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Xi’an Jaiotong University in Xi’an, China, October 25-28, 2016, FR22, Oct 28, 2016

[2] Y. Iwashita et al., Neutron imaging with magnetic lens, 8th Asian Forum for Accelerators
and Detectors (AFAD) 2017 Institute of Modern Physics, Lanzhou, China, 16-18 January, 2017,
WG5 Jan. 17, 2017
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)= ADRGEMET S LYy ) —e Rady T —Botlimschsd 7o
YUK & —8 (GraD) OBEREF BIMMEMEI D 7= & ShiE O & 43 iR C O RGE T
. RERRAALSANE T WS - AE R I JeaEE BRI FEB & D ILFBFSEIC K
DiTo7=, GraD I GraA DOEEEL CAMSI NIV 7 I v 2iExTd 52 & T,
GraA OFERFSNMCHIPFRERE TN T T B2 EM L T D, REERITT I/ BRikkk
179, B 19,400Da OV T 2= k2 fANG R D RBIKZ LRI ETH D, AR
(. Fif#ESE NADH S EEFRIZAE G L CORICEER ICHE D L TV DA% SR FMN & 2 VN3 FAD &
Bor L. BT SIS 7 T B A NAD OFFBER ICEER ISR G LT E FIN & 5 0
IX FAD Z3% 70 LT GraA IZAE 5, Wb D BV R NA N A THREEL T 5 &
EZONTWD, RISHEFETHEEE Y 7 EVIEBRICH A LT EETH D, GraD DL
KAEE OfEBR L. TC-FDM (Two—component diffusible flavin monooxygenase) 7 7 X
U—ICBITLE M T T 6 ORZEEOMPNCEHER7Z1F TR, 2077V —
BEFZOFRICET aZEIc b 5T 5 IS,

[32B51E]  GraD O KIGE N TORER B L ORI SN2 HIETIT T2,
fEEmfkix, 13 - 14 % (w/v) PEG2000, 6 — 9 % (v/v) 2-propanol, 10 mM DTT, 0.2 mM
FAD, 0.1 M sodium citrate pH 5.6 Zifidfbiaiks L. ¥ v 7 4 7 Fu v 7753k
BUEIZ LD 20 °C TITo 72, K 2 HR T GraD-FAD A AR & LT X AiEdT I fik 35
ZEDTE D IETMEERTED RER L1372, 2 <ITTH D m= 1 X —IhEpE
FEA - U YE RV 2R iR Il WC 7 A4 47 a7 7 % k& L TCParatone-N % fu >,
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R 100K ORMEIR C X BREIHTIREE T — & ZIUE U Te, RiEd O ZEMBRL PA22 TH Y |
T E8ita=b="T7.78 4 c=124.1 A THoT=, o FEWREICLYNAREZIT
W, BT VOB EHEEREEL ARV K L, GraD-FAD AKIZ oW T, OfiFRE 1.6 A
TR =0.167 (R, = 0.195) OREMEZ G-, 15607 GraD-FAD A KDOHEEIC

SONWT, AL a—F T T T 4 v AW TEEEER X ORESE FAD OfEE A
L O 2 SRR L7z,

[FEREBE]  GraD I[THMFT TEREZIER L TRBY, MY 72=v s (A $4. B
$H) 1213 1 07D FAD BiEE LTz, £V 7 2= ML, Greek—key topology T
B #4733 A2 FMN-binding split B-barrel fold Z a~VU v 7 ANEET % FIN fES
RAA &Rk O —EH 2 F M R A A THRSNLTWD

FAD DA V7 1 4 B D N5 JF 1% Thrb0 ORISR R FEIC t)\ VU ERAY D 02
JAF-, 04 iAo, N3JRFNR Y XTFF RO TEHIC, KEBAL WD, —F,. A VT
BXYVUEROYVATFANRRE SR, FUEEREAE L CTEEICRF STV DHER
KT X BRFR I TR S VD BUKMER 7~ FRICALE LT 5,

A S5 CIE N K 14 F%HED% FAD IZOMAINDFEEWHE S 5 X D ITHAEIER L TV 7a s,
%fi’®ﬁﬁi%ﬁﬁﬁk%&ofkgﬁF@@{/?m%#//%i@ﬁﬁﬁ

B LTz, ASHTIE Pheb 2l FAD O Y 7 ¥ U8 L BRI AE/ERZ L
TWe, ZNETICHE SN TV LB OHEE L FFOBFZE T BH TR LN D LI
T DAY T e U URITEEICER LTV AHDO X DI NRE AL U0
TIEUEBONRELTWD X REEITHE SN TELT ., HEAMELk-> T\ 5
Z AL,

X GraD @ &KL F-HErs

[RE]  AWFERCRIC OV TR 2 BUEERP THh 5, £z, LY Ly ) —
IREREERRED 9 B, GraC (v VA VEFIR L 2 7 2 —8) (22T O Xkl s
fENT D L& N7 L7~ (Fujii, T., Sato, A., Okamoto, Y., Yamauchi, T., Kato, S.,
Yoshida, M., Oikawa, T., Hata, Y. Proteins: Structure, Function, and
Bioinformatics 84, 1029-1042 (2016)),
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2016-12
X MG B AENTIC K B L-7 AR T ¥ — B OB R CEE R RO
IR ASES 751K E B D B I S heh

[(FRBEH]  TANRTG T —BIET ARTE NS T AT X f~ONNK R %
4 DR T, PUEESIRERET D 2 oAy Lo\ Aa R ORBRER E LT,
F - RMERFICEMTOT AT X ACHKT HEET 7 VAT X ROREEZI A
LEHAIE LTSH S TWD, ABFZETIE, 80°CLL L TAE nlhe 7o M i BAWE i
Thermococcus litoralis DSM 5473 3 L-7 A/XT7 ¥ —BFHEMA (T1ASNase) % %t
BT, M L BREDBIMRIC O W TS — 1A BRI 9C 21T > 7=, T1ASNase 1£7 X / [
FRAHL 331, B 36,801 Da DH T =y b 2 HNLRD ZRBIEKS NITETHY
L-Asn, D-Asn O BIEKITAER T 2858 A Fio, £ OFEM7RBER L FRIMEE I L ONE
HEEIIARATH D | KRR OTEMFRBEAE R S, ABERE A2 THEY 3k
FI OVERHE L U TG L7ZBRICE 2 0 5 2 RITER @ X 0 D70 W IEFIRCEIE AR
FIOBRZEC, MV TRICBIT 57 7 VLT I MMEEH OB b D & 7%
ENb, I T, MFEALSBIOCEEELYORER & OBEARONLIREGEZ X Sk
WERENTIZ K0 R LUV THRE L, WSS I EE DUV THERE - WPE s SIS & 35/
REt LR35 2 & 2 BIIZ, FEBRSALFEIISEET M AR Ao seaEik B
MFEBZ L OIFEZEEIT - T,

[EB7vE] KIBEIC X 0 F8L &7 T1ASNase 13, WK% #8514 7 O A
HREBBLL B A7 a~ N7 T 7 4= X OB LT, fd bR A7 ) —
=T EREIToT-EZ A, 20° CT30% (v/v) 2-propanol, 0.25M ammonium acetate,
0.1 M Tris-HCI pH 8.5 ZfESLIRIK E T D v T 4 7 N v 7RKIEHIEIZ L 0 %
BRAERD T LN TET2.30% (v/v) glycerol & & dekk S LIRNRICIEE LT ks & AV,
D NFNTH D = RV F— IR ZERHE S R A ZE R (2 3\ Tl 100K 0
RRAEGIR. C X ARETIREE T — & Z2INEE U7e, AKEML I, ZEIRE 6,22, &1 EH a = b =
69.55 &, ¢=558.15 A Th 7=, FIHET /L& LT Pyrococcus furiosus T A8
7 X —E D PDB BEMERE A L T TEBIEIC L VNHEEZRE Lz, T L0
1E &SRB MR L, SHREE2.3 A TR =10.247 (R, = 0.313) OIEEHEE%
Bz B HNTZ TIASpR HEEICHOWT, av B a—F 7T 7 4 v 7 A AW TS
3 K OVEMEERALJE L OREIE 2 BN R LT,

F o EE B X OEREEUY) & OB SRR A 155 729  L-Asn,D-Asn, L-Asp, D-Asp,
a7 W% O TSR L2 EIRKE RO 2R Tz, RO R LS T
A BD Z EMTE, BOIERRICOWNT, & X — RS Ho
SRR FERERR N2 33U C X BREITIRE 7 — 2 IV LT,
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[FER & E%2]  TlASNase IFfid T CRl—DOV 7 2=y F1 6720 “&EKZE L T
W, Y7 2=y MIREWNEKIG KAAL E/NSWVWCERIHERAAL D DD a/ B
RAA TG I, ZILEM Asnl85—G1u204 @ 20 7 X J BRI B 725 ) v —IC
Lo THREIN TV, NKi KA A Y (184 7 2 7 BRFRIL) (T4 KD a~U v 7 A L
R2AKDBANTY RTHESINTEY, SRKOBALNTY RE4RDa~Y v 7 AN
RAAL VDEREWEERL L, 72 RE T UARIZT +— T 0 27 LTV, C K
IR AA Y (127 7 2 VBRI (XI5 KD a~Y v 7 AL 4KRKBARNT Y KInG 725
ITBY— M THEMRINTEY ., CRIED ZARKD a~Y v 7 AW RAAL UIZ, DD«
~Y w7 AN — kB A TROHMANC A E LT,

CEEEZEET S o0 7=y METIL C Kl KA A BANT U REILDNE
BTHZET8ARDBARNT U RBRAHRERT— M BRI E 7203 > TEAL
S, EIZCEKE RAAL BT H2HAMERICL > T&EEFHK L TV,

FLEER & 07 X BRECY I L OMEERIC LY | REAREBEREL TT oL
FER PR Z T 2585, BX O KO FaEH LS ETT IOVEER PR & KEZ
W XG55 L LT, Thri2 & Thr8e BRZENEhxtind 2 Z EnfEll S, b
DFEILE G0 L7 MZOWTHEBIEESE & ORISR EZ1T o & IH%EEAL 2
L7 O ZER L TND 2 0D —T 8 ORENR R/ D Z EAVHAL, Zhb
OIFNLA ARG L CW A AMREMER H 5 Z LV RIB S Tz,

FEE B L OEEELY & OIHFEBIZ L0 15 517 BAEEE O F5 b 12 DV THEIEFAT
AT Tos EMWEALCY T RORARREFHRELBIET L2 LT TE ol
L7 f b2 52720, kS0 & 672 % ik X OUREEH CoRs b2 7
V==V TEBRIZOWTHRHEZIT I LERD D,

[X] T1ASNase @ —BAK4y 1-HEs

[ Rd]  ARWFZRICEI LT, 2016 4F 11 BB &7 H AR 5P pk 28 4R
FEDNZBWT, RAX—REKEITHT,
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2016-13

RATZ 7 TNr o HEEMNTFZRET5BBREFDOER L
ok 1 DS~ D s

IRERE] RSB LS R

ARAFGE Tl FEBR AL GERT O/ NS 202 . TN Z Bh# & o IC i@FT
X777wﬁ/§qu%%ﬁﬁé ER SRR OG K & LSS ~DIE D |
KA JTCRBIF BT D iR IR RR A M B TR S5 T k%ﬁ%thko
Uy —RFE E#Am%@TTX777W&/Ji TRV —HENT DR 7 F BB
& U UNLE X A R b0, INBEER O I, mIEERSBRIOCSE 2T 5 BT,
RAT 7 TN hs o leh b Wit G OFEFN AT L 0 B 7 Al RN 7 & L CRERE
THZEEHLMNILTE 7, VrhiZhE@mny 2,4,6- 8V -t F )7 = =)L
(Mes™85) EHLL7- PNP B —H =B 72 H T 54 V20 L85 KRE T,
7 =T O N-HAEEOUIRIEHALIZAEI LTV 5  (JACS 2013),

WFFERERE 1%, S mWMEERBNL AR RGESE Rind B ZHWT, TR XT7 7 v L)
(JACS 2009) =° PR A7 x| (Heteroat. Chem. 2014) 72 XDV v Rfaf{b.&W
DWFFE 24T > CT&E 72, Rind FEIZME MR IEIZEED & AL ML OE B AN B L 72
W28, AV MLOD =T FIVEENERET D Mes™ 5 L 0 HALFHREMICTENL TN D
ZOXDBRMFEE RO T, 2 OO0
T N—TNE, FTRAHEAT 7 TN
VB E AT LB BRI T
% ILFEWFIE 2 BB LT\ 5, ARSI

200D v FIZ)HhEEW Mes™ i & Eind
A AT HIERFR PNP B LY —H R R
7 7 T BN (Bind-BPEP) % B
% L7, Bind-BPEP 279 5 1 2 7 Lk
BoA U VU LEEREARL, 2N
NS5 Z & T Mes™ D CH FEED
RINTR A T 7 T VA7 AL AT B

L7zgBR~E B LT, SHil, R
CIMMIDKFER T v hfEL, BV
VUMM B LT g R A SR L
T, TUE=T LRSIV TH
A L7~ (Organometallics 2016),
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SRR (PR 28 4R L) 1. ZHVE TOMZERRIZE ST, U > RIZ2 & &0 Rind
Eu S OFARAAT 7 TN BB 2B L, A bMED &V TILHR
FHIEREEIR ) A1V T Z &2 B E L, BREEAMOIKEIZ 272228 5 i %ﬁ%
BEIR T LUV TR TR - 335 2 LI L0, et oo B R A48 & AR
ICRBESESZ 2 BEIC L,

XU I, U v B E @V Bind JE0
EHL L 72 PNP B —HIR X7 7 7L S q g
EL T ABRRE Ui, 2,6-E ) DU U rﬁw - r@W - nﬁw

(¢] (e} Eind-P (¢] Eind-P P~Eind

VARF LT IVT KA SRR E LT (i) Eind-p=pMe: (13 equiv), THF. RT. 12 n Eind-BPEP
Phospha-Wittig SLZNERIT O Z & T, stepd RT 21 A
Eind R EH LA ATZ 7TV mmmﬂmmwwmmﬁsmwwwwm
=v h%&AT 2 Bind,-BPEP % &Rk L7

(step a),

Wiz, hrv=od U7 x2=)LRRA

7 4 v DAFAE T [Pt(COD),] 85 1K &
Eind,-BPEP Z# & S ¥ 25 Z & T, A4
(1) Z&R LTz (step b), [AERIC, &
B RIBRA & L CIPd(n *~CH,) (5 *-C,l,) ]

B L O [Ni(eod),] & HW 5 Z & T,
Eind,-BPEP Bifii + 4 AT 5 /37 0 Lbh
Q) L=y T NEEERQ) A LTI, &
& U 72 5 R 0D 45 14 i 2 BRSO X RiA i
ERTIC L D IRE LT,

IRT VT LGEER(2) & = VSR (3)

T, &EEV IXEBAENUEANE TH

D FEEAOFIE 369. 8° 35 LT 369. 6°

Thol, —H. BasEHEA) Tix, 4°
PR L L CIFIEF IR LWV IE S oA

ETHY ., FEAOFIL 368.6° Tho

770

HERFREICL Y, Aethk () Tk, &

E%Eﬁ@mﬁ AN RICEEDE | s Wl

L dWUENTR IR T D Z & T, R

VG L D 2 E NI ST,

(Angew. Chem. Int. Ed. 2016)
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2016-14

BEREBETHRATZ 7 VUV BIRNY T U F 4 DS L R
WIRFHERT  SLRTR R BB T2k 2okt

1. WHxELEW

AIVDIFAEBLIRNY VERIETHLIERA T 7Ly, b4 HZB IO
FHERIATH L7 o F AT SEMERGTHREETO p JUBEDOER Y DA+ TH
52 EDLKISIEETH Y | Bickelhaupt 38 X T 5 D 7 /— 7128V T, EARRE
KGN UEERNICLENLT D2 LT, AR SN TE 1, ZhboDbamEET
@%E%ﬁﬂﬁﬁ (R 7R ZE MR R &E SRS D R R Fl#EZ G55 Z L0 b,
T OBREIZITBIR N b 72D, AIFZETIIHR A7 7 LU BIXOY T oF 400 o &
FITED AV DT LT side—on T THINL U 72 8E5A DA AL & BLfRE G X RS EAEAT 2 Rl 2h
L7z, F72, ClRFEEFRE LTHER SN TWD “BRLRFER L OE OREERIED
ik R 38 DFFHETEME L & AR OREEFATIZARE LoD T, LLFRET 5,

2.  FEBRIE

AL, VX N EET L THRBLEERFEA T, iR
T =y IR VT o T, FRCZERICARLE LA OW T, RNIEMET AJEERNE
BUSEN W7 —T Ry 7 AW T To 72, ARk X OVIEIZ AW T2 B3 X
OVRRERIISCHERBE AN O T 1E TR L7, Hlnwic, Fiibemoxy 772U €—
va sk, FRSIETFET —Z . LROHTER L OEASE X BREEEENT ORERIZEE S
X117,

3. MREBE

A A A U 27 AEER[Ir(PMes)s]Cl & LiSSiMeH % =£EIZC hbx= > TR
X85 Z LT, [tH(PMes)3(m*-SSiMer)] (1)K 64% THEH 7= (Scheme 1), #5141
@ ORTEP X% Figure 1 |\Z/~39, ZAULT T o F A 03488 side-on B TR T D =
ETCREALENTZHOTOFTHD, VT FAUEY OEEERELILEZA, A
VTN DYT T F DO ~Onitfifit GIlc LD A X T A 7L E L TOF
GNRRENZERHAGNERoT, £, LI LIRFLZRIC ST EZ A, b
m$ﬂ74$*Mﬁﬁuﬁﬂbk@W2#@EﬂkoNDmmﬂl%ll_mﬁoi
o1 & ZHBIRFE & ORISIZE W TS, ZHMBRFEDN 7 A B — WA L7 g5 R
3NFO I, TR 3 OMEIE Z B X BEERITIC LV I L2 L, ik

Scheme 1
irenqel SSMeH MesP.,, | 5 CO, (1atm) MesP.,, I| WS—
r e ’
3/4. Me P/ l \Sl/Me RT Me3p/ l \Sl\ O
. M Me
-LiCl PMe; e PMe, Me
1 2
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[RSE DRI 1% 7 A R, KRBT %2 2T o F A4 HROMFIZ AT T L7
N BNETR ST,

[FEE7eA U ¥ AFiBRIAZ VT, LiPMesSiMexH (Mes = 2,4,6-CeHaMes) & O SOt % f#
L&A B Z MV [IrtH(PMes)s(n>-PMesSiMez)] (4) 23U 42% T b L7z
(Scheme 2) ., $5& 3 ™ ORTEP [ % Figure 1 (27~ LTz, ¥ 7 ¥ T A EANLEER & [FIARIC,
42BN TH, KRR TZ 7Ly BA U P AT side-on BRI TRNZ L, BFEERA YD
AL S Omifift 5 L0 | MREELE L TA XTI A 7 VOFENRRE N LAH
Snkieot, 4 L TBILRBEIGS LA, HLNEALERY 5 BN ELZ
(&MmZH@mU é%Q4%B@&b%i@&ﬁﬂk:@%%?ﬁﬁéﬁkk:

A, AR B D ER IR T ST SER NG ST, BUE, AR O B G X g
fRAT 2 ifﬁwﬁzaﬁ%&)ﬂ\ék AHTh D 88K 4 1IX W bRFE & BRSNS L,
5 O HiALIRFFERAE 5 2. F O EZ B X SEEMITIC I D BT Lz,

Scheme 2

H Mes H |Y|es //0

ir(PMego1 LTMESSMesH MegP, l CO, (1atm) MesP., | P—C,

I e Irs .,
- RT Mes p—" | \s,/Me RT MesP~ | ~gi— 0
i M ' “Me

—LiCl PMes e PMe, Me

4 5

Figure 1. ORTEP drawings of 1, 2, 4, and 5.

4.  BORERE

1)  Synthesis, Structure, and Reactivity of an Iridium Complex Carrying a Side-On-Bound
Phosphasilene Ligand, Yuya Terauchi, Tetsuaki Oguro, Shun Ohta, Masaaki Okazaki, $&{&
LA 6 6 BIRFHE. 2016459 7 10 H~12 H, &K= EHEE v /X,

2) Syntheses and reactivities of group 4 transition-metal hydrosilylamido complexes
possessing a pentamethylcyclopentadienyl ancillary ligand, Hiroki Hatanaka, Shun Ohta,
Masaaki Okazaki, HAMLZERE 9 7 HFHFER, 201743 16 H~19 A, BEERR
RFAEF Y /A,
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2016-15

ER—~T e e Ll L 3 2HH 3d & B SERAREEDBE %
ST TR SRRSO T

H# 3d &RERIIZHEREB HIREZIY . a2 Kk U CREA 72 b2 3 2
END, BSOS E L THEBEEED TS, —FH T, REETHONE LU
TNRRETH D Z Enb, 2 E T 3d @RS REA O RSMEZTE D> U T- AR B
BRI ENTE 2 LTV,

AWML CTIE, 3d&E—~T el e aie 758 LB S 2B T4 2 L &
HH L9 5, FxiZZnETIC, flix D 3d &BEEEN e R —~T ofid 2 iEa s L
T, xR ER 2RI L2 R LTV, Bz, ZiiCAFERES =y 7L
(DT EFATE M= DB, =TV IKEMEEERET D R R
b R B S U LARARED B BIRIE & LT 5. AR @O\Nf’}
X, = v FAADT B FATE hF— b (DB L OF OREE ) o .

ko)
23 7 = PUVEHOR FuRvLa iy s 2 L 2RI o2 ve 1), oFs 2). Bu (3)

L7z,
isﬁ t %g 0.5 1’1’101%0) 1-3 ﬁET\ 777 Table 1. Hydroboration of PhCN with HBcat catalyzed by metal salts®
— - =k SN ) catalyst
TA—NRT AL DY =Y vD N+ 5 s BO%) oy Bt
b NeR U RBIE=ER THEONITHET L, CeHe, RT, 12 h Beat
12 H# FEﬁ ?\ﬁ WZIE @fﬁ%é/‘j e 1,1- B (Zﬁ ) entry catalyst solvent Product yields™

~ . . N . (mol%) (%)
/V)7 ¥ PhCHoN(Beatyy 23R L7z —; " o ey
(Table 1, entries 1-3), [FIEED USSR T, : : o o E;g;:
1-3 Ofii &% 0.1 mol%E THT % & 4 Co(acac), CeHe 37

. 5 Cu(acac): CsHs ND

PhCHzN(Bcat)z @”yz@&j:%h%h\ 49%\ 6 Mn(acac): CeHs ND

7 Pd(acac). CsHe ND

19%. 60% T bolzZ b .3 753‘% b _'% [a] catalyst (0.01 mmol), PhCH2CN (0.20 mmol), HBcat (0.44 mmol) in
SIEE T 2 L ARSI, L e
JEFE A TSRS 2 a9 5 &, = vieldsatalmolk catalyst loading.

SNV NINT B FAT E = NI, EHT

bt FrRvRIbEEEZ R L7 D D(Table 1, entry 4), #i(Il), ~> H DB LT
LN T EBF AT E M — ME, FEROKISEMSE F CTMEBGTEE 2 2 RS Rho Tz
(Table 1, entries 5-7),

WIZ, b @ WMEEZ R L2 3 2 W, x D= ) LbEWor Rukv#
{b%& ft L 7= (Table 2),
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~N f g ]\ U JLDE }\ [ ﬂ? ‘7 ?;f 'f K li . Table 2. Hydroboration of various nitriles with HBcat catalyzed by 30l

0.5 mol% DB 3 FF1E T THRH 3 Beat
e o R—=N + 2HBcat ————— R~ N’
WZHEAT U, BUGSRM:, =R 18 FFfH T CeHe, RT, 18 h Beat

=R aR - < == NAS)

ﬂiiﬁ/} (cB RRAR ]7 ﬁ{bﬁg Zh tr = g entry R 3 (mol%) Product yields%

72(Table 2, entry 1), m- bV =k UL 1 Ph 05 >99(93)

R o 2 0-CH3CeHa 5 40 (36)

p- Bv= K UL b [RIERIC RO DS ST 3 m-CHsCsHa 0.5 >99 (92)

. L . . 4 p-CH3CeH4 0.5 >99 (92)

L. FEEEMICHIETHE Fe v 5 p-MeOCsHs 05 >99 (95)

N N . 6 p-CF3CsHa 0.5 >99 (85)

U WALARDI A RK L 72 (Table 2, entries 3, e CICeHe . 81 (64)

. — 1 8 p-ClCsHa 5 78 (62)

4), —J7. o- hb= K U LiE, 5 mol% . -ty . 298 (65)

D 3 ﬁ@‘l:‘&:%b \-’C\ e }‘HZ]T 17% 10 2-thienyl 5 47 (29)

11 PhCH, 3 >99 (88)

{BAR DL 1T 40%IZ 8 % > 7=(Table 2, 12 Me 3 >99 (84)

13 Et 3 >99 (90)

entry 2), ZAUE, o- N U NVEEDNIK 1 iPr 3 >99 (94)

. _ . 15 tBu 5 >99 (90)

MRIZEDEDEZZBEND, &b oy 5 >99 (90)

{2, OMe #&, CF3 &, ClJE72 &, B4 (al Nitriles (0.20 mmol), HBcat (0.44 mmol) and catalyst (0.5-5 mol% vs
nitriles) in CsHs 5 mL at room temperature for 18 h. [b] NMR yield (isolated

DOEHIEZFTTHX Y = MU LT yield).

