBLEIHIT H72012, NIEEFRHSF H CEmTX %
Li0-B,03-Si0, 2R T A L LTI L T Ce R—7REIOEREZIB 72 o7, F72,
Ce DEIE @D D=, HIEEFEHT Ce(OCOCH;);'H,0 % AWVT Ce R—7" 4T &
% Ar H1 1100°C TR L TERLLU7Z, 55720 T Ak T, Ce¥ D 4£5d BRI H
K92 WA AN RSB iERS S 4L, Ce L ¥ XANES
AL MG 1R CeTE LTH T AITHFAEL T
WD ZEDRHALNC R o T, Xy v FLr—a v
A7 FVTIE, K20 X912, ikt aE—2
MBI SN2, L L, CoTDIELMET 1.0
mol% RN D DRI A AR L TR Y | REFELE
IRETIRIP O TBE DEIANT ML IR > TN D, Photon energy / eV
St TRA MIEIN S O R )L —BEhEE L2 G D73 Fig. 2 Xoay induced scintillation
SRS DREF 547 5 R B spectra of the Ce:Li,O- B,03-Si0,

glasses containing different amount
of Ce (under 1 Gy irradiation).

Emission intensity (arb. unit)

[RER#EE]
@ EFM &L
1. H. Tatsumi, G. Okada, T. Yanagida, H. Masai, Chem. Lett. accepted (2016).

T. Yanagida, Y. Fujimoto, H. Masai, Phys. Chem. Glass, accepted (2016).
T. Yanagida, J. Ueda, H. Masai, Y. Fujimoto, S. Tanabe, J. Non-Cryst. Solids 431, 140 (2016).
H. Masai, T. Yanagida, J. Non-Cryst. Solids 431, 83 (2016).

A

H. Masai, Y. Yamada, S. Okumura, T. Yanagida, Y. Fujimoto, Y. Kanemitsu, T. Ina, Sci. Rep. 5, 13646
(2015).

6. H. Masai, T. Yanagida, T. Mizoguchi, T. Ina, T. Miyazaki, N. Kawaguti, K. Fukuda, Sci. Rep. 5, 13332
(2015).

8. H. Masai, Y. Suzuki, T. Yanagida, K. Mibu, Bull. Chem.Soc. Jpn, 88, 1047 (2015).
9. H. Masai, T. Yanagida, Opt. Mater. Express 5, 1851 (2015).
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11. H. Nanto, R. Nakagawa, Y. Takei, K. Hirasawa, Y. Miyamoto, H. Masai, T. Kurobori, T. Yanagida, and Y.
Fujimoto, Nucl. Instr. Methods A, 784 [1] 14-16 (2015).

12. H. Masai, T. Yanagida, and T. Fujiwara, Sens. Mater. 27 [3] 237-245 (2015).
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& FERFSRR

1. G Okada, H. Masai, A. Torimoto, S. Kasap, T. Yanagida, X-ray Induced Effects in Sm3+—doped
Zn0-P,0;5 Glass for Radiation Measurements, Phosphor Safari 2015, 27-30 July, Niigata, Japan (2015).
fi 12 1

& FNFELHER
1. A TJEEIN NaPOs-AL(POs); D ¥ v F L—3 = Re MRl A R, MM, MERRLZ. AR, &
HEED 55 76 RSB ESIKF AN S LY FER NS —HRH filn 15 {4
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BT DR ABEBRT T DA & HRRE
RFF T - SO SRR B A M BRETR A e R

(&=R]

Fox X7 X VRN 1AM CEGE LAY I T X L UHICER L, B EG
EHEOIRTR AT v SEEHNT, ZOBEARIZKES L TWD, ITFEITAKR L
AV IAFTHVSEEFEE LCHIA L, O EITHEREME R RERE & IR TITHE R I
BH3 2 7 iERm DAL & | FER BN EEIR T D8RRI SE 2 B B9ICAFFE 24T » T\ D,
WEERE E ClT, O TORBICAYHZZN LTI b F— Nl T 5, bHEARER
1 (2 BENS 8 BAR) OBIFIZHKTI L= (Figure 1), Zi 5 DRy T DG E
X, B DO NMR FETIIROFICRE, FTEESITART MZBW T F8&E—
IR IR ENLREETH 72, UV BED CD A7 MV OAIRMED AL
SLELTNVIRE I < N7 T 7 40— (GPC) IZBW T FEIC U R 24 2
ENDRREGRITHINT L7z (Figure 1), Z OfERZZ T, RO & L Tl R & O
MERDZAY) AFT7 2LV EHEHWT, FRRICAYHRE -7 M — a2 L72ES T
DA & BERe Iz Bk L 7=,

Figure 1. ©H ARSERIKED F GPCF v — k /\A

all-(S)-8mer

(S,R,S)-4mer K
(S,S,S)-4mer /\
1 ,3-dike‘t0ne | | A

10 15 20 25 30 (min.)

Oligonaphthalene Spiral stairs molecule

[#HBREEBR]

HEARF D SSSRSSS & SRSSSRS ODF 7 XL 8EEEZANWT, mUyFE—Y
7 M — N EBL LB S T OEREI T T2, 2o Oy FIXEERENZE A5
7o all-S-8 EARICHIR L TARLETH Y, BAHICHE LT, £/122D UV A7 hL
TIIMFPENRSL L, & 512 CD AT M UZRWCIENE, L% & Te SV ERT
DOMPCHERRNET D Z 2R LT, STARLIE~ATaXx IV F 72 1L 8 &RKD
GPC HIEITIWTHRD THIBRERWEL G 2 R L7z, 772805 (SSSRSSS)-8 =KD
GPC DIRFFIFIIZ. FTHIAATE Y > 7L OMEIEIFE L., EiE TidE< ., KEE T
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FEL eoTz, —FH. FEXF TN all(S)- 8 BIRDREFIERNIL, Yo TV ORE KT
L7 Z &2~ 72 (Figure 2), ZDOHARIE, ~T X708 BIRNEHEEICE VN TE
DEIRDOEEGERETENT 52 & ZRL TS,

Figure 2.

=&ELEBN =6Yd
1x10°%M 1x107 M

GPC chart of all-(S)-8mer GPC chart of (SSSRSSS)-8mer

1x106~
1x10°M

(S,S,S,S,S,S,S)-Smer 0 21 22 23 24 % 2% 2 (S,S,S,R,S,S,S)-Smer 5 5 B 5w % oo
retention time (min.) retention time (min.)

AT EFTILSEMARD GPC Fvy— ha KBS L, KL Wbl aEhiH L.,

Koy & RFFRER 2 7 2 > k L7z (Figure 3),
Figure 3.

(S,S,S,R,S,S,S)-8mer (S,R,S,S,S,R,S)-8mer
11,000 - 7 units _ 18,0001 8 units _
10,000} _ ¢ 16,000 | ]
@ g9o00b 6Hm,trsrj,.m,o ,,,,,,,, ﬁ 14,000} 6 units
m °
% 8,000 - 4 units % 12,000
N 7,000} ° HA\ 10,000} 4 units <,
; : i 3 unit
\:2 6,000 | Ave; 5179.0 (2 unlis) x  8,000] uni s\.
= . o | Ave; 5645.5 (2 units
@ 5,000 F S A gz 6,000 72VE; 9PT9:0 (2 units ) o N
4,000 o9 e g R 8- 08 e 4,000} .. ¢ g @ @ S
3,000 L_Ave; 4089.2 (monomer) 2000 1 1 *—XAVG;1 3803.8 (monomer)
, 1 1 1 1 1 1 1 1 1 1 ’ s s
’,\é ,I\é so@ ‘,os ‘pé ,Pé yé Iv@ yé L'b@ 2 5@ ‘,oé cp@ yé Z
SSSSSRR8 SLSE885
NN RN N o oy N v ¥ I X <X Y
RE =

ZORER, BIROESKIIA~AT o XTI AL SBENS 2=y FEELEBSYTTH D
EHERI ST, AT X T8 BEREE ) v —ITEIZIE 1x107M £ THIRT D08
MWHY, REXFTIEMETIL IxI0PM THLEAKIIEEK IV, b n—flidR
BNRRLD720T, RET D/ LRVO~ 7 a2Z@n 104 L8R5 2 o7,
[$&DERM]

REASE R LZHENEZ D00, OB IIME S %S L TIT, /-
P M — ML OZERHAT O,

[BRER#HEE] (1) 1 3EHFA L - A MEFEI AT T A (lH)2015/6/6  (2) 2 3
S5EIAMEREFE I — (Z#H) 2015/8/1 (3) % 6 5[H] A AEKFELITH LIRS
(KF)2015/10/17 (4) & 9B A xR VR Y 7 A (BH) 2015/11/20
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HEREME G B T BT % B T TR B B A 0 A R
RN - DRI R

(e H] DAORMF R Z B L CHEEMES T/ hi 28I H L7 s 28 A —
vy rrn—7 (EEA) OAIKRE B E Lz, EEEA A —D 0 ZIIFESOE
(PAS) DJFFRIZHEES X | KAWL L7201 CRAE LT-BEH 2/ L CORRIUR D5y
iz BBbT 28 TH L, EERDPKOFEHEAETHHIZE b LT, B E &%=
[ RRE CRIFUE CE DRAE R DL —T7, RERETH L2, HFEA RV T T
2 — VIR SN TR, SRR EEM 7R & 64T ki OF|H]
FAhEEBZ D, ARFSETITL P EFT OFE 7V — 712 L VG - Al s ivieae T
JRLF- DD AN O F8) 2 MFERIE T 5 2 & T S AL RS 7206 B Ry
P b D& T 2R+ OARITEE & BIE R in vivo HHFEA A —V 2 T HANBIRE D —
Be L7z,

[FEBr k] BB A A=V 7E, TSV AL —F—ZRhEE E L CER
N D NWIAR THA L 7o 85I 2 B S R TR L72(E 520> & G AR 3 5
A A=V T VAT AOHR L LT, BENOENHAET T AT 7 A N &R R
LU, BAEEL Y O =X — (EER~OLZEMNEZHET 218 2ZE 2T
PRFmEEEZ KE L TR =RV —2 s, Ye—THEKOEZE NNy
75 NEGERESE LT 0DART MNLT I XU EAEATE D X 91T
R EZ~VF AT AL LT, & BT A R 7o Rk 2 EREICIE X D 7=
DI Lo E R 27 LAkl AT e~V FF vy ik Lz,
SFE T NV—TNERR L TceT R KEERIE, BT AN (R -L-U O U ARERT
Jkiv) LT =AM (U URIREST R, IV E T A AT R, R
DT 7 U N U AMR#EST RT) T, K£xOEB—XEN, HIHEAXT MLE
BE Uz, &) /R ORiEIE 9-50 nm, KL FE/LIREEIX 0. 04-82. 6 nM DR TH 5,
Bz, 23 AMINE S LT AB49 Ml (b bAffeALE B R e iifia) | H226 i
(b MR LR EAmAe) M, IERMIAE & LC HUVEC MifE (b NSRS B2 AiAR)
Z Tz, AT R 2B A E B O BRI RIE 60-720 4y & B S TOREE
EaZ20E L, CrBamEis s, KON, B BmMeisles Lz, invivo ERE L TX—
R~ 2@ I A549 #lliE 5x10°fE % 100 u L ORREIZE L TG L, & P
200mm’ & 7p S TR TV~ U A B G L Uis, S LB ERRE, Bt E AR
RERBMMBERROEREZ T TWD RRE T 14109)
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[FZBRFE ] AT /Rl FKIRI 2 bR LT Y8 E S BRI THIE A~ hb
(AR 72 < . BFHEMEBERIC LV ZORRBRIEN TS Z L 2B LI, &
VORI I A E ISR T, BV AL EI TR R T RE S BAR Y |
BRI RV L, ETRBENRRE VI ENFBE SR ITREWRER E o7z,
S HITeT BT DOE/MRENPRE W ENETEE FIRENKE VR, &7 2 Ri1K
IR DOEIR NSRRI H-CAT U CRE L 7225 LRI OTEIEN T30 | K EEE 55
X Uiz, &7 2RI P KISIRO S22 S8 TH, BEMRANOST ki 11X
FEAENRY VY —AIZRIELTWe, REEMOEWICE DM E LThFA M
T S RFITMIEAN T L TWD 0 LT, 7=F et 2R FI3ERE LT
oo B—HEMIZL > TZOMMIZRE REWVIT RN o T0, v /VTF AT FARIEC
I, BELTWET =4 e T RO EBESOWREERFENE, KO, A
AR7 FAZEBWTIRIN A & 600 nm I HIED Z L 2R LTz, BEET L~ A%
XIRICUT- invivo EBR Tl . ~EZ a2 EOLEKRB RO IEDOWINEN KX 723y
77T RIGETHD T EEMR LT, BETT IV~ T AOK FIEEIZ4eT 7 k1K
iR & B G L2 A RO TIE, SBEMINOGE & RS F A4 et/ Rt
FHENTOB L T AHEACH Y, T =4 M) 7R FI3EE L TV A\ T
bole, Thbb, hIFF MeET 7 hTE2EE LIEGARIZII~NEI e 0Ny s
77 RRREL, T=F o MeT R 2 &5 LA 1203 600nm R4 O Rhk A3
ARETH Y . BB E SN 4&T ki ORI LT,

[£22] F0 27— T NER LTeaT /R KA &2 58RI, KISIR, B,
JEGEET L~ AL TIRIL A Lz, DSAEMIIC O BREFAIC 4T/ KiF OjEEAR
MR TENIE, REECHEBESL2RET 5 ENAlRE L 720 | BEREMES T /KL
FHFET O —TICLDINADA A= T INFERT S,

[Ri it ]

1.

M. Ishihara, et al., “Plasmonic nanoparticle interaction with cell for

photoacoustic cancer imaging”, Nanotech France 2015, Paris, France, (2015).

2. AIREW, FEANG, ‘@ 2R TOBENESEHTAEEAS A -V 7T a—T
DBERFE”, b5, 66(10), p.725-730, (2015).
3. M. Ishihara, et al., “Novel strategy for deeply penetrating photoacoustic cancer

imaging”, Pacifichem 2015, Honolulu, Hawaii, USA, (2015).

AIRE,  CHEA A= T OEFAEMSTNCE T o5 cimEm” , & [\ 0CU
WERETZ T 4T YURY T A, KK, (2016).

FAIRZETR, OCERERGOVERE 2 Tk D HaIRIC BT 5 SRR, XTSI aE
£l - BTN AFFES, 0QD-16-025, p. 43-46, (2016).
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VARAFU/TNE I VBT FAR—Z —xCT FHEFIDBEZ &
R OBR{L R b L A I

Yol it - Bris KRR 2D

AHFFEIE, AERNOEERPBIEME CH DI NE T F v OERRICLE IRV AT
A (Cys) I UG T AEMRIE LD N TV AR—F— VATV S TNE I VEET
VFR—Z— xCT OMERNZBHRE L, FVEF A AR EN L THIEOBR{EA L
A e NZHIZHIET 2 8 se M E ORI Z BBV E L7 b D TH 5, Cys 1Z7 0 F F
F U OEFEETHY . OB IARITHMIBNO TN E F A U REEZRELEAT D,
TNV FA ==V UREZ IO ET 5D AMIE S D WIEA AEMIZ BV TR, £0
RIS xCT 2AE3EHL L., xCT 2/ LIZ v A F OB AR, ffn~D Cys iz D
REERE 2o TV D, O, xCT IR AMIBOREL A b L AH0s AFIMHTE,
Hife, 12, B COEMEICRE G L TEY | xCT I AALFEIED EHE LA
FIEHATH D, 26 FEDOARILFEMIEIZ LY KBFEERB T MU T ANEE TH D
EATIEBEZ 51X, xCT IZxt L CHEIEEZ R o(LEmE WS L, ZOEEZ S & IZ,
xCT ZHET 2 DICHE R ARG AZEEHT Z LIk LIz, ZoME, 27+
A—va OB SNTZEVERE DT X JEE ) T =42 T xCT Ok EE Th
HYAF D IMOA AU EHL LT\, £, ZOEWR., BRAWESh
7= xCT FHEAID sulfasalazine & AEERICHRD THEELL TWAH Z L2 RWE LT, %
ZC, AREFGETIE. ZoEER—R L LTHIT /R xCT LERIZBBEL, VAT 0
IV IAZEFIZ LY BAMILD Cys UK (=27 V2 F 4 468) 2355, Mlaomil
A MUV REHIET D Z L2 Ko T, SIS AAERSE OF 7= 7o £ BREME 2 7R 3 3l e i Be
PEME OB E B & L,

ZIVE CORREZENE 2 xCT ZFF R IHE T 28 LR AR EA 2 BT 5
T2, PHERGICE Y Figure 1LITRLIALE® 1 2V — K& LTEAY 2-14 35k
FEEiL. EOGRMTONTL, BT TERI N — /" A— My —glutamyl
transpeptidase PAEFNZOWT, xCT 2425 2 AF BV AT IENEIZ kF L T FHES)
Raermdfbemae A7 ) —= 7 LTk, A— " A— MUAEA 11X 1o T AF
> (0.05 mM) OV IAHZ IUHE LT, £Z T, {bEWML L AL T 7T DR
EEH LI, T RELAEW 2, 6, T 27 WA LTAREITo T2, xCT & L& @
BL U 7=~ 7 A R HE SRR BN T, 0. 05 mM & 2 F 2 DB SAZRIEMEL 6F LB AR
L& % f7 S G- D > A F lgkIE O LEZN R 2 R~ 7 (Figure 2) , & DR,
FRDOR B UBRAZNIS a-7 2/ BHEZEANLTALEY 2131 & RIFOHEE
MERLIEZ—FT, eXV M UMEEEZFFS6 KOV OT X FEADO VA= VH L
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TR HEEIZLIALE W T(CT) OBRFIEHIZTI VS D ThH o7, ZORERICHE I X,
HEETEVEMR 2 TICH ST 2 EME LT, 72 FEULAEY 36, T
RULEWY 8 NP7 # L U BULAE 9-14 25K LT-, 202 BALEW 9 & 12 12
FsR W BRE D S B B 7= D T :ﬂ%@MA%:omf BRI E R L7
(Figure 3), TOFER, ZnobEWiL, BEKRGFOICIHESREZ L, EETH
672?/@2P@&f®1mWT%6%@@$#w®EﬂﬁoA% HRNE DA AR
LEBZDONT, Y AF VI IALIEM I 2B R EZTHRD L &bz, RO
FNRPRBO SN GE1E. EOEERMEICONWT LT 2 ED L TETH D,

:j /C[OH |
i + O @\ ;
HN+_~ Ny 3 120
N COOH .
/©/ 000”00 COOH
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o 5: X = p-COOH %R IOH‘ R2 =COOH Figure 2. Inhibitory effect of the compounds on cystine uptake in mouse embryonic fibroblasts.
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Figure 3. Dose-dependent inhibitory effect of compounds 9 (C9) and 12 (C12) on cystine uptake.

[ - FaRE]

1. Yin, Z., Li, C., Sato, M., Watanabe, B., Sato, H., and Hiratake, J. Design, synthesis and
evaluation of inhibitors of cystine-glutamate antiporter system xc-, a potential target for cancer
chemotherapy. The 8™ Takeda Science Foundation Symposium on PhermaSciences. January
21-22, 2016, Osaka

2. JHERR, BRGE ERERE. MEISOR, PRkt $ﬁﬂ Vﬂ?v@7W&iV
W7 o FR—H— (system x,) &R E LIZER DS TR OERK HAE
{b5¥42 2016 FREE R4, 2016 4F 3 A 27-30, FLIR (T&)
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IN]T 7 /X5 7 ==L v OR{LEE DR
R F - gACRF R LSRR

(/5]
vrunRZ 7= (CPP, K DIX, EALBRRNE
ICHSET D8 LWHEOHBE O BB IFRFTE 5 2 &b,
ZL OEALRFEELNTWD Y | HLFEMFIEE TH 5 ILT#
=D 7 NV—FTlE, T TIC CPP OB RIEDBHTEICHKIT 5
EEBHiT, Y CPP OFFRR L Ry 7 ARHEEZH LML T
L EBIT, [BICPP IV HNIF A DHFA LD
ARk, BEEC BRI LTS, Y ARFZETIL, CPP OB D BEIE Dk
EELT O 721, CPP OESALFARTE E21T -7,

X 1. [n+4]CPP D1

[S£8k - #ER]
AR 1 B b A RS 7 onty (Fo) ZEMEYE L L THY., I E RBE
(0.5 mM) CFHEEL7-[8]CPP ™ 0.1 M BuNPF, ® 1,2-Y 7 mu X LK% FAWTH A

TV TZARNLE AN — (CVHIEZEIT-oT- (X 2a), FOfEHE., Fe FEUET 0.62 V
(Z[8]CPP |ZHI kT 5 Al i 7 Eefb i 73 1 SBIHI S 7=,

a) E v b)
pc(Fe) L
—| [8]CPP Ferrocene (Fc) Ferrocene (Fc)
<" E <
© Pc(CPP) o
o o
ol s i <
ac) ] CV(RDE) -aa:-; S
g lovicer) g [BICPP /1
© E ) patFe o IRDE (CPP)
paCPP)
05 0.0 05 1.0 05 0.0 05
E (V) vs. Fc/Fc E (V) vs. Fc/Fc+

2.[8]CPP L 7 =t Da) 127V v o (ol EE: 0.035 Vis) B b) fRANLZES T L (i
FLEEE: 0.010V/s, [EIEREL: 1000 rpm).

Nernst O Y LV FHE L7-RARA, £.,-5.=0.057/n (B, £ 7/ —RKBLON Y —
RO — 7 BN, )Y KB &i7=[8]CPP OELIBREIZBIT S n &2 AfEL -7 & 2
A, L6ETFTHLI B mhoic,

S5, FBIIBIEAAHRAIET S0, OV &[T « A7 &M (RDE) & v
TexbifiA 2 o A N — &G lEZ1T o7z (X 2), £ O HR.CV 3 LU RDE
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HE XV [B]CPP &7 =t NNTHRT HEIRME i BED e NENENE LN,
Randles—Sevcik D#, Levich @Y X W FE L7-BURR. n= Uy on/ I ¢o) Y (G
@/ T @) &V [8]CPP OFLIERRICIH T ABENVE F B n Z kDT E A, 1.56 &
FTholz, nlIAKELHTHL, I HIT, 2EFBERRICBWNT, Z20E OB
A A IV ITPRELRDIFE n VNS ABELONDZ ERMLNATVWS, Zhvh
D b, [8]CPP DL 2 BT A Z TR TH D Z L BN RB I T,

S5z, [7]-[12]CPP IZBIF HBEE FE L FROREIZ L VIRE LT, ZhbHD
CPP [TV T, CV TIHAH 2 — 2D O AP BRI END Z & 2T TIZH B
IZLTW5 2, ZOMER, BLBERICBT2BHE I 13 L.2-1L.7TETLAMLD
Nice ZOZENL, WTHIO CPPIZEWTEH, BMLIBRIT 2 B2V, BRoYA
AW T DI04, 1EIER & 2BERDOEMAENRES 2D T LRI ENT,
[#EE]

BRAL TR FIEZHWT, CPP OB LMRIZE T 2B E R ORELITo T,
[8]-[12]CPP TlX, 2 E T2 AR TH D Z L 2 BT Lz, ARWFIEOFRERIL, CPP
DL ZFEN ZBfRT 5 ECEELRMAICR D EEZ TS,

ZE R

1) Review: a) Sisto, T. J.; Jasti, R. Synlett. 2012, 23, 483. b) Omachi, H.; Segawa,
Y. ; Ttami, K. Ace. Chem. Res. 2012, 45, 1378. ¢) Yamago, S. ; Kayahara, E. ; Iwamoto,
T. Chem FKec. 2014, 14, 84.

2) Iwamoto, T.; Watanabe, Y.; Sakamoto, Y.; Suzuki, T.; Yamago, S. J. Am. Chem.
Soc. 2011, 1353, 8354.

3) Kayahara, E.; Kouyama, T.; Kato, T.; Takaya, H.; Yasuda, N.; Yamago, S. Angew.
Chem. Int. Ed. 2013, 52, 13722.

4) UG ME. MHER P, L L ERUETHANEE (L), SRR, R, 1984,

AR (RS0

E. Kayahara, K. Fukayama, T. Nishinaga, * S. Yamago*, “Size Dependence in the
Electrochemical Oxidation of [N]Cycloparaphenylenes (N = 5-12) “to be
submitted.
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RO TR ORERE T COFBEMOY I 2 b—ay
LIZ N « SRR B T A7

(B8]

EDERE T COESFOEREIE N T LA R V—ICBIT 5 EMERETH 5 L R
WISHPIZ D EEZRECH S, @ERE) N O &S FIEmOWIEREERREICE N TR
0. PR PRI R TR 0 ERICLEGRMIC LIV AREECH D, BT
X7 T AF v 7R E L CRIA SN DBRICERUREECRIEM LEN 523, %< oA
ZOTIRICBW T EBERENREZ 5, RENICE O DM T EEEE) T o4&
AT IV ABRMT D0, XA T I 7 ZAOFEMINETZBH LTI MEIEREEe
ISR 2 ETERANATZ CW R W ONEIRTH D,

BT DEATFTI T AEFRNDLHE N7k LT, VA U—lIE L FERNE
MEFEND, ZHLORBFIELEITY 2 LT, BARDASF—ARE— ROEN T4
AF I AERERET D ENARETH D, DS, RN A Y7Lk TR
FEPME T T2 X9 emdiis MW ThEaFORGH N7 MOXAF I 7 R
LA EEREZIT RN L ERE LTS, VDo X S RBBIIERD ST LD
HPHA CIZAAANEE LV, ITEEOERAY - FERAOIEIC LY . BRI FOES 70
BAF 7 AEFHICHE CERRICRIIR T 5 Z E N ATEE & 7p o T & 72, DARMFZETIX
B - I ab—Ta VIITLE D, mdlRE) T COREEREHE A xS & L s
L COETFOFEEFZ L)L THLNMNZTHZ E2HE L,

(=50 - #Hig]

AW TIE, BITHIERBEDLFEREE LB LAY v TR U IET V%
AWz, Y2Y v T AT ) T BT ITED T O BHRD O E R X TR 5
HLOTHY, LAY —0 L) REMNRZEEZY X< HHTE 57210 TR EEREET
DORFEFHNFHIEE S < broTnb, F7o, —KOREFHEHNWZET LV ELED
PHEESEN ) TTVNREINTEBY, 2ORHVEDFRDEA T I 7 ZAEHfHD
DIZHELTEET VDL EEZD, o, VIR Fr—ZifnWET L E LT,
AL FE T2 e, MRS FEINFIE0 6 A H WO R Z REH72ER L
ICEHEIICHBRTELET AL ThH Y, FHEATREZRRE A 7 — V3L 0D D ELi 5
ELTHHATH S,

INETOMRIZE Y, FHEBEMBEEIIFEIRRE C b SIWrEEh T ¢ b Kk~ 7 k
LD H CHBEBEEE AN TRRTE D Z LR TND, M- T, Y R ES
REFERELHZHOTEWIREI FTO Y I 2 b—3 3 2TV, KE &R~ b
VOB AZHAT 2 2 & TEREFKOEREZHEL N TEX D, Eio, TF.

_89_



E) T CEsF OEDPINES 2 GEFEHTRRBERH D) W) 3 FET VP RES
TV 5, V20U LU, BT OEENLRE T L IRE AR TR TR D E Shd,
R¥mHA~7 MVOMBEREEIINA T, maF#HOL A T I 7 AaRTEL L THILHR
B, HAKHEOVDORY vy TRTY I BEEZMND Z L THRPY I 2L —vay
DB ERFET D Z ENAHETH D,

[vIarv—var . BE]

M2 ) v 7A7Y 7Y ab—a VTCIRIRERRDO Y TET L & RO R
LDENER LT, T80 5, EEIEE N IR E O T & & b ICFEERMR A
b U7z, ZAUTFEERRMBE N TE T THEMZZ TR &V 5 BRRRER L1382 D,
B2 v 7 2A7Y 77 )V TIERERLEROMBEANRBE S LTV RWIZH, it
B FTONLHBWNZEDMEPARDOED LV B R TLESTWNDZD EE X
bNd, ZEERY v T AT Y 72T ARG T8 TS BB O AR
MElpoTEY, B—#HLET N EERTNOLHRHWIZ L 2RI 2RV D &
THIESND,

EZAM, BHEHARY v T ATV T ab—va MBS TENF Y I 2
L—ya VORRICENIE, B—8HETAVOGE LRRICHEDR TIZE 72> TH
BRI OZALN A BT, DT Eei 0 EBr L B iR TH Y SHHEETT L
THELEMOLNDOMRIC I NOHHVOREBIRTELDOTIT RV NEEZLND,
— 7. IEBREICOWTIIZEHR Y v I A7) v 7ET IV, MU FEV) YT T
WEBITHERRGER AL, S6ICAY v T RATY » ZEIZOW T W E D
HME & HITREIT LN L TW e hote, THDIRFEEST R EBEEARE LT
TETNAOTMEFELRWEIRTH Y | FEFETERER I TIE D 5 230 B I
AL TWDHOERIRTE D,

LENS, BUTOZEEARA Y v TAT Y v TETIOVTH—-EHET L TIEE D 2B
IRWEHEAE FCORSTOLA T 7 AEHSMCHBETE TWDHIHOD, ELlk
FRIRIZITE AR THL Z L hbhrole, SBRIZIZBHEET NV TRELINLTND
BIROMY ABREEIH L I 2 L—a VORERE S EICLBEBEET VOKE B
LD EZEZ2DBND,

(2% 3Cik]

1) H. Watanabe, S. Ishida and Y. Matsumiya, Macromolecules 35, 8802 (2002).

2) K. Horio, T. Uneyama, Y. Matsumiya, Y. Masubuchi, H. Watanabe, Macromolecules 47,

246 (2014).

3) T. Uneyama and Y. Masubuchi, J. Chem. Phys. 137, 154902 (2012).

4) T. Uneyama, K. Horio and H. Watanabe, Phys. Rev. E 83, 061802 (2011).

5) Y. Masubuchi, J. Chem. Phys. 143, 224905 (2015).
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YOVFEIFy I RY AF VA RmEOSF e —F —REICBET 5
ZRERT ST

B KRR TR A 2 B

[(BE] 2> VA% F v 7KUY 2F L (sPS) &M EEREOE VT LY, ¥l
DfEfEEZ & 5. TNDOFEREED > 6 § i LV e HITZAMEORR T, 20D
ZERFINAR Sy FAE S A M LCaiE L, EEMEEELIERT 5. IR ETHRLIE, &

FIERIESF 2O ST sPS IS OWTHEBERMPEZITVY, T A MyF032E
PN ClREIfREH) 2 L, %@@@J@ZP#X N FREEIZ L > TERRDLZ X LI

LTC&E7/ V. R TIE, fdbZERPICHRINT T A Ny FOXAF I 7 AR, F
@E?Afoﬁa'ﬁ'\:ji'@%ﬁ’)ﬁ%% LT HZEEBRE LIz, £O0HIT, AL EE

D AR LB 2 FEMIZ 72 F 70 sPS Ik a5 OFERerEA B & LT@M?H% *E R,
e A R Sy OB EE L O FTREMEIZ DWW T b G L7z,

[E8]) > oA %7 F v 7RI RF L2 (sPS) 1E, HXAMLFERASH LD 472
fltsniz, EEVYSTE My =1.79x105, 75f8054M0DOFEE My M, = 3.08 OFEl
Z iz, 7 A R3FI2iE, benzonitrile (BN), 4-cyanobiphenyl (4CB) (Fntffidk),
¥ X OV disperseorange3 (DO3) (Sigma-Aldrich) % HV 7=,

ABHERIIB T L 2L v X METITo 70, A7 L RJETIX, £7 sPS k%
300 °C, 20 MPa TE\T L R L7212, KGZ = F425 2 L TIHET 1 v b2 AFR
U7z, SERECEHE, FEEIRIED 7 4 L A% 100 °C O REH T—Hhi 72 8.5 {53
5 ETRTE. 2 LT, REORITIHROFM R DITHEV, ML L OYEM 7 1 LA
A UoFERIE I v AZRRUIC 24 FH & B9 2 & TR b 2Rt S, =i e
NWEMHBLIOS & e DIRAMHEK ST, £D%, 7 A My 1EE ALK (BN X
2L 7 DR, DO3, 4CB X7 & MR IC7 4V AERIETHZ LT, Ay
TAREE IS A LTI, IR 7 o VA EER L. ¥ v R METIHE, sPS/IZ R
DRV ARRE Y v — VIR Y A NTHZ LTS ERmEA L7 VA 2ERIL, &7
ANZHREIEDHZETHARNBEASNIZF Y A N7 gV AEER LT, FENE R
DEMMITABIREICE L EEA NNy F—a—T 4 7352 L TEMLE.

R ORFED T2, XAREHTHIE 2 #IF CuKa, [FH7# 20=5-40°T=HIRIZTIT-
To. Fio, SANAIERSIEIE, RADICHIE T A MHROBRIN AR L, EHIZ
R AHC T A R OBLANZOWTEHMi L7z, 7 A NyF DX A F I 7 ZIXFHEERNAE %
JElR AR 10 Hz-100 kHz, F-E#EEE 20 K/hour TIT-7-.

[FR & EE] ﬂfVX%T@%Lkﬁ%ﬁi@ﬁ@@74wAKowT,@@ﬁ
W] & B 7 M N B EZ 70 A Bl & CRl AR FIE 21T o 7. Fig.1(a) & (b)IZ, BN 23 A
7= 6 ﬁtﬁaioc]:()\ S+e IRAHFEEEIZ OV T D 100 Hz (1281 DA RR (e7) DOIREE
KAt %, FEEEDT 2 7 F v 7 R Y ZF L (@PS)IZ BN 28 A L72 R Of:E & dhic
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/ji\“d— Flgl(a)“C“ 270 K GZ%L EMZ) e"D I:Ob—y ﬁi, (a) 0'5: sPS/BN & crystal N

0=

[ unstretched
+ aPS/BN

aPS Rk DMLY, 8O BN O L R 0uf O Shreiched 5

TE 5. ZOfEMIE, Fig.1)? §+e BEHEHTH 0ah

HEND. —F, RAMBIIBNT20KIZAE % |
N5 E—2 13, ¢ kT o BN 10 fikT 25860 & & 02t

Zbh5, 0.1}

7 4V BIEM O FIL, AT ORI EB W T ok
PHE T, e"OmS (BRED) N T 5. & fidh Tl TIK
BREENHEINL, e MM TIHME T T2 Enbng. (b) O BN s+ ¢ oyeta i
Tarallo & 9 013 X SHEXERENTIC L 0, sPS 041 O imeaotched [5
DY A NYFICEEE AR S i
BLTWND. BARRIC pitroanilineNA)IF, # Wt

T

OIT- OS5I CEll) 75, 8 fiT el (E5T 02

FEHD M) Ik LERE ST, e #dh T cfill & AT 0.1}
Gz & ZENT 5. sPS 7 4V ARIEMT S ;
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Dynamical correlations between molecules in polymeric liquids
Sathish K. Sukumaran (Yamagata University)

INTRODUCTION

Computer simulations of molecular models are a powerful tool for investigating the dynamics
of entangled polymers. The molecular models that have proved useful can be classified into
two types: multichain models and single chain models. Multichain models use appropriate
interaction potentials to simulate an interacting system of many chains, for e.g., the Kremer-
Grest model [1], which uses the molecular dynamics technique to simulate chain motion. In
contrast, single chain models essentially focus on single chain motion. Examples include the
tube model [2] and the various sliplink models [3-5].  Single chain models for entangled
polymer dynamics and rheology typically assume that each polymer chain moves essentially
independently of the other chains in the system. Hence, they assume that the various physical
quantities (for e.g., the time-dependent relaxation modulus) can be calculated as a sum of the
contributions from the individual chains. However, using molecular dynamics simulations of
the Kremer-Grest model, Cao and Likhtman [6] showed that there exist significant
crosscorrelation contributions to the time-dependent orientational relaxation function. They
attributed the crosscorrelations to the excluded volume interactions between the chains and
mentioned that entanglements do not contribute significantly to the crosscorrelations. 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, in this
study, we investigated the crosscorrelations between chains using one such multichain sliplink

model, the primitive chain network model [7].

MODEL

In collaboration with Prof. Masubuchi of the ICR, the effect of the correlations between chains
was investigated using the primitive chain network model [7]. The primitive chain network
model is a multichain sliplink model in which the effect of entanglements between chains is
replaced by sliplinks distributed along the polymer chain. The subchain between sliplinks
corresponds a chain segment of entanglement molecular weight. The model and the simulation

code are identical to those used in earlier studies.

RESULTS AND DISCUSSION
For a direct comparison with the results of Cao and Likhtman [6], we had calculated the

orientational relaxation function for the subchain vectors between sliplinks. In addition, we had
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also calculated the relaxation function of the end-to-end vector of the chain. In the case of the
subchain relaxation function (and which corresponds to the time-dependent relaxation modulus
by the stress-optical rule), the crosscorrelation contribution to the total relaxation function
actually increases with time and reaches a plateau in the terminal region. In the terminal region,
the ratio of the crosscorrelation function to the total relaxation function reaches a maximum
value of approximately 40%. On the other hand, the results indicate that effect of
crosscorrelations on the shape of the relaxation curve is not significant around the terminal
region and that the autocorrelation and the total correlation functions can be superimposed by
rescaling. In contrast, the contribution from crosscorrelations to the end-to-end relaxation (that
corresponds to the dielectric relaxation of type-A polymers) were essentially negligible.

In order to understand the difference in the crosscorrelation contributions to the subchain
relaxation and the end-to-end relaxation, we systematically coarsegrained the chains. This
allowed us to interpolate between the fine-grained orientational relaxation function of the
subchain and most coarsegrained relaxation function of the end-to-end vector. At each level of
coarsegraining, we doubled the number of subchains that were included in a coarsegrained
segment. We found that the crosscorrelation contribution to the coarsegrained subchain
relaxation rapidly decayed with progressive coarsegraining [8].

As mentioned earlier, the crosscorrelation contributions to the total relaxation function of the
subchains was significant in the primitive chain network model. This model has excluded
volume interactions that are weak and interchain coupling is mainly through the sliplinks. At a
first glance the result is discouraging as this would severly reduce the value of single chain
models for the study of entangled polymer dynamics. However, as the crosscorrelation
contribution to the macroscopic physical quantities strongly decreases with coarsegraining,
single chain models for entangled polymer dynamics may still prove useful at the appropriate

level of chain coarsegraining.

REFERENCES

1. Kremer K, Grest G, J. Chem. Phys. 92 5057 (1990).

2.Doi M, Edwards SF, “The theory of polymer dynamics”, Oxford University Press,

Clarendon (1986).

3. Hua CC, Schieber JD, J. Chem. Phys. 109, 10018 (2001).

4. Takimoto J, Doi M, Phil Trans R Sec Lond A, 361 641 (2003).

5. Schieber JD, Neergaard J, Gupta S, J Rheol, 47 213 (2003).

6. Cao J, Likhtman AE, Phys. Rev. Lett., 104, 207801 (2010).

7. Masubuchi Y, Takimoto JI, Koyama K, Ianniruberto G, Marrucci G, Greco F, J. Chem.
Phys., 115, 4387 (2001).

8. Sukumaran SK, Nonaka R, Masubuchi Y, Takimoto J, (in preparation) (2016).

_94_



2015-48

BT~ A7a Tl VKB FRDO A NiER(LEN 1%

E ZZH - BB BSL R T
¢EL:R)

27 v YA RLLUT ORI & AT D B HUEORL 7 DU BOR IR, R FARE =R D
HRICTE bRV am A Fifdh &IN5 BAIRBAIEE 2 TER T 5, B S b an
4P%%ﬁﬁ?5%%ﬁﬁ%ﬁﬁ%mi01%i@\%@%4fﬁﬂﬁ%%ﬁﬁké

SICITEETEITERBIZEEND, 2O X an A RiEEIZ 7+ b=y 7 fidh%
m@ﬁ%ﬂﬁ%éﬂé&k% 2, A DT OMEBBEOET VR E L TEE LTHEIK
B BCRZX G E L UERIITOI TV D, LvL, & OE RN IR0 #
P2 MT LHRDTIER, AETIEY 77 v YA X9 2 HoHsE M
BT~ A 7 a VORGSR ERSRE L, BEERIC L DRI L DR K
FRHREICERE SN D a2 m A Rt ZFE8 2 EENICRETT2 2 2 A E L,
ZOFRIF R & WD ANBAELUT K DR RFRE 5y SRHIAE 0N ZohE - Vs i R 3 B 221
HR T 2 EN L LBE O/ S S, KT O JR T 2R 220330 < 0 B O EE 73 /N &
WZ IR DHTFHIRED AR EZ R E 35,

[EERAE]

REMREEESG T TFELTHLBNDRIWN-A4 Y T L7 7 U7y I R)
(PNIPAAmM) ~A 7 a7 vz Mniz, RT U EREET U oA (SDS) 1fFE T, N-A
TN T 7 YNT I REAFLUERTZ UT I K% 500 mL O/KH 70 °C Tk
BIEATHZ LI~ 7TV ealk Lic, REISE / ~—C0H FiEls
PEAIZBATIZ LD BRER, WA EE, BTS2 kv Lz, ~/4 7057
JVRIPE DR FEEARAF PRI X BN AL BELYE (DLS) IRV IE L=, =1 A RSt ZEhx
Hfd L OSRSNrld o tiE (UV-Vis) (2R 0 #lgg Lz,
[(#5R - BF]

PNIPAAm ~ A 7 1 7 VRIER DA RLRFASIN SDS & 500
RAFVE% Fig.1 12779, SDS IINC & v Rifkid/h & 400}
<725, AElX, 25CIZBIT DRI 300 nm &
whHhwA 7 ar e, FO~A T a Lok
BOBEREM A Fig2 (271, ~A 7 o7 Tk

300

dpLs /nm

200+

IR CREAM S %38 5% @ PNIPAAm Z/VIZHWT L 100 7
<Embn=ZFdEhz Lo L, BEICIDR 10 FoR g
FEFRHEROHIH N RETH D Z ENTnD, amount of SDS in 500mL of water /g

Fig.1 Dependence of the hydrodynamic
diameter of the PNIPAAm microgel at 20 °C
on the amount of SDS in precipitation
polymerization.

_95_



DA 7TV HGRE IR BRm L
UV-Vis A7 R~ UZEHEIC BRI e —
7 BB IVTCIRE & b fbIRE & U THEW -4
X728 Fig3 Th s, ZOMIZESE, &iRND
fEmlb T AIME~EIREY Y LR a1
A NG eRRLAR D IRE ] 76 i 4 e P BRI K 0 Bl
B USRI ERE 2R 7, ZORE%E Fig4 |2
RT, FlRES KL OMKIRA D T 7 ARRFEIE BE CHG A
{ELHE DB 1 & a5 988 O IR AR AFE DY L &
Nz, Tz, —HERE CIIEEOILZROHT b
BRI, ZHUd, B2 DR IE ORI 2 R
LTV EEBEXZTWENRBESZRTTH D,

FIgEARE B LE P OKIRNE, & T AEEBIR
EORBERL ZIT D 0FIIERETH D,
Z 2T, $BEOEEMIC OV T, ERIRIA DR
6 DOFEEILICB TR BN TV 5
Wilson-Frenkel HJIC XV T 24T -7, #daAH
CHEMMBOILFERT Y L ENRT L b
E—OHTHRED LRET D & fam bl X
HRHEFREEO KR E 72D, £ T, MdbkE
WEZ Ve lZxf L7y kL= (Figs) . 7=
2L, 2 CHitEhoRE bR X, —H72Y
I ZZHOBTE LTS, v~ 7 aX L%k

400 T T T T T
3001 % % -
£ %%
9 200+ —
© 947
100 .
0 | | | | |
15 20 25 30 35 40 45
Temperature /°C
Fig.2 Temperature dependence of the

hydrodynamic diameter of the PNIPAAm
microgel.

30 T T T

281+ —
Liquid
26 —
) 24 -
22+ Crystal —
£ rysta

20+ —
181 —
161 —

Il Il Il
2 3 4 5 6

c /wt%

Fig.3 Phase diagram of aqueous dispersion of
the PNIPPAm microgel.

ICBWTY, fEfafbiE X Wilson-Frenkel H| CEHICx A Z L RHL N E 2o T,

1 0 T T T T T
- ¢ wt%
03.0
8- 035
49
£ e ©50 <&
2 9
£ 3
E4r ] ®
o
2 I -
| | | | |
10 15 20 25 30 35 40
Temperature [°C
Fig4  Crystallization temperature dependence of

crystallization rate for the microgel disperstion.

0.20 T=23.8°C |
T=242°C
T=246°C
T=249°C

0.15 T=251°C

0.10

0.05r -
:Kxx
000 | | | |
1.0 1.1 1.2 1.3 14 1.5
1/¢

Fig.5 Wilson-Frenkel plot for the crystallization of PNIPA
microgels. The crystal growth rate G was normalized by

UV-Vis absorption peak, which should reflect the lattice
constant.

_96_



2015-49

2 BIESR 7 1 )V A DORRIEIN LR ORRE DT
A I RPN 27 e 20 e

[Introduction]

BT RENT, IR LCIEMIZ X » TR OFRICAIE S THIHT 5, il 212,
BEEMIZIE 7 4 V2RI U THRIAT D, BIZE, RS v —gE, b - HhiE
I E D ENT 4 L LTINL L THRA2 OAEFEORTHHIN TS, ZTHET, HEKR
FALFIRIERT O LRSI L0, 1 HEHIER 7 ¢ L A OREETEIZ DWW CRHl 2170y, K
W BT D EOEL A EE 2R, SO T ERIERE R E IR T 5 00,
B ERRIZISOEV @< bR NI EA/R LT, L LR G, it > e xi2>
Wi, PEEICHEFRITISHENTWDE DD, 7 at ZDMTIEFDIRENEMETH D
728, FAEITOILTWRY, £ 2T, AWV TIE, HEEM 7 ¢ L A ORGSR AL
Trt ATBNT, SFHEOBRIZER L Cikam L7,

€L !

BN, 7 &6 0 TOFEKFERY = F L FIZEHE
3 %D F&E2 0 0 HOBKFE (BED) RIzF Lk
o~/ mua R UHTHEKIRG S b0ERA L, B
2SR, AL N7 L ABET 0. bom DJERICEIE L, SEILFE
Fan b RAERT R O 2 WhiAE g A T, [RIRE SR 12T
T4V DB ERLTZ, 125CT 10 B W THES 7 4 VL%
IMENU7-88102, JEMZIT o7, EEICHW 2@ S ER L7
T 4N K IR, PREE 265 x 25 L, ok
HOMEMLEN 2 x 2O AERETHD Z LR LTz, £z,
Bt X # A T/ - R X BRBGELRNE 1, SRR O

SPring-8 @ BL40B2 # X UM/ MA X #REGELIHIE 2 BL19B2 T
Tt X1 2 #hiEfRg (F) B&

[ 5] OEf EE7=7 4 LA (F)

ThENOTa T 7 A NO IR BEX 21T,
upper 3 X U Lower IOV TIRALAIEN B S D, Wzs '
SAXS

T, T OO AR T upper B L lower (2D
WTC, BEHMIIZZ 4 v D3 glokbnd Z &b
D, TATHEENPERLIZEEZZ LN, 1 DEHE
B bREHINICEM LTV TR RS, £,
ROV T, IR AR oA B s K2 T h028T ATy Ay
Bo THUL 2RI TEE L < HEH S U7 - RS RSSO 72 B,

upper lower

_9’7_



S DITHEICTHI 21T 5 720, ThTh o

HWEHM

F0 T 7 A MTONT SAXS HIE D 5 B JE I 44 A E
DRES L E—s DRREEY, WS WE S S e /S e
MORRLEREN L, ZOMRERSIE § atin b _ el
S, BRI upper 1 L U8 lower DA 2 ?': _ Sl 8 1 iag | 035
K& 2o TOD A, AR & < 72 D [ S o
WA ®H5, UL, WOBSTHS uwper £ w0, r
BIO lover 78, WBHAE TAEED = o) '

fiio77 AT @R —HiciRfT 52 sa 8 :

RLTWA, HE T, IR
WIS 720, FI B EEENRRKE L oo
TWo, 2, 2hmnhbmglokEb
TGS, T ATMMPMEE ST, AT OfH
WSR2, BELOHEL RIpo7-T X THE
ERRET 12O TH D, £z, fEdbEX
YD ERSY Td 5D upper, lower 23 <, Hide
IR T DAEE 23 B D, HILER TILIR E
T L0 R b AMIEE S U TRE AR B EE 3/ &
B EEZBND,

His N BOEL O 22 [ 4 127”7, B (upper)

720 -1F - -5 0

Frame number

X3 REHERBEBOE—7 ONfEY

g (), wesfeEE ()

upper
d-PE/b-PE (97/3)

2 parallel Lo MD
5 parallel to TD

Intensity / arb.units
Intensity / arb.units

4‘6?“ % 4 (‘7‘8‘ 2 4 EX‘ 2
0.01 0l 1
Q/A

10" s,
10°
10°
10° 1
10° 1
10°
10' 1
10° 1
10"
107 .

In

20

center

68 2
0.01

R R
0.1

Q/A

HIZ DN T, ARSI DV T, i
IS A B, FE e TRy B4 upper #5y & RSO/ ~ /M
AMELA R DR, CAICOWTHE, X5 XBEELT T 7 AL
DIFHT S LE T H 503, IR K & e IC WD CIRE ARG O R — S 70 E OB T,
FTIrmr~ s u TR EMNARbND L EE L,

(651

2HIIEN 7 ¢ VB D~ v B U TN ATV, HHIEfERE OREE A I DV Tigim L7z,
FRCHRESTIX, /) A7 — AV TIRERNICETNTHL b O0, FEMLEAEL 720 I
(CHE 72 DTN, FERLENERLS 2D Z ERbrote, ST 4V AEKDI /m
AT =V OARE—SPIFFICRM S, 7170 A= ORGERER ST,
[45#%1c>n ]

ST T BRI TR OMEZ, F 7P FHELC K 2808y 04 181
DK Y OFHE 24TV, “HBREMEFIZIST 57/ 27—V OMED L EZH LN T 5T
ETH D,

_98_



2015-50

sPS & VR VB D & BIiLiER4b
JIO R - RECRZERZ BB 20 25 B

(/7]

VUIFRIFy IR AFL VPO, WHDOTXRIZF v IR AF L EDY
MEDE WD SHEME UTORAPAINTVWEY, Ko r2ERmozAicr A
e UTHDIAAZERZERT 2B L WEEZROZ e ohTnws, T
HEMATHIE, 7 AN 7O&ER - Bl - BiEFEoHIEc XD, S0 1e U TEM
7R, KEREI R R— 2 L UEREMEM BRI AN DI TE S, ISITT AN TIT
NTEEGEREZEATENE, K OEMREREEZREOMBIOREI VL R EZ S
N5, FxIFHFEEDOHET, fZFﬁ¥kbféé%%®E5ﬁw$VM%§lf
LRt Uz, ThoDhE - IBEELZFIRD Z 212X D, FRIMIZEBD
BEHON T 2EALKENE RS T2 EL WREMEZIH< Z t%ﬁ%tbfmé
[FEER)

ESH A VR VB (5 FE n=2~9) & DIL&E R T 1 )L L DFERIZ 1Z(1)sPS/CHCL:S Y
7 ANVLDSDT AN (AIVE VRS 2 NI AIVER VBT 2 - 2 (50:50v])
BHIZIRIE) (2)sPS/ICHCL/ 1V AR VRS ER Z v A~ (WRIE) , O DD Nk
EREI U, BonfzfER 74V LADF Yy I 7 X)X =Y a3 VIR G, X
ik, BEE0HTE (TGA) %Wz,

(5 & 5]

AR IE X (1) TTGG & ¥ A BHE A D 570ecm” 74N Y RPBHTE 5, (2)
1219cm™ @ C-CHEFEIREI 72 EIH7 A b & 5 WX TH % CHCL DR N R A3 %k
LTW3, (3) MR X#iEHr T 8 BUILFE ORI TH 5 20=8°L 10°Afi& (CuKa ##)
Kmmzm&%WEM5,awosﬂﬁ%mwﬁwﬁéﬂ%btoit,anﬂmml
FHE D ARAN N Y RIZ A VR VIR A0 C=0 MifEiRE), (2) 1750cm™ f3E D FRAF N v
NIE2OV R VBB ERD C=0 MifEiRE), & U THRERE “BROEILEZRE L2,

5 S DIMEMERIE TH AR AE SN, BHIETHEROEENEL 25 Z
EDHERTET. (Hlin=6 DANKYVEEHAWZIGETT A NRBTIXHRER/ 8K
M 6/11, HWHIETIE17/3) » ZORER/ ZEREOEIZERLU 224008 X#rEHT i
LEHND, =6 DANEKRUVBEZHANTT A S ZHETHEEZT7 4 VATIZT7.8IZENS
010 SHAS, AIRIETIX8.1°1ZY 7 b LTHE D, HEARDBEMNIT ALK ST DNE
LTWBZENWREBINDS,

BWIETD T 4 )V AEHGERE Z R HIED ATRETE > THAZE T A, BRI
5270 R)VADRBADOHRTHIVE VI EKB L TTGG 5HAHD ¥ — 27 DI

_99_



METEID, DUENTHVRVBRERDOY =7 DN 2 LB 0h o7z, 7
ORIV AEDSHEFEORBEBIZANKR VB EBRE T A NEHE2 L TW5
EFHLUTWED, BTNV R Bk HE s ISR ZERT I %
BREIFTERN, WVRVBRERIIT A NZHBOBIZ2E 2N TZEAIZADRAD
EFEZONS,

sPS D § BUtAEF DZEA Y 1 I B L F 140 TH L Z e WIS TW5, BEKRD
TFAEDPHER T E TS n=3~6 DEH VKRV BIFHEERDIRREA 140A° L D /NE <,
DO " BKDEFEA 140 L b KE W, ZD7d, 6% IO THEERE > THES
b9 5 Z & DAFDORREN Z ERKTHALRLT 5 DITH U THEH/NS Lo TW
LEFEZND,

RERE 2 3 4 5 6 7 8 9
EEK(A3) 56.2 73.0 89.8 106.6 123.4 140.2 157.0 173.8
ZE&A3) | 1124 146.0 179.6 213.2 246.8 280.4 314.0 347.6

RESH0
Fervon i p p p b n n n

nM3 U EDHIVKRYBTZE&ERDPIDIAENT VWS E W EREIZBIT 5 FEIL, X
DIRGUZ E D RESI NS, 2N E TOIRILFER TIESPSOR VL VERICH 2% %#
TNFNHILT WD EEINTELD, (DD FE2HDPEG AT A Madffapkiz &
WDL&MTV%(%H%%@%H%)pt,@ﬁﬁl@%ﬂyzlv—yayﬁé
TR G D4 T DS Sl G IR BRI RED L WO ISERE R B B Z &, GERDHT
FIET AN UTRINSIWSFE2PDNIfTONTERZI e 2EbES L, —DD%E
IZAD ENRWVE L FIRAREFRDO S T I3EROZEAICE > TSR T 2 25 X
shb,
IRER 2 MREE T DI IERIZE IR T — AR LT WBED, S DOFERD S BERENET A
N> F DN FEETDREHDODEHLZDE OISR O RATE-eEZIONS, KX
E(1) BEW S OBUSARTEZ 140A° K D NI KRB L D125 5, (2) £ < TSR
DNaFEO L R OEHNIE > 2T 140 2 A A ZIND B Z N TE S, Th
%,

(RS SR 5 ]

wF, ERE, T TsPS/F7)V AR Vg O i G AEr IC B 2581 26 64 Al 40 1%
SAERKE, 201545 429 H

e, ERE, T TRV S 1 & IRE R s F oG ) AbiEE R2RR
BHEWF AT (RIRI RS2, 2015411 H 21 H

—100 -



2015-51

FARYEE - Mt~ O ERTEEME SR OE 7 v & X DfFEH (2)

o R TR EE LA

HEY) ZHET, WBEECR T 2 A WIS ES R O EWmBIH 21T > T 7203, Mk
2B 5 2N IO MCEIR AR 5 BT, WHESA ORI LT KRR ERH Lz
e b AR R TR LER S D, FHIHERREIIABMEEIC LY KE<EHL
TWAHDT, FAKEREHZ EZERRT 7oy Ve L, KR - BPEER O E G e
ZRLVEEMIC LR TR b, £ 2 TARIZETIE 2014 4F 12 H 2 B 2015 4 2
A 26 B2 TUAEKEED BRI ATEPE S OIS il 2 fAA g & U C S0 S A7z e
FFEBR RS B OO KH-14-6 RBFZEMTIEIC THE ERR= T v Yy V2 RIL, =7 1Y
N OEENMEEBR O A R0 &2iTo7-, HEERR=T Yy o4
IRTEPEA B B DO AT RE R 2 & | FEHR IR ARG MR R B IR . 8 A A4 - Il
HEPERRRAIRIE & OJRFEFERE, E- MR DML ERZ RBEL 0 . ARIEEKRES
JBORZDOWESND T T v 7 AZFHREIZEI VRO,
e BB T U 7 & Fig. LIR LA, KR T7 2
IV IV PEA SR B JE B 1 B KH-14-6 IRAFZEMLTE (OF-
% 26 4 12 H 3 H~FRk 2742 H 26 H) 2B\ T, HE
ATV vV RICHEBE LT —Y 77— (RAB L ¥
#1 AS-9) |Z PTFE 7 ¢ /L # — (ADVANTEC #1:#4 PF040) %t
N U, 24 BEEIC 7 4 VA — 23 UBGHtE 21T - 72,
WA N ORREMET D, Vs NV X —%
RAWTHERE DO DOWMANZT > U %D T 4 V& —
X2 ¥ — VI E LWERIRAE L THFE=RICFE B IR - T2,
T =R BT E T Xy 7Y 2 VD CHLIRRL T
4y (Coarse:>2.5um) & /INRiFE 4y (Fine : <2.5um)
(A N UTeo A ARG DRI v S LTIeT 4 V2 —
EU—A—ICB L, AR, BERBEE 15 50T
VN, 0.45m @ DISMIC 7 ¢ /L% — (ADVANTEC #E#4) (2T
AEITW, A 47 a~ s7 57 ¢ — (DIONEX fL#
1CS-1500) (ZT4T-> 7=, BATM (Al, Cr, Mn, Fe, Co, Ni, Cu, %%
In, Cd, Pb) OHGHTIE, Iy NLTET 4NV E—%T T
RS RART UE m iR R B Rl i R e, 7

120°E 140°E 160°E 180°E 160°W 140°W
Fig.1 Location of sampling stations

—-101—



WKFZEBREZIMABE TV PRNTMEGR L, umt 7 v bKFEBR 2 S E%, B
L ICP-MS (Shimadzu # ICPM8500) TAT o7z, 7ot L ATEGHKH —HPLC 2 TIT o 72,
i) 1. FEHBGRIFOTRIREE ([TE]ne) D 5 D EIE
FHHFGEJFCRIREZ LT ORIT L VRO, BIREICEDLEE (%) % Table 1
WCR LTz, 7Bkt oL X Taylor and McLennan (1985) % U /-,
[TElnon crustal=[TE]measured-(TE/Al) crust * [Al]measured
Fe & Mn % B < WS MM E ST F LA, FREED Fine & Coarse & 61T 96%
PLEDFEHGREIR CTH D Z Lo Tz, £

Table 1 Non crustal concentration ratio in total concentration

R Y N RS Fine (< 2.5um) Coarse (>2.5um)
L\—Xj‘ L/\ Fe 6iﬂﬁ'§ﬁﬁfﬁfﬁ%gﬁ)lﬁl < N ;”:j(qZ/qé@ Element North Pacific | South Pacific | North Pacific | South Pacific
. N . Cr 99.5 99.7 99.0 99.3
Fine ™ 70%.Coarse @ 55% . Fg A F9E Tl Fine Mn 74.6 81.8 68.9 7.6
Fe 302 39.9 45 487
D 60%, Coarse D 51% N HHILIFTHH Z L3 © o2 0 %7 s
brofee Mn (ZOWTHARFHED Fine @ 50 |l | i | o0 | s
o o 2L T . cd 91.5 95.2 83.5 88.6
25 /0\ Coarse @ 31%)75\ %j&q:ﬂéfﬂi Fine @ Pb 97.8 9.3 96.3 97.1
N N . . Se 100.0 100.0 100.0 99.9
18%73, Coarse @ 26%NHIRACIR THDH Z LA win

o,

2. M EEDOREDL Y

A A EREHR I U 72 [ &2 JRE DAL, PARFIZ o0, ALK EPE R & OV AR P Eig ~ o
WML A A RS o 70, BEMEILFE BT F= ok Dry dcposionofice mes cakubted fr e and o Facions

of aerosols over The Pacific Ocean

Vd+Ca ICLVkHDH L& L7, Vd X Dry Fin(rg " year)

Element Fine(<2.5um) Coarse(>2.5um)
.. . . . _ Norh Pacific_| South Pacific_| Norh Pacific_|_South Pacif
deposition velocity TN+ TIX0. lem s, A T T e | s | w05
B e s Cr 047 032 10.11 621
IR TlE 2em s 2352 510 CU5 (Duce et Mn 0.06 0.04 143 0.93
Fe 1.28 0.68 27.68 15.29
Co 0.03 0.02 0.58 039
al, 1991, Yeatman et al., 2001), Calfx=7 1 o ola 009 270 Vo6
. R R, Cu 0.23 0.17 6.23 5.40
VNV DITLHERETH D, AR D/ S Zn 0.12 0.09 2.59 2.19
cd 0.03 0.02 0.69 0.47
V) Fine RiF-DOHMEILE BIZOW T, Pb 2Bk o s s o oy

K EHRIFAEKFED F R FEELY K&

lE% R~ UTe, R Fe IZFREEDK) 2 (5 Ofi 2 7~ LTz, HBAPRL PR DK X 72 Coarse
PR TORBEVPIERFEFED IR REREL R LT,

RS GRS, FREEE)

BB, s, BORECGE, THEER, PHORE, MAN., SARmE (2015) BAR
W3 B AETE S E AR O A E X OV 582 B3 2 450, 2015 4% H ARHIER
b2 62 I (BRI E N KYR) . sl 2 B4R p. 93

F SR, EAARTEE, SRR IE. NVEOT. TR EE (2015) AL AL RS IC B I D BLA
Wt #E R L O ESE T HEOHERIETE, 2015 4£E 0 ARHEK(L A5 62 RI4FE S (FikE
SERTF) . e HEELE p. 92

o B, EEL, BRO. $AZN (2015) KB 0O EMGICEST 28158, 2015
R A ARHIERAL 5 62 [ (BRESZRY) . GEE B4 p. 220
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LR T & DOSEERRE -
EBA A v DIRIEEE & BB S5

A AR R BER

HE

KWL DO DRFERIEA A2 O3B - IRME1E, PR 08T O RITLEEA 4 8
DOENEIZHETH Y, G{E - il - @R RHFERRD LTS, EkiEE LT
WS, Wik v~ W77 7 0 —IEERS D0, KL TIE, BIEEZN L 2 o
DKIEE TOMEDOBENE R ZFIH L7k EmEIC &R L, ﬂéﬁ LN - Y5 % B
BT HIEEHRE LTS,

IKFE G HEAEIKFE OO =FH THERR S0 2 IR E T, ZJER Eu%% L 7= F8 S i
TOAF o, MO, HPTOA A U BED SR E L BEMREIC T 5, EAL
AL E DT ODFEREIZLVENLZHIEL, &8 ﬁ/@mb\/\h‘ﬁrﬁs ED ¥
Blx BT,

EBRF
a) _EHEAFRREEL
£ 46 mm OH T ARHAE (50 mL B —H—) OHFRNEIC, £530 mm ONE %,

NE i & AMVEES 5 mm B[R & e D KO ICEE LT, WEMEE LT, 7E8F A7k
k> (acac) @7 kL AR ([acacl =0.1 M) 25 mL Z &t L DJEIZ A L,
fatA & LT, pH 5 ICHE L& BEKERK ([CuNOs):l, [Co(NOs)2] = 2.0x105 M,
[CH3COONal =0.01 M, [HCI] =2.0x103 M) 5 mL ZNENERIC, Z&ME LT, pH
1 IZFRET L7=AEs#E ([CHsCOONal = 0.01 M, [HCI = 0.1 M) 5 mL Z P&/ A
N, RIS IC AN TR IS L R L7z, —ERE oR %, i,
ZRMENZNOKERD pH, KFE, KO, &RBIEEZHE L, ST 0OEBOIE
AEEH LT,
b) A F U EEERIERREE L

0.725 mol/kg acac & & oA A K% 24 REf 2T C 60 mm
BIESEER 4T mm AT LT 4 E (AR
REE) . 72 U AGLER (Fig. 1) O Fsicpks B
RV b CEE LTz, BEOMIHIORZT, HAaH O KK

([CulNO2)s] = 2.0x10% M, [CH:COONal = 0.01 M, S
[HCI] = 2.0x10° M, pH = 5) &, ZHEMOKEWE pigy

([CH3COONal] =0.01 M, [HCl] =2.0x103 M, pH=1)
. FNEI 256 mL AfL7o, HAL 5 mm DR E R % mE R
ELT, ENENOKEWRIC 15 mm AL, WRIZ 1.5V OEEEZANM LT, ThE

. Liquid membrane cell

using ionic liquid.
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MO IKERIETBIC AV BEIREE I L 0 24 BpfiE#R%, e, BT h o
KD pH, KHE, LU, @RREZRE L, SMHTORBEOFERERH L,

ES TSP S
a) _ENEREEREEL
RTFEFE DR —E TOMERCRICE D . 8 (1) A4, =29 () A%

NENOTBMEREIC SO TH (1) A 4> OBk S, BATEN SO (1)
£ S DR L O FTREME S T ST
REEEZOFRORIER T, & (1) ) vy Y g0 7
(v EEAL L (D) A4 ORGEES ¢ | g ®
50, ZNENOA A DRBEHORIKLE € ) Jo .&gomﬁmm
P | Fig. 2 10 Uiz, AW O (1) 7 o
LAV ORPRESNELOO WEEEE. 5 2 4 6 s 10
B (1) A A > BA ORI b OWE Iz S, , Time /ho
Fig. 2. Ratio of Cu®" and Co? existing in the
KT 52 NIz, receiving phase.

b) A FUBREESRERREEL

AT VT 4 E ORI, A A ARIROREEA, acac OJREE, WHHTO pH 2D
A CEMROMmE, OO EEIE T, 8 (1) A 4> OEEmERERZIT
W RO RECER AT, EOREE, LA 0.45 pm @ PVDF SBUKMRIC
[C1Ceim][TfoN] &F 72 1X[C1Csim] [TfoN] 2 &7 S W72 2 vy, BHEHE 2 G, 2%
FH 2 AN Z8 N C L pH AJBL A2 D TIRIEERIE 21T 9 2 & TR TR 156% O (1)
A F 2 OEIENPBIEE ST, acac DIREDFEEIIIE ERO LN 2T,

EE

acac D7 1 1RV AR EZREIZH G, i () A A ea v s () £ 32D
IREVREN O OSERITEEN, THIE Y ISZER TE 720, BATEK CIEE— A 4
DRI S EME N Le, T 25390~ (1) A A2 & OGRS
L0 EEOHFMIETH DHDOBKMEEHRDAERNENMET L7cledb B b,

7 aa RV LERORD VI, A F P REEREE W2 (1) A A2 ORI
ETIE, 24 TR 16% Dk & | 3 L <EENREME T L7e, A EET 5O K
JEPEEEN R E W EBE R B D, EkhRom EL Rz, @FA 4 I L Dk
NROFERZYERT HZ & T, mW o BEMERE 2 Fr Dk EHE R 2 I T2 2 & Vi
Thd,

BE#RE
L [, SRRk, EAEVE, $RUEYE, SEMHE, 5 31 [l B ARA A4 A HATE
FeREF D « B 34 PIELEH I F e isE B 54, 2015, p.114.
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RACROBEMBTERERL LT U Mo T = FEEO S FRE.
AMIZ X 2BHRTH T 7 N2 BRERBRAEE ORI R
BFHASE « 4 il B KE e R AR e R

ER:D)

B EHROKG B (DSSC) 133V 2 R RBEEM & b, 1k - BIE TR ToK=
A MEBRFEBTE, 2ROFET THLREDRDE LRV LWV ) JITEMEZ RS, S
Sz, BEBETEREBEDOESWNT 4 LLROH T 7V ERRE Y 2 — /Lt EHATRE
Thb, BEHREMANEIIBNTUY 2 RAKBEMIIE D HOD, KT TIE 14%%
H R DN R A m T EM DB S, KHIBFREER b EA TEBY , DSSCHT Y =
VRKBEMIC KT 2SR AN BEREZ T O CE 2, 72720, BUE 10% % B 1 5%)
RERTOERDOIFL AL, VT =T LR EOFHVERE MO L EREIEROHETH LT
DERFEEATENTE, HEE SIEHEFET v by T =0, FrbE~FETng
IR ANARET, ENMRIRBNRKRELS LT AX N EE TRV E VD IEEICE N
R xR omIZE B L, RARHSRE OV FakGt L7 v o7 =2 % /- DSSC i
FeaAT> T D, H26 FEEDMITEN D, SFEEITR(LTF 2 LT 0 b T = DOREEHD
ML LTEZLND BROBBREXORLR D 5HBEORRT > by T = ZHNT, %
B O E RFEAI A R-M, W ONTER 2 72 USINFIC R m AL PRI X A A #sh R om L4 B i
L. 7Y b7 = Ofi 7 iiE O &V OERSH O bk 217> 7,
FEBIOHER

DSSC DESE & MERERFAM

WEMEO T T ZHHN (15 mm X 20 mm X 1.8 mmt) ([ZfE(LF % > ~—2 % 4 mm £,
PEIERT 10 pm L7205 X9 8AA L, 500 ‘CTHERL L7tk, WEALT ¥ B AT - T2,
ZOHME 0.5 mM OERIFRIZIRIE L TEEE WA S REGEME L EZ AN TR,
st EHERAL S OTENTO-SUNII ¥V —F v 2 b —% % T AM 1.5 G (100

mWiem?) %S L, Giff - WEMEZTo7. S5, 5 F &
SRS SM-250 A S—F ) T4 bY AT AEAVT o © [B]

= Fh %2 Al == /= 3 R3
BTN E 24T - T, 139/00 OOHOH
B ROBEHIRAD R L RKROT v by T =D 3-7L OH "

AR (1-5) ZHWTEAZERLT (K1), Al 26 2% “anthocyanin R'  R? RO
DFER TV —RINCEMRIKOEGEHK Y THD tert-7F ) P61 H  OH H
o o S . . Cy3G (2) OH OH H
R 3 - ke 7N TSh 2R 3 =
EU YL (TBP) Z¥M LA Lok o BmsEsm< 220 o o
AL EWE L, AT, a0 NEMIEOKE, 4  P3G@)  OCH; OH OH
™ S P . e Mv3G (5 OCH; OH
% a—it (DCA) O, BRI EOBILT 5 il —— oo on OChs

Ve T 7 RO R o A e L e B X 1. B B D EHERA D S
@%@ﬁ@biéwa\ﬁﬁwﬁmxk\ibﬁﬁbﬁﬁm 5 B RRDT o b e
FER~T (&),
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1. TV T=rPy 3 ras R (1-5) 2= DSSC {ERIS: &L 5 EhE 2,

yo7 | DCA | EvEs Jee voe o

(mA/cm?2) (mV) (%)
Pg3G (1) X X 3.55 343.3 0.60 0.73
Cy3G (2) X @) 6.14 338.8 0.58 1.20
Dp3G (3) 40 mM X 5.96 348.0 0.59 1.22
Pt3G (4) 80 mM x 6.32 360.2 0.62 1.42
Mv3G (5) X X 3.25 342.6 0.58 0.64

O FERIE. 3 U REME /1) ICTBP 28 £V H D& iz,

BfER & L Carr MEMIK (Co2t/Co3t) & HWWiziha . Z#zh#iE 0.02-0.06% T
bHot-, SEIMEFIE LT DCA % 40, 80, 120 (mM) D E TR L7245 5. Cy3G (40
mM, 1.09%). Dp3G (40 mM, 1.22%) K O Pt3G (80 mM, 1.42%) 1% 1%% B2 5 £ T
(ZEWNFED BAH- L, —F Pg3G & Mv3G O FITRA LTz, DCA BNEiREThH
DX EBIMEDPER LIS ZAUTFEWEBEE O & 18 & BHNRITMM e o 72,

IR A% D HMR 2 1%HCl-MeOH %212 30 73 fliR{sE L, TiO2 R D JEF 21T -
2o FOHREHE. Cy3G (1.20%). Dp3G (1.15%) K} Pt3G (1.12%) 1ZZE#sh=R) 54
52 Enbhnotz, Pg3G & Mv3G OZMSNHRILE Lz, BIMEICEA L TH . 6-7 (mA)
Zitdk L., INETTHROLEWMETH 7=, Cy3G & Pt3G @ 3 (LD 7 /vy REHIK
SIRBRE LT v by T =V ERERER L 2 A, VT =0 (055%), XF =
=y (0.69%) ThHV, 3-7ay RFEHHED LRICHET L2 Enbrot,
Zg

a3V NEMRRE WD 56 WEFBENNHE O DIZITAR S FONS & S PRET
HHMB, AEANZT R =TS TE R o7z, BERIZ2 DLk FrFk ik
%¥> Cy3G. Dp3G. Pt3G TiE. DCA WM O E PO VT DU T b [RIFREE D
BEHNFELHZ L6 L2 0, ARDBPMELLEICRELTEY, 5 17&6ICL0E
FRMZLIT TNDLZ ENHERISND, —FH BEROE RrXx 80 1 D L@,
TeRHE LIZS W, [BIRIE ST E X 65, S LITHEHNERIRICEHF 5 LT
HZEML, BTEAERUWETFBEZTZOITIL, PIEmWSFREDRETHDHZ &
WAL o Tz, A1, BRI GRVGE ZEIT D TOICARREDR TR 4 V7 7
7B —DMLEOTEOIZHEEZ#ELS THZ LR 8T RN PG TELI LD EE XD,
R R
Yuki Kimura, Tadao Kondo, Kumi Yoshida: Synthesis of O-Methylated Flavonoids and
the Studies on Physiological Functions of Flavonoids. Pacifichem (B A EFEEBMEFS
i) 12.15-20, 2015.

ARAEHRE., BEEE, FHAE, T2 b7 =00 B BREGE R 72 (07 B8 ROR B O
TERL & R, AR R0 96 BIFRFES (L) 3.24-27, 2016.
BUE, RIRGFE TOVERBRHN OFm L& HFaEff T CTh 5,
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R R Y XRD %2 S B2 Pd T 7 KL F D AR ERIC
YA X BREFHEIZOWVWTOE

[LINZEFRE « JLK I2CNER

BH KBEREHEMENERIE I, KEEZDRRFIHT D720 ORI ET
FTHEELRSTWD, LFEHITIEED EWKFE Z FIRTEE TR 5 T-HI121E

GROKE TR T 52 2 LR RLIFNTH D, Lol L7 KEWME &%
BB ZE 1 imﬁ_$LTm5 i), Fex ik, EAE& 10 Onm L FO&EIT LY
R DWEFEIE R T I E AN LTS, ZHE TOERRMEICLY ., mEK
FOFPEHFZPERL LTS 5K Pd T /RO KFBWR B 25 &, L7 Pd &
REL B DKBRBFFEZ R T Z E RO o7z, BT, KFEE TS
BAROBEIZ LV | SEHERLAITIT 2 EEE Bk F b I L OUKFE D H & [EE
R~DFERE DRI L IIRES B2 2O THLNII L, 61T, KiF
PNIIZ B W CTRFBICIR O A RGEEE\Z D D 2 & bbhote, REET, A4 X
DFL72 BN 7R P T /R DK BRI % in situ RFE S0 XRD IEIZ L D, LD
TS LA ENET A,

EB HxOREIONFIRE Pd T/ ki -2 AR T 2R nikic L &Rk L
72, BHHME IS BIEIC XV ERL L 72T VR - DY A X LIk & 3] ~<7=, SPring-8
OWEFRFE— AT A > BL44B2 IZERE S 4172 Debye-Scherrer 7 A 7 % W CTKFEIE
JIF., R R X R BT (XRD) MIEZ1T 72, 3Bt XBRIUZ L 5Ny 7 7
T ROMERETZHIZ, 058 A O X #a AH L TEEIT- 72, BIEREOE
BBV T 2 EE L -EEO T 2=y F & 7Ty h3R LB P —
(C10158DK-11,)Z #5325 Z LIk 0 | KFBEHADBEANE X HRO S 2 [ S E 7z,
Fo, WEIOREIL, BHF T AR FTEEZHNT, FIZHEREZ 300 K272 5
DI U7z ERUBH, ﬁxﬁ‘%c01¢@£kk% 03 ¢ DHTA¥x ¥
7V —IZ8A LT, KEWEGERED XRD JIEIL, B VT % B LT 100 kPa ©
H, 77 A ZE A LB 5 EkHL _IEI?)T/E'J/:E%:?TO oo 77w bRV EUF—O
TU—ARIER I ELIX12 ZJV—AICEE L, ZHUE 1 70— 2333 £700E 82
ms O ZFERER LXTmﬁ'é KREPA B IL, —EEB VT 2L T, REEZER
Ve LTk, ERGSVT HBR LT 3?)? N BRI EIT N Z — o ORE %
1To7,
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MR LER TEM BIC K
0. ERLL7230eHE, —an
6.9. 12, 21 nm DK Pd
T IRATHDHI LN
Teo BETOREHIDUWNT, 300
K, BEZ2 T CHIZE L72HA XRD
BN — 2 % fee MR
BT HIENTET,

WIZ. 100 kPa DK AT A
Z3E A LT XPD /3% — 2 %
ELTE T A, HZE T THIE
L 7= BT 2 TR A BN
FHlOEITABH S, Z
UL, KFEEANICLD, KFHE
BRI HBL L= 2 & 2 BBk
T5, KFEEALZE, 3 &
ME S L Clalfr ¥ —
ZRE L%, Sblc, KHE
ZHER LT XRD 3% — o A
ELTz, oo F— 1%
Rietveld T35 Z &I12 LV,
Pd fHF LY Pd KF LD
B EREFEEREZRD
(¥ 1), KFEALDFED B DA
Prompg i, B L & HITHKR
L3 HDIZx L, Pd o D[H
Prof XA+ 2 080
Molo, Filo, BRFENC
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Fig. 1. Time dependent changes in lattice parameters (left,
solid) and phase compositions (right, open) of solid
solution (square) and hydride phases (circle) formed in
cubic Pd with a side length of (a, b) 6.9, (c, d) 12 and (e, f)
21 nm in absorption (left) and desorption processes (right).

(2, —IOFR S HEVRLTFIZRBWTE, KB &

EBIHRAICHEBLT 20Tk L, RESNELS 25 &, —ERMZIKFLDFE~ DR )3
ZERE = 5 2 vbinoTm, £72. —lUBEW PdRITIE EF OFEERABIMAT 5 F TOR
MR, BB ELEZRT I ERPIOTHLMNE o7, KIT, KFEH ADBZHE DK
TEBOECE I D & SHEE Pd R 1D KELFI DK 80%1T K & ki7" Pd (24
BN WZ EDRHLNE o7, ZHWVETOERED PdF /R -2 HWTEBR LI-GE &
g% & SEFIRIE Pd T R 31T DK FA U A A ES K OVK SR LB AR L2 RS
ThonHIEEBERLTND, RIEFEFFEICE Y | SR Pd R F—KFE RIS T DD
R L Z WD TIHOMNZTDH I ENTE T,
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7 v RILY VIEE B L OB O Boy T O E AT
B LI 5 - TR RIERE T

[BE9] A FRENE, ZoFRm - FmdERSOER S 7 e U CHAEFERTS 2
EMD, MBIO/SV TR LD b, Kl - REOMWEHEAZBEMETHZ L DG NEE
Thon. FHOFEIEEANS L > THRIBZH#ET 5 2 &3, MO EM®IZIZ T4E
RA~DLEME @O HERTHLEETHD. WHLEMEEW I miETEAl & L TR
7 b &M T, L0 T 7 v RRFEZBKE &3 2 mBEME L& I3 5w T O
ST XV EH &4, super surfactant & FEENLD. WEEMESTHD T v
FVU VNRE DO S T B FE~DICHZ Hfe 4 BT, IRERO fmod & Yk
ZPALNITLZLIIMmO TEHETH D, AIETIE, HEORRL S—T AT
N (RE) EZBUKSERGICEA LTI Y AFUBB IOV I FUBOEHS 7 >
FbT7T Py R, TUL 2BEHEKBEHIZE YU UEHE
Dimyristoylphosphatidylcholine (DMPC) ¥ J TF Dipalmitoylphosphatidylcholine
(DPPC) DSy 7 v AL 7 1 743 -#f (K1, Fn-DMPC 35 X OF Fn-DPPC) % 7= |2 Ak
L, #57 v RCIEMIRE L OV UEE B 72 DO E & YIS RE 0 RIT T 5%
BRIt HE LT,

[32BT71E] #8457 v FACNENET I v 75y ¥ (F(CF,), (CH,) ,COOH, ntm=13:3 Y X
F U, ntm=15: L 2 FUER) IXEARL DO FEEHWTAKR L. SHICHREL D)
HEIZHE, 2B OESy 7~ FBENIEE & Glycerol phosphatidylcholine % ZLE 4
DCC-DMAP = 27 /L k45 Z L1 k- T, Fn-DMPC 38 L X Fn-DPPC Z4537-. 7 v 3
{EHERER 3 KON 7 7 v 33 b U RRE o7k b B4 - 2% i [ — i AE (70 —A) BHAR I,
Biolin Scientific #E#Y KSV minitrough Z W THIE L7z, X512, Rf a2 EtemiH
BEVESy FOME 28 g 5 L CTEER ST v RV SNEE S FIROBWINE L,
SEIKO DSC6100 % VN T~ 7=.

[FE5R LB 2] MEEEHIE Lz, Rf SHRICHHE I CKTE L7z Fn-DMPC /K L .5y 1D
7 —-A HRR O BN 259 2 72012, #7IZ Fn-DMPC &% L, 15 CloB W TlE %
IToTe. ZOREE, n=2,4, 6 DIGHE, KURPELKEED O ORIEED LA G 7273, n=8
TIXRAEBREEA R T 2 & 70 <, REIRIRIED D IRIKEENEIECIR BB~ DR 3 B &
iz, EHITHELILE oA MR GRS FErEfE 2 Rz & 25, n=2,4,6 Tl
IX[Rl— D%~ L, F72 DMPC (2T K

ERfEL o7z, —J5, n=8 T Rf HEN o

NS &, DMPC IZHERTREVWH DD, 9 HQ)WWmﬁHf
FUN RE Eo 2 55100 Fn-DMPC 7> & BE21C _;WmJUJQVKMﬁWAmm&af
INEL o Tm. EBIT, Fn-DMPC — 4y 7 o)

D DSCHIEZIToT-. FOFEHE, n=2,4,6

e . R K. #3457 v F ) VNEE O RS
DHEE R Tlx, 24 CHrmiz 77—

(Fn—-DMPC: n+m=13, Fn-DPPC: n+m=15)
—-109 -



WAL AR 2 7R DMPC ITHE~ T, EEBIREME T2 0I12xf L, n=8 Tix 65 ‘CIZHH
s B — 7 NBIH S 7=, Z D F8-DMPC DEMMEITER 7y 7 » Fb U AREIZ U TR
ZolebDTHY, n=8 O Rf EEBUKERMICET U UIRE 0 TR T 72
NRyX U 7hHFTHIEERT. n-AMFRIZR 55 F8-DMPC DR M % 2 bt
% &, FWRE EFICE < MOEEMERIC L D, S THEAETH HRERN L ENT D
EEZOLND. ARG T THDIE T v FL) VIREICE W TR B, Rf #HE
\IRTT LT B TE o T2 e, ERJINOBRREL, —AREE G+ CTH D Ey 7 v FE1k
RENGEA CHGE LT, REALEM D5 TR ERIERUC BT 5 BB AR 17 L — (Stratified
Dipole-Arrays) ET NV EZEAMICKFLTND EEZLND.

Fn-DMPC i CTHA M2 72 o 72 RE BHRAKFII R 0 FEA IR OME 2 S HIZFEL <
D7D, BKEHOREW VI FUBOE 7 vRb) VIEET e s X
WEN D ZBUKEHIZE T Y U NEE Fn-DPPC 28 7= AR L, WD 247 - 7-.
ZAVE TIZ, F4-DPPC 35 L OV F6-DPPC D EMWMEIE, F4-DMPC <> F6-DMPC & FA{EL L 7= %5 )
Rt ZENbholz. 5%, & 5HIZ Fn-DPPC 7572 A S FIHE L OV oW
P BEAZHOMNIT DI EICL D, Rf A2 BUKSRmRICE T “AREHA S THEAKD
RS e L, WX o X7 B E~DREOEELZZE TETH S.

(B Bl R ]

e T. Hasegawa, T. Shimoaka, Y. Tanaka, N. Shioya, K. Morita, M. Sonoyama, H. Amii, T.
Takagi and T. Kanamori, An Origin of Complicated Infrared Spectra of Perfluoroalkyl
Compounds Involving a Normal Alkyl Group, Chem. Lett. 44, 834-836 (2015).

o [EILIES, BEX R B~ DR A O S LTciy 7 v FEb Y CIREIEOBR%E,
F L7 X, 16, 137-143 (2016).

o [EIIESE, #57 vFEY VNEET A 7TV —DORFE~ES R B OME - B
RERFAT ~DIGH 2 HER L C~, % 39 [B] EAE & EFR OfE & BRI B4 2 Ui
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T I AR —ICERBIH LT, S TR L —F—DHA LT 5 &, #7000
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BREOBMRIC ERMEZRET D Z LI Lz, TOERERRITmLE LTAEKL, L—
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Synthesis and Entanglement Relaxation of Jellyfish-shaped Polymers

A. Takano (Nagoya University)

1. Introduction

A ring polymer has topologically interesting structure with no chain ends and it is
considered as a model polymer to clarify the topological effect on physical properties,
furthermore ring-based polymers such as tadpole-shaped polymers, jellyfish-shaped
polymers, etc. are also intrigueing homologues. In these family, the jellyfish-shaped
polymers are expected to exhibit very unique properties because they have two kinds of
structural features, “branch” and “ring” structures. In a viewpoint of the polymer
dynamics, they are expected to exhibit hierarchical relaxation originated from their
characteristic architecture. In this study, a jellyfish-shaped polystyrene (comb-shaped
ring) and the linear branched polymer with the same molecular weight (comb-shaped
linear) were carefully synthesized and their viscoelastic properties were compared.
2. Experimental section

Scheme 1 shows a synthetic route of backbone-linear(BL) and backbone-ring(BR)
polymers, and Scheme 2 shows the functionalization of two backbone polymers and the
coupling reaction between the functionalized backbones and living polystyrenes to form
the comb-shaped linear(CSL) and ring(CSR) polymers. The weight-average molecular
weight, Mw, were determined by multi-angle light scattering(MALS) measurements,
and the molecular weight distribution, Mw/Mn, was estimated from size exclusion
chromatography (SEC) measurement. Furthermore the purity of the ring and the
drivatives was evaluated from interaction chromatography(IC). Molecular
characteristics of the used samples were summerized in Table 1. Dynamic viscoelastic

properties of the samples were measured by frequnecy-lamp experiments.

Scheme 1. synthetic schemes of (a) backbone-linear(BL) and backbone-ring(BR),
and (b) comb-shaped linear(CSL) and ring(CSR) polymers.

a {{N u
mf? mgf HPLC
Naph-K Naph-K/THF fractionations
mE] O P @ < e %ms ph-K/
THF,-78°C (DPE) (DPE-CI)

Diluted condition
BL

b o
~_C
M%M ol i SEC W csL
I ~C fractionation

CgH,,ClLPt Living SR
rt./ 1week polystyrenes
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3. Results and Discussion

Figure 1 shows the master

Table 1. Molecular characteristics of comb-shaped polymers.

AM 4
curves of G(w), G"(w)and ~ Sawles  10°M* MM, Ba,mlo M‘ym fe
tano for (a) BR, (b) CSR, CSL 491 102 701 202 21
compared with the CSR 434 103 687 192 19
corresponding linear a) Determined by MALS, b) estimated by SEC, ¢) number of branches

counterparts. In Figure 1(a),

BL exhibits a clear rubbery plateau, while BR exhibits no rubbery plateau, even though
they have the same molecular weights. In Figure 1(b), it was found that both CSL and
CSR samples exhibit slower terminal relaxation. Moreover, CSL sample reveals a
characteristic viscoelastic feature: loss tangent (tand) for CSL sample shows a minimum
and an inflection point. This suggests that the CSL sample has two distinctive relaxation
modes, where the multiple branch chains relax fast and the diluted backbone relaxes
later. The minimum of tand for CSR sample is observed at similar @ position with that
for the corresponding CSL, suggesting that the relaxation behavior of branch chains is
basically the same between CSL and CSR. This is probably reasonable because the
number and length of branch chains of CSR is similar to that of the corresponding CSL.
In contrast, a clear difference is observed in tand of CSL and CSR in low o regime, i.e.,
the terminal relaxation of CSR clearly is faster than that of the corresponding CSL and
the relaxation intensity of the ring backbone in CSR is too weak to be seen in the tand
spectra. Accordingly the difference in the backbone chain architecture directly affects

the viscoelastic properties of the comb-shaped polymers.
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Figure 1. Mastercurves of G’, G and tand for (a) BL and BR, (b) CSL and CSR
at Tre=160°C.
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DRRED LUt TEHEBEO LT A 2 VORISR, R AL A 2 b
Han<Tnsd, SL—brREICLDEBEA A OMHICEBN T, FL—FREKEEEA
I OEEAEBOSNEE R /NT A =2 THY | FHORN FORGHIEER T —~v & 72o
TW5, BIRAZRBNLF DO FaRFHTBW T, $HAEMRBEZRET 2HEERER & LT, &
NIRFOFEE, BEHER, VR ENH L, EFEINGDRFITMA T, BT
FERfE (NA R A X)) SEANTORL T8 (> 2=V T Raryg s b)) BNEHRS
TS, N F A XL L, FL— FRENOEEA A4 RN T 2 AR OR#EED Z
EThD, FL— D AA MY A X3, REEL LToREoRs, BXOeRA 4
IR E BB E R -T e NMbENTWD, A X =0 Rarvyr sEid, B
DX L — FRENEEA A2 L AT DBE. RN OBNLF 23 AT SEARBIIZ RFE L
o T, SEAEMRENA T 285 TH D,

A% ClE, BATEEERERE 2 I L7 2 SOMBIR 2R &35 -4 ol
K16 AL, 2hb e 7. 81Tk 13KEEA A (AP, Ga’', In* DB H
FENCOWTHRE LTz, 13 BRERITA 4L PRARE SRR D (6 BNESROMEMA A4
P A =068 A, Ga’ =076 A, In*' =094 A) 7=, A P A XA L HZ—Y TR
aZ 7 MY iiH@EIMER RESEEINDG EEZX 6D, Ga, In [T THERICEE
RV T A NLE LTHEEINLTWS,
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Figure 1. Structures of (3-diketones  Acetylacetone(AA)

2. EBRFIE
B-2 4 b LA T 1-6 A Ak L 72, 0.1 M NaClOy4, 0.01 M CH;COONa 35 & 0% 5x10™
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M &JEA A ZETe /KM SmL &, 0.05M fhHEZE 1-8 (HA) #&T0AMM (Z7an
RV AERHR) SmL & 25°C TR & 9 | D BfEgs CHIBER . KA pH Z2J]IE LT,
AT OB A A% 1 MHCHIZHHIE L, KMH L HCLIIR T D@ B A 4 RE %
ICP-AES % FWCHllliE L7z,

3. BREEBER

AR LT B F ORE S 2 3 BELESSE (DFT %) ISR VEFBE L, afilc 7 ==L ik%
452, 31, HULEEEDOTEFALTE R (AA) 1T, a (i 7 ==L LR
AT & D NRRE R X0 BN ERSE R REEEAS /N SV, F T2, 40 5, 6 OENIERFE W EEEEIL.
RIEIZLY, 4, 5, 6 DIAT/hEL< ol 1 OFRMIEFFEREL, 5 BREELFF> 4
CRBETH -7, 'H NMRIZEITS-0H DT 1 horot™—2713 4, 5. 6 DJE TS
iz 7 FL, $ileoTe, BB EIERRE LS 72 212041, /3 FIKEREG DV E -
Tcleb B2 D, AA, 2, 3 THREROENA LN, 1 TIIE—7 2T 7%
Motz £72, THNMR 2227 hL X0 AA Tl 7 ML o> ) — LRI EPER L LTt
FLTWDA, 1-81F, Wb 100%™ ) — VBRI CHEET DL Z AR TE, 2, 3T
F. o NS T 2=V ERH D720, IERBIEN -T2 EZBND, WD B-V 7 b
PR Z WD & 13 SR A A i3 — %I Ga™', AP, I DJEIC IR HHH S h
Lo LIZLTEBFATE M L0 EEEFEMEMOREVENL T 1, 4, 7= =LEDH
EEm OB T 8 THEL Ga¥'l In¥', APTOETHIH &7, Ga¥tl APTOYEEICIE, 1. 4. 8
NEVAEMTHS, 2, 3, 5, 6 TiX, WIS hienorz, BUALREER BEES 15512
JRIND ZEMTEP, A A EFEORE O I B SR o EZ 6N 5, 3 TiX2
(ZH AP TS0 TV UPERICRIH S AL, BN ROV RE A R S e, Galte It
OBECIE, S ERIF 6 3L TWV\5D,

Table 1 ~ Separation factors® for group 13 metal ions (AI’*, Ga’* and In*") with p-diketones

ligand Ga’"/ A" In*"/ A" Ga’"/In*"
1 2.19 0.96 1.23
4 3.12 -0.36 3.48
5 0.60 - -

6 1.86 - -

7 1.98 -0.69 2.67
8 4.62 1.53 3.09

*SEmimz = log Kexmi-log Kex ma
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I, TESBHICBIT L LT AZNVFEEOEE DR EE FEOREIRRIZED L
T A NVEROBERZNREHE SN TS, ZhICkT 558 E LT, BEDNHDS
DLTAZNLDY YA 70 W LEMILLAER SN TEY . ZAUTITELMTH
BERED RN LT A XV BEERNEL & T 5, IO BEE TH DB kL,
K EBBEIEBED X 5 72 BT U0 A b WIRBEA~OIRFREE D7 % AV CTE % oy e
TLHHETH D, ZORE, IR EIETERZ RN 5 & AKHE— AR O S
WREDZAL O S TEER O FHEFH T T O B ORI L - THIRZI R S h,
Sy BERE DB R BRI ME N L35 Z E iR SN D, KSR EES B E T
ANFEREG TH DT, ZOFIEITEERIHIC X DBEFD LT A Z Vo3 BiEE %2 ZAfhiZ
WETEDHLEEZDLND, ABIFETIE, PdZMBHETDH LT A X ILORERHIZL D
SYBEZIBVT, REETERZ RN RRIL L L THBEHICM A, ZDBEOfHEED M
RERBE LU, 7o, FHFRRZRINT 2 R EiEEA OB EZ R T2 28 TED
Al RE 2R T BER DERR 24T o T,

2. EBIIE

AR (40%~FH ) —=60%A1 VA7 &) ITHIEAITH D P -n-—~F L AL
74 R (DHS) %5470 2 IR TR Lz, AAHIBHERRIRE 2 0. 5mol/L & L, Pd % 100
ppm ¥ L7z, ZO/KAR 0.5 mL Z[FAFEOAHEFR SEA L. 3 BRIk E 5 L7z, ke
9 1. 6000 rpm T 5 srfiizm OB L. KAHZ Z0BE L7z, AAEIZND 2 NERTE L LCHn
T5LLBHIZ0 IMBERETAI L, Pd A ICP-AES THIE L7z, HhHiRl#R O Pd #RE
DI E &= THBHE~OMIIZZ S b0 & LTHHEEZRD T,

FeDFAFTIN A, AHEARIC S S FETEMEA 2 0. 025 /L M L, FEROEIEZAT >
oo FmiEMEANIT. BAKEDREA MO Aerosol 0T (AOT) ., LKA F 4D
Polyethylene glycol mono—4-octylphenylether (PGME) . Bl /KL A 4 D
Cethyltrimethylammonium bromide (CTAB) @ 3 fE¥E% FV 7~

3. MRLEBL
3.1. PdfHIZx3 5 FEiEHER O HFRIZIR

BUKIEOMWE D E72 2 3 FEO FmEMEA (AT, PGME, CTAB) Z¥shi L7=354 @, DHS
IREEZE S 2 PAdflH =R D EA b Z | FUENEMER 2 I L 7206 & B E TR LITRT,
DHS {2 & % Pd fifltH iz W T, WO R ETEESZ I 2 7256 Th it =»m L7 5%
Z e oTo, TIUTREIEMHANC XV | KA & B O 5 T DHS IRE D < 7R o
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el &2 o5, —FH., FmiatEslZ &
DEZED L HEZIERIT AOT=PGME<CTAB
DIETRE LY BGA F o MEOBIKE AR
DIEVEVERDY, Fe b KE e AR &2 R A
Z e, PAITKEEEHICBWTEA
A TH D PACL D THET D, Z D7D,
CTAB DB KIENEF S H AL DB BRI &> T,
Pd 28 L 0 FUmIc sl & FE 6. L iFzh
BOBERIZOEN-T-EEZ BN D,

3.2. Pd USNDERA A HHICRHT 2R
ZhER

Pd & [FIERDEER Z [FEC# TH L PtITx L
TIro 7=, A2 DHS OBE . FmiE A
DOHBEZ) DT, Pt XIFE AL S
o tz, ZOZ ENE DHS AL Lz
Y. Pd/Pt MO Z 727 Pd OHEH
RExmbEIdbonhsEEZIEXLND, —J., il
HFIZ2 Y e Y 7 FL (TBP) & L7I=HA.
BiA A LMD BKEE % RO CTAB & ishn L 72§
DI P Ak L THHNHR DM B3R 6555,
Pd X0 FmiEHER 2 mIRE L T 0END -
7= (K4 2), AKFIZEBWTIEPL & PtCl7 & faA
F U TIHFELTE Y, Pd & REEOHH T CTAB
DHE BRI E R LT D EEZ NS,
KB CTHHA A b &emA 4 L
To7v % /A4 RIZEHR L, AkOFEREITo T,
Al E LT UK FEE R Q- F bk
V) (DEHPA) . Srmi& AL AOT 2 Hu /-,
FER A X 31T T, AT Z ¥R 5 Z & Cla, Eu
OHER M E L7223 Pt X0 IR miE Al
EERELTOINERD ST,

4. RRE#HE
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100 [ o por

| —m-PGNE

80 7 —4&—CTAB

60 -
40 -

20

0 1 1 1 1

0.2 03 04 05
FEEMERIRE [g/L]

2 TBPIZ& % Pt IS I SRR

JK48 : [Pt] = 100 ppm, [HCI] = 0.5 M

B+ - 90% TBP-10% hexanol

0 0.1

100 . —e-La
[ —®-FEu
80 [ & Lu

60 ¢

R [%]

40 |
20 |

0 [

1.0 1.5 20 25

AOTIEE [g/L]
3DEHPA 2k BT V3 /A4 FHHIZ®T S
Rz R
7k#8 : [La] = [Eu] = [Lu] = 100 ppm, pH 1.9
E#H - 0.01 M DEHPA in 90% hexane-10%
hexanol|

0 0.5

1) BB, TR T EHEYE~ Yy F 72T, 7V A ar-arT KK,

2015.9

2) BREGEIT, FIROLE, AR, 55 34 RIESATH R =,

—120—

AR TR, 2015.10



2015-61
FHEM e 720 A RO R EREE A V=X LOFEH
PABBEAD « KB R E T T R

1. IXC®HIZ

WHARFAERRRT R LT —0—FEH 5~ el - &M - G X MCENZA
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ML (X 1) ' 2014 4FICiT K
EEBNTRIT 19%FE T A L2 2
O K B 78 . £, 35 1 R K B ot D 1
NI NEEREEE A LN bAKHE
JERBE RO X o2 E AR TH Y
OFE AR SE M ORI R RV R
7 CThoT-HELEDa ANRIEFIC
INSWREERED, Lav L, AR
WA Ty ReXua7 A4 FD
HEBLEMEIRTEARF 2 H13 %<
B & O TR 72 i 2E 03 M T
nTW5b,

Spiro-OMeTAD

BILFHF /1T
EOACE - ]
EHED
ASRAER

e Al ala v

RATRAA MEE
(ABX,, A=CH;NH,*, B=Pb2", X=I) | /

1. BRERNAT Yy F - ROTXhA FREEM

LEAREER~A 7 uRiElc L3 u T A4 MEHBOERF AT IT X

oo ldo®, ZNECHRE L CE M~ A 7 n Il {=EE (TRMC) 036705
AT, BmEo~A 7 alfEkE (9 GHz) [z CEEdsk (15, 23, 34 GHz) OlH]
BARRE - BI%E L. GHz BEEEREES AT L2 E2HE Lz . ZhE TORMETIZER
DIZHER L TEMF v ) 7 BN KB BB ISR L TE 08 ZEE» DK
HIEFAEE & GHz R RECIMEiT 2 2L T EBMI Y VT DO RN T v 7 HE LIRS
BT RN LND L )Tl Tz,

Z @ Frequency-modulated TRMC (FM-TRMC)iE% W CTEAMIETIER L= 7 24
N OWEABEROFEMEZ A L. >, a7 2h

AR ST AL NA YR T AR F S '
(mp-TiO,) &, Xa 7 A A MNAYKR—F AT )V 4-~5
$F (mp-ALO;) B 9 GHz TRMC (R 5kt ™0 || g sommreem |
() OV —F — MR L L, & ] 5

mp-TiO; BEHUA TIREIREE D EFITE, hTy S 00p?Vemo: * order
TT 4V TR END o fx PBRBRDNG S 200y S

DITHF L, _a T 2B A b mp-TiO, I TIT LD X 9 102 £ 1 order
REBIIR LNV, SOICEBREBEEETO s )

P lhnax POy N T AT A ML mp-TiO, DA ) 10 10% 10" 10" 10% 10 107
M5BT 20 em?/Vs FREEDE W RFTBIEE & 55 = lo [photons cm®

LB 2k fp o T, IRFEH A A R A A ¢ B 2.9 GHz TRMC T8 5 h = MAPbl B
ez ) ks §'%ﬁ”m D 2 B REEME L —F— 3 (355 nm )R,
&% P3HT:PCBM (0.22 cm/Vs) &Ib~2% & 100
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EREBBE NG, £o, BRI OB O EM T v U 7T HEAER b 25 L7z &
Z A, Langevin E7 AN OEHEIN DR A ER b & AT S HHIZ EFMAEGAIH ST
Wz (K2), 512 mp-TiO, & A GO FERETIL, E 25— H mp-TiOy IZHiLIAA T
MHRB T AA NEFEETAWEDNEGTENLT-OIC, BEAHEEER LTI 62 14
il =z,

FM-TRMC #ETEOLNTZBILT X o F 2R+ O BKE a2 MBI HEE L -
Drude-Smith-Zener &7 /L& H W CEEG OB RE a5 L, Bfsy V7T b
Ty T OWEE (10~110meV) EHEE (&% v U7 H 8%EE) NMEbhniz’, ZoFEE
R T AHA MIEGLTZEZ A, M7 v 7RSI 10 meV F2E, S DIZHEEIL 10%FRE
CEME YU TEEICARREFIRETHD L AMHL, SHICEEK (22 GHz)
WTELNLI T T ATA FhOERF Y ) TBEEIL 75 cm?/Vs (b MY, B -
EATHE « BATEAES « NI v TOBLS CHICENT-METH L Z LB o7- 7,

ZNETO—HDOHTENS,

~n 7 = jj /( ]\ EFI ok ——/l/@@j a)¢1 00 Perovskite b)?L1 00 Perovskite c; 00 - PerA:\;s;kizte_ o
FEIX A A — Vit g (HTL) @ %80' — %80' AgZp=—-41% %80' Perovskite + 2
BEIELY b 2HHE< B, o 2601 Wooousits &

NXa 7 A A NEG R — LG -‘240. @: 540- +SPiro-0MeTAD_§
%Ef\ﬂi‘_‘/l/ﬁ)%@jﬁéék %20- %20- %

TRMC fEBRKE BT HZ ‘\ EaN B AN
Lol Lo T, Otim;/102-633 Otim;/102—653 otim;/ﬂ;{ess

N - VA 2 |'\—A\‘ >
TRMC*%@kﬂ?T§“5 T R 4 MAPbI; B & LR &7 1= 2 B TRMC 28.2) ft
ARENERA D Z LR KASRDRF a1, b) Spiro-OMeTAD. ¢) &% 2, °

PEZ LB « EMEICFHI T 5

SITHNZ . 7SV AT RTORADEIE & #us % F TORDEED B AR — /VEk 23 4 B
P S Z & T, EICHTHIM B O kG TR AR A7 ) == 7 TE D, M40
R T AHA MEREEE L R — xR ((bE% 1, 2, Spiro-OMeTAD) Z&Ai L7z~u 7
A T4 b 2 JERED TRMC R 268 2 7~ 9, Spiro-OMeTAD @ X 9 72 @ PEARE HTL TlE, 1 ps
BIZIT e T A A FHOFRE—/LTRT HTL ~iiik LTS DR L, 77231 APERED
BUVMEEW 2 TIE 22 us 1T EDNY . B—7 OWER (-19%) H/hEW, LarL, bEaw
1 TliX Spiro-OMeTAD % E[E % &' — 7 i & O R RFE (072 us) -, <z
HTL Th 5 Z &0minole, EEREICKE SR -2 /Fi L7z L 2 A, TRMC 28 & —£7
LMERBEOFEBE BT L, Hrilmzh=R HTL OBHFE I LTz,
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DER T ERICEM e AL LT AR B DB 3

K R - ER RSB

[E/Y]

NROEWIEEEWSE T ORIIL, 21 O BEERBEDO —>ThH 5= F /L F—(K
M= —)DAFIH & BE LT, {bAREHMEMIZ X DR b7 &, HERBIELOR
FEREICE B B b OV HA L LT, MO TEERMERETHSH.

WYL BT A AT 2 AMGEFERG R, (K= 2 b IKBREEAM ORI
KBFEM L U CTIRIAWIEAAEIRF STV 22, ZHE TICER STV 2 R
RIL T2 %RETH Y, FHMEORELTIEROFEPED LN TND

AR TIE, WHILHEDOVO LD ThLIERE o k2= /%Lﬁﬁkhtﬁbw%
BB T2 AL, BENROEWMEBIZHET 222N ET LS. A, Znb
DHMZZERT DT OICGERGHIHE L=y Pl AVTERERICEW 2 5ET L,
BRICHID T L e LTie., TN TOEKIEZHNLL, BTAXT ML EDSy
JFH T — 2 R L, ARERGEMAMEE LTRIITE S \%%@?RT5 Z&elL
. BONTT —HZITh EDONWTEE L WMEDOHBEZ AL, o FiRet~T7 4 — Ry
79 % 2 L TEIIRRAEKGEmA B OB 2 HiE L7,

[ 32807 14]

A, TR TR UoEKEEANLEERRKERILED 1 kiﬁ"@fh/ﬁu\% 2 DERE
BFANT MVRIEZIT -T2, B LT O FRIME & B S IS 2 i A
T 27T DFT 3HR b7 o 7. E 72 KB R & LT*U?HT% L0 5 7201,
A A AURT 2w WVRINE % 5 R PRI TR TT o 72,

[ 2R & B%2]

H LAY 1 1% 9,10-bis(phenylamino)anthracene #%5:35{K 3 & 4,4’-dibromotriphenylamine
#HEK 4 2 T, Buchwald-Hartwig 77 v 7Y 712 K 0 REAEIR (XK 14%) &
LTRbilz. B 2 1ITE T REDRNELE Th 72720

MeO = OMe

5 see S o

MeO N oM QMe @NH l
e e H NO

T g0 L woo* & 2 -

N 7 N Pd(t-BusP), Pd(t-BusP), 2
NaOtB NaOtB

N N
2 O C, w T OO
refl
MeO N OMe

2(v. 68%) 48h 48h

SHV/ZAN

OMe 1 (Y.14%)

Scheme 1. Synthesis of Compounds 1 and 2.
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9-bromoanthracene & p-anisidine, 4 Z 72U 748 > | T® Buchwald-Hartwig 77~ 7" U
NS X AREER (R 68%) & LTS 7z (Scheme 1) . (L&A1 & 2 1%, 'HNMR
& BCNMR 227 VB L RFAB v A A7 MMUIZ XV [EE L.

fEEW 1 & 2 OF(LETCEE 2L 7-0lcy7aa A2 T4 27 U v 7KL
XA N — (CV) ZME L7 (Figure 1). {LAW 1 TlX 4 KO A7 4 BB
BISH (B =-0.19,-0.08, +0.27, +0.36 V vs Fc/F¢”) , LA 2 TIX 2 iz 2
BT AL BN Sz (B2 =-0.17,+0.29 V vs Fe/Fe™) . LAY 1 O BERERY 22l
OBPNE, PY 7 == T I IR LT AT A R E R =y b D
FEEHICED b D EEZLND. ALAEW 1 ORI AT MAERIE L& 25, 450
~600 nm ([ZIFAWRINA B Sz, i bE 2 L LT, 45 nm RiERE S 7 b
L, WA K& < o vz, BRIREEIC X 20 THLE ~D B L AT 5 729012 DFT
AEEITSTZ LA 1 DR R v v TMEAW 2 LR TREL o TEY (B'y
=-2.58eV) , ZTAUTEBEOWIL AT R IZBWTEEW 1 OR KEIEE SR E
T PRPLTWAHZEEHBELTWS.

Absorption

Cyclic Voltammograms

18 4}
I\
16 {1
|

- -

0.6 0.4 0.2 0 -0.2 0.4 -0.6 250 300 350 400 450 500 550 600 650
Potential /V Wavelength /nm

Figure 1. Cyclic voltammograms (CH,Cl; in 0.1 M n-BusNPFs) and absorption spectra (CH,Cl,) of 1 and 2.

IEEML DA F AR T /L (IP) ZHELTZE 2 A, -5.26eV & AFHS b/,
ZiuE e T R A NRUREG R CIE LR R & L TR S 415 Spiro-OMeTAD (1P
=-5.12eV) LEERAREEZ R LT, L LR OILEY 1| OVEFREENELS ) R~
AL NN T > 7272, BFEALTWAD X MV EEZRHET L o v B~
%2 & TTHMREDR EEX > TV 5.

[F 0]

TR T R EMAAATE EER LB E I T-ICER L, Z DN F
HEEZHALMI L. 72 CV JIEICBWT, 7Y T2 UEKEOEANZLY 51T
R LT B LRSI EER T 5 2 E 2B LM Lz, 5%, BBIRIETOXRE
N, FOREMREZHOLNPICL TV PETHD. FLEVWT L aF Uz EAL
I EBHEREBERILEVMOERBED TN Z & T, a7 20A MKEEm OB
ELTCHMAMEZ D T TETHS.
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ZEREFBEBEL AV
B S RBREY~T v REICEIT DHaBROLHRK

RAESE KRR « KRBRORZFEPE B 2T TEFT

[E ]

B2 D BB ERBIRLD D DR SN D ~T B REICB O T, 2SSV 2 I3RS
NIRWEZERYMER BT 572010, RERERZEDTND, THE, Ble~7T=n
S OB RE MBI DX, ~T o ISR 2 EB AR D ERE OELL
BREGII ANV 7 LIIRES B> TEY, MlEF2F L Th o> THEBRMNERIZIX
HHENRD D Z ERH LN TWD, Eio, BHRA T OIEBULELIZ L > TH
HENDZEHMEIN TS, ZTNEDZ LT, ~TFu R EICHB W CERZ AT
HZ LT, BEORNMEBREZBETEZ HAREELZRET LD THD, £ 2 TAMI

. BIEHIMZ X > THFEIND . Bk ~7 v i COmREN IR OBIZEE &
U%h_&ﬁﬁmﬁﬁwﬁﬁéamkbf\MMWATHﬁﬁwﬁkkiU%%%
PG 21T o 72,

[ S8R A %]

AMFFETIZ, _u T A% A NGB EJEER{EY Lag St ;Mn0; (LSMO) & Nb (5wt%)
[EH#i L 72 SrTi0,(STO) & THERR S B ~T7 1 i (LSMO/STO) 124 A L7z, ~7 1 Fik
BHI, 7V A L—H —HERETEIZ &> T LSMO (JEEJE 20nm) % (001) STO Ak _EIZ k32 =
ECVERL L 7=, X BREHTNS . LSMO JBIE— X o v LR LT Y, (001) Eliz
HLTWSZ EEER L,

~7 a FEICx U CRE S AIZELE 2T 5 -0, #iRic~7T s
ﬂ%MILk(HUO%ﬁ%i@%&ﬁﬁLbkofﬁﬂ%m#%ménfmétb
(2. FIINL72EBEIC Lo TAET 2ENIL, EEmEAN RIS, ~7 it
(CHRE SN DO AFAL D, ML L 73 BHI R LT, i 1 BEAEE (TEM) N TR FIIN
LEMEEREZFMET 5 & & b2, ZREFEBEIC L 220581821 L- T, &
BEIINC X - TRl S 2 EIE 2 b o & 3 7,

B 1 RS I L L7
7 a FmalEkeo SIM 8
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s L OB ]

X 2 11 VERL U 7 A BB AR 6k L C+10V 22 BH-10V OFEEAINC X - TH
HIVTZ B EIERE 2 R T, HAR D D G > TERS N D% 6% [+ ©
s LTF Yy hLTWD, HIINEER -] OBMEOEEIC OB S i,
ZOEMDORKE SITEEOEINBREIAKTFT 57012, BiREFEHBRICE 2T Y 2
DB S iz, Z OB SR E, LSMO/STO ~7 m A3kt 2 A L TR, &5
2T v mEm oG, 10V OFEEAZHII L 72% TiEmWRPURIEE 720 | 10V 2 H]
MU 2% CIIARIPUREE~E BT D5 2 L 2R LTV 5, F-EBRELHRICBIT S
27U v RE, EERMY A 7 VEBIK L TBII S - Z & v 5 LSMO/STO ~T 1=
A OEICRBOZEIIAEHIE LD TH DL VR D,

31, +10V 22 5-10V OFEJERNZ 3 YA 7Vl L7c~T =G O Wi TEM
% T 5, LSMO/STO S fEIK o> LSMO #fED =1 o kT 2 R 73, R I 0% &
RESE R ->TWLZ &5, EEMMANIZZOE S M7 2 FOZ&EIT
BRI TER DT D, REfER TR SN2 7 X hOZ{kiL, EEAM
K > Tl S 72 LSMO IR OREEZ b 2 K L 7= b D TH D L E 2 Hivh BITE,
LSMO/STO S 31T 2 im0 filae (S) TEM BLE2 217 Bllll sz =2 F 7 X Ot
IR Z 32 LI, BIREERECR O E AT U 2 2 & LSMO I O IEZ
b OB EMEZTHIRTND EZATH D,
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BB RESBRICEREORENE, ERIZE M DM
BEE R - BELORE

[BEr]  BbEkhO8kA A 0, ZERIRFARELZIDS Z E08mbh Ty, M
WetECRER N e & =— 7 M2 R T b O, 21T FeTiOs 1%, Fe,05 & [
BRERNT 52 & T F e F OIRARTMIRIEZ 4 U, SR 8K L 72 2 ]
BEVEDV R STV D, H7o, v HHESIRIEM D RFe,04 ICB W TIE, Feo & Fe' OE
WIRRFFARICPE O B IRaA Bk & R E RSB G | D@23 e K~
FIAPIREIN TS, £ TARFETIE, 20 X5 RIBERFMRIEIZ H 2 B b8k
FRERIE & LT, FeyyTiyOs AR E L OV YbFe,04 DT B2 X 3 ¥ )L & S5 ME A
PNy ZIFIZ XD ERLL . 2 OfifEdE & A, ERERHE & OBRERE LT,

[E82H77E]  FeryTinOs DML Fe, TiO @ 2 fEfED % — 4~ M %, —J7. YbFe,O4
DL Fe, YboOs D 2 FEIHO X — 57y M2 7= RF w27 % ha v A8y ZAEE|IC
K077, BRITWTN L EERT 7 7 AT HEKTHY . 1.0X10% Pa LT OHET)
2 EFTHR LI, BEFCT=— LT 52 L CIHERRmEHB-b0EHEH L,
BT, B W) %15 5 T2 D EEMGE L I B O EHRIE Oy T AZE AL, Oy pEEE &
SINTRHZ &0 HIEE L 72 23 & pllist U 72, 45 & AL 72 VIR O IR 13 FepTi O3 38 & OY YbFe, Oy
IZOWT, ZETUE 100nm &) S0nm Th 7o, F£7-. FHREOHESE, WrEFHMh s L
T, X fEYr (XRD), EiEAE HMsE (TEM) #8122, #6 X S8 XRF), ik
HIESQUID—VSM), X ONEW 4 v 151 X 2 ESASEE R E % Fht L 7=,

[F2BRfE ] X1 120-ALOs(100) EIZVESE L 72 Fey 2 Tip sO5(100)E M D % KRBT D E it
Fak R L O OBIES R 27, Q00)EMECIX, EXEEAE S ThH
% ocii & WEEECTH 5 c ORI HIRENICIFEET D120, BRUSEICETER S 5
M, FORREIIMRERFOEERE(Qo)ICKEKGFT L ERH LN RoTz, &2
TR O REREGFEEZR LT Qoe=0.6 ccm &, FEHPED /NS U 0.8 cem DEEIZ DU
T, ZOWMMEEZ TEM 8122 LIfE R 2K 2 (R T, RGN/ NS VGERRT, 25
PER K E 7o &t U, R F NSO ERIANAE T TEBY . Lt FRT fi#
MrofER, ZOEIFIHIERLER>TWDLZ ERNbhoTz, T7hbb, BEFDOBE
PR CBELS LD Z & CEXUBERGHEME TN L2 0 &b s,

[FIERIZ YbFe,O4 TEIFIC DT, FEARIEE 1050°C TR L 723kl XRD #ER %X 3
(R, WP OMEE S . (00DELA L7- YbFesOs MR T E X X v LR E L TW\W5 =
ENTERTE 72, LL., EHME TH D Fe/Yb=2.0 25\ Tix YbeFes017 3 A4
FHE LTHIR L TERY Feifafl & 72 5 Fe/Yb=3.0 (25 T Y% ANFM AR IS & L7z,
&> T Fe/Yb=3.0 Dk T, BFEZ MM S ERE L7Z 2 A, 1ZIZHM O XRD
INK— 2 T oRT YbFe,O4 TEIE N L= DT, ZFOAFEMEZ X 4 12777, YbFesOq
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DF =2 — I Y T2 260 KITBWTEALDOSL S EX Y NS, {bEEiwtic
BT~ YOFesO4 FHO BRI RS LT- & S 2 5, Loy LR EORERIZHBV T H R
{bZ2F->THBY , ZIUTBRREIED Fe IZHKT 2 FesOufHDIFEIZ L D2 D TH -7,
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3. flix @ Yb/Fe fApL TERLL 7=
YbFe,0, #fE D XRD /X% —

[RRE] Pk

1. FARFEHS, [MHSR, TR, FFEa, A, g 2vra—MEcks =
B4 %2 L YbFeoOu WD VER, My Rk AR & tih e 27 FFFEFRE, HUT, 3-48A.

2. T. Numta, H. Nakahata, M. Nakanishi, J. Kano, T. Fujii, N. Ikeda, Synthesis of multiferroic
YbFe,O4 thin films by reactive sputtering, 25th MRS-J, Yokohama, A1-010-006.