Mz, 227U =KUY LDt Fak

UERMIZBWNT S, RAFRIERTHARY 2155 2 & 232k 7=(Table 2, entries 5-9),

— 5T, BAEEOEW 2-F == N VEFLE LT 556, fbTHE Fukvi#i

LR DR IT 47% 2B & - 7= (Table 2, entry 10), Fix DT /LF /L= KU /LDt Rakv

AL, A EZ 3-5 mol% M5 Z & T, IZFEEMICE FrRUvREAETT S 2

& % fifes® L 7= (Table 2, entries 11-16),

b Nl R ERISIE, ZHE TICABR VB EEMERTFIESL LTINETELS
DWFFERR SN TET DD, = MU VHDE Fu R v RS IE T E TITEPGIH
HoNDLDHRTHD, "AEMNE, = MU VETLIZL DT I VAR TIEDO—2 L LTHE
HEnTEY, AMIRICEONTZMTAFERES =y 7V 1-3 OffEREREZ 8] & 7>
W L7, MR ERICINA TEMICO RERERTFFOME L E XD,

SEXB

1) A.Y.Khalimon, P. Farha, L. G. Kuzmina and G. I. Nikonov, Chem. Commun., 2012, 48,
455; A. Y. Khalimon, P. M. Farha and G. 1. Nikonov, Dalton. Trans., 2015, 44, 18945. M.
Arrowsmith, M. S. Hill, T. Hadlington, G. Kociok-K6hn and C. Weetman, Organomettallics,
2011, 30, 5556; C. Weetman, M. D. Anker, M. Arrowsmith, M. S. Hill, G. Kociok-Ko6hn, D.
J. Liptrot and M. F. Mahon, Chem. Sci., 2016, 7, 628.

WIS
“PNP-Pincer Type Phosphaalkene Complexes of Late-Transition Metals”, Ozawa, F.; Nakajima,
Y. Chem. Rec. (16) 2314-2323, 2016.

_30_



2016-16

HEERHAN-EAIPENT 31T 5 BRI & BhROERRBIE F2hR
i ARE R

1. KO BHBY

VAR, BB B & LT 7 A A b KEEBMNERZEDTWD. Fl 21T
SN A F LT UE= T L ,%ﬁ%&avﬁﬁ%w%%méhé«m7xﬁ4%@ﬁ
BaAE - DBN I A F LT = AISNE émkﬁ%-ﬁwﬂ4fuyP%E%ﬁo%
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3 Fe (I) complex (5 mol %) 2 86 R R \%(R iPr)
Fe(l) complex Fe(ll) complex SIPr-HCI

“Determined by GC analysis using undecane as an internal standard.
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[1] T. Hashimoto, R. Hoshino, T. Hatanaka, Y. Ohki, K. Tatsumi, Organometallics 2014, 33, 921.

[2] Y. Ohki, R. Hoshino, K. Tatsumi, Organometallics 2016, 35, 1368.

[3] $ % 1E: M. Jin, L. Adak, M. Nakamura, J. Am. Chem. Soc. 2015, 137, 7128.

[4] R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis
2015, 47, 1733.
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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 recently gained growing
interest because of their potential as cost-effective and environmentally friendly alternatives to rare
and precious transition metal catalysts. Recently, our group has developed a series of C—H bond
functionalization reactions catalyzed by low-valent cobalt species, such as directing group-assisted
hydroarylation reactions of alkynes and alkenes and C—H arylation/alkylation reactions with
aryl/alkyl halides.' Regardless of the synthetic utility, the nature of the catalytically active species
in these reactions has been unclear. Meanwhile, the Nakamura group at ICR, Kyoto University has
recently established a method for the analysis of solution-phase organometallic catalysis based on
synchrotron X-ray absorption spectroscopy, and successfully applied it to iron-catalyzed
cross-coupling reactions.” Given these backgrounds, we intended to merge the expertise of both the
research groups to gain mechanistic insight into the cobalt-catalyzed C-H functionalization

reactions, and thus to develop improved catalytic systems.

Results and Discussion

Our mechanistic study was focused on a cobalt catalyst for imine-directed hydroarylation of
alkynes, which is generated from CoBr,, P(3-CICsH,)s, pyridine, and --BuCH,MgBr.” A series of
qualitative experimental observations suggested that the cobalt(II) precatalyst is reduced by the
Grignard reagent to generate a zero-valent cobalt species as a catalytically active species. To gain
further insight, we conducted Co and Br K-edge XANES and EXAFS analysis of solutions prepared
from CoBr; (1 equiv), P(3-CICsHs)3 (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.

The above experiments suggested the following points: (1) The addition of the Grignard reagent
causes change in the oxidation state of cobalt from +2 to a low-valent state. (2) The oxidation state
of the cobalt species in the presence of excess Grignard reagent seems closer to Co(0) than Co(l), as
judged from the comparison with Co(0) foil. (3) Br anion is not apparently coordinated to the
low-valent cobalt species. In light of these experimental observations, we performed DFT
calculations of a series of model cobalt complexes such as [Co(PPh;)4], [Co(PPhs);], [CoBr(PPhs)s],
and [Co(PPh;3)4], and fitting simulation analysis of the Co K-edge EXAFS spectrum using the
optimized structures. As a result, a zero-valent 17-electron complex [Co(PPhs)4] was found to show
the most reasonable agreement with the experimental data.

On the basis of the insight given by the mechanistic analysis, we reasoned that catalytically
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active cobalt species for the C—H functionalization could be generated using reductants other than
the Grignard reagent, if the reductants were capable of reducing Co(II) to Co(0). Experiments along
this hypothesis allowed us to identify magnesium metal as an alternative reductant for the
cobalt-catalyzed C—H functionalization. Thus, with careful optimization of ligands, solvents, and
other reaction parameters, cobalt/phosphine/Mg catalytic systems were found to promote
imine-directed hydroarylation reactions of styrenes and vinylsilanes (Scheme 1). Compared to the
Grignard-based catalytic systems, these new catalytic systems require higher reaction temperatures

and show somewhat narrower substrate scope, which need to be addressed in future investigation.

(@)

CoBr, (10 mol%) o
N’PMP P(4-FCgH,4)3 (20 mol%)
Mg (50 mol%) H*
+ Zpn -—
Et,0, 80°C,12 h
Ph
87%
() PMP CoBr, (10 mol%)
N~ 1,10-phenanthroline (10 mol%) ©
Mg (50 mol% H+
THF, 80 °C,12 h .
MeO MeO SiMe3

72%

Scheme 1. The use of Mg metal as a reductant for cobalt-catalyzed, imine-directed hydroarylation

of styrene and vinylsilane.

Conclusion

In summary, we have gained insight into the process of reduction of the cobalt(I) precatalyst
with a Grignard reagent and the nature of the resulting low-valent cobalt—phosphine species. The
XANES and EXAFS data, computational results, and other pertinent mechanistic observations
suggest that a neutral, zero-valent, tetracoordinated cobalt—phosphine complex is responsible as
catalytically active species or its direct precursor for catalytic C—H functionalization reactions.
Furthermore, this insight allowed us to develop new Grignard-free catalytic systems for a series of

directed hydroarylation reactions.
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LA S, U AR R A BT 5 & b L, S

(PyBidine)

BA%E HAE L T A GICIE. BT ARRA L 7 4 L F A4 U F \
77 b FD Michael/aldol [ & % F 42 1~ L ALSW ORI R 55 o)
BRERE LT, MEZE0RERIMEEMIT. EERDRLICRHEN S Qliﬁ
ML EMEECH Y | B2, FA 7 o< LA WIZIE, AchE FERKIS ~ r
PLHIVIERZ: EOEELRAEEZ T HORHEINTND ACHE inhibitor

FERAE F Table 1. Development of PyBidine-Fe catalyst for

.- o Michael/aldol reaction of methyleneindolinone and
+ e 1=
PyBldlne @E{M_ é: %@ @fkim thiosalicylaldehyde

Z AW Z IR L € Ol
I [33 e %féz
FAFVFATAFE KO e (e

slowly added for 15 h H

Michael/aldol 52 & 2 H659%

° N No. metal salt? yield dr ee
MFFr7av=)- A0 X
1b Fe(OAc), 62% 76/8/16 20%
AV R—=/VDERKIZ X - THEE 2 Fe(OAc), 51% 7414119 40%
L7 (Table 1) . ﬁ:j‘v]j- J FILT 3 Fe(OTf), 7% 58/6/36 41%
o . . 4 FeCl 34% 75/8/17 76%
LT b K% slow addition 955 o
5 FeCl, 34% 73/7/20 43%
HTF-40°CIZT Fe(OAc)e & 6 FeF, 67% 93/4/3 3%
“C}i}f\l_; Zi’?f’) Y AL {f&u \f VA 7 FeBr, 38% 78/6/16 66%
8 Fe(acac)s 80% 87/5/8 71% ]
M X7 Slip 7z [
564 % t "o 9 Fe(acac)s 65% 81/11/8 65%
(entry 1)0 }i}‘f\ le); Z-T78C%E T 109 Fe(acac)s 63% 87/3/10 74%

,ﬂf&‘[:‘ é JC]: %) : (E “C:\\ Z:ﬁ:”y% O) I—m acomplexation condition : THF, 40 °C, 5 h. Pat —40 °C. °added NEt;

dcomplexation condition : PhMe, 40 °C, 5 h
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ERR ST (entry 2), ILEDOEIE  Table 2. PyBidine-Felacac)s—catalyzed asymmetric
A LT L T A A AWEPEDR synthesis of thiochromanyl-spirooxindoles
EN — — N

WERSEIRIZ 7 AT L A8 IR ME 2K RO
S

—F é V@_‘ le}im j:L L"C l/ A fcﬁl/ N2 \CE%: \©: EZBz:g:ance 1110n’]rr(1)c|>l//)) R2 R" ‘\._ [ OH

E Mo iz(entry 3), HPESEAIC 150 PhMte, =78 °C \©\N ©

slowly added for 15 h

BOWTEI= T F A @O [ i

ABNDbODOREDOKERE TR 8 Yo~ V..§ oo \\§§>
RbHEentry 4-7), —H, L0 (5= S TS (5=

. 1H A 7_ N H H H H
Fe(acac)s & v 7245 . HEI 80% yield 39% yield 92% yield 79% yield
87/5/8 dr 95/1/4 dr 67/16/17 dr 90/5/5 dr

S80NINRTEHELN., T AT LAtk 71% ee 84% ee 68% ee 62% ee

87/5/8. T1%ee |Z[f) b L7=(entry 8), Table 2 (21X, At D— %% 77,

L N OH CHO
PyBidine Aif\.+ & Fe(acac)s 75 @” Fol* C[SH
AR D SIS ORI A Th aldol \K

5 M. Felacac)s 16— FD T & F 05N oo @[ZHO
A7 b 2iTelE LT PyBidine * Cf;ﬁ} o | e
S FeL* | PP N NGy Ph

11 O8REZEK L T g 2 LA o S
ESI-MS i RSN TS, £77, U
AEEHIZFAY Y FAT AT R —— [;F/KF

N

MAdE, EBITH I —HTDTE
FATE RN EXHDY . $TF A Scheme 1. Proposed catalytic cycle for PyBidine-
_ . ‘ Fe(acac)s—catalyzed Michael/aldol reaction.
7 — MEER AR D 2 & Ay ESI-
IZX VRSN, ThoDZEtzd bil,

N-H, Ph
T 47— k&2 #XH 7 5 Michael/aldol ® [ )is o " . .
8 g/ \H n /2.
% Scheme 1 DX HIZE X TV 5D, o /<n:/N\)/Ph — Ehjj -f:,)‘OH
F2, (89T L= FLUUT IV HE Nen Vs oo "
AW THHE L 7= PyBidine—#kfi itz K - T, Ph

(2'S83S4'R- FAr/u~v=/- At B FFI A Scheme 2. Proposed TS.

Y R=ANBONDS, ZONAKRDOIBIL, Scheme 2 (2~ T L D ITERTF AT — FDVAERKL
ToHLEBIT, A IV VUENTO NH 2 IS KER-EIC K> TAF LA
RU PN EES D iiisRell K-> TR TE 2,

UL b, ARILFEFZEOHREREIZ L 0 | SREERAREEZ VD 2 & T EMIEMERRWIZIR
SRWEENDA v F—=nL e FFra<rDnAg 7V v R45TDOLEENEFE [ fil g1
AEGRRPER S T,

1) Arai, T.; Miyazaki, T.; Ogawa, H.; Masu, H. Org. Lett. 2016, 18, 5824.
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2016-22
NHC 2 L~y DB 2D < SRR ARG OAIR
LR BRI LR B TR SR

[E]

BEFFR I LR (NHC) [ EEWEFGEEZ A LR L mE 2SS 2Bk 5
ZENTEHZ NG, IH, @REEARMENIC T AEEREMNFO—D2E LTHW
HNTW5, 5T, NHC AR - L CHOWEZIELIER TR TWnD, £ 2
TABZE T, Fl—4 FNIZ NHC ORIBMATH 27 >V U U AR EH T 58 BEEEIK A 1
L, NHC Hfi~D&R7 7 7 A FOE AN X2 BEEKESEIEERDOAR E NHC
AL 2 AR & U CRIT 288 - @SR A 7 U » NfEOREE L B & L
7o TNHOAEEZERT D20, O NHC OENLHIEEZ N T 5720, NHC O
R L TR DR U REER OB AR AT o 12, @ SRBRIERIAL TOEWISEE 5] &
TI28, 3 FEE Y —RIEA -2 AT D @RS RO G R & AR T BT A Mt AT o T2,

[R5 & B4
@O BEt;-NHC 5K D& Rl 5%

NHC OHE 7% EifElZ2 B E LT, NHC &MOENLENL & A B bz g 7
U v RRIFAALFDBA%E & 2 OeREEARERICE WERNED BTV 5S, NHC (ZZ D
AR CTH LT Y U U LEAER TR T 52 LICK VBT HZ N TEDD, F
77y MIZG7Z L TWaRWn 2 RF(FHETH D Z L b, mRPIEHEICK LT
WEOGHEZ 7T, 51, NHC OFEWENLRRIZAE 2R L TELRICENLT 5 Z &2
5, ATV FIBRUNLFZ2H T 5@ BEROERIEIIHL SN TWD EITEWVEE,

HEEE DI T, 4 34V Y 7 A& LIBEGH & ORIGIZE Y, “BEt; TIR#ESH
727 NHC OARIZHEPI L, NHC $5EDOAEMRICAEHTHH Z L2 @®E Lz (Chem.
Commun. 2004, 2160.), & HIZ7 =F L MRL T & NHC O A 7 U v RRIEA 1123
W, AFEZEATSZ LIk, 7 =4 PRI & NHC BNz 0 B R 22 B fir
MAREE 2D, F L — NMUBESERO e b T HUERIEEE IR O &I P) LTz

(Dalton Trans. 2011, 40, 1445.), X 512, BE4-NHC $51K S LR & oSz kv, R
NHC $ER~DEHICHII L, KFEEAZHANWDS Z LIC XV EEH - BEWEBRLSE)D
725 BAEAEE R OB I b %Th U 7= (Inorg. Chim. Acta 2016, 448,1.) . L> L7235,
LiBEt;H % H» % BEt;-NHC $5E DG RIL—H DA I # > U U AEICRE I N T\ Z
EMD, FeOT VY T AEIZHEIGAHEZ: BEG-NHC $5ROA R FEZRET 43
Wholz, 2T, TV I ULAFEEBLIENOLAEK I D NHC §EKEZ H i
BEt;-NHC $ERDO AR Z MG 5 2 12 LT, $ NHC $5R 1364 )8 &% 48 > NHC
WERERICBWT, RLEETE D HEO—-D2THD, L, KREEEZ 74
JCFE D NHC ARG R L7z, Fex OF LR TS ST, £ 2T,
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ERICOS e LIS, HAYE 325 BEG-NHC $5ANZIRAICER TE D Z LM
BN E o7 (Bhamm CHER 1)
@ 3 JEE Y —RISER DGR & BSOS O R ET

3 Y —RIENL IS B WV EME E R D D D FEIE M RIZ R R 72 OIS S
R TEX L2 8BIREBET LN TEX DL 0D, WIF, a3 EE P —
I - DBFE & 2 O RBEERABLIZ BT 2R ThiIL T\ b, HEEEDLIX, 7Tk
FNT b EENENLEET D 1T I DO RBPICAERDIRERTE ) T =4
3 JERANLF 2 BT DR 2GR L, IR RBEVI T O VES (&5 Fan X2, 2011, 68,
484.3 LN E 2 Fam X, 2015, 72,306.) X°7 2 A% 7V T (Chem. Lett. 2011,
40,983.) Ofiiitl U CTHEET D2 L 2L LTWD, £Z T, AENMTE2AT D
=y VKR EERL, ET V=N ax 7Y U T RISOERE R E L2, %
DOFER, 3 FEEH OB & ERENL 2005V VENLFI2T 5 2 & T, IRFE—EWREE
DOYEIW 2 £ 5 FFERE Grignard SRHI & D1 > 7V o J RO FRINHEITTH 2 & %
R L7 (BfesmsCHEf ), AFERZ2%21T T, {LFEFTEAT O F A IETRE0R & B A
ATV, RFE— 7 v AR O NIRFE — R e OEMEZE D By 7 ) 7 ROR
ERat Uiz, TORER, 7 A Xu¥ v & EFE Grignard BOGH] & OSIZBWT,
H LT 07 U — k% BIFRIETHZD 2 ERbholz, SHIT2-A hFF
THEVLVEDRINICEBWTYS, 70Xy 7V U TERPBHRINETHELND Z LR
DProTe, 1-A X7 X2 Lo WSS, PREOCIETHNAERY % 5- % 72,
UL, 7=V —ERAWESEEICE, AEITIEEA N7, BITE, K
FRBE SO BT D RS DRET 21T > TN b & 2ATH D,

UL b, AREFZE T, $8 NHC 884 & BEt; & OUGIC L VW BEG-NHC $E AN 2h R E
RCTEDZLEEHALMNI LT, 51T 3 JBEE Y —Rl= F LR E W25 H R
Grignard JSHI & flx O FBERETRE L OIS BFET LIORER, REFE-EHRMEG
DHIRBTRFE— 7 v HBf A OKE A O 2> 0y 7V 7 FOSHEST
THZEEROLNI LT, 4%, 3 e —REUL 72 NHC (HAHWIET Y U 7 A
) AL ZALAATERAL 1 & 2 ORISR A G L, NHC i ~De|~7 7 7 A |k
DA & D RFEGEZSE RO AR 5 ONTE NHC B0 2 A HARE & U CRIAH L= A1
— & REEENA T Y RS DOZE 21T O TETH D,

[l R ]

[1] KEF, P&, A, W0, “NHC $RE5EA H o NHC KU REEROEGH”, # 6
0] CST AL ~7 = A %, P1-038, 2016411 H 14 H, HH.

[2] #EF, WA, o, “vr—Al= v 7 ViRl 2 - S ALY & 5 E R
Grignard REED 7 1 X F 7V ZEOR”, # 6 Bl CSI b7 = X Z, P2-074, 2016
F11 A 14 H, HAL
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LC/MS ZBRME L= T 4T — MriBE &R I T A — DR sy B L F-h
TR BOTERRL R R

[FRBLUEW]

KIEEN 1 nm B2 E DT AT —MEEL T T AL — X E THY ., FICHRE, fREETE M, Seim
EWVST NG TII ALV EE 2R, ZIVHDRHEITX T AS — D W A KK FL TREL
BB ERHALICEN TN, ZHLTEEHND, 20X 80 T AL — %X DYV A X K
BIA R T DEIN N T HZ LTI TAZ— (L FEDORIBIZB W TR TEETHLHEE DI,
THOLT-HAR DB DN EESN TS, L LR S, F4T7—ME#ELE 7T AS —DARRIZEB W T
1%, HDRONT=A T IEERE, 77 AF—IZIREMEL THELNTLEY, ZHLIZRBEICH LT
RT=BIE, R 2 72 A XD &I TAZ —DIREWIZX LT, @ik a~rr57 +— (HPLC) %
FAWAZEIZED, ENOEALFEMRT S I BET D EIR 2R L T al, I Bk %
BONL T ICRESINTB R 7 T AZ — 2OV T, 2D X7 @ fRBe BT S R B L CE T
DO, BUKMERNL IR ESN TR I T AX — 12O\ TE, BUKEZ T AZ — DA~
HPLC CTOHBEDOHE RN D720, E T TARMFIE Tl Bk 7 A% —IZxF L HPLC % e
BBl MR BE D BEEAR O BAZ T ARATZ, BIZIX, 7ua~hrT7 (LC) LB &5 dEiE (MS)
EZEEB LT LC/MS ZFT-I2or FEEL CEAL, WBELT=7 7 AX — O 27l 352
EIZHAEATE,

(=8B FHE]

TNEF A (SGH) . N-7BF )V-L-T AT A
> (NALQ) | p-ANH 7 N2 B (p-MBA) |2
FoTR#ESNT-T AT — MEEE T T AL —
(Aua(SR).; SR = SG, NALC, p-MBA) |%ifk A
E=ICIEIZ I GRELL72RL Bk Lizr T A x —
WZDWTI, WD m O EEE D Sy B A 27
BUKMER EAER A7 2% V= HPLC TR
L7z, BEIFHICIZT B h=RL, FER T > £ = L Aw(SG)n P UV 7 u~ b7 T Lk
T LKA HR A N Gy BfE R Ay Db R R A S VAN NN
LC/MS [ZXDFHmL 7=,

a
AUp~15(SG)10~12| AU2226(5G ) 1720

[EREEZLE] il ’ !

—HlEL T Aul(SG)w D UV 7~ b T Lk~ | A5Gl A5 |
2raw 7T 08% K 1 IR T, UV /e~ oo - c h
AR O L — 7 RSN, ~AsEh s
7T DI, AR FRIE RIS C R D KK T remaor e o |
DRI FNTWDERF SRR STz, X 2 | | ) M
\ZIX, 7~ T AP OFEK a~) OB B&ANRY J
MVEIRT, FEBEART MV, 2251k SNBVU W
TR D7 T A — PSS ITZ, ZOZEEFAR 2000 4000 2000 4000

Mass (m/z) Mass (m/z)

2 1z 52— SRR ‘
EERTFIEIZ LTI TAZ =03, @ iEe T 92 £y ROBEAS f L.

lon Intensity (a. u.)

e
AUjg~35(SG)1518| Ala1~52{SG)a7~30
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AR SN2 Rl TWD, RO FiEZHWDHZE T, Auu(NALC), B XL
Auy(p-MBA),, ([ZOWTh, B0 fREE YA X T RETHDHZEb ot VT, AE

BRI CBLIS N4 7 T AX — DR 5 A% X
3 17T o Au(SG)m (T OV TIIBEHRRI DAL
Wz, EICRE RV AREIE T, Fr 72
X —Hh @B T N TE, £
Au(NALC),. Auy(p-MBA), (2B W ThH, #Hii-
IRRARR DI T AL —H BT HZ LT P LT,

51T, p-MBA ZEANL IV A1,

fh DBELNL 1% N5 A1 He~FL AR o3 A 3
DI EL BT o T2, p-MBA X SG,

NALC (2R D EEVEEZH L WD,
R ESND T TAZ— DRI RS-
265, LLEDXIHIZ, LC/MS ZERfET 524
T, AR &2 IR BUKMET AT — MRS T AN —

BRI T DT LIS RIIL MR DR 3. BRI SAUIE Au(SR)m ORI,

(AR EZ R I 9~ Z &SR PIL T,

[17Y. Niihori, Y. Negishi et al., Phys. Chem. Chem. Phys., 18, 2016, 4251-4265.
[2] Y. Negishi, T. Tsukuda et al., J. Am. Chem. Soc., 127, 2005, 5261-5270.