3. O, WEHEAH, PR, SR, EEEEA, WMEIE, RNy ZIEIC KD E T
IR YbFe, Oy il DAL & 54T, AAE T 2 v 7 A 2016 4R4E%, B, 1P027

4. v BGL, s KRH, TR, SRR, HHEA, ARy ZEICE DTSy
IV Fep Tiy(100) D ERY” . HAY T 2 v 7 A4 2016 455, AL, 1P072.
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R EELZIRA LIEREERTF FMEMEBIT Y YV Y — LD
b3 & B

TR EZ - KRBRORF LR

[BM] IFE —EECHENT/MI 100nm BEOKREIZHD) =7 VY —A%, AR
AT DIZIERTOMIEN B W S v, ME-CHERR, JROBIRED & 5P HIRIETIZ%
BICIFET D[], =7 VY —L2ONEIZIE, microRNA RS ORERENE S 03N E S
TEY, FUOMIBICE->T s Y Y —A0NEVIAEND &, T H OHBEEEE HIH X
NHZERHLNIINTWA[L], BIfE, BENOGERLIZ=Y YV Y — AN%E, microRNA
ERARD T ETHRABEEIT ) BN RN ERE S Cnd, £/ FTT7 VY — AL,
OMILE SRR U 7-fREME D 72N, b L<IIA TRt s 7250 b Na S &
HZENARE, @7 VY —ARICERZ VN B 2 HBICHESERTRE. @I & 12 IEHE
FRIC i, @EMENEN @B DT YV Y — A& AW BA I RERMEIC R bt v
BN, WM NZ > 77 U 30 — (DDS) O —/L & LTHZOERBTENARKE
<HfFENTWD, BIEFR 2 1L, #EE~7F N2 LIz=27 VY —AD DDS V—/L &
L COMERFREAZED TH Y | AFFERE ((BFPFERT RSB #dz & oILFF%E) T
T Lz, =7 Y — LAOMBNBITIRED 20, BFERET VX =0 XTF REFHL
fex s VY — MEEEORBEMEICONW T, TOMREEHET S,

[ 5] AWFZECRIH LIZBE@mrE 7 LV X =0 R_R7F R (F27 27 /¥ =>_ R8) I% Fmoc
[EFVETERC L, MALDI-TOFMS THB D FEOMRELIT 0T, =7 YV Y — AERE~D
RTF FEAID %, Fmoe BEMAKICBWTTF KD N RISICAT 7 U % BKNES
SHDHZETT I EITo T, MlANA~EVIAENTZ2 s VY — A& RPET % 412,
CD63-GFP Z#%BlL7-t N FESHN A H ¥ HeLa MR S0 SN iza iRk 7 v v —
2y (CD63-GFP-exosome) Z izt CoE[2] CHIEE L CTHRERICH W -, MIRRNBITIERTIX, M
EaA (10% FBS) HEiih CHOLE#R= 7 v V) — A& S MBRICER D A F 7%, L S
MEidlsE, KO, 7r—H%A b A= —THilaNE N> 7 T L Ot E{T o712,

[R5 & B 52

Bl x %, 77 FUoBRIEGEN I~ 0 e ) A b= AREIN, =7 — LD
JANBATICB W TEHERRE THLZ L2 W LTWB[3], 77 T U ERIEGFR 72T A
URTF 4 TG )~ 70 ) A b=V ARKIT, EBREFICHBOHHDH L ZAT
BN R E 2T HEEE & 5 2 & T, Ml E 2 RE VAL, K 1um DK E
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S CHIRRAE 2 B0 Ate, Fxld, v~ 7 vt /A F—T R EFBBICHFET 0%
K (epidermal growth factor receptor %) DML, 25 A DEMEILIZEI > 5 K-Ras 22 K
HHIZ L - T, =7 Y Y —LAOMRNIU IAAZENBEEIC EFT5Z2 2B 6L T
5[3]e —H T, Fex BDEFEMNELED TV LIEEIEMET LT = X7 F R, 3R 72
FENBATHEZ R L, MIENEAX Y ) 7 —L L TALHOWLRTWS[4,5], DT /LF=
VAT F L, DA ERICRET A T4 b nwotaFas 470 b A
TEHT 2% 2 & THilaN~> 7 P REEZFHE L, ki~ e/ %4 b— 2 THlk
NABITT D Z EDRENTWD[4-6], T Z TAIFIETIZ, =7 VY — ADEREITHT-
TN X = XTF REEHSIEHZE T, =27 VY —LAKRTHRMIC 7 n e ) g

M=y R &R & &8, MIEN~ROICEBIAEE S Z &2 BIICHRF 21T 72,

AP TR ERIEH BT VX = X TF FO—>THDH RELXTF Ra AN THE
BREAT, XTF RONKEGIZAT T I NVEEZEATH LT, =2/ VY —LEXTFR
FIREDTET Ty Y= AFERECRTT RBEREND 2 Lo Tn, ZDORER, =7
YV — AOMMBANBATIES B IR L, X e b= S R O HeLa Ml 2 M 7z
FERTIE. 10 pg/ml @ CD63-GFP-exosome (2 AT 7 U VLA H T 5 RS XTF R (I#k 16
uM) LIEAG S E D Z L TR 30 5 b MINBITS LA Q4 FFH) 32 2 &R ST
%o —HTATTVNWHEEZFBANL TRV RS XTI F ROFAITT Y VY — AOHIENG
ITIC B RIFS BN E B LNERD | RFETZT VY —LWE~ZT T VLT v
X _XTF IBMRNEM SN D Z & T, BITRE LHSEL 2 RS, £
7o, ¥7ub /) YA N—YADY—AN—THHTHFANT L (OTENTH) OMANE
DIAFNZ DWW TR T FER, R8T F REBE LI R LIy VY — AT L > CTHEISH
FONBATHN EHT 22 emb, TAXK= U R_RTF RExr VY —AEIEMT 5 Z & T,
T VY= AAERPHROIC e A b=V REF|EEZ L, MENBITAMEE S
NTWDLZENRHABLMNERST,

AN LD BEFERET VX = X7 F REFIH L2 THE TR omh s Y
V= DEREE AR 5 2 TR Lo A FERRRIC K 0 AEBNESE R AT o= VY —
LOMBANENCKRESEBIRT 2 Z 03 WRESh, =27 Y Y — L% FIH U7 36k EmsE
(ZRWTH AR BB R - BRIC b LB BN D,

[ 3CHk]
[1] van den Boorn, J.G. et al. Nat. Biotechnol. 29, 325-326 (2011).
[2] Théry, C. et al. Curr. Protoc. Cell Biol. 30, Chapter 3, Unit 3.22 (2006).
[3] Nakase, 1. et al. Sci. Rep. 5, 10300 (2015).
[4] Nakase, 1. et al. Adv. Drug Deliv. Rev. 60, 598-607 (2008).
[5] Nakase, 1. et al. Acc. Chem. Res. 45, 1132-1139 (2012).
[6] Nakase, 1. et al. BBRC 446, 857-862 (2014).
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RFBBRXTSF RV BEMABRIZEBIT S
poly (ADP-ribose) D fr HiE DB F

WL - FR KPR R 2R

1. 5% - BRY

fEZ 18X 7" F K (cell-penetrating peptide, CPP) 1%, A=HIRIN~ & Kk & Zpfdfar (HH.
2RI A TR E) ZEWNATL ENTES, BEIC TAIEK) B85 KTy
7Y NY = 27 L] TIECPPATME AR R Y — )V &7 o> T D 08, TR Tl
EMf A~ 2 EST WD R AR AL T, [ v R=F gl ] ~oIS e ST iR
BIEOBREN STV D,

Oy TRERERERIL, WMIRRA O T2 1E0 & T HEIWER OV WERIETH D | %
IRV D 2I1201E, N ENOBE OFEMEEEE LEA A2 W25 [ =402
Wrl B E D, ZOBZKNTIT EOGRLEWEH 2 TP+ 5 L O 2B FRA.
FEANER) & T2 D & X T EOBER T EOFRBLE TR ENE E D, BRCA & X7 HIT
AEH DNA DIEEICEHE R EE 2 S X o X ETHY . OB OERIIEHEE CHIE
P A2 FBE 35, IT4E. PARP [poly (ADP-ribose) polymerase] BHZEHIN BRCA 78 %% 4
T AR U TR 2D ) i R 2R3 2 L i S vTc, £ 2 C. [BRCA
25 SN 0> DNA 845 D FREE 72 & TN PARP 12 & A E1ERNRIZ L 0 98 o FEME BE SO BRI H0m 71
DHENHESND | EREL, ZOZUEERFT 5 LT, DNA HBEIE T THEMNT 5
poly (ADP-ribose) (PAR) BNFEIEIZ/R 5 D TIHARWW N EE 2 7=, AAFFETIL, PARP BR%E
FRLZ DOFINAFI DA Z R TE DV AT LAOEA BIE L, BEEB7F K%
W2 AERIIRNIZ 31T D PAR Ot A2 52T,

2. 51k

CPP & LCAY ITAF = (r12) ICEEIBIE RS Pas (FFLIPKG) V EidI % —iekZE L
o0& _OBITF 2TDIRT X VRN D725 dPas—r12 Z A L7z, Mg ~DOHiiAE AL,
CPP (20 uM dPas2-r12) &N T LA (2uMAlexa Fluor 488 rabbit anti-mouse 1gG,
Thermo Fisher) #=iRIZTA ¥ 2X— b L TEAEREZ R S, HEK293 HIFRIZIN 2 7=,
—WBEEFE L, A L — P —BAMERIC X 0 B A 1T o 7o MR NIZ 351 2 FH ALVE AR
CoralHue Fluo—chase kit (Amalgaam) % % & 12 L C KGN ZZEFEEIEE (HEK293 p65-KGN) %
ERL U 7=, M2 & dPas2-112 12 &> TE A L 7= pb0-KGC & | M@ TR EL S 7= p65-KGN
& DI BEAE 2k aot # 37 B K6 OFER R Z DT 21T - 72,
.RERBIUVUELE

CPP D ERBFBAKREEIT=Y RV A b= A THY, EBAWEDOL I Y — LN~
EWED, LorL, CPP T Pas R EDESN AT HZ & TRTF REH A R u~EHK
BMSELZENTED, ZHETIE, Pas2112 12X > TZ YT 7 U —2 (KG, Amalgaam)
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(9 25 kDa) <°EGFP (Clontech) (fJ 27 kDa) 72 E DX L XV EHMNY A KNV IV~JEHET 5
NG TWDG (FFEvET) , MR O PAR (b2 M9 5 A1, PUkIC & 2B
Ea Az, BEEALOEIRIZ S T E&OHIRNH 0 fuikle &EORKE ey TN ~NTBIT S
72N E ST EBICEMIRICB O THRZEA L2FIXIE & A v, £ 2T,
Pas2-r12 |12 & » THOIE T~ SRR DEAZITV, It
S L — B L BB ETo T 25, Fikich
KT 2 ao e Ml E 2RITIRE T 2kl s e (M
D, LML, BERN~OREZTIZFEAERON ST, 2
OFERNG, Tg6 (] 150 kDa) 1%, A Z @RS 52 &
M TETHEN~OENINHETH D Z EPRBEINT, K
HIXFERTH 5 PAR 13, BEPI0 DNA ERZICE Z 5. & mdPas-ru(:J:IgG-Alxas
T, PAR %3R3 % Fab (£ 60 kDa) =0 PAR f A N A A o B LR

(RNF146 0 WWE R A1 > 110 kDa) 72 E/Nyp-aqim Y/ T e0messs
TORELRDLRIZME LTS,

—J7, MRINICE A L7z PAR 385850 T ORI 2 B4 % Hik & LT, PAR 787
5 ERFFCHEAZRT DI I RMEEAICL LS EF X2, 22 CTET., Moz
WVEDAIENIZEA ST, BT T D E\mNERTHE IR AT LAOHE L B
U7z, 8N H /X7 8 KG OFERRZFIH L, 8725000 T 2 /0% L7z KG DM KGN (N K
smfll) & KGC (C Rumfl) 2. tHAAEH KA A > p65 & p50
BN HEAE L=, pb0-KGC % His6-% 7 &N L K@
THH S CTRER L Pas2-11212 X 0 KGN 22 & % Bikk (HEK293
p65-KGN) ~EEA L7z, ZDOfER., K OFMERIZ X 5Ht
ERAHZENTE (K2), Tk, Mlasen»sEALE
p50 23 A bV L~ EHER L, BN O p65 &Rk L TREA
T2 & TKC EHR S NI Z L &R T, Atk PAR KRR 2 R o A
AR AL L X 3 1R T & 5 72 BRAZEBMIC RS G2 ri2ldoTres KECEAL.
% PAR @*ﬁﬁj% A :J:EI L7, Nz, A=)V —(F20um%ExRY,

[ 2k ] 1) Takayama K. et.al. J. Control. Release 138, 128-133 (2009)

SRR
++

iiE e BEBAT F RIC —

L DMIAABA + PARP FEE#It
,_ a2 = —) () ) 5580
?’ARE e = .
ISIATB ==

(I) (II) (I1II) (Iv) (V) (VI)

B3 PARP PHERIZRDF@ZE (1) NKG & CKG % PAR #EE ISR hfEGSHEB. (1) INSZEEEBRTFRICEK
N BRCA1 ZREIERBAEA., (I11) HMERATHAISN PAR ZREUES. (IV) NKG & CKG H'BiESNENERKT .
(V) EYGRERIE. (VI) PARP AEHCX 9 DR MOTESR] EDOHBIC DL TR .
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RZ T F F &2 W T HALE R~ D W E a5 R B %

[E#]

NoE bR arfliie 2 & e llatm £ 72k, e EREME 2 RN B H L, Miash
BER Sy 2% < Gte s (U F) BT ORERT & & BITEET D L.
AR E b2 0 KL H7e) b AENOBERMZ L7z 3 RouHME mini-gut”
EREET DH, O X D ITEERITHEE L7 mini-gut Z RIER EIC LV EFEEZZIT 2
FiEA~BAT D L BEAITARE LHEBREE ZH O R EER~OBM L FRETH D Z
ERHE I, FBAEEE, DABEZ U E LEZBERISHPYRF S NS, = Ok
BT, £~ v A/ B TN S, E 0% K. B, R, IFiER Eo
AR PO~ SIS STV D, BEEEfc L Tixv hr A LR L
FOANRREDTANANT Z—2 R LIBInFEANRARETH D, LLen
5, TNHDUANANY Z—{F~ M) FAPITRE LRV, 2O, Bz FEA
DOWWFRIZBNTIE, v P T Fn bk Z IR H L, S BICEERAHEZR LI X0 HE
FTINTAEEZ DL T ANV REG ATV, EORITHES b U FTILA~HDIA T
FMER 2 e TR EDTREZLELTLHENH Y, HAZET HHR ORI, &
NNH, HAAREYE 72 B W THENFET 5, A TIEL, BEim~7"F R
K D1~ U A GE LG~ O E L O FTREMEIC DWW TG 21T o 7o 2R
AN~ T D BEER 7T NiE, VA NVART X =TT A IR/ phEL < R
UGN FIZREL 9 %, BERXTF ReMNLHZ L2k, v M) Vi TE#
L7oFHARICHRT L C, ZOBEEMIET 2 2 L < MEOEANAIREL 725 2 & B3R
SN,

iz
Lr

—

[J71k]

C57BL/6] ~ U A X W /NMgZH-H L, EDTA ALFIZ X i
D ka5, S hizE 4 Corning LR~ VU 7 \
N~ by s ARICHEE LS UL LT . EGF. MRSURRRERE
R-spondinl, Noggin Z #/l L 7= Advanced-DMEM/F12 TR L ADIESDAH
B Hi (ENR-ADF K7 #1 ) 1o T 5 #%# L 7= . )
FITC-GABA-R8-amide ~<7F K% ENR-ADF B~ ENR-ADFIHSICTIN

LT ERRIS A L7, Hia et L PBS Ut | B limuimostosneianan.
. AL~ Y AL BEEE(T o7, PBS ISk BT oo R ERRICIRED.

# .Hoechst33342 & (X Phalloidin-Rhodamine = J % st 247\ Vi YA B 2212 X -
THMI L 7=,
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[R5 & B 52
~ U AN E VR LEGEET 2 T — 7 EOMBAEE NS~ MY L
HFICTEEBZIT O, TUVE TOMFING, VA NVANY X —Z W e85 5 AN T,
TANAZEMRICHRMLTH, ¥ MU S VFIZAVIAD IR W=D ke ~2lEs T
FEAERER LN ERRESN TS, 72, v MU ZADGEY M LIZIRRET
IIGRREOAGFRIZF LIRS, 2070, EBEEmas~ b ZFVfIic#lldiA e F
FORME TR XA LY E L EOEEME TV, FITC Ei# %217 - 7=
GABA-R8-amide ~~7'F KO~ kU 7 /LD M NEEEGRZRE ~OBLEIZ OV TE
PR BEBIZC K W Rt 21T o T2,
Blemse~ F Y Z i TREELZIT VD,

) oo . " . E2. FITC-GABA-R8-amide X7 F
FITC-GABA-R8-amide X7 K% ENR-ADF =% ROERBRENDEIE, FITC-
e GABA-R8-amide X7 F KA\ E &S
BEHIA~FRAN L 30 53514 D EL 0 AL ORET-% (’\ s e
_ FITC-GABA-R8-amide R FF K.
B LR EX 2 10Rd, MPEAKEIT RN AL L RO
BWIZAYRATL

;9 X 912 Phalloidin (2 X V) iGRaRE o PN zE]
WkRDGeE, S 4L, Bk sMul oo fig 26 4 i B 5
& 912 FITC-GABA-R8-amide ~X7°'F K %
ELTWOEFRBEINT, Thbb,
FITC-GABA-R8-amide 27 F R Hd~oD
WIMZ LV~ U PAP~EGICRE L, [
BIGEE~EERER L 2R LTS, =
® X 9 72 FITC-GABA-R8-amide ~<7"F KD
Bl A~ 0T, BRI 3 RE#ZIC
BWTbHBIEIN, £TO—JT, 18 FFffk
WD T, SR XA 72 0 855 L7-, FITC-GABA-R8-amide 7' F R Dfiig
NBATICOW T, EA L —F—aOt SR 2 W - H R ST 2 Bt & T 5,
GREE ORI~ N FAVHTITO OBRKATHY . ZOBERELAMRFLI-E X
B, BERRE DB AL R L T 2 E B EEOLEMITE V. ARFHZ LD |
FITC-GABA-R8-amide X 7'F RNEZIZ~ MU F L HOGzE~EEST 5 Z & % L
L7c, BREEIZZ A N2y 7 v a UREED B ISR E LIE OF B I3 2 K-> T
FREICHIE ST b, 20 X5 7ekel: & WERBEN O M E BLET 55 TR L
BEALTF ROFIHERGFT 2 2 & T, ~ b ZFLEE T OGRS ~OWERSEEC
DWTOFH LWERE 2 VEL Z LB S,

Hoechst FITC-GABA-R8
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P RIR DR RIS S OMEM DA 2 BRDIA B R

CORIER - ROUR TR R AR R e R
[B ]

P IR AKIZI KRR LK D BN AEDZED TEAERE AN D/NS7KTHY, Fli 2 Ot T
FERHED BTN D, IR IE 23K T CRIFRIFETEX 00X, MAMEIES KNS 5T
JIEFHBEMICH KT DI BEIN A T2 L&D, 2D LH72 3 1 B 2 ME ) D %
A (3 57) DI IAFANEINDOEELE G2 5O TII R 0neEZ T, XA XNz Z
NETORBRLIY , HEIEKIAK TN F A2 (Cst) WILAREST 508, 2T Em A
~ A T AIZATE L TCWD DR RTA L R (BR) REISAE L. T4 0 3 i RiEic
T DDA E E LD EEELTWD,

AKTTY I NTIE, 25 OWRVIABRZRITE T2 WA I T AR LSO E 5 A
ERIA T BEOR KIZ K D BIZ OV THRE T 5, 72, BiRa RN & LT,
MR ERT T OBEORBOME, REOMEBLRT Lo T THET 5,

[EBR 5 E]

Fo DROANR 2 FT 5720, FHRUK, fufisia/k (IDEC 1 FZ1IN10- I T 1 F¢fH
ER) . U kit (—A A% KE-W10, HAMS) 2HWTEREERL (F1).
22Na, 42K, 86Rb, 137Cs, 32P Z&WHRICHIIN L7z, V¥ 25hiaZ 2 REEliR{ER%, 32P
DA T R A0 EY  Ge A HZR(SEIKO NOMAD) Gtz 130 y 741
iE (cpm) L, 2 BRSO B E S 24 72D O & (cpm/g) EL TR L7z, 32P WU L 7=
LA ANRE L, A A= 7T —R(GE ~WVATFT) IR LT,

TR TR K Z PR AF S DER OB R DB Gt o720 | ERLERARICIERL L 72 f0hl 5Te
Kz, R 7 'L (PP)E (7 AR —A) D 2000ml & 250ml, 7 A% %50 1000ml & 100ml
IZ AL, 12 RSB N CERAE LT 77 L O PRI R TE K4 B ([ /ml) LG va i 2% (u
m) ZH I ELT,

[EREEE]

1L X AR FE ORI R TE K B L OV U IR KIZEEAF LTz 22Na, 42K,86Rb,137Cs W
X (cpslg) ZAEHE KA 1 L CORLTZ, X 1LY Na, K. Rb, Cs ®WZIL I, HEHK Z0 B &
TAKIZIRIE T DI M RED T2, B EIEK D _EF-ZRIT 5 A X% T3 ER K0/ N Sovo 72703
LEATHINETEEROMEMZ R LT, RED~ A T AZHEL TWDH VU IRFKT
LIRAROFER E 72722 &0 D, S IEKIZIET L2 T4 (Na, K, Rb, Cs) D%
IXAMERE L= DX, REND~A FAIHEL TODMKENH T (R) Rl
L. AFF U PRI IEICRAE T 5 72 O T E B ORED B30 | WINA WM EL7 b
DEZEZ BT, 21285 pH ZT& 0 2P WIUZEEDOLA— NTF VAT T 7 1 &R
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L7z pH W ERT B LT =F4 0 Th 5 32P OWINIME T BT Z A AL FEETH -
7278, KRR & AT K DB TIZ A A R E B0 (F A XTI IEKICEIE L
7z 32P OWIA L) . 32P OWRIUT IR E LT EIE A b oTz,
TRAFRERBIOWANZIA K DB ELEEEX 3 1Rz, BREINVNSRDIEE A SIEK
DEEFEN/NELIRY | BRI KREL e o7z, ZhUE, BRI K IS T 2B AR N A D /NS
W DIREL AR TR K DS B A 1S4 T D EI 5 3 26 <720 | TR IET D0 a3 D 7e > 72 b D
EEZBND, o, R IEK D% O TG, FlET DR KA F L OBSE A, 1
BNKELI 2o Tob D EREELSNVTZ, M- DEWZOWTUE, PP XOH T RE D 5 N FE DK
TR BNDMEENTH T2, [l BT CEan o7zl HER LI LR o7z,

o i 25 FE LK
Zj(—'%l 1?@%&1/7”:%“&%&1’?\/@&7‘:@“/9ﬁ*ﬁ% 20 4 lﬁﬂ]ﬁf@.*
AT ﬁfi%ml - u SUBHF AK
X 1.5 -
FE LK - -
(LSRN 0.629  1.18E+06 1.0 -
IR F-K 0.206  1.94E+06 .
0.0
22Na 42K 86Rb 137Cs
1 HIRIRIZISTE LT- 22Na, 42K, 86Rb,137Cs WLV
i |
iR |
i\ ':m}\gl .

X 2 $7p % pH OREFRIK & o &8 K

4.56406 - 0330
4.0E+06 0328
P
E 3.56406 - L : £ 0326 - [
~ 4
E 3.0£+06 - o Ei1&0.324 r
0322
) 5406
s 0320 -
2.0E+06 | ®
f‘lg 1% 0.318 - T
R ]
& 156406 § 0316 1
& 1.06406 - 0314 |
5.0E+05 - 0312 -
0.0E+00 0.310
2000m! ‘ 250ml 1000ml| ‘ 100m| 2000m| 250ml 1000ml 100ml
PP ‘ HIR ‘ PP ‘ HIR ‘

3 RAFEZGOME LB I OE K () LIEE () ~D 8
[ERRBE] Frical
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HBELTHIEEZ R WTBRILI T 5 R2BT % T v & 2EOFHL

<t

JERREE - SRR
(=]

T AMBNCIR T 283, WHER, BiERR &OFERMEL, HWBofFR T a1
ADFENR R =X R 72 EOALFREDFE VI L THURICZE LT 5. 2072, 7
T AMBHZ BT 2 TR 2R EICHET 2 2 22k, Wi, (R e X0 F—
N R OBWNI Ko THEINENZ ED X 9 2R - (LR ERN BT b ST
Lk T DI EMARETH D, T T AMELOFTEBEEIC OV T, /ERITEHED
WM EEORE N L TH o728, FEEEFEIZ OV TIEE OREE R C
INEWTZOITHEE R PIENEE L <, FlESOHMEERICHRDE ZNETICHED £L
DHEIT R ST, FEBEITEE (77 2) OFmICREFI L TREL R
O, KiMEE72IIH 7 AN O RFTREEOENE KRS 5. £, THEMAED
LT LITE-T, WEEEE WO PR AZE 2 LN TE L. IEREEIL. 2
NET, ENTHE-THL, B L BFHBMELFRICEBENET D 2 &0 ATRB2R &7
fREEFE L T U LT VHUELY G AT M2) % FH VT, L ZE W72 B eI BT 5
WFFRICHD LA TE 7o, ARBFETIE, ENOB(EY T T AFFRIZIB W THREZ 2T
WD AR FAL AR O E B & W) L. B b 77 7 X ZxtGe & LT WEaT
iz o7,

[528%])

FT. HFFEEVLAW TV D EOMREREE T VLT VRGOS AT A2l o0 TR
T35, ZOVAT AT, BEREEEICOWTI b5 HTOKE, BEREEIC OV T
13 10/cm LT (7 U L7 URRIEDORALTE+ kHz) &\ 95 IEF IS E W fERE TR IC
WESTDZ ENAREE 2> T D, X LI AETEZEA L CREELE L-F
B7YUNT RESH AT AOBKTH L. FET VAT UBELTIE, 2 fOL—
Y —EREHFE it GHz) IZX > TELUIWENTOEITERD S 20 IcL-T, %
CEBBTLL—F—hEEHTD. 2 A o

A=1064nm

b — 0 JE W B 8 B I 00 R & e

Pump
Laser

HE, BITROERBPM LB, L—F—
WNEENEEZ T DD T, 2 AOL—P—DJEHK Frequency
WAL LN D — 0O L —W —ii i % | @Eﬂ
ETHIEITEY, L—P— oA TR E

B IR S REE C B 07 U LT LS e

SANZ MVEBST O EHAETHS. w1 H T Y AT RIS

AT I
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[BRELUBE]

AWFFETIT, HEMRBELE LT, AAasE (Si02) 7 AaEH 2 @R, ERLE,
B, ~uFUEEORRDREHI W TRl 21T - 72, aEHE LTIE, BN
T BEOL Cl 24 A7 SUPRASIL-F300 (Eimzathil) M=, —F, 4
PRI — LBl 2 W THERL L 72 Si02. 3L F F—7 8102 4T A [4] %33
R U7z, 2N HEH 4 FEOBEIREIISTmAE L, EITHER L O EITREHE 217 -
. K21, MESHETINT VAT MLvO—flZRmd. AREEHEEZEICA
T2 AT RIVORNT G, T VT U JEEEK
(XCiEH AR ED) 5 X OWENRE Y, JET
REBEOWEEEMAEDOEDLZLIZL ST
%%ﬁﬁ,ﬁﬁﬁﬁﬁ,W%@%ﬁe@%é1
HTE 5. BIEDL Z A, 7vREOEHI -1
%ﬁﬁﬁ@%m,W%@%@ﬁwﬁkﬂ%%ﬁ; 60 11 12 185 164 185 gen

o TEBY, A%, LVFECKRTEB 278> M2 2 U H TR CENCHE SN
<< WY LT AT ML

24

Intennsity [a.u.]

(5% 3X#]
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transient state of supercooled liquid. 11th International Symposium on Crystallization in Glasses and

Liquids (Oct. 11 - 14, 2015, Nagaoka, Japan) filL 2 {2

& ERFERF

L AR 2 O TER L7z Si0, BT ADREE] IEHEH, INFER], RAEEREE, BRIRMA,
RIFSER 55 76 IS Y BL = kFAAia b =

2. IFETZTINTUBENC LDV VNN T AOEOMRREEET + /7 U oyit) Z1BERE, BBR, MR
W, BAREE, B, REE—  BAWETS 71 EERKS fiti, 3
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T LA DHE~DOEER L OVEM~DEY A ZEE) DAFA
FEATRE » RIS L R S e o & —

=]

2011 FOHTENIEEF —JFREMIZ L0 Hx OBSHTEWE NSRBI L7,
Z DT BICs (X W N I E < | TEE D /NS Wz RHEBHICEHIC
DI TEEL GBI HZENHBITND,

BB STz 137Cs 1, THEICIRIT DM L8702 & DG A7 L B A MR AE S
Do A B WIS )\ HBE T 2203 REfE Ot & &6 I [E E L3 AT U IAEL 12<<
725, 131Cs 1T K 215 YRR EE DS L O  HER IR SR AR PFE M T O TS0, 1B L
5B AOEIAFNZOWTIRRE 2 SN BRL LI EEEFEDT-OIZIX, &Y
O LDOVE~DFAT A=A NI OWTOEREHED DL TN DD, T, 15 YFEFE D L
FE W HIRIC B W T EEIC I BEREOFE B M Thh TRy, gkhidvrar oy
TICGED TREE S TIRE TV FIERELN TV, 22T, ARICifish Trray
Ry T OISR ST DBEH LW EWS RER TS,

ZOLH7e—HOMBIL, BT AOME LH~O EEACMLEE (B BAT) 3% — &
2o TS, ZZTART TV 27N T, BV Y AOK LEW~ D EALEBAE ~ D
1ITOMRZ BEL Tt 21T o7,

SR TR LT 137Cs [ XEERE, ARHARE, KIFRE S L TAEL TV 5, WA
BB LT WO BRI A A & LTI L TW D KIREETH D . SHAREIT
TV T LI EMDOBA A b A A A L CKIBRE & 72 D, [EEREILHRE L8~ &
ENTZHETHYRLBE LI WBRETH DY, e L BRI H 5, R
GHZBWTIIEET v E=U AT TE 201 4 (REMERGA 42 ) O 15
DA F U PEHGRE ) DFRIE L S D 2 LR,

M UL, P Pl sk D 137Cs 235 L 72 K HIZ B W TRKFEOFETHBR 2171,
FEHIRMIC B B2 137Cs RIE DRI L ZMA L-, by T, LEToOHkE
R XD MINOFE R T A EBOBERE OB Y U AT ONT b AR
BEFAE L, S HICKRBIC X 2 137Cs OWI A & L THll B 137Cs HFE &R A4 4 L |
137Cs RN & & A2tk 187Cs PRI B L Ot Ko0 & B0 BAfR 2 fighT L 7=,

[FREBRAE]

BB A Y v AOEBILFETH SRR 193 BE2 L. 5 H 15 B %
1Tole, KBOFEAFTRYITH L0728 (7 H 2 B, Btk 48 B H). ShEEk
B} (7TH29 08, 75 HA), LS (8 H22 H, 99 HE)., B#M (9 A 17 A, 125
AE)., RAM (10 A 16 B, 154 A H) Z/KfEZEEILL, At 3 HLNIZAKRE & [F L
S S AR L, AT B oo E L, ROBRIIITOR -7,
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(R EEE]

T AR HAME 137Cs JREEITS O

R

S 2 o =110 e " 4,‘2 % o -
%k@%ﬁﬁ%d?&&®@f%o $)g~ §//§\\\
A, ZO%, BRI TN B o8
Lo (1 b). dsfirho wiCs ik & eT o
FAERN GhREH R X 0 AR o A . " . ' :
\ZEE T AT R 0 5 3 RE) 1 2 W 5 50 75 100 125 150
ISR WERE T o 7= & HEER S Lo

_ . = o

N KRRAEFHM T O%HE 197Cs 8 @8 §\
BEOEBISITHOIC LS RIEN & oo g—0—n
LEhICEES FER oSBT W =
(LD > TNS & PAS ., A%, Ll T - u . T
FMCEBEREMYIT O LERD o .
BEEZ LN, =

A EIE KO & B350 F o % T8 §———§

AL 2V & =] :o = §/
WD SIS T L, 20 5 8 8 //)y//
wHEE—EOBCHBLE: ®1 83 _ | o

o\ - T ; T T ;
W) o KRGS FREE W W 3 5 & 5 166 P i
Vo LDIEE AT E Tlzk

Blii%kB
WSHA - EREESHTEY. A
R 1. HER A 1970 e (1), -Herh Ak
SRR 351 B LA K0 & N e -

M KO &8 () B L UM B4 137Cs ZfaE ()
BOHRBIIATC L A0 U ™7 LRI 20 & & o BRI

SERL T b L B s, T (PIMESE, n=i).

HEWIE X USRS EIC 5V T U 7 A S b BRI 5 = L v D . 197Cs
LI, Safdk 137Cs JREE AT < TASHE KO G BNE W E TR B N T < |
BB ERT 550 L TSR, T oA BRI 1 THE LE 197Cs
EHEOHIMIERNTH Y, BEWE TCOWIEEIXIZE—ETHo72 (K1 F),
KEBRD L 5 72 BRI T, LHE 0 197Cs 00 U 7 AOTIIEE 21 6 RO
FEM O R i - WAL D 4 78 R 5B 2 7= b, REMNC K 5 197Cs WL 0268 OO fi
FRERE - 72 B, 421, ABERES 2 PTIE 2 810 4017 B 5 EBRFIE S T 197Cs
DI AL EBOMNT & RGeS 5 TR Th B,

(R E]
1. KWBIZHITD BTICs LR EROHMERS, MR RN A1 HL - R - 0 1 7t - R 7 -
RN EZ R IR ERE, AAR LB EE 2015 FERHER S
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2015-71
HERE ML 2 W IR R R A R 5 F O BIRE L 2 E
ISR - IR RFBR TR

[FEERY]  AEREL, MRSESCEEEHN. HOVTY RV =07 VY — 4
FIRB SN DB NMAOFAESLRIN /e & AMOEHROFCTHEICEEA ST AT I v
JIZELTEY, ZNDOBGIIRICENEF DX XV EIZ XK > TREIZHIE S
NTW5b, 7o, BEORERIGERENEZED 2 &7 < BENADOIGRIZELYE O i
EEAT O T2, ARBERIZIE, BB, Frxen, R ODHLNVE N TV AR —H—
mE BEONEER OREMES VRV ERFEL TN D, o T, ZTHBERST
DOREECHEREZ T 5 Z 1%, MBI A ECAIZERN A TR OB B P RIIT K
TREERVD D,

LU & | BEIRTENEAEIR Sy 1 O - BEREFEITIZ. T DDA K& 5~ & RHE,
TROLERTIT) 2 NMETHY . 2O LN YEMREELRNEC L TnD KL
Ez2bD, BlzE, RO S VR EKPIZHHT 5 & AV I~ —OfifHE
72 BICHEAS  BREIE D20, MO RRENERE 7 L 3 7 B % L OIERF RN IR A IR
A D 7m0, HERRERIN RSS2 D ERIRHC, & X7 EREREDOIK T L 2
<o ZDT=, & /37 FRPMOTEMEFHMSC, Sl & o7 B a2 gt b3 5 X #ifs
pafAHT> NMR 72 & ORERTEOWE R IXE S Tk, —J7, BEX o7 B ok
BUIFIRZEMIC L VEAIND 2D, ¥ VT EOEE OB IR Z A=Y |
PEGMEE 2 BTEICAHR L2035 2 L1, A TP FETIIRETH Y | A%
LTRSS WAL E BN OBRERN L EN D, EREEER T DIRE S 7134
PR ERPEH L AT, B FRETHEED M TH D720, SRR IR
BChbH, L, BOFEEILO L D RAEMBZNBEIE., 2R TH DIEOIAK
IZR > THIDTRIAEIND HOT, By HIRETII—UIBIETE R,

Z 2T, AKFEERE T, ERROBICET 28 E LT, BZRET AR
53 OREFBALCAL PR 70 ISR ATRE 72 . B 7o b PR BOS O B 2 B4, %
DB, ERSFPICFE LRWERERERZIEN & 3 2 EREAR S TIER <. 28IFE
T 5, KEEE, 7K, IANKRXUELEERNGLETOIMKE LD Z LI, &
KO AEREFEBRE AR LT HAMETH D, £, ThICE-THLND
FHERITT I RROZATND KD RAEZED & 5 RO FREETH DL Z L b,
ER~ORE 2 2L ATREE 72 D, L R B UEIE BRI T 2k TH Y, A%
REETHDLIH A (HIE - LM S) XTSI L D7 I REME, RS
Th D) - O, KEBIEOT PRI LD = AT VAR E OISR & S
Do MIFOIEREEHIZHOE L7210 TH, BRI E T 2 HANBHR S =k X5 03,
MEOFEwmEMET D2 ENTEIUE, L0 &EETIRAEDE W A HET OB
FINTFIRE T o D L MIFF S, PREELICH] & e & LRI04 90 L 72,
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[F7ENAE]  Fexid, 135-M VTV 0RO e EFRZHEEZFIMA L, K CTH#IT
% K #E A Al DMT-MM  [4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride] Z BHFE T 5 & & H 1T, 2 DORISHIZ HAR & U Thk & 72 G55 C O i i 7K
ERISZBEL TV, £oh T, FEERBMKMEEA] FoME) 2Hns L
T BAFEIZIBV T 20005 OFINERE E 5 Z & 2 HE L TWD, £ Z THHEET
[FR D L AKAE B SO/ T D R ORI OV TRET 21T o 72, £, R TV
DIOSFFPEICE L CERL TE R —EO M RIZE SN T, K, MBI LT
2,4,6-tris(benzyloxy)-1,3,5-triazine (TriBOT) Z 458 & § 582> O T v F )AL Z1EH L

T2 BRI P A SONIZ OWTHRFE L. P THIERFFEOBLE LD, TI FT
72 < BRREAERN = AT VAR LT o7, —J7, EFRIFEE TH )5 51X, ME
WZBA%E L7 7 Ak sy Al 276 FH U C L AR BE MRV E O @S 2= 2B & # ek L7z,
[FZERER KR OBEEE] RN KNE G A2 W TR COT I FERBIG %
AT LR, S EAREOLE LD S HICKRERKISIER - INDHZ L xR
HL., REERICBWTERABPNEN S TH L Z L EPLNIT Le, TO/MR
IZOWTIIRFEERIZIR L E LTHED D TETH D CRIERT —F DI OFEMITHIE) .
—J7. TriBOT % MW BEflfl: O-~2 DAL TIZ, AV F D8 LRI & A3 37
D8, W OERENRIGT 2 DIk U, ARl PSR4 TIOME 5 Z L1 ot @
TNV ARR I BRI AR OV AT~ 5 2 LT L ! 23
SHVTIBIEIL, BOSHEREDS SNl 77D SN2 I L L2 2 SR % L& éhé
—Ti. NUT VUV DERERETDEERMIETHDL M) TV ANIERT D &
O-7 VH ALBURTEEA 0] L35 Z & & L L 2. RIEMAL A O 28 B2 & BH AT
RERAMRMAZEL LN TE,

—J7. ERWIFEE O HIX, MBI LT by itz vy BRGE
TV a— ZADONERIN R EZN T LRSS B &5, =702 = FHoM
TREAKEZENR L (Angew. Chem. Int. Ed. 2015, 54, 6177-6180), & 512, Hifi
B RE R KRR O 25 I b ik L 7= (Angew. Chem. Int. Ed. 2015, 54,
11966-11970), KEREDIRF#EZ LB L L 2RV LEERA R 7 /b RIS & Gl TR D
R BRI IE I 2 % B OROGIT, BREMOKEIZI T DMRED T 7 & fifiE+
D DHIR T FRIEDONRAYR BRI G A ER T D 7o DB iEim AR
LR THEERERTH D,

UL EOWFERCR I, BKMSS T DN TORIRAT > /ALIGE &5 L ABFFEER
% FERRT B 72O OBEBERFMBARICORN DT, A% OISHPYREI NS,
[WFFERCR]

1) Yamada, K,; Yoshida, S.; Fujita, H.; Kitamura, M.; Kunishima M. Eur. J. Org.
Chem. 2015, 7997-8002. 2)Fujita, H.; Hayakawa, N.; Kunishima, M. J. Org.
Chem., 2015, 80, 11200-11205.
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2015-72

4-v°a ) Dy - vy DRI L B
LRI T WAL e DB R R FRAT

IR IERE « SEHORSRER A

4-v’'u v -y B (APPY), 7T =0 -7 I BRI (AA) 1L ERER
B Ra I VORI T v b, SEARERIREY > TN T L R— VRO Zx L TR 2h 72 Bk
S e UCTHER T 5 2 & LFARFSEE TH D)1 T HIZ L » THRE STV 5,
AL TIL, 26 OFERES IO RIRER BIME 2 3 2720, (1) 4PPY % filifit
ETB4-) T R A T-~FH D IV DARFIEGRT b, BEO (2) AA Zfih
L2 1,6-~F Y T — L DNAREIRI S FNT L R—= )V ROSIZDOWT, ' {bF5EE
BT L AT 21T~ 7= (Scheme 1),

0 h O
RO N\““‘\%N\E)\OR
SPENIER e

Oxe”
N/S\
H

O

co o
4PPY-a : R = CgH
b R=CH; AA-a AA-b
Experiment Calculation
4PPY-a
NHNs (10 mol%) NHNs NHNs 4PPY-b NHNs
— OH OH 1
HO OH Ac,0 (1.05 eq) AcO OH HO AcO (1
3 . 3 3 3 3 3
collidine, .
CH4Cl, -60 °C (90 %, 97 %ee) (B3LYP/6-31G*)
AA-a OH OH
CHO CHO (5 mol%) CHO CHO AA-b
— (2)
DMSO, 20 °C 'CHO CHO

(58 %, 87 %ee)
Scheme 1

(PCM-B3LYP/6-31+G**)

WEAEEIZ R & e T (1) TlE, Bk L7z 7 L kit (4APPY-b) 23:sREZfilE & L CIE
MT DO A E L, EBBIKE (TS) MiEDRKA#1T o7z (B3LYP/6-31G*), S 1A,
RE% 52 %5 TS (TS-S, TS-R) ZFF 35 lEIHR L. &ZE TS DHHB TR /LF —Z ik L
7oA, TS-S A TS-R LV % 2.7 kcal mol' ZEThH ¥ | SIKDNIBINAIICTE BV DH EhrFFE
EHFICBW—FZ R LT, EHb60 TS IChu@ARZE(MMAEERE LT, BED NH
AL & oD T X RERD CO EAL, FEE D OH HRAL & FElR 7 =4 DI RV VK ERE & 28
HOHNT, ZHDHDKFEREAITIMZ T, TS-S TIE, fillftd s, 5 FHFDOT I RHED NH AL
EFHE D OH AL OBNCKFBREANFET D12D . TS-R XV O ZETHDH Z ENbhoTz
(Figure 1A), ZD X 512, 4PPY 1L 2 D7 I REMZIC L B5KEREES OWHEIWER 2/ L
T, EWEONEEEZEHR L. AEESHT AL ZZER L TWD Z EEHLNT LT,

—143—-



BEMFIEE L CAREE LV Em L (2) Tk, B F7F 27 = =il LizE
T (AAb) OT7 = U UERALAS, SRR S UCTER T A RISHEE A E L, TS
EOBRBEB IS 70 7 7 A VOERE1T>7- (PCM(DMSO)-B3LYP/6-31+G**), & ™
FER, A X =0 b - = IR (TS-IE) NESHERETH Y (Figure1B) . ARk E
EEBE (0 7+ TV R—VOR) Tk, (1R, 2S8) DNk % 52 % TS-1R2S 23 b & E T >
7= (Figure1C), UL EOFHRFERIL, EBRIICE b E RIS L OERM I Z B L T
%, TS-IE Tid, AA OFEERFHMZ KL T, 78 hBEIOBKRE LTS 1 %25
WIEFEEN I D ZIETH -T2, £7- TS-1R2S Tix. C1’-C2’-N-C1, C2’-N-C1-C2, N-C1-C2-C3
FNENRT FOMMELEL & > TV, »OMBEORME NH AR, EEOT LT b
RESLOUTAFIINLE L TV D728, BRI, FHAEEHICZE TH D Z LR nrol, &
DL DI, AA TS HL L NH 5B OB &2 HIE 95 2 & ¢, SRR 57+
TN R—= RN EFRRICLTWA Z 2 LT, BoNTmREIZ DN TR, FRB IO
TR SIS TR EITo T2,

(A)

NH - CO
hydrogen bond

@l

NH — OH
‘thgéégmd

Figure 1. (A) ~73Ex#M bk (TS-S) ,(B) 4 I =V A - = I Bk (TS-IE) , BLT
(C) TN F— s (TS-1R2S) ZNEN DR IE TS Heii i,

water molecule mediated all-anti hydrocarbon skelton
proton transfer + good NH orientation

R

1. 7=V UBUEE - YA A2 N2 TN T OV R — VO O BRI RRNT, P ke - L e
{5 - BRI - AW - IS 5 8 A FEAEL L AR D L, 2015 45 5 1, TR
mHIA BIn2E (i)

2. Insights into the Molecular Recognition Process in Organocatalytic Chemoselective
Monoacylation of 1,5-Pentandiol, Ayumi Imayoshi, Masahiro Yamanaka, Makoto Sato,
Keisuke Yoshida, Takumi Furuta, Yoshihiro Ueda, Takeo Kawabata, Adv. Synth. Catal.,
Accepted.

3. Catalytic Discrimination Among Formyl Groups in Regio- and Stereoselective intramolecular
Cross-Aldol Reactions, Tomonori Baba, Junya Yamamoto, Kazuhiro Hayashi, Makoto Sato;

Masahiro Yamanaka, Takeo Kawabata, Takumi Furuta, Chem. Sci., Accepted.
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2015-73

RERE 7 7 A€ o LREHNIEZ AV
FIRFDF ) X% v TERE~DEA

B 8 R TERECHET 2 v 7 AW9EAT

[H A

AWFIETIE, SRR O RIERE 7 7 X BN SGIZ L0 . T ki A B R
(2T F vy THICEAT LB 2L T 52 2 HELTWD, 7/ F v v 7 EMm
IE, BRI T o7& LTER L. v » 7RICHREEEE 1000 £% S O e~
T RE GRS 2R AEIED Z RIS N OB T T Y h T+ — L Th D,
BrllznEClo, BEMEA > FIZLVX Yy vy 7 E3mm OF /X v v 7V Einz /ER
THHMAMESL L, BERESA X)) Xy v TEREIC, FEMEETER LS

FIERT IR EAATFREICEIVEAT LI LITLD | D TREICEET 5 HE
F N7V AHZ(SET), 2 AJJ SET BRI EZHBL L CTX 1z, FEDOFEIFIEEL O
LFEFZEIC LD . F 2 RAFOREDNNS LK R HIFE, T/ Xy v T k%28
AT D ENREICAD Z ENALNITIR > TE T2, AFZETIX, BRI RER
77 Ae ARG EFIA LT, /Xy v T R 2 B8 A L,
LW ESEDL T AL T HZ L E2HE LTND,

[F2BR 7 15]

ME—LHEICED T T IEEEZ AT 54 R — ME&EX v v 7EWEAE
R, \EEHA XOACELRSZHANTE Yy vy 7ESmm LT D)/ X5 v 7EM
ERT S, ZOF ) X v v TEMIC, LR ERFNTLZLICED, SFEFT
B LT kit %, RIEEE Y 7 A€ LIRS 2 WD 2 LI X 0 EizE
AT DT RERFTH, ZnEEbETlH /Xy v 7EmEICT /R 2bFH
(W75 S SET 2485 L. T OEMEIZ W TORGEIT- 72,

[FEBRAE R R OB EL]

L— W& BT L 0 RERE T X E LIEE RN T Xy v FSEBBIC
L5i9ﬁ7/7fﬁk%ﬁ?5#4Fﬁ Mi&EF /¥y v 7ERETE ﬁE“A
HEENZ X OERIL ., Z0F ) T v o TEMICKT L TEEMRA > X2 Lz, ZDERIC

BMAE L TLEY EWIHIRRNEONTZ, ZHET /) v v TEBOEED #E
MoOTleOIZ, AvXF TR EBEADREIZZy T U I PRI > TLESTTDTHDHES
Zohbd, ZOWEEZWRT DI OIHEEM A » IR T/ v v TEMOMKE
[ZOWTORFZITV, ZHICKY T/ F vy PTEMITK L TLEITEER A~ F %
1795 Z &R D &M% R LTz,
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1.

FREabET, F/ ¥y v TEmE S kT (@) GnLv Ll
DRICE I B (LR O A FAET B 721, % ks
Pt CER LTIz hiFa T/ ¥ v v 7 EMmEIC
bW A5 ST SET OIERZ T - 72, X 1(b)ILAFE
BLL 72 SET © SEM 4, X213 2@ SET (2K 5
Whya B2 2 ZE dlp/dVp D K LA VEE Vi,
7 — NEE Vo Ik D EIFHEQ0 DD 5 Stability ' = !
diagram)z /R L7=H D TH 5 (T=9K), SET (ZH W fo-!
THESND 7 —a XA YEL REMIND
dlp/dVp=0 DFEIRA B SV TWD Z LB 5,
INETICHESNTE SET TIEZD 7/ —n
VEAXEY NMITATINARORREGT 55D
MEEAETH D, ZHUSK LATWER LT SET , ,
THEHZOBRBRERIZ 2> TVD, ZHUEZ —1 (c) _____ __"_____
YETHLET RAD, B 1e)DE I RLA
Voo = ADWEMIIK LTI X TF A
DTEIS LTSRS LY, Zhicky Fr
A VEM-AT RO b VIR L AR , U
B, Y — AEW-ET R REOZEN D &I Wﬁﬁ% shell
U4 > LIckEET 5, I CgS/C,S,mixed SAM

FRO XS ITT R LRIl E ST X 1 @Mm@%@tl @
SET O(FMEITOEST 51751, ARIECOEH ) Shu i (a7 o S5
k?{?%%ﬁ?ﬁ#é%/%??7ﬁﬁ%mw g;gTiﬁ%fm%FA@
L—Y—WBEE2ITH Z LT/ ¥y v TR

. . di/dV,(nS)0 40

SR A RN AL LR E ST L T rE

AL WMENLT D

eSS

Y. Azuma, Y. Onuma, M. Sakamoto, T. Teranishi,
Y. Majima, Nanoscale, 8, 4720 (2016).

S. Kano, K. Maeda, D. Tanaka, M. Sakamoto, T.
Teranishi, Y. Majima, J. Appl. Phys., 118, 134304
(2015). R ra—
J. C. Frake, S. Kano, C. Ciccarelli, J. Griffiths, M. Gt
Sakamoto, T. Teranishi, Y. Majima, C. G. Smith, M. S%[ag)/ﬁ%%lz;imo% At

R. Buitelaar, Sci. Rep., 5, 10858 (2015).

4
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2015-74

7 = UMM A B R VR EEEE OO AR BE S O HiE & i S

FARRE « AEHE KPR TR gERe

BEY : (REBNRBBRIEM THDLAE RV T =T A b WFe,0,1%, BV F =2l —Hz2bo7 =
URGHER CREMEAELE L TELIEH SN TV D, IEFIZA Y Y ha=7 28k T7hbb
BatEAR AR E A G DR T A ZAELE L THERZIBTCN 5, £ <A B Rk
kL L COIEHZ, F72 Fe0, ITA B RMRIE 100%D{RE A & U CTHLBREN R ©° L A1RE
PR L SN TWD, BEMEE 2> TWD0IE, 2D OME @R L2
BT b, OLDIIMEIC L 2MEEEDOARMEDK T, & 9 O &L DIET 31 ARk
MBFHI SN2 A EAMRMREROKRT TH D, JERIZIT->E D L1TDhr> TRV, WL
R EMHIN D EN I LD EEbTWnWD, £, FEOEFREORED &
HEBEZLND, AFEOBME, ZNOOMEOMRZXD L EHIZ, AVRLT =T
A NERAWTET AN REER LAY Y ba =2 ZpEHE L COMREDM B, BISITHH £
DBRFEEITH Z L Th D,

EERAE: MR A RN T =T 4 N Th D FesOs 2 EM & T D58 N o RVEES
(MTJ) 3+ Mg0(110)/Fe304(110)/A10x/Fe/Au ZEHL L 7=, FesO4ld N> REFE NS N—T
AL THD EMRF SN TV D BRERIICIE b xR (TMR ) OFF 5 & 28
FIZE - TESEDWTED , 2D b RVEHEIIARR R ENRZ VN, £ 2 TAMFE Tl
Thre BT b RS HREEITD Z & T, FesO4 BRADOE FIREICOWTOIERAE
75 Z L R BT B OERUI S E S PR — B2 o — 2 DT T, =B X o —
i E1T RHEED @ in-situ BIZIC XV ER L=, b rmfida v 7 4 kI DiT-
7o BTN AZMEROA L L LT, ARAL 72T 1 NExHET S TMR F 7
MgO-MTJ/Pt/CoFes04 8 L ¥ Fes04/Cr/MgO-MTJ Z1ERL L 7=, =X X v /LA KL
774 ML TMR %1% Rl— R RIS L2l <. RBFERH1D TORA T
o1,

FERFE R - 22 Mg0(110)/Fes04(110)/Al0x/Fe/Au
Ao TMR 2K 11277, =R T-15%D
TMR %R %&1525 Z L3 T& e, AD TMR 3155
NAHZ E1E FesOy DX REFENSELNLHAAD

1'0:"0“0“:-.--&-’"'0.”":‘z“"!

j

o & A N o N
R

TMR ratio[%]

10

A UHBRICHIE LTS, £/, 20 MR # of !

A4 L | | ®
BITRIRATMEL R L TR, CRETELRE Bl B
TMR ik & bt L CRigZzf e vz 5, 8% 6 ' ' HIOe]

< AlOx N T REAEKB DO T =— i b, AlOx 1 MgO(110)/Fe304(110)/Al0x/Fe 0
FERIZBI1T 5 TMR i
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RUEIRF IZ R AT A LTe B3R o T DR E° R
RO UE R EPRFFED W RIT 272 h - 7z
EEZHND, £1- TMR DR R 2 0 E
U727, 170K £ TiZ TMR 3R L7=28, &
SIZARIRIZT 5 & TMR HIEBANICER U2, 20
£ 9 7RI bIXE R O TMR & 1123 R 67
W, TMR HEADDFERIZ 2 5B 65, —D
IEERFEFE D AT £ D AR5 e AL BOEAT IR
RETHDH, MEDKTIZELD Fes04(110)&8 DR
WO TR S TEY | 2T L0 KT
WEENREBRINRLSRDEENREILLND, b D
—D% Fes04 D Verwey #5512 L 5 A ¥ UMKFR
EOWA T D, Verwey #5688 & 1% FesO4 1 B -
A k@ Fe?*, Fe2*ORFALITIEN T 2 & @ idix ik
B THY, 120K TS, Ziulk

-
@ ©
T T

| TMR ratio| [%]
o o> 3

- =
N w
T T

-
-

. V=100mV ]

100

200 250 300
Temperature[K]

150

TMR ratio[%]

2L

-16

| i 0 i
[+2] =] £ ] o
T T T T

-
(=]
T

it

-1.0

-0.5

0.0 0.5 1.0
Voltage[V]

DAY AMKIFRE DI S TR R AT D 2 MgO(110)/Fe304(110)/A10x/Fe 0
(@) TMR DR ERFNE L (b) b oL
I X D45 TMR AR,

TMR AR LB 2 b, £, X 2(b)
2 b R E 0SB TMR #hi# 2
9, FesOy DFEIRIEZ R T X 9 72 13 5
g, B g 7 AR50 03 6 5 &
INZH R Z DB TIEZRV, 2SO HING,
Fes04 D/N—"T7 A Z NN Z KM LT b RV s
HLIoTWRWZ ERbmnoT,

T, ARV T =T 4 hE MTI OfFEFR 712
BWTIIRDKREZRTMR LA THEDL Z LT

0+
80
50+
40-
30+
20+
10f
0' L 1 L
-600 -400 -200 O

TMR ratio (%)

—8— sample I E
—8— sample 2| |

L
400

200
Magnetic field (Oe)

600

P L7z, L L, MTJ BfiRFo> TMR Lo & Fhig
T 5 LESREIZEAD LTEY | £IBRRRIG
BEDFRENE TR AT Z RS TRWEERH D,
FFMLFRFDOH A=, 72T ML MTJ &L OFHZMEERICE Db D L%
ABI, AROUWEPLETH D,

3AERNVT =T A4 h-MgO-MTJ ®
TMR i, Samplel:MgO-MTJ/Pt/
CoFe204,Sample2:Fe304/Cr/MgO-MTd,

BORHRE GRsl, FRIERFE)

1,N. Takahashi, T. Nagahama et al., Jpn. J. Appl. Phys. 54, 118003 (2015)

2, fEx KRB, HHEZE, RiKRR 55390 H AR T2 iimmEs 09pC-2 A d R

3, T. Nagahama et al, Korea—Japan Spin—orbit workshop 11.28-12.1(2015) Daejeon Korea
4, e RER, B HBUE, KRS FH63[EG W A B T PSS 20a-W241-5 HAUHR
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B EVRBETIROZE 2 B8 L IS8 AR O
TR & b 2 ROVEESIRTIZIRIC B S 5

HIAPHERS « 40 B TR

Ex - BW

BN LOAEHRELZETT A AFIHT LA b= X585 THE, %)
R A E U MRMRE - DOIFEANFIEOBERNEE CTH DH. UE, PHERT A ZA0REFD
Rl 2 b= ZEMNEE L LWER A Y b o =7 A5 31 20N
FINTND. BUE, BEIZBWTHERIZA VU RIBE T 2 0B ITTEAT D Hl
ISFEST SAUT W2V, RSO 72 A B RN & LT, sRiaMEMaia A s
ERWTE b NIRRT g V= RRBRES TN D, AU FRIGEPERE AR
FETIXEFDFRFOAE L HHEIZCID ZONY TEINED 72O, FilT 5 Fox
JVEBIRDAEY HHENMRMRT 2R THDH. —FHT, T2 —RENEVAE RV
M OREMEMERIE TH DAV F 7 2T 4 FD(0001) FAIZZ=E X £ v LR LT
L, EN NS IEIET 2 & THREOHOMEIC L BREKKE T EH TS
ZEBRmLRTWD Y,

AHFIE TIXIRBENEREIRIR D a0 b7 =T A D E IV CA R0 8RR 0
A URBERZEAT D EEM LD bRV A Y T L H = RO FEH %
HfsLTWa. RWFFETIZ h om0 7 4 NV E =R O, IHtEe)E b
TOEERGTHEFFO>I /L N7 =T A NEROSIEZTT 7.

RERAE
YAG 2 5 L —V—% =0 2 b— P —HEREE 2 O T MgO(001) B il FEAR
Flza s b7 =24 FEENICHET D Z ERWIGFI N D SR OZEILT ¥ v
ERMMEMERRR 2 SV R T 2 T A FOREEAT T2, PRI T 4V H —%)
RERTIC iﬁﬁ$mi#ﬁﬁ@ﬁm%@@%®ﬁﬁﬂzﬁﬁ®f FRBECIE R e v
7Vy%®ﬁ%%%<k SRR v Ry~ 27 RV BREHIR LT X SRR
RSy vt &ﬁmeDwﬁﬁ K DHALRIE, X HE DI IECL Do
ﬁﬁﬂ‘ﬁiﬁ ExRATV, BEBKE G EOF AT o7, £z, a5V k72T A4 b
JE ORERRNE & AT 4 NV Z =R T D701, RIRAUA OGN A4S & 4
VTR Ll FePd J8 2 S /g & 35 CoFey04/MgO/L1g FePd #iE D, fe5 b o %
NAEZEMTHFEFE2ER L, b REKEERTIENIR O 217 - 7.
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ERER - BER
B 1 IZHARIREE 200°C, WAKEIE 10 Pa TRELI2E(bTFZ L /a Vv b7 =274 b4
JEEEIO=RICEB T 2w, KEEE S RO E A7 U ARz R~d. R
5NNV T7 274 NBIXETOREMRBETEEZRT 2 ERbhoTo. FREO/ER
ﬁﬁﬂmgmmn%WL @&Ebtznwb7l74%%% ZHRT, BleFH v
BB L7z 230 b7 = T MBI RER AR AR E < 2 D X BRIET
Em%TﬂLﬂ@ﬁﬂﬁﬁ& VD= 0)*%%;33%(7%/\/1/7 DEXLD /SN ENbhoTED,
ZDIHaAr)V 7 =T A4 MENEWNGIANIZG EEIX ST, BERKE TR+
IZHHE SN oTc B BND. MTI Z I3 2 BRUSEREAG 2 &, Ry
BUWHaZIMEIIB OGN b DD A 7 ¢ )V F — W BICE K 2 AR B0 21t
TR SN2 o Tz,

1) H. Yanagihara et al., J. Appl. Phys., 109, 07C122 (2011).
2) M. A. Tanaka et al., J. Appl. Phys., 115, 17C101 (2014).

iy 43T Fig. 1 Magnetic hysteresis loops of an
“ MgO(001) subst./TiN/CoFe204 sample

at 300 K.

Magnetization (emu/cc)

&
%}\0
s S

*— In-plane
e N»&i;?!. —+— OQut-of-plane |
5 40 30 20 -0 0 10 20 30 40 50
Magnetic Field (kOe)
RRHE
<FRIER>

- RS, RKSAhSE, HHHER, O, NERERS, FARK

TEEMBATRNO xR 7 0 v F—F BT MR o
CoFe 04 D /ERL & FFAMh

75 63 S SRR, UL LHEKRT, 201643 A 19 H.

- RS HsE, OB, HHUHER, BAK

FERGNE 42 I _E D CoFey04(001) 78 5 oD fd 5 2 5

HAREL AR 71 RIFERRE, RALFBERT:, 2016 423 19 H.
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WeEERB BN I I 1) % Dyaloshinskii-Moriya fHAERH ORI E
(EEET S LN SARilEpN =

WFIEHHY

INE TR UVERICE DBALEEICOWTORFEREANITON TV D, FIZHE
KR DOBEEEIZ X 5 A B U BHIC L ABMEEAEIX, F2BR- > X = b—3 3 AR - B
fiERT & DI LY . ZOA =X LOPHANEATEY, KBREZFHLIZAEY T
NAAFEBREBEINTE T, L LARNLIEFR, O BT 7RI IERFME 2 RO fi#
W EBRE R TIX. 2 E TOME CTIEH T & 2 WEED @ E B E OB 8) 5 [\
DEALENRE SN TEBY . SOROIBITDBVNEEL 72> TWD, FRTIEOE 23]
715 Dzyaloshinskii-Moriya Zh&: (LLF DMI ZhiE) CEEzE/~»6 D A B R — L 2h 5
ENINOLOBROFHEMEE LTHEBINTWD R, 5 mREHI Th T e
W, BFZERFEE L ILERFZEE 1T 2 E TS E T, DM BRI D it B 2 LIF Y . A%
R L D WHEBENHE DZALIC OV TIHEZITV, FERE I 2L —Ta VO E
D DMI fEDHER ATV, PRI REZIT o TE ), 4% DML 2hRIC X 2 WEER
A= X LADERL, EHITEHICA LU AR—NE LS DRI ONT
DIRFIDBME L 7e 5T D,

KIFETIL, FEREFICL DV I 2 b—3 g 0 L LFAFEEIC L 5 ER L oIk
TEZHEIC L0 DML DR DT 24T - 72,

EXL TP S

FEBRIL CoNi Watfg o BT % Pt CTHERAZZXIFRI 7o 4iE & FEO MR & . CoNi it fg
T X P, LEiEMg0 K ONPL g CHRA 2RI B o iiig & R o 2 VW CiT o 7=,
KPR AEEE T DMT 20233 v B L SN A D, FERFRZAEE TIX o DM 20528
D, ZAVHMIERE FHOBESIC K D BERERB B ORE 21TV, BEEERS B 0OE
L0 DML 12 X 250 Fam i~

150 prrrer ey 150
776 ’25;- s e 3 125;

X1 2 EOMBER g 1 2%l
WTHRLNTERIC L DR > wf { T
RERS B O 2L 2 R e L —s
FERFAR CORBESBIE  ° * e e w0 o o e w0 o
FCIE PRI C DI a1 (a) AR (b) Fs i

STLIEFICEEIZR>TED ., ® 1 Bk ORI T ORI X 2 REBER &) B
DMI |2 X AWRERBEN A =X O& (EBREO 1 KILETLORELR)
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LD I DRERLEZ NS, LLERENRL, ZETIITbilz 1 IReET IV
2 X BT CIE. DMI 203812 KV Walker field K OF velocity (3380192 23, breakdown
@k@KﬁW@ﬁ?@%@‘ﬁiiﬁ?%%ht1i@%¢éﬁ1Cﬁék%i%h
T&e (MPDFER) . ZOHIVBEITTW 2 RoET A Z N, EHIZBED
MR DA E = ZHRAETRY ARV I alb—va v iiTolz, fRER 2
(2R,

V3o b—va URERIEER T
RELIHMICE—BKLTHY, fEn
EIR TSN B AREEDD B rof i 3
W (X DML KOS E = 7

v (m/s)

0 100 200 300
25F oo ]

tolH (mT)
> r o—%
HRTHDZEN o, B B .
0 50 100 150 200 250 30¢ 0 S50 100 150 200 250 300

HEE OO JRK 25 7= HolH| (mT) siolH (MT)
(a) X FRHIHR (b) FEXRFFRAMAR

B 2 R OFERTRRAIAE T ORI X B REEER B BT D 28
& (2WRILET N DOFER)

DIZ, VIa2lb—va s THEH
AUT-RERERS B DR & b LTz
& A, WEEBENI VR Y
2R TADEREBERNHEEICEZ > TBY, ZNHEDERIZE D= R LF—D
BORIZ KD breakdown 234 S, mEIZHEEE DN BENT L 2 LR o T,

AR

* Yoko Yoshimura, Kab—Jin Kim, Takuya Taniguchi, Takayuki Tono, Kohei Ueda, Ryo
Hiramatsu, Takahiro Moriyama, Keisuke Yamada, Yoshinobu Nakatani and Teruo Ono,
“Soliton—-like magnetic domain wall motion induced by the interfacial
Dzyaloshinskii-Moriya interaction” , Nature Physics, 9 November 2015, DOI:
10. 1038/NPHYS3535.

« Takuya Taniguchi, Kab—Jin Kim, Takayuki Tono, Takahiro Moriyama, Yoshinobu
Nakatani, and Teruo Ono, “Precise control of magnetic domain wall displacement
by a nanosecond current pulse in Co/Ni nanowires” , Applied Physics Express 8,
073008, 2015.

* Yoko Yoshimura, Kab—Jin Kim, Takuya Taniguchi, Takayuki Tono, Kohei Ueda, Ryo
Hiramatsu, Takahiro Moriyama, Keisuke Yamada, Yoshinobu Nakatani, Teruo Ono,
“Fast DW motion through the annihilation of vertical Bloch lines induced by
Dzyaloshinskii-Moriya interaction” , SSNS16, Poster 4, 2016.

- EATEES, KIM Kab-Jin, 4 AR, HEFHEZ, LEREY, Piese, ZHRIUEL, W
A, R sefh, BB, Uy n i A% — SERMAEMERICHERLESS YY) b
HYZeREBERBEN LS |, HAMEERE T1 IFERKE (2016 4F)  19aAU-8.
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y-TNEINYIZa T A7 x25—F (GGCT) ZEHE L
WEIERIEDBRF

SO - R R RFUAR AR R

[B]

DOIVOIVTIRE R 7 a7 4 — AT 0> HESREREN & L /X7 E chromosome 7 open
reading frame 24 (C7orf24) %[RE L7, &4, Clorf24 [IEFRFIETHSTy -
TV 2 )ValEEO EEEEE D —D gamma—glutamylcyclotransferase (GGCT) & [A]—TC
BB EHH LT (0akley, J Biol Chem, 2008). HiLbOiUITEEIZEIT D GCCT D& E|fFE
Bl & GGCT Z AR & LIZIRIFRIE DI % 7 — < ICIF S 2 fE A E A, Zligs|lioTe 2 Bk
JEEC A < RTINS AL DAL, FERIEEIEIC 5L, F72, RNA T CIIomu 5|
MNBDHNDHZ &2 BN L TE 7= (Kageyama, Proteomics Clin Appl, 2007).

FARFAALFAZERT ST EER O I3 R ZE Oy e by 77—
Thbd. TOEM UM - Hifi % GGCT [LEME DG - AiacHcE g, £<
B UVMER R Z RSB 2 BT PR A 2 AIAETE D2 D B X2, KR EZIE LT,

[58r 71k]
@D GGCT PLEME DAL . EHFEEIC TR D LA Oi%EE - AR EAT 5. RIFEC
FE[FBFIE 24T o T D R HER K7 i R I 75 82 C GGCT PR 7 F R & ikiEt, Bk
T5.
@ GGCT PHEZNIROMGE :  bhbiuat 7' v —7 ZFIH Lz 6GCT I&MERIEE L T
TIZHENL L7 (Yoshiva, ChemBioChem, 2013; Org Biomol Chem, 2015). [Fl{E%Z FHUWT
FEFR SO DILEN R A RFET 5.
@ HUESNFRD in vitro MFE @ FEMKIALEDB LT T RE&E L, Ml
BRI R 2R T 5. £, EWMEICE T 2 EE LT 5.

[ 5 R ]
@D GGCT PHEME DA ©  GGCT (MW 21kDa, 188 7 I /) 1% Oakley B OREIEHEMT >
5, WEMEFLA GluI8 TH D ERIN TS, HESND KISHEIZH &OX, Glu9s
& RWERERAR AR 29 5 BHEH 1a (C,HFN,0, MW 314.22) 2 &Rk L7z, £7=, GGCT
DHIANEEE TH DL 2EEL, lan7u NI v 7 ThHHlaEEE T h-
2T VRIERER, BHEA] 1d (CLH,N,0,, MW 256.30) &aRk L=, W4T L CREIR K
FIZBWT A0 BFEOGEMRTTFT RE2 27 V—=27 1L, IxbA M GGCT LESRTF
K Mglutaryl-Z-alanine (GA) Z 25| L 7-.
@ GGCT PLERNEDOMGE : P HFZERICB W TRE - A SN2 ER 1la B L O 1d
IR LTI, SERRZM S W 2D ES R ORI R T THD. =T, HITLT
SERL LTV D GGCT FAERT'F R GA ICBA L TRGEEE T 72, ik &0, bihvbih
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Cell homogenatas Living celis 75§ ‘?— VC é:%j L f: GGCT {%‘I\é{/ﬁu ﬁ:—ﬂ{i %
12 1 129 AWT GA DOIHE R ARG L 7.
GGCT ZEZEEL L T D ILAS A A kR
MCF7 Z#3fEle: LT, ZoHpaaizilk

Relative flucrescence
(AU)
&
Relative fluorescence
(AU)
8

2 W L AN 0D LT GA A O X

02 02 - 7= (LK), LR TIEEERIZ GA
GA Tt = e GAOSmM = DEEF GGCT BLESHR IR S .
"P<0.05vs GA() — 5, AN CIEPLE S RS ST,

GA DHIFNBITHEORBRDT-® LRI, £ 2 CllaEEBEICEN e R
Z v 7 (pro-GA [N*-methoxyglutaryl-L-Lys—0CH,0COCH,]) & &&t « 1Epk L7=.

@ pro—GA |Z X 2 HUEEZNF D invitro #EE:  HMEC (human mammary epithelium cell,
GGCT EFEB) & MCF7 &5 & LT, GA 38 K TUN pro-GA A REEEF MU AN L CHEfa G i
IEMEZ WST-8 7w &+ THIE L7z (FE). HMEC TIZWF AL DML E BT b BRI I 2

14 - HMEC 5 MCF-7
1.2 4 =—&— Control 7 4 —&— Control
8 1.0 - GA 86 - B - GA
o —%— pProGA o5 - =& proGA
= 038 1 =2
S 06 1 g4
o a3 * *
0.4 A
2 =
0.2 + 4
0.0 T r ) o + v v 1
0 2 4 6 0 2 4 6

L B2y 7253, MCFT Tl pro—GA ALEREE D 4 CH E L BIEIEE OIK T 235380 H i
7z

[%4]

U EOBEHZ LD, (1) GGCT OEEFRIEMEEZ L7 b7 F ROMERIZKRIIL,
(2) MIEABITZNRLILGEONE T 0 RT v IRIXTF ROAGKIC BRI Lz, £
7z, (3) ZT® pro—GA 1% GGCCT = F B DAL O A IS, M Z kS E, (4)
GGCT EFEBL T H D I I TR mEZ 726 LIZK WE WO Ktk RSz, L
7o h3 5 T GGCT AR & LT IRR D BE O & IERW T R 22 5, 2L C, Al
TERORBD TLR AR DI 5 5 L MfFsns.

L L722D b, X7F FEEMTFRGREHIREDOL ORI 2 HT 20, HiZ
FEED LB TH DI T ERMLBAEA~OEITMNAEATH D, Yk N IO
FZER TG SNBSS TILER ORFHIREAR 0 TH D P, BT LRI T
NIZ X AW RERE R CHHET 2 &, ZOPEENREZ ol TE 2 RNICH D LA
bihs.

[RERE] AWFZERT « AR DR FHEE I DWW TIIMGEEER LD 72 oK #HE T
5. pro-GAIZBI L Tl CTbh 5.
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MR RO SIZ BT 5 Hl HEE O
EK DI KEKF

[EH]

A XFRXFOREBHIEC T A a— 27 EOREMRILZ, BIRORS IZENLIT
B9 % 22 A BUR D £ X ) Hfifia /b s KL OSHBRIZ BE T s DAFFERI S & L CTEF RV
ODNTET, ZORR, REMO G b — U SOMIRIE DI 7 & D3R 2 70815 78
BRICESEREICHBE SN TWA Z ERHALNER-oTWND, —J, fHx OBEFHEEEN
E ORI AEAER L 2RO EHE & Ui < o202 B3 51203, BB FIREHIE R >
N —Z &b e Uiz, X VEEMZR 0 1AM PR AL ETH D, RHFEMSE T,
B TR B O E1& & 72 2EE K 7 S BB I B D8k » 7B R TR O R B2 &
DL DITHIEIT 2 DO0EH LT 52 LIk Y MR BN Db 3
K OB R AR REAE 2 iR 32 = & 2l 5,

[#F 8 51 18 ]

R A XA FORK I LOTEREZ O bS5 — TR B 2 BB R - HEOE
BE e EAERRANT 21T 9 (BFSEIREH - K DA), TORERE L LI, TN HEER
TR REZ I B DB T RED R Z E DO X D IZHIEI L TW D O 0nE | WiEEFH
FlEZ AN THT 2 GERIFERE - HilhEs), FRINZIBEER S 71 X T8k,
BXOZEND EEBRKL OBITEDOEHEZEENT ORFETHET S Z L2k 0 BEED
it 2 e 2 (WFFEREE - EAR DA, HEMEH © FILEL), Z ORBFEE B BN
W DORFNHEE , TN ENOFREOERRI AR T 5 & & IO T mMEICEI L T
AT 9,

[EBRTIE]

v aA XFRXFOREEME EHIET D CAPRICE (CPO)EB 1L, 425077V —
@it (TRY, ETC1, ETC2, CPL3) DEEEIZH>WT I E T 2D Tx7-, CPC7 7 3
U —#B I, R ¥ A TOMBERER 22— RKLTEY, RESL T A a—LEKES
TR B AR O 43 ALHAENZ B W TSI N TS, ZHE TOMIEIC LY CPC 7 7
2V BB OFIREEW A Sy R FE 23 oy d @ (TRY, ETC2) &% 9 Ty o (CPC, ETCH,
CPL3) 23S N5 Z L/RIBT 57 — X & 157-, TRY & ETC2 |&, > 32D CPC 7 7 IV —
B R TBIZIER OGN WREW C RIGEA 2R > TRV . ZHb ORI Z X0 B 55 fiF
(B L TWHDO TRV E PRSI LZ, BUE, TRY XU ETC2 (ZHFHAY 72 C R DE 7y
ZEOERWN a2 A NT 7 b (CPC::TRYACH KON CPC: :ETC2AC) &, CPCR°ETCL T, TRY
DEWCRKIGET—T7Z2fMLTca A NT7 27 ~ (CPC::CPC:C ¥ XN CPC: :ETC1:0) % 1E
L, FEEEEA DN 2D T D,
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[ B £ ]

CPC::TRY A C:GFP R UX CPC: :ETC2 A C:GFPTAE
HRIA IR DR EZUL, B AR CPC: 2 TRY : GFP Fe Y
CPC: :ETC2:GFP TEEHr#aRIZ H~CBAZE 1T
LTWAZEZMHLMNCLE (K1), GFP @hs
B XY B OISR & R L — Y — AR
IZEVBIE LR, C KiizRELEZSE

(CPC: :TRY A C:GFP }2 TNCPC: :ETC2 A C:GFP TR
fRfafk), = b —/L (CPC::TRY:GFP K& OV
CPC::ETC2:GFP JEHHRHAAR) ITHARTH 72 0 58
WENRENMIRIND Z ENbhoT2(K2),
Xle, VERARZ TRy T 472 E0 g, W SR D R ELA
CPC::TRY:GFP e OY CPC: : TRV A C:GFPIRERUR  cpo: - TRY A C: GFP W /Bt i 1 |
MO LTz g v X0 A T % & TRYSGFP ope: - TRY : GFP T8 i i f 12 He
(ZHEATTRYACIGRP I, GFP HURIC R 2TV Y g0 M ERHR LIz, Hig
TABBRIS I, SHDDRRDE TR 4 |5 o — AR L,

H X7 B C RIRELE OMEREIZ KV 53 iR Mg

HEINTWDZEPNREINTZ, I T, TRY ¥ /XIEDONfENR, 28 x%F Aba iR
L7ie7 a7 7 =AM E D0 ThHDLNEINERLNNCT LTI, a7 7 YV —ARH
EHHITH D MG132, MG115 JLERFEER & 3 7 7=, & DFER, TRY:GFP @& & > 3 7 B Doy i,
TaT 7V —ARERTEH S MG132, MGL15 12 L Il S5 Z ENbhoT-, BIIE, &5
(o RN 2 AT D 1D O EBRE T > T D,

[E£]

AWFGEIZ LY CPC 7 7 I U —X 2RI EDH
FEDENT, TRY L VETC2 DFE C KImhcsiz
ERT 5 Z LN BN >7, TRY KON ETC2
D C KBl ERET D L, &2 R0 GO fRN :
fffl]%_ %j’bé Tk el ] . CPC 77 3 U — &R CPC:TRY-GFP CPESIRY A C:GFFP
7 B OERE T o DR B AUEHEE R S EIE L 2. WHEHEHIKD GFP X RE
FrEZzLND, £, FuF T/ —AflEA] CPC::TRY A C:GFP B # ik T
ARV EBRICE Y TRY # o7 D45 fRiE.  1X. CPC::TRY:GFP WEEHIKIZH
AEXRFr =TTV —LRICEDEHMT DLW GFP BB BE I NI,
b DRI, —Ji, ETCLIZTRY @ C
Kz ML T, MEBERREMEIIAES N o7z, TO/BRIZONTIE, &5
FELWREST A ELTS L B 2 B,
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A XFRFERAWEI T Y Uy FHERE D E B
H FHEE - 28 B R TR B

[HAY]

177 VUL, BREOWRICE W TEEE A HIRICE# T 2 R IEMTIE A A9
HREL RIETHY, BT 7Y HWFEEORFEI T INTINL—=VICEEND, 2D
70 OEBIEROS T ZTHNS Z 213, b hOWRSZEENS DY 7 F Vs
OISR 5 LB 2 b, IEFITHRENFIEN S LB X bivd, L,
INETIZIZ 7Y OSSR L ORESZ K E OMAEERZ EIZBE L TR
RIRDRZ, TN ERIAT 272010, MEOEWI T 7Y & o7 EEL AR
ERNCIEH Z ERFHEE D, — . 277 V3207 2 /7 BEESI) 5 Kunitz & k
V7oA e 2 —T7 IV =Rt 08 "\ VEEEZLNTWNWDHZ D, ¥
YN BDOFHEE WD BLEND T OREIE EREDHEZ O NNCT D Z LITER
TR,

T TAMEIZBW L, ETVEMTHD e XFAHITBNWTIT7 ) v %
REFBSELREZMET L LI, WEIT 7V W F VT EMEI T
UV EBRBFEISEHZELICED., ST7V0DF N TEHE L TOMECHYHREN T
DEREZHONILE D &5, Fho, WHEM Y 0 XFXFNEFEMIZI T 7
Uit - KRS 2 HEEBRE L, MEORWI T 7 U & Ry B & ER
= D R = =

[ 528k 515 ]

N RKEHIARD L T FN_RTF ReFFOIT7 7 Vo278, BXOZED CE
SN YFP 2N L7=3 7 7 U »-YFPRlE & o /X0 B % Z I EAURERHIIC iR 7 e
E—F—ICLVRBLT BB TFEER L, 727 a7 U7 %4 Lz T-DNA #EHA
BV ENOBITFEAT DB Y A X T X T 250, TNLEEIRR T 1
A XF RS H KBRS L2tk AN S ZNEN0 X Lo oM - KRlZ1T-
oo TOWMBIZIBWNT, BREHOKELEZXS & & HIT, MiaNE X ORI DR
DEENENEICEDE D EZSET, I77 V) rovaA X FXFcEB 0 5MlanREE
PEMEE LTz, 277V ORHEICEI L T, SDS-PAGE /£ Tk, X727V v
PERBLOMYFP HUAZ WD Z L2 L 0 iTo T, F72, MIEANES, MR E 5y o
Bl L LT, UDP Z/ra—zxtrukzkY 75— (UGPase), =27 AT ¥
v XET) ofizZnEnofilz v Tito7z,
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[F2BRAE S & B 52
INEFTOITINTNA—=YERHWEI T 7 ) ORBRIERTE, BT —8 T
JaBEZ o3 A2 LIck 0, X770 % BEESEICEINTE S Z ENHLNIES
TBY, 277V 2RBATHREIR Y 0 A X T XT8N THRBROREEGEN
ARETHD ZEVPHRESN TS, £/, v A X FTXFIZB W TIF7 7 U -YFP ft
B N7 BT X O R 2 SO EE I ND 2 EPBIEIh TV D
(1), I T, vaAXFXFHTI 77 ) MRz S Telast g I BET 5
ZEERGETATDIC, STV UEURITEERBT ARG oA XS X T &
AW B FERZIT o7, KPP CEBRESE SN e A XFXF 4271 v 7T
A MEREIR TR U712, B &I, v R Z T my MEFTIZED 7
7V EBRE L, TORE, A7 —VREZICIEI 77 ) i BBk S
D, RERIZEBWTIEFIW 7L LR S Ve oo, F72, flilakE~— 0 —Th
% XET H /L7 —BRA%ZIC BERROICRE S, —J, filRE~— b —Thd
UGPase (LI S, BEIZIIRE SN2 hoTc, 2O END, vrA X
AFIZHBNT I T 7 U ATHIBSNE T RET 5 2 & S R STz,

77V EMEIEDO RV Kunitz BN 7oA e B =X E TS/ Akl
FINRE SN2 L < ORPFRIZB N TRAFESNTEY . ZNHIFERRIZ X 5 8EFOHM
IR IR DG D R IC B 5T 5 B2 b TwWb, 277 U rofiifast
BT 2REL ZOKRICHFAETH2ZEND, IV NI Ty A e H—
EEEZAL TS Z e END, —, 377V VBIXORGBENOERI L
RTI VTNV TV oA e X —IEREERA LW EARESNTEY (1), 29
7V OEEN Y Tl b L EBICEL LR E X OND, 2, 277V 0T
ftd> Kunitz B hY 7oA e X — L3820 DAL T 0 REEGICL Y &K%
BT 2200, ZOZEBEKERE M) YA b B IR & O BE A
WD 2 EIFIEF I BIRTR

25 R

(1) Takai, A., Satoh, M., Matsuyama, T., Ito, A., Nakata, R., Aoyama, T., and
Inoue, H. (2013) Secretion of miraculin through the function of a signal peptide
conserved in the Kunitz-type soybean trypsin inhibitor family. FEBS Lett. 587:
1767-1772.
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MR BEF AR 3515 A PIP5K & ROP-GTPase D& DF5E
ELRY JHES o R ORI T

[EY]

TP AR DT RE I &« DAL R 7o T RE A MG R 2 B 3 2 5721 T <, AR
WEOBEBOWREIZB N TS EEAEENE RT3, £7o, HILEECHEN i
DI IBFRII AR TS5 2 En b, WICEBICHE T2 0B TH 5,
(AR RBYE O FEST. - MERF I D AR 72T RE A A T T2 DI R D E 72V FE C
HY . ZORIHEEEZ AT Z LIXTEECTHH EEZLND, AL TIX, FA T 7
FIONA )V b= 4,5-E R UER[PI(4,5)P,] 72 ED U URE Y T LMD
Rho—type GTPase Td» % ROP & OAH AN DEM AR DR EITBI D D &y 5 1R
MENT, ZNO U VIREY V7T NVDERBERD D THLRAT 7 T VNA )
k—/v 4= % 5-% ) —F (PIP5K) 35 XL OV ROP DR EIE AIAFEIZ 81T 2 il & E] %
HERRABE D REST « HERE & W D LR BRI 5,

AWFFEIZRBNT Y UHRE 7L LAY Rho-type GTPase ROP & OFHAMEMANH &
DT D Z IR D | WL RETE I O — ik 72 oy F R & LT T vin
ERENMEH I b LSS, 2. VURE Y I VITEH OBREA R L
RGBT BERRE 2 R4 L AFRITEYIE R ORETSE D
IR IR E S HERT 2 DB 5 BREE A b L ATV EEW 2 & Y DB
NI D EWIFRES LD,

[528% & 5ik]

AKWFZETIE oA X T X T OREBMBHRIZED D P14, 5)P, ElER TH 5
PIP5K3 & [ U < MR EMINR{RE (2RS4 5 ROP T 5 ROP2, ROP4, ROP6 oD ] o> +H A/
ERRDT0I, TNENOBIE I3 5 T-DNA AL BAKZ FV - CEIBFBIFRT
4T ->77, T-DNA i AZ KX Arabidopsis BioResource Center (ABRC) 75 AFL
TUTOHDOTHY, THE TORBEIT OFE,. ZNEH null allele b L<IF
hypomorphic allele & & x HIL TV 5,
pip5K3-3: SALK_000024. rop2-1: SALK_055328. rop4: N434338, rop6: SALK_091737

[ & B 42

v aA X FAXFEIPtdIns (4, 5) P, 2 AFET HEEIESR ThH HPIPSKA 11— RLTEY | £
LS OHTPIPEK3 (I EFOREImIZFE L, iR OEHIEZITS & & HIZ,
EMMEOREICED D Z & NRE SN TS (Kusano et al., 2008, Plant Cell, 20,

—159—



367-380), F7-. oA XFAFFIHEMDO Rho7 7 2 U —IKSyF & GEHE THHROP
Z1la—RLTEBY., £ 5DFTROP2, ROP4, ROP6IZPIPSK3[EIAEIZ S & iR F
THBLL, MIMRMEOMENL - MEFFIZBE T 5 B2 5T 5 (Molendi jk et al., 2001,
EMBO J, 20, 2779-2788; Jones et al., 2002, Plant Cell, 45, 83-100), PIP5K & Rho
77 V&SR G N BEOMAEERITEL 2 N Y 7T VREICED Y | R

(BRI OBCRIRTEZRRIZ B W TR 5 ¢ #2737 H Rac DRI N— v I 58
WS PIPSK & DFEEICUATH H LA S TW% (Chao et al., 2010, J. Cell Biol.,
190, 247-262),

AWFFETIX, £FROP2, ROP4, ROP6DIREMREIZIIT 2 & 2B FHICHIT T 5 7
DIZ, TENEFNOERMROREBICBIT DEEZHTTHZ L2l AT, T, FNH6D
BEAR, rop2-1, rop4d, rop6DRERDORNLT H 2 & ZRRTAER. rop2-1. rop6TlE
RERNEG LN, ropdTIE~T v fil{krop4/+131G 5305 H O O REERITIE TR O
BB CHEIE L 7roT-, 2T, mEil{rop2-1/rop2-1, ropb/ropbF X O~7 &
Kropd/+IZB L CIREFEZBIET 2 & LI, HEZI0HICB T AREOR S ZHE
L7z, ZDOFER. rop2-1/rop2-13 X Oropd/+DIRELpipsk3-3D H DIZLER D LR\
@@%éﬂ HRTHEIZEWZ &0 floTc, S BIT, rop2-1& pipsk3-3L 8T &

TH BT rop2-1pipbk3-3—_BHE BARCTIIMRE D pipsk3-SIZ LR THEIZHE W Z &R
$|Jof:o IS DOFERN S ROPIZPIPSKE L N DA T HPtdlns (4, 5) P, & BEREHY
FEAERTZ2 Z L2k > TREBMEOHIENCEED S Z ENRE Iz, REOFEICE
LT, INETOEZAEROERKIZBNTH YL » 2 BT ST 2203,
SRR AL ST AT RE N CTHEMICBIE 21T O WER D 5,

ZHUE T, ROP2IS L UROPADIRENZ IS 1T HHIENRTEM:, J6 X ONEEPEIEIZEH T 5
RBVDPIPSK3ID & D & @ WELIMEN S D Z & D3 HEHT S LTV 7223 (Kusano et al., 2014,
“Plant Cell Wall Patterning and Cell Shape” , pp239-268). AAFZEIZI\ N TE AR
DORBINZEBNTHHEHUMER S D Z EBNRENT, TO T LiX, ROP &L PIPSK3 MR E it
DS - MEFF A2 & T R HIEERE W TR AEH 217> T D 2 & 2R < R
THLOTH D,
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B I D OFHEREOFE L & T
RABFIKR - HURUR TRFERFE T

@ EH . FESRS: EREIZOMIZE 7 v — 7 Cld, IR F MR W) T HL AR E
% 5 TU % SREBP (Sterol Regulatory Element-binding Protein) % 5 /71 ZFH 59~ 2% PN K14
& & LT, 25(0H)-VD; (1)F LN 1,25(0H),-VDs )& RN 2 L=, ARAFZETIE. 1
B L2 ® SREBP [HLEEME L VDR (Vitamin D receptor) Hi Sk D A& D 4y Bt % H Y
EL. 1DOAR I NICEREBRILEZHT 5 IN,250H)-VD; Q)& #%et Lz, &HIZ3 0
R KX I BHERS 2 BT DML A L. 2O OAEMIEN 279 5 2 & & 5Hl
L7z,

R'=H: 25(0OH)-VD; (1) 3
R' = OH: 1a,25(0H),-VDs (2)

Fig 1. 25(0H)-VD; (1), 1,25(0H),-VD; (2). 35 X T IN,25(0H)-VD; (3) D i

@B 5L : IN25(0H)-VD; B) =&k T 272D ABRY > b Malx, ZivE TIZH
T LTALEY) 6 12X D Overman 52 iz VY, 9a R THKTHZ L & Lz, IR
WTABRY Y R NMaZz CDER 12 EREAG L 13 245, 13 0D EHE LIckk~x @iz
HT5I3DFHEREERTDHZ L E LT (Scheme 1 &),

@EBRRR ARV b 1la DEZE., LA FDEY 1T - 72(Scheme 1), Malic acid (4)
BIEELE U, RREERT VAT Va— L5 257, 51 7na 77 vF A
VT H— P EPORSE, DWTHIKRGRZAT O 2 & T—lKBEEN 7 — /" A — A
asNTlc 6 AR Lo, % 2 TIKIZ 6 IZxF L Overman S S Z4T > 72, 6 (ZHEK K
U 7 VA aBER(TFAA)Z 0°C TER & B L 2 A, 7 %M L CIGALAG S A b— A
AT LA Y U7 32— h 8 M3 bz, 8 IR 5 2 & 7 < SUERFIT +-BuOH %N
25 LT, BFEN Boc ETHREINTZ I ZENETHEDLIENTEZ, 2B IL,
INLIZBAT 2 2O T AT LA~Y—L LTHLNDIN, ZNBET Y I FVET A
7u~ NI 74XV RGBT A ENTED, DNTHHELTZ9a %27 I
10a ([ZZEH L7212, 73 /7 EEZ Ns A TIR#ETHZ & T, HETDART Y M 1la
EORTDHIENTE,
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=

OH
12 st 1. ClCCONCO
oo AN COOH X OH 1= P I
TBSO' 2 KoCOs, MeOH  TBSO" H,N" 0
Malic Acid (4) 6
S
= = t-BuOH Z -
TFAA, Et;N gl Co = t-BuOK . wR2
- L el —> TBSO' R!
CH,Cl», 0°C | TBSO " ,“ TBSO N*‘c\ 89% (fom 5) o 1 _ NHBoo R? = H
7 8 o 9b: R' = H, R? = NHBoc
(9a:9b=2:1)
1. TBAF = 1. NsCl, EtsN =
9 2. ACzo, Py z 2. K2003, MeOH =z
a ——» _—_—
3.AcCl,EtOH  AcO'’ NH,-HCl 3. TBSCI, Imid.  TBSO' NHNs

84% (3 steps) 10a 97% (3 steps) 1Ma
Scheme 1 Overman LG HAME L 25 ARV R 11a DERL

Me

OTES
~H Me > Me

Me.,, Me Me.,, Me.,,

Pd(PPhs), 1. R3-OH, PPh;, DIAD
+ —_— >
Br 12 toluene-EtzN 2. 1-dodecanethiol, NaH
é( 50% 3. HF-Py
=
A
TBSO' NHNs TBSO'' NHNs HO
1Ma 13 14 H
Scheme 2 14 @/E'\ESZ (R3 Alkyl series ~ Carbamate O Amides O
- % Me % 0 2" % “Me
11a % > 14 DA% % 1T > 72(Scheme 2), Sulfonamides o
. ﬁz,/\/\Me N H)j\/Me
11a & CD B 12 %, Pd filklit & 7= v o~ % Me o
O ~ / o
7Y T RIS A IS 2 8T 13 A4 o 20 K
70 OUNT 13 1T RE LIRS Gl T Hf 4 HNQ i OE j 0
N AN
AT A=l (R-OH) %GS5 & (s yso I 3
N
CEEF LA BRI AT 14 528 Ve

BT B EMTE (TR, H—"A— MK, ZLHRrT 2 RIK, 73 FIK)

FHESRZF EEAFFEEICB N T, Ak L7 ERLDbE#IZ-2 T SREBP [HETEME DR
iz ZeoTe, TOREER., W ODOILEW N e HEIE 2R3 2 & &2 RW7E
FTZENTE,

@=L : Alnl, wmmmiﬁﬁkvm1WMmmnmwm)m%®$%@ﬁﬂ i
ENTHHE X I D FEEROAMABEMNE L, AR 1 (LICEEBRLEZET5
IN,25(0H)-VD;s ARk L7z, EDORER, A LTALEMOF G B E T H1EEL A
THHEREBULEME L Z LN TE T,
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T UV R=33 v OFTHERER R
Brik R - BRACCERRTEET  BREEVORBIER S & —

[ErY]

Q@EED TN F—,33 12 & B HIF-1a iEMHIL D5 F R

HRB K HIF-1 X, (KBBISEOFSETH 5, KEEEISEICED 2 B T30
%2 IZHIFLIZ X > THIE S TER Y R EBUNREE T O AMBROALFIZEST 5,
HIF-1 /X HIF-1o. & HIF-la D~7T B X A ~—nbEAD DN ARBRRICEEZH > T D O
X HIF-la TH D, Al 4 1L HIFla 2GRS 2 NERPE S F 236 5 L 72, 9 300 {4
DOIFERENRERMES T4 77 U =06 BFEBEFREETH HIF-lo 2 ZEL S 5K
FELTT I R—RI v E R L,

TNV R—=RI T, MAZKEERE L THONTWD I e A4 RERIES =1
A RZREDOY T e LTHbBNLD, LL, toOABEENH D Z Li3msilT
W, BEEOTIE, 73 v R—32 2 K D HIF-1o WG PEAEHIE A 1 = X L& 5 5>
2L, ZOEREROBIICHR T,

Q@EED BHREARALTY VIV EF—,33 v OAIS

HIF-l1a (%, A, EMMERE, AR EOREEY—7 >y hELTHETHD, BIZ
@TIL, HIF-la 720 2@ IRANTEHELT 2 AT T 2V R="I U Z2AIRT 5, R{bE
Wik, EmrERE, AR s LI — XL R D RN S 5, T, 7L
R—/3 X DS R 1T ORI IR D " REED B D

[E=8B5E]

KIGH % AT HIF-1a KEB{bEER CTHH Y a2 h PHD2 ¥ 2 /87 B AR L |
Amplified Luminescence Proximity Homogeneous Assay (ALPHA) % MV 7= in vitro T
PHD2 OEEATEMZET D7 v A REMEL T 2L R—s33 7 PHD2 OFFATE
A EFEBEFELTWDINE I DRFI LT, voxZrT7ay M7 o 7EICED . M
Ja L~ TT b R—32 A HIF-la OKEBBLEZFLE L CTOD 0 E D e kEt Lz,
HIF-1a OFEFJES 1O mRNA OFEHLIIER RT-PCR EIC L VEMEL7-, AlShiz
flie DT v R—s33 & FWT, HIF-1a OIEMELREZ MFt L7z,

[EZBERE L]
1. KIGHE % HVTC HIF-1a KE{LE£E CTH D U 2 ) k PHD2 ¥ /37 B % fs il
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L. Amplified Luminescence Proximity Homogeneous Assay (ALPHA) % FH\ 7= in vitro T
PHD2 ORFRIEHAWPETE DT v A REHE LT,

2. L7 oA REHWT, TV K—s33 3 PHD2 OEEETEEZAET 52 &
ZHH ST LTz,

3. HIF-lo DKL Z R R 2tk HnWicy =22 o7 ay N7 4 7k
2k L~V TT YL R—/% 3 T HIF-1a DKL 23645 2 & & R L=,
4. 7V R—s82 0%, HIF-la OB A2 HIN S 5 EEE C, HIF-1a OEA)E S
F @ mRNA OFBEEMIELZ 2 /R LT,

5. ERtfERIzE ., 7 v R—,32 2% PHD2 A7 72 HIF-10 D /KER{L % Jifl4%
Z &KV, HIF-la 22E, W bT D2 2R, 7L F—s383 12 L % HIF-1o
TEMEALHAE A B = X L& B2 LT,

6. AR SNTFEAY DT L R—/33 v & O CREETE BRI & 940 L, HIF-1a
IEPELREEZ AT 57 2 v K= R VAR RIET 5 & I, HIF-lo 720 Z 8RS AL
THNLT 2 v R—=/32 v ORI A 38 7o &G PEAH B 2 15 72,

7. LRCARZEIERAR T, BHRRBALAIN 1 eIFSA AMEKEAFRIZIENE LT HIF-1a OIEVEIC VAR
K+ThHorZ BN L,

[FR#E]
JFRE 3L

1. Matsumoto Y, Ito A, Uesugi M, Kittaka A. Efficient N-Acyldopamine Synthesis. Chem.
Pharm. Bull. Submitted.

2. Tarig M, Ito A, Ishfaq M, Bradshaw E, Yoshida M. Eukaryotic translation initiation factor
5A (elF5A) is essential for HIF-1a activation in hypoxia. Biochem Biophys Res Commun. 470,
417-424,2016.

FRREE

1 FERE 7, HERIEE, PE - arEERE S PRE—. HEf, THIF-1o AR
TEMEALE OFIE & EFAREFE ORI ). 55 39 [ B ARy FAWRaES . 5 89 | A AL
b Re GRES 2015F 12 4 A

2. MAARTERRR, WERdn, A/ MAR, ORI, ERER, MeBcl, 17 F—

NI A RRIEOBEALIZEE T DA9E |, 5 59 Bl B AR H S A RS 201549
A G
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ZA AT RS E RV
FEHERRIFKIUL (SEIRA) DEEFER A B = X b DR

B % - SLETRSFEE 5

ERELBW SF0eRT /o NEk e Bl EEmEICWE Lzl &, BEIC
BRVNIRANI N 2 o= HE AR AN (SEIRA) NEIS D, 25 T OARINRIAS, HE
A 2~3 MR S5 Z LD, SEIRA ZFIH U7z R EE B SZ LA~ D HIFF N &)
FoTND, FREERSNEZHBMELIITAD L IICTH0I0E,. ERESHEOHE
1L TR Loy FIC K DRI DGR E & ORRAZ I /M L, A =
ALEHOENITHENEETHD, Lo, WEED SEIRA HFZETIE, S A
AR A XD % b D& RBE BRI TG IRDY SEIRA THMEEMK & L TEITH
WHNTEY, Z2ITWE LIy FIC LA RARIE, S F S 7eEicwE Ly
FNOOEFERIE LD & LTI - BT sh T& 7z, 2ok, & )/
PORL - A AR [ FRE & RN TR E & O BIRIZITRZIE - Z D LWl n
o Tz,

OB END, BREEICE SN 7 A TEICKk Y #EiEEED
Ao LA U CUERL L 7o) 7 DU AR HIBCLS 2 . SEIRA T MEEEM & L TH W, JRAMIL
WIE 24T 21X, SEIRA 58 A ) = X L DR FREIZ 72D & B 2, ZHE T2 ED
T& Tz, ZORER. RONRULOBETRE DI /75, Rk &R 73 A4 XD I L -
TRESNDZEEHLNCTHZENTER[1], LLAnn, HiEA =X A
B & REEOEELR ERMP MDD T-, €2 T, AT, RAZLAA
$orfesrt (MAIRS) %, &7 7 WAEMBESNZEH T2 2 & T, 2 ORMI 2R
SO Z B LT,

EB BRI CTBRYE S 7z pMAIRS A1, TV E THljEmAFE v 7- FEARICx LT
WHINTEZ[2], 2kt L, e MaHEELYIL, FmositE iz
OV HMBIERIENTZ DO TH D, 2O, REFEIL, FEiFE IR IZ X9 5 pMAIRS
O3 1 AT S0 B ) B S DR BN IR D M ATE, 2O OREHT. 2 AR A3
PMARIS YEIZ KV T TIZATON TN D R VB ~F LT F 7 = -2, 5-T A L) (P3HT)
(3] %4, FEME L7 U = U E BICHERL 5 2 & CYT o 72, P3HT L, flix
DA BB CRBE RIS L P mEAFE S ) o VR B A B a— MEIC L 0 /ERL %
ToTee AFAELEZTZRINRILOBIEIZ, MAIRS JIEHE (TN10-1500) % i 2. 7=
Nicolet 6700 FT-IR ZRAMIEFHTIT o 7, ZDBEDAS AL, 5° 5 40° £ T 1° 4%
TITo 7,

MRLER BN RAZ v (IP: ®@AN, OP: mHN) 2 1 ICRT, ZRbHDA
RT7 MVIE, FRIMRD AR A ZZE 2 CREEIT -T2 41 DT TN E—L AT ML
Ny 7 7T REFUTIN) b ASA 97 147, 197, 247 297 34°, 39°,
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44° ORET —H ZHit L, MARIS 7L =) XA HE» THMT 2175 Z & T, 20
T — S AR, WA EEEAR(C 35 1T D pMAIRS DR ERIESRETH D, XK1 DA~
7 bV, WEHE S 72> U 22 CRENAER U7z P3HT @I 2 27 h L [3]
EHEE LT 2 A, B LE ERIT LTS, BRI E R TR E R
725 Tz, 1510 em fFTICBIHI S 40D v (C=C) /N R & 820 em ' fHEICEHI S D y
(C-H) > FOE—27 RN, Bl ¢ % g=arctan(27,/R** 1,)"° (IS W TR
Lol Z A, ENEN ¢.76T . @74l (St b0y =108°) BFLNTZ, ZD L
X, RIS O pMATRS (2 ié%ﬁﬁ@ﬁ%@kﬂﬁ 1 & U7z, [RRBHT S
L. WA E R D B8 OB m AR, 2 EI 6.763° . 8.,=28° (@t @, =917)
Thh, SEELNTERIIRES B> T D, Hﬁﬁf%ﬁf%%htxmﬁk
b, MEMEER CTEHELNTZOLEFRCEMAEZEDLT-OIIE, £ & LT,

R =0.53, R =1.18 LT HMENH D Z ENyNDd, 2O Eid, RICHEEURTT
RS DHZ EERB LTS, UL, RIUFERIZEIT 2RO BEL R &3 EIT
FoTRRESTVDZEIZEDbDEEZLND, 5%IT, R BEEOIES i E
FERZ 63 2 Beai 7 Stk O fat & Biam . EBRONHE 2> HHED | FfEAIIZIE pMATRS 15
A4 7 DA REJE BC A FER i@ A L. SEIRA OFEMZR 58 A 1 = X A O %1T 9,

e I I VAU S

® ©
2 2
£ 5
<] o}
2 I@oo5 2 1?301
< <
oP
oP
| ] | ] ]
3100 3000 2900 2800 2700 1600 1400 1200 1000 800
Wavenumber / c;m_1 Wavenumber / cm_1

M1 FEiES ) 2 e BIC/ERL 72 PSHT BEIC % 5 474 pMAIRS 227 kL,

BEIER

[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?, J. Phys. Chem. C 2016, 120, 534-541.

[2] T. Hasegawa, Advanced multiple—angle incidence resolution spectrometry for
thin—layer analysis on a low—refractive—index substrate, Anal. Chem. 2007, 79,
4385-4389.

[3] N. Shioya, T. Shimoaka, K. Eda and T. Hasegawa, A new schematic for
poly (3—alkylthiophene) in an amorphous film studied using a novel structural
index in infrared spectroscopy, Fhys. Chem Chem. Phys. 2015, 17, 13472-13479.
AR &

BH &, EXIME., 7aEFE— LT N—DOKEA A AREITIE U T IEOHEE
HAfb 2 5596 FAFFLS (2016), 2016 423 A 27 H, F&EHAKRY (5T
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W= NFa T VX )NVHBBEBE®E S FORBRFTLAITXD
% 4, [ AL a) ] 4

HWSL « THRT REEEEE PR

(B8] BOKPEZ AS—T7 A m 7 vx08 RE$H) PAETIERKOFETHD EE
ZH6NTWn5, LML, CFHEAITT v FBOEWEREHIE DO RKE <45 L T
HZ WA, KERFEVITDNDICKRENT v FEIFT O Van Der Waals RIZL - T
BT 270 A0 AF LRI N T CAREEIS Z LN TE T, EHITRFE 1 EIC
DEHK I TR INTEL ARV R A= a VEERT D, £O72D RE SHITBIK
PETRITNER BT, REEEAETOIWENBUKETH D EMOEFREFETDH, T
Wt LEAI (Pt i N O L RIRFZEE) 1%, M+ 7 LA BT V2B L, Rf 84
D B AHHIHME &2 DT VA1 AF L HDBARF- A 4if 2 T Head to Head TEAT AU,
RE SH O 2 ORBPEDVER L THEARITBUKMEIC 22 2 E2FLE (1], ZoET NV
I3 RE BHOBEERYMEDREHRANZ L > TE LSBT 2B b TE 5, L LARF
T VA ETIOVIIIENIEE D X 5 72 LAY B 7o g D 55 %_owf@ﬁw EEEHST
BY, MEERLE L TCRIEEHEAT D0 TEHW TR 21T 5 720121E, BiR17
LA D3 RE HUSAOHEEBELFRII K L TED L D %ﬁﬁéﬁ%ﬁdﬁézgﬂké s
2T, AMETIE, 7Y RUB U E MBI T OBUKE A RE SUCE S WX,
BB D BB T L A D3I AR AR R T L G LT,

[ 805 1k]

[n=8,10] [n =38, 10] BE/KILD Rf $5121%, CF3(CF,);CH,CH,OH & CF;3(CF;)oCH,CH,OH
ZHWZ7 U2 (Gly) bLLiZaAS v (Llen)zt LTT Y RUBUVRERAELET L
AT = LEEGRHR L (M), ZbofeEma i, 7 _XeEro

Br
:N*:\/\/\/\“/\‘/ ’\/\/\/\/\/ N*-Cjy-Azo-Gly-C»-R,, [n=10,12]
R Ca-AmBy LRl = ]0] \Q\n/ \)L \Q\( \)J\ H
n-1
Br
. +,\,\/\\/-.\/\,\/\\/t.'.‘i W/\/O
> O

N*-Cjo-Azo-Leu-Cy-Rf, [n=8, 10| O\r ’\,I)L]t
ﬁ; N*-C,g-Azo-Leu-Cy R, ¢

1 RNR=TFaT X LEHENNINA R —R U #Ha G 57 ) X8 RIS
(R=TnFa 7 VX NEHE N Fa b —ROEHOEHEIT Rfs 23 Rio, Rfio 23 Riz EI1ZIFELWY) .

A max 2> A G OELAPREEAZ R TE 5, M7 LA 7 M L, BRI
Rf $HIX R FEBHDS 8 HDHF cubic /N F 7, 10 ffl DOEF hexagonal /N % 7 A AT
L0 FIUMES TT Y RUB D Amax ROKFEREGHERUTELN R 6N D & at LT,
F7o, RE72MEZHFT 5 Leu [T RE fﬁ@/\“/#/ﬂ ZIHET LD AREERH Y, gD
720N Gly By & el T UM B S T O S /B LIE T SO - MFEEAEH O
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KABMREMRETTHZ ENARETH D B X T,
[R50 & 552
F LITKIBHGGREIE 7 4 V5D Amax & £ L DTz,
F1 TV R_RVURIFE RGNS T 00 L max 123 JIF 3 BRK B & 0 B8

Aqueous Solution Monolayer Film on CaF, Cast Film on CaF,

N*-Cyy-Azo-Gly-C,-Rf; 317 nm 324 nm 321 nm
N*-C,y-Az0-Gly-C,-Rf,, 319 nm 312~326 nm 378 nm
N*-C,,-Azo-Gly-C,-R;, * * *
N*-C,,-Azo-Gly-C,-R;, * * *
N*-C,,-Azo-Leu-C,-Rf; 340 nm * 351 nm
N*-C,y-Azo-Leu-C,-Rf,, 340 nm * 355 nm
N*-C,p-Azo-Leu-C,-R,, 320 nm * *

* 0 RMIE
T RoR L EHUKE O 2 127 X —I3 Gly D N*-C,-Azo-Gly-C,-Rf, TlX, KIFIK DL
ELT7ANLDOEAEL 7NV AT e T VX VEHOEHEIC X > Timax TR D2 03D
Mo Te, FRIT CaF, i BIZ/KEKZF ¥ A M LR L7727 4L 5D Amax 13,
N*-C,-Azo-Gly-C,-Rf; 7% 321 nm TH 5D
i%f L, N*C,-Azo-Gly-C,-Rf,, % 378
nm L7207 (K2), 2D D Amax (T%
NENT X D Face to Face Fit 7]
(ZHEIA % MRS 72 H-2 & (Head to Head .
aggregation) JIKFE L J-=5 (Head to Tail
aggregation) JIRREIZKHINT 2, T HI1Zxf \
L MBEOKRE DA v Eaxy s—ic
LTS Aid, BRI A R —Ro s

0.01

Absorbance

400 500 600 700
Wavelength / nm

TIF T =R DOENE D, TV
a7 X IVEHOBHE X A max ITREL
720 YL EDNBELET L, BUKE DRy
U7 2MESTDLEREN W

2 INFaTNANXFNAEENRRLZT B
IR Sy F- (N*-C,-Azo-Gly-C,-Rf,) ¥ v
A N7 45D UV-Vis A7 LV ORI E
% CaFo Fit B2 ¥ 2 b UAEZ L CHeET (b2
FFEAT N O SE[FIRFFEE) HSHEIE) .

N*-C,,-Az0-Gly-C,-Rf, TIZ%, /X— 7 /L4 0 7L LD PRF T L A 12 K B BN M
M EERIC K SN D Z &b D, SRGEBBIEOMEMRIT 21T 21, 7Y
Y UREHBAREER 2R L7277 LA ORENATREIC R D &2 TW D,

[275 3Cik]
T. Hasegawa et al., ChemPlusChem, 79,
[FEHE G, Fa%R%)]

P R, THE VW, WE EE,

FRFEER2M GF66EIaw A N ILUORE L REwe

AN &, i L,

1421(2014).