FRRR
1. TLC-MS (ZEDBKMART T A S —D i 5y R He 7 B &2 O FRAT |
BHAESL, B RAh, LS, FriR Al AR A —
5526 [0 HAR MRS FRKE BT BHMERLERE 2016 212 4 19 H~12 A 22 H

2. DBUKPERCAL FITIRFES NI @0 T AY — D RIR IR/ 0~ 17 T 7 4 — (R DN Sy DT

DEAJE |

BoRA . A HEEAL, BTIREERD, ARFEHE—

5 6 [8] CSTALFET =A% 2016 27 —h—/Uiiild 2016 4F 11 H 15 H
3. TLC/MS % FI LT BRI A 5 22 — 0 #43 FRAES BERE IR OB % )

BoRA . A HEEAL, BTIREERD, ARFERE—

#5010 [y R ERRR S P 7 ryar~—h 20164E9 14 H

4, TEERIRIRI a~ 7 4 —\Z X8RN T 4T —ME#E LT AR —D &5 fiREE S B D

S |
B KA, GRS, FTR AR AR I —
ML FRER S B R LSy 23R 2016459 A 11 H

5. TLC/MS O3 NI LDEKMET AT —MEES 47T AKX —D @ Zr fif e A X5y Bl S 5T

5K, SRS, FR AR AR I —
TR 14 Bk dLIVNEBRSES 2016 426 H 14 H

[##]

ABFFETIE FERFACFEIITERT O A JEHEH S BRI I 20, HAT IR BIRIC R B

HEHIZZRDEL T, DD BILHAL BT ET,
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NG T = LU DBEFEEORES L WEAIR
NILEL  BOR R AB2 R g Al

[E]

aRG T2 VAT = AT 2T — R T ) T a— T O/MERKEAL T H
D, NUBVERICHENTZZMIZE > THF A RERV AR A R LTHI< 7 Ehkx
IHSRERAIRNHIFE SN QW D, ARIFETIE 7 T 7=y (B, V01
NFFH . PAFAHY) OBFMEEZ CFHITE - SHREATFHFEZ W TH L2
2L, HWEMEMEZRET 01002 EL 2 2B E Lc, MEHREE TOILF
MHIIZL > T, 8OO EBUVRNOLERINDG T 70T T 2=V DI NFF Y
([8]CPP*) 723, 30m BT/ U v /I lskd 2 HEMME (NG ERENE) Z2Rd
e, AR ) Fa—T ERRRIGERNEIR TCOE N E R T R E R 50
WCLTC&E T, SEEIIRYA XDORRDL T A ([n]CPPY, n=5-9) OREM &
£ (MCD) A7 b @AY MVERGE L, NG FEMESCHFRHEDOBR A
N G R

[ =8 T71E]

BRY A XORLRH7aRT T2 PhF A3t FRE NI LI ik
(S%m@qddlAmC%mSwlM@L%ﬁ%)3®§%Lbfﬁibk@ CAS¥
HFFL DT aa AR RO MCD B8 LU AT Mvid, Bz 0 £
7o M G E i3 e e EH 2 W T T L T U RHA N CHIE LT,

[t & &5 %2]
(1) 22722 P HFAD MCD AT RV

[5]CPP2* 5lcPP2-
’L . 1 1 1 '} '} "
[ejcPP2 b [6ICPP2*
)ﬁlL A A A A | _1

[7ICPP2 o N [71CPP>

- o
\‘A - —)\\_ L i i L = Wul
STy I . +
: | \_'_A ’r/\ o " III’\\H_ -
L h L =1 L _‘--\'r
o _:E//\ e SN tsioeer
&z//\ L L _.w -

[ ] 1003 130 1400 1 o T.II-RDICI 1003 1200 1400 [ |-;E: 2000
Wavelength/nm Wavelength/nm

1. [n]CPP* (n=5-9) DEFWIN AT ~L (/£) & MCD A2 kL (F).
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T RTO YR F A AT ARSI & AT SEBI RO 2 & B T RIME D%
WAk U CHREE DR WA MCD v 7 v @il &z (K1), MCD v 7 v
DR E ZDORE DR S 1L, hEIREOMIR L HuEAEBIEORE SIS L, HE
AL A 2 E T D, VI TF AU DEORE SPN/NEL TR 513 L,
WARAMERL D MCD ¥ 7 VBN e[ fiE D MCD > 7 FLic e _ T 72 5 Z &
HOMZRY  BOYVA XDNNSWT T AL OFNF ) v TEEICHERT 55 EF
Wtk (NS EEME) RN EDRRBEI D,

(2) > 7aRFG T 2= L VATF ALV DEHIEALT L

TRTCOYH T A ANLETRIMEBI BB S, WIEEORREEY 7 F &
FRICERY A AMRKRELBRDICONTEILERITRRES 7 MLz (M25), @ity —
JDERNF—LRINOEXEUVBROBOWE (/n) 7wy hLicEZ A, K
WEBRBEBEAESNE (K2A), 27057 2= L MW CIIEY 4 AN/NEL
RHDIDNTARN =T AT ERRELSRDIEDRESNTNER, PHTFF T
IFERY A AD/NSWNEER M= A7 F/ NS Ipolz, ROV A XPN/NZNT T
F A2 TIIEE DR RE TOMEELD /NS N EDIRBEFL, BROY A AN/ E
VM ETHN B BERMEIC LA LZEAPRKRENWZ LICHK T EEZ 215,

[5]CPP2*

[6]CPP2

BicPrrg o=,
e o /‘:M
; [6]CPP l/ SQ—O’(

[7]CPP2,

[71cPP2*

[8lcPP2*

Int
Wavenumber/103cm-
>
c)
[@]
)
i
O
&S

\\\\\\\

[9]CPP2 S
ﬁ_ﬂ/—r‘_,.»-—-—\
— - - — e — o .00 005 010 015 020 025
Wavelength/nm 1/n

X 2. [n]CPP* (n=5-9) DHENAY b (f) LBV A X L8R (F).

[ ]

C PR

(1) “vr7unRg 7 =L rOmNEERMEICET 20050 L OBEERIE” , HAR
BR, R w2, FR R—, I %, B ER, NI B, AARIEFERE 1
37HE, 201 7TH3H24-27H, A,
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R o R FOE L Ytk
BRI SRR 5 TR R AT
B &)

BATEREEFFOBRIR o B 713, T LWOABEE RO ARG & 70D 2 L3
FEND, R, 0T OEGEIEN 72 EOEE WL, BROERI IV HMICHHE T
X HAEEMEN D D Z &b REFKR, AR T, Bk &S+ Tho 7 m
NI T z= L AT R i RERAEZEANT L2 LT, BOEHL L EBIT~T RILHE
DINFNZ L T, BABEMEORNEZ 2 S 2 AR OV TRRET T 5, £,
MELOFZEE O ML, /P HEE L & BICHEIRREED L 7 #EEOHIE S HETH 5,
AT AR EREE ALY BAET DR IE, o — cHHAEERZEBT 50
WCHN e FETh D, v 7aRT 7 oo L AT R iR ERE A E AT 5 LIk
Do THMEEERZ = be—r L, AR E UTHlEET S X O Z2EAMEE A W]
HEE L72U,

LBk

H[FEFEE CTh DAL O L1, v 7 T 7 ==L O 7RG IE % i
SELTWD, I REEFERTOEAK « IRotiX, ~T ey 7 a7 7 =L O
AR LG RAEE YT 5, A A bl - 1L+ D1 DItiz, GPC EEEIC X 5 R5ids X
O X BRI & DS 21T o 72,

KGR

BT, 7—AF =7 —HINT O bEWVE7 v arThablnvraxdrz=1Ly
(CPP) DAFZE N R L TRV, D 7 v —F12 X v [5]CPP 725 [18]CPP £ THVAHL
INTWDE, Fx bIUFZ7NA—7LOIEREFEIZE Y . WL OO BBEE CPP Fifx
K (=R F 2 7—=7) EM LI, RBRLEGMRF—7y e LT, Fa—T7HoD
M 77 72+ THHI—RF )~ RAEHR &N TV 5, 1983 FEDFRERLLE,
%< OEBALFE DI L T2 03, WEEIZEROBEIL /v, Fex1d DFT FHEIC
X0 AN RESLT LT — & H HFEE R E 72 HOMO-LIMO ¥ ¥ » 7% b o747
FEHEFH L. JIOF /L FOFEREBELTWS, 7/ 7—F 1IN UBE LR
HNENTWATO, EIRTOS M «— = fHHEEHABNECIZK< W, —FH, 7/~ k
37/ 7= XV R ONT LR UL —BoEdk LicRm A b, ZD7H, 2RIt
23 FM o — x MAEERZIRD 3 < AREERR 8O =— 7 I ERY D I
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T& 5,

BANT, Scholl KIIZ X287 = = L OB LI KER IS ZMET L=23, BN
ETDF /NNt EEDZEIFTE RS2, 2T TFROBIKFBSIZ L 0 A
Vav—nNELDHZ &, KISOMBRREZHIEITE RN &, BIOHEERIZ LY
WHREWARNENST D7D TH D, RIT, 7y FREHBLLUIZERY ==L U OEET LV
ST T ALKRFBRISZHF L, T I orFdnvrund s 27 =12 T
(%, 250 C TR EIT L, HIHEADORE T NIV Bl —Fa L a2 b2
DT EMWNghol,

BE

LSth. SHICRERT7 vFBEBRIR 7 2= 2R L. T/~ MEOBF 21T -
TUWE 720,

ARG

Y. Kuroda, Y. Sakamoto, T. Suzuki, E. Kayahara, S. Yamago,
Tetracyclo (2, 7-carbazole)s: Diatropicity and Paratropicity of Inner Regions of

Nanohoops. J. Org. Chem. 81, 3356-3363 (2016).
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BHE_IR v BT — 7 OfFHT L il

Bl FF b HEHKR TS R R
WFFEE R
LRy hU—27 Rty hU—2 . Z ORI EMAEERNR Y NU—2 7
EDHERR Yy U= DELIT o H LRy MU= LT8R | WREHARONE R
Hl (R7—n7 10 —t) LW oHEEZFFOEHREIN TS, 2o TRExR v
NU =27 XTEAMEEY AL FROGO 2 IS pE S 4L, WX Z o 2 O TEAMIC
DHAFAET D, Thbb, 77 7EEEZFF O WO N H 5, £, FFa—F
RNA-% U R 7 EFEAEH AR Y NU—2  FEHI—REBxR Yy NU—7 | BH|—F 0 E
Xy NU—2 78 7T TG A RO, ZALE T, REMERE & LFEEE 51X
T T IEE AR Oy N AT DEIRET AR S T ISR RN L
%y NI — 27128557 LI OWTIF T2 {T-o CTE -, £7-. T4
HEMEPE L COWLEMER Y N T — 27 OfIIZ OV T B LR ZITV, 7T 7 Hi5
BT B HEESEAWZTT b s T OEGMT. <512, ZOXREAEZAWE
= — RRNA-Z U XV BEHAERR Y N T — 27 Offfi 72 EICOW TR EZH T TE 7=,
AR TIEIIN D ZRE ST, 77 7EEZROLOLE D HMERR Y hT—
7 OWEECHIENZ W T, BRRENT, > 2 L—3 3 VT, T — X X— AT 21T
R

BREAE

WEAE L D IL[FEMFFEIZ W T, fe/ KBRS (MDS) 12 K DT 15 % ncRNA-% /37
Brxy hU—27 W) “HiEEERFO>*y MU — 7 OffNTICEH L, Z OfEs
D, o, RESHEENRRLIH 2Ry NT—=2ZIZhBiandZ ex AL,
52, ZER Y b U —71Z%9 5 MDS (23S < MZETASS (eritical node) & JUFRTE A
(redundant node) DOFFHEFIEZBFE L, T Z2#EH LR, MHETAS & 725 ncRNA
[TEE L BIEMEN S BERERN LRI HENZWI L2 /R L, £OWE4 8
UC, BRAEABIONEESORBEOZOIITRIAEEZIT) ZENFRTHD Z &
MRS N, 22T, LalL 0 HFETHE L Qo tEm 7 T 7RIS & R oM
NT— 2 OFEATIZEB W T HRTAER G H TR DN E NI TA T T ZROICED | Bl
BFEZBRT Ulc, B U72RiBFyE1T, BART & 0 MATH R O BRIV TW
B, BB R LTEMEICESS bOTH D, Ta LIRNCBIF Uiz B a8kt
EEBVIKLEAT 52 X RABERBLIOTEERZRINT 5 LMD
Wiz, SO, ZOHBETFIEEZ X XV EHMEER R Yy U — 27 Offthrici@ i Lz (1],
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(SRS

BHUCBAR LI A FIE O AR L MILT 272012, 7 0 ¥ DA LT-EH
Xy NU—27 « T—=FEZHNT, DRI L FlEE DR EIT o7z, EOREE,
KT 180 (F D mH LA R S 4L, 2, WHTE Ry MU —27 OH A X758 1000 T8
FOBLONEG 25000 THEDOHD~E | 2B fEOHBICILR LTz, 2T, B LTk
b FEEOTW ONOEWFED X L X7 EFEAER Sy MU — 27 OfITICEH L
Teo TOREER, MDS TR D MHATERICHIST 2 7 87 Bid, AFCnE L S Tn
L8 RTETHDHMHEENIRNT L, BRI, KAICEE L= ¥ v X7 ETH D
NERVZ & RNFEIOR SNz, E512. b OB FRIT — % OB BT & A
HAEDETER, VAEATESRICHINT 2B FIIM DS < OFIE ORI T —» L)
LTCWAHAATRNE WO FERDE LN, Ry NU—7 OFENCA H7e&B 2 17 L
TWDAREME N E W Z VR Sz (1],

F7o. FEREOKXFEMEICHE T, 2 E CHFEFELZEM L TX7 MDS & D4k
Kxy BT =TT ~OIEHIZOWNWTE & DR E HE LB, TR S
ni=121,

L% DOFRE

ARALFRFZEIC L0, EH 7T 7GR R OBEMER Y FU—2ICR L, MAETESR X
OILETERZNENFET A ENAEL e oTz, ZTORE, B hEEDIZEAL
DEYFED &2 X EREER Ry NU—7 ONTICEAT 5 Z ERAlEE 72 o7,
L2 L7223 s, Bl FHERy hU—27 0%y MU — 21BN TR H Itz
Fpol-d, BIR LT HEEEAT L ENTERY, £ 2T, BE, IR aF
OBMER Y NU— 2 TRIEGL, AR T IEEROEMER Y hT—JIZH L THE
HIZHATHRB L OREALHET 2 FIEOHBEEZED TND, LoT, 2O
BRI, LVEOERR Y N —JATICEAT A Z ERFREE LTIERENT
Wb, £72, Ry N7 3EEKELH D=0, BEELEE L L CTHAEESR E
O - fETZITH) ZEHEETHY . TOLDORGEED TV,

FE 2 im 3L

[1] M. Ishitsuka, T. Akutsu, and J. C. Nacher, Critical controllability in
proteome—wide protein interaction network integrating transcriptome,
Scientific Reports, 6, 23541, 2016.

[2] J. C. Nacher and T. Akutsu, Minimum dominating set-based methods for analyzing
biological networks, Methods, 102, 57-63, 2016.
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NRAFA VT T 47 RACBITEHEET —FITHT 5
FEHPOBERBRRET LI Y X L

L. ~

HAF

N
[
<t
P
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ki
g
S
%

oo
AN\

FSE B B

W& T — X DFENTIZT — X=X GBI L E LA A T~ T 4 7 AR E
AT =T 47 AREDIHTTFICBWTHEEEAH L >Oob 5, EE, <D
T A R—=AN XML 2R EORMEET —F EHANTRELEND L2k, —FH, A
FA T H~T 4 7 ATHDID RNA UkAEE, B E, IE e & oEMIERT —
ZIIAREEZH NV CTRITE D, INHOT—X IR L CTEEBRRBEEITHITE, K
WG T — SRR LT §iE T — 2kt D 3 F — o~ o T2 TR 2 28k, 7D,
EEIAT ) FRMETH D, TNETICOHA RIEFENEB SN TE N, 20
% AXMERECFH E RN BRERIRAENS 7o W e FORIER B o 7o, T2, L0 Flkie~ v
T2 T AT O ITE BN D S 2 B E AW TREAT L2 L b METH D,
Z I CEBETHED TR~ v T U 7 ROMRBRIT OV THERECFH B e ] | B AR O £
AEZRED, o, FEERICLEEICENET 27 3 U XAEBRFET L,

BEtNE

IHNE TOEFMBEICBNT, X0 FMRAAED~ v F L IROME LA ET D
e, T 77 I TIIBT A =T 4 —v g v ERORERBE RS LIoAR
& OBRP M E R & E AL LR 21T > CT& e, =7 47— 3 VI3RH
EORPMZM L T2 OIZHHTE 27, FERs s LT, 280y (EL2D) THA
IZHN, ZEDPEREHARLHIAEE .~y TFTELZIERbITONE, ZOZ LI
L0 WEROAREED~ v F o 7 TIERITE RN o7, [FA—EE DA E AT
HELT 2 L WORIKEE DT~y T I ML b, 2=7 47— a3 U3
50 LU EDORER 2 R OB E M T —~Th Y, TNETOEL OFRPITONTE
2o LIZLZERD, BEDOL=T 47— 3 o Tlid, ZKBAHKESGRINZE I TR
O, WHEHNRE T 77 I 7R EIZRE STV, (bEEE, FEH, b
R EDAEMPACFIIE T 27— 20, BT — R EA WO BRI EADOF
HRAZANEZ 2T, 372030, ZHAZFF L7 ECAREED~ vy F o 7 &2itHE T
T EMMEN D, BACHEA AT LT =T 4 = 3 2o TH N On
WFZEIFAT DI T W ey, BENRT A= EGME L W o I3 R EERIC B IT 2 BLRAY 72 ]
B ORI TN T\ dro T, £ 2T, ZHETCEICEE RN T A—ZEHMEL
WO B D RZHAIORE AN Z T L =7 4 r— 3 VOV CHFEIFZEE 1T > C
XM, AEE, FOMEEER ST (1],
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ZHAN DR T 56, MERORTFT%6. MEZ7FTHa. R AR EEEI
B 2052 HTHAREOMBAE LRI ONWTEE/ ST XA —ZRHPEICTOW T %2
T, LT ORISR E 2157,

- REEHIZFF LI E . WA 27 L6 O WM

c RMRN OB ETF LTGAE D (bARED S & TD) KoM

- Al =B OEEE OB AT S WA OZEAREH 7 LT U XA

- BN U T2 356 O SCFA I O fRAE BEBEF 5 o R M

- BH ARG U T2 356 D A I D i 52 BB o IR v
D DOFRERORET D L 2 AL, R—ZEBPSEREEINBLT 25812 20 TIEHD
EERN Dol LTCha=T 4 r—va v ORIIRETH L0, ThEFFSA
WA, =7 45— a VIFENICHEFRRTH DL ENHI L ThH D, £
T, EHAORBLENOIER —ERE R EBCEES 2 - L TCa=T 41— — 3
VEIATWV, ZEZTRIEENTEAATIZOWNTHO T2t H 21T H) &) Z BB X
bbb,

SH%ORE

AL LD . AEIZHT DR~ vy F o 7 OERMO—2ThH 5, AZHH,
EORZZH L= 47— 3 VICOWTCEIE BRI e AR 2 i 5 Z LR T
oo ZOHMED BTN, B =T 40— ay s TAITY RLEREL, £
BT — 2 OFATIIEA L TN T ERSHROETH 5,

—Ji. AEET —ZICKkT DR~ v F o T ORBRERLD—D>ThH HREUFIZ
DNTH, ZTAE TORFIICEB W TILRIROBI 2 E 21T TE o, SFEEITAR
AET N ZLOEEMIZONT R 2T 7eh, BERE7R7 03U X LOBR%
WIEEL R olz, Lo T, MERAUET VT XLAORBELASHOMEE LTk
INTW5,

F& 2 am 3L

[1] T. Akutsu, J. Jansson, A. Takasu, and T. Tamura, On the parameterized
complexity of associative and commutative unification, Theoretical Computer
Science, 1in press.