B Fan X, 73(1),69-75(2016).
(BIREKT) )
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WAEMIZ XD RBBRABVBEAE# 0 7 L&Y D 5 fERE & FRT

=R

%

R

E[%

B {EE - T

B - ArY]

B~ a 7 AT R - B3 - BRI EoRKEIG E LT, b TE
2B T AR - ARTEEE LTEETHY . T ORBENERIEORIEIT S ) —
YIARN)—OERBRIZEFEGT LD THD, TO—FHT, AAFTFT O 7
nrxFLr T hI/anxF Ll OO0 ALEWITEREGEME L L
THbLNTEY ., A a7 AeEWE T DAY SCEER TR ER B DBLE N D
LA EMFBESN TS, 29 LEBEL A AT 7 ALEWITIER T 552 Of%
A HEE S UBEREMT S T E e, 2oL IXfaFlERAH a7 ALEmE -
EEEHRAKE NN 7 ALEMAERT 20 THY . REaflghiiEaE# a7 Abh
WINAERT 28R IOV TOHRIZE DO CTIREN TH 5, AFFETIEL, REgFfEl;
RAE e P ALEMO—FETH D 2-7 a7 7 U LEE (2-CAA) Z&bT 2 /ME %
XL L, KEPAEET D 2-CAA UHIER OIS L FEREOFEMZ LN 52 &
ZHBET S,

ZHETOMIEIZ LD, 2-CAA EfLMEME Tdh D Pseudomonas sp. YL 7% 2-CAA
ORG-S 2 2. a7 7 Vvlige RI X —VBE2AETHZ L2l 5
IZLTCW5, ABEESTIE, 2-CAA DIRF-RF _HIEG~OKMIMZLY, 2-7 1

n-2-b R 7o b F U BAAR L. 220D BRCHEALKENBEES S22 & T
ENEUCEENAERT D (X 1) . ZOKRMIBIGSCIZIETTH 7 7 ¥ (FADHy) 23l
FRELTEREND, 77U ailERE T HHREDOL TR LE TG Z il 5
N, AKEHF LT T B UEEE L L TCIBISNNC I E ~ D KIS 2 92 = & 2
Z D POCHEREIIFER L PR R BLR D O B BRERW, AKBERIC L b =—7 i a s
> S O RS AR A ) T WEAREEEIZ 5| & 90 & AR ORE db s G AT 12 0 FH A
72,

X X
/ +H,0 |
H,C=—C —— | HC—C—COOH

COOH OH

o)
“HX /
> HaC—C

COOH

X 1.2-"xa7 7 U LfEe R4 —Fl2k b 2-CAA DR
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[k - fER - BE]

Pseudomonas sp. YL @ 2-~a 7 7 U N7 % —E& &SAEET HHME 2T
Escherichia coli 7)>%. Butyl-Toyopearl 650M 57 A7 v~ 77 7 ¢ —% H TR
Ra¥) TR RL . WA IR HE U, RS S O FiFH21d Hampton Research £
® IndexHT 72 DAY J—=227% v FZ MW, 1.9 mg/ml £721% 0.9 mg/ml DOF
fE%%E % 570 20 mM HEPES (pH 7.1). 1 mM DTT, 0.1 mM FAD &% 1 pl %, JREH
Bt PR 1wl EIRALUTRHEE L, Zha 100 pl OSEHH{LIETR & 285 Al
b9 %2 & Thifb R A Te, TORAR, R 1 ITRTHRET, K 2 [ORTHSDOAE
FRDIFEO HALTZ WAL D X B s ST It 2 ITIRE SR EDBARFHHTH Y |
NG OB, SRR LN E > — FE Lo ESREORG 72 ERmE L
Ex bbb,

#F1.22a7 7 Y Ale R X2 —FokEbsm:

A iR BRI E HHE
e
(mg/ml)

0.1 M Tris pH 8.5, 25% w/v polyethylene glycol 3,350 1.9 2A
0.2 M sodium chloride, 0.1 M BIS-TRIS pH 5.5, 25% w/v 1.9 2B
polyethylene glycol 3,350
0.2 M sodium chloride, 0.1 M BIS-TRIS pH 6.5, 25% w/v 1.9 2C
polyethylene glycol 3,350
0.2 M sodium chloride, 0.1 M Tris pH 8.5, 25% w/v 0.9 2D

polyethylene glycol 3,350
0.2 M ammonium citrate tribasic pH 7.0, 20% w/v 0.9 2E
polyethylene glycol 3,350

--
E

2.2\ 7 7 UNlige KT 2 —FE O
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BEDIC L 2 &RFRICEG S DS 37 B OB BT
SHCOAH] - SEREERE - EREET

[T e HRY] Mk EOZERREREE O W T, BB R BREE 2 i Do AR I I, 8607
BAh, wrH, BLy TN EEA R E RSB TRRRE L TR
VX — T RS DRI M D> TR Y, 2O XD T ak R e LR &
5o WA L D@ RPN O T, KH LR &RRIEMITETSND, £ ORR,
GIEA K2 DIEFRENEALT D, 2D X 9 R EM DL BT E S &g A A D
AR OZE L, HEFTORNEMEE BRI & KSR A A & LTINS ES
ZENS, AMoOEBEBRIMICEE R Fav A THY, N7TFUT ) —F 7 LN
TWo, =T, NI TIVTIV—=F U7, B RITARER, BHAMEEE L W T
1G94 )R DRERCH D& B ORIIUIIGH TE 2 BB E LTHEEINTEBY, —&
FERALEN TS, 20X, WEMOEETRIL., EXm oA EEND
WAEDIETH D0, TONTHEBEOFEMIAL ICSNTE LT, Fcd&RA 4D
BB A A DFERANRTEA B = X LIZHOWTOHRITZ LUy,

ARWFFETIE, EWHEEICE S IBREBOME., RO RN O E LT
WMAEDOEBBRMER O FHBEEZPAONCTHZEE AN E L, Fix O&RBRA 4 %0
W HE & LRI B R BR BSR4 Shewanella livingstonensis Ac10 D4 J& FE A%
DO 2 ATz, AEIL, HREE T TEHR~ T, 70 0B % ik E 1%
RIKE L TCAEFET D, 7w, b LT U B2 LI OARE 2B L
7o & & S. livingstonensis Acl0 137 = U FREAKFHIC Y VERIRINTF ¥ > kL& X
278 (PhoE) O¥#% 4 /"7 H % EET D, PhoE X, KIGEIZIBWTY VIR ZIRFIC
HHFEIND BNV AR RV ETHY | EBWMEET DT XV BBRET D
BUKB 72 S 2 AR E TR T 2 2 & ¢, U Ul 4> (H,PO,”, HPO,*, PO,”)
%R SICEL D AT EIER & E 2 DTV DY, BEREREE T T4 B H & oBhE I
BIEHE STV ARW, ST T0 PhoE OFFEAFEIL. 7T R0 L b= A,
LUl a b bW o SRR A BRI b DR TTRER A T D Shewanella JEFME DS, 1iE
FE SN TODMED O BBEIFER EITRRDA DAL EFLTNDZ EEREBL
TW5, ARWFFETIE, S. livingstonensis Ac10 DA JEFEWIZISIT D PhoE A BEBEHES#
Mz gl T,

[k - fEH - BER
PhoE DFREBUWEME Z T3 572012, 7~ VS L 137 = U BEHMFIE T CTRE LT
BRI 4A RNA ZHiH L, U 7L % A A RT-PCR f#MTIcfi U7 fE 5. 7 = BegkifF
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TEFC phoE OERE L UL 2 5 E THIIML TW e, ZORRIT. 7 = BEMFTE
TT® PhoE OAPEITIEG L)L THIFI SN TWD Z & BRI NI,

S. livingstonensis Acl0 D4 JBFEIZI51T % PhoE DAEFREEE 2 fifHT 3 5 72 91T
phoE BIn-T-HEMK (AphoE) ZAERI L7z, BAMKB XY AphoE %, 7~ VES L <
(X7 = TR E ARSI L RS TR LIRS, 7~ VIR E ARSI C AphoE
IZEFAERR L RIREICAEE L2k LT, 7 = Uk & ATl AphoE DB HREIT
BHEIIR T T2 2 & bhrole, 7 UBEEARHICIH T 2D =gk & TiTE: o
IO THRT 2 2 LN TE WAKZME L2546, 5 HBICZ = U EEkniE
SNilz, —F T, AphoE % 7 T UBRERE AR L2 & & =MD TITHE D
oo ZbizglEgsnzsro (Fig 1) . ZfligkzxLr— 735
1-10-phenanthoroline %%B%TP% %o _MkEEERE LR, BEKOAETIZ
o T =AMk AT T S 4L, B5E% S H BIZIIE i o =hEk2N 2T 100% 3%
TEINTW=DIZR LT, AphoE TIE SR D AERKRENK 20% F TR T LT\,
PLEDFERNG | S. livingstonensis Ac10 D4 G2, PhoE %I L 7= W& k23 B 5
LTWDZEDNRENT, Jeiboi@ v | PhoE 1T IEEBMEZ 27 2 /B CHER SN DB
KMEDF v o FNAEE TR DS VR BE L FRREIND Z D, KREO B

IZRWWCHE & e 2 L8R AEMN 2 b OB T- L #E46 L PhoE 20 L CTRY 7
T X LZEMIZE A EN D ATREMEN R SN,

0 days 5 days
A AphoE A AphoE

- - =
‘ ]

‘ |
=8 8

Fig. 1 S. livingstonensis Ac10 3 X O phoE B TR D 7 = U WEEGEITEE

e
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FEREREMEAR BEAE R D e 2 R 4 DGR OB

=3

WA — - KB R RFBHE FIER

(1% CIZ) FIE CHEEZ S D &b s 724 . - (Ii
L. KR AR T AR T LAaenic# :%_“ — Y

DrickeT, gEmESEEMEIICELT " ) oa " L)
e YUFVF o7 =1 U8RI, BhEkies +
N7 1 h BENESIPTIC L > T ) — e 7
MEGE~BERMENL L, 7 b7 I UBEDNEL 2N
BT T+ NI X 0hE, HAHABEEFINANIR BV RERT VS, EEMME
FO( 1), WTNOBGLHEIREETOLRBLL | WKP TIEEO L5 Big s —4)
RSN E N HT, fmR o TIXOMHRILEE XD, SIbiZ, mEEEr 525
IEEMRIZBWT, afBld7 4+ h 7 a I XLEZRTHPFIIN I R v RAERT &
O BINEMER B, S O BB E > TR ZELT 5 2 & HBEICH &0
LTV, Fexidiilr, 59U F VT o7 =V O oJERE i O — U AR %
2% E, TOGEHOGHERBAMENRRESZELL, S DICEOEEIFE BRI
BLBEOL IV I Ry BV RAEZRT LV BBREWESG A B2 L2(X 2),
ZOXDNT, BEEREZED Z LI o TERSFEIENENT 28G0L, AN/ 7m
ALRAT ) TN ara I AL E LTINS, 20X D RBRITHRE SNIHED T
FHNCH D | HEIEZEACOBRE) oMM EEH T AT TR 7 R O D3 % < FR
SN TVDHET, HERER OB IFAF RIS LWVFRAEXS G Th D, £ 2T, FRk
26 FE L 27T AR D 2 I DT o TEIRZ 0T, 5 THEA TR 8 BRI (1 R 1B A 2
2. Richard Murdey {#1:) & OILFEMEL ERi T2 Z LN TE /o, ZORIZEV AT
WFFER R & A1k DR EZ BT 5,

L. #VFVFo7 =0 HD
il it oy F ARG AL

-

//4 " . . \ \
Less- m

Luminescent Luminescent

2. FEMAVRITHIC X DMEEER T BRI A2 EBT 2V U FU T T = U AR .

[(#ER L EE]

(1) YUFUTUT7Z) VEZERED AN/ /03y BERICET 2EMEEHEER
LR FERTRR E O R X AREIFTEEE I & - BB L 7 BRI EARER I

XRD O L% K 3 1R T, R IC R S0 25 XRD I 2 O Bk i X fRET
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EERPHIab— Il —r&—8H L7, ik
*ﬁ)ﬁﬁéﬁ# Dﬂzt@ B TolZOFIZBIE DR aaEZH
PN L, BB > TR ORI E— 7 233
BLAYIC 72 DERF- BRI S iz, 20 X 51T, HEIAYH
Wik 2V F VT o7 =0 VHE SO UEN LB
~OBIIFEEFEIERE O 2 | i E 2 L OBl
LB Z LI LTz, LnL72edy b, B2 dE
BLm ekl & 32 DI HEDOEBIETH DB O M %
AT T ENTERVIHET 5 20T TR
BIE~IEZAL T D)2, Bllll S 7z XRD IZIHIER
Bl L7zBli B =27 O R PEN TN D &) R
PRSI TWD
(2 YUFUTUT ) UEEEROLMEEL
fhibn 7 4 h 7w I X LR E R P O WIURE
PR, & OE S IR EIZ & - THEMm
SNDHHN, FEemZRmE T LRI & KH R 5720
728, PEECET AT B VT IR R i O R 03
BRI D, RIFFETIET + b7 a I X A0SR
BRFEENT E CRIEL TV a0 2R T 5 4N
bDHEE . HERERWIA~NZ MAVRIEIZ L -
T B DY IEZA b 2 e 2 5 FBREAT o T2,
Zx hrw Iy KSHTI#BOY Y FI T T =
V%#%@#ﬁﬁ%x&7%w%ﬂ4@*4ﬁﬁ%m
FITEX B O BAT /0 IR B L » CTHIE S 37z B dhid
WL AR "V AW ZENFIVURT, JERUX
AT ST MEEDOBRINAKE LD B
D, FEEREBEIZT MEENEREIZERKRL TS Z
EDRENT, B REIRRIL A~ R riZBnT
7 MEGEOWIABIE S 4L, fEENEICS 7 4 b
70Xy I OSIWPRVEITLTWDZ ERnbhro
7o ATE FIEILHE SN E O R 2 b 2 &= 4
TELHELELTHEHTHY, A/ 7mr I XA
£F O FE s NE A~ O EEER ORFE D BB CTE 5 )
IZOWT, BlEfEmatztEDd 5 FETH D,

mlm |
5 llb 15 .20 25 3b 35 4bl45
26(deg)

3. B RIRSEARISRE 2 A © XRD &1L,

TBNEIS, B RS J O 3 IF
iR XRD B RT,

Normalized Intensity

(a)

)
&
3
= 0.5
i
z
<

0 . .

400 500 600 700

A/ nm
0.3
I\
: (b)

£ 02
<
3
g
=
Z 01
<

0 ‘ .

400 500 600 700

A /nm

M 4. 7 Fr a3y 7 RIGHEIEROY
UF VT o7 = BRSSO R
BAb, (@FLESCE A7 hoL . (b)HELfE
FBIBRIL AT R, L hiT, ER
XERRETET, AR IO R 2R,

[REE/2A%F] K. Amimoto, “Controlling Optical Properties of Salicylidene Schiff Bases

Polymorphs Accompanied by Structural Phase Transition”, 22nd International Conference on

the Chemistry of the Organic Solid State (ICCOSS 2015), P-7, Niigata.
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B LT CONRBERI T + 7 v 2 v 7L ONEE /M
IR — - ALK AR BT TR

MRER : HEEE X, @ BICRE LA T Va1 R 0+ OEGFREIC L -
THT—ERFEAERICOT N REREZL7-6 L, 2o TEIRENEE 2 128
642 2 & 2WE L TE (1], AFTED B BT, R B aE L2 T ¥ VRBERL — +
7w Xy 75 F O NS T T OB FAE G E O L2 L E S EWIEIC S 2 5
HEIZOWTHAT 52 L Th D, BEBIHEENEIIICZEL L) o YL i =
L7+ b7al v tRNEREEDTND, 74+ M I XLNERTILEWIX. B
BAL S E O aRSRILE Y. Y., AERWE LiEIL <, Z ORISR b R
PE, iR R, ERUSEMICEATE DT AL v F 2 T T ASDIEHAIED -
TWb, FRIZAAL v TF v 7T, A& fRW LIZWFRIEA £ SIS S 7 220
IZH 0 HEEZALOBRE) LW BB I E T R E R OB N ST
Wb, HEEEIEX 74+ eI v 7 f~Fh7 ) — e 14—/ (HABD O
FEE —WPEMESICEEB L7z (K1), HABLIZ 1 95 THHAARTEENZT-%14 7 (O
BT K DM DTV AINVR

YA Ty ¢
g s o
M7 o kS s LA ;P“— ~ gg 1;{

I~ !
T®5[3], HABI 12> 7 + K ) NN

M. N
M N@N
yn sy Z{LAMTIEEE R = ” ” /
e - @/_%:—1} J _—/_SF'\> @

o R U B R | & O
PRECD 5, AR, HIE HABI (1,2'-221%4) TPIR (3ZHIL3H)
kL7 b7 v v 7 &R

J~ HABI O P74 18 © B et i

DB 7RIS & B S OZACIC L O BRURERFEDOE(L A IE X D &\ 5 RIEEH
WaEA TSI, D THEAROMEULFAICET 57 — X PUESMATICERE O & 5
LR GERT « VERBIFZER & OILFEIZEN A EETH 5,

EEBRFE  HABLIZEEROFGR L ESZIZEM L[], 24,5-F) 7o =LA I XY —)L
(Lophine) (1 mmol) ZBiK-X¥ 2 (80 mL) ([CIEMSE5, Zhic, BlEk#EE L
K;Fe(CN); (28 mmol) & KOH (57 mmol) DIRA/KEEHE (50 mL) Z#J 1 FEfE T T
Tl #EXTTC—HEHLLEZOL, DR LTEONAEREEZEE L, 5oz
E{AZ Yo/ ) — )V CHEAEG LU HABI 21587, @Rz BEE2eh T, in
situ CEIR—EERMERLHE IR O A = R X —(RKFEEEZRE Lz, Zh b ORE
(XIEFAFFEE T d D IEHEIIFEE (Murdey) 23BA%E L7 BB H 2N CTITo72 (K 2)
[3]o in situ THEET HZ LIZIFLLTFDORA Y v 3 H 5, EEERZ KIS Z &

X 1. ~F%YV 7V —1rtA( 34— (HABID

—175-



e PET D120, BFEAORBOKEORMYO R—T 2 OTENTED, £
7=, BB TOESETH DDA ey THEEE L D013, TOELLEER
HIMEE D20 2 EER BT 5,
AWFFETIL, B 7 7 A4 7 Hfkda [0001]
1 ecmx1 cm ZXEARICHEH L7, 7 7
A T B A AR S KR 1000 °C
THEAT 2 2 LT, 77 AROKEE
EoTzy FREV T ARNLE —L <
AT ZHWTCEME7D Ti ZZ&EL
oo TNZEEEEMICB L, 74
! #L7- HABI 757 LR (225 nm)
BAEH: 107 Pa PUERIL T2, Bar o A—F— |2k
X1 2. in situ WRINE 21T > - @i Zemionst.  in sitw CEGZHINL, EFfE 2wk
[, HAES) 107 Pa . 3B & insi ¥ U712 THUE 8 BABSOERME L v
% & TS & BAE A AT HE. (20 mA—2 nA) TOHEINAHET,
+500 V DC OFEEFA & Pl Eine
2T, 10 fA SREEDOPERE N H Y | BIELA KL CHET H 2 & b AlEER
7280 U INETR O RS E LTV D, 150 W D Xe-lamp & 45688 % FVTL300-1100
nm OJEEEERK L, 5 nm BT v v X —ZB L7203 b YCER & BFE & HE 9
5HZ LT EMEON =R — KT, £ FEEE Si 7+ A A —
RCRRM LRI AT MLV AT,
EBRWER - ZE HABIO 7+ 7 v I ALFILFOWENRH 5, iR HABI O 5
Mg (Ef) oG (RER) OB eGP CBlll S 5[],
—J7. HABI Hiffdh (REG 0 1,2-BMK) 26 Bz 108 K IZH 1T D EAERICE
W X BAEIERIT 21T 5 &, B L 7= TPIR ©Z U hxt (BE) Bl T
%[4], SHICHIRICHIET S22 LT, B TPR MO 7 U VEEENRBZ Y 2,2°-7
PR~ E 2T 5, IR TONRE A% T HABI OEREITEZAETH -7, i,
HIRDORERRERLERTO T PHNVFHBEEKCHEEDOMENRE R bivd, £, WK
& 720 SO BRI C I LR RE & B2 & 70 2 DRERMKAF IR A b e o 7z,
U EORERZBRT 5720, FTHEESEMZINE (RIKRE~80 K) &4 TK
BTEDLEICHEZITI PETHD Bty M7 v 7H), 5%, HABI Hifssh D
RS S2ER & [RIER IARIR T C HABL W@ E O AR ERERH 21T 5 TETH D,
[1]J. Liu, H. Isshiki, K. Katoh, T. Morita, B. K. Breedlove, M. Yamashita, T. Komeda, J. Am.
Chem. Soc., 2013, 135, 651,
[2] T. Hayashi, K. Maeda, Bull. Chem. Soc. Jpn., 1960, 33, 565.
[3] R. Murdey, N. Sato, J. Chem. Phys., 2011, 134, 234702.
[4] M. Kawano, T. Sano, J. Abe, Y. Ohashi, Chem. Lett., 2000, 1372.
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W7 TEOEFELFIC A NDOEOOE1L 1RIYV—ay S
ERE B - SN B RS T

[HrY]

AL, W7 T ENOSEONEE LE#E L, MEREBS L LA =7l
DA FHIEAE R FEHE DI TEET O S 572 HiEML-CRl G 2 ARV & Lo, EERASHR
ARET DEENICR TONL, KLV —2 v a vy 73, SMEIZHBRRFEMSKO FT
DOWFFEREER L iEim7e &4 U T, FEROILFEMFIED HAR & 70 5480 - #IELTRD 545
ERET LD THY . 5RO S SR EEREA~FETHMEMmEHTTND, L
Bo T, BHANDL B E L OFFIEE « REREDOSMPLEEN, ALFHTEET O I
IR D & & bIT, ATRERIR Y 2D H AN OB 2B+ % XBEIE# 21778 > 72,

[(WFFese = D BT - HFE]

RKLOU—7 gy 7E, Wei Yu TE EBRZBERFPEHRE 077 LA EER,
Florian J. Stadler F[E > > &> KZEHIZ A BHMEBITRER L LT, YUV REOFAE
O BMAE FIITLZBEOEEICLY, PEY KT Science Building (27T,
2016 4£ 1 A 20 H-23 HIZBE iz,

[BF7EdE = OB R 5 ]

ZOV—=rvay 7ORBEREIX, ILWESRICKRT T REICB T 2WERFEE LT
LA w =B O 2 8 5 25 TGO R A O EBR AT - EE 2 TR, RO
EME bz 2T D, o, IREREFEROL ML, BT V—TH D
HFEMFEFOTEH 2 E HICHBESEDTOD NNRROG Rt 2 L i2d D,

[WFFELE 2 DEAE]

ZOU—7vay i, H1EIOY 7L (2006 42 H) ZEEIVIZ, 5 2 [BHXES
(2007 4F 1 AH). &5 3 [EE i (2008 41 H) . i 4 [AliX Nakhon Ratchasima (2009 4
1 H) 85 ENEZEIL Q010 41 H) L & 6 Bz (201141 A) . & 7 FENEALR (2012
FE2H), F8ENTT—47 > F (201345 1-2 A), %9 ENEY 7L (2014 42 H), % 10
3R H (2015 42 AICCRES LT & 7=,

[t D]

ZDU—r v ay TRREOBREIZHEA, TERDSBL TCSMEMRBOZREZK T S
FRWVWEDIZ, ZTRETOY—I v a vy 7 TREBIMEERENFIZFALESHICED LD
2, ABERRERAZ —RRE2 O ERE 1 G TITRoTE T, AEOT—
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7 ay TR BRI NV—T 0 OB L TIZ, 11 4O EERERAEZ L E LT
FAETZBN 20 SO AR EIT R o7, 780 OZINFAEIT S pHOAED Y 2 — |k
TR T = a v ETRD, BRIGEERAY —FHETIT o2, 7B, HTFHET
4B RIFFIC R A X — R E TR o 1o, FAEORAZ —REMHIT 67 1E T, KEFpek
DRELTWD A FEAEBEL T EN TV,

FHIORDY ININGEANINTFEDT —L 7 L—0n40RH E i Sz, i
AT-BRA LT —~EFRE L CHMOMbIcfithg & & bic, TOMEEZERRTF
EOTHETDHHDOT, EZMIZEE ST, FAEORE - FET- S LB T—2a
REN DM EIZBBWICENL BB Th -T2, ZOMEIL, HTRE - DIV
MR ZATR O H > THLRWRERE e oo & b,

MBSO 4 AL EZEN L 2 A, FRBIMBRE YD T TIEFICEIE
L7223 A & DFZENEDFE IS T& CERIEE S22 0 TH D, TFEDT—
AT L —IZB WL S FEFE TSR UE R 53, X UDITERTZ > 208K EE
ICEEOBENHED LRV BE LT ) ThDH, RS, EEOMMR SR
HICER D #HA T, BOREUBRLBIMLTIZWEDZ L ThoTz, FAEDIIZE & %I
KTAHAE—T A R—= a3 EEDEDIT, 2DV —0 gy TRELE>TWEZ L%
FERE LT,

(W95 2R DO NE]

B TMEZIZICDETE Y 7 hwEZ—D L Fu—0MiH v Ial—y g -
FBR, & L TH LWRIEFIEOBFSICEE 3 2858, b L 7o Blsns & O FisEh il -
FHElE W o e B IE0 . R ~—T L R Ty JHEEER, F/ a s Rm Yy b,
KL R 72 E OEMER ROBEBREE DT & LA v O — & E D o kkx It o Btk
DOIFFEH %< . WERZERIEN D 2 BB TW5, Bicklo—ARRFBEDL DMK
BN TWHHIRTH D, SHICHIIAD LA 1 O —RE RN, F_— 2k, &
W - EHERMEEM B2 E 22—y M UM EIBARICBEI T 28 £ b b0 |
LA nP—%%—U— R L TRENRIIZILICHE -S> TV 5,

[Zn#]

LEMFIRMALTEOEY ThH D, SEOBMEIL 129 4 Th-o7z, ERIOFTET
T —TRITERE & BARD 10, ZA 233, PEP 13 ThoTo, HRFE HEHLN
WA W2 KRR, &2 WIXEBIORR-LABIRIINETH D, F1, HFEAL Y
TRER D T EDHER L TR Y SEBMBIMD AL T PEA N, £ OHITIIRESE
Flkk, V—2 vavy 7 aZonFICAARICEZEL, MEA2EE L 2 408& T
%, (Quan Chen : FXARALAF— H[E Changchun Institute, Tongsai Jamnongkan : [LFFK—
4 A Kasetsart Univ.)
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ERBMHEZLLTOANL TH D,

Natthida Rakkapao # - E[E Prince of Songkla K% Gfif
Kyun Hyun Ahn  ##[E  Seoul X7 %

Youngdon Kwon  #[E SungKyunKwan K= ##%
Kwang Soo Cho  ##[E Kyungpook K% #E##%
WeiYu HE EilEAZ@ERY HdE

Kang Sun H[E L@ KT Hix

Chen-Yang Liu  H[E PEFZHACAIZEAT 207
Jiasong He H[E HEFRFEACTFIITERT 2%
HEEE KRR #dz

;AR T OMPERY B

AR BRE IWERY HHEE

A R AHEBRTERTE #EHE

IEHE  FECRPRFIIERT  BhE

A=A
Wfrow Y,

[ZE£]
AT DEY

[&#EnEHE]

e e A S
o 1 I ==

E 2o dEY ' 2 K5 Science
Building D45,
o nEERESY,

-179 -



—_—— e ——————————
e international Workshop for East Asian Young Rheologists

—180 -



2015-90

BRI RAR(DNP)E & F VN 72 [E R NMR D
BEREAICE D S EBT A ZRPEHRNT

Gaél De Paépe
CEA Grenoble * Laboratoire de Resonances Magnetiques, Service de Chimie Inorganique et
Biologique * U %—F 7 4 L7 X —

[(FFZEE &

it ELABORBYEI & O F AT S AR IR OB LS 2 7 5 & LTS
SHMTEY . £ORER LIZmT TOME - BIREAERICITHONA TS, L, 3K,
ZOREIT 0 TIEARLS . 7o, FEAULOREL 22 26T /A A D IEHERF AT I3 R
DETIBL N, KRS, AT A ZADORTHRGF N ED L S 2EE#ELZ L > T D
DOPINEREF SR IR TE LT, TOEBRFEZMET 22 LITAWT M 2%
MR+ 5 L CMOTEHEETH D,

[EfA NMR (3T A A ELORITICIRO THHTH 5, AT A A ofaiE
NDOKREBZDFEEIRIEIZH U | BHTETIZ 27 4
H®RPE SRV L, [EAENMR Tl 4
T-HEHE D B 72 & 4 T-00 JE D BB SORL 1 B A2
EEL DEREEDLDZEPHHFTEL-DOTH
Do THITHND BT, AR NMR {EDKED
RS D721, THVE THREM A 5 O it |
CHEHED A DR T I ok, ZOBREDE T e ™
S Z T D 72 OITAUTAE, BRI R (Dynamic  Fig. 1. DNP (T X % NMR 0D H %
Nuclear Polarization : DNP) % F]H L7 NMR I
E (DNP-NMR) NEGEIZHE L TX7z, DNP B, AV LD b REROomELH
THETAE L ORBEAE ANIET Z EICLVEEN 2GR ETHL, K1 (F
BENEE O NMR, #R#E25 DNP-NMR) (2737 & 912, [A—iRE CTlE, BRI I3mK
660 1% DI L& 2 R ATRE T 2 6

AWFFETIE, R FE TH D Gaél De Paépe 23N L C X 72 DNP-NMR 5%, 3
[FIRFZEE CTd DR, RO EE Lood 5 AMEIR KIS EMAEHIEH U, AR
KI5 MR &S OFHBAMFRAIC BT 2282 Z L2 AR L Lc, 2070z, A
WK E D R —@msrf (P3HT) &7 787 %—4rF (PCHBM) 7672 515 M
JEIZ, B lZixet Lie T O AN 2 BN LT RICHOWTHIEE 1T o 72 (Fig2),

A L 660 B0

| AR ! !
01|

Polarization (%)

0.0

[#ER & B
7 VN NVEERRA DEREL
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DNP (2 K 2 BRI DWW T

DNP%I!*S"MEOJ
g/\%qj 2 SD= X o EmORE
RZONEETHET UL |
(LAY IRIE IR 3R 2 % L < %
M ESHDZ ERMBATNG
B UMM ROBTHIC ‘ et
A e R EAT S bibk (Fig.2) | PZ?:;:ES 17 e, Rv—icmTa

I, #9320 fi5 1 D F LR E B

hEEERFIEETH H L HE S

TW5b, LavL, btbk i%, AHJF

germ v NCEHT S o R E Y TIEE IS T, [E{K DNP-NMR + 7
TN OEREEACDER S VR WAREE N H D, £ T, AU ~—HIZH—IZ K TRE 72
HARRA] Cbtbk % #H17-125% 5 L7=, Cbtbk [Z, FEEHIRAED F\ btbk B o L&A Y
~— LRA LT VWIS 2 25 LI bEmTh 5,

Fig.2. N — « 77 v 7% —{RMEREIZH W DL,
G, BTN GFOKE

o) o Na,WO, + 2H,0
btbk & Cbtbk DA fi L") P oo @ T
Scheme 1 (Z/RTSUR=ATHEV Y, b HO oH :%uegi% F'%:h
btbk ))—Ilo\ Cbtbk @/El\}jjz %_’??O 71,:0 ° RO:o o
_ NH,CI R= —2@0
btbk X . 2,2,6,6-tetramethyl — N o

60 °C, 12h

piperidine & pentaerythritol % f&fif

BEETICBWT, e SH5 N Njévzvo4.2Hzo
o + %/ _TsOR0
— Cl_)_ : i D X L). = fﬁ%*%%'f(ﬁ\ o ":';):)uegiZh EtZOOH Cbtbk
rt. 24h

H202 k N32WO4‘2H20 %ﬁﬁ ANEN R

S A b R Scheme 1. /\EE Scheme
EbT A LI LvEL -, —J . Cbtbk L 1,2,2,6,6-pentamethyl- piperidine [Z%f L
T, 7V F—=/uffgé, Grobb B & £ NITHKE< TV R—=AAMEERISIZ LD 7 m~F
VIBEREEAN LT, D%, btbk & [EEROKISIZE Y Cbtbk %1572,

(@) ﬁ A !' (b} f ]1

A
btbk & Cbtbk @ ESR JHIE I I

ESCEN /—\ﬁj‘z L 7= btbk & Cbtbk @

cl .I Il J || J
-—-—-—J / WI
VEIHIC 31T B ESR AL h LA "./}://’/ |/‘1/}r/

‘ ! | |
HE L (F1g.3) . EB LAY i’ ‘: l'| | ‘( |
B, = haX RE T DVIZHEA b0 swa w0 a0 340 3560 B0 3480 a0 as0 4640

Magnatic feld (G) Mugrass bokt (G}

60

DZAFRDO AN bVZEIR L, 251 Fig 3. THE # (1X10° M) 12353 % (a) btbk (b) Cbtbk

WIZEBWT, TV UV OREFEH  gSR 2227 kL
TERMNIFIE L2 Z &R Sz,
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RUNT, btbk & Cbtbk 7 P3HT/PC7BM #EHIZIBNT, DX I IZHHMLTWE %
FRD T2, O ESR HIEZ1T> 72 (Fig. 4), #EEEHE. btbk & % % Cbtbk %
P3HT/PC7iBM & 27 o a RUB RS2k, Ry 7 v X MEICK D ER L7,
btbk % 0.5 mol%i A S W7 TlX ESR A7 M LA 3 RIZ/HHE L., g flED B IFTHEICH 5k
T DB =PI SN, ZHUTK L, btbk OFFE% 2.5 mol%, 5.0 mol% & HE<Cd
EREINE =R L, AU NANRT RN EBL LT D, TV VO A
EUMMAEER REMEAMER L ORISR -HEAEER) BERLTWAD Z ERRLNE RS
7oo ZOFERD G btbk ITIREENHIINT 5124 T, P3HT/PCBM EEHIZHBWT, BT
AN TR EOSEERERK L TS Z L ZRBE IS, Zilxt LT Cbtbk 1% 0.5
mol%. 2.5mol%. 5.0 mol% D W T IDOEEIZIHB T H IR A FRF AT MV ERLTZ, Z
AU, Cbtbk [ZBW T, #HEFIZEWTRARELERE T, H—IZomLTns 2tz
~LTWS (Fig. 5),

(a) 0.5 mol% (b) 2.5mol% (c) 5.0 mol%

3400 3440 3480 3520 3560 3600 3840 3400 3440 3480 3520 3560 3600 3640 3400 3440 3480 3520 3550 3600 3640
Magnelic Field (G} Magnetic Field (G) Magnetic Field (G)

Fig . 4. P3HT : PC;BM HZ331F 5 btbk @ ESR A7 kL, (a) 0.5 mo;%. (b)2.5 mol%(c) 5.0 mol%

(a) 0.5 mol% (b) . ,'- 2.5 mol% (c) 5.0 mol%

N

[V
|

Li
3400 3440 3480 3520 3560 3600 3640 3400 3440 3480 3520 3560 3600 3640 3400 3440 3480 3520 3560 3600 3640
Magnetic Field (G) Magnetic Field (G) Magnetic Field (G)

Fig . 5. P3HT : PC;;BM H(Z351F % Cbtbk ® ESR A7 /L, (a) 0.5 mol;%. (b)2.5 mol%(c) 5.0 mol%

P3HT:PC7BM #EEFIZ331F % btbk & Chtbk D#EF0Hs ] HIE

=hrXT T IOHIVOREFNS DNP ORNR2ROLEE 270 A THDH, £ T, /N
JLA ESR %5 # FV), btbk & Cbtbk ZiLEID A L' — & FAEFIRER] (T) L AE Y —
A AEFIRER] (T,) ZWIE L7=, T, !X Inversion Recovery {%(Z X ¥ T, 13 Hahn echo /3L
A% W TR S 72, (Table 1) HE 1L, Bruker ELEXYS E580 & % V>, S0 K I CTIT- 77,
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PN _ . Table 1. btbk & Cbtbk 7 BT BRI
T, DEFEENCONT . T4 v F 4 0F & AT G SID R N

it 21772 & Z A . btbk & Cbtbk L2,
TREEOBEFNRENEET DS Z E NS
M7~ 7= (Fig. 6a,b), — D&, pfb 1

Conc. T]f Tls Tz

Sample Radical
P Wt%) (1) (us)  (ns)

btbk 0.5 856  78.0 247
D A0R A== D RN (T 2 btbk 2.5 510 455 179
O =Tt pn B E p I kS

BUEER (T Ch o, . BT = 3 btbk 5.0 374 309 167

B ORI AZHA BEAERIZ L0 B< 4 Cbtbk 173 049 541 1694
5120, TildEEPIZBIT 58700 5 Cbtbk 865 810 330 801
N DRERICHRT DM TH D & 6 Cbtbk 173 148 302 637
EZBND, ISR L, Ty i3 o e T e s
I LTV D T AT | =
CHKTAEMEEL NG, £ § F

Cbtbk @ T, 1% btbk DOFEFI LV —4f1 % O F ! btbk 5moi% % . Cbibk 5 mol%
KEREET UL, ZAUL, Cbibk £ | | ety 12 o]

e Two component fitting |

D5y BN btbk £V H KX N0, | |
WREPICBITAE T VS DiE B S T R T YT 5’.0 000, 50 20 40 60 BD 1.0

~ Two componant fitting |

. Time (x10” ns) Time (st ns)
AR E SHIPRS . ZORER ) 2000 D000
Cbtbk OFEFNIRFH 73 btbk O FE RN fH , 8000
1500 }
FV LRI RDIZDLEEZEZIOND, 3 i O o 00 Cblb:‘Smol% :
= — Measurn |.-= F — Measuremen
CHUSOBRIBREHTH THTH L, Joop | —owomenin {57 —onecomorautueg
= | c 3000
PIEEEETRETL. (R 3 £ 00
ST OREFNBFEZ /T 5 2 ENgho \ 1000 |
7z (Fig. 6¢,d). on G20 A0 60 80 o R B
Time (x10° ns) Time (x10° ns)
ELp Fig. 6 (a) btbk & (b) Cbtbk ™ T, FEFn Hh#3

AHFFECTlL, P3HT/PC;BM AREMRIZ—IC
ST D T U V4 F Chtbk & #T7o1ZikE. Gk L7z, btbk & %\ X Cbtbk ARG L7z
P3HT/PC7BM AHEIE AR L. ESR JIEZ1T o7& Z A, btbk ZiRE L2 AT,
TIUNNGTIMRESEZALTWVDDICK L, Cbtbk IRAETIX, 7 V01 mR¥—I
SHBLTWD Z Lnmginole, LLEOGEHER, ESR EIX T~ THAMTIT 27228, 34
HOTFELIVRFHZEL T LE 7272, EEED DNP JHIEIZE > TV, 4%, {FRL
727 ¥ H VREEDE A NMR HIZE, DNP-NMR HIEZ1T0) RERDENL T 41 P—0K
bR AR & OFIRE 2 RFBICH SN2 95 2 & T KEGEMBRE R 2T 72 50 B
LbNAHbLDOEHFFIND,

(c) btbk & (d) Cbtbk > T, KEFN
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International workshop on recent developments
in solid state chemistry @ BafE

KB A8« AEEME N SRR o 2 —

2016 £ 3 4 9 A2 11 IS T, s FIAT « sR A EA5ERT LR
B1F Kt I F—=|Z8B T, International workshop on recent developments in solid
state chemistry ZBAfE L7z, AL FANIIEAT 2l & L TR L T2 EERILFAF
RO REZHERTHEEHIC, BICFAEZIILD ETHEFREEORIZH LR

N — 7 Z28E | S OITIFH L F RO & 352 L2 BRVE L TR ST,

ZINE O P EFEE I R R AACFEMTEFT DOINENT AU T« A FISL KT, 77
VAT ANY ZRE BE - ENAERETHDL, T V=T EICL DK —
T DR RO F M OW TR DS o721, BT EEZLNREHOZEIT LT
WD BT DR TR LN A EZHI T 5 L WO B TIThiv,

3/9 (1 HE) QIR RFENLG, ERe BB LY EiEo Sim I X 28R\ miiR
DIEE %238 L= PERIE A o SR a 7 A0 A ML CEB LB LW R
M4 EiRre, EEEO T A % B A MIFFOXe 7 204 NBRIEMIZB T 51 4
NEEIZOWT ORI R o T, ENLBIERTFO 7 NV—706I13A# LED IZ81F 5k
HEBEFIZ ANTZ R T Ry MESOMEDEI SNTc, S HITA A FINLRF 0D
T e 7 2 A MEEBR LI IET IRV R A £F> Ruddlesden—Popper FIZH1T 5
R \EEOEEHIE, a7 20 A MEERIY D B A NIEROV T4 %%
W EITA A R OENE KO OE N Z2 TS S5 2 & Tad b D Wi
5d B AR B T DGR BL OB Z R X 5 LT 2058 ST,
B IXBEMA LSO I L& SEIT U7z e O W fil O REYE R B 21T - 2 Th B,

3/10 (2 A H) (ZITHORHE R b BARERE BN SN AW E O X #RIZ X
2 Al RS MEAT DR R A T A DR O EER RE &R ~e 7 A 1 Mt
YOG & BRNEIC B 2 5 8. RE SRS A 2 G 0B LWEIR S 7L
07 AHA b OREEAEE « MAEIE R X ORKERHE - B AR ORAA, @R
WA A NG Z RS HWE ORI Z AT LI U U A2 G0(EY) O G Rk & b
W& 2 EVEICBE T A s Sivle, B oY R b ITEB b5t LTl
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JEXBRE W TERILFIED T DGBIZE AT - e AL A A M8 2R =
VIR OO BRSO TR A A DRRFIREE D RTREMEIZ DU T OBFZED T &
Nz, ZhbHDORKRITEBGBERILY O L PSRN DO EE S 28D THREY
T HbDTHoTlz, & OIALENTEFOAT L5 2B FIETH 5 m o iee e
RBEFHRBEOMN B SNk, BEFEMELHOVICRBBIZOTE A L — s
YalF L e LTHEER T M T,

3/11 (BHE) ICHZNETORREMEL, 4RO &R ANTRE
R S LT

AILFEBFIED TED —>Th HWEFEA A il a2 X U & L CHEIRLZED TR O
TRICRR D R S AL D & & BITHUEE X #a W7o REIERENT - BB IRIEFE 05R ) &
INED TR E T, HREDERT HEBEED Ny 7 12%F LR eidEim T o1,
BHID BB Y Fric LR ROmERELND 2 ENHGTE 2 ERICHFERRS
ECTHoT,

A=A N I Ea

Intemational workshop on recent progress in solid state chemistry
March 8-11, 2016
mm, CL-110 (Joint Research Lab. Bid.), Institute for Chemical Research, Kyolo University
Gokasho, Uji 611-0011, Kyolto, Japan

Program
March S (Wed) Start End Speaker Tite Instiution Prosentation tte
Chair 1030 1:40 Yuch Shimakaen  Prof, Kyolo U, freciing off. infroducion of Kyoto Gr/
Tuning ft prop riacally engh 9 ok anviron
1040 10:55 Daisuke Kan Assoc Prof, Kyoto U, Pliirh Lo cupimed ey b cxygan
1055 1110 Takash Saito Assist. Prof. Kyoto U, Antfarromagnetic matal LaCu3Cr40 12 synthesizad at high prassure
1110 11:25 Nodys Ichikawn Assul, Prof.  Kyolo U, Oxide-on Conduction in Palymorphic Sr-5¢-Ga-0 compounds
125 13:00 (Lunch)
Chair 1200 13:10 Ru-Shi Ly Prol. Mational. Tatean U. [indoduction of Tapw! Gr)
1310 13:26 Hung-Chia Wang studont National. Tatenn U, Thick Shall bP/ZnSa@nS Quantum Dots Used in Organic Light Emiting Diodes
Chair 1325 1335 Pakick Woodwasd Prof. Oto State U [indroduction of Ohe G}
133 13:50 Andrew Sharks shudent Ohio State U Conltrotling Octahedral Titing in Ruddk ) Popper Phases
1350 14:05 Jie Xiorg student oo State U mmum:uq_m Ordernd Coutie Perovskte Sr2-xCaxCo0s06 (0sxs2)
1500 18:00 Excursion
1800 DinnerSocnl
Mach 10 {Thu.) Start End  Speater Tiw Insttution Frasantation 106
K2C22H14: 3 % and Struciue of Potassium Intercaiame
1030 10:45 Fablo Denis Romen  FO Kyoto U, o wnm-uc ool
§ New skite oxides LaCa2Fe308
1045 11:00 Guo Hakhuan stugent Kyoto U, phrieg @iy : SRS Odtes 141
100 11115 Yosvier Hosskas suder! Kyoto U, Double perovskite Ca2FeMrO6 with two-d donal tyyered of Fods
1m1s 11:30 Pang Xiong student Kyoto U, Syrthesis and struchural analyss of & rew axde in BaO-La203-Ga203 system
1130 13:00. funeh)
Chair 100 13:10 Waenar Pauius Prot. U. Menipellier fimfroduction of Monipalier Gr.)
1340 1400 (Break)
1400 17,00 Lab tour ol ICR
1800 Discussion for future cotabombon
Mach 11 (Fri) St End Speaker Tow Instttution Presentation i
Tochnicil 08 80N
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TIANAA FuY— RAPEFEFITRIT 5 B@E - Baarst
Korea-Japan interdisciplinary collaboration in chemical biology and
pharmaceutical sciences

Youngjoo Kwon * Ewha Womans University, College of Pharmacy

[E1]

FUAC L RFPFEFER & R R AL SERT I 2008 4F 3 H AT AT A h 12 4 i L C
BO, ZNETIZ, WMEREDOMIIEEDNAEVIITERL, RiMEmEO TE o, AR
(LT FERT I B AR DAL T3 B TRER 72 2 EiF A 75 > T\ D, 7o, RELFRFITR
W R E TRYNSHA LI ZFRPETH . A 2B, BRRRoMA iz
T 2HETH by TNV ORERFTTH D, WRFONIEAZTAET Z &3,
TIUTHIE D ] Oy N IR EVWOBLENO LIEFICAREETH D, K
HHE - A IEHERTIE TlE BUE L+ RFHFHE D6 5 44 D Pl (Principal investigator) ) 51
FRFEFM L, BAEL T RAIEE OWIRNERLZ DO HFRPEIZBE L TR T2 & &
BT, AEFEFT AL L O & T 2 AR FOMIEHE & B R AT, iz 2 LR
ROMFEERD Z LA BB E Lz, LFMERT CTIET I WA Fr O—4G 8B 0
THEEER DD =— 7 2R RERA SN TRV UL+ RFEOHEF B T2 N
I 7T RETOHMEE L DEALE N, ZNHLEBE L, FERKFFIRHIX DB
ERFFERTC R R H LSRR O IR A2 2 . alFE it - BRAHZITO 2 &
b olz,

[FHRIHE R & 22t )
206FE1HREBEICTIHI4HD2E3I HOART, ATFD X I ITHEEKRFE LTS
ML, BRAH - iFEiEm a1 T - 72,

1) AU et 256 U 723U 07 Ry B B4 &M E
Prof. Kong-Joo Lee (Proteomics)
Prof. Yun-Sil Lee (Radiation Therapeutic Modulator-related Research)
Prof. Hyukjin Lee (Nanomaterials, Drug Delivery Systems)
Prof. Kyung-Min Lim (Dermatotoxicology)
Prof. Youngjoo, Kwon (Chemical Biology, Medicinal Chemistry)
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2) A AR

112 H

1) FEE R AR TR B A5 1
FILESE ALAIIERTRIATE 2> & OEGRI O FF
W) m MEFBE B OTE - A2 Bl & D Jedin - FERAFTEL

LFEFTEAR T — g VBeh b OLFEAFFERT - JUSIEE) OFEAT
(. ALZEFFEATFT R 2R =)
i) ALFBIIERT 7 L DN ANA A U —WRgEEE (EA2REE) Mis B
CREHTEFHEEIR DO RN L D)

i) WEERIZINE 23, 45 2 Bk 2 40 < AL2WFJEp e (FF 10 R SR 30 072 30%
SRFUERAR . AR REESR, S HEEdR) 7 b DN TR X B SET (
FVX B TANIERT AIFFEER. A A FIEAZGR) 2 Eslicsif L, A
DOHFFEARRITLILFNFFED FREME 2 B - 7o Flamirf4s 40 7).,

BE1 : tFEHEFRESEETCOFWEIFT BE 2 : £, 5 HyukjinLee, =K, Kyung-Min
E-ELHREMAERT—avEICEB1EE Lim, Yun-Sil Lee. jE38. Kong-Joo Lee.

MEFTOARZTEREN - BRI Youngjoo Kwon. HFILK i
1 H13 H
AR A IERL G . AFTEAR T, WFFE R bk L
1 H14H
)i [
[#55E]

ARlDFMZ 8 LT, AR FACEOIERT R & OBER R OFIEH & A2 TRD . A
DIFFERNEZ D Z LRI Z L, HEZ) (BN, R S A Ao v— - 38
e AHERE) O AR Y P U —75(EE T OBRNOREREREFOLEXOND, &
o e LR ERIR 2 R T 5K & b e o 7o, A ROFAELZ LT VT B 1)
% [EF I FATIE T FES b BB I A U R E A ERT & £ MBI & o — 8
BIERIRIL LI A X > TITE 72 T LTV D,
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2015-93

HE R BV IS & D @ oy b ORfR 7 1 7 A

[EM] &R RO REEHIE, Rrlcmi#dkrn Ea2 X5 BT, iRz 5 i
ZALICBET 2R A FEFICEZE L /2D, L L, RUEEEOBEMITERILIC L TIHEFIC
BATWD, FLOMEIZ LY, @mafibamORfEEaiE T, EREESNTWiiroTe
Bz 2GRS RS & TV D, ARHFZETIE, (LRFZeRT $RALBEHR, 18 B th Bh#
DT N—T L DILFEBIRIZ LY, &b ISR s O~ B L L, @&
WA EVEC K DI ER R AT IE OfENL 2 BHE L TV 5%,

AW THEATIHMECTCHL~A 7 aTF v Ve @&ilEdE (FlashDSC1 £ b
~-bvhﬁ%)i,ﬁ$ﬁt BB STz 7m0, %tﬁﬁ%&%ﬁi@ﬁ%ﬁém
TV, — T, AREEEIC L D2EWERRE I, T, IZEEILTRY, #HE K/
%@E@%%%Kiéﬁ@m?ﬁﬁéhf%tﬁ%;wa,ﬁkﬁﬁﬁ#%@ﬁﬁbﬁ
EDHHNTNWD

AT EE D & OARERE TH 0, HEELIC G| e &, fdatEm o F ORfE X %7 4
7 ADEBRN 2 TIEOMN 2 B0 E LT, Fix O TER LERERSCRR D EN T
IZOWT ORI D TV D

(%ﬁﬁ&]mA%Fw@mmhﬁﬁﬁfi P10 B A 1 b DMELTEMED T2 O, Tl
ks, PR L ORBUBRR AT L CHEIT 3 2729, 1ERIE CIIm R E IR E#ER 4 U
TR, EEFEIZED 2RO ORIKERRZMH T2 2 LN TE, BMBORE D
KDRREE — 7 Toeax ZWET 2 Z M TE D, WMBOZNRIL, RUTHE S FIRIEE B K
FVEE LCHHMT 5 2 &N TELDT, FiffbeD 7 A 7 BEHKOREE Tv (FHREEE 0
TDT A7 EOVHIRER) ZRET DI ENARRE D,
WAEE T =Ty +AB° (0<2<0.5) 1)
BUEITIN Z, /M XBRBELSAXSHEIZ LV T A T de Z#RETIUE, dec & Tw & OFHE
% 5,5 kD Gibbs-Thomson (GT)=IZ & 0, TN E V) SHE b O Al iR T SR E T 5,

[N Ty = Ty [1- (20, /Ahy)d, ] (2)
X DICAMAESRILICBIT DT A T DEALRN By Th D54, WO OB
WHIRF S, RlfEMm e yOI R 280G 7 5,
it To=Ty[l-v(20,/AR)d, ] 3)

[38r] @y F3EHZ PP BIAMC Y, RY 7 vk =UT v, AU x=F Ly, R
& L T Hexacontane Z T\ 5, BN DOIREABL DB L RET A7, UV FT<A
sua b—AHZXY, 1 pm U TOEIOEIFZ/ERL, 100w m UITELT OB A X(2Y)
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DHLTHNTWDS, ZOREDOHES Dy A ThHIL,
RAID 5% 10°C/RBREOERETITO 2 & T, WR%EIZH
oY —KmMIIEYE, KERICESERT S Z L1d7%
Motz #E#E DSC (FlashDSC1, Mettler—Toledo) -
IR X = 3—10,000 K/s Th %, iPPITERILICHHL<, &
EETITREIORmPEE T AL IND720, Kl
DIPNEES D, EHRH A=V H AL LTHY, 30 mL/
SRS Z & & T, iPP THEE - fhdh b oM v ik LRIE
ZHBMER ATO FNTE T,

[ 5L - Z42] ) 112 iPP AR U ~ — OFRRR & bk
T, Q), ONCLY ybWIFTHRE S T 1X o2 FHDSCHR
fEEIFIE—E L al, a2 FHOFSOETHERE TE o7z,
72, K1 ORI th s 0 8L Tz, ZDJRIA &
LT, SRS by O FA L O B 2 i 9 5720, K
Tc B TR - B2 X 2 O X 5 IR L7c, X3
(LA AL TE T (~0.58) %% O Ok F7 B O B AR AL IZ LV
Log(f) HIIZ Tpeax S LEFH- Ll 5 Z & 2nd, LS IX MG
LIFRUWIEERE VY, Z OFEMIL OB, fa kiR
KO, FEERFH TS 72 T 3 2 RIER A1 X Euig
BRDHD, 2O XN, FilAE RO E IS HE fb iR
ERFFRFRIO N T N E L 70D Z E BB BT o7, AlA]
D &9 TR KR EEIR T O SRR S, SEEHELS K Db
IR Y v I L O I THRIBE & 72 D, FRfHAR LY 7
AZRALZEWT D00 E 5T ONTIE, SAXSIZL D%
DGBE TR TH 5,

(EEAVIE S8
1. A. Toda, T. Ando, K. Taguchi, K. Nozaki, M. Maruyama,
Y. Mizutani, K. Tagashira, T. Fukushima, H. Kaji, M.
Konishi, "Melting Kinetics of Polymer Crystals examined
by fast-scan DSC", 43rd Annual Conference of North

American Thermal Analysis Society, August 10-13, 2015,
Montreal, Canada.

2. A. Toda, T. Ando, K. Taguchi, K. Nozaki, M. Maruyama,
Y. Mizutani, K. Tagashira, T. Fukushima, H. Kaji, M.
Konishi, "Melting Kinetics of Polymer Crystals",
International Chemmical Congress of Pacific Basin
Societies, December 15-20, 2015, Honolulu, USA
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KIGBEMARY <= —OHEE L BERE

VERRIECT « AbifE Ry KRR L 7eke
[E &)

ARG EMO R THE D TR ED X 5 RBEEEEE & > TWDLONEMD 2 LI,
Z ORYFEMFHEZ T 5 ETHO TEECTH 528, AR O AR 21T AR
O3, ABFZETIE, TN ETIRGEE DML L CE B RAIEL ML LT
B BRIR, 7T U RoEEE R T LR Y B-~F T AT = ) (P3HT) 72 5 NS P3HT
GHT ey 7 HEAEE AR L (Scheme 1), 4311 & KR5FEMRHE O FH BRI BE 5
DI IR ESEL Z 2 HEEE Lo,

KRS PIHT D& REER  HRRBHEEEHRY S Rod- Coil &

Scheme 1. £t E P3HT OHA K T D REHORRERR

| EEMEBDLEAES | E\'\_"
CeH1s 3
Bro S LU N\ s-P3HT
\ / S Ni(dppp)Br
n a2
?