[2] T. Mori, A. Takasu, J. Jansson, J. Hwang, T. Tamura, and T. Akutsu, Similar
Subtree Search Using Extended Tree Inclusion, Proc. 32" International

Conference on Data Engineering (ICDE2016), pp. 1558 - 1559, 2016 (Poster).
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MiSeq IZ XA AT IANARDNARY RS —F¥DT7 7V a @i
HHRL BUES RS AR

1. B

Megaviridae BHIJET 5 KM U A VAT MFREICBWTHEETH LMW 77 7
Nz ELTDEERMAEMOAEREEBICKE REEL RIET EEXLNTND, L
2L, BRENS O DNA Y2 7 % VT Megaviridae Bt 7 A /L A IZ% L CHRERI 7018
BB ZHE L, KU ANV RADOSRESCHIR S A AT 7DDy —)L (FT7 A
~—) IHFIE L7V, ARFE I, EBEEA YT ) A7 ey =7 N Tara Oceans O
ay NIV AZT ) AT =2 %FHT 52 L1280 Megaviridae Bt O~ — —&x
- (DNA polymerase, RNA polymerase) (ZHRFEAY72 PCR 777 A ~ —xf & EGRFH L7,
RitSNT= 7T T4 ~—Z2 T, BARBFE CHRIRES WV AEDE 53726 O DNA % §4
LT, v —EBxFWhZ8EE L., Y RESFTAET 2 RERY —7 = —
(I1lumina, MiSeq) (2 XV 7 7V a Ui aiToTc, 774 ~— Okt L UHHEAL
FI7— & O IZ RS (i 5H) EIEFETITo 72,

2. EBGE

MW7 T A <= —IF h2T FEDOARFEIZBOTIRO & 9 1Z8&EF L7z, Megaviridae
ICH kT 5 ~—Fh —ig{n+ (B-type DNA pol, PolB) % Tara Oceans * Z /7 ) LELH|T —
2 (923 Bl8l) BEONITBEI S Aovbhhit L, RSV~ TT T4 A2 b 2AT
VN R A ERL L CESIN D T — M mAT o T (GREINFEE - R WEER U E
=), RO NV— 7 (R NLT v NE) ICERDSE T I~ —xmikE L (WF
ZeREFH - HH., MW 1 - Hingamp, =), K77 A4 ~—% Ak 28 4 11 H Kk
BCERBLIZEKRE 7 (VA —THBT D Z EI2L Y BAEYES (3.0-0.2 ym) %
BTz, RENHHIEH L7z DNA 28581 LT, (B L7277 A4 ~v—%2 VT, v—
A —1BA=FWr % PCR g L7 (WFERERSE - HH. e IE - ). kI, 56
AVTC R EY) 2o R AR o — & o —Miseq IZHE L bV — R& 787V LT
% 9T%DFAREIPEIZ FE D = BER R EAL (OTU : operational taxonomic unit) (27
FAZY T L, OUT T & OEFERMS T 21T -7 QLRSS « &5, Bt & - 25,

3. FEERHER

WEAEE & “CIZ Tara Oceans * X /7 ) IZE& £405 MegaviridaePol BECFI D 9 5 97. 4%
EAN—FT D582 DT T4 ~—ty Neikil L, £, ¥ DNA &% 1ng,
PCRY A 7 NV % 32 A 7V, 7=—VU  JIREZ ACICH—T 52 & T, WTho
TIAv—ty FEHWELETH, FRVOMEEEN D GEOND Z BB E
2o TNz, £ 2T, REBRSAZ VT, Rk 28 45 8 A O KBRS OKa Uk L v £



B U 7208 A= 18 55 @ DNA
ZEER L LT PCR %
{To7z, TORER. 82 & v
FDHH 69y MW
C. A A 72 PCR HAHE FEY)
g Lz, €2 T, 20D
25 62 VT NDEYE
= o ARMTICAE LT,
&SN TEFNZ DN T

PolB (ZVERRAHT S S
WAz L=z A, B X 1. MegaviridaePolB Z & & L7~ PCR MR EY)
8,358, 699 FlAZET-. 75 KIRE LD 7= A 5 K0 fiiH L 7= DNA % 85

e L7z
AL T ATV —DDRELS
LIEERNT T AR —%
B & L 72 & 2 A,
107, 2910TU 1243 1F H 7=,
ZDH B, 99, 1680TU (92%)
IX. MegaviridaePolB [Z7E

RISz,
4. &5

Tara Oceans 713 =7
MEBTLY TV TB0R e 75250 v ZHIES L 0 0UT $ickd 5 L
PEVE, HUHRME, A 2 NiERER T va s A—7
HULMZAT DAV 7 FRIC
AANHEOFEHIE T e, L LARIFZRICE W T, ki Bmskd 2 2 7 7
) LT = ENOERGE LT T T A~ —IT LY RIGE OIRAEYIE 5372 MegaviridaePolB
Fo 2 R AR 2 A 2 E N ARECH D Z L AR Lz, ZOREERIT, ARFFED 82
DT T4 ~—% > NPT FOUEET Megaviridae B} 7 A /LR D LAFRMRCARE % 1 FE
B D7Dy — L e LTSHAIRETH S Z L 2R LTS, Lih, —
OOHBENE, 10 HEBZD 0T 2 L2 &b, HBEED Megaviridae B 1 L
AFEINETHLNTWD EOEMHEL D b EWSEEZ AT 52 L 2REB LTS,
L. ERGEMEZSIHIZHEL T, e eiBHIEA U, &3t Ry o iE
)72 Megaviridae £t A /L 2 OHEFEAI I ZERMERRANT 21T 9, 2D X 9 2RAF5855 1 % 1%
T, MEEICBIT DR T A VA DSHENESCAEREDAEIA S 1L, MEEOWEIEERBIE~DH
fENRtETe b DO LI D,
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bt FMENMEERERET - RXR—2DBE L
FDRABRE ) DENT~DR

LR O TR

HEY -

AILFEBFTED BHJIE e MGNREEDORBOSERIE T — Z N — 2 DBE KR O D15 I
L DBIEN D ORI TH D, b MENICIZZEEELBEM N IEL WD, B
NEEEHESE DNA 24 L, Z ORI EZIRET DA 2T 7 LMEFTOFREIZLD | E
NBNBREE T OF B Z OBE TESINH SR> TE Tz, L LR D,
HEPNHEE OB THEREICEE L CIXE O Z S BRI CH 5 Ric, BEAOFIICEL T
b T — LRSI R I TV RN, RIEFEFZEICBWT I E T, OXEEHR» S
DOEEA O SR EEAE MO X 5 v MIBNREICR L LRt T — 2 X—2 D
HE, BXO, Q& RMERARBERICCHT 2 BIEFEST /) T—a v _A 7
TA LV DOWBEEITS>TCE, KEEITABRINTWAEEBROE MENAZ ST ) A
T2 L EEORBISRBE T —F _X—=2 x5 Z Lk, FEOBNEREE
DOHERER ZZBCRE A T LT,

Jik

O3RN D DT —Z fiiH . ZHETICHE SN TV D & MENIZE T D HIE R O
F— 2L a ke L TITV, IBNEREE & L CORBIRIEDT — 4 _R—2 % L1z,

QF —H R—=ZADHEE OO EM NEEFEDT —F XR—=A AT 5 Z LIk 0 RN
IR IGNERBE RIS T — A R— R AR LT, RIEEICHEE L2y =77 7 A kel
F e BN R AT LAk LT LT,

RF =4~ WAL T ) AT — X OREET /) 7 — a v RO 21T - 7=,
ANRENTWBEHEABIONT ~—27 NOBHNA X T ) AT —2 &2 HW, ZTNENK
JRE Y 2 — VORI R D I 21T o 72,

FESR WS LT TR AR IR 1T 662 DRSO, 5456 DALEH. 259 DRIGHRIEE Y = —
JLTHER SV TN D, KEGG T —H RN—R 72 EOBFOT — X RXR— R ZEHI TN D
FOSTRIEIG M2 N %, 3302 OARHE S, 2963 DILAY. 476 DIGE Y 2 — /L Z KA
LTEBY, ZHHDORKZ AL LY — NV E1ER. BEEORA LT ) AT — S e~
T LI EEARRIZ LT,



(WCompound (2Reaction 5)Annotation

holovl- Deoxycholic acid Secondary bile acids, produced solely by intestinal
EAOXJEHING SO deoxycholoyl-CoA bacteria, can accumulate to high levels in the enter-

hydrolase (EC:3.1.2.6) ohepatic circulation of some individuals and may
S=Coh contribute to the pathogenesss of colon cancer,
ﬁ gallstones, and other gastrointestinal diseases
(3Enzyme ;
baf (®Species

Bacteroides fragilis, Bacteroides vulgatus, Clostridium
perfringens, Lactobachlus johnsonll, Lactobacillus
plantarum, Lactobacillus acidophilus, Bifidobacterium

5 longum, Bifidobacterium bifidum, Bifidobacterium
Jqé?\‘ ’ ’ [ .,Ctég\l o > W adolescentis, Listerla monocytogenes
(7Reference
.
@Module J Lipid Res. 2006 Feb;47(2):241-59.

CRER LT — A R—20= MU (R, T2~ 7 (F), BNHE
W2 L0 REf SN D16 (compounds) | BER S (reactions) . M ONE#E L 72 SOSRE #6
(modules) IZX VFERK S5,

R

«{

EEL
AEFEOIFFIEICID . BHE LT —F _X— AR L BB TN T T4
DIEEB L OET —F~ v B T 2iTo7, BUEART —Z X— 2D LG 2D T
W5,

TR
L

TR

R KBS AICE D 5 BTSRRI DR : 85 3 OB B ARG FAEMZESES N
V7 4 afiik, 2016411 H 30-12 B 2



2016-30
PV BDOEM T ) bR
SR KPEENFIEEE RS B XK BERFZE FIT

H 1)

U O AE R TEERE) 13, WPEAERRRICB T 2 B RAEES & LT, BVl
ARICUCHT 2 HIER IR DY AR D 20000 EA 5, Fio, ZEEMELHEE 10 TFELL EE &
<V BUERBERL TV OMMBETH D, £ OERFAIVEEMED G | BEEEEO B -
HEAIERE O % B g L2 AFZEA R A & 72 0 | BEICEEREEM O 27 /) A
DRI TS, L L, 2D, BRI NL—TNTORNTIZE E->TED,
RN O X O ICHEBLL, #bL, BEOHEBIZE >7-00? ZOREIKA L LT
KATHD, —J5, EEREFERRO Y I OERH 720 b HKIBICREMIZAERT 58
IV EEIE, ALK T 5 EREEARFBE TRIMOBIETH - 7223, T, a3 v~
DGR BWEUMIR THOIO TREI L. Z OBE B & Ll it 2 F52 & D) Tl 72
I N—TThHDHZEERA L, ThUX, 7L~ mpy, B BE & ik
RS 5 L CHRIFOLESSRAEMTH DL Z L 2B L, BERA L, MM OZEM
70 DHHRIC X D EER OB O A2 O S L, BEREOE(LO N X EED L~ EO
T WM A AR AR (REFAgEE) O bR THED TV D, KRS
YRR 27 FEFEIE, ALTFRFSERT O LRI FERREICERIR S 41, KEGG & A 7 AZEDIEHIZ L 0 %
) BDBIGT DT )T —va MEEEMEL TEDDLZENTE, ILIC—HES
B (SNP) OfEMTZHED, EOFER, D TIRBE D SNP ZRe D rlRethE R S vz, A
e TIZZ OFARIZHER L, 7L~ BRICH T 5 SNP OFEMIZR T 21T 5, S BIZ[RIFE
DIV~ Bk OBHIENT (S ay NHv—r v r) 2470, WIS
% SNP OBAEZFFEIZL Y, 7L~ L B 7V — 7 OEF OBIRFRIREE O g figfr
ZAT9, £z, HRIIBIEHBE NV EBOEYT ) LOBIBTFOT )T —v a &
IV~ D F BRI 2 MFE L7,

7k

F9 BFO )V~ @EETriparma laevisD 7 ) BT — X & S HIZFEMIHENT 2 /5E L 7=,
INETITEONT laevisD 7 ) ADreferencefit 2, T1lumina® ) — K

vy B LS (SNP) Rt Lo & 2o A NERE L%, £ A R T
DAL~V ETF =y 7 Lic, S BIZHATLT, 2L~ BEMN O AT 2 AlHe &+
L7212, 5 H OBIEE I Fric i W TR L 7250K X 0 BE O ER A BHAE L . 155
%DNAZ I L, Tllumina HiSeqlZ &V BESIfiEMT Z #ED Tz, I BIT, 7NV EED T ) LD
g e L, BEFOETAVAEMDOERD 7 ) MIMZ, 7~ ENAEE T 5% T
1B 5T D EEEF 1M Thlassiosira nordenskioeldiilZFE H L. TRA T 5 /L~ D HEERE
& IAlAR, B CHLEE U 7obR 2 5538 U, DNAZ AR U, Illumina HiSeqlZ & 2 BeAIMENT 2
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EDT-, Flo, HEREICHIEE ., VBT ) LOERREIE DT I RS & A
(LG RIAT A — X —a o B a—H — 3 2T LDOKEGGC Y AT L DKAAS (KEGG Automatic
Annotation Server) 3 JXUWMAPLE (Metabolic And Physiological potential. Evaluator)
BIZEOT )T —va raEtED, o EEARERRE A MREE LTz,

. g =

1) 2L~ B0 SNP ikt
—G R T (SNP) DOfEMT OFER-. T laevis D/ 7 D reference FLF (K 42Mb) H, K9
3500 @ SNP AH &, 2L~ EED SNP X, 0. 01%DHE THDH Z ENHLNE 5T,
TR O EEBED SNP DBEFE 1, 0. 1%D B T HEERIZ e~ e TIRBE D SNP ThH 5 Z L 2% B
%ﬂk@otoé%’%ﬂ@@#%bf®%£$%%ﬁbkﬁ%(HL»WVﬁﬁﬁﬁw
ThHERELELGAICTEIND 500DV EIZE—271372<, 30%E 90%D & Z AIZE—
THRRBNT-, 90 %D — 71X, T. laevis D/ ) 5D reference BlH|D T 7))L D
T—EBEZ B, 30D E— 71X, sV R SERTH D0, FEEKS, O n—
ZHLTWD AR Z e LT, BUEREOEERD S ) LAOBSNT — 2 ZBfGH TH Y |
BHOR 2 St BRI O 2 D . BoN R EZRICHRFT 5 TFETH D, £~
FEDLLEREERAFE & L C, HrllC v~ oA FiEk CO® SFE T nordenskioeldii D7/
LFRAT 2 BAR LT,

2) 7L RO EEAR R

WEAEICH| & & . K7 ) DORRER G+ DT ) T — a L Z2Ed - ik R, B EE &
L CIIFF RO LB DIV TV RRRIE Z LB e 2RI TR>Z &, Ul
DBTEN BB BN 2 Rl ) Dk 2 XV BE2FOZ Lot o,

&

2V e T laevis D7 ) A EO—HHILZH (SNP) OV A MBI HERROMEE /3
B R

ZM W% [EEROME(L - BROMEIRD RMOBEIE - L~ BOAEWF) KEBRA D
87 —T 52016 W KFERSKUGEENZEET L EFRIHVFIEE S 2016 48 H
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Biological Molecular Interaction Data Analysis
using Auxiliary Information

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 cell or individual patient. Along with these measurement developments, a
lot of biological and molecular information have been compiled into databases.
A difficulty on biological measurement data analysis is due to biological noise.
Against this problem, auxiliary information sources in biological databases is
useful to improve data analysis performance. For example, to identify groups of
cell lines or patients from gene expression datasets, auxiliary information of
DNA sequence, SNPs and gene functional groups (Gene Ontology) are useful. Our
collaborative work has developed a data analysis method for combining a lot of
auxiliary information sources, e.g. combining gene expression datasets with gene
networks or gene functional groups for clustering genes and predicting gene
functions. Our project of this year focused on a multi-dimensional array (a
tensor) dataset and developed tensor analysis methods for drug combination

analysis and gene expression analysis.

Method and Result

Targeted and personalized treatments are important for cancer research because
the innate of tumor or acquired resistance to a given therapy are essentially
different for each patient. Thus, a given therapy for common patients is
ineffective for a cancer treatment. Against this problem, cancer researchers have
been actively investigating relationships between effectiveness of drugs and
genomic profiles of tumor cells. Furthermore, considering the synergy effect of
drug combinations is one of active researches because it has the potential to
increase anti—tumor potency without increasing toxicity. In this case, a synergy
effect prediction based on statistical machine learning is necessary because the
exhaustive experiments are much more difficult than investigating single drugs.
In this problem setting, a dataset is given by three—-dimensional array (a

three—mode tensor), in which each element is synergy the effect of a drug
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combination for a cell line but most values are unknown. Thus, the data structure
is more general and complicated than a data matrix (a two—dimensional array).
Our collaborative research developed a synergy effect prediction method from a
data tensor and auxiliary information and analyzed real datasets provided
AstraZeneca-Sanger Drug Combination Prediction DREAM Challenge [1].

Another example of a tensor dataset in bioinformatics is a time series of gene
expression datasets for patients or cell lines, in which these axes of the tensor
are genes, cell lines and observed time points. This problem setting is an
extension of our developed model [2], in which a dataset is two—way array, i.e.
a matrix. Our research has developed a tensor factorization method to identify
essential low rank structure from a given tensor dataset with auxiliary
information such as gene networks and gene functional groups. To use auxiliary
information, our method used structured sparsity norm (group norm or overlapped
group norm) and developed an efficient learning algorithm to optimize low-rank

structures.

Conclusion

Our research result demonstrated the effectiveness of auxiliary information
on tensor data analysis. Future work is to reduce the computational cost for
analyzing huge datasets and more complicated auxiliary information such as
networks. Our developed methods are versatile. Thus, their application is not
limited to bioinformatics research area. Another future work is to apply and
extend our developed methods for other applications such as hyper—spectrum

datasets, scanning electron microscopic spectral imaging datasets.
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BRI T 27D DT TEEZRET 2, FiZ, B FOMHEXY T —27 O
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FiE s EP MEEZHLMNCTS, M3, 5 ODBETF A-EDORREDH H 250
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W5 (M1 EDXE) 23, Sample 51-100 (F] 21X, BAARBE) TiX, B FHITAD
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TW2Z & &4 %, Sample51-100 Tik, Z OMEHEENREL TBY . T74bb,
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1 D & 9T caselcontrol |2 & VARG E N AL T 2B T Z IR 572
DOIZ, AWFETIER, K1 ADe— b~y 7ICERLE, 20— b~y 7FIZBNT,
Samplel-50 (a7 A-E REWIZHHBEZEFD) Tl o728 (o) b &,
HUEIT -EOMERG, 28 (HH) 1/hsv, 7 (1-50) TR &, FEL
B RAICHZTWD (B TVB OB REV), —J7, Sample51-100 TiX, ¥
TVEICR L & BEREITEES T, L8 (0H) b REW, £72, YT AMETRD
L RBEBEILELTND (P rMogizhEn), BEFRY N —27 O
case/control Z{ki%. FFE sample ., Vo TR OB EO L EECEBOREE L
T, BRIk D, Foxid, BBTFE EREIFEME L. ZHEIRA D720 OREHIKR
MRELIRE LT, DFEV, ZHICKY, R ERDIBIEFIICp L H L, BinT
v U —7 @ caselcontrol ZEDFEFHI LA EMZEmIRD Lo IlT LT,

AR RBETLHHEMREIT, FEFICEE T, o, BROBEGEFREZ I RAITR
koD lh, NLT—ZICLOMEELTz, miEtEC O WL, BET 2 RGMREIL, &
B3t OFBEIfRE Z 2L AT HMENRR L, o, p HERDDHTZDOMED K LEHHE
(G@% 10,000 [Al72 L) HMBLE LApnWZ bbb, A b, IR LEFEICKD
HELD B 10,000 (FEETHD 2 ERIIFRFHR D, EEE, BEFEFEL LT, &K
T#9 1,000,000 150 @ b 2 R LTz, BIETEREOHRIZONTIE, #ETFIEEHE
BOBEAFT1EO ROC thirzfix ., AUC k2 &, BETIEO AUC MTIFE 1T (B8
W HsRT) Tho T, BEFETFEDIEE AL D AUC 1L 0.5 (&L Mt ERW) Tho
77

BE AN EETOMBR Y hU— 2 2B, R T ROMBEZEICER LT,
BUESEBRIC L D 2 OHEMEEZHEE LT-, 5%IX. 357 —4# (Gene Expression Omnibus
REONIET—HEEELTWD) [CEH L, ERRIZ, EMFHNICERDO S 28618
DR D0 E D D afGET 5, £72, SHITAL, 7/ b - BlsT - @ L~1ro
ety NT—JfT 2175 2 e S s, BACiL, 79 7%y MU — 7 B

(5 RE#E%. Nguyen B, [LHBIED) | FHHEMHET (Wicker 80#%), 70TV X4
R~ A = 7w (PRrEEz, REIMERER) 288 U7, #8tee s - et o1
U — 7 RNTIEDRENEZ BN D,

<

R WPZERERAE L LRI TEE & O L3R S A BT,

& 3R
Kayano M., Shiga M. and Mamitsuka H., Detecting differentially coexpressed

=N

genes from labeled expression data: a brief review, IEEE/ACM Transactions on
Computational Biology and Bioinformatics, 11(1): 154-167, 2014
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BEEE] BRSSP TR

[ER]
ﬁi/z i 2-77 h—JL (1) %iﬁ’ﬂﬁfﬁfﬁ7k$uq:@ Scheme 1. Rearragement Reaction of 2-Naphthol.
THPRLT-BE, @E O _8EkETHD L1I-E
. FeCly6H,0 OO OH OO o]
2-F7 b=k (2) ZREBEL, —HDF T L L FeCly6H:0_ o
2tt] NS it L, o N =) ort CHZCI OO O o
VDR - Wi LT AT a LAY 3 BED 1 g
BBz FHE LTy % (Scheme 1), 3

—J . REWIZIL, KOS TEESIT 6D 2-F77 h—LEH, 1L,I-E-2-77 h—/L
B, AV EE A OEE ICR LA HEDR RS TV D (Figure 1), Z4LH =20
{EEREL T R OMW N O BBES TV D25, BEREE, —8SWEEO _fE L A o (ki
ITEEDPRESER-TEY, 2O ZHEEST 2 HEITS ETIZRY, FxlTins =
BEN L U728 SR TREO O & 2 TvD (Scheme 2), £ 2 C, 7=+ MLV HE
a4 o 8K S 2B L, IRIEEEEZ AT OAER R T > Re 7 U2 (6)
DEERRIZE AT,

Figure 1. Natural Products Isolated from Orchidaceae sp. Scheme 2. Proposed Biomimetic Process of Dendrochrysanene (6)

Phenanthrene Monomer Phenanthrene Dimer Spiro Compound

HO O
M
Meoo e

Confusarin

OMe

O OMe

Loddigesiinol A Reptanthrin (R=OMe) Dendrochrysanene

Blestriarene C (R=H) 5 Dendrochrysanene (6)

[(ForaO UHRVDEERK]
FTrrue 2z UHRry (6) DEGHITRGHICIEN, 7 =T F L U BEOHEE
b, RS TH DN Z AW A o FHEOEEDIEICIT - 72, 7:%/]\1//
4 X Scheme 3 T RTHREETEM LT, BIG, IHMELFFD 2,7-0 Rr¥ 7 &L
(7) ZFEEE LTHW., SO RF(L, 207 7K D XA F VI L A R#EDOH, Ko
Rl 8 ~L BT, IRNT, BERERR L7LEY 9 L OMAKR-ERKSIZED 10 %
AR LTz, HEICBICED2T7 e b= FEOWREL 7 ) —FT1-27 7 7Y RORILE —K
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ATV, BRI Z7 = F > R Lo 11 ~EEW =, S5O 1T ALE L TO & b i3 E =)
WZHEAT L. SEYE. WK 7% T7=Fr MLy 8Bk 12 288 L1,

Scheme 3. Synthesis of Phenanthrene Dimer 12

7% yield over & steps
T My TER 12 WG TH DS ORRFHI N | XU AL A
kU E S OFEPIE 13 T HEMT 21T 572 (Scheme 4), @ ESAE T TE H 0 HEAL
FOSMIEST L ARIGR 23 6 DA B vk 14 MG o7, £ 2 TREROSRMET T 12
BERWIRE 24T 7203, ER DT 5 DR TH -7,

Scheme 4. Attempt to Rearrangement Reaction of 12 and 13

ARG TOENEUSTARYNLO A b F VHEONAREED 7280, BEE 7213 @SR OS2
FOGSMENARTGEECTH D, BUGTE O/ I3 PSR AT DIk &S 7o SOG S D3 RIA &
EBZ, PROED 1-7 2=V FALT I U EMZFE, REtE21T -7 (Scheme 5), % Dk
R, BIRSE T CTHLREN SRS T, RO IGHET LA abE® 15 #1556 2
LIZRRBI LT, B 15 OWUPFTOA RO 5B AEIZEH LT 2o
PR 2 IR IZATV T R 7 U Ry (6) ODFIOREE K LT,

Scheme 5. Synthesis of Dendrochrysanene (6)

MeO

FeCl3-6H,0
1-phenylethylamine
_—
toluene
100°C
45%

Dendrochrysanene (6)
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<7 uDREBERE D TERELRSERTT /7T X777 b= &
hERNEE W - BRI RS

Hi

DRI 2 01 64 ) —VUULREDZE T —
~ &R, STHERAMMER SN TNDEHEHTH
L. L)L, KEOFLRY U —RZ@EN T
LBV, Tear NFEMFTHERT DML g+ 5 &,
DTBEMIIRIEAR D OB T, ¥RG®LETHD. Z
NETE L OMEPEERT TIThh TE 2, HiZ
FERE 2 BV 9 72 DI IZ NV 7 ISR 721 TR <
i (FLm) THEET 50 T SOV T b A
EDDLMENRD D, Foxld, KK E THFEREKIZ
E O EELEITE O WE Ceridb o0, o1
P ) LS D (s TF) BT
LT&7-. (I¥1) (Angew. Chem. Int. Ed., 2015,
54, 8988). R AT ML, BEN T~ EENT
DI I D BT L X — & il LHREWIT/N S W28, fiEr>B 2 OH L
JHEIRE 2D T BRI D,

Fo, HEE LI, SOWEZNE LEPEIEE KRB B In situ @O0 & Kif
JE-HEREREIC LY, @RI =

V7 F A—a VELE BT 5 FE

EHESIL7= (IX2). LivLZRdis, AN
NI DT (ZOYEIFRIE) LT

OV T g A= a v OEEIZEET

LB - GHEAL SR 2 RIRE

LA T ot ARBFE TR,
INFETIEEAEMPAEIN TN~ o OREHRE L LIV DEAF 7 A%,
FICEFHBEICL A0 Famlm oA+ 52 L2 M ET 5.