Br S MgCl Ni(dppp)Cl,

\ /

O
1] ]|

CeHi3 CeHy3
£)9— BERE
RiGEHEEL &G
. S/_ c-P3HT
= T8AF, cH0H gr_S< (L V) — Rh cat. o ﬁ
styrene \ 7 S s W\]J'}‘ " Cofts
CeH1s Md‘fv\' =_S /) =~

P3HT-C=C-H

IFZIENERECEE REETFIEPIHT

HC=C-P3HT-C=C-H

[EBRF ]
4 AGHER P3HT (s-P3HT) DERK

K= F =1t P3HT (Br-P3HT-C=CH) (Maxmr = 7,300, 50.0 mg, 6.85 umol) 3 L OMR
{bdlil (CuBr) (5.10 mg, 35.6 umol) Z AL, BEZEEE LT, 7 T X Z(6-7 Y R~F L)
RV 12457 T HNVERFT L—F (1.50 mg, 8.93 pmol) LT PMDETA (12.3
mg, 71.1 umol) @ THF (10 mL) &AM 4%, 40°C T 24 WL, TAI T AT
DI VEBERELZREL, AZ ) —L~OFIKERIC LV EaEEEET- (46.7 mg),
BRI b Y AFv Y )L F =)Lk PIHT (IMS-C=C-P3HT-C=C-TMS) DEAR
Br-P3HT-C=C-TMS (450.0 mg, 65.2 pmol, Maxmr = 7,900 g mol ™), Pd(PPhs)s (75.3 mg, 65.2
pumol, 1.00 eq.) ¥ XY CuBr (18.6 mg, 130 pmol, 2.00 eq.) IZ hb = VU VU DRE
WIE 30 mL, hL=i Y Y =3:1 (vol/vol)), PMDETA (6.76 mg, 390 pumol, 6.00 eq.)
BIORIAFLLYALTEF L2 (90 uL, 652 pmol, 100 eq.) %1z, 40°C T 48 HFRH]
FOGZEAT > 7o, BT B =7 DKERIC K DWHE T AT 07 M X0 &j@fih
WAEREL, A¥ ) —V~BIET 5 2 L CRARERZET (432 mg),
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® FP3HT

[ 5R & B 70+
KB P3HT OEARSEHIE 60- fﬁﬁ .
P3HT ORFHRMENHEIC 5 2 5B EH_5HMT, 2]

CNETICAR L7MANE PINT (P3HT). 4 ARURR 2 ijjyﬂ

P3HT (s-P3HT). B2k P3HT (c-P3HT) B LY 77 0k

viscosity / m
w
(=]
1

20 ﬁ“ﬁ*ﬁf{ﬁ(uﬂ)
(¢-P3HT) DEAKEFERE %17 -7, I-P3HT. ¢-P3HT # 101 HEMET
£U ST CTROATRORKIHD, BRTS T

molecular weight / g mol

FEEE o IXEARAOICIE N L7 (Figure), $£7-. F—D%y
Ea. %wfzerk&er®ﬁf%m@#ék Figure. F52fA%1E P3HT O

PIHT ORERINE S 25 2 L BB e aote, e 0 1 S HELOBIER

IZ g-P3HT THRENEDTAEANS o712, AL, S OE A LY &S F#HO
WHBVWNED LIz itk bEEx BN,

PBHT EH7 vy 7 #EAMWDAEE Scheme 2. Rod-Coil 17 v v 7 HEKDO A

1%/? fi*%l;%ﬁﬁ‘;é Rod-Coil ﬁ” AB Type — - BAB Type

7y s HEASEOGHKEHE LT, osdons —~eridiass
TmccmmccmmmA&%‘ﬁﬁkmé Sosssasanel
{7>7. MALDI-TOF MS HIEN DM anesemas =, 13w =m = widcsk

P3HT(Rigid Rod) R X PCL(Flexible Coil)
CeHyy

Kz TMS 7 F L R EA X
Nz Z & a8 Uiz, IZ, P3BHT-C=C-TMS % 721% TMS-C=C-P3HT-C=C-TMS (2%} L T4
FRm7 Y MRV A7 eZ 27 o (PCL) 27 U v 7 KGS® 5 Z & THH# Rod-Coil %Y
7y EEEROERKEIT 572 (Scheme 2), EM) O EMEZRIX SEC 35 X TN NMR H|
ENZEDITV, BRYOD Rod-Coil BT v » 7 IHEAENELNIZZ L 2R LT,
o)

AWFFETIE, RimEREHAL PIHT OFBUEE A MIELHENL L, IS DV TR E
P3HT DA RHIFEZ R L= A b= Kf Y 7O 7 4 1 o—0 KB 2 %
TN ST 25 Z & C, KEFEMEER Bicmid=manfgonsd b o L Hirrshn s,

[ R E]

® 20155 A, FedRlFEDFFEFRRE, RV TEF LU E2FHETH T 7 bR
U @~FUNTFAT7 ) OFR BEO [ FRNEEY » 7Y 712 X5 KRERA
J@-~FINT AT xr) OFRK

® 201548 A, 2015 A & 0 14 g, TR Y G-~F 2 /vF 47 = ) (P3HT)
D TE BRI B R L

® 2015410 H. % 5 MAARLFES CSI 7= 2% 2015, [t ESEZ N LIz
RY BFVNNTAT7 o) OEBURGREESL] BIO TRKERA Y G-~F L
FAT ) OERKE REPERE
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A BREAFILEYMDOERR & 5 FHEEDMEHA
N IR NG o5 e N EaP (e v

AAFIETIX, FEBRFACEM AT ORHE B S, Wik amE#dz & OE#EIZ LY
[r A FARBFUCE DGR E 7 FAREE O] 12D M, AcFELFICET 2
BRI 7R R TE R R A A B R IR S A Z 2 B E LTz,

A FAMEERE T2 ) Lo ) 13D TRNTEETH D . 2 < DILFEE BHESCK
JISTEICEIR A S BN b, BERLEmE LTS Z & IXREThH 7=, 2008
FEICRHESR . EREARRZ D13, PEI@EmOVALIRRERLETH D Bbt M) &7 1 F RiTiE
ATHZET VT axEr v Ly 2D TEEICERK LT (J. Am. Chem. Soc. 2008).,
Fho, VT REVVLY] & Bl EDRIRIZE Y, T A F-s A FEEAE G
(v Vv OB LT\ (Pure Appl. Chem. 2010), HFZEftEE I, I
BEREANEBRMHEERLIZE R A U XU Bke o0 S @& B A ST A 3
Rind 2] 26725 V7mEVTV Ly AL, BRPIZBTS [TrESD L
V] ~OBRBECOWTHET AL b, [TrEv Y LYy 4-ERU D BTV
MR DA E 5 FREEIZOWTHE Lz (J. Am. Chem. Soc. 2011),
ZOXDRMEE RO T, BIEE (PR 26 ) 13, 2 2OM%E 7 L — 728N T
MEIZ AW SN R Z @077 v hAR—AC LT [ZTeEv ULy |2
B3 2 LFENFFE A EM L, S @O Ri#EE (Bbt, EMind, Tbb) @ DHEFRAVLE
fb) LRIV ZBETH D N~T a BRIV~ (NHC) OBRANIZ KD TE) 5%
Al BRI LELELZE T, [TrEs ULy - NHCE /IR BLO T
FAUMETY L - NHC B AMINE ] 22 EIZARK - B2 2 LI L, 5 i
Z HURE AL X SRS EAEAT I L W IRE L7z (Chem. Eur. J. 2014),

W Me 1+ Br10
iPr\N\ \ Me
EMind_ .C—N_
i - ¥ Pr
S EMind—Si: Br
Br .'C, N \ /IPr
Y \%\Me ‘C-N
Pr~ , N
-~ V
Me iPr j)\ Me
TOELULY - L Me |
NHCAF hndk hFA AE UV -
NHC EXfhnd&
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AR CERL 27 ) 1%, 2 E TOMZERRICIE SN T, PRI S AME O &
[r A ZAREEFMLEY ) ZA10 L., 2 b O A 2L ATI A O s e
[RGARS S X R B SR S AT S [ VariMax ) 2 BR(E L CMEBA4 % 2 & ©. Al
L ZRBOICRBES S 2 E 2 BIEE LT,

XU, ERAVTE 72 TEMind £ <° [Eind &) XV 1223 &EV IMPind &) %
FAZLEICEALT, LW P70 vv Ly 28K LT, Bl X S GEmT
WZX 0 T iEEAERE LT E 2 A, MPind ) OWRIOAIE TH D 7 1 BV FEn[E—
FENZATEY, PV VA0 2 RIR#ET D Enbrote, TV LYy
DA B A FEEHEAREIL2.2003(19) ATHY ., Eind B 2HT5V 7T vn®dy
Ly (2.1795(9) &) KV HHEL TS, ZHuE, 22 &0 MPind 2] [FlLOSAE
KEDT-HTHHEEZOND, VLD T ANV AT 29.41(13)° TH Y,
A FRIRT A OFEEAOFIL 349.82° Th b,

R! R?
R1 R2 .
2 eq LiNaph I:{md\ /Br
SiBrg, ———> /Si: Si
R! R2 THE Br Rind
R R STRESILY
(Rind)SiBry

EMind: R' = Et, R2 = Me
Eind: R'=R2=Et
MPind: R' = Me, R2 = Pr

Wi, FHEZPZ, RO OMRICESE, ALz IWPind 5 2FH+2% ¥
TrEVVLYE tBuli EDORISIZOWTIHE L, BB RIS #Si NMR
AR MVTIE, BOSERPICHNT D2 7 F 005 12.5 ppm IZBLI S LD Z &b,
DU DA R SID Bbt FEATHTT U D FSi NMR 227 F /11T 18. 7 ppm)
BUE, FfEiniEIC L0 AR O HEE - KR AIT-> TRV | REMIZIT S FREEL B
fen X BAEEMATIC L VIRET D T ETH D,

EBIC, SEET, VeI vy s DR UA L Rind)Li EDORISIZE D
[ooNa PN A DOERRIZDONT
FEL, 2056, [Eind %) 26
TAHYTaEe A N ONTIE,
SRS Z X BURE S AR IC K D
WE LTz, BUE, ApkLz [9m e
TIVA ] ENHC & D ROSHEIZ DN T
HEFTH S,
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FEXRTEL Y v Dt fERA
R BB - ALK R e R

HEY :

TAFZ—TAR_EHEEHTHDL V) NNIREO ZFEE (T/Lxr) E® ARD
R oA VG R L V. R L TV ARW RO 1A A2EO LV ) B
b, L TEIUCHIKT DY RE v v 76 L ONES el LA A O WS
RO, BEMEOERICL > T, YU NIEBREIC L > TZEOEFIIEENRKE
BT D TFROPW=ZE/-EG] THLZ LN T,

AT EEWT LI ALEEZEHESOCTAFALIL T 1 ORISR L TE Y, b
WFFEAT A TC AL SRR « BRI T U — Py U v 2 OARICRESH S,
i LR SE B AL AW O @ L 7 A T A FEo TV D, 2 L CTHUINES d OB I
R X A e E AT L& Varimax OMEHIZERAL TWD, £ 2 TARPETIT, FeEHF
JEE & DI L > TT VXL (T U =) BOIEGHI ) a2/ L, &
OISR Y T ) v OREERLETIRBICE 2 582 A L, &AM THEL B
BAOLFORBICEEBNT D Z L2 B Lz, BT U 32 DR W FtEo
728 BV O KIUSE S 2 451 S W ATREME DS iV, HEAIFESE & o LFAFZEIC L v Z oRf
BT X D,

Tsi

Dsi Tsi
Me3Si . Dsi
3 t-Bu Dsi e )
Si=Si Dsi /SlMez(t-Bu)
MesSi. Si=Si SiMes MesSi,  SI=Si | MesSii Si=C
X Dsi Tsi = C(SiMes)s X X

t-Bu SiMes Tsi Dsi= CH(SiMes), tBuU SiMes t-Bu SiMes

1 2 3 4

F . REBEFITHICIESHA S U COBMO - DI, st B 7 A E—jrE
SHEEATE (U V) ICOWTHRMNEMZANELD LML, 1°3 & AEOEE
W AXNAEEETAFH U 42OV THEREMET LT,

EBRFIE

(1) WEAEFE Scheme 1 IR L= FIETY T U > 3a OARAEFE L=, L LZDEERE
BRAHT I T 8ali v rEw LT O RN T RETT S 6a ~D Si-Br
FEANOEAISTIISE LN oTz, ZOZEEEFE 2SI, 6a L0 LV EEW K
V7mEVT6baikitl, 2NETERIGSE S 2155 2 & &5HE LT,

Q YV 4FT R T 7 aE k8 DBELICEIVELZENTELEEZLND, £ L
T8alBEMD 7 A Fll2=v F 9a |l L TV IVEEFHFSOY T rE AT LY F 7 4
10 #EH S 8b & L., ft< RFEILIZE D AR TE % &5 X 72(Scheme 2),
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Scheme 1

Tsi Tsi
Dsi Dsi Tsi
Si-Br Br2 Dsi
reduction Br, insertion R3Si Si—Br
RsSi. Si=Si Dsi —————— R3Sl Si—Si D
Bra t-Bu SiR3 18I Dsi
t-Bu SiRs t-Bu SiR; Br
3a 5a (SiR3 = SiMes) 6a (SiR3 = SiMes) 7
5b (SiR; = Si(i-Pr)Me,) 6b (SiR; = Si(i-Pr)Me,)
Scheme 2
_SiMe(t-Bu)  reduction Xo SiMes(t-Bu) VosSi Héi— .
. _ . - 5
MesSi, Si=C —————> Me3Si_ Si grz — + tBuMe,SICBr,Li
t-B i
t+Bu—" “siMes t+Bu—" “siMes U SiMe; 10
9a
4 8a (X = Br)
8b (X = H)
N7

FEERAER LB

() X dT D8R (U ) mF Lol tert-7F N F AL DFARTE H T LF L
VForEy /7oy I 020201280, BHIOEEWT LR LIEE
vruuyvZ b AT 5 2 EICEkEh L7z (Scheme 3), 4% 11b (ZxF L T LiAlH,
ZHWEET, i< ZRFELITEY 6b ZHT 5,

Scheme 3
S ) . . ) H
Si(-PoMez - o Meg(l-Pr)S><Ll HoSICl Mo, (i-PrSi.  Si—Cl
R X
Si(-Pr)Me; FBUTSi(-PrMe; tBu—" \si(i-Pr)Me,
11b

(2) Scheme 2 29> CAKR LT T 7€k 8a & 4 Y EDONWY) VLT T 774 b
(KC)Z W CERTKGZEITI &, HEDOT U v 4 TIERL, BRY 7 o270 12
DI 87% T 5 4172 (Scheme 4), Z AUZISSOHETIZHEWNTY T a2 L 13a DNHE
L7, £ 20 b RBFAOENEIGNI LD x> 13b DA, i< 537 C-H
AFANICED 12 DARRNB Y 4a DARIVER L TET LD EBZ LA ONE, 5
BEIBE RS L OSE LRI DM AR DOEIC O VW THE L, 4 DEMREIT,

Scheme 4

Br, _SiMey(t-Bu) _
Me;Si Si—g/ 4 KCq MesSi
r .
t-Bu SiMes MesSi Si
Bra “siMe,(t-Bu)
8a 12
Br\ _SiMex(t-Bu) Br, _SiMey(t-Bu)
Me3S><Si=C\ - . [|MesSi_ Si—C°
Br
t-Bu SiMe; t-Bu SiMe;
13a 13b
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BE# 1 6 RER 2 0HBHEALEHDE R & EERENT
Rz EE - R R

BV U DLRT v b T =Y EORFBIRF 2B 0 ERILEWIE, ThbD4t
HEMEE SO RENE R 72 EOBLE S A S AL O3B TIRSHFES LTV 5,
—0i. BRRET LRIBEO®ABITCRE TH LM, B BLOT VVET 2 EZ LB
XL ERLEDOWEFNIIEF 1D T 6 ORECHEIII S M7 > T
VY, ABFFERRE Tl A 1 6 ot & & TS B R B DR EREE RIE D B
EXENOOMEOMAZH I & LT,

2-RUVEV I LIEDEHERIERGICLIHBHEERGEESHDOEA

FTTVLURT Y RgE W 220 BV Y O A OARKREI T2, 2-3— KX
AN a ) RUICHET VI = LFHET, T =Y — A ERISSELEY 2 215
Tro WIZ, WD v TV IRIETT A=A EA L, LEW 8 ~FE LT, =
USRI Fa AL ANVKR A I ReffllEEie A 2"y VU A4
FHRETH Z LTI Lo, ALz 4 IZhfeaAl e LTk MU U AZEH &
el 2 A, BROEEZE b OARITHRIN T, 1,6- 7 h 6 Mfgbivlz, =
UL A DT NI Y IMKRGRRIZ LV AERLIZEEZ BN,

o o o
- ACQ SN
I I oM AN OMe

e
Ph
1 2 (80%) 3 (95%)

MeO

O 4 (78%)
o)
D

5 Ph
6 (55%)

Scheme 1. Reagents and conditions: (i) anisole, AICl3, 70 °C, 7 h; (ii) phenylacetylene,
PdCIx(PPhsz)2, Cul, THF, i-ProNH, 70 °C, 3.5 h; (iii) (CF3S02)NH, CH2Cly, rt, 2 h; (iv) (a)
NasS, acetone, rt, 1 h, (b) HBF4, rt, 1 h.

—199 -



FA=LELVEL/—IVEOSFRBRIERIEEFIALE: 2-ROVFFELUEL/EYY
D LEDERK

RIZ, FA=NLBLOE LV ) — LD FRNERILEIGSC L D BB LS OG KA 15t
Lic, 7 b3 &EulL, —RILV VERINSERART 26 L7, T, HR
MEB LN L U ERFEATET R U ANLIRE L 72hifbi O L iAbKFET
N O LERISSEMEAT D EI0T A4V TFABLOA YL/ 78X 9aB L
N GO, Zhvb it RU RRAEE LTEHT D MU 7 == =17 A
WAL SEZEZA, 22X TFFELOEL VIV VAT T 704 a R TR
#10a B L OV 10b ZHREDIHETHET 5 Z LITEII LT, 2TV iy ZEE
REEAFEETH Y | BRPTHOMITBH S e o Tz, o FREEIIETE NMR, H&
IIHTC X 0 E L=, TH NMR Tl 4 (70 7k F 51 0 Sengs A KRS S (B & 4,

6 IR T A RNICE L BRI AEM TH D Z EBRB I T,

Br
i 1
.ﬁ.OMe .i.OMe kl OMe

Ph
7 (83% 8 (89%)

9a (37%, E = S) 10a (49%, E = S)
9b (40%, E=Se)  10b (40%, E = Se)

Scheme 2. Reagents and conditions: (i) LiAlH4, THF, rt, 2 h; (ii) PBr3, CH2Cly, rt, 2 h; (ii1)
Ss, NaBH4, DMF, 80 °C, 2.5 h (for 9a), Se, NaBH4, DMF, 110 °C, 3 h (for 9b); (iv) Ph3CBFy4,
CH3NOg, rt, 2.5 h.

FRER

1. Insights into the Electronic Structures and Electrochemical Behavior of 2-Benzothio- and
2-Benzoselenopyrylium Tetrafluoroborates, Pacifichem 2015, N. Nagahora, I. Takemoto, M.
Fujii, H. Tokumaru, K. Shioji, K. Okuma, 2015412 H, &/ /LWL

2. Synthesis and Properties of Benzochalcogenopyrylium Salts, I. Takemoto, M. Fujii, N.
Nagahora, K. Shioji, K. Okuma, The 10th Organoelement Chemistry Seminar, 2015 4= 6 H,

Fam
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BEEHAR 15 & & O 16 BOuR LGP DR ERRERNTIC X %
L2t & DB

7] SRR TR ICB T, POLIeEPERNICA 7 7y P 2B 2 21liEF% D
D, VbW BEElibEYIX, 3 L4AETFROBE itz ET 5 & 3, &I
EOuiiaIciERT 2/ &S RINEEZ R T 2 LRGN TV S, 158 X U16/5T
RICB VT, BERE LVOBEARILAY O RABIFEBAE & L CHEOMEI R I
TWL B 03, mb)ﬁaﬂﬂk 827 515158 L X16/EARTFE LGV O W E R & 4 Dk
{LIRFEEDZAICED  ERABIGELAY DL ARME DB & RN AR X T icfTd
TR, ZOELRERIZ, LAEVMOGRNWHES TH D, FHcE Itttz
BALREERISETH DA G OMEE 2 B AN H I REHTH 2 EF A 5,

LalzIngEclc, KR T DA % 2R HAEET VUWLEWIcER L, @
JE 7l 6 i X O 4 fliEHE T L VL&Y Ph,Te & Ph,Te DMEHAREZMELL, 0
SOMEEMEEZHLMIT L TE T,

ZZC, BMEWHEREL LT PAFLT I 722 V2T 2LE0HEZ &
R LR i G OB FIREZHO»ICT2 2 EZHNEL, P7ALFXALT7 ) 722
NEEHT LT 77V =L TNUILELEANFHTTY — LTIV DG EHEE DR
Dt Z T o7, FRHBDI-DIZ 15 BILER VI T2 ZNVHKATRT Y « AF KTV
DEREITH T2,

[fER - BE] PT7LXINT ) 72V BEEZBTET 77— LT ALE IO
XY 7Y =TSR, PHELT VL EHFEERE LT 3 BRETTW., Z2NFNn
P fn, SR E U CHEEL %,

@ XeFo/CHgCN _ @ N‘@"—' @ ©/
R= CH3 g THF g ‘F THF or Etzo g b
CHQCHS R N

NR,

Scheme 1.

T I 7V =T VE, BEREAICH L CREBUBETH D, F 7B BT
HELSIC X 2 0RO EG IEIT LI T 2 7Y — VT VWV R 525 2 L0857
ole, 2D, TXTOERMITMEERIRIFI S MER THRE LB 2T, RIRTH

—201—



fEmZEER T 2 2 L CRERHEMZSS Z LR E 2, Bt S EEREEZ ST
% AT VI LEY £ L CHID TREEIAT IS L 72,

WIGT 5P 7 VA afkiE, BEEL72T7 P27 )=V T Uo7 vib¥ /) itk 3
PRI IO X O A L. SEEOLE 2[R L UCTHEEL 72,

Figure 1. Molecular structures of tetra(N,N-dimethylaminophenyl)tellurium(IV) and
difluoro-tetra(N,N-dimethylaminophenyl)tellurium(VI) (Thermal ellipsoids with 50% probability

level).

CINARKIZTMEDOT Y =NV Y FOLERIGIE, AXTT Y =L TIILILDER

ZIToC0 3300, 5o EERIENAETH ) . BAERSESOERZ RS L Twb
Stk BTEERNT &SRB & IS HERIVIC O BN T 2 B H B L E 4
55,

R 2T ) IS H T o BERALANIERT - WEAIEULAIE R ARt R LA

TIRDORHEE FJed, HAREAE I - WEDHHZX > TIHSE, HYLAUEITE
RO S zlE £ L, WROEHERLEXT
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1% JE A R ST R AL B W D SEBR Y B T8 BE S AR R AT
FEITC Kl - ELSEOR AT AR AR 2R T o & —

HH
& JE RS R LA AR OB LR DA EOREAIRIENHE
HTHD, FFICZEMAICBO T, WbhMEL o0k d R 2EB MmN GHE
EFENLTFRINTND, AR TIIEROICH LN EEOETEEN L, HHORE
ThHLHMEFLEOBML, Zhzd EITHEAREZHLNCT 2 2 BT T2,
—RIFE IR OF I ITFI B FES WO NLD, L LEFE(LSETIE T,
FUL R DEF DL O @ JE AT R LA BV TIE, BREREEORRAHEL <, 45
F O N F—FHERKNETH L5 G L, S DIZLEDIZD, wm O ERED T
PR T 25613, REMICHF ST 2 EREREOMAERZ Rkd@&nrd s, —F
T, ERAFEIMEENEXT 52 L. RTOMAEHARGE LD & 2 AITFHED
bo, £ TAMIETIR, SRR B S X SR s ST ic L o> T, EBRMICH 200 F
FOEFEENE, EORETHLMEFHEZOBML, Nt b L ITHEEIREEL
LT HZ EEHMIC TS T,
Rt
AFE T R FHEOIC LY BRENZ Ge=Ge  \  /
wEAEHTDH 12-V 7 V<X E 2 (Scheme 1, <—> — MEQSiJ\©/LSiMe3
\_/

Organomet. 2015) D EAIREEMT 21T 72 o 72,
EBRGIE

s RBtON RY T

Ju—T Ry I AR 2 Ly 7 ERICHERT VT R T CRATE S R Sk 2
Jua—7Ry J ANTEBRIEEZ =Tt nc—T VP ICERIBL, T0#%
MicroMount (28275 L, X #REIFT4EE ET 90 K OERRIRFICEWCEPTT — & ZIUE L
77

- [BIHTT— & JE & AT

HIE 1R D FEERE RIEE TI1T R o 7o, HEAI T —THEEB L OH AL LTZ, MoKafi
AW, HIEIX20<120° (d>0.41 A)FE TITo 7203, &0 FREEREIR CEIPTEE A D TR 3
LA LT, 720 Ge I LD XBOWINKE W=, TR ZLITICE £ 572,
Z T, BIEED X\AELI, WIE ST H0EEERES) 2N TEL 7 u b
7 G YR (SPring-8) 2 CHIE 21T - 72,

IS/ A= A= ING/ ¢ ipe

t-Bu

Scheme 1
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PEHISEBREIC T 2 LU 7 EIZE A LT SPring-8 IZFFBHiAA, 7 a—T7 7R v 7 A%
WTEBRETITo 7 FIEIZ KV N R 7 Uiz, JIEIX BLO2B1 BE—A T A VD IP 1 A
T 2N T, R 031979 A, 90 K (ICTIT o7z, fRTICIZ d > 0.50 A OF — & & Tz, fif
BrHxeT — % & W 2@ E OMIEMIT 21T > 72 %, d <083 A OF — & & T M gt &
TV, JRFAIE A REBICIRE LT, WRICZ ZCHE L7 RS LR R 2 e & L
T, ZMFREEIC K 2EFBESMENT 21T o 72,

SR SR

fEMT DFE RIS BT 12-D 7 N~ R o D&% Fig. 1. &R DIRFER F D5 %
B4k L7z static model map % Fig. 2, #t &R & bond critical point [ D% Ll % Table

_m¢o6EﬂL@smwmwam@ckmf Ge-C, C-C A A BT D N P
Cﬁﬁ?‘ﬂ\f“% =, —J7.Ge-Ge MIZHEEE T DEENT & A E RS IL720), Bond critical point

BEFHEE D . Ge-Ge fi A2 BV T C-CHREA D 1/4 LT Th - 72, Ge-Ge i 57 bond
critical point Zi#Y | Ge-Ge F & \ZEE 22 Wi O EF# ERIZHB VT, rans-bent L7-
Ge-Ge #E G DEHIE & FOHINZAEAIZE G L T RNWEWETEEN AN, 202
EMB, Ge-Ge MIftG 1T, E_HEMEELWVI XV H, 2 DOF VI L URTHWFEAL
HATORN->TWNBELETHOREYI THD EEZBND,

Fig. 1 1,2-P 7L~V o Doy F-H s

(a) (b)

Fig. 2 Static model map. (a) 6 2% F, (b) Ge-Ge ® BCP @i

Table 1 55 HEEEL BCP OB FEE NG A —H —

d/A pecp /e A3 V2p/e A3 £
Gel -Gel! 2.30159(18) 0.404(1) 3.840(2) 0.04
Gel -C1 1.8924(4) 0.973(8) 3.902(12) 0.10
Gel -C3 1.9568(3) 0.848(7) 3.685(9) 0.13
C1-C2 1.3657(6) 2.288(17) -22.812(40) 0.17
C2-C2 1.4212(10) 2.107(18) -19.804(30) 0.13
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ERTIUAFY—LTFT ) AT aDERREFDOEERE
WTAET] « BB AR T

[EW] T A ROWEIX, F7om 1. 2SIV OREE B oMW E 2 RTZ &
5. BUE, AN TR TS, T/ EMOFTHLER - 8K ) U A ¥ —
BN THAT OB N E LWEFT 3, 2B BN T WA~ ABIBRZEOTE T H
Do TNHOF ULV —ERYEL LTIX, EFRY V777 10—, SPMiEZe E D&
IRAEREOEE R I A TS 5 R4 T ae AN N OnE STV AR, Bk
Btom A—X—DOKRKENBR{THD, —FH, V=y b TrEBRZELDTVA VT —8HDb
EIZONWTIIHEZ S HMEIN TV DD, @R nm & KW OCHrith 23 > 72 O
ol Fex e (111D mHABINAICEE L7208 2 nm OERRR AuTF/ T A v —
DOERUZRBI LTz, T/ 9A Y —DWROF v L2 P J R EITIERE - IRk 80—
TAEERIE T 5,

—J, T, WO 7V — g B R L UCOREBMEIN R 218N TV 5, FF
(2 Pd il 2 F e PRI EE L (DFARC) X, EROBREIEM XV b @ I35 6
NHZEMBIEASNTWD, LML, @ffiZ2 Pd ZEH L TWAH72DICm=a X M TH
HZERWHEDTEDIIRGITIEENE LR T T Wo AN H Y | Ralfi
IEREEN WD, Fxlt,. CNETICEHTI R T IV C1aHa7
TR (C18AA, FIX) D W/0 =~/ a »hTHEERD Pd
T UA v —2AER L ERIKT R L0 E O R R
BT LR LT, AR, AR TOMAR el
F ) OA R —DARIEEW L, Pi-Cu Ao T4 — o
O AT LA RE 2 2F A L 7=,

[EBR 5] Pd-Cu B4 T/ VA Y —0&IE, BE4LETH D KPdCl, &
Cu(COOH),*H,0 X O'CI18AA % 7R BE/K 1 mL ([ZIEfif S 7= i - K&JE T T NaBH,
EHAVWTCEITL Uo7, Gzt /) UA Y —OfEgE Rk O e, ik & X2
DIREWHTTY A7 Vv 7 AN HE A MY —(CVIZ XD ER—EBMMEKL N a /
T rXm A Y —(CANZ K 5 ER-FFEHE D &7 L7z,

[ dds L OB ] S oni=Eksa TEM THIZ L 2 A, HAX 3~4 nm D4yl L
e /204 —0NMBRICKEESTETFPHERINT, Pd & Cu OfLiAAEN
[Pd]:[Cul=3:1 THAL7=F /U A¥—0D EDX HIEZITo72 L 2 A, M AR
EIFE-H LI T2 I Pd E CuDEERH D Z ERHLNE 7o T,
F72. TEM O~y 72 HNTPd & Cu OMREEZHZEZA (RA),
Mtk & b —ITom L TWe, ZNUOOBREFRITT ) VA Y —nT LT
HETHLZ EERLTND,
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BoENEZPd-Cut /) UAY— PdF /) UAY—8LOHIKD PA/C O X ELER LAt
BEDRHl 21T W S SN -RE R A2 FTRAIOR LIZ, WTRORIZBWTH,0.4V & 0.3V
BT ICZ N TN XL O —BILRFBOBRLICHKT 5 v — 7 8 8iniz, ThZhofit
BEZRB U B FXMOMRL Y — 7 O\IMEZ i Lz & ZA(FRA), Pd-Cu 447/ 7
A Y= bEmWERMEEZR L, fiilO PA/C D 4 FL ETH-72, T2 5, Pd-Cu
G4 7 UA Y —1T PA/IC ® 4 FUL EOEWFEEEALABEREZF LT Z E0H 5
MWEIpolz, TOXITHEET ) TA Y@ REEEEZ R LB R, RSk
EIFEN D E T RNX =GN ELFIETHZ E LD, Cu DAz kY Pd i<
DIISERE E -T2l EEZ NS, £z, CARITEIZ L it (b2 7l L7z &
ZAPACu T/ VA Y —DHERRBEN Ebbirole, ZiE, Cu &4
LIZ L > THEDEOWEN IR SNl L EZXbD,

72 F | m ORI 2
A4 % Pd-Cu’t/ VA
Y — DN EE 2R R AR
ERiolA&T T4
Y—Tb HiEHILAH
Hizlz LD TEM #1%2
FIRIC L A,

[l R iy o ]

Current density (mA/mg-Pd)

0.2 07
E/V vs. Ag/AgCl

Current density (mA/

x 4.23

X

il [

Pd/C PdNWs Pd-Cu NWs

(1) Frexible and transparent free-standing metal nanosheets fabricated by UV irradiation onto

Langmuir monolayers of nanoparticles, Pacifichem 2015, T. Nishimura, T. Kawai

(2) Fabrication and catalytic activity of Pd-Cu nanowires with network structure, Pacifichem 2015,

H. Ikeda, T. Kawai
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BREIF 7 A N—F M O] T LAOZEBNIET BT 0L FRIA
AL - B S B AR SER

IXCODIT : FEROEBAIF TIX, BIET 7 XA~ & EHIICEER Y, BEMBHI SRR
WD @ = 7 N RGeS AR IR AR RS JONEEE A BVE T IS 2 R 7 < I
IND. FRCAY T DI EERNE E O AAER DR, EREIE 2 A 23— 2 5 Ol
EROTNDE LU TATAZEBNT Y, A A VIBFST I XA<IRBENREFFEICE L
WL RIFT 2 EARENTWS. ZoRmEEOZEIcIE, REE FICEKT S
AU T ANTIUNERERFEZH ) LEZ LN, ~U T AT VO BGRERCAF
TEIRREIC BT 2 BRI 2 A AT 4 Tl RV, 22T, AR TIE, ~U 7L RT L
D) (EE, 14X, Rt %, RGN (BEE, —xrx—, EE)
O E L TGRHlIT 5 & &b, EREOT 2 EFoXREICELY, XTAFo~Y
U LOHEREEIZOWTOMREHEL Z L2 HIE LT,

EBRFGE : W=7 2O RS 2 > 7 AT 0 &2 FH03xt0.1 mm3 ([ZRE, Bk
P AMLER A BE LR LTV, Yoy MBI L 0 RN T U2kt 2, (4
FRSRE B B RS A B M BRI SR I L v, |IED 1273 K OREHHICE T 5 —EEE T 3
keV-Het(~2.5 X 101"m2s ) A 4 > G FZ OHHER 21T o 72, S DI E 2RE %
T 71 A — Z AR 53 fRRE S BT B BAIREEIC KV B v — K5
HE 24T > 7.

EBFER X1 IE=EED 1273 K O#iHO—EIEE T, 3keV-HetA 4 FTo
BT AT v OFEIEEREREEZ R L. WTROEEICBWTYH, BEEOH
I, AR AT VBB SN TV, £, BEHEE O, XV
fECHE B By 5 N T L3
L X Uhh D D E A D3RR
ST TR ZEALOANY
U L-ZEHAE G RO EN,
EHRIZ X D IEFEIZ72 D A
TV DTG MR TE S 4L
TbDlEEEZLND.

X 2 121, Zhb 0B
MO LNTZ T IV,
BIOY A XD RS Sk
FFPE 2 R AR SRR 1
BWTIE, 1073K LLFD
FREHEE TIx "7 ni
Mg EIIBEshT,

0 Het/m?

5x1078

| (d)1273K | (c)1073K || (b)773K || (a)R.T.

1 ==
57 AT v OEREEGEEERE (TEM ).
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1-2nm BEOY A ACHED, BESL [ o 107 | |
paR e L. i, 1273K TR Sl D ORE oy e |
B LREHC BV T, A7 oM 8 ART
(] ;
(7 &, 1020He/m? UL Lo & T e
LB B BEOBD SRS, £ S10° o e 1
0

7z, 1273K 28T 2 B T2 D585 : >
T, BEET AT AR L O A REE '
0, HER K & 7237 1 (~10nm) D F
HCOHERDEE SN, ZhbOhk
Fi, 1273K DL EOHEHEE T, N
TNAPBEZEOREL TS Z %
RLTWD. AKRFZETIE, 29 LA wqg 1620 prer
TARDANY T AOTFERIEE TR T He fluence [He /m?’]

B DICE ) 70 A — F AN 2 3 keV-HetBRSt L7=& v 7 A7 v
TR HG iﬁ;;;;;;ggﬁ?’ﬁi
TRV —HBRSNOREEIT> 7.

31,1273 K T 3 keV-He* % 5x1019
He/m2 B4t L7=% o 7 A7 ikl
FERLL72 5bnm FEEED~U 7 AT L
DOHLE B 572 EELS A< k
Wi, RIBHOFEE R L CORT
BT AT NS D E— 7 D= B IR

-
o
T

XY

bubble diameter [nm]
L

i #

# &4 & B @ 3 13

Intensity (arb. unit)
Gk Bk

#

RE=7 L LTHRRTRORVE, -] L AN :
~Y v LB LERBHC BT, L M s
21eV fHLiZA U U APEE RIS

B HER B AET 5 et

FDHIRT. %%%ﬁ:%&%t*/"ﬁzﬁiff 3 BT AT UHOANY T ANRT LD

AR5 T, LA E— FLLEY, B X ORBHREI G55
U EBH T ENIETHD LEZ B 72 EELS A7 MO

5. A%IE, ~UULIINA, BREREITH D KRERMEbRGRE LT, A7 b
D=y B T D, BT QKRR « ~U T LAOmEDT M & D2/ Sy
iz nm UTOSEETHEL, SHICTNODIRERFEZH~L TETHD. 7
7 A KEAMBHROKFE < ~U 7 DO JFFTHERRE 2 IH ) FEIC LD S~ 572 fl
TIEE AL, BOTHRT =2 E6ND 2 EnlifFasns.

B, AWML/ NEFEURES (BIRAY), BmEE, mAfE UKL o &
DIELFEMIFEE LTEMISNTZ D THS.
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TSRS Llc@BALFEHI DN RS

SET e RO TR

HR - B Y «
W B A — N OJE SIS Z FFoeBEim ClIRm 77 Full bandgap

ZXELVRTY PSP BT By R EE LTROE, T0 8

LS REBEEIET T RE= v 7 fERPLO) EMEER S, = &

AT RIPICO IEICBIT 5NN Ry v ST 2N ETITH

V= FA IRy By ACLIC LY DAL, RE KT = s —

NGNS TE[1], UL, Fig. 11T LI Fig. 1 —f4k&F P1C D/
Fi—y FEy v TIEEOSBEAMUD 153 5O KA “CF'TEJ e ()
WTEY ., 2 HOIEREMED S Rz i3es it ik

72 BERVX R A FF OB E FIEDR ML ETH D, £ T TARIFZEE TR, 1K
{LEARGEFTDE 7 7 1 A — & $EHE ARSI E 7 BRI (STEM) I L 5 E =RV ¥ —18
K436 (BELS) 0T T — 30 R¥ v v 7T OWREEZ EBRHIICH 50T 5,

& O O (
;H O O (

i 100nm_ =A|1<amn

EBRGIE
AHFFETIEL ) BiEEHWTE
ﬁ@%ﬁi_ﬂﬁm P1C iz /E U 7= (Fig.
2), £7. WY V7T 7 40— KW
i@%%ﬁ%ﬁﬁwf%*ﬁi AR
P1C Z{ER L7z, Z D PIC DA L 7Y awnd 1_’
¥ X

THRB L, L] Z A1(150
e i 7V A ‘( Fig.2 fEe L 7= P1C #EMR O BRARIEHHES (ADF) & & 3
nm)/ Cr(10 nm) _JEE A2 ANy X iEK HERIK.

OEAEE RO TWBE LT, s R
TEMAZ Y v RICEEL, V7Y BiEE T2 b ClREL G|
T P1C %H%nit*/l’& L/f:_o Cr i j:%ffﬁ[ (Al 75) ﬁ [_/"C[/\foal/\ g‘ (|’|-‘l.\lllt)]1i;)\.‘I\-'Hl:l'
o | averaged

ffl) > SPP Z- iz S W 2% HI &40 5 FELS Wiz e /7 E
A — 4 Z P U7= STEM (JEM-ARM200F) % Jid &)+ 200 kV i Planer AV/Cr
THW T T> 7=, iZ\/l/ﬂF*—/\ﬁ’qﬁTE 30.05 eV TH A, Without sample '

65 10 15 20 25 30

Energy loss (eV)

ES SEERESES Fig.3 PIC #JE (7). Al/Cr —J&@
Fig. 3 1% PI1C ¥ 5 H8 L7- EELS 227 L (GR) BEGEE) 2 HEE L7- EELS A2
. . frEPomrr—r (B).
L. 7 AL (150 nm)/ Cr(10 nm) —JERE S HS LT
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EELS A7 RV () L& L2 D TH S, PIC
JED AT MUIZRBID 2.25 eV OB —27 1%, A
OIRFEFE EFICERT 2, F— " F¥y v 7312
VDT 4T ThdHEEZEZLIL, ZOWMOE—27 )
REBEDOEE TNV R THDIEEZOND, L
ML, EZRAF—MON R EZ bNDHE—
(1.4 eV) i, P “EEICH R o s Al o8 RfE
EL2IoE—7 (1.5eV) Efbb LY, ZOETERE
(2 R D IRRED R L, SPP bz b EE B A LAV S
Wb FETMERRELE T OBELA & 10 prad LA FIZ/N
S EHT ETRBITE H[3], Fig. 31TmT L oIl

Collection semi-angle
—14.6 mrad
— 9.5 prad

Intensity (a.u.)

Volume loss

05 10 15 20 25 30
Energy loss (eV)

Fig. 4 Al/Cr —J&Ed EELS A~~~

MV OBOAMIKFIE L T b D%
FE). WTFhozx~L7 MLy Ea
QA= NRELGIPITND.

EN-A 14, 6 mrad DE 5 (EF) L.
HE-A 9.5 prad DIES () an%
A LB 2 & T KRR D2 () |
AT A2 EnTE T,

Fig. 5a (ZHAERENGEE LT
AR NV (38) & = OO MFEICHE
NP ORE LAY MLV (GE
) &R, KEEO T G- L Er R

Intensity (a.u.)

FOROM

AE— 7 OREGR) FE LI - Lic CEnergyloss(eV) it sy

EBRVA B P BE SR Fig. 5 (a) [FEH I L Z DM EN =605 HL
L0 BRSHRPIARR R € X BLEANY bADHE. (0)0.9-1.1 eV DIBED~ v
THART MLEHIH LTZ, O/ 7. (0)1.3-1.5 eV OED~ » 7.

B L2eVITIKRELTT 4 v TN

RSN, TN FF Yy v TR SN TND ZERREEN TS, LarL, &
BEIT Oy 7 7500 RBERS> TS T2, FERISIREEN B 1 23R TE 220,
0.9-1.1 eV DAY MR L 1.3-1.5 eV DAY NMUVBED N fi%E~ v 72 Lz b
D% Fig. bb & 5e IZZNLIURT, /N2 FF ¥ v 7 OR300 — [ Tl RICRE
oA L, s — I TIE RO LTS, EELS = v 7D =y b7 X kA
%ﬁﬂﬁ%ﬁ%@gﬁﬁﬁj\%ﬁwz(rlz DORFMEE) 2 g2 2 & (4], i EES ) K BT
AN D 2 & IERESIEZSET 5 L. IRBLT A ROE= LT —
DS REGEE EICRIEOE 2 5 AL K VALE— R TH Y | @R /L F— o
¥ R RICREOE 2 5Bl KOEE— R ThDHZ ENfmoT b,

[1] H. Saito and N. Yamamoto, Opt. Express 23, 2524-2540 (2015).

[2] C. Langhammer et al. Nano Lett. 8, 1461-1471 (2008).

[3] R. B. Pettit et al. Phys. Rev. B 11, 3116-3123 (1975).

(4] F. J. Garcia de Abajo and M. Kociak, Phys. Rev. Lett. 100, 106804 (2008).
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BESWEEZRA LIZATa A RELVEVEEBEOTE

=y & - RRBSLERKT
B

LB DO AT oA RANVE 1L, EICHIBRE, KR, IR CTEESN, TOH
RNDHEEaLVFaAf R, SWEaLFaf N HRLECREICHEIND, 2 b
DATHEA RARLENL, abATo— LEHEMEE LT, fix D Cytochrome
P450s (KMEg{LE%%) <°. Hydroxysteroid Dehydrogenases (fii7kFfEsR) DEEE|Z
FoTARENTWD, b AT aA REALE UL, ALZEENTET, Rk
BRER ENBHATERNWEDIC, HF2xDAT A R&/LEVEATL Gl 2o
W, ZN0 ORKEREEEORBEMN 2325 2 L 1Ic k- T, MEMICHE S
NTWDDHRTEH D, AL TIE, AT v A RR/VE L OPFEENEZ AT 5729012,
HE&HTA A—Y 27 (MSImaging) EZHWTC, A7 a4 RFRALEV %2, BHE, K
HI 2FBROMEZITO 22 AL L, KEREITEIC, AT A RHRLVECDR
E, KNy 7 752 RITKRHTE 54 A U ALIEDRRI E1T - T2,

AT uA RBRVE AT, AT ALDPRERMEME SN TR, EE&EOH
MALDI #Ei2B W T, @% ., v ) vy o7 RELT—RMIZHWVWS LS CHCA
(a-cyano-4-hydroxycinnamic acid) <> DAB (2,5-dihydroxybenzoic acid) 72 & DA%
{EEMTIE, ~ N v 7 2AWEZDOEORA A AL ST, KRy FHEBRICZE D >
777y RE=7 P&, A7 A RAVE VR EORS 35 (m/z: 250-400 2
FE) OfENTZREER L DIZT D2 ERHALNIR T, 2O KT O E K
EREOTZ-DIZE, ~ ) v 7{bEMZDO L DDA F oAbz ), K< 35 Z &3k
DOHNDLD, GRS R (BT 2R L) X, BEHIIA A AbETIT, i
BraA A MbT 5~ M) w7 2R RN S HZ ERMEIN TS (SALDI % /
Nano-PALDI i£) 728, &J& T /KiFDAT A FOA F AR Z MG LT,

EBR5 1L
flix OWpAed T /b2 Ekk L, REMAT r A RARLVES 6F (B-Estradiol,
Testosterone, Progesterone, Corticosterone, Cortisol, Aldosterone) ® MALDI %
(Nano-PALDI {%) #HICH T oA A b~ MY v 7 2 & LTHW, (LFPF5ERT O
= fiERE FT-ICR B &0 8TH% : Solarix Z# W THIE L 7=, &g 7 / ki DIERL. KON,
Solarix ¥ O EAE 7 1ESE T AL FWFERT O L[EWFTEE T d o IR LA ma 4.
HPATIERIEAEIS, SR 2 W22z,
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EBRAER

AT aA RF/VE L, @FH O MAIDI JECTHOWO WD A&~ KU » 7 AT
&% CHCA = DHB % Tid, A A AR PELS, B =7 mEMRWA, fE LT
ffbe@ )/ hita~ ) v 7 2 LTHWSD & R m/ziEik (M1 TiE m/z 400 R
i RFZ m/z 280 A9) D7 7T KIMEL, AT A RbvEy (K1 Tk
5ff) © m/zEIZ SIN kD@ W2 E— 7 BB bz (K1), A7 A KA/
F UL Natf AR L < SN o720, Z0%OFERTIE, Nal # 10 mM FRE,
WINL72E ZA, 1ZFRTOEY—27 28 1fi Na ke LT, ©EL THRHTE 7,
X, HEE & fEHe FT-ICR B &7 (Solarix) Z#fH L T4 728, m/z #871T,
1 THELESEAETHOARATEA RALENIBWT, BE&EHREN 1 mDa &l
(0.35-0.67 mDa: 1.0-1.8 ppm) DD CIEfMEREEMENFER T2 (K1),

ZE

AT uA RRVEAAL, —RNRARCEY~ ) v 7 Z2nb & B Z
BT mz BRSO N 7 TT R A AR S b N, &) R E~ B
Uo7 AL LTHWSE, Ny 7T ROBWIEZR mz B — 7 BZHHAEETH D
ZEBHBMNTIR T, X ARFASE T OB EE &0 fFee (OfFEE 100 5) 2 HT 5
Solarix 41X, AT 1A R/ (m/z 250-400 F2JE) 7 & O FRE O fRIT IO HE
WHEHATHY, REEEZFIHTHZLICLY, AT a4 RELVEVORESA 4 1L
HEOSENAGRNC /2D e, HE#HE%E 1 mDa (2 ppm) RiiOEHES T, A7 A
RARALEUDHETE 2, 5%, ZNODV AT LAZHANWT, AT a4 RELEVE
AHFR D, BESWA A= IS LT & 720,

+Ma
© Ndosterose + Nae

Tostostersae + Nat
- Progmtersae + N

; Postradial ¢ Nay

S
F_;

N .

/s

1. & F /h1ta~hr) v 7 AELTHWZ5F (B-estradiol, Testosterone,
Progesterone, Corticosterone, Aldosterone) M A7 12 A KK/LE ARAY O EEREE
BN, A7 a4 RALEU L, 1fiNafbinA 4 & LTS Tns,
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ENBEEESWMICLIFRAET/ I SR F—OREEREN
HURHE— - HURELRR: - AL AR A 5K

[FRBICEW]

FA T — ML 7 A% — (AuSR 7 T A% —) 1L, MO TIZ K-> TR#ES
NIEBB Y T AZ—ICHRTEWEEREHT 52 b, Fili#ettr 2 MEle LT
HEHZEDTND, — T, AuSR 7 7 AX —DORJFEEHIL, 7 T A X —DWHIR,
{EZHEE 2 ZL S5 ETHENRTETHD Z L2 FGEITHA LML TE T, RIFE
TlE, BIFFEBROZEICH L TEICEL 0FAREED Z 2B, (1) Fi =y
7 7 A4 — (Aup.,,Cu,Pd(SR)i3) DFEFK, BLO (2) @ sy 38 |mKT T A H—
(Ausg,Ag,(SR)zs) DJRF LUV TOREE S BE, (ZHLD FHLATE,

[E8 5]

(1) FH=ZED7 7 A% — (Auz,,Cu,Pd(SR)i5) DA

£, KF4JE A 4 Z [HAuClL]: [Cu(CsH,0,),]:[PACL-2NaCl] = 23:1:1 TIEA L. K7
71 F A —)v (CuHpsSH) &L EHT2, D% NaBH, Z /x5 2 & T, fr/p RE X
DY T AR —IREWEGT, AERE BRI E-%, ST N2 BER
DY FAZ—ZH Lc, 77 22—l %, JERKFCFEIEFTO= 1L 7 b r
AT L—A F oAb (ESI) EESWTERE (solariX) ICX Vil L=, £/=. ALY T
AL —% MV R T L, LB ORRZ b Z~ Y v 7 A8 L — W — iAo
44t (MALDD) B &AM K VBT 5 2 LT, 7 7 AX —OEEMHIT OV TR,
(2) @B 38 EET T 2 F— (Auzs.aAgi(SR)2) DIRF LV TOREE 7B
B E L ClE. Ausg(SCH4Ph)yg (Z[Ag(SCoH4Ph)BER A N2 B KGHIZ &V . Au i
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[1] S. Sachil, W. Kurashige, K. Nobusada and Y. Negishi, Nanoscale, 2015, 7, 10606.
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MOU %#48]Y O & L7e{bZEmfseer [EREE Y +—7 |
R PACFEF T ERR S o R P A 2016 (ICRIS’16)
— Research Network Based on ICR MOU -

TOREER - RERRFAL ISR (ICRIS 16 S585 JR))

[#E2E]

LA FERT O EIBR AR » LEMFFENTHLRTEEI O —B & LT, MOU ("IN At i iE) i
FEESMIFTERERE & O —J@ Ok 2 Bfs L. TEESEE Y +—27 1 (27 B PRk 28
F3H7-11 B) ZBE Lz, BT, BRI DEMT) 10/ - "M 4] OF—U—
FOH &2, MOU it Jo5E 2 DAFTER 13 4« KRB 15 40 2 AL AT ZERTICHENE L, S
Rt BRI AT o7, TEEREEEY +—7 ) O&IO 2 B 3 H 7-8 A) IZITLFF2E
AT EFR 2% (Institute for Chemical Research International Symposium, 2016 (ICRIS’16)-Research
Network Based on ICR MOU-%Z B L, BCKT U7 &1 7 4 [E - Hilik)» 6 D 13 44 O S E AHF
get . ALt TIEERIE « SLRAFZERLA ) TEENC IS T D ILFNIZEE 7 44 I FIFEE
6 £/ 572 % NEA%EFR, MOU fififii Jo bHTE L7z 15 4 OAME AR FFe A, LRI FRFE
B OFTNAIZEE DN A, =RV —B TR IEAT - AEFBEIHEAT L O HEIC L S TR~ —
F=7 U7 V) BIEOF T8 DR A Z =3RRI KV MHEDHTENE ORI & Fm & 1T -
7o FTI2. ICRIS’16 HJHIZ, KE/ — FVF LRZF FA FINLRFEOIEFEB L OEY
fE5FE & D MOU FHIAAZAT S 41, ALSFFERT O MOU #iididkid 68 & 72n -7z, THEERE
o 1 —7 ) OBFETIT, BB LR - REEADFTNBEENIEE 255 L, iR
15« FHEEEOEMKBCITNAG TS - RFEFASE & OB 2R bIThn T,

[ICRIS’ 16 #ifFRE A ]
(MRS EFFEHE) Shiuh-Tzung Liu (National Taiwan University); Slavi C. Sevov (University of
Notre Dame); Kang Sun (Shanghai Jiao Tong University); Ru-Shi Liu (National Taiwan
University); Patrick M. Woodward (Ohio State University); Werner Paulus (University of
Montpellier); Wai-Ki Ching (The University of
Hong Kong); Kyung Hyun Ahn (Seoul National IS —
University); Didier Gigmes (Aix-Marseille " Rescarch Network e on ICR MOU-
Université, CNRS); YoungSoo Kim (Korea
Institute of Science and Technology); Richard P.
Cheng (National Taiwan University); Astrid
Walrant (Université Pierre et Marie Curie); (FE/N
FHFFRREIHA) Tsukasa Matsuo (Kinki University);
Akihiro Orita (Okayama University of Science);
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Tatsumi Ishihara (Kyushu University); Osamu Maruyama (Kyushu University); Shinichi Sakurai
(Kyoto Institute of Technology); Takeharu Haino (Hiroshima University); Ikuhiko Nakase (Osaka
Prefecture University); ({bA/F5# ) Atsushi Wakamiya; Keita Sakakibara; Canh Hao Nguyen;
Yumi Matsumiya; Kohji Ohno; Hikaru Takaya

Poster Session Closing Remarks, Prof Futaki

BH2 :ICRIS'I6 EELIE LY

K558 - #EE]

A TEFSE#E D «— 7 ) 1%, MOU Kt St 5eis B o gt - Rsbid 2 1 AL TH
L. AT G 5 WIXBEIZEE - KEGE & OFE RO 2 X5 mERFETHH
LWRHBTH D, ZORBMN, A FHEE - RFERAEZ GO 72— VR NIy U —
7 ERRAEERR, TR E U — RS2 HOAE ] ([2oenb Z L2 LTW5,

ks, RTEBEHE Y « — 7 | ITRE R PP REDO IR EZ TRBEINTZ DO THY |
ICRIS’ 16 (3P 5EpT (b2 BE 0 B DR, « 8 2 Shiih & 92 Seim « FERAFZ7EHlLR ),
720 NIARFZ VX —B TR, AFEETE ORF7n Y27 N CThH 7Y —
YA I NR—=va NIETHENEAT— T U T NVORIBMIE T X —T v — T
L SGEEE LT 1 D WFSERERE & A B RO TRE — & OIHEIZ L W iT LTz,
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The 10th Organoelement Chemistry Seminar
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8th June, 2015 (Mon.)

9:40-9:50

9:50-10:20

10:20-10:50
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50-18:

20-18:

50

00
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50

50

20

50

20

50

20

30

Opening Remarks: Norihiro Tokitoh (Kyoto Univ.)
Chair: Masayuki Wakioka

Invited lecture: Atsushi Wakamiya (Kyoto Univ.)
An Approach of Organic Chemist toward Efficient Perovskite Solar Cells

Invited lecture: Hideki Yorimitsu (Kyoto Univ.)
A Journey from Discovery of New Pummerer Chemistry to Catalytic C—S Bond
Cleavage

Chair: Takahiro Sasamori

Plenary lecture: Ulrich Mayer (MSE)
Practical Considerations for the Preparation of Scientific Manuscripts in English

Lunch Time
Poster Presentation

Chair: Norihiro Tokitoh
Invited lecture: Yoshihiro Matano (Niigata Univ.)
Synthesis and Optical Properties of Highly Fluorescent n-Conjugated Phosphole
Derivatives
Plenary lecture: Rainer Streubel (Bonn Univ.)
Phosphinidenoid and Terminal Phosphinidene Complexes.
First Comparison of A Complementary Couple
Coffee time
Chair: Katsuhiko Takeuchi
Invited lecture: Tsukasa Matsuo (Kinki Univ.)

Fused-Ring Bulky Rind Groups Producing New Possibilities in Organoelement
Chemistry

Invited lecture: Takeaki Iwamoto (Tohoku Univ.)
Reactions of Hexaalkyltricyclo[2.1.0.0']pentasilane and Related Compounds

Chair: Atsushi Wakamiya

Invited lecture: Makoto Yamashita (Chuo Univ.)
Synthesis and Properties of Reactive Diborane(4) Compounds

Invited lecture: Ken-ichiro Itami (Nagoya Univ.)
Materials- and Biology-Oriented C-H Activation

Closing Address: Takahiro Sasamori (Kyoto Univ.)
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Poster Session (13:00-14:20)

P-01
P-02

P-03

P-04

P-05

P-06
P-07

P-08

P-09

P-10

P-15

P-16

P-17
P-18

P-19

P-20
P-21

P-22

P-23

P-24

P-25

P-26

P-27

P-28

P-29

P-30

P-31

Generation of a Disilylthioketone (Toyo Univ.) Koh Sugamata, Shigeru Ishii

Bora-Brook Rearrangement Reaction and the Effects of Solvent Polarity, the Backbone of Boryl Group, and
Counter Cation of Base (Chuo Univ.) Haruki Kisu, Makoto Yamashita, Fumihiro Ito, Hirotoshi Sakaino,
Kyoko Nozaki

Regioselective Diboration Using Unsymmetrical Diborane(4) in the Absence of Transition Metal Catalyst
(Chuo Univ.) Chiemi Kojima, Makoto Yamashita

Synthesis and Properties of Group 13 Element-incorporated Benzenes (Chuo Univ.) Taichi Nakamura,
Katsunori Suzuki, Makoto Yamashita

Syntheses and Properties of Diboryldiphosphene and Diboryldiphosphene Radical Anion (Chuo Univ.)
Shun-suke Asami, Masafumi Okamoto, Katsunori Suzuki, Makoto Yamashita

Peripherally Hexasulfanylated Subporphyrins (Kyoto Univ.) Kota Yoshida, Atsuhiro Osuka

Synthesis and Conversion of meso, -Oligohaloporphyrins (Kyoto Univ.) Norihito Fukui, Hideki Yorimitsu,
Atsuhiro Osuka

Synthesis and Characterization of Diphenylborane-fused Porphyrins (Kyoto Univ.) Keisuke Fujimoto, Hideki
Yorimitsu, Atsuhiro Osuka

Synthesis and Properties of Hexaphyrin Silicon Complexes with Various Substituents (Kyoto Univ.)
Shin-ichiro Ishida, Atsuhiro Osuka

Palladium-catalyzed Direct Arylation of Arenes with Aryl Sulfides (Kyoto Univ.) Shinya Otsuka, Hideki
Yorimitsu, Atsuhiro Osuka

B, p'-Directly linked Subporphyrin Dimer (Kyoto Univ.) Yasuhiro Okuda, Masaaki Kitano, Eiji Tsurumaki,
Atsuhiro Osuka

Nickel-Catalyzed Ring-Opening Arylation of Dibenzofuran (Kyoto Univ.) Yuto Kurata, Shinya Otsuka,
Norihito Fukui, Hideki Yorimitsu, Atsuhiro Osuka

Peripherally Silylated Porphyrins (Kyoto Univ.) Kenichi Kato, Keisuke Fujimoto, Hideki Yorimitsu, Atsuhiro
Osuka

Synthesis and Characterization of peri-Naphthoporphyrins (Kyoto Univ.) Masataka Umetani, Koji Naoda,
Takayuki Tanaka, Atsuhiro Osuka

Stable Boron Hydrides and Peroxides with Subporphyrinato Ligands (Kyoto Univ.) Eiji Tsurumaki, Atsuhiro
Osuka

Ligand-accelerated Cu-catalyzed C-H Imidation of Arenes (Nagoya Univ.) Takahiro Kawakami, Kei
Murakami, Kenichiro Itami

Site-selective Functionalization of Pyridine (Nagoya Univ.) Shuya Yamada, Kei Murakami, Kenichiro Itami

Synthesis of [10]- and [15]-Cyclonaphtylenes (Nagoya Univ.) Keishu Okada, Akiko Yagi, Yasutomo Segawa,
Kenichiro Itami

Syntheses of Compounds bearing Ferrocenylthiocarbonyl Groups toward Application as Functional Dyes
(Yamaguchi Univ.) Hideaki Miyake, Tomoyuki Tajima, Yutaka Takaguchi

Stable Oxophlorin Radical and Its Metal Complexes (Kyoto Univ.) Daiki Shimizu, Atsuhiro Osuka

Base-Free Palladium-Catalyzed Borylation of Aryl Chlorides (Kyoto Univ.) Yutaro Yamamoto, Hideki
Yorimitsu, Atsuhiro Osuka

Dodecaphyrin(1.1.0.1.1.0.1.1.0.1.1.0):The Largest Aromatic Molecules (Kyoto Univ.) Takanori Soya,
Atsuhiro Osuka

n-Conjugated Disilenes Protected by Bulky Rind Groups: Synthesis and Photophysical Properties (Kinki
Univ.) Naoki Hayakawa, Megumi Kobayashi, Daisuke Hashizume, Kohei Tamao, Hiroyuki Fueno,
Kazuyoshi Tanaka, Tsukasa Matsuo

Germanium Ketone Analogues, (Rind),Ge=E (E = O, S, and Se): Synthesis, Structures, and Bonding
Properties (Kinki Univ.) Naoko Fujita, Liangchun Li, Daisuke Hashizume, Kohei Tamao, Hiroyuki Fueno,
Kazuyoshi Tanaka, Tsukasa Matsuo

Synthesis and Characterization of Unsaturated Phosphorus Compounds Bearing Bulky Rind Groups (Kinki
Univ.) Shota Tsujimoto, Daisuke Hashizume, Tsukasa Matsuo

Dihydrodiborane(4)-Pyridine Adducts: Electronic Structure and Photophysical Properties (Kinki Univ.)
Shohei Kaneda, Yoshiaki Shoji, Daisuke Hashizume, Kohei Tamao, Hiroyuki Fueno, Kazuyoshi Tanaka,
Tsukasa Matsuo

Hexaphenylbenzene Hexaanion Species Stabilized by Silyl Groups: Structural Characteristics and Electronic
Properties (Kinki Univ.) Tomoki Maede, Tomoharu Tanikawa, Daisuke Hashizume, Tsukasa Matsuo
Synthesis and Structures of Hydroaluminum Compounds with Bulky Rind Groups (Kinki Univ.) Takahiro
Murosaki, Shohei Kaneda, Tsukasa Matsuo

Synthesis and Isolation of Rind-substituted Diazomethane, (Rind)CHN, (Kinki Univ.) Yuya Sano, Naoki
Hayakawa, Tomoki Maede, Norio Nakata, Akihiko Ishii, Tsukasa Matsuo

Development of Bulky Nitrogen Ligands and Their Coordination Properties (Kinki Univ.) Naoki Yasuki,
Shoya Kanazawa, Masahiro Hamura, Tsukasa Matsuo

Mixed-ligand Approach to Palladium-catalyzed Direct Arylation Polymerization: Synthesis of DA Polymers
with Dithienosilole Units (ICR, Kyoto Univ.) Eisuke lizuka, Masayuki Wakioka, Fumiyuki Ozawa
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P-33

P-34

P-35

P-36

P-37

P-38

P-39

P-40

P-41

P-42
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P-44

P-45

P-46

P-47

P-48

P-49

P-50

P-51

P-52

P-53

P-54

P-55

P-56

P-57

P-58

P-59

P-60

Synthesis of Unsymmetrical PNP-Pincer Type Phosphaalkene Ligands with an Eind Group: Application to
Rhodium(I) and Iridium(I) Complexes (ICR, Kyoto Univ.) Hiro-omi Taguchi, Daichi Sasaki, Yung-Hung
Chang, Katsuhiko Takeuchi, Fumiyuki Ozawa

Counter-Anion-Controlled Reactivity and Selectivity in Organocatalytic Acylation of Carbohydrates (ICR,
Kyoto Univ.) Yoshihiro Ueda, Masanori Yanagi, Ayumi Tsuda, Takumi Furuta, Takeo Kawabata

Asymmetric o-Fluorination of Amino Acid Derivatives via Memory of Chirality (ICR, Kyoto Univ.) Koji
Kasamatsu, Tomoyuki Yoshimura, Takeo Kawabata

Concise Synthesis of Amide Functionalized Helicenes (ICR, Kyoto Univ.) Toshifumi Kuribayashi, Masanori
Nikaido, Takahiro Sasamori, Norihiro Tokitoh, Takumi Furuta, and Takeo Kawabata

Boryl Substituted Dithienobenzothiadiazole: Chromism Based on Formation and Dissociation of
Intramolecular B-N Coordination Bond (ICR, Kyoto Univ.) Yoshitaka Aramaki, Osamu Yoshikawa, Atsushi
Wakamiya, Yasujiro Murata

2D m-Conjugated Compounds Containing Azulene as a Core Unit: Application to Hole-Transporting
Materials in Perovskite Solar Cells (ICR, Kyoto Univ.) Hidetaka Nishimura, Naoki Ishida, Akinori Saeki,
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information or knowledge but used more for the purpose of achieving better performance or
even decision-making. This paradigm shift on data analysis leads to a breakthrough in
academic research also, referred to as "data-driven science and technology". This workshop
is the first attempt to contribute to this emerging paradigm by inviting scientists in machine
learning and applications, to hear their latest achievements and explore solutions for future
problems, a particular application focus being placed on signal data, biomedical and
material sciences.