X1 KK T ORI
LB 51 F OB

X 2 ROKFE T O AR & Dm0
ON, OFF

ik

INETORERY: filEE=No L LREFEICLY, L,3-U7X T AMEEH BLv
HEFHPELIRE~ R 7 X (2L AT r—R) b7 ZPEIEE /K 5% Langmuir b
77 ETHEML, In situdAEOIICEIVET /) —RBRDOCL L ICOa Ly T A— g
FALOEBEBILZICRI Uiz, F£iz, EMEOBEBRE a7+ A — 3 VELOBE &
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LT, ZORMMEICBITDIMZ b+ VXF—2EEZE I L. RKIFE T,
1. 3—IT7F YL 1COPTHFRIUYARIIZEID, CLABICEIVITBITASTFO %L
F—EARDD. F, DERICI VKRR mICBIT A0 FFEhEs s Ialb—r a3 5.

i e
—HRAICIE, B EAWIL ICHEED 1, 3-U 7 2 7V EER QLRI 12Xy, Sy
WIRHFIZBNT, CL ALV LZETHY, WMEIZIE 1 keal/mol REDTZRLX—ENH D
7o, ClEEMERMICHEET 2 20NN TWD. Fz, 10—Cl MIZIZR VN
OB, WEOT R —FEEEX 10 kcal /mol FREE L /S, ZOMAEFIHL, K5
FIIERKRAE L THF RN X =% 5260, il EDOHR LY 237 R 1ICHE
EERD, TR X U~ —RBRERET DT A RS TnD,
FHRALTED O OBIGERO GO0, £3
BT CONT 21T - 1. B 2O W T HE
ZEHNZ RN T, AR A TEIC L 0 BT
EAT-T2L A, ClL BB WE 1C M T Y
TN DO OREEMEERNG DT, ZE
REEIZHOWT, 16, Cl DFENEFNDH 15
AHEBEZHEHLZEZA, 1IC TiE 0.77
nm?’/molecule, Cl1 TiX 1.96 nm*/molecule
& ZUKBRNC TR LT A A ERE /A
S<TDE, LD ICHEIZET L L
ZELSUATELHMEE o772 (K3). £
ZD T %)X —fH% DFT % (B3LYP/6-
3IG(d, p) I KVt L7 2 A, HZERT
X C1 725 0.4 kcal/mol, KH TIX 0.9
kcal/mol ZETH D &I itEFERIES
N, FEBRRERETELRNWI L 2R L. M3 STHEE ST 5G EE
KK TOS FHEEHZ Y I 2 — g
YT, ETETARE(ET 7 FAGFRUTF) KBWTHEEZAZ— S HET. 1
W B50A, @S 100A DA TIZ 20 OKBEEE L, 2D LIZHyF2ELE L, 1135 cvif
EHNTHFEINFIHREEZITo 7. R, WA EE S OIIRET O 0ERH D Z
ENDOMNY, 5%, J13% COMPASS 25~ H L CEHEA1T ).

AR
ity SCHHEE
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RY)=—=T T 2RI HFHRavA MR FORRE V—F —~DJ5H
HEEE — SRORERRL R B A LR

[BrY]

74 b= 7L IE, HOWEREOZEREM &R L REICETTE GEER)
DSBS LTGRO Z L 25T, BT+ b=y 7/ OTITHEAT S &
WG L NOMEERMBD CRELRDIENDHD, 2t 74 b=y 7RO 7 +
M=y 7RV RFEy v 7R L TWD, F T, BEMLEIRO ~ > 720 /)
T2 <, BEMMILOR N AT v 77 4+ b= v 7 S 2 ERS 20503 A T
BHD, Ao Rk BERANIERK LT- 3 oo ARSI S, Whwban A R
fEEmlI 7 4 b=y 7 MO —MTH 0 | FrnlpdlE 2 M2 & 9 I E 2 R
HZENTELHDOT, BUE, HEEZED TS,

ARFZETIL, AFFEARES - HHE NN ECTERHA TE T ae A MiESIC XDk
FEMEREAN & L — P —~D S FHICB 3 2098 & LRSS — h T —Th 2 i KT - K
B TR N HEE SN TV DR ~—T T V2T 58 a0 4 Rk & #aert
AT HavA NESERLICBET 2 LZMET 52 212X 0 B LW oeeeseE
BRBT LY 7 MranA KRV AT LAEFEBLT S, 22Tk, KEFHEZR S ER
LRV ~—T T 26T 52 Y DKL D 3 v A REEBEIZ OV TR RE D
il 24T > 72,

[E=BRFHiE]

RIS 130 nm D > U DKL 1D JE B %2 PMMA O~ 7 > (M, =33 x 10%) TILF
EffiLiz, 20O PMMA 77 % HT 252U BRI %2FAWVT, 821 wt% A 4 RIK
WIR 2 L7211, A4 4 ¥ KX 1-Butyl-3-methylimidazolium bis(trifluoromethyl-
sulfonyl)imide # Vv, L —HF —FRIFE~DOWMEEHEEZEL T, BAMEEETHD
Rhodamine 640 % 1.0 mM T A RIRICEM L, KEIK 1.0 em?, JEAA] 100 um D
A RibgalEz ER L7,

JRPET R 31T D B A~
FUVRIE R X OSB8I 21T
9 7= DI M E OBASEFHI T A
TAEREE LT (K1), [ESZBEK
BEO PN E 7 ERRICERE L,

BB L X E LT
7oA N O BE R S A
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CCD I AT THIE LN, EOW TR AXT7 M ERE LTz, #H., ﬁ%%’
L— P —FIRFE BRI CE D2 L 912, WRFZE T /L —F—2BHRENEIC

L. BHAXT MLBUETELE>EY T v 7 L7E[12],

[EBRHER - BE]

au A FiEREONBLUIZEMIRETH Y | RFTMIZIRWT 7 » 7 K % B 151 Tl
RTHIENTE, £ T, MBOBEBIEHRIC AT A% AW CRPTEKIZE T S
SRR DA 24T > 72, 10 fEOx L > X2 V5 & Btpm SR 0 BES 5 A
N7 MENET S EEmR LT,

el 21X, 2o FEREOHEMKABEIE T NAL VAR T HZ N TERY
Ay TIE, BRI T—Z2 L 77 LR E L THEBKH AT MVERIET D &
7 v I REOE— 7 EITH 620nm Th Y | & DO RIL T%RE TH -7 (X 24).
HWEIR EDON—ZAZZET L L FEDOKHNRITH % TH Y | LMD & D ARk
IXHN T W o To,

— T, BB T R AL U H L TIE, TORZ I tum THHZ &
iR L7z (X 2B), Z O CHMKF AT M ERIET 5 & Bk & R
7y RSO — 7 R MQMmT%OkOL#L\%@ﬁﬁﬁi%%ﬁgk%@
HIEVMETH o 72, AFETERL L2 PMMA 75328353 U ki o aa A R
AL ZAEMEE CTH O | MR 7 ik CE WK R EZFF> TV D KA A U
LEFEEIRIED a2 A RIS Lo TWD Z & 2R LT,

zm%%#m@77y7ﬁ% Thbb7 4 b=y IR RXy v 2L DHL—
P—RIRZFET D720, av A NRESEORA SV R EFCHEETE O HIRHIC
ié%ﬁ”/FﬂﬁiuiﬁOf“ég&ﬂ%gKﬁﬁf%éo%%\ZB4F%%
HOFNMEARORE A2 Famb L, BAROGEHIS AT A& B 45 2 & T, Zfbaik
oanA REEEPL DL —F =R L —F —RIREREONGE T 2 —= 7 bl
a3

E=3'C N
[1] K. Ohno, T. Morinaga, S. Takeno, Y. Tsujii, and T. Fukuda, Macromolecules, 39, 1245 (2006).

[2] S. Furumi, T. Kanai, and T. Sawada, Adv. Mater., 23, 3815 (2011).

_70_



2016-36

TRIBRIATEE ] ZBRAE L e AR~ T n B EIRORHEE S
ST 2 BRI BN K R BRI B R A SR

(B8] AuF5EE, AH~T nESEOMEL KT 27200 HIEwREAHLL, &
PR AL 7 he = AR FOEBLBRT O TH D, FrICARILFEFRIH - H[H
FZEClE, WFFEARERTE O 23 BIZBHRE L C & 72 AiBATA IS K 2 s i fE &, (A
WIFEE B BAFR L CE AW » W REEWZHERITIERN L, ZHETITRVEND
LV T OMEIEREEHIE 2 A0 5 . A 28 FREEIE, ABEKEGEM (OPV) 12317 2 1E M
J& 0y - DEHIAEE, 5Ny X0, B L OFHE OB E L (open-circuit voltage, Voc)
DOFBIC OV THRE 21778 o 72,

[EERAERIEIEE O K, a-2 7 k> (DK) 0

0!

T 2 RTERMAD S A VAR =L 1 209,
MR i (4 >\ ER ks o §
Wa DERTERRE ) 2R L. oIS, 4 §

DKs Acenes

DK ==y FD n-n* BRI T 2 470 nm B2 1. DRORIER KD W 5 LR = A ARI &
DAIEERET 5 2 12k, 2L o7 27 EALaoak
BARCEENICEITT 5. FHMISSRILEWITIE, ERD KT VX VIEELFFO
2,6-di(bithienyl)anthracene #5E {A R-DBTA Z&RN L7z (X 2, A L), #@%, OPV #E
[CHWOIN DRSS F p B EHE, BAFR Bt & R 2 72O R Thr S mn T L
XNVHEFFD, TENLT 7 AMEOHEREE 5.2 5. —J7, R-DBTA [XiEfEIED @V DK
RUEEER ) B YERTBRAIEIZ X - THRIET 2726, EAT 57 VXV EI350 1-ES %
425 BRNCRH L LI Bfli7afE & L. 2 07-®, R-DBTA XM MENE <, HiE
i AfIE & PRl U723 D IEE ORGET&21T 9 2 &N TE 5.

OPV F¥EIL, pniRGE (J8) % p Bk & n BAPE CHEZGA AT pin BUFEFC
P L7 (X 2). TEMEREOERNE, (1) JEHiEEAR PhABADTDK % A B a— MR
FRET L Cp 8 L 725 PhBADT % j%fE ; (2) R-DBTADK (p ) & PC;BM (n#) DiR
AR E A a— R LT2RICHEEE LT, i B & 725 R-DBTA:PC/BM 1RANEZ K
5 ; (3) PCyBM ZAEa— LT nf@aps v FIETITo72. £72, OPV O
Voc EMEAD &5 & &N D, p BMBIOEIBIKETO A 4 b= xLF— (IE) 1%, fk
FARFT O RS TICE 006 (PESA) HEE (BAEHE AC-3) W CTHIEL. —
5, WEHTO IE ISV AR NLZ A R — (DPV) IZXVHIEL. F72, X
RSN (XRD) 12XV, HfS&EH ETEMERE T o5y 1R & ik L7z,
[REFER] OPV = il of A2 2 FORICE L. BHET VI L EFFD C4,
C6, C8-DBTA # /=354 (£ 0.42, 0.50, 0.60V) (Zkb~, 43Ik 7 L2 L84
Z b EB-DBTA # W =84 (097 V) 1%, VocBKIEIZE V. F£7z, PESA Tl
E LT B EO TE1X, EB, C4, C6, C8 K TENZE411-5.39, —4.91, —5.00, —5.02
Vo, ZHIZKHLT, WP TDPVICEVHIE L IEX, WITNOFERT
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sctyl (C8))

'CE
]

.02
46
95
22

B 2. ABFFETIER L7 p—in B OPV ORGX &, W IZA BSOS, 36 X OFE 6.

H-5.24 70 5-5.22 V L ERBLEOFIHAN T L.

HifGsm XRD Ti, EH, C4, C6 KT borREAMICAY v 7 LNy ¥
YT ERRDZEDN ol (C8RIZOWTIE, Hifhdh XRD (23 L 72 b O /ERUT Ak
HLTWirW.) —J5, B XRD T, EB (KOHTHFEMGHNICAY v 7 L2
SRS D AT B — 7 BB S T

[EE-] OPV D Voc &, H/MED PESA THIE L7z IE S ICRWHER S 0, Bl S
NT= Voc DZEDKEBSIE, R-DBTA B TOD /Ry % 0 ZHEEDE VIR T 5 & HEH
S5, I XRD TIE, EBAROATHFRETIENCA Y » 7 LI EICHIS T 2 ]
he—rPBlSNT-Z LD, TORY v T RZy JTHEEREW Voc 252 D88
o TND T EARIRE NIz, 2T, mFIuBEERIRICE 2B b —H L TkY,
TNFRNECEY o BROELRY 295 Z & T, Voc ICREREVWAEL D Z LR
Dol A8IE, ST VIR AN FEINE X DRRITHON TS ISR
BEtL, —Ri7Z00 FREHEEI ORI S RT 5.

[BE#EE (PEZET)] (1) K. Terai, M. Suzuki, H. Yamada. Relationship between
Molecular Packing, Ionization Energy, and Photovoltaic Performance: The Case of Alkylated
Bis(bithiophenyl)anthracenes Deposited by a Photoprecursor Approach. KJF-ICOMEP 2016
(Sep. 2016, Fukuoka, Japan). (Poster Award). (2) SFHfEL, AL, IWHETF. K5 F
ARG B O BRICEEEIZ 3 1 5 EHIEZN R - JERTBRARTEIC XV AR R RE 20 S e
¥ b TR UFHEERE AOTRE. o4 BISHWBIE R R ANES (2017 43 A,
NV T AkdlE) . (3) RS, RFHERE, SFHEE, SRS, tilfd—, [LHEE
T WIR T 0 A K DB A O E AT ORESLZIRT TOEROSTE T 7 — v ik
BROBSE. A AR 97 RIEFES Q01743 A, BISERBR PR E X v /3 R).
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FRRE7 vRFT—RY)~— 77—V UFEENOERIND
L. IN )

F e RICKFPE R SR T

MEEREEM : BIE, U 2 IR S D B8R T S 2N KBGEM O ET &
2o TS, ZHUIx LT, WHARKEER DO —>2 & LT, A 8RR 2 P8 R
PER IR U 7= AR KRS BB H ST b, BRILEWIT 0 TSR U T
FEEME O & LR S AT D Z N TE D, £, BAiE~OSAERRB LT
AIRIEA~O ML ZEANT 07T A VL AEICTE D, IO ORHEZIEL
TR AT D Z e TENE, B, 7 LX U T AR BICBREN ORI
BICRGEmM A ER T 5 Z LA aE L 70, Fo, BURDERE SRR CIIIAEE 72 K
o e ECKEAE CORMA L AREL 72D, DI, AR V72 KI5 E?
X, AL DRAKRFOZREMEZ R LT, B4y 7 okk x 2 & HIENS fTRE T H
L2, PERDMERS R K EM DOMRE A2 ST D ATRErE b D T D,

B HE KRS BB OTENEE Oy & LT, p BUEEERMEL (RFP—#F) & n
RPMSERI R (77 2 72 —MED OmBGRRAIRTHD, s 2 FEOME 2 RA
S CTEMEERIE 2 EIEN TR S B HBLRN D, V7 ~T o iEiEOF A
MAELZHEINTWD, T E CTIOAERE R EOIMAY 72 Kb —pkb e LT, &K
U QB-~FFA7 =) (P3HT) BDHOWSLN TS, AL, HIETIE P3HT 1248
DL R —MEORBENEENTEY, ZOBEANLEHIIT 78S 4 —a2=y
NEBANLTe N ——7 2727 %— (D-A) BARY~—BENINTERAICEHRED T
NTnWo, Ziux, 7787 % —a=y NOEEE~OEATHR&EK EHIE (HOMO)
AR ZEHLE (LUMO) =R X —F v v IR 725 Z EICEIN LT, 0 FNOEME
FRINIC KA RIRESERINAAIRE L 725 Z & B L, HOMO L~V OIE FIZiER LT
TR T E =R E DR — LULERET OBLE D B BOREIEO R EAMIFTE S
ZEFHOMR T, HBEENFEOM LN AR D Z ENRWIHINTWA O TH S,
ZDOX DR EFZOY & ARNFIE TR AL AT FE T O & A B S ZE R T
L7 7 — L U8R T 772 — B OMARIZE D, @R KB
MAERLLZ EHHME LTS, ZOHMEBLUZIT T, AN+ T A Lk
BT 7e 72— a5 D-ARIAR Y ~— %25 L, EROEOFM AT 70, S HIT,
Z0D D-A R ~—DOKEEMMEE L CORMEEZIH LN E T 200 et & L
T, MROT 7 & 7% =k (PCBM) LA bW FAER L, 205N %
1T-o7,

REBAZ BB INETIR YOI I uT AT R T A7 = (Co) 27
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77 F—a=y MIHWZ D-A B g ikl ) ~— (DTS-Ce) ZHRLL. T%% X
HEWEEEBSNREER L WD, 77874 —a=y hOBE R IME S5 I2H L
S¥HZET, aARY~—0 HOMO, LUMO T R/LFX— N2 KXy v 7 ORN R
Xy v MR TELHEER, Vo RERLEZEANL-T 78S % —=2=> } (DFDH,
BEN.PDF.TF) ##%:t L. 2 b &PV F =/ 2o —/L(DTS) Z#lA4 E 7~ DTS-DFDH,
DTS-BEN, DTS-PDF, DTS-TF #%HE/) & L=,

HoC, C,H,

cloc coc o . O Me;Sn /S\ /S\ Snie;

]\ Friedel-Crafts Stille Coupling
Br s Br

Br/\Br
S

Acceptor

F DTS-Acceptor

Bo= O i O O St

Ce DFDH TF
ERBREER . K7 7872 —a=y NI, FA 7 VFEK 1 LR T BY
PHEIR L O Friedel-Crafts FUS THRL L7z, #i< Stille Coupling S TARY ~v—fk L,
DTS-DFDH, DTS-BEN, DTS-PDF, DTS-TF % %37=, TN 2R Y ~—ZBW T,
WXy R (M) 1% 30 ~40 kDa BREE CHEL TRV, Zrak/LA, o-¥ /a0
RUEL (0-DCB) FEDOHMEILCFETH o7z, &R Y ~—DNWIVFFEZ T~ 2

T2 IZ . SR AT
(s Table 1. Molecular weight, spectroscopic and energy levels of the
(UV-Vis) A7 MVl copolymers

EEiTolr, 7 vFEE copolymer M, (Du) / kg mol’ 4™ onset/ nm Eop® / &Y HOMO [ &V LUMO® / &V

X i DTS-Ce 34.4 (1.35) 738 168 _5.36 368

FOEANZELEEE  prs.oroH 36.8 (1.29) 751 165 -5.37 372

S 7 NN 75 L.  DTS-BEN 35.3 (1.49) 755 164 -5.37 -373
DTS-PDF 316 (1.62) 7ra 1.59 -5.44 —3.85

HOMO-LUMO N> KR pTs-TF 36.6 (1.48) 816 151 -5.59 -4.07

T v TOBMDDIRE g urpor 246 (168) 778 159 -5.20 -3.70

XN, ¥, o KR&AHT A Fope = 1240/ Afilm, o (e V), 8 LUMO = HOMO + Eop (V)

%ﬁ% 77t (PESA) HIEZATV 2R U ~—HKDO HOMO # RAEdH 72, T OREE,
v BIRT-Z 2720y DTS-Cg 12, 7 v R T4 &2 Y ~— (DTS-DFDH,
DB?MKDEJE‘i}mMOI*W¥~®ﬁTﬁﬁ%ﬂ\%@@Wi7/ﬁﬁ¥@
R DIZONTHL BN, 7787 F—a2=y h~D7 v R FEAN | =RV
F—LVULOFMEICAR TH L Z L RNbhotz, ZORY~—E PCyBM EDT L K
JEZ g &35 OPV iHli 21T o 72 & Z A, T _XTO 2R U ~— THELAHFE B
Ehtz, BT vFEFF % -E AL DTS-PDF T DTS-Cg (ZVCHTT 5 ELEA B O

AR E B S T,
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NRTAAA b KEGEME D D HREE~DEMBBNEEBR &
HrRUATELBA R~ D R B

PefEmase RIS TR

1. IXC®HIZ

ABX; &N B D a7 A A M EHZ
1980 FARICITmIREEEARELE LT, 1990
FERLIBEIZIZ LED 7314 AL LT, &H1Z
2012 FLBEIZITBA AN e 7T A A N KBE
mﬁﬂkbfﬁﬁﬁgﬁ%ﬁbfwé(@)o

FICHBIER N, 7 ) v ReRXu T 2014 b K
Wﬁﬂﬁ%®%%ﬁ%b<\2M6$Kﬁ%%
B VIS AN SR T R AL S W K I R & TR RR

Organlc catlon

E (CH,NH,*
© :Metal catlon(Pb2+)
> © :Anion(I")

1um

Perovskite structure (ABX,)

D 22%F TJ:% L’to - @ﬁ%%ﬁi%%x\m T AN Au electrode (anode)
A FARBEIL A 1 FELTAFAT UE N ol transport
=% AHFA4> (CH;NH;: MA), B #A b layer (HTL) _
ELTEAAY (P, X ¥4 heLTaY AN Perovskite
active layer

FA T (1) THERR S AL, G FRPECOR G B
DN T B ESGEE A LAt b A RO T 10, ayer (€T
BEEL D X D IZ R EARTITH V) | AR HECK \

DK 5 o 7 Tl 72 BEIED Sunlight (Lonsparent electrode

B AR NS VR Z RO, LovL, £D

HBELIEIRE AN kg BT AREEACTY Y F - XOITZD, FRBR
FHEESRH BRI R L AMFZENIERICED 5TV, T TICEMAMbsnTWAE T Y 2
RAAEWHEER (Cu-In-Ga-Se: CIGS %5) KEGmEMLIT, ZHU03E (20~25%) & MAME (>10
) O TIEFITENLTODN, Hﬁgﬁm%wmﬁétbwmm7mﬁx%ﬁ =
2ESZHTHID, kg &SNy 7 Z A4 LN (WG ZEINT 5 72O OFEM) o ST
A RELE bR TR BB AR — R /D L IFE XA WVIRILTH D, Tz, HEIIH T
OIRERMFNCEE LTI 63, HE - REIAMDBNIATLEY, £, E1
WIZAREL T, EEICIHZ 9 D ELE - BROHE & WS 2 HATCERENFIR D, —H,
N7 AA bREGEMSCAEEERERGERIIMR 2 X b - BENFETH Y . BEHFEKE
B L DX T MU X D EBRIEe, TERIZRWVHBRA~DO RN TE D, L,
EhRAL DR L 42, Pb O FMERCE Z EME A - T EN - ERIE R 7 0 A DB % & IE
SO EL DR N2 TH D,

2. R T ZAHA MNEDDEER—/VEERE~D R —/ VBB R E
KEGEMFE - CIIEEWIL L, B A4 - k3 2IEMEEOMIc, IEABMZHELT
% Z L7 M T A EM A E b mEE AT A STV D, muﬁwmm7xw4
NKEGEMO T L—2 ZA)—F, m—/LakE (Hole transport layer: HTL) & L Ca#t) 72 A
FPER (ZZCIR7TEATZ 7 A1) ZHWEZ ELERO—D2ThoT2, £Dk,
RY RYUTU—7 2 (PTAA) <° PEDOT:PSS & o 72 &4y F- 8K & 5 %45 MAPbL;



FLOERIZHW LN TS, —JF, RFERE kg (Electron transport layer: ETL)
ELTCIE, AEHERGEMTHLHWVWLN TEEBRIELT ¥ (Ti0,) oA AR 7
O n BHERE LTHWONTE 77— L UFEERET N5, KBS0 ER)
FAY - W ECIITEIR A HTL/ETL OBRESKLIETH Y | FrCIENa 7 2 b 1 Mtk
DRI T~ > Tid, HTL/ETL OF#FFHEEL 2> T 5 TH A9 Y, 2000 £ LAKED
FHERRCRBG AT 7E 28 U C, BE < DIRS T« @0 P8 RNRE S TOHR, £0
a7 AhA NKB5EMO HTL/ETL (258 U728 B2 38 E - FrB R 3 5121, =R
IRMPBNA D ) == TN TH D,

AWFFECTHTL & L CTHWEES FOb S 4 X
2 2RT 2, chbo@sToREEsrnE 2 100 @ﬂ
(LUMO) Y0713 MAPbL; ~212 7 A H Ak O fpfffrid ﬁj et e I
BYERT (CBM: -3.90 eV) L 0 % 0.4 eV BB =, PTAR (x=0.3)
BI7 0% Ve UCHIET 5 L B2 BID, s oo
— T A A (HOMO) YEA713-5.59 eV 55 ottt " '
-4.92 eV DOIZH Y . MAPbl; O fg = fili & - Hr QL o ocH; Caths
(VBM: -5.50 ¢V) fHTICAEAET B 7=, A— 8 & o~ & NN
RITEVBH D Z ENTREND, s b3t
EKEZ, b O&E S % HTL & L CHW e
TAHA NKRBEmOEBR () —&EE (V) s
X 2b 123, @MERE HTL & LTI B L5 PTAA @
PCE &, JIH « WHFSIOFEET 171% %~ L, @&
Je (22.6 mA/cm®) . BAMFEIE Vo (1.01V), HFRIK 1
FF (0.749) 5 67=, L2 L HTL (2 & > TiL 1.5%
% T PCE WY L, HTL OB FWHEN T 34 A PEHE
ERESLEHFT D ERTNHoT2, TRMC FF-Af %
IToTRER, A—ABEINREE JJAEmWHEBNE D

A, FYERENS BN m CoOBMBENT L > T3AL
ENTWDZ LRSI T-, 2.a) R—ILEEE L L TRHW -9 FHEE,

\ b) BEEAFEHTLELIEZEDROTRAA
A2 CIE R EME T 2T 5 2 L 70K . 2 rABBHOES - BT,

TE e RIS ATRE R~ A 7 m iy yeiE (TRMC)

W THEMA o 7 2 4 F KB EMO HTL MBI 21T 72 2, Z OfE RIS x|
EMERE HTL APBFBR IS I 1) 7oL 2# s « HOMO MENL DR EHI AT 5 B8R 52T -T2, AF
EIX HTL MR T, B8R a 7 2 A MBSO AR B O RRICHL HLTH Y |
Fo, ERWEER T ) —=0 7 LT — 2R ORMAE DM EMIEICER TH D Z & bR L
776

PTAA FT55

-10 . P3HT

- FT73
15| TQ1

Current density / mA cm??
o

-2 i
-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Voltage / V

1) H. Nishimura, N. Ishida, A. Shimazaki, A. Wakamiya, A. Saeki, L. T. Scott, Y. Murata, J. Am.
Chem. Soc. 2015, 137, 15656.
2) N. Ishida, A. Wakamiya, A. Saeki, ACS Photonics 2016, 3, 1678.
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AR HERERR L AV AZOAIR
HARAR Rk T e P

<HB>

SH, WAL, arTr— KBRS L7 ha=7 A0 O TREEEN
MEIOFREBEFR S, EREESNTWS, FRZ, = r X —OWIL - i@
T RSREMEMSRIT, BICHOMREMEM Bl O —o & LCTHIZE - FIH STV 5,

AL TIE, < OBHEIEWHEOH L, T ALV UV HEXR E LB EO A
REAT D JEAD n P OBENZZITROT W AL o, 1 IICEHFEZHEALR 1-
THT AL D 2MNBLOSMTH TR CCHAaETERT S L BETFHEMEEZHE TS5
BERMEBETZRNEEET 5 7 ABRMOM THWIERRENIIFFTX 5, I 612, &
WERAR, BRI &R & 0Bk
{EEWET XV A OfE{LIE T
REIC K W BB DL ERETFIREL
FoZ &nTllcnsg, BlZIX.
FROXL I 1-THT AL &
Kz, 7L (10n) EHRLT ¢
U /AR (18n) OWJFOME IR S 4L, HREEMEAZR & L CIFR ICHBREEV, AR5
TliX, ZNHERRZEEROEKIEOMHSL E MO Z I E LTS,
<EBRFGE>

AT DOWFFE T, bR e v &2 HREEHCH W TREER IR 1 28R L7=%. 2 i3 ¥
FAOEB LSO T o AL N Z TV 2, 8-V T R 3 2 AT H 2 LIk L
TW5, YN TIE 3 Z8FMEKE LT, 1-7¥ 7 XL o &IRE A E Mt
L7z, PAMEZ AW a2 7Y U I ROGEF 2 et LTS, 7 XL O K
MEEEE LT, Stille 7Y U 7 RHPLNIERHATAZE Eirolz, D%, —&EK6
DERRIEEMHN L, TNEFEHZHAW T Z&R72 b N ERO AR E KRG LTz, £
O, Ak L 72 BIE LA OWILA XY R V2 RIE LT,

R R R R
; ) ! // Br // Br
N N N N
H H
© o Br SnR'3
1 2 3 A
\ R
N SnR’;3
N
H

O
5




<EBRFERB LOBE>
INETIZ1ZEZN-I—FRI7 VA I REfnTavRbdTsrleTca— iR
fFHiu, %< POBrs & W iR BB EURIC L - T 2,8- Y7 B E-3-~F L /L-1-
THT AL 3 R EWVIERTES Z LISk LT\ 5, ABFFE T, £3° Pd fil
BZHWT R TAFNVAZXOEANEZRF Lo ZA, KVETFHEEOKN 8 (DT
DERENER I, 4 BPEONT, BT, 4 ZFEFE L TR LTy Stille
Ty Y T aRB T JRBHEIN D < Bk A Y I~ —OHBHZIIE S R0 o 72,
AL, BFEEORW 8 fLD A XK TII 07 KICERTG LN We D Th 5 L
MEniz, 22 T2 ZFEEHT 2 fL~D b U T VF LA G ARG E et Uiz, /GRS
RX4 OEREFRETH LN, ~FHTF L AKX
EFISET, AF T AT A EDOINIZE N
TOFH, PUAFNLAXFEOEANIZKI LTZ, 55
nizs5 &3 %MNT Stille 7V > T a AT &
ZA, DR 68HT &K 6 2150 Z LITHkEI LTz,
AT 3 DARL & BRI POBrs & VW T 6 DRFE L%
AT ZA EEMNZTRE LTS5 & 7O Stille
Ny PV TTIE, Wil 7Y o TAEEMIIEONT T OSBRI, T
~D R U AFVAXILE ARG bR L7223, BOSITE T, B OIS LY
IR DI FF: BTz, T IEF T L 1200C TR 528, Stille By 7 U T DK
ISR T CIXEIBRTUONMT 22835700, KSFFORBENLETHD Z LN
bhroile, A%, T ORT;
B, BT 7Y TR UV/Vis spectra in CH,Cl,
INAES e FANUNIE: $/N [
DIFEHEHESLT H T ETH no T s
5. E£Tlo. ARIZAMIET
B L 7oA AB & DI A ~
7 "vER LI, 8k .
ok Ry b (Y N

. _ e - iy A . )
%ﬁ,{,ﬁ\u&?j’b\ ZDORIZEBNT 250 300 350 400 450 500 550 600 650 700 750 800

absorbance/a.u.

BT AL DR wavelength / nm
Z MRS T T,

BRIT, AL CTII LA OREERNTIC B\ TILRFZERT - A S A H L a4
MR BR% . ATHELMBIZ D B o b & 250D mass AX7 RV ORITER K OfE
a1t o7, BRI X Bk A BE T IC L O REEZET 2 TETH D,
<R >
[1] 79T A a8 R %2 T i B RE Mt 3R O G R JE ) H HREAT - AT B -

FrEERER « B, BRSS9 97 B&FFS Q01743 A 16 H)
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BR7 2=V BERNICEA LTER&RT T DILE
g e TN N S N & s ey

QELES)

ST DEA AL RREIX, ALERISD B YIS 72 DRIy B CHEE e A 2
7ZLTED, R TIUAINOAE L EEY IO CERERFERETCH D, ZNETIC
MIFRE CILREY 7 a2 o-1,3-V T P HIVDREEA YV SEEICET S
WRPMITPRTETRY, 2 (OBEBBLICE YV RLEA Y S HEE)N —EIE L ZHIHA
FCHIETEETH D Z LR RHLTVWS Y,

ING—#EOMREIEBELE LT, TR 7V INVDOAE UHIHIANEERTHE LD
(2. Rt T EFRDODRIZOWTHREST 5 2 L 2RO EIE LT,

n I

Fh

(n=1,2,3.4)
DR-[n]Ph-DR Quinoidal structure

Figure 1

[ 28 5 1%]

KEEOMFIETIE, 2 2OV TV Hra=y hDR) ZEFIRO/NRRT 7 =L B
TS 7= DR-[n]Ph-DR (n=1,2,3,4) (Figure 1)y IZ%&H L7z, ZOn1+a2i%iH L7
RA L RELTIEHKRD 2 OB T b5, 1 DHIL, 5 FNIZ 4 DORKEFEHO
TRIZTUANFETH DL, HEHE, —HHE, —HHEORAE U ZEHELZLED HHT
ENRTEDLLEWVWIRTHD, 2 2HIZ, V7V Na=y RRNRIAOBERICH DT
W, VI VHNVEOREMHHAEAERIZE D XA FEAEERE O AL IR TE 55
FTHY ., TOMEEMINC B VRO ZE L TV Z & THEBRLENKE
<Y, FEBEERIARZENNET VT FZVNFEE UTEET D N LEELDFS
IZEVEL TN &N JHTHh D,
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[ 2Bt R & B 5]

Table 1 (TR L7 X DITRUBUVERN/EML TN Z & Tx /A REFEA/FEHOR
SIHEVWNET D Z BRI, ZOEWEZFIHALT, A UZEEOHIEN ATHE
Tl eWheEEZT, 22T, SFEIX, 7 N7 T VDNV EORIBMEE 725 2 O
DTV (AZ) D= b & H D AZ-[n]Ph-AZ (n=1,2,3,4) (Figure 2) D&HRIZLTI L .

Table 1 Computed Energy difference in paraphenylene at the (U)B3LYP/6-31G(d)

2
n S S T AEr_s kealmol™)
1 0.00 2.00 31.13
2 0.52 2.05 6.98
3 1.04 2.06 1.16
4 1.07 207 0.19

IR UV—vis WEUL 2~ hL, fEIR ESR, LEP HIEIZ L > THFDOT F I HAFEL L
OME ZiiA Lz,

NBUBROBn N3 E T, F /A FEICHKT 2 ZHEY T VAR AN

7 "VEOVEPR HIEIZ L VRS20 Tz, RNUBUVEROHEIN 4 DAL, 250 =
HIEY TN E LTEROED Z &N TE DL FFEORE 2R LT,

on v . Ph<—> Ph
o O — JRAORT

Quinoidal Structure

(n=1,2,3,4)
AZ-[n]Ph-AZ

Figure 2

(1) Abe, M.; Ye, J.; Mishima, M. Chem. Soc. Rev., 2012, 41, 3808-3820.

R
SN

[&iii}

Control of the termination mechanism in radical polymerization by viscosity:
Selective disproportionation in viscous media, Yasuyuki Nakamura, Tasuku Ogihara,
Sayaka Hatano, Manabu Abe, and Shigeru Yamago*

Chem. Fur. J. 2017, 23, 1299-1305 (Inside Cover).
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BIEHEAGBIE S M BN X D EER NS A A — FDu— VA 7 HRBOMFENT
NIRRT KIS KR TR 5e

H

AR A A — RORNMEFE LT, BUSMAEIEE O (TADF) MEHIE = 2 K
TR ERT ZEDLIER SN TWD[L], EROFIEHEL & [FKIZ TADF #£}
IZBWTH, T ZGHIZBWTEBEESMNE L SNDHT2D, SEREE FO%
WNEDOIKRT (m—N A7) NRERMEERD, n— A T7OERE LT, —HH-
—HIERHIK (TTA) °—HFHHE-—FEEXHK (STA) b Tnd, —i&IZ TTA B
F O STA I IIFECN R O bkl iR EEARAFME B B S b D, 7272 L TADF #EtD
ey, —HIA-ZHHTZRLX—% (AEst) DIEFIT/NI Wz, 8t L a5 C
HETHZENNETHY ., FD-D, TTA BLOSTA BELA EMEICHMBEL 52 &0
NEETH D, MZ T, Fex DERFEOWIEN G, TADF MEOFEFMERIZ IS T—HEHIHA
bR R & VECL O UTHE T D ik — B EIRRE NS BB e E 2 /-3 2 & 3o T
BY[2]. ﬂAkiOﬁA@f@%ﬁ%@ia%f&w

ABFFE T, AEst 2MFIE Y 0 (ZUTV Ml 2 RO @ %03 TADF #48F (9-[4-(4,6-diphenyl-
1,3,5-triazin-2-yl)phenyl]-N,N,NO,NO-tetraphenyl-9H-carbazole-3,6-diamine : DACT-II [1])
DO — VA T7ELERLMNIT DB E LT - xEBsEE 2RO b 2 L2 HI &
T 5,

TR

TADF #4£HZ 1% DACT-II % vy, R A k
BT ®H 5 4,4-N,N'-dicarbazole-biphenyl
(CBP) HZ 9wt%DIRET K—7 L7
fia BEABZIZ LY 7 7 A4 7 R B .
R U 72 GEBSSURH I A R AR JE A 0000 300 400 500 600 703"
), X 145 AXIZ DACT-II Db FHrE Wavelength (nm)

ZORT FEEEEREICIT 7 4 b WYY 1 DACT-ILCBP R— 7 EOWLIL 2~ 2
T 4 AT i (ORTEC, EASY-MCS) RL (RS AT bV GGRESR) |
O ESERIZIZI NGYAG L—F =D 27 v (FRERR) .

—fEE (355nm) &A=, A : DACT-II DA 2,

Absorbance (0.D.)
Normalized PL intensity

TR
— HIE bk IR AR B (2 B % M T R G
dn; (1)

© 5 = g0~k ny ()~ L+ @)y on () ()
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&2 %, gy ERGREE, kBDCHRFNEEE,  y, TTABEE, o TTAIZ X% —HIHE
THERFHETHD, n(0)=g,. g(0)=0LT D&,

kg, (2)
expi(l+a)yg, +kt —(1+ @)y &

nT(t)Z

Ehrb,

4 112 DACT-Il D « A~ MvER AT, @0t - Bt AT MLromE2R
DINRKREL, ABst BW/INSWZ ENRIBE IS, —HEGRKREBICET 2B HROL %215
D72, JEhEN S 30 ms BOFIMERIE 2 RE L, #REZX 2 17T, 2D
LD IZIER IRV RFSEIR TIZRITT XTI LB 2 o b, I IEFEEBI S
W a2 R LTcTz, TTA 2358 L7 EE R B8 U7z = HIEE EORR{EF D
figtrfig (X 2) ZHVWTHEEEE 7 4 v T 07 L, LEXY | TTA HEX
Vrr =3x107"%(em7s™) & RFE D BTz,

w 10'F
5 9wt% DACT-I:CBP (6.5K)
o) 3l
= 10 k(s™H 1.36
2 yrr (em™3s71)  3.0x 10716
2 10’k DACT-II:CBP (9 wit%)
§ 6.5K 9o 7.8 x 101°
c
: 10"k = Experiment @ 0.5
o —— Fitted result

10?2 10" 10°

Time (s)

2 9wt%DACT-II:CBP R— FEOREIRIZ 31T A R I L O E HRER )
O LA E W=7 0 v T 4 TR, RIZT 4 T 4 I WA Y
BT,

ERal.9)

FEAFE O TADF A4 DACT-II ORI IC BT 2 =R I 2 1~ 7=, TTA Z2%E
L 7= g R s B L 7= = IEES [ OB RKAE DI Z VT B =380k
BRI NS TTA HE 2RO 72, LV a— 4 78k & E B9 D ik
b EEZLND,

25 3Lk

[1] 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).

[2] T. Kobayashi, A. Niwa, K. Takaki, S. Haseyama, T. Nagase, K. Goushi, C. Adachi, and H.
Naito, Phys. Rev. Applied (2017).
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®BA A FEESREOBERELz iR L
SRBA A ORIEEE B DA

AR A R AR

E):y]

TRy 3 BT D RTALEL G il )8 DRI EIZ LT & SNDBEA 2 DOrHE - IR
O - SRR ITEE LT, AFETIE, HEZN Lz 2 SOKMA/R TOWE D%
G2 A LS lc SR L, H LW EE - R E BT 52 L AR E L
77

INET, ZEMEMREE L LA ARG REREE VA VT, 8 (1)
A A& arov b (1) A A2 OIS &SI OWTRF LTz, ZEMER
R V& TSR Tllilans & oBER oS G n, A 4 U RIKE IR AR &
NEAWIZRTIE, i (D) A A2 ORIERN R K TR 15% LK<, K0 @ issg
ZEERT D EBRBR OB NIRE TH - 7,

RIS, SRA A L8ERT DR T2 M52 LT, BEan LieiA
TV OBIENER S NDD, THETEEEMN & LTHWCEETEF AT M
(acac) IZRDODBNIFEMFT L., mtERR{EEfRIM LTz, HOET, e A A KK
OFEE, KO, pH 2 & 2 TEREOKR#ELEITV, $1 (1) A4 a9 (1) A
v Ok L B mYERRILIZ O W TRET L7z,

EBRGE
A F U REEBERRIE VI & 5 RIS
0.005 mol kg BMPP (1-7 = =/L-3- A F)L-4-X Y A )L-5-v'a >y nrr) =aird
F MR 24 RN CRIESHZER 4T mm AT Lo 7 v E (A4 F RIS
R & SRR (Fig. 1) O SRICEAR L R CTHEE LT, &FA 4> M2+ (Cult,
Co2t) ZE el ORI (IM(NOs)2] = 2.0x10 M, [CHsCOONa] =0.01 M) &,
GRA A EE TR VZRMOKER ([CH;COONal =0.01M) %, £ <+ 25 mL
PO ORI AN T, WD pH (X5 £ 2 HER
OPRETHEI L, BN EL 72D X5 ITRE LTz,
NN D KR IETIC AN TSI FIC L 0 24 B 60 mm

FIREEE ., AGH . ZREMEN TR OKERD pH, &
., KON, GRREEZHEL., SFHEFOSRBROYE & >
fAERZ B LT, \
45 mm
RERR Fig. 1. Liquid membrane cell
TR DRRET

using ionic liquid.
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A RN N AR S B D 2R 7% acac (0.855 mol kg'!) (21%%2 T BMPP

(0.005 mol kg'!) & 7=, IR TIHEIKD acac (Zxf LEAD BMPP X, i RO
IR 22 b 0D, Cu2t OERIIKEIZM L, AT L7 4048 LT,
LR045 pm BT 2T RT AL T L7 4 AZ EARS pm BAKET A VRT
AT VL7 g E RV, RRE LTz, LD /NS WBKPEREED 7778 Cut Dk
RINEMDoT2g AT VRIKE LT, 1" AFN3 A 7T NAIXZS T BERA (R
TIngtua A B AR =) A 2R [CiCsim][TfaN] & 1-7F1-3- KT LA I 5
U BERA (R 7t XA Z0k=) 4K [CiCim][TfoN] @ 2 FEfE%
FWTE R L7z, RBHD X 0 8 Ktk DRV [CiCsim][TfN] Tixk, FEBREZ O
MWARMD pH FECIZ>TLEW, BIEF ST bRHELTCLEY Z &0
R ENT, EoRREEZEE 2 T, BMPP Z&fif ¥ 7 [C4Croim][TfaN] % FLEE
045 um BKMET 2T RT AL T L7 4 VA ICER SET-REMZHA LT,

ERBA A URDS

Cuzt & Co2t DRI DFERZ . M), BRI A T2 &J8 A 4 OWE EITkt
THEIKMEPIZHB T 2MEEOFEG TrT (Table 1) , Cu2t O¥kEHI% T, pH (fik
fotl M) & 3/0IZERET S Z & T, #iikE 60%xE L7 (No. 1) , Co2t @
WIS T, pH OFAHENIC LY | k0 f T2 §fH =72 (No.2 & No. 3) , Cuz+ &
Co2+ DIEAEED & OURNEHE TIX, AT Cut DAZEWEIELZ LN TE
(No. 4) .

Table 1 Molar fractions of metal ions in aqueous phases and total recovery rates.

Experiment Metal Supplying Receiving Recovery Final pH

No. ion phase phase rate Supp. / Rec.

1 Cuzt 0.26 0.60 0.86 2.7/0.1

2 1.04 0 1.04 2.7/0.1
COZ+

3 0.07 0.58 0.65 5.0/1.0
Cuz+ 0.16 0.56 0.72 2.7/0.1

4
Co2* 1.08 0 1.08 2.7/0.1

ZE

BMPP OFEfFHEEE pKald 3.92 L/NS < @A A0 LERAERT DMREE 0T =
j_z/ii@{%%ﬁiﬁﬁll\i%'fﬁl:‘lrfi%j( L/fifiy)\ Cuzt @iﬁ%%j\ﬁ) acac J: D I-'Iﬂj: L/f: k %
2 DD, SEAEMEHEAN Cut ITHART/hEW Co2t Tit, LV &V pH Ttk S
723, ARV pH Tl S e o T, A A U IRIRE R BRI /L % RV 72 1R
ERIZEBNTS, pHIZ K VXSO R A A o FAHIE L, IR D DR ESR
JBA AL (Cu2t) OLDEELZER LT, SH%OMEE LT, W5 ER L EINR
DI b, RO, A F ARKOEEM: A2 FIH U7 AL AL DR E D Wik & /3B RAE T
%2%5&:01/ \"C@*ﬁgﬂ.7ﬁéﬁ_%héo
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Ry TSR 5 A MTE M E SR OSE KT R O/ERK
TR LRI T

H ) [EFE GEOTRACES WF4TEH M Xt 1 04y 356 W EIZ K SEMBEEG LTk, 20 H
I 1. WEEERERE ISR T AMETTHEB L ORI (TEIs) O7 F v 7 ZAOfEH, 2.
WENERIZ I D TELs 1A Z IV OEANR ST Hiv, 2O Z2MIHT 5 Z L1k, WiE
DEYHERL T 7 rE RZBT LI 7 n REEOKRE ZMHZ L2 HE LTS,
B Eds KOV o AT TR E KRR & O E OB IS & b ofili L L ChE
DT HNTWD, Z ORI ERFECHIEEE & OW)I . KRRz CheitimEn, £
T REIMEKR DAL X O AW E MG SN D2 EMERIBIETH Y | £ ORIE & 2 H)
ZALFHNCHR T2 Z LIFEHETH S, AWIFETIL, 2015 4F 10 H D 11 HIZHo T T3
Jith & AU 7= MEEATFZE B A BB KH-15-3 IRIFZEMTHEIZ 35\ CHgAREUR 2 BRI L. 5t
FHCE £ N5 EMTEMIES R O OHT 21T\, R X OVEIHEE O LW Ts M i
JeE L KBRS L OB &2 A ER (L PR CRET T2 2 L 2 BN E LT,

Jrik) AR A 2 Fig. 178 LTz, SFTIC W

7oK EBH I AT FE AR B JBAL KH-15-03 IRAFSE

fitfE (2015/10/14~2015/11/2) IZ B\ CTH > T i
BLOEBKIE TR L, BKIZEZ U —23

WIS X R = AR D BOKSEEH Lz, 3o
—EBIERAWOFE FEEEZ U LT, AR

L0 2um DT 4 VH—ICLVPEFTAHE L,
Eaimmliz, #BHT, RMEHRIEOERIC 3.6

mol/kg WEfET & = U LARMEIR 2 WEfE A 4 2 %

0.05 mol/kg 12725 L 51Tz, =62, #kto

pH 7% 6.00£0. 05 {272 % &K 912, 1 mol/kg Hilik &

Imol/kg 7o E=T KEMZTHEL-, TNbH

DOREE AW CIAEFRRAEYIFEERESBEOBRIE 2RO -, MEITEDOHHTIL NOBIAS
Chelate-PAL(HNiNA T 7 /v ¥ —X) % Hvic B8 EFE 2R E CEIEPEZE SPE-100)
(2 X0 BERRE 2TV, E 0 fiRRE 1CP B & /AT 2E & (Thermo Scientific #:8Y) |2 T &
BRECTHIEZIT > T2,

FER) WIS 2 KB EITKIR, M5, B, WA, Chl.a OFRESA D
5. FEREER KD 2 58 < 20T 5 32 7 T /KR 200m LAY D KR (AND26) &
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RS 7 7 Eaxdb B LT T
Wb R oW A L oo Bk sk
(ANDO6, 22, 31, 34) D 2 DD KBEINIEET D,
LK IER b oD HE K 2R B (2 HE Sy DMK A
HO ., FREITH S DR/ INRBBILD )
BEFELH, 2NOIEEENENERE LR
et D9 < A OV TR i D LR

PEALENAT T — R/K SRR, () O BL#R O Fig.2 Cross-sectional distribution of dissolved
/@7k@§"2¥ii§ é—)% T Eﬁk XT3 jtj&%ﬁ aluminum in the east China Sea