Nov 5 (Thu) Nov 6 (Fri)
10:00-10:15 Opening 9:00 - 9:45 Hisashi Kashima (Kyoto
University, Japan)
10:15-10:55 Marco Cuturi (Kyoto 9:55-10:40  Masashi Sugiyama
University, Japan) (University of Tokyo, Japan)
11:05-11:50 Shigeyuki Matsui (Nagoya 10:50-11:35 Koji Tsuda (University of
University, Japan) Tokyo, Japan)
12:00-12:45 Samuel Kaski (Aalto University, ~ 11:35-13:15 Lunch break
Finland)
12:45-14:25 Lunch break 13:15-14:00 Isao Tanaka (Kyoto University,
Japan)
14:25-15:10 Keiichi Tokuda (Nagoya Institute 14:00 - 14:45  Kristof Schiitt (Technical
of Technology, Japan) University of Berlin, Germany)
15:10-15:55 Aapo Hyvarinen (University of 15:05-15:50 Michele Ceriotti (EPFL,
Helsinki, Finland) Switzerland)
16:15-17:00 SV N Vishwanathan (University = 15:50-16:35 Matthias Rupp (Fritz Haber
of California, Santa Cruz, USA) Institute, Germany)
17:00-17:45 Makoto Yamada (Yahoo Labs, 16:35-16:45 Closing
USA)
18:00 Banquet

Host Organization

Supporting Organization

—230-



3. LR FERMX

MEBOEEIZT LY, BRICE#H L7Z#m Lo —EIz W T O I, BRI 2k ELIRIC BT 5,






Kaji, H. et al. Purely organic electroluminescent material realizing 100% conversion
from electricity to light. Nat. Commun. 6:8476 doi: 10.1038/ncomms9476 (2015).
Reprinted from Nature Communications with permission.
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Purely organic electroluminescent material
realizing 100% conversion from electricity to light

Hironori Kaji1, Hajime Suzuki', Tatsuya Fukushima', Katsuyuki Shizu1'2, Katsuaki Suzuki!, Shosei Kubo!,
Takeshi Komino?, Hajime Oiwa', Furitsu Suzuki', Atsushi Wakamiya', Yasujiro Murata' & Chihaya Adachi%34

Efficient organic light-emitting diodes have been developed using emitters containing rare
metals, such as platinum and iridium complexes. However, there is an urgent need to develop
emitters composed of more abundant materials. Here we show a thermally activated delayed
fluorescence material for organic light-emitting diodes, which realizes both approximately
100% photoluminescence quantum vyield and approximately 100% up-conversion of the
triplet to singlet excited state. The material contains electron-donating diphenylamino-
carbazole and electron-accepting triphenyltriazine moieties. The typical trade-off between
effective emission and triplet-to-singlet up-conversion is overcome by fine-tuning the highest
occupied molecular orbital and lowest unoccupied molecular orbital distributions. The nearly
zero singlet-triplet energy gap, smaller than the thermal energy at room temperature, results
in an organic light-emitting diode with external quantum efficiency of 29.6%. An external
quantum efficiency of 41.5% is obtained when using an out-coupling sheet. The external
quantum efficiency is 30.7% even at a high luminance of 3,000 cd m—2.

Tinstitute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan. 2 Center for Organic Photonics and Electronics Research, Kyushu University,
744 Motooka, Nishi, Fukuoka 819-0395, Japan. 3JST, ERATO, Adachi Molecular Exciton Engineering Project. 4 International Institute for Carbon Neutral
Energy Research (WPI-I2CNER), Kyushu University, 744 Motooka, Nishi, Fukuoka 819-0395, Japan. Correspondence and requests for materials should be
addressed to H.K. (email: kaji@scl kyoto-u.ac.jp) or to C.A. (email: adachi@opera.kyushu-u.ac.jp).

NATURE COMMUNICATIONS | 6:8476 | DOI: 10.1038/ncomms9476 | www.nature.com/naturecommunications 1
© 2015 Macmillan Publishers Limited. All rights reserved.
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lectroluminescence (EL) was initially studied for funda-

mental interest'3. Tang and VanSlyke* subsequently

applied EL in organic light-emitting diodes (OLEDs),
obtaining an external EL quantum efficiency (EQE) of 1% for a
double-layer fluorescent OLED. OLEDs have since been studied
extensively, with particular focus on increasing their efficiency in
display and lighting applications. EQE (#gqg) is the product of
the internal quantum efficiency (IQE) and light out-coupling
factor (out)> NEQE = IQE X Nout. Hout 18 typically 20-30% (refs 5-8).
IQE is obtained from IQE = f§ x y X ®py, where f is the exciton
generation factor resulting in photons, y is the carrier balance
ratio of holes and electrons, and ®p; is the photoluminescence
(PL) quantum yield (PLQY). Singlet and triplet excitons are
theoretically generated in a 1:3 ratio by electronic excitation®.
Triplet excitons typically dissipate as heat rather than being
converted into photons. Because only singlet excitons generate
photons, the resulting f for fluorescent OLEDs is limited to 25%.
Even under conditions where 7y and ®p; are 100%, the theoretical
maximum #gqg of the resulting OLED is only 5-7.5%.

Increasing f§ and #oy, are therefore important challenges to
maximize EQE. f§ can be increased directly using triplet excitons.
The heavy-atom effect can convert triplet excitons into
phosphorescence. Intersystem crossing (ISC) involves transition
from the singlet to triplet state, and can theoretically result in
100% of excitons being extracted as photons. The EQE of the first
device based on such a concept in 1998 was 4% (ref. 9), and
subsequently reached 19% in 2001 (ref. 10). EQEs exceeding 20%
are now frequently reported for optimized devices incorporating
well-designed materials'!. However, phosphorescent materials for
OLEDs are currently restricted to Pt and Ir complexes, which
have limited availability and are expensive.

Triplet excitons can also potentially be exploited by reverse ISC
(RISC), which involves transition from the lowest energy triplet
state (T;) to the lowest excited singlet state (Sy)1z1e, Converting
triplet excitons to singlet excitons allows all excitons to be used to
generate photons. This strategy has typically not been effective,
because S; is at a much higher energy than T,. Spin inversion is
also required for this transition. However, fabrications of efficient
OLEDs based on RISC have been attempted in recent years'’ =21,
Unlike normal fluorescence, the fluorescence resulting from
triplet-singlet transition is delayed, so we term it thermally
activated delayed fluorescence (TADF).

TADF occurs by two successive processes, shown in Fig. 1a as
green arrows; RISC from T, to S;, and subsequent radiative decay
from §; to the ground state (Sy). RISC is effective when the energy
difference between S; and T; (AEsr) is small. The theoretical
background (Supplementary Note 1) reveals that small AEgr is
achieved by separating highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
distributions. However, this HOMO-LUMO separation decreases
the oscillator strength () between S; and Sy, which lowers PLQY?L.

Here we report an organic TADF material, 9-[4-(4,6-diphenyl-
1,3,5-triazin-2-yl)phenyl]-N,N,N',N'-tetraphenyl-9H-carbazole-
3,6-diamine, named DACT-II (Fig. 1b). DACT-II consists of
electron-donating diphenylaminocarbazole and electron-accepting
triphenyltriazine moieties, chemically bonded at a torsion angle
o (Fig. 1b). We will demonstrate that both nearly zero AEgy, which
is smaller than the thermal energy at room temperature, and large
f, resulting in a PLQY of 100%, are simultaneously achieved by
precisely controlling the HOMO and LUMO distributions (Fig. 1c
and Supplementary F12g2 1, the geometries were optimized at the
PBE0/6-31G(d) level*>?3 using the Gaussian 09 software
package?®), although the two factors are considered to be in a
trade-off relationship. The small AEgr and large f of DACT-II
allow ‘all injected holes and electrons to be used in fluorescence’,
resulting in an IQE of 100%. DACT-II-based OLEDs exhibit a

2

a b
S, RISC T
\ 1
B
t ISC
Prompt Delayed

d
2.0eV
2.7eV
————— 3.0 eV
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100 nm 4.2eV
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Figure 1 | DACT-II. (a) Schematic illustration of the TADF process.

(b) Structure of DACT-IIl. (¢) HOMO and LUMO distributions in DACT-II
calculated at the PBEQ/6-31G(d) level of theory. (d) Device structure and
energy band diagram of DACT-1l-x OLEDs. For the DACT-11-100 OLED, the
EML consisted of DACT-II without CBP. Energy band diagrams of the
reference fluorescent and phosphorescent OLEDs and other DACT-lI-x
OLEDs are shown in Supplementary Fig. 4.

maximum EQE of 29.6% in the absence of out-coupling
treatment, indicating an IQE of ~100%. The only loss of
quantum efficiency in the device is via light out-coupling. A
maximum EQE of 41.5% is obtained simply using an out-coupling
sheet. Importantly, DACT-II also allows the typical substantial
decrease in EQE with increasing luminance (efficiency roll-off) to
be overcome. In DACT-II, S; and T; excitons are rapidly
converted to photons because of its large f and small AEgr.
The rapid removal of both S; and T, excitons in the optimized
DACT-II-based OLEDs suppresses triplet-triplet annihilation
(TTA) and singlet-triplet annihilation, which are an origin of
roll-off. Very high EQE up to 30.7% is achieved at 3,000 cd m ~ 2.

Results

Organic light-emitting diodes. DACT-II, which consists only of
C, H and N, was synthesized as described in Supplementary
Note 2 and Supplementary Fig. 2. DACT-II has favourable
thermal properties, with melting and decomposition tempera-
tures of 266°C and 484°C, respectively. The sublimation
temperature under vacuum was 308°C. The glass transition
temperature (T,) of bulk amorphous DACT-II (~6mg)
measured by conventional differential scanning calorimetry
(DSC) at heating rates of 1-100Kmin~! was 151-159°C.
We also attempted DSC measurements for DACT-II in

| 6:8476 | DOI: 10.1038/ncomms9476 | www.nature.com/naturecommunications

© 2015 Macmillan Publishers Limited. All rights reserved.
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vacuum-deposited amorphous thin films with a thickness of
100nm (~20ng). The ultrasensitive measurements were
successful using very fast heating rates of 500-3,000 Ks ~ !, giving
T4 of 192-197 °C. T of the thin films was higher than that of bulk
samples, although it would be decreased by extrapolating to a
lower heating rate. The higher T, probably reflects the higher
thermal stability of vacuum-deposited thin films than bulk
samples?> (Supplementary Note 3). DACT-II was then used as
an emitting material for OLEDs (DACT-II devices). Supple-
mentary Fig. 3 shows the materials for the devices;
N,N'-di(naphthalen-1-yl)-N,N'-diphenyl-[1,1’-biphenyl]-4,4’-
diamine (NPD) or 4,4'-(cyclohexane-1,1-diyl)bis(N,N-di-p-
tolylaniline) (TAPC) was wused for the hole-transport
layer (HTL), ([1,1’-biphenyl]-4-yloxy)bis((2-methylquinolin-8-
yDoxy)aluminium (BAlq) or 3,3”,5,5"-tetra(pyridin-3-yl)-
1,1':3/,1”-terphenyl (BmPyPhB) for the electron-transport layer
(ETL), lithium quinolin-8-olate (Liq) for the electron-injection
layer (EIL) and 4,4’-di(9H-carbazol-9-yl)-1,1’-biphenyl (CBP) for
the host material of the emitter layer (EML). The device structure
was indium tin oxide (ITO)/HTL (100 nm)/EML (40 nm)/ETL
(30nm)/Liq/Al (Fig. 1d and Supplementary Fig. 4). CBP doped
with x wt% DACT-II was used for the EML. The devices are
termed DACT-II-x devices, where x corresponds to the
respective wt% of DACT-II. Hereafter, the DACT-II-x devices,
containing TAPC and BAlq as HTL and ETL, respectively, are
discussed unless otherwise stated. The energy-level diagram of the
devices is shown in Fig. 1d. A neat DACT-II layer was also used
for the EML in the DACT-II-100 device. The results and band
diagrams for devices containing NPD or BmPyPhB are included
in Table 1, Supplementary Tables 1 and 2, and Supplementary
Figs 4 and 5. Typical fluorescent and phosphorescent devices
were also fabricated for reference using mer tris(8-
hydroxyquinoline) aluminum(IIl) (Alq;) and fac tris(2-
phenylpyridine) iridium(III) (Ir(ppy);) as emitters, respectively.
The structures of the Alq; device and Ir(ppy); device are shown
in Supplementary Fig. 4.

Figure 2a shows EL spectra of DACT-II devices at a
current density of 1mAcm~2 The OLEDs, containing
DACT-II concentrations of 1 to 23 wt%, all emit green EL. The
emission maxima (4.x) range from 516 to 537 nm, with a small
red shift observed with increasing DACT-II concentration. Ay
of PL spectra has a stronger concentration dependence, as shown
in Fig. 2b (see Supplementary Note 4). EL spectra with a
logarithmic EL intensity scale are shown in Supplementary Fig. 6.
The DACT-II-1 device contains emission from TAPC and/or
CBP (Supplementary Figure 6 also shows the PL spectra of the
respective materials). However, no obvious radiative emission
from any other layer is detected for any of the other devices. This

indicates that excitons are confined within the emission layer,
despite the absence of blocking layers. In addition, no emission
originating from CBP is observed, except for the DACT-II-1
device. This indicates that excitons are well-confined on DACT-II
molecules, by direct charge injection and/or complete energy
transfer from the CBP host. In Fig. 2¢, EQE is shown as a function
of luminance. The EQE for representative DACT-II-x devices are
given in Table 1 (Data for all OLEDs without and with out-
coupling sheets are listed in Supplementary Tables 1 and 2,
respectively). The maximum EQE of 29.6% is obtained at
5cdm 2 (5pAcm ) for the DACT-II-9 device (filled black
circles in Fig. 2¢). EQEs of a typical fluorescent Alq; device and
phosphorescent Ir(ppy); device are also shown in Fig. 2¢, as black
dot-dashed and solid lines, respectively. Maximum EQEs of the
Alq; and Ir(ppy); devices are 1.3% and 13.0%, respectively.
Maximum EQEs of all fabricated DACT-II devices exceed those
of the Alq; and Ir(ppy)s devices, except for the DACT-II-1
device. EQE values of the DACT-II-9 device are extremely large,
even at the luminance levels of practical applications; 22.8% at
500 cdm ~ 2 (for display applications) and 16.2% at 3,000 cd m ~ 2
(for lighting applications) (Table 1). Although EQE decreases
with increasing luminance, the efficiency roll-off is overcome by
increasing the concentration of DACT-II in the EML. Figure 2¢
and Table 1 show that EQE values of 26.9% and 21.8% are
obtained at 500 cd m ~2 and 3,000 cdm ~ 2, respectively, for the
DACT-II-19 device.

Although the devices are relatively thick (Fig. 1d), the DACT-II
devices exhibit low power consumption, especially at high
DACT-II concentrations. The turn-on voltage (voltage at
lcdm™2) decreased with increasing DACT-IT concentration
and was 2.6 V for the DACT-II-19 device. This suggests that with
increasing DACT-II concentration, charges tend to be injected
directly into DACT-II molecules rather than via the CBP host, as
supposed from Fig. 1d.

Photoluminescence quantum yield. We investigate the origin of
the excellent EQE of DACT-II by first discussing the PLQY
(Supplementary Note 5). The PLQY of DACT-II in toluene is
46.0%, which decreases to 26.6% on bubbling O, through the
solution. Bubbling with Ar excludes O, and results in a PLQY of
63.7%. This suggests that some excitons, transferred to T via ISC,
are quenched by dissolved O, (refs 17,18). In the Ar-purged
system, excitons in T are not quenched and revert to S; through
RISC, resulting in a higher PLQY. Phosphorescence can be
discounted as demonstrated below. The PLQY of the neat film is
only 43.6 £ 4%, but PLQY values of 101.1 £ 4% are obtained for the
9 wt% DACT-II-doped CBP thin films, when DACT-II is directly

Table 1 | EQE values for selected DACT-II-x devices.
Device EQE (%)

Max @lcdm2 @10 cdm @100 cdm™2 @500 cdm™2 @3,000 cd m™2
DACT-II-3 20.5 18.6 19.4 16.1 13.6 10.1
DACT-II-6 28.7 27.9 281 25.1 214 15.3
DACT-II-9 29.6 232 29.2 26.5 22.8 16.2
DACT-1I-12 27.7 21.6 26.6 26.3 239 18.0
DACT-II-19 27.9 24.8 264 27.9 26.9 21.8
DACT-II-23 252 22.4 237 25.2 221 17.9
DACT—II-9f 41.5 411 41.3 37.9 329 24.7
DACT-1I-9" 40.4 30.7 39.5 39.9 37.6 30.7
EQE, electroluminescence quantum efficiency; DACT-II, 9-[4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl1-N,N,N’,N-tetrapheny|-9H-carbazole-3,6-diamine.
*With out-coupling sheet.
TWith out-coupling sheet, BmPyPhB was used as the ETL.
EQE values in bold are the maximum for respective luminances without and with out-coupling sheet.
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Figure 2 | EL and PL of DACT-II. (a) EL spectra for the DACT-ll-x devices. A photograph of EL emission for the DACT-1I-9 device is also shown.
(b) PL spectra of DACT-II in CBP films and a neat DACT-II film. Photographs of PL emission are also shown. (€) EQE versus luminance for the DACT-Il-x

devices. EQE values of the Alqs device and Ir(ppy)s device are also shown.

excited. The PLQYs are 100.3 £ 4% for the 9 wt% doped films even
when CBP is excited, indicating that all the excitons transfer from
CBP to DACT-II without any loss (ultraviolet-visible spectra of
DACT-II and CBP films are given in Supplementary Fig. 7).

Exciton generation factor. Another important factor influencing
EQE is f, that is, the singlet/triplet branching ratio. In PL
experiments, excitation produces excitons in S;. Figure 3a shows
the transient PL decay of DACT-II in toluene. When O, is
removed by Ar bubbling, two components with prompt and
delayed PL decays are observed. This differs from the result for
the as-prepared solution containing O,, in which only the prompt
decay component is observed. The results indicate that the
prompt decay arises from fluorescence directly from the S;-to-Sg
transition. The delayed component arises from phosphorescence
from T, via ISC, or delayed fluorescence from S, through ISC and
subsequent RISC, because it is quenched by the O, triplet state
in the presence of O, (refs 17,18). Continuous transitions between
S; and T, are theoretically possible, but also result in either
phosphorescence or delayed fluorescence.

Prompt and delayed PL decay components are also observed
for thin films. Figure 3b shows the doping concentration
dependence of the transient PL decays for DACT-II-doped CBP
thin films (The temperature dependence is shown in

Supplementary Fig. 8). Both prompt and delayed components
are observed for all films, and the delayed component increases
with increasing DACT-II concentration. Phosphorescence and
delayed fluorescence are easily distinguished from the tempera-
ture dependence of the transient PL decay. Delayed fluorescence
exhibits an increase in delayed emission with increasing
temperature. Conversely, inverse temperature dependence is
found in the case of phosphorescence. The intensity of the
delayed component is absent at 10 K but gradually increases with
increasing temperature (Supplementary Fig. 8), indicating that
the delayed emission is thermally activated. Thus, the delayed
component originates from TADF.

TTA is another possible origin of delayed fluorescence, which
can also improve OLED efficiency?®~2°. However, f§ obtained by
TTA is theoretically limited to 62.5%. The IQE, and therefore f3,
in this study reached 100% as clearly shown below, confirming
that the delayed fluorescence originates from RISC.

The radiative rate constants for the prompt (k) and delayed
(kg) components, rate constants for ISC (kjsc) and RISC (kgrisc),
and total (®p;) and fraction of delayed (@%L) emission quantum
yields are shown in Table 2 (see Supplementary Note 6 for the
analysis). AEsy determined from the Arrhenius plot of kgysc is
9.0 meV (Fig. 3¢). The currently reported TADF emitting material
with the highest efficiency is the carbazolyldicyanobenzene
derivative 4CzIPN'®, whose experimental AEsy is 82.6meV.
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Figure 3 | TADF characteristics of DACT-II. (a) Transient PL decay characteristics of DACT-II in toluene at room temperature. (b) Doping concentration
dependence of transient PL decay of DACT-II doped into CBP thin films at room temperature. (¢) Arrhenius plot of the RISC rate constant (kgjsc). AEst of

9.0 meV was obtained from least-squares fitting (solid line). (d) Temperature dependence of Boltzmann factor exp (— %}l)for DACT-Il (AEst=9.0 meV)
and 4CzIPN (AEst=82.6 meV).

Table 2 | Temperature dependence of various rate constants and PLQYs for CBP films doped with 6 wt% DACT-II.

Temp (K) k, (x108s) ks (x10%s™) kisc (x108s7) kpisc (x10%s™) Doy (%) D (%)
200 115 533 9.18 5.79 97.7 57
210 116 532 9.25 579 98.2 6.2
220 115 5.39 9.16 5.86 98.4 6.4
230 118 5.43 939 5.90 98.8 6.8
240 115 5.22 9.21 5.68 99.1 7.1
250 117 552 9.32 599 99.6 7.5
260 115 5.87 9.21 6.38 99.7 7.7
270 116 6.06 9.23 6.58 100.0 8.0
280 115 575 917 6.25 100.0 8.0
290 115 6.18 9.17 6.71 100.5 8.4
300 116 6.33 9.23 6.88 100.3 83

CBP, 4,4’-di(9H-carbazol-9-y|)-1,1'-biphenyl; DACT-II, 9-[4-(4,6-diphenyl-1,3,5-triazin-2-yDphenyl]-N,N,N',N'-tetraphenyl-9H-carbazole-3,6-diamine; PLQY, photoluminescence quantum vyield; ISC,
intersystem crossing; RISC, reverse ISC.

ko, kq: radiative rate constants for prompt and delayed components, respectively.

kisc, krisc: rate constants for ISC and RISC, respectively.

P, PP PLQYs for total and delayed components, respectively.

AEgr of DACT-II is markedly smaller, reflecting the temperature  dependence of the Boltzmann factors suggests effective

dependence of kgysc.

AEgr of DACT-II is smaller than the thermal energy at 300 K
(25.9meV). Figure 3d compares the temperature dependence of
the Boltzmann factors, exp(-AEst/kgT), for DACT-II and
4CzIPN. The Boltzmann factor of DACT-II at 300K is 0.71,
much larger than that of 4CzIPN, 0.041. This indicates that RISC
occurs more readily in DACT-II than 4CzIPN. The temperature

up-conversion from T; to S; for DACT-II even at low
temperature. This is supported by the total PLQY remaining at
~100% at lower temperatures, as shown in Table 2. T} excitons
are more easily up-converted to S; at higher temperature. This is
an advantage of DACT-II TADF systems over other TADF and
phosphorescent systems, the latter two systems cannot exhibit
high PLQY across a wide temperature range.
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The PL spectra of the prompt and delayed PL decay
components are shown in Supplementary Fig. 9. These spectra
are indistinguishable within experimental error, irrespective of
temperature. This supports the fact that the delayed component
originates from TADF, not phosphorescence. In phosphorescent
OLEDs, the energy corresponding to AEgr is lost during ISC.
Although this does not affect the quantum yield, such energy loss
is avoided (or there is even an energy gain) during RISC in TADF
systems by exploiting the thermal energy at room temperature.
This results in lower power consumption.

Time-dependent density functional theory*®*! (TD-DFT)
calculations indicate that the torsion angle (o) between the
donor and acceptor moieties affects the spatial overlap of the
HOMO and LUMO (Supplementary Fig. 1, «=0° for planar
configuration and 90° for perpendicular configuration). The value
of f decreases with increasing o, so precise control of f by
adjusting o is important in designing highly luminescent TADF
compounds. The value of f for DACT-II (0.2400) is higher than
that for 4CzIPN (0.0708). Sy, T; and S; have energy minima at
o of 48° 85° and 89° respectively. Subtracting the energy
minimum of T; (at & =85°) from that of S; (at & =89°) gives a
calculated AEsr of 52meV (using TD-DFT with the PBE0/6-
31G(d) basis set?>?3). This is smaller than the AEgr of 11.3 meV
calculated for 4CzIPN at the same level of theory. We realized
both ~100% up-conversion from T, to S; and ~100% radiative
emission, that is to say, 100% conversion from electricity to light,
through the fine-tuning of AEsr and f, by precisely controlling the
overlap of the HOMO and LUMO distributions in DACT-II. In
real OLEDs, the energy levels of S; and T, likely have
distributions, and AEsr may fluctuate. This is due to the
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distributions of conformations and environments of individual
DACT-II molecules because they are in an amorphous state.

Orientation of transition dipole moment. The orientation of
transition dipole moments of emitter molecules greatly affects
out-coupling efficiency®?=3>. Here the orientation of DACT-II
was quantified by two methods, variable angle spectroscopic
ellipsometry ~ (VASE)*-38  and  angular-dependent ~ PL
measurements®>333%40  (Supplementary Note 7). Figure 4a
shows the results of VASE measurements. The ordinary and
extraordinary optical constants differ in the spectra, indicating
that the orientation of DACT-II molecules is not random.
Quantitative analysis indicates that DACT-II tends to be parallel
to the substrate with an order parameter S of —0.32£0.01. The
result is confirmed by the angular-dependent PL measurements
(Fig. 4b), which gave S= —0.29 £0.05, agreeing well with the
above VASE result.

Out-coupling and carrier balance ratio. We performed electrical
and optical simulations*!™* for the DACT-II-9 device
(Supplementary Note 8). Electrical simulations revealed that the
injected electrons and holes effectively recombine in the EML
near the interface with the HTL. Figure 4c shows the results of
optical simulations for the DACT-II-9 device. IQE =100% and
S= —0.29 were used for the simulation. The contributions of
respective optical modes are given as a function of emission
wavelengths. EQE can be calculated by integrating the fraction of
out-coupled mode with respect to emission wavelengths with
weighting of the PL intensity in Fig. 2b. Figure 4d shows the

0° Exp. e
Fitting (S =—0.29) ---------
Isotropic (S = 0)

1.2

30°

Figure 4 | Orientation of transition dipole moment and out-coupling. (a) Results of VASE measurements; extinction coefficient k (black) and refractive index
n (red). The solid and dashed lines represent spectra for the ordinary and extraordinary optical constants, respectively. (b) Results of angular-dependent PL

experiments. (¢) Optical simulations for the DACT-1I-9 device. The numbers in parentheses for respective modes are obtained by the integration with respect to
emission wavelengths with weighting of the PL intensity. (d) Dependence of the out-coupling mode on the thicknesses of hole and electron-transport layers.
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dependence of EQE on HTL and ETL thicknesses (see
Supplementary Fig. 10 for all modes). The maximum EQE of
29.0 £ 0.9% was obtained for HTL and ETL thicknesses of 100 nm
and 30 nm, respectively (for S= —0.29 £0.05). The simulation
results agree well with the experimental maximum EQE of 29.6%.
The agreement clearly confirms the IQE=x100%; that is,
p 7y~ Pp,x100% for the conditions of maximum EQE.

Thus far, we have made no effort to improve the out-coupling
efficiency. The current OLEDs have a high 1y = eqe/(y X ff X
®p1) =29.6/(1.0 X 1.0 X 1.0) =29.6%. The IQE 1is already
~100%, so an increase in out-coupling efficiency is required to
further increase EQE. Several methods have been reported to
achieve this**~#8, We opted for a simple, economical attachment
of an out-coupling sheet to the OLED. Using an out-coupling
sheet (Supplementary Fig. 11 and Supplementary Note 9) with a
microlens array that also contained light-scattering particles
yielded EQE values of 41.5% at maximum (filled blue circles in
Fig. 2c), and 37.6% and 30.7% at 500 cd m ~ 2 and 3,000 cd m ~2,
respectively (filled green circles in Fig. 2¢, see also Table 1 and
Supplementary Table 2).

Discussion

We obtained a TADF material, DACT-II. OLEDs containing
DACT-II have ~100% IQE, that is, 100% conversion from
electricity to light. DACT-II has excellent thermal properties, and
devices containing DACT-II are expected to perform well across a
wide temperature range. By further optimizing device structures
and surrounding materials, as seen for phosphorescent!’*? and
TADF-based*? OLEDs, DACT-II devices are expected to deliver
much higher performance, such as higher EQE at high luminance
and lower power consumption. Improving the out-coupling
efficiency will further increase the EQE of DACT-II-based
OLEDs.

Methods

Summary of DACT-II synthesis. DACT-II was synthesized according to
Supplementary Fig. 2 and Supplementary Note 2 with a 26% total yield. 'H

and 13C nuclear magnetic resonance (NMR) spectra were recorded using

JEOL ECA 600 MHz (Japan) and Bruker Avance III 800 MHz (Germany)
spectrometers. DACT-II was purified by silica gel column chromatography using
dichloromethane/hexane as an eluent, recrystallization and temperature-gradient
sublimation.

Device fabrication and characterization. OLEDs with active areas of 4 mm?
were fabricated by vacuum deposition at ~ 10~ Pa on clean ITO-coated glass
substrates with a deposition apparatus (SE-4260, ALS Technology, Japan). The
deposition rates of HTL, EML, ETL, EIL, and Al were 0.1-0.2, 0.3-0.4, 0.1-0.2,
0.01, and 0.1-0.2 nm s ~ !, respectively. After fabrication, devices were encapsulated
with a glass cap using epoxy glue in a N,-filled glove box. Calcium oxide was
incorporated into the encapsulated package as a desiccant. OLED characteristics
were measured with a source meter (2400, Keithley, Japan) and an absolute EQE
measurement system (C9920-12, Hamamatsu Photonics, Japan). The integrating
sphere for the measurements was calibrated before the experiments.
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Received: o1 June 2015 :

Accepted: 03 August 2015 Valence control of polyvalent cations is important for functionalization of various kinds of materials.
Published: o1 September 2015 :  Indium oxides have been used in various applications, such as indium tin oxide in transparent
. electrical conduction films. However, although metastable In* (55 configuration) species exhibit

photoluminescence (PL), they have attracted little attention. Valence control of In* cations in these
materials will be important for further functionalization. Here, we describe In* species using PL
and X-ray absorption fine structure (XAFS) analysis. Three absorption bands in the UV region are
attributed to the In* centre: two weak forbidden bands (*S, — 3P, *S,—3P,) and a strong allowed
band (*S, —*P,). The strongest PL excitation band cannot be attributed to the conventional allowed
transition to the singlet excited state. Emission decay of the order of microseconds suggests that
radiative relaxation occurs from the triplet excitation state. The XAFS analysis suggests that these
In* species have shorter In-O distances with lower coordination numbers than in In,0,. These results
clearly demonstrate that Int exists in a metastable amorphous network, which is the origin of the
observed luminescent properties.

Indium oxide is an important metal oxide that has been used in various applications such as transparent
electrical conduction films'~>, ferromagnetic devices®’, and sensing®®. Among these functional materials,
transparent electrical conduction films, which accounts for global consumption of indium despite its
rarity, are essential in our daily life. However, it is assumed that all In species in such materials are in
the trivalent state. Therefore, the metastable monovalent In species (In*) has not been recognised as a
component in oxide materials.

On the other hand, In* is used as an ns?-type centre in halide phosphors. The ns>-type ions (n=4,
5, 6) are light-emitting ions exhibiting an ns? electron configuration in the ground state and an ns'np!
configuration in the excited state'®. The emissions properties of several ns?-type ions have been reported,
including alkali halides' > and several oxides?*. In contrast to conventional 5s? centres such as Sb**
and Sn?" for which the emissions properties of In oxides have been reported® ¥, emissions have not
been studied for the In" centre in powdered oxide phosphor. Although there is one report on the pho-
toluminescence (PL) of In* in oxide crystals*, the decay constant is quite different from that observed
for conventional ns?-type centres due to spin-forbidden relaxation (*P; — 'S;). Moreover, emissions of
In™ in oxide glass have not been studied.

From the standpoint of thermodynamic stability, it is possible that PL properties could arise from
emissions centres in a metastable host matrix, i.e. an oxide glass with a random network. Design of
phosphor materials has been mainly limited to rare earth-containing powdered crystals, because the
coordination state can be easily controlled compared with other emissions centres. Considering both the
site distribution of amorphous glass and the confinement effects of the surrounding amorphous region,
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Figure 1. PLE spectrum of 1In,0,-60ZnO-40P,0; glass along with the absorption spectrum. Dashed
lines indicate three Gaussian functions after spectrum deconvolution. Each absorption band is attributable to
a PLE band.

such metastable centres could exhibit PL in amorphous glasses, although this has not been demonstrated
using conventional crystalline phosphor powders.

Recently, we have studied the PL of ns>-type (n=>5) centres such as Sn** ¥4, Sb>* %, and Te'" ¥ in
oxide glasses. These species have the same electron configuration as In* centres and notably, the valence
of these cations is mainly metastable. Thus, the number of powdered crystals containing these species
is limited. One of our research interests is the local symmetry of these ns>-type centres in amorphous
oxide glasses. Although emissions of In* in alkali halides is conventionally recognised to have Oy, sym-
metry', it is expected that an In* cation with a lone pair of electrons will have low symmetry in glasses
with a random network. In addition, the origin of high quantum yield (QY) attained only in Sn*"-doped
glass®*0 has not yet been clarified. Therefore, the emissions properties of an In* emissions centre of the
same electron configuration as Sn?" in phosphate glass should be examined.

In the present study, we examined the PL properties of zinc phosphate glasses containing In* emis-
sions centres. Comparing the PL spectra and photodynamics with Sn?*-containing glasses exhibiting the
same electron configuration, we determined the PL properties characteristic of each element. We also
examined the local coordination state of the In* emissions centre in a random matrix in the context of
the site symmetry of the metastable species. Based on the results of In X-ray absorption fine structure
(XAFS) analysis, we determined the local coordination state of In in the glass.

Results

PL-PL excitation (PLE) spectra of In-doped zinc phosphate glasses. The transparent colourless
In-doped 60Zn0O-40P,05 glasses have glass transition temperatures (T,s) of about 420°C. Because the
actual oxidation state of In has not been determined, the chemical composition is denoted as xIn,O -
60Zn0O-40P,0s. Figure 1 shows the PLE spectrum of 1In,0,-60Zn0-40P,0; glass along with its absorp-
tion spectrum. Because Sn-free glass has an absorption edge at much higher photon energy (>6eV)
than the In-doped glasses, the observed absorption edge is attributed to the In species. Comparing the
absorption spectrum with the PLE spectrum, both spectra had at least three excitation bands. After peak
deconvolution, the absorption spectrum could be constructed using three Gaussian peaks with peak
energies corresponding to those of the PLE bands. In a KI:In* crystal, there are three excitation bands:
A (~4.5eV), B (~5.0eV), and C (~5.6eV)". Because emissions are difficult to observe in 60Zn0O-40P,05
glass®, it is likely that the emissions in the In-doped 60ZnO-40P,0; glasses originated from In*
cations. Although the starting material for the In species was trivalent In,O;, it has been reported that
cations in a melt of phosphate glass prepared with ammonium phosphate tend to be reduced®.

The redox state of the melt condition likely affects the In* species generated from In,O;. The emis-
sions intensity of 1In,0,-60Zn0O-40P,0; glass with addition of a reducing agent (10mol% carbon) was
1.2 times that of non-doped 1In,0,-60ZnO-40P,0; glass (Fig. 2a). Since the obtained carbon-added
glass was transparent without residual carbon, we can conclude that the carbon, which worked as a
reducing agent of In species, was burned off during the melting in the air. On the other hand, both the
optical absorption edge and the PLE bands attributed to In* species disappeared after melting in air for
3h (Fig. 2b). Because an oxidation reaction of a metastable cation species during air-melting has been
reported for another ns-type cation*!, metastable In* may also be a transient species affected by melting
conditions. Based on these redox reactions, we conclude that the three PLE bands in Fig. 1 are associated
with different excitation processes of the In* centre.
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Figure 2. Correlation between the absorption and PLE spectra of In-doped zinc phosphate glasses
prepared under different conditions. (a) PLE and optical absorption spectra of 1In,0,-60Zn0O-40P,05
glass with and without addition of 10mol% C. (b) PLE and optical absorption spectra of 1In,0,-60ZnO-
40P,0; glass melted in air for 20min and 180 min. The PLE spectra (solid lines) are normalised. The
absorption spectra (dashed lines) indicate that absorption bands originating from In* are correlated with
emissions.

Figure 3 shows PL-PLE contour plots of xIn,0,-60Zn0O-40P,0; glasses. For all glasses, we observed
non-symmetric emission bands with long tails toward the lower photon energy region. All excitation
bands (A, B, and C) exhibited emissions at 3.2eV (Supplemental Fig. 1), which suggests that PL is inde-
pendent of the excitation energy and that the energy level for radiative relaxation is fixed in these glasses.

PL spectra were obtained by excitation of the B band (at ~5.0eV), which gave the highest PLE peak
intensities (Fig. 4). Broad emissions were observed with Stokes shifts of about 1.3eV (Fig. 4a). The
non-symmetric PL spectra suggested broad site distributions of the In™ centres in the glass. Considering
the overlap of the three bands (Fig. 1), we can expect the obtained PL spectra to be affected by emis-
sions from the other two bands. Correlations were observed between the ratio of each peak area and
the amount of In,O; (Fig. 4b). With increasing amounts of In,O,,, the A band at 4.5eV monotonically
increased, whereas the C band at 5.6eV decreased. For the Sn*"-doped glasses, two excitation bands
were observed and the intensity of the lower excitation band increased with increasing amounts of Sn**.
Although the spectral shapes differ, the origin of the lower band for ns?-type centres should be essentially
similar.

The QY of these glasses reached a maximum at ~0.5-1.0mol% In. Although the Sn?* centre, which
has the same electron configuration, has high reported QY values of >80%-*!, the QY of the pres-
ent In"-doped glass was about 20% with an excitation of 250nm (4.96eV, B band). It may be that a
non-radiative path preventing effective photon conversion of In* easily occurs from the excited state.
On the other hand, a direct excitation band of the triplet state was observed in the In*-doped system.
If ideal excitation and emission of an ns*-type centre occurred between the ground state and the triplet
excited state, the QY of the radiative relaxation would be nearly 100%. Direct excitation to the triplet
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Figure 3. PL-PLE contour plots of xIn,0,-60ZnO-40P,0; glasses using an intensity axis on a linear
scale. (a) x=0.1, (b) x=0.5, (c) x=1.0, and (d) x=2.0.

state is therefore attractive from the standpoint of effective energy conversion without singlet-triplet
intersystem crossing.

Photoluminescence dynamics of In-doped zinc phosphate glasses. Figure 5 shows emissions
decay curves for the xIn,0.,-60Zn0O-40P,0; glasses. Non-exponential decay was slightly faster with
increasing In concentration, consisting of at least two components: faster decay with a decay constant of
sub-microseconds and slower decay with a decay constant of ~4 s, suggesting triplet-singlet relaxation.
To further examine emissions decay, a streak image of the glass was measured (Fig. 6a). The streak image
indicated that 1) emissions decay was on a microsecond scale, classified as forbidden relaxation, and 2)
non-exponential decay occurs with a peak shift toward lower photon energies. The decay constant T,
of the In" centre estimated from the streak image was about 4 s, indicating that the final energy level
was fixed independent of the excitation energy. Figure 6b shows the emission spectra at different times,
calculated from the integral of the photon number. The initial peak emissions spectra were found to show
red shift with time. This emissions property has also been observed in other ns? centre-doped oxide glass
phosphors®. Therefore, the obtained In*-doped glass phosphor may exhibit emissions properties similar
to that of conventional emissions centres, other than the energy diagram.

In K-edge XAFS measurement of In-doped zinc phosphate glasses. Although the PL spectra
and emissions dynamics suggest the existence of In* species as ns’-type emissions centres, they do not
identify the actual valence state of In. Therefore, the valence state of the In species was estimated using
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Figure 5. Intensity of emissions decay curves for xIn,0,-60ZnO-40P,0; glasses. Excitation and
emissions energies were 4.43 eV and 3.14 eV, respectively.
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Figure 6. Time-dependent emissions properties of In,0,-60Zn0O-40P,0; glass. (a) Streak image of
1In,0,-60Zn0-40P,0; glass irradiated at 250 nm. (b) Emissions spectra during different time periods
calculated from the integral of the photon number.

In K-edge X-ray absorption near edge structure (XANES) spectra (Fig. 7a). The shape of the spectrum
of the In-doped glass was similar to that of In,0s, while the absorption edge was similar to that of In
foil. Because a higher absorption edge indicates a higher oxidation state of the cation, we defined the
absorption edge energy E, as the energy at the zero-crossing of the second derivative. The In K-edge
energy of the phosphate glass was higher than that of In, but lower than that of In,0;. |A(Ey(In foil) -
E,(glass, Ar))| and |A(E(In,0;) - Ey(glass, Ar))| were calculated to be 2.52¢eV and 0.71 eV, respectively.
Assuming the AE, shift is proportional to the valence of the In species, the valence of In (o value) in
the glass was ~2.5, suggesting that 25% of the In*" was reduced to In*.

Figure 7b shows the Fourier transform (FT) of the extended XAFS (EXAFS) spectra of the glasses,
In foil, and In,0;. Only the peak for the first coordination sphere of In was identified in the glasses, in
contrast to the spectra for the standard materials in which the second coordination sphere was observed.
The coordination number and the coordination distance of In in the glasses were estimated by fitting
the first coordination sphere in the EXAFS spectra using the back-scattering factor and the phase shift
extracted by fitting the In,O; standard* (Table 1). The results indicate that In in the glasses had a shorter
In-O bond length and a smaller coordination number (<6, the coordination number of In,0;). From
the In K-edge XANES spectra, we conclude that some amount of In exhibited a lower valence state in
the glass. Therefore, the calculated parameters reflect the average coordination state of the In species,
In*" and In*, in the glass.

SCIENTIFIC REPORTS | 5:13646 | DOI: 10.1038/srep13646 6

—244 -



www.nature.com/scientificreports/

(a)

<-In
-©-0.5In,0,-60Zn0-40P,04
©-In,0,4

Normalized Intensity (arb. units)

2790 2781 2192 2193 2704 2195
(b) Photon energy / keV
15F
—In
©-0.5In,0,-
60Zn0-40P,0;
10 —in,0,

RIA

Figure 7. In K-edge XAFS analysis of In,0,-60Zn0-40P,0; glass. (a) In K-edge XANES spectra of
0.5In,0,-60Zn0-40P,0; glass along with In foil and In,O;. (b) FT of EXAFS spectra of the 0.5In,0,-
60Zn0-40P,05 glass along with In foil and In,0,.

0.1 55 22
05 55 22
1 53 22
2 52 22
In,0,% 6.0 2.26

Table 1. First-shell In-O fitting results for xIn,0,-60Zn0-40P,0; glasses. Reported results for In,0,* are
also shown for comparison.

Discussion

Our results demonstrate the luminescent properties of In* centres and their local coordination state in
oxide glass. Although In™ has the same electron configuration as other 5s>-type emissions centres such
as Sn*" ¥-45, Sb3* 46 and Te'™ ¥, clear splitting of the PLE bands has not been observed in other sys-
tems. After peak deconvolution, the absorption and PLE bands were attributed to three excitation bands:
A (~4.5eV), B (~5.0eV), and C (~5.6eV) (Fig. 1). Bands A and B are associated with spin-forbidden
transitions (1S, — *P,, 1S, — *P,), whereas B and C is attributed to a spin-allowed transition (!S,— 'P,).
This assignment is consistent with previous reports on In" emissions bands in alkali halides!®*”-%3, except
for the relative PLE band intensity. If this assignment is correct, it indicates that energy loss from pho-
non vibrations strongly affects intersystem crossing and decreases emissions intensity compared to the
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low-absorption region. Meanwhile, direct excitation of the singlet-triplet results in effective radiative
relaxation, although the absorption intensity is much lower than that of conventional singlet-singlet
allowed transitions. This assignment does contradict two conventionally accepted assumptions: 1)
allowed transitions to a singlet excitation state have the highest PL intensities, and 2) conventional sin-
glet or triplet states with O, symmetry of the emissions centre are generally adaptable to real coordina-
tion. We hypothesize that non-uniform distribution of ns>-type emissions centres in glasses results in
low-symmetry coordination. Thus, the local coordination state of emissions centres in oxide glasses is
not necessarily a simple state exhibiting specific site symmetry.

The emissions dynamics indicate that In* exhibits the luminescence properties of ns’-type emissions
centres, although its emissions are not as high. The lower QY than that of Sn-containing glasses®*!
suggests that most of the In*" was retained and not reduced to the metastable In* species. Because In*
is a very sensitive and metastable species at higher temperatures, it may be quite difficult to attain 100%
In*-doped oxide glass through conventional methods. Even for C-doped glass, the shape of the PLE
spectrum was nearly the same as for the non-doped sample (Supplemental Fig. 2), indicating that the In*
concentration was not greatly increased. The similarity of the XANES and EXAFS spectra between the
In-doped glasses and In,O; also indicated that most of the In is present as In*. Although determining
the actual valence is difficult because of the lack of In,O, we estimate that the percentage of In* among
the total In in the glass was at most 25%.

Considering the local structure of a Sn?* centre, which has a two®— or four-coordinated* state in
oxide glass, an In* centre cannot exist without stabilization by a multi-coordination state with the lone
pair of bridging oxygens in a glass network. As shown in Table 1 and Supplemental Fig. 3, the average
coordination number of the In species was lowered, which indicates distorted coordination due to the
lone pair on the In atom. Such unusual coordination is likely one cause of the large energy loss during
intersystem crossing, or a higher transition probability to the triplet excitation state compared to sym-
metrical units.

In summary, we have demonstrated UV-induced PL in In*-doped phosphate glasses. A portion of
the In** was reduced to In", resulting in luminescence characteristic of ns’>-type emissions centres with
triplet-singlet relaxation. However, the excitation spectra consisted of three bands. Of these, the band
with energy nearly equal to that of a spin-forbidden transition ('P, -*P;) in alkali halides had the highest
emissions intensity. Such an energy state is characteristic of random oxide networks and has not been
previously reported. Demonstration of direct excitation to the triplet state will allow design of ns>-type
doped oxide glasses with high quantum efficiencies. Meanwhile, the obtained results suggest that both
singlet-singlet and singlet-triplet excitation bands in oxide glass may be tuneable by tailoring the local
coordination field. The capacity for a disordered local structure is one of the merits of amorphous mate-
rials. Although the local coordination state of In™ in the glass is more disordered than that of In**, the
metastable glass network allows the existence of In™ centres even after annealing at the T,. Therefore,
this demonstration of In™ species in glasses will be valuable for design of other In-containing materials.

Methods

Preparation of In-doped zinc phosphate glass. The In,0,-60Zn0O-40P,0; glasses were prepared
by a conventional melt-quenching method using a platinum crucible®. The chemical composition of the
glass was fixed at xIn,0,-60Zn0O-40P,05 (in mol%, x=0-2). As described previously*, batches con-
sisting of ZnO and (NH,),HPO, were initially calcined at 800°C for 3h under ambient atmosphere. The
calcined solid was mixed with In,O; at room temperature and then melted at 1100°C for 20 min under
ambient atmosphere. The glass melt was quenched on a steel plate, held at 200°C, and then annealed
at the glass transition temperature T, for 1h. After cutting (10mm x 10mm x 1 mm), the glass samples
were optically polished with aqueous diamond slurry.

Analytical methods. The T, was determined by differential thermal analysis at a heating rate of
10°C/min using a TG8120 (Rigaku). The PL and PLE spectra were measured at room temperature using
an F9000 fluorescence spectrophotometer (Hitachi). The absorption spectra were measured at room
temperature using a U3500 spectrophotometer (Hitachi). The emissions decay at room temperature was
measured using a Quantaurus-Tau (Hamamatsu Photonics) whose excitation light source was a 4.43-eV
(280-nm) LED operated at a frequency of 10kHz. The photoluminescence dynamics were also evaluated
using a streak camera and a monochromator. The light source used for photoexcitation was an optical
parametric amplifier system based on a regenerative amplified mode-locked Ti:sapphire laser (Spectra
Physics) with a pulse-duration of 150fs and a repetition rate of 1kHz. The absolute QY of the glass was
measured using a Quantaurus-QY (Hamamatsu Photonics).

In K-edge XAFS measurement of In-doped zinc phosphate glasses. XAFS measurements were
conducted at the In K-edge (27.9keV) at the beam line BLO1B1 at SPring-8 (Hyogo, Japan). The storage
ring energy was operated at 8 GeV with a typical current of 100mA. The measurements were carried
out using a Si (311) double-crystal monochromator in the transmission mode (Quick Scan method) at
room temperature. XAFS data for In foil and In,0; were also collected under the same conditions. Curve
fitting of the XAFS spectra was performed to determine the distances and coordination numbers using
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REX2000 software®. Values for the Debye-Waller factor and the phase shift of the glasses were obtained
from fitted data for In,O;.
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Catalytic discrimination between inequivalent formyl groups was achieved using an aniline-type acid—base
catalyst for the regio-, diastereo-, and enantioselective intramolecular cross-aldol reactions of enolizable
dials. Although L-proline gave a mixture of the regio- and stereoisomeric products in the presence of an
N-containing 1,6-dial, the aniline-type catalyst afforded anti-3,4-disubstituted pyrrolidine in high regio-,
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and stereoselectivity beyond the background reaction, which led to the regioisomeric 2,3-disubstituted

products. The mild reactivity of the aniline-type amine facilitated catalytic discrimination between the
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Introduction

Catalytic discrimination among similarly reactive functional
groups is a key to realizing unique and efficient chemo- and
regioselective transformations of multi-functionalized mole-
cules;' however, formidable challenges to such discrimination
remain. Intramolecular cross-aldol reactions of enolizable
unsymmetric dial 1 require catalytic discrimination between
the formyl groups bearing similar reactivities (Fig. 1). Although
the reaction provides special versatility toward the production
of cyclic B-hydroxy aldehydes potentially found in prostaglan-
dins 2 and nucleic acid medicines 3, control over this reaction is
quite challenging due to the production of eight isomers from
two regioisomers (from path A and B), including diastereomers
(anti/syn), and enantiomers of each isomer (Fig. 1). Reaction
selectively may only be achieved by controlling the diastereo-
and enantioselectivities, in addition to controlling the regiose-
lectivity of the products (path A vs. path B). In the amine-catalyzed
reactions based on an enamine mechanism, a high regioselectivity
is expected only under conditions that favor precise discrimination
by the amine catalyst between two enolizable formyl groups. Under
such conditions, these groups may be individually and selectively
converted to the enamine component and the carbonyl compo-
nent (Fig. 1).
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inequivalent formyl groups. Kinetic isotope effect studies and reductive amination experiments
suggested that the regioselectivity was controlled under the enamine-forming steps.

In addition to these intramolecular reactions, selective direct
intermolecular cross-aldol reactions between enolizable
aliphatic aldehydes have been achieved.>* The slow addition of
a donor or acceptor aldehyde using a syringe pump and/or the

“CHO

: cl
OH HO ﬂ
N
Mao’n‘,\/ o NH,
Xtn R199715 (4)

Fig. 1 Possible regio- and stereoisomeric products from the intra-
molecular cross-aldol reaction of an enolizable aliphatic dial, and
potentially preparable bioactive compounds bearing carbo- and
heterocycles.
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addition of excess amounts of one aldehyde to the other are
indispensable for obtaining a good yield of the desired cross-
aldol product in the case of a-unbranched aldehydes.* Because
these techniques cannot be employed in the intramolecular
reaction of 1, the success of the reaction relies purely on the
potential of a catalyst to discriminate between formyl groups.
For these reasons, intramolecular cross-aldol reactions are
highly challenging transformations.

Indeed, we encountered difficulties in our efforts to apply the
intramolecular cross-aldol reaction. An examination of the
reaction of N-Ts dial 1a in the presence of r-proline (5 mol%)
toward an efficient synthesis of the chiral pyrrolidine (Table 2,
entry 6) revealed that the reaction yielded an undesirable
mixture of products. After NaBH, reduction, the reaction
mixture afforded nearly all possible regio- and stereoisomeric
products, [anti-5a (9%, 6% ee), syn-6 (31%, >99% ee), dehy-
drated 9 (2%)] and [anti-7 (5%, 42% ee), syn-8 (17%, 53% ee)],
from the enamines of the C(6)- and C(1)-formyl groups, as well
as the diol 10 (20%), which corresponded to residual starting
material. The regioselectivity of the reaction (5a+6+9) : (7 +8),
was found to be 1.8 : 1. This undesirable result indicated that .-
proline could not discriminate between the formyl groups of 1a.

Herein, we describe the catalytic discrimination between
formyl groups by aniline-type acid-base catalysts based on their
distinct mild reactivities. This approach yielded the first
examples of regio-, diastereo-, and enantioselective intra-
molecular cross-aldol reactions of enolizable unsymmetric
dials.®

Results and discussion

We assumed that r-proline was too reactive to discriminate
between formyl groups bearing similar reactivities (Fig. 2A).
Therefore, we hypothesized that an acid-base catalyst bearing
a mildly reactive amine could be advantageous in discrimi-
nating between the different formyl groups.® Our focus centered
on an aniline-type amine as an amine with one of the lowest
reactivities (Fig. 2B). We were particularly interested in aniline-
type axially chiral amino acids,” and therefore we prepared (R)-
11 and (R)-12, 13, 14, which possessed tetrazole and sulfon-
amide groups as acidic moieties, respectively (Fig. 2C).*
Although aniline derivatives have been frequently employed as
organocatalysts toward iminium activation,® their application
toward enamine catalysis has not received significant attention
due to their weak basic and nucleophilic properties.'® There-
fore, we initially evaluated the catalytic activities of these aniline
catalysts by performing intramolecular enolexo-intramolecular
aldol reaction of 1,6-hexanedial (15) (Table 1).**

To our delight, cat. (R)-11 exhibited sufficient catalytic
activity toward the reactions.'” In the presence of 5 mol% cat.
(R)-11, the 5-membered ring-forming enolexo-intramolecular
aldolization of 15 proceeded smoothly to afford anti-16 and syn-
17 in DMSO. A subsequent Wittig olefination gave the corre-
sponding anti-18 and syn-19 with a high enantioselectivity
toward the syn isomer (93% ee), although the diaster-
eoselectivity of the products was moderate (anti-18 : syn-19 =
1:1.3) (Table 1, entry 1). A survey of catalysts and solvents (see
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Fig.2 Working hypothesis underlying formyl group discrimination. (A)
Aliphatic amino acid with a high reactivity. (B) Aniline-type acid—base
catalyst with a low reactivity. (C) Axially chiral anilines bearing an acidic
moiety.

ESIt) identified the primary amine catalyst (R)-12a, which
possessed a triflic amide, as capable of affording anti-18 as the
major product in a 58% yield with a high diastereo- (anti : syn =
6.4:1) and enantioselectivity (87% ee) (entry 2). DMF and
acetone were good solvents for this reaction and improved the
ee of anti-18 (entries 3 and 4). Changing the solvent to THF
increased the diastereo- and enantioselectivities as well as the
chemical yield of anti-18, giving an anti : synratioof 15 : 1, an ee
of 97%, and a 74% yield after 36 h (entry 5). The catalyst (R)-13,
which bore a p-Ns group, was also active in this reaction and
yielded anti-18 in an 80% yield with an 87% ee in a high dia-
stereoselectivity (anti : syn = 16 : 1) (entry 6). The opposite dia-
stereo- and moderate enantioselectivities obtained in the
presence of L-proline® revealed that these axially chiral anilines
provided a unique chiral environment suitable for the 1,6-dial
(entry 7). The tertiary amine (R)-12¢ did not promote the reac-
tion, suggesting that the aniline-type catalysts promoted the
reaction via enamine catalysis. The catalytic activities listed in
Table 1 verified that the anilines are useful organocatalysts,
even in enamine catalysis.

DFT calculations using the model catalyst 20 and the dial 15
also supported the enamine mechanism, including the rate-
determining iminium-to-enamine transformation (see ESIT).
The most stable transition state (TS) for the stereo-determining
C-C bond-forming step explained the stereochemistry of anti-16
via C-C bond formation between the Si faces of the enamine
and the formyl group (Fig. 3). The structural and electronic
factors in the TS played a crucial role in controlling the ster-
eoselectivity. The structurally favored conformation of the
enamine and the C-C bond-forming moieties caused strong

This journal is © The Royal Society of Chemistry 2016
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Table 1 Enolexo-intramolecular aldol reaction of 1,6-hexanedial (15)

View Article Online

Chemical Science

CHO

CHO (5 mol%
k)/ “CHO * O ‘CHO
solvenl
15 tlme anti-16 syn17
OH OH
$ PhaP ~ - COOEt
R R g
..... 7 NS
CH,Cl,
R = COOEt
anti-18 syn-19
Entry Catalyst Solvent Time (h) Yield” (%) 187, 19 d.r. (ee%) 18 (ee%) : 19° (ee%)
1 (RF11 DMSO 9 40, 52 1 (509 : 1.3 (93)
2 (R)-12a DMSO 4 58,9 6.4 (877 : 1 (13)
3 (R)-12a DMF 4 53,12 4.4 (959 : 1 (37)
4 (R)-12a Acetone 24 62, 8 7.8 (95%) : 1 (34)
5 (R)12a THF 36 74,5 15 (979 : 1 (12)
6 (R)13 DMSO 192 80, 5 16 (879 : 1 (29)
7 L-Proline DMSO 6 13, 59 1 (679 : 4.5 (19)

“ Determlned by the integration of the "H NMR 51gnals in the presence of dibenzyl ether as an internal standard. ® The combined yield of the E/Z

isomers.

¢ The absolute configurations of the major enantiomers of anti-18 for entry 1 were determined to be (15,2R). ¢ The absolute configurations

of the major enantiomers of anti-18 for entries 2-7 were determined to be (1R,2S). © The absolute configuration of the major enantiomer of syn-19

was determined to be (15,25).

hydrogen bonds to form between the sulfonamide NH and the
formyl carbonyl group, thereby facilitating a fit into the chiral
space and stabilizing the TS for (1R,2R)-16.

With effective catalysts in hand, we moved again to examine
the cross-aldol reaction of 1a (Table 2). Although the reaction in
the presence of cat. (R)-12a gave dehydrated 9 as the major
product (see ESIt), the milder acidic (R)-13 afforded 3,4-disub-
stituted anti-5a (59%) as the major product in 89% ee with
a high diastereoselectivity (anti-5a:syn-6 = 12:1) and the

OH

(A)
+CHO
(R)

anti-16

Fig. 3 The most stable transition state for the stereo-determining
C-C bond formation. Unimportant hydrogen atoms were omitted for
clarify.