FEHF K DRSS T 5 LB 2 bivle, YT T %A HE AL (d-AL) OFRE W
AiX % Fig. 2 \Z/R L7273, d-Al , d-Mn, d-Pb (Z W CITEmIKEE B, KEEflEE &I
ZETELS, BENESRDIICONTEDTH, AF v XU VROGRES i Z R LT,
F7o. KEEM LMWK ERBIKBE VIRERESNZ b, 7TU7 KENDDRK
BB R MEEDE KFEIRFKIC KA ORENTRNE NS Z L2 L TR 61T,
W T D REEM EovKIEREEMN T < REDENZ L, BREKE Y Z2h b0
W LY RELSZITTWHEEZXDBND, d-Ni, d-Zn, d-CdiIZOWTITERE TEKL . &
FEL L BTN 2B (U YA 7 W) B 2R Lz, 206 OmRITFEmBAICA
MIZH Y IAE L, EYOBERIRINET HRICHAEIN DIV, BIREICR DT
HDTHDHEZEZLND, £2, TNOHEBIIRBENOERBICOT THRICEEL, &
WTHAHTAM, Ve bMOEEZ R LT, K- T, BFEERESEHEY.
EERE O BHIARIC I D A EN TV D Z L AR S, AMORIRE T L 725 L E 2 bR
776

A Gasl. FaRR%E)

O GE, MEEL, EHREOL, #aah (2016) KRB OIS ES R ORLT
IRRBIC M IE 358, HhERIE:, 50, 227-241

HO R, EEHET(2016) 1 > RYEER L OEEBIEIZ I8 1T DR IR E DAL AR IS
BEJ AAF%E. Science and Technology. 28, 1-11

o R, HEEME, - B FEREE, AdFEm . I i (2016) KRB OME
FEMEARICRE T 2058 (2) . 2016 4R H ARHIERL 256 63 [I4ES (RIKTINREE) | 5
ZEHE, 1P15

FFB, fERER, WHEME, FH RE, /INMIDT (2016) KR EHERY H O B EY T
FB IO ITTHE DT, 2016 FFHE HAHER LAY 63 [H4FES (RIRISLRS) | #
HEEM®. 3808
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T RFRBETIHREFEBEFOVIab—Vay

RIEV - Bt R R A ] T2 e

HH

B EE DB D & AR F O RSB 2 g T 2 6 E B A A —
YT LA A= T AN E L TEPSNTRAICHIES LTV S, FRIOEEEA
A=V 77 a—7 OEMETURIN GRS TV O N EB I TV RN, @RT
VR DRFONFREE R L, &R/ ki1 & 7 v — 7 AN H W ARSI < F0
HBILTWDN, NEEBEZZNRNICHEBSE D Z LR D8R T /R T-ORR
A XITHLENT > TR, &R T VRPN RETINEEBETDOV I 2 L —
TarBHRETOHLIVIHEREA A -V 7T a—T7 OR[N E L THER &R T /b1
DR « A XA THEFERREE - BRET D2 LN TE 5, £ 2 ThREEmGO
HEZM ESELZENTELEBET /R FORKEANICEERE 7O I 2 b —
TalrFEEHBLE, £, VI al—ia URER L EERICHE LT —Z & il
L., ¥Yab—va UREROZSMEZFHN L7,

MR- Fik

HEEDOT I 2 b—r g KEIEH L7ca T 2 R0 kiFEk (BEE 10, 30,
50 nm, Sigma—-Aldrich, St. Louis, MO) KM TN, FRFKABWFOFTE & 3G A% L7=—i472% 50
nm OIENEIR, E/NEHETH -7,

HEBEF I EWIN LT ENBNREZ R 32 & TRAET D, &F 2 hiT0%
DYWL+ BCELWr i 2 BEBOM AR R RIEEZ W CHERE L, SO 72WI - BELWTim
T B 4A T 7 R KB O ERE RS KL OMGELRRE 2 B U, PRk o4 7 KIS
RVE—NONAEFEE VR 2 Lb—a v L, &7 kKBRS A R 7 & oY
Ze WAL - WIS D AR O s IOt E S ik R K-> TRl S 5, ABFET
BT AN BIEIZ L > TE&T R FREK E ZVERELRE LT T U By
REMZTZKBRFPONARIEZFHE L, &7 /B /KEEF TR S D T v

— DA EFHE LT, £D®%IC t%@&@ﬁ&ﬁ@ﬁ AR S W TOREEYE B

ERtE LT,

VIial—Ta UTRTENERES LT DT DICEEROET K2 W T4
TR F R DR AET LT BE S ZMET 2 ER AT o7z, ZOFEBRIZBWT
T, —EREICHRE L&/ KBRB IO, BELEE L TAH U 7 U E Yy RERA
L7=47 7 KEHRIZ . Q- A A » F Nd:YAG L —H— (Minilite II, Continuum, San Jose,
CA) Z MW TR 532 nm O F / #0262 5T L, P (VDF-TrFE) B E#E# 1 (Kureha
Corp, Tokyo, Japan) Z#HWTHEZFZELZMNE LT,
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MR - BEE

PRS- BEBOTAEIZ & - TEHR S 7o BRI Wrimi g ds K OVHGELIrE i 1347/ ki -0
EHENPRKEL RDIZONTRBITHEM L7z, Hl2XEk (10 nm) T IE W7 i FE 23
3.26x107° pm’, BRELWAEIAES 5. 20x10°° um® TdH - 7228, BR (30 nm) TIEUIV Wi FE 1
1. 05x107° pm®, BRELITIEIAE T 4. 30x107° um?, BR (50 nm) CIrIWLINHT AL 5. 61x107° um’,
WL A 1. 08x107° um® Th o7z, Tz, ENEHEOWIH EREIE 1. 03x107% pm?,
BCELBT AT 2. 00x107° pum® & 72 0 | R E Lce T SR+ O TR ERoT,
BT ANTEERAWERGEY I 2 Lb— 3 BV TR, & ki DRI -
BELWTRE N K E < eo72, A U R TV By RIZ Ko TKEIRH OBESRE S K X
{7pot20F 2 EMINEND N R =0, FRRO4AT 2 R /KR L
A —NTHIFEEETICBEL SN T BIET 25k Ao, 20Oy Ialb—va v
R DA SO = RV X — 54 00 B RO T EEE 5 OREIL, WoLE %
[ IS L7 &l a T R PR IR I IR & 22 223 I < BELWT A S R & W 7 03
FIREOK TR R NIz, LLRRS6, IRENOEBLIEE—0&T Jhi+&H7Y
DA FIRME X EANEARDS I KEZ 77 LT, £ OfEIEER (10 nm) D3 L% 350 £, EK (50
nm) DB LZ 25 L 720 BEERAEDRIZIENHERNMEN TS Z LR LMo T2,
& R KEBIRIZA VN7 U By REMZ THEREEZ K& T5H 2 L ThRER
FEEOWBNRREL LD ENghrole, Flo, MEEEFEBORERO—D2THD
VAR LGRS R & < 2 B I 20 THIIN L TV 28, BRELARELAY 140 mm ™! 28 %
e ZATHADT DR BTz, DL EOIRIES -8R O ZbIXHGELC L 2RI
TRV = O EXHE LTS Z ERB LM -T2, BELIZ L > THROFH
HHITENEL 20, &7 2 K KIEER LV —NTE L IR E N5 Z & THRIE ) Y
KT %, Fiz, RFRFHIHELIC X TRIOE= RV F— TR0 EEE SR AR
KRR Z—=NDIRNFIRIC AT 5 Z LI & o TEEME TR E < 22528, HELR
FHEF IR E VG TIIRIO = R T =D D A AT RET 2 Z &b
fEMENELS /b LB b,

By I 2 b—3a U EERTHIOEEEBESIIRFIC—E L, ERIZBWTH
VR ab—va URER EREROWIL & BELIC Ko TREEYE SIREOHIM, HEhE O
ZALMN R BT,

o

AT LIy R ab—ya B Lo THEBEOL P REEZZE L LT
xR OB T K BRAET 2 0EEBE 52 E'RMIZTTE 5 2 LAVRS T,
IOV Ialb—yaEEHNDZET, MEBA AV 77 a—TDHAL LT
BN @ET ) KiF DR « A X2 RANTHERARRGE - RR T2 &N TE D,
AR ORFITIRE ML E L TR - BREINDTETH D,
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B0 BN T CHRi# SN =B ARt T / Bt OrsigE L
KR D AZER

JRMRAES R R RIS EREE

[BW] BEtED R id, AR DT S0 ZTFIH & 5 BEEHSREMEAM B & LT E
SHEINHEDITON T WD, BERL T (v 7R Z A b7 =74 MRESIND
EIBERE R OBENENR) 3T A X5 & 2OV A XK A DRIFE D)
BEEENENT D EZEZ LN TWDENLTH D, IRET =74 MR HITIRA
THBBILHEDOMAEDEIZEY | SHERBKISFENRELT S LI TBY, Z0H
K DO—DNZ A ERNAEENTOREERA A L OEREBEOLFOBENEEZ N, £ 2
TAMZETIL, AR OEREH VRS =74 M 2GR L, MEET %
1T &L BITHLZIE L CTHRIRE 7 = 7 A M 7R OREEZ IR LT, &5
WAL BDIBE 7 = T4 b F JRiADAERNAEEND B F A4 D50 (KR
FE) % EBHICHRAN, AT & BRREE & OBELZ OV TRET LT,

[F28r] AL A7 I (0Am), AL A EEON, NIFTFARAT 4 o AFT R
(TOPO) WV&EfE L7z 1- KT 1 ) — WIRIRICH IR O & Bk (O F o7& b — |k
H) EWINtE, ~A 7 vz 20 5 (H2VE 60 3R] HRE L C, BB ST
(250°C) THERILMT ki (RAE 7 =74 b F ki1 MFe,0,, M=Mn, Co, Ni, Zn)
AR LTz, HABROE BRI M Fe=1:2 & LT, ~A 7 o MBRE X, H 2750
DY T NET— ROV A 7 0 EpEE LY O TITo 7, 70, AR X #RIEHT (XRD) |
oy fERE s A - BRI (HRTEM) #l22, BE-#RlE4r (ED) . B/ ¥ —HKk
A~ L (BELS) IE 36 &L TY EXAFS B K D HEEMENT & | IREV VRIS J15E (VSM)
HIE L DREMEDFA 21T > 72, 7233, EXAFS #MIE X, &= %4 PF @ BL-9C {2 T, MK
WeUu s (M = Mn, Co, Ni, Zn) & Fe-K WRlNihZ =16, BilyE TIT> 77,

[FE R & 5%2] HRTEM #8122 (Fig. 1) 7B, AL T LT CoFe,0, 7 /R 133 F-5%)
iR 3.9 nm DY —72ki - CTh o7z, ED HIE L XRD HIEN G, S AR (Fd-3m) @
A RNAEEEA L, i rRE2RET 5 L 3. 2mEE TH -7=, CoFe,0, 7 /R 1LA
HDIRE 7 =T A4 b T 2R DA GRFEITH 3~4 nm BREE T, A ERUHIE Z Ik
FFLTW, Fig. 2ICARLTHEOLNTRE T =74 M 2RO VSMHlEDORER %
K9, ZnFe,0,F / Ki DORAEIER Tlx, 12 & A EBALRNBNR o722 End . iR
BERTH B, ETI NS BINTBIED DREMEZ DT NICRF> TV D Z ERE X
55, —Jh., MnFe,0,, CoFe)0, NiFe, 0,7 /K {IZifEIEAROBULHIERD X 9 72 s F°
RIDN—F 2B, A7 TIEHEND B 2T U 3 R0 RBHML 2R =72/ ki1
R OBALHIRRE TH D, ZNED, TNUHIRAT =74 MISLVY TR TH
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LN, T SRANTIR D LN B RESE DI NT B
D LA BV, BRI BRI D & gk Ok
b sEFEHMEERT B2 b D, BEBRMEZ
Wl DM FEF BN TV D, BT — A
¥ MEIEBENERICIR D B 5 72, £20k0e DFEIN
W55 DFPHTIT o 7o VSM IE D> B IR b O fafnix
Bganhnotz,

KIZ, CoFe,0, 7T/ Ki+ D CoK 72 & TNZ Fe—K %
G C D7 — 1) itk DAY h )V & Fig. 31Z
AT, CoK MR Tk, 2.5 A K& e — Fig.1. TEM image and electron diffraction

pattern of CoFe,O, nanoparticles prepared
IR, F 3 2AENICEEY— 2 BNENE, T by single-mode MW irradiation.
0 CoTlTAYA b (WE) & BY A~ O\ 100

R OELLITHIFET D2 LRI

o Eiz, FeK BUURHIZEHNTH, 258 o 5

Wov—2 & 3 2AMNOE—s EgEsh 5

ZEmD, Fe"NAYA REBY A FDE 5 g

LOICHLHET DI R gmol, 2D L % e
NH, BAEAERNVTHD LS, £ gso — NiFet
T, ARG R IRE T H 70T, EXAFS — ZnFet
DA—=T7 4T 4 ZiEEAWTHETZ 10— o : = 2
TV BT A—y (GO WEIIES) T popied Magnetic Fild/ O

BB LT, B O 4 s ot o i Borrey
AW TREEE x OEZHER Lz & 2 A,

Co—K Bl & Fe-K W im & HiZx =0.6 & 72> 7=, (2)
TORERIT. SA T O RN T 2T 4 IO
THESNTEKEBE L b —H L, RS, o

774 ~F RSO EXAFS A7 L &Rl ith

ORI G, T OREOH ST (KERE) o
RODIBREAEINAMEETH D Z ERHLNE 2o

7
(b)
[t ]

1) M. Kuwa et al. “Microwave-Assisted Synthesis of
Transition-metal Oxide Nanoparticles.” 2™  Internanional
Conference of Polyol Mediated Synthesis (IC-PMS2016), Hikone,
July 11-13 (2016). 2) 4% PEL TWHFaFEE (HEH) I,

. TN N Fig.3. Fourier transforms of (a) Co K-edge and
SRR (N E (7 S5 EUES A (b) Fe K-edge EXAFS spectra for CoFe,O,

nanoparticles.
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TR S A7z Pd T KT DK SRR EGETR D 3 BE SR B AR T
IIPZERE JUNKRFD — Ry =2— h T+ =L X— [T

Pd |3 T INEBICKFE 2 BEEICRERT 5B E LTHS DAL TNDN, £0
F 7 KL AF DK B RIS AT A2 532 < A B BEAITIF R T DL T D, IT4E,
FPEEFE ORI SIS 5K Pd F 2 ki D W A XHIEICEKZh L, Fox & o ILFEHF
FNZL Y ZOKREWEREN NV Pd & K& BAed 2 L% KFEIE AR
ERFFAR TR RKIEST OPE CTH LT Lz, LaL, ZHE TOFm
B EEOKF AL ORI EA b7 Ee RS T2 AHE s LTEX 22 b d 0 |
LA TR0 N A XOENDPIKBRIR D FEE B L KT THERZHLNICTDHIZE S
TRV, AFREO BRI, itz A= 42#EL Atomic Pair Distribution Function
(PDF) fi##r7» 515 5415 Pd BIFERECE O oA & & &2, KB EGE R & WL 511
52 ThH D,

KFEFR AR T OEEELERIT.

SPring-8 O FHIEFL Y B — L

7 A > BL44B2 TiT - 7=, fitti#s

E LT, —bFatsit Y —

( 2 4 A DECTRIS I f
MYTHEN) % - /F#8 J5 [F] 1T B A

72 WA=~ )V F R — LA
TS 27 o (K1 /)

ERILTZ, Z OFiar < Bk X1 SPring-8 ® BL44B2 ®4={# L PDF fi#AT F i

052 A O)]\%X;@%%;ﬁﬂyﬁ‘é\b‘:@: Hj%gz?/xi:‘b\ (E) CE Pd ﬂ_/*j%o) PDF (E)
HZET.QL AT ORHELT —

RGO, KV EEOEW X A ZIXESHREED PDF 3551575, Pd ® K
W) 051 AlZH B 720, WM X BRI L DT — X D SN DOBEALERL S Z & %18
Je LTz, —MxH 72 Rietveld {51 K DREEMNT ClX, EBRTH LN T T v FEIFT /& —
IR LEI LI, 2=y RS LI L ERUEEE T VEREE(LT S, L
DL, FESSFRED S OTHIFEBE SNV, 555 OIXE R OREER
WTHD, KFFETIE, KEWHRIZE D PdOENICEH TS0, ZRECTEICER
BERRFF 23 22 W RSB S &4 C & 7= PDF fi##T % Pd 7/ LI A L7-, PDF Xk
Bt D7 F  Zald & BB EELO W 5 DI M A & AT EHEL Y — o 2 HRsE L.
TV BT HETHLND, L, 2TO 2 JFHHEBEN—RTiEHR & L TE
KIS D72 Rietveld AT TH O N L FREEE RO BE T HZ ENT 4 AA4—F —
TR E VST EEP L EE2MD L THETHD, K1 OLMIZ, R A XD
$&72% Pd F / kiF® PDF Z/r LT\ %, KRIEHEO PDF (M 14 L) bl LE
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DOfsdh T A ZAH3, FEERED PDF (K 1 4 F) 722 S I3 HFRRES £ D53 41 73 EERY

WZHfRTE 5, KEBEWJEATD o M & IKFEWEA% O B D IAFS L IFPERRRRIZ W T
I%. Rietveld V£ TIX 2 tHIAF THEMT 24T 9 2 & 1872 575, PDF AT CIIM Z XH3 5 2
ERR K R MEBEO DM ZEHVDOEEMD I ENTE D, o, BETENIKE DR
KRFIRF & OMBEZ R D Z ST T O REETH 2726, ARWFFE TITAKFERRIZ X
% Pd-Pd HIEEREDZEAIZAE H LTz,

Z 2Tl BRIZHRARR 22T
EENELNLTHDE LT O
Pd (Pd Black) DOf5HE-D % R
9, X 212, 110 5\ Pd-Pd
EEEE (D&, 110 FREE) &

100 J1f 0> Pd-Pd MIFEEE (100

FRAE) 1ICFE24 9% PDF ©°— 72 %,

afi & BFIT/R L7z, FCC ffiik

T 110 BEEE L 100 BEEE L DLt

X, 12 THY ., EEE, afiT

FREZEOHME T O ER> K2 PdBlack ® a8 () & g (F) @ PDF,
TW2a, —JF. p T Zh 110 EEECHY T2 ©—2 . A 100 BE
1:1.412(1) £ 72> TH Y [ FCCHE  HEA ST 25—,
HEOLER > TNDEZ &N

Do, 100 O Pd-Pd ITIFKFERFLEL TWDHT2D, ZONFEF 0BT T
Pd L KFE & ORMICE S HAMERORER L AT Z N TE D, RIT, Pd DKEWERIC
L 55 4 AL —H—DOAREMEZ G 5 72012, 110 FEREICFE 245 PDF £°— 2 & 100
FREEICAHE Y T 5 B — 7 OFfEIEZ iR L7z, o FHTIX 0.251(1) A 225 0.261(5) A ~ 4%
FRFE. HEINL Tz, — 5, BARTIZ 0.266(1) A 725 0.330(7) A ~FKI 24% BN L TV
L2 ENbholc, ZORERITIPA N 110 FRE D HKEDOH S 100 HIANZT 4 AA—
=L TNDHIZLERLTWD, KEDREWR TV A N a2 HDDFNEITT20 720 60%
ThHO, DFEV PAdIEFITIL40%LL EOKFEXGY A F 3D, TDORFEEFAYA LD
AREJ—PEIZE D PAdS 100 FAICT 4 A4 —F—LicbDEE2xoNb, bz b

O, KFEEZWEK L2 v 27 Pd O BAHTIE, Pd DOFHALE D FCC D505 100
FENZHKI 0.2% N L, & HIZE Z &R AIZ 100 FHIZ 110 ik v b 24% K& b
WTWD Z ERHLMNIR ST,

ARG TIL, KFBZWIE L 723V 7 Pd THEHEE W72 2HGEL PDF @i &0 &
IIRTEFERNEFOND NER LT, Stk A XHIE Sz 51K Pd F /B2 b 2%
&L PDF fi##r 238 M L Pd @ 110 T A9 % 100 J7 A ORFZE[ @ & E &b TR0
A XD E UTRBEMICIH LN T 2 Z ENTEIUR, KBRS B 2877
RN EOND EE XD,
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SR B W

UFULTABRET T AT 5T 5 O

[H=R]

T T AR BT 5 F s 7 & OF 8RR ﬁﬂ@@@fﬂtx@EW%FHN

3SR VA S EUNS 2

DA &@M%ﬁﬁ@@w_ﬂbfﬁm ﬁmﬁé DI, HT AREHZ

T 2RI CET B 2 LIt kY, \_¢%7H?X%F—A/F®@w Yo
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- 36Li,0-64Si0,
- 40Li,0-60Si0,

Normalized intensity (a.u.)
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E 215
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F72. L0 SEHIHC, 77 ARIRORHERSEN 5 . .
5
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KIELTEALT A LARIBEINS, 55T, X, B Li amount / mol%
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oML, Sho DR TRz Z R FE B0 TR0 T
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EEE AW T CORSFIREDSIFEZER
Stress—Optical Relationship
for Entangled Polymers under Start—up Shear Flows

HRE— AR
Yuichi Masubuchi * Nagoya University

The recent study by Lu et al [1] suggested a possible important inconsistency
between the bead-spring simulation and experiments, in particular, for the stress-
optical rule (SOR)[2]. The pioneering work by Kremer and Grest [3] has
demonstrated that the simple bead-spring model reproduces the polymer dynamics
in melts. Utilizing this model, Lu et al [1] conducted the simulations under fast
shear. For a melt consisting bead-spring chains having 500 beads per chain, they
applied start-up shear deformations at the flow rates higher than the terminal
relaxation rate but lower than the reciprocal Rouse time (1/7g). In their analysis,
the subchain orientation does not exhibit any overshoot whereas the subchain
stretch shows an overshoot that coincides with the stress growth. This result clearly
reports the failure of SOR in their simulation. SOR is the experimentally
established linear relationship between stress and optical anisotropy
(birefringence), the latter detecting the orientation of the repeating unit. Expressing
concern for the results of by Lu et al, Masubuchi and Watanabe [4] performed the
coarse-grained multi-chain slip-link simulations to show that the simulation is fully
consistent with the experiments10). This result demonstrates that the
entanglement coupling in multi-chain system does not disturb the validity of SOR.
Watanabe et al [5] also revisited SOR to report that the overshoot of subchain
orientation is a nonlinearity of the order of y® and it emerges at lower y compared
to the subchain stretch that is a nonlinearity of the order of y*. Although these
studies have already exhibited the inconsistency of the results from Lu et al with

the established fact, the detail of the problem has not revealed yet.
This study [6] re-examines the KG model under start up shear with respect

to the subchain orientation and stretch. We conducted the simulation in which the
melt consisted of 40 linear KG chains and each chain had 200 beads. After the
equilibration shear flow was applied to the system via the Lees-Edwards periodic
boundary condition and the SLLOD algorithm. The obtained data were ensemble
averaged for the 8 independent runs, and time averaged in the time window of

10007 (where tau is the unit time for Lennard-Jones liquids). It turned out that the
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KG model is consistent with the tube picture; At the shear rates, lower than 1/7g,
the stress and subchain orientation were found to be proportional to each other up
to the subchain size comparable to the entanglement segment, indicating the
validity of SOR in the KG simulation. For instance, Figure below shows the test of
SOR at the start-up shear with yzg =4. The subchain orientation (u,u,) is
essentially in proportion to the shear stress oy, even for the subchain size of 32.
The inconsistency between this and Lu’s studies raises a necessity for further

investigation of SOR in the bead-spring simulation [7].

Figure 8 Test of SOR at Wir[f 1=4.0 for various subchain size (N at 1 (filled triangle),
2 (unfilled triangle), 4 (filled circle), 8 (unfilled circle), 16 (filled square) and 32

(unfilled square). Solid line indicates the slope of unity.