This journal is © The Royal Society of Chemistry 2016

concomitant formation of the regioisomer, 2,3-disubstituted
anti-7 (8%) (Table 2, entry 1). The regioselectivity of the reaction,
(5a+6+9): (7 +8), was found to be 8.0 : 1. This regioselectivity
contrasts significantly with the corresponding value associated
with the r-proline catalyzed reaction (entry 6). This selectivity
indicated that cat. (R)-13 discriminated between the different
formyl groups, which could not be distinguished by r-proline,
and converted the C(6)-formyl group into the enamine compo-
nent and the C(1)-formyl group into the carbonyl component, as
shown in Fig. 1 (path A). The reaction in DMF improved the
diastereoselectivity to 18 : 1 and the enantioselectivity to 93%
ee, although the regioselectivity decreased slightly (entry 2).
During this survey, we found that 1a was labile in DMSO and
gave the opposite regioisomeric adducts anti-7 and syn-8 in the
absence of a catalyst (regioselectivity, (5a + 6 + 9): (7 + 8) =
1 : 8.8) (entry 7). These results revealed that cat. (R)-13 overcame
the background reaction to predominantly yield anti-5a. We
also tested the primary alkyl amine catalyst, t-isoleucine, which
was successfully employed in the intermolecular cross-aldol
reaction with an a-branched substrate (entry 5).¥ This catalyst
predominantly gave anti-7 and syn-8; however, no significant ee
value was obtained in syn-8, and a diastereoselectivity (7 : 8 =
1:1.2) similar to that of the background reaction (7:8 =
1:1.1) (entry 7) suggested that this catalyst did not overcome
the background reaction. The combination of aniline (21) and
p-Ns aniline (22) also afforded anti-7 and 8 as the major prod-
ucts (entry 4). These results indicated that cooperative activa-
tion of the substrate by acidic and basic moieties in biaryl
framework was required for regioselectivity toward anti-5a.
The yield of anti-5a was improved to 75% through elongation
of the reaction time without decreasing the enantioselectivity

Chem. Sci.
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Table 2 Intramolecular cross-aldol reaction of 1a
OH OH H
CHO 1) cat. (5 mol%) : O
CH _SoWem20C SN i .
OH *+ + HO +
2) NaBH,, THF N N N
i - Ts Ts
1a anti-5a syn-6 anti-7 syn-8
HO
A - ~OH 0\\ g
OH / ~
N N Php-NO,
Ts Ts
o 10
Yield® (%) Regioselectivity
Entry Catalyst Solvent t (h) 5a’, 6°, 75, 8%, 9, 10 (5a+6+9): (7 +8) dr.5a:6 dr.7:8 ee (%) 5a ee (%) 8
1 (R)-13 DMSO-d 72 59, 5, 8d, 0, 0, 25 8.0:1 12:1 >99:1 89 —
2 (R)13 DMF 72 54, 3, 10, 0, 0, 28 57:1 18:1 >99:1 93 —
3 (R)13 THF 72 18, 4, 6, 0, 0, 50 3.7:1 45:1 >99:1 82 —
4 21 +22 DMSO-ds 48 5, 6,22, 34,0, 14 1:5.1 1:1.2 1:1.9 — —
5 rIsoleucine  DMSO-d, 56 5, 6,27, 31, 4,15 1:3.8 1:1.3 1:1.2 n.d. 6
6 L-Proline DMSO-d, 24 9¢, 31¢, 5% 17, 2, 20 1.8:1 1:3.4 1:3.4 6 53/
7 — DMSO-dg 72 3,3,37,42,0,3 1:8.8 1:1.0 1:1.1 —

¢ Determined by the integration of the "H NMR signals in the presence of dibenzyl ether as an internal standard. ? The absolute configurations of

the major enantiomers of anti-5a for entries 1-3 were determined to be (3S5,45).

The relative stereochemistry of all isomers was determined. The

absolute configurations are tentatively based on the assumption that both products were generated from the same enamine geometry for anti-5a.
9 74% ee was observed. ¢ 6% ee, >99% ee, 42% ee, were observed for 5a, 6, and 7, respectively. / The absolute configurations of the major

enantiomers was determined to be (2R,3R).

(Table 3). The N-Alloc-, N-Cbz-, and N-Boc-protected dials 1b-1d
were applicable in this reaction and afforded anti-5b-5d in 90%
ee (Table 3). It should be noted that 5d was isolated as the sole
product in 95% yield, suggesting that the formyl groups of 1d
were perfectly distinguished by cat. (R)-13. Anti-5d is an inter-
mediate to the phosphorylase inhibitor, ulodesine (3, Fig. 1)."*
The 6-membered ring-forming cross-aldol reactions were
further examined under the conditions used for the 5-
membered ring formation (Table 4). As expected, 3,4-anti
disubstituted piperidine (24) was obtained from the reaction of
N-Boc 1,7-dial (23) in the presence of 5 mol% cat. (R)-13, fol-
lowed by successive NaBH, reduction with high regio- and
diastereoselectivities, although the enantioselectivity was low
(entry 1). Unlike the five-membered ring formation, cat. (R)-12a
did not promote dehydration and gave 24 as the major product,
with a slightly better enantioselectivity (entry 2). Changing the
solvent to THF and lowering the temperature to 0 °C in the
presence of cat. (R)-12a improved the enantioselectivity to 86%
ee with excellent regioselectivity (entry 3). The high regiose-
lectivity indicated that the formyl groups of 23 were distin-
guished by the catalyst, leading to a reaction from the enamine
of the C(7)-formyl group. This reaction provided a promising
tool for constructing a 3,4-anti disubstituted chiral piperidine,
such as R199715 (4, Fig. 1), previously prepared from 24.*°
The formyl groups of 25 without a heteroatom were also
discriminated well by cat. (R)-13 to afford cyclopentane, anti-26,
regioselectively in 74% yield with 82% ee (Scheme 1).

Chem. Sci.

Table 3 Intramolecular cross-aldol reaction to N-protected
pyrrolidines
OH
cHo (Ar-13
CHO J/ (5mol%e)  NaBH,4 A
l\N DMSO  THF L .
R 20°C R’
1a-1d time anti-5a-5d
OH OH
wt RN
“oH é OH
N N
B giiea Alloc  anti-5b°
75%2, 89% ee 75%5, 90% ee
(192 h) (96 h)
OH OH
o @ OH
xN ’N
Cbz  anti-5¢¢ Boc  gpti-5de
80%3, 90% ee 95%32, 90% ee
(73 h) (68 h)

“ Determined by the integration of the 1H NMR signals in the presence of
dibenzyl ether as an internal standard. ? Determined by the integration of
the "H NMR signals in the presence of 1,3-dinitrobenzene as an internal
standard. © The absolute configurations of anti-(3S,4S)-5b-5d were
determined by transforming into anti-5a.

This journal is © The Royal Society of Chemistry 2016
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Table 4 Intramolecular cross-aldol reaction to N-protected
piperidine
1 7 9H
OHCW \)/CHO cat. (5mol%) NaBH, O/\ OH
Boc N salver.ﬂ, temp. THF Boc” N
23 time anti-242

Entry Catalyst Solvent Temp (°C) Time (h) Yield® (%) ee (%)
1 (R)-13 DMSO 20 120 82 30
2 (R-12a DMSO 20 1.5 91 40
3 (R-12a THF 0 36 9% 86

“ The absolute configurations of anti-24 was determined to be (3R 4R).
’ Determined by the integration of the 'H NMR signals in the
presence of 1,3-dinitrobenzene as an internal standard.

The origin of the regioselectivity was explored by treating
a mixture of the aldol-adducts anti-7’ and syn-8', the minor
regioisomers, with cat. 13. The absence of a conversion to anti-
5a’ suggested that the regioselectivity was governed by kinetic
factors (Fig. 4A). The rate-determining step of the reaction was
revealed by the kinetic isotope effect (KIE) using the a-deuter-
ated substrate 1a-D. The apparent primary KIE (ku/kp = 3.4)
indicated that the rate-determining step was associated with the
enamine-forming step from the iminium intermediate, which
involved C-H bond cleavage (Fig. 4B).*® Therefore, the regiose-
lectivity of the reaction was defined by the enamine-forming
steps rather than by the C-C bond-forming step. Furthermore,
the regioselectivity of the reaction decreased to 1.2 : 1 for (5a-D
+6-D) : (7-D + 8-D) from 8.0 : 1 for (5a + 6 + 9) : (7 + 8) (Table 2,
entry 1). This result indicated that the kinetics associated with
the iminium-to-enamine intermediate  affected the
regioselectivity.

A reductive amination of dial 1a with the catalyst was also
carried out to evaluate the regioselective iminium formation
prior to the rate-determining step (Fig. 4C). The NaBH;CN
reduction of an equimolar mixture of 1a and cat. (dl)-11, which
gave a regioselectivity {(5a + 6 + 9) : (7 + 8): = 7.4 : 1} similar to
that obtained from cat. (R)-13 (see ESIT), gave 27 in a 15% yield
with a 50% recovery of (dl)-11 without any observable appear-
ance of 28. This result suggested predominant iminium
formation at the C(6)-formyl group of 1a.

1) (R)-13 (5 mol%)
DMF, 20°C,96h .~ i
OH
EOOC COOEt  2) NaBH, THF Et00C

25 anti-264
74% yield?
82% ee

CHO
CHO

Scheme 1 Intramolecular cross-aldol reaction to a chiral cyclo-
pentane. “The absolute configuration of anti-26 was determined to be
(3R,4S). PDetermined by the integration of the *H NMR signals in the
presence of 1,3-dinitrobenzene as an internal standard.

This journal is © The Royal Society of Chemistry 2016
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(A)
{H)-13 OH
~o V) e g
DMSO ds N
Ts
an”. s,,,,.g- 72 h anti-5a'
®) OH
H cho  cat(R-13 | H
OHC H j/ (5 mol%) O},CHO
k N DMSO-dg N anti-5a'
T 12 20°C s
ky = 4.49 x 104 min-
OH
D _cHo cat. ()13 8
OHCIZ\Dj/ (5 mal%) O’/CHO
N
DMSO-d,
N 1aD 2390 ¢ ' ant-5a-D
Ko =1.34 x 10 min-! g
Kulko = 3.4
1) cat. (R)-13 OH OH
OHC DD o0 O i .
DMSO-ds ¢ M L AN N
L | g “oH *+ (j oH
N 12D )NaBH, i
THF anti-5a-D syn-B-D
38% (36% ee)
regioselectivity

(5a-D + 6-D) : (7-0 +8D)

anuh?-D syn-ﬂnD
19% (73% ee) 20% (9% ee)
)
N
<
1a  NaBH,CN n-N HO recovered
+ H Ts 1 +  (dn-1
M
(dn-11 THF N—8 N (50%)
(1.0 eq) nlne \_/

27 (15%)

N -
N
O C HO
NN
H 6
N 1
Sravy

Me (no observation)

Fig. 4 Mechanistic investigation.

These experiments suggested that the regioselectivity was
controlled by the kinetics of the enamine formation. Selective
iminium formation at the C(6)-formyl group ([29] > [30]) of 1a-1d
may have affected the kinetics associated primarily with the
production of the major regioisomers (Fig. 5). The thermody-
namic stability of 29 due to the iminium cation located two
carbons away from the electron-withdrawing NR group may
have contributed to the predominant formation of 29 relative to
30 during the equilibration step. The steric factor of the catalyst
may also play a role in the preferential formation of the

Chem. Sci.
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1 6
OHC CHO
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R 1a-d
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N
HN W i H”
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l OH OH
OHC */ */
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N N
R R
minor major
regioisomer regioisomer

Fig. 5 Possible explanation for regioselectivity.

sterically less congested 29 than 30. The regioselective forma-
tion of anti-26 from dial 25 bearing gem-diester group instead of
the NR group might be mainly governed by the steric factor
(Scheme 1). The mild reactivity of the aniline-type catalyst may
have facilitated the discrimination between tiny electronic
differences and/or steric circumstances of the C(1)- and C(6)-
formyl groups."”

Conclusions

In summary, catalytic discrimination among formyl groups was
achieved in the highly regio-, diastereo-, and enantioselective
intramolecular cross-aldol reactions of enolizable 1,6- and 1,7-
dials. The key to realizing formyl group discrimination was the
mild reactivity of the aniline-type acid-base catalysts, which led
to excellent regioselectivity. Mechanistic investigations
including kinetic isotope effect studies and reductive amination
experiments revealed that the regioselectivity was controlled
under the enamine-forming steps. The high accessibility to the
chiral pyrrolidines and piperidines provided a prominent
feature of this cross-aldol reaction. Further mechanistic inves-
tigations are currently underway.
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1) HAR— "7 M~ TERER T —XVEBIET — % 2 Lo FEGOEREA KT DT,

T — VAR AR T AR, MR PO TIERBL LUIN AW bEe s R B D
BER SR AT 5, FlziE, 3.1 8D Pairwise kernel method [5] Tl LAWB OFRFEME & &
VR EROMEEE AT E LT, ENOEFA LD —F VBB ERRT D 2 LIk 0| EE
DOSAREE EOEPME L0 Kk L7eT — X 2R 2R L, 20 EToHBIEITS,

2) AbEWR OIS & Z X7 B OBE AR L, EEICT — X IZEERICHET S
oA (B E) oA B LCRIAT2 28 b, MEICEBEREL G 2 o7 —¥
WCHBLT 2B oL 2 RAT 288072 5ETHD [6], (22T, EoMEE & 1X, B3R, L3
EEDTT T 7RSI T 7 EE L, T, BB FES A LT & A e IR E oy SCTS
ZHE9)

ORI, FFEART PR D B, BT EAEHT 2 F oM RWHETIES 208,
AKRDOT — 2 IZNIET HFEE 3 ICHIETE 5 L IXS VI,

22 HR¥TIEAVWS 7 TOo—F

{bEW, 27BN ickt L Th, ENH60BMETIEZRL . LA, ¥ 7B OH
FPEEFHT 5, 6o T 3 DITHIBN AT LD, Thbbh, £, I7&8IRMbEmE Z
JENGRY FEZRNMHAEEHOFRZBETITH, KRIZ, LEWRMERMNETY, Z OEAIE.
THIBALEW T, BRITHEMEEZ RITEE 2D, RERIC, ¥ X7 BRFFEMETYT, 7L 5
W ES XN CEBIIHRMEME, 2720, HEMEZR, o 78Thiid, BiaTaes.
EF—T7 O, BETREL, ¥ EHAENE, BEROMRERE LD, 65T, AN
1. 3FEHEOITHITH Y . AL AR L # 2 R 7 EARFEMEICE L ClE. 22 NER DTN
AN E72D [T

FFEIMEITEN 2 DD FESITEMRE 2D N TV A EFIZIE. F 7 ) 27 AR I AR AF
0 V—IZHETIUTOX I REX NS5 - AN (2o I X, (ke e ¥ o8
INENDOEMTOT =2 54ieRk LTS, TR0 L ALEMTIZE DT — X ZERITH L7 I N
VA= ZIZHAA L, EIUALEMORREPEIZ L > TR EIN D, FERIZ A e o h 22
—AIH R E O ERTERTH Y ZOZEBNO X 37 GO ITMRPEIC L - TF
BENA, FD2ODAN—ADA X T o— R~ —4y NOMEERBRHB EEZ BN
Do for T 2ODAR—ALZFDA L H T 2 —A (BEFEMAEMER) 29 F HES T, 3K
— 2=y MHEEROFEIXI A 2T 2 — A EOEAR—ARRKEHE->T7 ) TICHHAE
NHFTTHD, SWIRZDHL IV T— L RERLSF BT —)L KR D DGR
Rx5, £Ez26ND [8l, B, FFEBY MICL D7 7 e —FOHTH{LEWN DR & ¥
R GO R A AR X BT D ET A EBHT S HERHY . TD XD R FER, FUE X
WCHASLSEEZD 9]

AFETIE, 3FEICBWTC, MEMITAEZ WS T o —FOMEFELS L0 BIREICHENT 5
bz, MESEEHL., Thoz w2 FEEHENT 5,

23zt 7 Fo—F

ZOMOT T r—F L LT, Bl EGBERT -2 2 AN ETETFA MY A = IR
b5 [10], LT —F_R—20FTHR—OXLE (HHWIIE, TV 5 7%) 12, LT
LAY L &2 o AP HBT 2 LV ) EERN S - & —7y MIAERZ Tl 5,
Zo77u—F OB, HEPEEOMEIEMNZ KT 5 LIFRER2NIETHD, LA
RN RO — 5 —5 y MALERERI T+ 57 70 —FTh 5,

3. HRAMTIZRAWS 7 IO —F

AEITIX, 2.2 THRARZZMEMEITINE AW D FIEZRIRT 5, BOIELIZRDN, 207 7 nm
—FTlE, ADE 3 FEOITIITH 53— —7 v MAAAER Z25~3174] Y. L&A REYE
HoRTATHN Sq. & XV ERIMREINMEE R TITHI S, (Sq & SUIATTINITH D Z EITHER), 1bE
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MLz R EENENOZEME BN L B EREZ T TE2ETVEBEST 2 8%
A

3.1 Pairwise kernel method (PKM)

QIEICTHB LI L ST, FHEEMEZ L RIBEORT L, YR—FRT ML~v 5%
OHBEFEEBEAT S [5], FBE— T M~ v T — VB A LE L T 508, BFED
R MDD OHEAAERTRNZEY) 72 7 — R VBN HETE 20 E I DNIFrHATH D, £ 2
T, AN THHHREMETINEZENT =XV EFHET S, Thbb bEWE X I EDH H
T Pp & DT Py OFEMIL, Py DILEW E Py DILEW DRI, Py DX /XTI EH L PygD
H X BOMREMEE BIZE S Z I oTHLND, B X HITABEM THEICHETX 508,
ZOHETIETRTORT OMBEDEICKH LTI —RVEREZHETIVNERNH L, DFED .
Bz 1E. 10,000 EOAY E 1,000 O % 287 B IZ% LT 10,000X 1,000 DiLE & 2 25
BOXTNRHY, ZNoDOMAEDEZROT, 10,000X1,000X10,000X 1,000 &5 A E U ZE[H
DYUEIZRY AFVZEEORT—F VT 4 IZWERSD 5,

3.2 Bipartite local models (BLM) & ZE R F ik

PKM 1T, X7 OMAEDLEEZEZ D EILEIV A —F ) T 4 DW= EXZ LT, D
T2OXT RS, b L # R B EFENEINMI L CTE 25 (BLM:Bipartite local
models) [11], BERIZIE, HHLEHC D2 I EP OMEEMEZ TRIT LI, £F
{LEWZ C ICEE LMAEERZYR— 7 ML= A2k PIT S, bbb, &4
NWIBEFEFE LT, ALAY C L2 NV BEOMBEENOFEEL S~ L L, # "7 EEo
MEMEEZ =RV E LT R— T b2tk kB C X278 P DA
TER %58 - PHRIT 5, WICFERRIC Y Vo7 GlZE PICEE L, A EIEEbamEFH & LT,
{bAEWMOFEMEZ B — 3V BEE L CTHRAEERZ YA — b7 Fl~wT oI L0 TH
T 5, BEHRTNL. 200 R— 1Y M~ DT REHAEDE S, ZOFEIL, §
7 Ao ICHENEEZ > <A LETET, PRM O ATV ZEFORr—F 80 7 4
OREZERECE %, LoL, 2 SOMERS S 1) SMHEAEEREZ THT 28I R— 2
M~ o Z 2B ET20ER’H 0 Fl 21X, 10,000 EOLEY & 1,000 E D 5 237 EI2xt
LT 2X10,000X 1,000 [A] & DHHF— h X7 kL= v OFEE & FRIN LT L 730 2 E R (BHE
&) Bhnnd, 2) 77 ATVZHAEERERAZFIH SN 0 %RTIE. T—2 ™Meawil &
KR BMTEL ML bi D,

BLM OZEFETIEIIEEZIEBEINTE Y, FlziE, VFR— b7 b= b (2B E
mliE 247V, ERMEIRICAREAT S 2 R % F15 (NetLapRLS [12]) =°, PKM & 2 )7 %/
LTHHEY AL D &ET5FE (GIP[13]) EhxdH 5, LrLW0WTFRUCEXL, 2o FEDT
L—AIEBLM ERILTHY, D=0 L5 2 DORBEERED,

33 THNRICLBFiE

L2507 o —FOENENOMBESEZRE 2T, HEESCAT Y ZEMIZMAZ-SOb,
B 2 v RIVBEDOT — 2 % SE TR <) AW TFRIET VAR ST D L) Tk
Th o [14,15], BAEMIZIE, (LA X Z "7 EOMEAERITHNY ZIKIKITTITH A, B 20
T4, DFV . A, B IZFENFILEWN., Z o X7 BROBEKRITCITHITHY . ZOR, A, B
NENTALEWIR. & 37 B OMEPEITY] Sq. S 2L TE 2 Lo ICoET 5, 0
¥z T, WoFRmNLEAE TV, MEMETY] S S EDRT 5 LICL o TELNDIERR
TCATHI A, B (DF Y S=AAT, S=BB': T |ITHIDELE A E KT %) MHAIEMITH Y 2Rk
T5E91C (Y=AB") A & B&RODLHZDOTHDH, DF 0., [LAWB LOF 7 EOFEMELT
EDRTHI LWL TENENELND A, BiL, EDIET IWNVAR=R LR M4 Th
NWANR—=ADT A (KF) THY, Ty ATHAEERPBBETE L H1TT
A—=% A, BEHET D, =vEBVATHLIRKRITCITHI A, B D, 7 I WL AR—R S &N
AF BT HNAR—=Z S, I BIZHAERITAIY LD 3 2O AJATHIT X TEMHE i) <
XDHEHICA, BEHET D, ZOHER, 2 BEOMFEMEI TSI & AR EERTTHIZ @A
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LMEBEERZRHAT 2, B2 NREHEN T RERFEECAT Y EME2SLE L L2V, L,
MAEERZHHT DO 7 I WV AR=RA L RS F O HIVAR—=ADT vy A% b FKaRsa]
e & W )RR ZE RO,

3.4 MERELLE:

W— 2 —7y MREERTRNS LAREMESTS 2 VD FEOMERELE 2 [1510 B8 L T
7 11T, FHIMEIT precision-recall fi#R (EHMETHZ 6N A THIICE VW FFIZY—FL, &
% A 2 TR SEBAE 6 L TEWZRS . BHELL EoRf o TIEF O THI= (precision) & 4
N—H (recall) &, BEZTOHLARRD YXHEIZZey FLEbD) O FOHMELHRET AUPR
(Area Under the Precision Recall curve) T&H V. HikFE 05 MEREFTHN T b iL D AUC
(Area Under the ROC Curve) (Z#~T, Tl EALIZxr 3 2 EREFEMIC L X ANB 0D, 7 —
AR F<w—7 L LTRbEDNS 4EEOT— %y bEHWTWS, JHl FIBIX A ZEREE
(7 mARNYF—=vay) Thb, bRt 3.3 ETRI LIATHIGRIC X 5 F 12 CMF & MSCMF
THY (CMF iXMea&il, #2780, N —2>DOMEMETHO W55 ORER) |
ZORPSFFEMEITYE WD FIEOMERER TOEMMENHEZ D,

£ 1. HREETI Z AV 25 FHED AUPRIZ X D HEREHE,

% NUCLEAR GPCR ION ENZYME
RECEPTOR CHANNEL
PKM (3.1 ) 0.514 0.474 0.663 0.627
BLM (3.2 i) 0.204 0.464 0.592 0.496
NETLAPRLS (3.2 i) 0.563 0.708 0.9 0.874
GIP (3.2 ) 0.604 0.727 0.898 0.884
CMF (3.3 i) 0.643 0.746 0.937 0.887
MSCMF (3.3 i) 0.673 0.773 0.937 0.894

F 72, MSCMF TliE, EEOMRMATINC K 5 HA % FE A[RE T, EAD LHFEMEITS O T
W~DOHFLEZR D ENTE D, R2ISHEEZRT [15]. GO X Gene Ontology D FEEEN & F
B L7-ARREPETH W  MF X Gene Ontology @ Molecular Function @ 5 7 =V OI&F# & H V7= FEEE,
[A#%(Z BP IZ Biological process ® %7 2 UAHFHIC L W HHRIMEAFHE LT\ 5, F72, PPLIXY >
RO B EER R Yy 8T — 27 EOERED DEFE LIZHEMETH D, 2 ORGSR S ESIFE R O
%5013 GPCR %R & BAMIIR W Z &R0, GO @ 2 SOFFEMEIZIFIERERIC FRNICE 5T 5 2 &N
25,

K2 =5y FNOHEBEETINCH T D EAHOFE KR O MAE

HE AT NUCLEAR GPCR ION ENZY

RECEPTOR CHANNEL ME
B0 %1 48 8] 4 0 0.5297 0 0
GO (MF) 0.4409 0.1286 0.5262 0.3827
GO (BP) 0.5591 0 0.4738 0.3652
PPI 0 0.3417 0 0.2521
4. EH Y I

e x—5 > NOMAMER RN D8 FIEE L RRb G & 2 X7 DO
FPEITHZ WD 7 e —F 2B LT, RBEWRFIELE Z O EIT - 72, MREMEEZH IS
ZEIZEY, TRBEORM EORL ST, PRNCEE 2R & TRNCEV MR Z M5 2 &0
HREIC D, ZOT7 7 u—F TliE, MEMEEZERM L RERICRW, e 2 —F7 > N OZER %2 AAE
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B eV BLEPOHAEINCH S, —F7 T, BUEMMOMASERIXIEFICETH VD . MIEHEITH &
MAAER O/ 2R T 2 L 0 HEE LRk T8 (K1) 2, BEFT — XA —"—7 ¢ v K
LT E W) E (ATl me-too-drug ORIE) NH VIS, ZHEITFT—2EEa X FRELT
— X2 EPFTRWEGAIC LR UIRA OGNS RBEZER, 4%, EBRIE TONA ZAv—7 > MR
DEERFIZL DT —#RMAOHEME | [FFFIZ, 20O L5 el % X0 BJE U 7oy E Hif o
W K AR N EEND,

BB, 2T OBIEN 000N 5 000 LV, BB Iz L » ¢ SRR LT
FARWE D BERR 1L — e H 0 | dex RISHICEAARETH D 2 L 2720, R, 7—#
~ A= IR AMAIARRE L a A T =g bR E RS, LI AT —3 g T,
a—PEELEEMEENRH Y, -V LM OBEER’ S 5, BEMEEE®RAZFA LT, R
HMOBEERERTET D, UL LEWEE L X I BEAND Y LA E ¥ 37 EM
O EAERA S RAMEAERZ THT2MEERCTH D, S5, [LEWMAENE, % v
SNR7ERARENE & RIS, = —V R, S OEPYEE S SHEEMEE AN AIETH D (FFE
7 MVbAER), o T, F—F—F v MEEEMATHREIL, Laxryr—ya v oOREE [F
CThb, 5tk —%—7 v MABERATR~OBBFE R OEFN L ax T —va U
W DERIZORNBAEEENRH Y, Fz, WHETH D, EEIZ MSCMF & REEDOITHI 43R D
BinraxrsF—vay 740 Z ) 7)) THRE-FASTWDS [16], 7277, #
TR DOBENORDL EE NN D, Thbb, LaxrF—a T, 2—FEIHE H~
BT, ERbETHICRSI L IZ2HIE Y IT—2Thb, —J. X7 EIT 1 TRED
FEEICREE D, 1o T, T—F YA XTEVRDH Y, BB, K- —7 v MAEAERHTFRICIES
WCAHENRITHISIRIT, La AT —2a A LT, IV A7y —F ) T 0 oENRERS R
Lo WTHICH X, 2O X5 BEE CORMDOFIEND R 2 2R & 720 BT L v i
e FHIND,

£

I LT DO R T, ZEENEENDMEIL, 2L ORFEFRED H AL DEETH D, R
(2, EE B K50 Shanfeng Zhu Jo 4 % OWFSEE O A4 T & - 7= Xiaodong Zheng = A, Hao Ding
A, F7o, ABEERFZOR—F0e 4, R RFEOBRBZIRAIZIX, ZICEY ZHoRW -
PN 0N E D AEED TCEEBSHTOL O F AN LWIREES Z L NHER,
RFZEHEE(Z1%. JST BIRD., FMF#E 24300054, FES KA FRFTEAT S FF G4 2 NF¥E, 5HD
KA FEIF e e RF ) - JERIRFSCEEE #2014-27, 2015-33 DY R — N &2 1F 7=, Elc, S
DO % 5.2 T 2720 72 SAR News BIfRFE D J5 2 [ZJE S MIFLH L _EiF 5,
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T—FwA =7 L LTOSEENMEEERENT

JeiEE R 5

1. FCL®HIZ

AEWTENE & R BT D80 TAL AR B2 B T B 2 B T b RABLBRIE N, SCTi8
D, ETNEFRCHLEICL RV G5, BT EIEE X, ARTRMEAYOREIL 10° 282513
AR TH Y Chemical Space X° Chemical Universe & &I TE 72 [1-3], £/, ITEITHEHK
EH O N NADTRERIZEE > TWD 2 E0 S FURERKLC X Ry 8A 7 Eo o FESK
O 7 FHEH SN TWD EITEZ B0 FERBIIRLMIEERDOTEY LT 2#H -5
TWAIEHBNOENRRTHLH 5,

WHBb ST, ZOEAEEOEE L 2V E I FITEBZIEE S THDH, MR L TR
FbF R T Th D &3 2570 6 20 X 5 REHER R~V A ENT ARG mR ED X
IRERERD ONEBET 2I12FE ) TIUERWOTREA S h, EELTHIUE, OG5
FLIEROEGICE L, £ KR EZRET 25 E CRET LT TLEM L — b
BHLEHBOEREZIT 5, 20 X 5 MY EiE o FERe X E R ORBITER 2 2tk 2 g4 5 -
THLHRELRLIN FOEMERIEABTBICEL T et 202K Y—KED LI RETHMETX %
DTHA D D, AIFRIT I T 5 BI5GB I O F A O R BROME A ME IR 125 < B Z1 72 <0
TLUTFAET 41T, FOXICERENLDEA I, HDHWE, R LTEEDOH D LD
DIEA D, EO L, EIRLBFE T, BRI ORI TICLEICERTE 200, FER
T TR T CTEREICRKREEETEDH0O0, E W o222 BB L2 TR 67 nE
L7z 5, 109 ORI 22 55 D FTRENE DS B OB L B W R SR IR BLA0IS SKGRRBR & B8 & AR )12
DITIEHEVITERTE S,

BTz o LEEMNCEZ D —o0T7 7o —F & UCOEEFRTREE o TE 2L L
NDERT —F0, AV RY R R S aRE U KRBT — % OG22 15 7, 2L
k72T — & ORI 72 15 AT 12 35 < R R FIEOM R 21T - T E 12, Afa TliE— o D F A
LT, B HbEWO L EEMMAERORFE a7 74 ) o FHFE[4]OE & &% DET
ERERT D, Bx X7~ A =0T BRI O RE CTHLH Y BRI~ o0& T
TOMTEFEE DT M R OB ITIT R T AR UL O 1E 3 O B G ERAE 2N L
B EBEZTND, ICTRE YR AEFUZE T AFIHIITEEICEAMICHESL LoodH 503, AlEKIC
BUAEFOE Yy 77— 2FNEHOFES| 252 Th, 29 Ll Ao gl - 28k
{EDRE % ORI FH M R A2 L X DEMBER L o TV T LA MIRF L2V,

2. Multitarget Drugs, Drug Promiscuity, Polypharmacology

WA RIS LAY DERIRA INERLZ 2, 42 OFERNCH T 2ER O A TIEe < EERN
WCHFET D EEDH X BIZRT 2725 T e 7 7 A VI X o THESND &) 2
EMESBIEEIND L9127 o TE[6-10], K FEIEMITSD TR/ S W=D, #5F HIHE
S TWARWHECHILCED N R < DRI Z LITEH L, 20 L, FEE TOWE T,
KREHEGLTTOHEZDOLZ T TW W2 2R EHEFER L TWD Z &R S TW
b, AINTIEZ 9 L EHOIER & OFF A VEH (Drug Promiscuity | X EI1EH % AIEEZ2BR 0 #E1T 5
7o, EELLRVWHEE L TR LABBRINTE R ES D0, ITFETIHWICEEOEN % i
YNZHHETT 2 2 & (ZEERM. Polypharmacology) Z % 23 E 3 5 D FE R A MO T H L4t o
HMCHIFICEETHDL EEZDLND L IR -> TEE[11-16], FFIT, XA FHAPRRIR B 72 &
M2 Z R FHEREOIBRICE N T, ZOZHEEMMEITEE TH L LM TED . EEIZ,
DADF ) — A[17]X° GPCR[18]7 EIZ DWW TIERFIZIES L THIEERN Tl T\ 5, £/, T4
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TIXZ EAERIPEDIE RARHTIC K D ERR & FHIR O BEML 2 # A6 o TR - e Z EERICIER
T EY OB S ®ESILD L D122 >TWVWDH[19-21],

ZOZEERMEOAEIT, FHNRERTHLEE TH D, I CITRESH ORI EHIZZ
THEABEIENICH S £ BHEOIEILRE-STEY , 2 X RN IOREBZRY o RKE
KT 272 O MHAITEKRRELFTH D, FTRERRY | ERRBAFERE Tld7e < AIZEEERE
T, EIELEMOMIEZ: ADMEWIYL « 2540 - ARE - PRt O KB RE-CmME L THIT 5 2 LV E
TETEENTND L FZ 2. WINT 2EAKRBROBRI 7 = — X TOREBRF (LD FZRIIA+53
RERRAIER L OAR+ S R RE E2MEE M) TH H[22], EEMEER & L TREDEEMIZ D A
BIRPIZIEF IR ERT 2MIEE R HE LN TWTH BRI > THRERADER AR+ L 725 F
BTV Db HESINTWD, b EFo T, ENELOZ X7 ERR— AT A LDXF
U ZEICHIEHT 2 LI LI DIl E NP D ZHOIER L BIEH L TLE - TiEee
BIEHSEMEICENR DT TH D, LI > T, BE LWENYE v MIEHT 2 ERLBERE O
DIZIE, £ ZLBUTORBEELZMHD & T HEMN ED X5 REERE v FEREHREOIERE
Mz ET) EfEH L TWD?DH, Polypharmacology /X% — > ORERENEMEA LI L 72 5

3. Drug-Target Network & Network Pharmacology

Polypharmacology WEE TH 5 L phol- & T AT, EERMEMILEH DO —D>—D% 5 ) AN
a— RT 252 HBOBBTENO 7T A=Kk L TAIZ V== 7T 50 0K B%
BNA AN—""y MELTE EIFE A, SR ERBENTIERW, 8k L7z & 5 1A K ATRE 2 K5y
TAL B D#METEH % Chemical Universe 1% 10° & STV 5, 5l 2 1E, PubChem (213 2015 4F
9 A 14 HEET 60,810,195 ADILEWMNBERSIILTEY [TL0ONA FT vt A THEEEZR
THOREITIZE->TSH 1,000,088 fHIZ7e 5, —FH, HEMICRVELZ N7 EDIEH bATHE
Druggable[23,24]72 & D 7ZIFIZIR - T 7,700 ARREIXFET 5 L SbiLH[25], EEMEEHN
ERT DEMOLZL WX L R7ETHh D Z L 25 2L, EfRs X BisEmiEEns v L 72
HRyF 7 3al—valllbBESHBILDRVIRENICRDL S D 52572V HERET
SZGTETIELA T v 7 B EE B LS ar 7 5 A— 3 YOO EENED R
SINTEY, CEEETFBREED X IR bOTIERNE WO Bk E 2 MBI D,

ZOXD R FENS BUTOERMCEIRMLEM E L CTHBPEAL TH LIRS TLEWn 7 a
THA—LAEEDLIICHAEEHEZREZ L TWIONETHD FELE LT ZOMAEHARY bU
— 7 (Drug-Target Network) D Z 1727 — Z fEFTICBILANEN N T E 7o, EIES & RO A AR
M2y T — 27 BEERER OFERGBIE T ORBLCHIN O /XA T = A | BIET LB L O,
(LB OFRECBEABERE, ¥ L XV BRI EAEM., 728 EDO LI ITHEDDN TN D DK
18 % Bfi# C Z 71U, Polypharmacology M /3% — > LA S EM MR & L TEELRECE®E
WEERL AW OVE B ~FIE T 5 2 NI TE %, 29 L 2 Eeaseix, O
DpDH Ry MU= T EYFEOREE L HFEE > T Network Pharmacology & & FEIZIL TV 5[26],

Paolini et al. [27]TlE, AR LS CTHRIH ST & 2B H OB ETE A BI(SAR) T — Z O & HIfiF
Hicko, BESAWPER L LTEREZ A ERBRICFRE SN, XA =27
F ALV EE SN TWAT — X ZboT-HDD, SAR T— X DL IFIFEHT —Z _X— AR
RICEIE L CTRY , BRERDT—H N I RNFLE LT, LEER-T, #0777 —
ENTVWDLT—Hty Nt O—BMNREZN L CRA L B —OMBENT —2 7 =7
U A& FPTHREEL T D, Pfizer tENEED 60 T A2 5 SAR DT —# (ICsofli7z &) A D
ARGV == I TF =2 BLOLEDT — 2 LA L, T ORBIL 480 HILEWM(ZED H B 27.5
TAbEmD HEEH Y | Ve leoTWD, ITOREER. 836 B FMEBMELFF > TIER L LT
[FE S, 9H 27T BEFIIDREL 1T HOOMEHE<I0 pM OFEEH LD, 529 Bis
1% Rule of 5 Ziili 7= MK LA £ <100 nM DFESHFMEAZFF > TV, ZOF—F 77T
NI AFD 275 O HEWESH Y | ALEIZ OV T, T D 65%NHE—1ERY, 35%4 — 2> LL_EDIE
EHEERTZ Z ERHERINTOWD, Ml TIEZ R E 7 7 2 ) T L O, FFICHE
WCENDEENDEWNS VR TE DM ENSAIT SN TN D, T R LET—4
LA EFENZOWNWT O~ R v 7 AT —H L7200 (SAR T — & I3RS T XK ARE). TEPEA
Z PG B NA RFERET T L O L3 O TIT > T 5,
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Yildirim et al. [28] Tl A — 7 > IZF|H T & % DrugBank 7 — % ~X— A /) 5 Drug-Target Network

EREEE LT D, 1,178 fE D FDA KFREESR L M O 3,074 H O ERK S & L CRET oAz
ETRE 4252 (LA EER SN TE Y | FDA AGBEIRMLOENIX 394 X VXV ETh oz, 20D
FEHEAERF Y 8T —27 05 BEMPBEMOEZICH LT 3Ry N —7 EMZOin s i x v
N — BT 24T o TV D, FRZ, BB T-RERy NU—2 BRETRET—4%, Y7 H
MM EERT — % 72 EMMOFEEOMAIERSCMERT — % 20 LT, ARERML O O RN 72
BfRMEZ Ry hU— 21T~ v B 7 LEEMIZHT L T 5, b LEFEM DK £ —DDOIERYIZ L
EHLZ2WETHIR, ZOEELORy NI =TT L=k y =7 BIRICZ2DI3TTH D
N, EBTESEA LR e xy N —27 720 ZEENHEERAPEMNT SN TNS,
O E L LT, Mestres et al. [29]7¢ &, FHHR72 R > MU — 7 fifNT NS AL STz,

Keiser et al. [30]TlE, fEHIE 72 % L X7 EOREST OT-DIT, £D Y 2 RO AR =
DA VLR AT K DSR2 W2 X R OSSR F L R O BT 24T o T
W5, JefTRFSE[27,28]7 Drug-Target Network TIZFHAANEM v U —27 Z 8 e L CiEMT
D720, BLRILCU Y REWS DEF L TWERZ R EROBEENM T /2> TV, £
T, ZOWREEE LT, X oy B A BB DT 5 £ 51, &< A U TROVLHE
WEHIEITWD Uy REIG L TWD 0% %[ L7 fi##T /715 Similarity Ensemble Approach
(SEA)ZHEZE L T %, F2FEIZ MDL Drug Data Report (MDDR) 7> 5 Hif5 L 7= 246 @ D% KD U
7> REy MZX LT, 65,000 fHLL EDObEY 2 TSI 217> T\ 5, BBRIEWZ Lz, [
UZEE7 7 I VIEHT 2V 4 v REOEERLEIEIIMREEDEZ A ETIEEm < E R0, £
7o U A v R OMEEELEZ JTIs LI EMAITIC & 0 BAAREN O ATREME LR ST\ b, fi#
Bricko, 22 Ky, =2 x2Fr a7 I NEEL, M3 LAB Y UZFKR, a2 7 KLU
ZRE, NK2 =2 — 0 XU ZREEZHTICHEL D D 2 DR EN., ZIUTERIIC S
ma i,

S BT, ZOfiENTEE SEA & VT, Keiser et al. [31]7TlX 3,665 1E D FDA 7 FAEE K 5 & 3K 0
BEffi & LB OB O FMRIT 217\ BEFOEIS - IR DV TRz 22 Er o FE
REfTHoTWD, lE ., Z /7 BOERORRITITRL SO E R E 2 N Te A F A 7
FT AT AFEHRHNSL NS, SEA 1ZZOEAIZKHEET DY B RO bR Vv ik
HLLE LD 72 W EERIE X BLAST & [FAA£D E-Value TiFli S0 5), 9. 5D 3,665 EH D
LEWIZHOWT, Eikod> MDDR 7> 61572 246 il O BRIZ/EH T 25 65,000 D YV 77 > RiTxtd
LREEFLIEAF R L. 554070 7,000 ERREOIER & R0 BALEM T2 T, B
bO, BEEO Y 7 R EFLMEDE WS O FAEAERS L. 3,800 HOIEER) & X7 EALEY)
X7 ERFTND, 2D 9 H 184 fEHIZ-DU T ICHREE SR (Retrospective EHT) 21TV, 9 6 42 fll A3 BEEN
HHEERTH T, LRI BB o bR WEST2fEED 9 B AF LT 30 @225V T in
vitro, in vivo 5 (Prospective fENT)Z1T> T 5, FEERICERMIZHRE SN H DX 30 LT
DREIETIIH DN, TARENTZ300D 9523 OFH LWHEEANEROICHRSL, 955
DIX<100 nM DOFESBLIFPENG B LTz, BERI ORI CEI BB IC LT o & ) 2EA &
{SHENE TH - A EAER SR Sz 2 212 L Y . HAED Drug-Target Network[28] D E DT
SEEIRAX Y NT =7 ThDHIENRBINTND,

4. FELHBHOBERTRAEICESICZEENHEEARA IO 270 ) 0T
Keiser et al. [30,31]DfE 5%, U T v FOREFLINE % Drug-Target %> h U —2 L BE-SIT 5
T & T, ERICEBRMICOHTC AN I TR Y BIRRWEITE TS H, 22T,
U B2 ROBEEELEOFHE T bR g 2k L 7zitil 1 T & 5 Daylight Fingerprint 3 Bl 0> Tanimoto
RENCHES VTV D, REITIX, 29 LR ORMBEREHEm e T5 & & blc, Tavblxt
WA B A E LT AbEME S 77 7 BN E T X BEESI TR LB, S EENM A
RS DINT- & 72 DR SR O~ T OFFHER IC L v S EEME T e 7 74 ) v
T 54T o TR GE[41 BT 5,
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AN LEVBEDRFI S IRBRETSI94 =T

Keiser et al. [30,31]1 TV %> NOREEELNEZ B 2 56 11X H#EI 72 Daylight Fingerprint (2 X
5 hRu P HNVFERTAANSN TS, U4 Tl PubChem OIARIVERRTR « B HEERSE D%
AV SR R 72 AT D 72 O IZ FHVY 5315 PubChem Fingerprint, A3 325 OIEWER 72 — L TH 5
SciTegic tH(¥l BIOVIA #)Dp5H Y 7 k7 = 7 Pipeline Pilot [IZ#5# SN b b L 9127 -
T\ % Extended Connectivity Fingerprint (ECFP)72 £ @ Circular Fingerprint O X 512, 7 —% 15
HEVERSND bR e DA ARy MIKBERAEERT — & O HALEL O AR
f721E H & 725 Ty 5, Polypharmacology D fEMT DG Rk L7z X 5 ICHEFER 72 ff AT O 72 12
WXRH S LB 20 B . STARAO 7R REME . B AL AR R IR B e WA T 3 Lo, ff
WREZ PR TFRICEOND 2 ) Lz KEER— 2O FENEHTE 5,

IO MR B PV IRFIRTIEE O 2 WTOREIER O Z 0 HEHE S5 728 2D Fingerprint
ELMEN DA, OB RS T OER A (TRE» O S LT b L 177 7HiE)
EL TR 777 TREL TITbN D, K 1 IR T OIXZEENMEZ R OB RTIRARTH
H A ~F =7 Novartis =7 U X v 7 K NA=F =7 (Pfizer tL A —7 > M) DOEE - BRI L O3
DT 77 7RBOPITH D, 577 7IFTELA L ANLRD [ 77 7f#iE Lo %y b
U — 7 KRORBLUCRHAEBNICRFF S, SR FHENMTON S, K1 TIEER 7 SV OHRFRR L
TWD A, THR EIDITIEA 2 TN O 7~V 5 S b, A4 Y 271D ECFP Tl Daylight
atomic invariants & WO TEE 7 LI NHONOLND R, BET AT X ATEEDTES T L
BRI AFT D b DO TIEAn=d, 21X SYBYL MOL2 JER K CRIHE &5 SCFP ° 7 7 —~ =1
T TR TEEEIND FCFP R EHBRIC Lo TR = —2 3 URF 6N TW5, RDkit X
Chemical Development Kit (CDK)2 EDA —T 0 ) —ADT A T+ ~<T 47 AV —/1LTh
ECFP Y OB T+ OFENARETH D, FEMITBE CHR[32]72 EIZiED N, bR r U B s
WFDEITZDOGF T T 706 ED LD REpHEEE T 202K F L T\Wb, Daylight
Fingerprint ¢ X 9 7% Fingerprint (% Path-based ! & &, FEIE L, 077 7 ZICE ENDHEM ED/IR
DAY T— a3 N2 K0 T 2RS35 DIk LT, ECFP (X Circular B! & MR XL, &4 D
TE RO D Oy Bl 2 125 4 OTER & Z OBEETE RN B 72 DI OFE, S O IC#E
TE S O BEPZETE R F CHRE U723 G O, & L TR E - 78 £ TO RO G 2 3~ Tl
FFEOREONY =— g AT K0 S TF RS T T 5,

Structure Diagram Skeletal Topology Atom/Bond labeled SYBYL MOL2 format Pharmacophore labeled
7 In
NN \N)\er
[ CHy
N
N,
)
|
CHy
Imatinib (CID 5291) O C O C2 © Nam @ hydrophobic
@ N @ (3 @ Nar @ hydrogen bond acceptor
® 0 ® Car © Npl3 O hydrogen bond donor
O F @ 02 @ N3 @ aromatic
OF @ ar
@ dir

Sunitinib (CID 5329102)

LASTF=TROR=F =T OHEE - BERLEDZF I 7 T7REA
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BRI D0 TFICEEND /AR Circular 0 #&E OIT—MRITIT R 5729, @HF T Hashed
Fingerprint & 9 FEIC KV EEE O E >y NRBEUCKHKMNT 228, T OLBIZIXHFROBRIH Y |
Ea—URT 4 v 7 RHUWETIEH D, & 2T, b FRHESCHEUMEHEO D ORBUC L & F
P DT T T ITRELZOLDEMFTRRE L TCT =~ A = IO #2777
~ A =2 T FE L OLFEAEE O WA TORNE e ST\ 5[32,33]), Bl HDH T
AT ITVIEENDILEDE Y EBRED XD B ER > T2 0 ZEET 51213 A EEOE
TIN—TT HDHTIFRL ., FxDILEWME TR T 7 THRELT, Z20/bdWE v b
WCHEHT MO REE R = AR T2 N EZ NS, ZDXICEZALNT-TS T T Y
MZxt LT, ESHIAGU ETAEET 2HMoMEEGE 7 7 7 7) &2 R824 5 MBI,
TR, = IO NS 77 7051 L L T—20 M %EREEZ R L T\ 5D,
NY)x—2aryb LT, 777y b AZBELT N, 7778y F BIZIEHAN LARWE S
WG N — L DR FIFER K2 DT T 715 ST K0 1Cs 72 & D SAR IE B IR LT,
DT T IBEZOLONLERENT, 57 T 7 RED SAR WA & E BT 2 Hk
FERETNVEMET HRE, TEOT —F~A =7 - BEBEETIEOERIZ I D | FERA) 7o fig
MRENEB SN TE TS,

42 HEREX M (me-toodrugs)E FREHBT—RIZ&K B4 7T AME

Drug-Target Network [ZNFET A E L CTINETE L7 — X ORFZELE LRFEDORICET
LT — 2O ORIBENER S CTE72[34], BMEFEOERGLOEMIZIZHALRMEY BH 0 |
YIRBLRO T — Z IZ B RFE DRI T 2 b DONRT /3T RIZE N, [AERIC, REEERORF
DRGE L TEAAIZH A LT NS ORI FRNCHERIEN S O EREDRY 286 5,
BRI WTIE, R<HHOBKEFFOFMIELIEDL IO D/ — RADBIEFITENTZ D FEARFK
FBEFORFFHMEAE IR LT, TOMEZHE L CTIHERDCREN 2 %R L- & B EE
(follow-on drugs, me-too drugs, me-better drugs)/> ZHATFIET 5[28], BEHIFIH LN H 7= H & K 4Ln
IEFOTHBERMEZHE LY r Y LT 2HUERS &V 2 & T EIHEERILE 5,
AR DR & eI LI BB OB EIRMITY afie &L MHIN TE 7z, 2RO IIEES/ I Tn 5
o b e ERUENZSIEICR SN D -, Drug-Target O Pl &2 BEMICFIMELTLE D &
IO LETRHNRERATH L ZLHOEEIZL YD 720 PRKEEIBBIANI A T ANNND Z &
DI SNV TWAH[35], £o, THIREORMN S Z DL 2 2MED 2RO GFET — 2 D7 a AR
T a R VITOND T2 TR E O SUEIZIE M e 0 BB NA 7 ANFIET D & b
S Twb [39,40], =D—} T, MMP (Matched molecular pair)fi##7[36,37]1C L - T, #i& k-
FIEFIZHL L TV DR —HOEREDE T HEIEMMEICHE R AR 4E L S Promiscuity
CIiff [10,39]D61 iR STV D, MRS THIET U o 73R RE L THDET —F D
BIZHREFEL TR 7T — X FUICHFICBN A FBITZ O F E THIET VKM ST LE D
BaEmE ., £7o, b EH ICsEN—AD SAR 7 —# & Ki fHES—AD SAR 7 — % T[54
PEBRRDRERY | BT ICoEBEZRFMT 256, BeD7 vEA D SAR T =X DR EIZL > T
FEER LW 2 O EEMMENBRISNGS & Vo 72 F5H§[10] 5 . Polypharmacology #FZ2(Z 81T 5
TARBEOEER LB L IO~ WERTLOTHDL, THT I v I OB TO
Polypharmacology fEAT DFHEFEAZ & 72> TWDHA—TF L 7T — X X—ATh 2 DrugBank[41]X°
PubChem DI FH[421IZ W TiE, #FI2Z 5 LIZNFET 2840 7 ZAORBEDEHT v iz, &
B2 TRHET Y 7 0OICEHT — X BIROBEENZBAE LR LOF 288U L2t
WEAT I — SO EERK T TH 5,

43 RETIMIBERTORTELHIANWEREHE

Takigawa et al. [4] ClL, BIER LTV 5 EER G- E/ER T — 212 &0 X9 2B m<CRm
D W D DN BN TR B TR & T 272D AbamE 077 7 BN ET
J BERSITRELL FHEAERT 27 ICH BEICBN D MRS R T 2R L 28777 —
B A =0 T FEERBE LT, BATIFRICE Y D7 & L BUROMENERT — 2 IZITE L 72
= 3K B R ORI R 9~ 2 F 0 (FFE ORENSCEAREHRBELOMIE DT — 2 P BEFEITL N
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E|yDNfEf SN T, E£72. BEFOEREGITH T 28 M EERNERIIC LRI, Bl
WOT =2 DAy VITEREELELS HHAEERATR Y MU — 7 RO BAEH R ZEATAE
L. BOZRIFBEH L2 TND LD BERMEE L TVDHE BRI TV, £ T,
UTFOEIITHEE LT VI RAENT Y v 7 MEERT —2 20T, ED X 9 72 R #Ex
B — VINBUED S BEAENIM EAE T — & Z RIS T2 00, M7 217 - 72,
EPAAAEMERT B EZ R IEDONT & MAEEANHER S TWARWEAmE Z v
XY DAY Bt U TR IS AT ISR A BICHEBLT 2 L 0 b GO siE s 7 I/
B DEIES| D TE GG LT | 2RI E TR ET 2703 RAEEE L, 2O Tk
ZHAWT, DR TO DrugBank O HIR TH 72 ver 2.5 O 1572 4,191 {LEW & 4,632 FET
OFD 11219 HEEHAZ S L2, TNOOMEMERD 5%L ETHA STV T EENM A
Wmtﬁaibfmé‘TIé#&é*BW%LAJ’m5%4%1@% T~ BT, FAEEH D R
ENTWARNAT EHRTHAENT 2 X7 IZORKEHICAEBEICRN D EBOEET DI b,
p fED /NS A7 10,000 8 OFEM 22 EATHE R 2 s L TV 5, 11,219 [ oBEEFE A EHIZ 20 6
10,000 fiE O R0~ 7 DA M2 L 5 Fingerprint (GRASP Fingerprint)iZ X ¥ 11,219 X 10,000 D~
N 7 ATRIEIND, ZORBUIHEEN Y 7 A2V 7 %@ LIfES, FDA EKREIRM O
75%% G ie 8 DORFBM 72 ZEAEMM EEREENRFE CTE ., K2 IR 2 o X087 7Y
W6 L TR R L EEAMRAEERN 2 Z LTV D Z RO MR- 72, 2D O AR RE
I OFEPED I, & X7 BOREUUNMED I Z W CIERIETE RN LD Th o7,
ZOFERIT—DICIIBFEOUREEGOWE L IEAOR ICERT 560 LEZ L0 0TE
OWFFETHEBRDO X LRI E 7 7 2V 2 7= S EEMMAERIZMAMICHETHD Z L0
IR XN TEV[10], BRO T — Z IZNTET 5 Polypharmacology (% EIZ W < DD RN 73 3 &
—EFESOLE 2D, ¥7-. FDA 7¥<um [ 35 LA 0BRSS v o [E S R ER L Sz > W T FE D
—ERII AR FRIR DR 7 T A Z\TAE Z L, me-too/me-better OAE A 3FEFE S L7208, KRYEIEH
720 RTINT DGy %ﬁ@ﬂ%%&éhﬁ%&&71&%%&L&ﬂot@_®i9&%%¢ﬁﬁ
Lo, TERZERENHMAIEN Y 7 A X IZEEN2D - AGREIRMIZE L T, FFED A
U — IR R U CEE IS B ST & o RGRIE S ﬁofwéﬁ? 2T EFRHOD
Polypharmacology #f 5t D7 DM EAEHT — 2 WEEZR+ 5 ThHhDH EEZ B D,
*@%&@w%%@%ﬁmkbf1&‘%MA%E%@WW&/Aﬁ OMAANER %% % D4y
TR B RO T D BRIC, RPTH ORI E B LISl b o s, BT TRlET
Uo7 Tirbn Tz X ol mA%%&/A&E®%U$%@5% i%ﬁ@#%%%&%u
MRRIEZ WD Z ENZ VD, 2056, BICERBEDLE T{LEmXT0, £724 //\7 =
*&%ﬁﬁﬂbf:@ﬁ%%ﬁ%?ﬁkyﬁmmﬂmﬂﬁmﬁwﬁ TrIVDERTE
BEEZHZ LIRS TLENWMAEARY NU—2IUbEMH T IV OX o RIE 7 7 2 ) 0)
7/?—yay%%ﬁﬁﬁé%ﬁﬁ%&ﬁ%®%ﬁ TIFAE L TCLE D WREMENEW, LA, HH
AR % L S 5 T2 DI ERERESNISC 7 T 7 A N ARy hToarv ¥ 7 MK
T D100 TH e & RFT R RS A S D S CTREEADNEEMT O T D Ltz
721% D BHLETRV[43], ZOFE TR ST BRI OEIE T O—2 DI/ ST 7 7 2
VRERESZIFEDT I BENNORT THY T H LAY SNTICHHE LY DL O
ToH DD, AL 10,000 0 HEERT O AR O A 7% — L (GRASP Fingerprint) & 72 5 & | KA
BLERRWNZ L2 T U H DX T AEEH L WAST B L 360D Th D, 2L by
BT L Z ot 7 — /iM@&MT &#%&ﬁ#%§¢57w2)xb Lo E
NEbDOTHIN, X RXNIEDT —H_X—ZPDB CTHi& U T RBPMERSNL TWAIEAER
X7 D H B DrugBank (ZFEE LRV A/EALT THHILLTWI L BRI TEY, £E
BEERPEAR AAER O — REEIC X 2R AT O FBEEZ "B T2 b D LB X TS, @ Tk
EERICEH SN bAEBER QAT DNEN S TZHOBIEST D7 T A X OB AEE~D~
v B2 7' %>, PubChem BioAssay @ [1EMEDH D | b5 140,937 il & Druggable Genome M JLHE %
%##6%9@@&/A7 4 D4 975,243,103 ~X7 122 C, DrugBank OFE%T 11,219 #8 A AEH A~
(%9 % _EAT 10,000 ER0#EE T O AT AR OEPELLE HIT-> TV 5,
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5. Bh VI

AR TIEFR 2 OWFFE[41DO W 52 B D 2 BEAZNIFE AAERFRNT O JEZE SOV TR L7z, RBUE

R=2ZADAY Y —=27[44]. BWEHR—2AD A7 J—= 7[45], 72 EAREAER TR Bk

DR FEFDNRE SN TE N, TELELEFERETOFETH Y . GPCR O AR EITZE
%%mﬂ%%% L 7= Z BRI BEAER OFEE YA NMENT[47]. ZEAENIEZFIH Lz % ) —
2k 2 A0 BAE ] O E TRI[48] 70 EELRR O E N AE SN TV A, FIHTE D ERBE

ifT 5 DI % FELH) QSAR(Mt-QSAR)DFRFE 2 & . A% DI MR HAR OHERIZ L v £

FAE AR A OB TP RBIC O W T OB T = & I LTV,

E ik

HEOMEEH 2 CTHZ E L AARRESHBIEE M SR 0 O EERa AV FNETHE F
LTemBEZB O T 2 ICKRERKHHB L 7, AR TR LI RANIRE RO 5 RS A
BRRKFZORBZIEHRAEL ORFEMEE LTEBINZLOTT, o, AfOBESCTHEIT
B ##26330242, #26120503, FALKPALAMFSCAT L RIFIA - L RAFSEIRE#2014-27, #2015-33
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