References
1. LuY, An L, Wang S-Q, Wang Z, ACS Macro Lett., 3, 569—573 (2014).
Janeschitz-Kriegl H, Adv. Polym. Sci., 6, 170-318 (1969).
Kremer K, Grest GS, J. Chem. Phys., 92, 5057-5086 (1990).
Masubuchi Y, Watanabe H, ACS Macro Lett., 3, 1183-1186 (2014).
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(2015).
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DT T AEHFEBAEFIHL T, RERQIREAR & ZIITHED KE 72 Soret R DEHL
ZHET. AR OHIE, IK BEO/NIRIBEAEALNG L IRNWT T XEF UVHET
HoThH, EEEN 1 mm BED A Y R 7 —)LTlRAISI TV UL, 10° K/mm (2ET 5
RERIBEAROEBNHIFFCEXHRITH D,

2. fEREBLE
2-1. BiENT £, Fig. 1IIRT&E KA A D)
MRS 6 L CEMIEHO 30 (1) 2 L, &8
RAAL DT T XF D & OFEEE O EE AR
EHTE6 L0 NEHE LT,
oT (r,t) _K 82T(:,t) +l®(r)

o0 C or c
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LX) ICEEND k& CIEBVRELRE & BT
KiEHT- 0 OBRETHY . £ 0 TR R A A Fig.1 Geometry of plasmon-heating lattice.
YINoDT T AE s FEREFE LIZARETSH 5.
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i, x=y=0 OMEIZBITDIEE LR AT=T-To® z FiO7a 7 4 —LZRHE LT,
T DRER % Fig. 2 _m?“. B & M JEIEIR O 5 0N AR v MER KV K X Ze iR Al
ONT)oz -2 5 Z E¥bnd. £, x, y HAOREAER S JEMEIEO R KE <, o,
IR CTh D Z & bR SNz, 2D ORI, FEWEJRZ AW UX K E R E AR %
EHTEXHZ L aRET 5. e, BV A XEBENME (L=2um, zs=1 mm, zb—zn =
5um) I[Z L7285A, BKEE ST AT~ 3 K, I RIEEARIT ~10° Kimm &725 2 &M
B STz,

22 EBR OEE 3 um OEY RF L (PS) - Hg: 400-440nm

77 v J A%~ A2 & L T, Nanosphere
Lithography (NSL) 743 (ZX W ERDF /) KA A
VO )E I G A A g B BICER L. B
FEIIHIAN=T T ATHEY, LD =T

~—

T AOIZILXER 5 um OH 7 A — X% fFf I Hot stage I
ALT, BVEEZE (Smm) & L7z, 5RAME Fig. 3 Experimental set-up for observation
Ek 4 = 400-440 nm ® Hg 5> 7 (&) of plasmon-heating.

100 W) TZOA#EELZRH LT 7 XE
CHEBEHEL, ZoORBIIHRT L ERH
BE a7 4 —)V% Fig. 3 [Z/RT set-up &
ﬂﬂb“f%ﬁg—ﬁ L. RE~—HT—& L TIX
30-40°C |Z R 2 RO & I e E 7,
ﬁwﬁfﬁ%i()\f/lxiﬁ@{mf I%, AR OER
AT & [RIREIZ R IR (25°C) & L7=. Fig. 4 Temperature increase due to plasmon
heating from Ag domains (black domains).
Fig. 4 | k_/TﬁAJZO fﬂl\%/f/(.q:'@i
W R A A ) OO CHRE IR LA
B sh, 772%/%‘3&75)Eﬁm SN x-y
AN TORERITRKRT 4K BETHY, <
A7 ELTHWE PS 77 v 7 ADHEE (3
um) 2> HHEH SN D EEARE ~ 107 K/mm
7B, ORI OB O R Lt o g by et
otz of UV light on meso-lattice of Ag domains.

-

before irradiation after irradiation

IHIC, FRLOBADPOREY—I—ChHRmEI Y BRE, 2ORbVICEADAR
(BTB) O 7 F /7 ZVERTERR (0.01 M) ZE A L CEIMRRIN 21T -7 & 2 A, Fig. 5 I
AT X, ELTIEH LR KA A L OEL~D BTB O % R~ed 5 i b3 #El
RN, Znd Soret ZHEITHEKT 200 E 9 T HWT, BIERIEHF TH 5.

References 1. Bagley et al., ACS Nano 7, 8089 (2013). 2. Viswanath et al., Macromolecules 46, 8596 (2013).
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(1) A B 8. Tetra-PEG 7 /v OAERRICIZ, LAY ~— 0O FNVH &N
M,=1.0x10"-4.0x10* g/mol D & D% -, 1ERIFD Tetra-PEG DOEFESY 1T 0.057
& L7-. HEUR (M,=3.5x10" g/mol) IXKFE/Y=%E 0.017 (2725 L DI L, [EEH
HOHR TR H 2 Rk S 7z,

(2) REHMERE: JETHIES LA X — 2 — % T, BIREEERE 21T o 7. TR A
X 25 mm OVATFMRZE VY, FAEEE 0.01-100 s’ T, 1.0% OOTHEEIN L.
BB UT, HINOTHABIHEIE CTh 5 2 & A fEad L.

[R5 - BE]

Figl |Z Tetra-PEG %"/L, HEUR, IPN OFRJERBMEDOFER A <7, IPN X ©~0.4 rad

VARETCREERI AR L, @A & ARE T 2 o0 GF O AR L. K
H‘&%ﬂﬁl@ G' 1% Tetra-PEG 7 /VEIKD G OfE & I < —E L, fEMAMEERMEE o
—FFEE R TH D Z & AR ST BEFIRE L HEUR B & i3 2 & ARER 4K
iz 7 bL, BEEME &—FRE B R OMAIEHOFEZ R L TV D, BRI
DI SIEM b=V X —Z2F i L7= & 25, IPN & HEUR HRDREIZ
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HTE, 20T YIRS T M lg mol”

NG O ST Macromolecules |Z#:%5  Fig. 3 Relaxation time as a function of network
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Z LI LY, Me X D REEHA LA O S WS ICEE T Ao R EE L Z &
#HMET D,

ARLLFEFZEIZ L0 . RIS DREE O 7 #ik 2 B DM O — i 3B &
ﬁm@ot:&T\ﬁﬁ$?%%éﬂﬁifwé%/%w&y—%%fyfmﬁ%@
REDBUNCERD D0 FIEBEZ AT 5 FEN RGN b L HIfFESND, £,
T J ARANY &0 o TR DO AN b TR REUS T E O 53 IS REAIT 7812 K &
SEBNT Db LIS D,

[5E8k & k]
va= k. MEATIEAANVNRT 4 — BT 7 VIZRTET D08, Mlashc
TUWIIND & ZBOAROIERL, & 2 WITIREADOHIE & 72> THiRERRIZHET 5, &~
A= OREOBFEICEFIH LT, Z O5Wamie 4 e SBRMEE CRFAICEIZE L
Tre OB, 7L 7 2LV A, %5wi%4bﬁ7y/D@k%5zfﬂ@Wﬁ®%
REAFFE DM THHIT 5 Z LI XD, ik « HSWHEREIZ OV TOM R 2157,

[ R & &%)
A7ﬁ%@%%ﬁ%§%7&%yéém%ﬁ®ﬁ4Fﬁ?&vﬂfﬂﬁbk&:%\
IR W Ty a= U EROE-N I Z o7~ (Fig. 1), £7-. ARF/GEFILERITH 57
1/7:n/I///A’C@fEL7lk A T a= L OEFENBFART  IZHELPL LA Ry R
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WHEE~OFR A & LTSN (Fig 1),
INODORRIT, ¥ a = FFEAROZUNTIET
JF T 4T A NOBEBLETHY | Ve
< & HIEAYHINT . AGE/GEFHRTFA 72 /N R A
ZRHINTWD Z EEZRETHHLDOTHD,
1%, RNA-seq fRATC7 1 7 A — ARMTIC IS
W, v a= v OEAFEICE - TR R
Wz ERTH8EETEZY AT v 7L, ZDiE
(BFPEM DB REfRIT 2 LT, v a=v
AR Sy WA & OB Z TR 55 THh
5o Flo. BFERZ AL T D4 bt a
HZ [FRCBIZRT D2 LicL ., oY
HIRLNIE R OENREAY Y 2 = Ok ICB 545 Fig. 1. PFHFEAMEIC L2 LT 0%
PIZOWNWTOHEBELND EEZBND, WG > a = EfE

[BEdi e %]

Tatsumi, K., Yano, M., Kaminade, K., Sugiyama, A., Sato, M., Toyooka, K., Aoyama,
T., Sato, F., and Yazaki, K., Characterization of shikonin derivative secretion in
Lithospermum erythrorhizon hairy roots as a model of lipid-soluble metabolite
secretion from plants. Front. Plant Sci. 7, Article 1066 (2016). doi:

10. 3389/fpls. 2016. 01066.

SEZR, MRCTE =, FFEEMAT. HFIUEE, bR, Rig—8, TEREY L T 552 H
We 3 = RS OfENT ) 5 11 Bl b T 2 AR —Z —#ERES 2016 427 H 2-3 A
AR (F9R)

RIRF—52, 385, EBRGER, H)IACESE, AZIUBESR mBLIITRRR, SR ATE, Foikm 1
FIES, AT FORRRMEGIE Y 2= O WHERE O 4 29 BIREIEE > Ry
A 2016 45 11 A 25-26 H KBRS (BH)

Tatsumi K., Kaminade K., Takahashi K., Aoyama T., Sato M., Toyooka K., Yazaki K.

7

Biochemical analysis of shikonin transport machinery using hairy roots of

Lithospermum erythrorhizon. Asia Research Node Symposium on Humanosphere Science,
February 20-21 2017. (Penang Malaysia)

3828, LfRGER. SALINIARR, Voigmn 7. SATE, FlisEsl, Rig—8=, TA79%
BIRRDORBANLNZ IS B o = 3 WS OMENT | 27 58 [a] A AR AP AE
2017 42 3 J 16-18 HEEIR B R (BEIR &)
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TR BRI D 43 bIZ 31T B il B HE DA 58

BIK DB KRR

[B#Y]

W) DICREIE A SEICIB N TC, B A XF X FTDORERL b T A a—b Lo =R
X, BIEORG ERFNOIZHT 2RRERERDOLZ I OISR E L TEFICHWD
NT&ET, TORE, %&ﬁ%@AmA$~/%ﬁ@Wé@%mﬁk@%ﬁ&Lh%w
ICESEFEICH SN TS Z R LN > TS, —T7, @ﬁ@L%%%
@%KWEW%L\i%@%@%%kbfﬁ<@b%ﬁ%¢5 h%%@ﬁ@zv
ENU—Z &bt Lie, K 0EEies %i%%%&%ﬁﬁ%%f%é AAFFETIL, B
TEBLRE O E1% & 72 DGR 7 IR B kI %bé%ﬁ&@h%ﬁ@%ﬁ%k@i
INTHIENT 2O EH BT H I LITL Y | MRS 5 5 kil i 3 O
TERETE RIS 2 fR 35 Z & 2 ATV D

[AFFEsEtHE ]

v uA R AT ORKRE LR DML — TR B 5 B K - O i
(R BB 21T 5 (WFEERE - Bk D H), TORMRZE H LIT, T HIRE R
TR AU B0 2 AR FREDFEHL 2 EDO L O IZHIE L T\ D Dz, iEinyHY
FIEEROTHT T 5 CRREHEE - FILES), ERENTIPEER S oA XTJ ZXT KR,
BIOTND EERE L DRTEDOEREZEENTT ORFTBET 5 2 LIT LD BTN
et 2 D % (WK - Bk DA, LEIDIEE - FILESL), S 512, HFHARERR
DR DF BN I 1T DI GHIERICE TIH L ZENTE D50, b~ MR EDHH
FETE 2 O TZ BT IC LV BREd 5 (WHEREH : EKDH),

(3287 1]

YaAXFAFE hv M, BRHIBERRASF - ERT,
/m4x+x+@m@§& X AREAMAaS] & FEAR B HIAR A A4S

(IR S 20, MECRBRRZED Lo i@ L TW\Wbd, —H b~

ME, ROETORKMBBO/REEZEK LY D (K1), vadg
X F R F D GLABRA3 (GL3) BAnT-1%. REEAZIHEIT 5 bHLH
RESFR 72 a— KL TV Y, REMETERE - BRI
GL3 & /X7 E N IREMID B BEO M REIT L CIER EM A
IR T Do Foxld, MEBMIFRNRIHLFLET L L3 T ue—2 =0, h~ MIB
WTED KD RFEENRZ = T m T O L T, GL3promoter: :GFP 2 A N7 7 |

X1 b~ bDRE
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ZER L, b~ h (A7 hd) ITPEEHR L, £/, ¥ rA XFXFD GL3 Bint
MW, P~ OHFTHLIUEOMELMHMEL, BEEREZME T2 E > »E
GL3promoter: :GL3:GFP b~ NMEUEEAZIE L, T L7z, S 612, YA XFTXF 0D
CAPRICE (CPO) ¥} XN GL3 D b~ MERIEIE . SITRY B LN SIGL3 % v A X X F |23
AL, EOBEREZfRIT LT,

[EBRHER - BE]

VBAXFTR) CGL3BETE Y MIEALLEZ A, BHERRBBOZLIZA N
Mmole, YaAXF AT GCL3 ZMFIFRELT 5L RENFY T A 23— L0482 2B
BRREBIOBENERTN,. ZOL I BREIE b~ hTRBEINR)» o7, 2O &b,
YEAXFTRF L b NTIEER DR ERRGIEERER S D 2 LRI N,

k< & SITRY &5 1% GFP L@h& U7= CPC: :SITRY:GFP > A N 7 N a A XF X
@%’Eﬁ”& cpe=2 FERERRITHEAN LT & T A, IREHDHEI L, SITRY:GFP 25 Hifuff

TL/Z 226, SITRY (F CPC & [AARDEEREZHERF L T D Z &Rz (M2),

*ﬁ N~ b SIGL3YEInT-% GFP L& U7 GL3::SIGL3:GFP A A NT 7 hEi A X
FTRFOEAA L g]3-7454 ZEIRIEFMRITFE A LTz & Z A, SIGL3:GFP /TR IR B 0 4

S DHMEEIRAT T Db D, Z NI EPRBL2NE DR ET A ALV RLETH -
7= (K2), WEEHAKRORRANEANEN-T22 LB G, SIGL3 IFRBIAKIZI VT
GL3 DX D e Z Rz 2 EDRBE Sz, b~ R SIGL3 & v rA XX F D GL3
DT 2 JBEECANE, 45% L W) EWERE R U — AR TN, T OMEEITRR D Z E NS
ASoY

X 2 CPC:SITRY:GFP, GL3::SIGL3:GFP st t#8i%2
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WY BETE RRIZ 31T B PIPSK & ROP-GTPase MDAAE| DS
EEPIEE  HCER R RS T

[EY]

TEA MR O TEREITAE 2 O RE 2 A G 2> 6 3 2 57217 Tl < MR E O
REARET D DOEERK T & 705, AIEAECH £ - WM ia O R AR X
AFHHNZETT 5 2 &0 6, WITEE LGS LE L S D, FTH IO
NEIAEY AR OEHED OREERTERBA LA T T DI R DT R VB TH Y . £ O
WA RIS 2 2 L IXEZMaekOBIED 28R+ 25 ECHL AR TH 5, ABFSETIL,
RATZ 7 FINA v b= 4,5-E R Y UBE[P1I4,5)P, ] D) NgEY 7T %
HANEREROTZOD Y T FANF+ThHD e, b U VIREY 704w
BEED—DOTHILRAT 7 F VA ) b—/v4-V g5+ —1 (PIP5K) DRER
ARIEBFR 235 T 2 MR & AIERBIE O RENT - HERE & W D BLRD DIRENT T 5, RFIC,
TR B O REFE SRR I Z 2 iR NABRMEOfENT &\ 5 BIGUTE R E Y T, M
T PI(4,5)P,, PIPSK, 3L OWEMI D Rho-type (K537 GTP f&& & v /X7 E ToH 5 ROP
73 & CRERR S 2 T NABE DO RESTHERE DT L OREERS L O ORGEEZ R A D,

KIFFRIZBNT Y UIEE Y 7 F /L & Rho—type &4y 7 CTP f& % v /3 7 B L FH HAEH
MWLM D Z 22X DB EAEIE O —ki72 s+ e LTy s
TIMEERE NSNS b0 WS nD, £, UV UIRE Y 7 VT O RS
AR VASEICBWTHEHEREHEAZTS, ZOL52Z 006, SHIRITEFEY
DICREIR DM IR E S BT 20572 57, BIEW 2 EH A OBF Iz
RND EWIREIND,

(£ & 5 i4]

PIP5K3-mCherry 36 L TN YFP-ROP2 7¢ & A3 BLT 2P HIAH S 1 A X F X F 2 W\ T
PIP5K3 3 L O ROP2 DR B IEFEGBEIC BT Dy FEIEZBIRT D L L b ZDHE
BRiE R A b LT ROP2 DX FEE AR Y LI E D YFP @A 2 V7 B aiGH L, £ b
RS OWEER S 0 A XF AT 2EkT 5, ZRETICAFLLE v, XFXF
PIP5K i {5+ T-DNA A ZRIK B LN E TIHER L7=2&FE Y 1 A X X7 TBE
LR 2 W TR BIZRERRICI1T 5 P14, 5) P, DRBIOfENT 28D 5, ZAVE TDA
{LZHIFRNT > 45 S A7z PIPSK3 & ROP2 IO BRI EAEH OS2 & Lo, IREM
Fa s Bz 31 2 SN EESL I B I DT IV A1ERR L. In silico TV =2 b—3
VEATV, EOETIVORIEEZAT 9,
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[ 5 & B 42

Z I E TITHERL S AL7ZROP2DYFPRL& % o 23 7 & (YFP-ROP2) 3 & O'PIP5K3 D mCherry
DG # 737 'E (PIP5K3-mCherry) # £ N ENAKR DB 7 0 — X — T LV I
LIEERZ T B b, £
FNOFE Z 7 EDmETR D
WREIZHBIT H2EEZ [FIRFICBIZE L
oo EORER. ZNOIXIRIFRER
(AR S O e F I JRTE L7z
ISYFP-ROP2(D J5 300 R # i I A AE T DA A B bz (X)), ROP-GTPaselZ (XGTPAY
A (EMER)  ECDPREAM (NEMA) NFEET 20T, ZR6OXEILED-#ED
BIENSBLEEND, 5%, HRIIEMRIROP2 (caROP) B L ORI F o hxH T 4 7Y
ROP2 (dnROP2) DYFPREA # o787 B L PIP5K3-mCherry Z MR BAlfin THLRBH I, b0
HRELEMICBIZE T2 TETH D,

Sa A XF R FILPIPSKIN & PIPSKIE T9>Dtype-B PIPSKEIE F4 2 — RLTHY
DWW TPIPSK2, PIPSKS, PIPSKADFERERABZE BARIZ B W TR B R OMGI N B S
TWb, FTo. pipbkZpipsk3 T BAKIE L Wpipbk3pipskd A BAKTITZENEINLD
BB rOLREID S LWIREBMEIHIBOND Z LD, ZRHE3DDEET
[IRBHEICH L CEELEELZ L LD EEZOND, LML, pipbkIpipbkd
BRENINETHEDL ZENTE RN, pipbk2pipsk3pipbkd =7 BAR 15
NRWE D E STV, ARl pipbsk 28 LR D Yt AR DO FFERMEICBLRE L CTded THE
REAT S TGS pipbk2pipskd " BHEBARZG D 2 L W TE T2, 514 pipdk2pipbk3pipskd
—HEEREKEER L, 2 a2 O TPIPSKIE AR FCIREBEREN ED L 5127250220
TIfRMT 2 HED B

PTP5K3 & ROP2[H O BRRIAH BAEH . PT(4,5)Pl2 K %

%
ROPOTEHEAL, WL LCOM B A0@EenRy /T > A\
PV R ABE LIRS TH A iaon\\
PERESTIZ BT DET IVENER L, InsilicoCy R = L — y = B 7
YA v EfTot, TO/MR. ZOETTF L CHEORN  gaa— R0 N
FRECH D Z & (K E), %L TUROP-GDIIZ X % GDPHG e

BTIROPDBEML 2 72y E PSS S e 2 & CHIXT) AREE S u7-,

[B8:E % K]

HEA, MBEREE, WREEE, NEERET HFlssl, TR & mEAICE
i} % PIPSKZ2 & PIP5K4 OFSHEFRAT | 55 58 [0l H AR A PRESFES 20174 3 H 16-18 H
VRS (B E)
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SREBP FHZEAIIZ & 5 NASH 2898 55 & @ inik
FI BN B R B T b B e

HEY

TFEFRY AN ADREEOZ2WIFEAEM L TR Y | RIS A 0O E S
FET = EREIF X (NASH) OB EF23H 5, — Ml CIEE M & 135S
72 o T A OB OF N R S L, BRGNS L THERZHED TS, il
NASH - B 82 & < 2 B 5 & L T Steatohepatitic HCC(SH-HCC) &\ 9
BLEDRRE SN TV DR, ZORFLERIITIATH S, AT, {LFUFZERT O
FAZHIEE TR L CEIEE AL EA & HBEE N BR LA~ Y AT V&
FEHE T, NASH #E « i L O SH-HCC RIEIZ BT D B AHHR K D& E| %
AT L. TR & L CORREMEZ RS,

EBRGIE

NASH #EE « FIEITITA R Y SRPUHECER LA b U R e Ekkx 72K 7 D B 523 R
SNTWDEN, ZOATN=ALIRIEARW 21D 20K D B IRRE A T
T 2IITEE T IV OFED RV, BEHFER HIL. NASH #5E DOJR e & ik <
RAENOINT T2 2N TEDL=— T IR~ T AET NV EELR LT, NASH i#/E -
FFIZB T DRI OZEZTHRD720, ETEARY T ATIEHEELTNS
SREBP ¥ DOLEHR Z %5 L WEBE~OEELHT~ 5, LR ETIIZE TI2IE
BAREET AWM ERAL, TN oA SREBP OfFMAL % LEHIT 5
AN=ALERALTE 7, EEMRRIIINODIbEmEARKR L, it 5, W5t
REFIIHH~ v AET LV TILEMERRT 5,

EBRAE R

AIRRRR 2 -2 32BRIZE\V T, SREBP [HEDIR N E < 222X I D R ERA~DIE
DM NEE B3 E B IALEW 2 AN HOW T, invivo TOERMEZE MG LTz, 7272%
FET LV TIIERNBEONDETIZ 1 FlE OMHMAET 5720, FTIELTF oo
SRR B X > GRAIE & IR Z2 2725 Ob/Ob ~ 7 A Z HW CTHRIGFIC K9~ 5 3K
BhRlRER 21T > 72, TIRKEEGRER & LT 10mg/kg ¥ 5 [l 5 % 4 kG 9
592570 ha—)LTHREG LD, W{bEWE bICERREILV T AMAEICLY 1
HEFRECTREIEL TLEY, ZNbLDEMITERETIIE X 2 D A RITEM
LTLED ZEDbnole, £ ThAICEEGEELZ T CREBERGEEZ MG LIoER,
0.lmgkg ETFIFDE, BEOEILVY Y LAMIEEZET 5D H DO tolerable TH 5 =
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Embmotz, —FH., FED 258 Kufx B4 I D RGETIIERLREI LY T A
MIE L WHERLIEZ LD, ZUODILEMITE X 0 D ZFE~OIERRIHNZ
ENHERENTZ, L LR, 0.1mgkg TIXIEVITFOME 2 FITEE CTH Y |
SREBP [HEZNEN R+ Th o7z,

ZF =3
INHDOEBRMERNS, Ao 7 MRIELWZ EXEFMET L TCHLERS N —
HT, LVEKFETHEGER, ©X I DZHEE~OERB DI EEWOBIFEN
VETHD EEZ BN, 5% % Ob/Ob ~ 7 ZEZHWTALEMA 7 U —= 2 7 % Hki
L. HRREZ UGE S DLW NFEIE SN, BEET NV E AW 217 5
TEEL LTS, RIFRIZE > THELN D EAIE, REEERESH A DIREIDOBIIC
\HEpa BT MERETHEEZ6ND,
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2016-56

X I VDRARFBERDY I IV, FaP—
Bt i SO AL

[BEY] &R e % 20D, (Lo, 25-dihydroxyvitaminD,) 1%, BNZHEEDO—>TH
LEHZIUDZAEN (VDR) EFRFERAICHE L. EREs T OG22 #4252 & Tl
RN MREFREIOE OB E DS EAIREMEY 7TV Th D, RIBMAT
D17 FralbAT7a—ARNEETONRINZEIY 7L e I DICEBRI,
WNTIRIEIC L D[, 7]V 7~ bua B —afii TE X 2 v D, NVERMT D, Z OiREITESR
MELSEG LRWMEFERTH Y | AFRNRISTHHICH 00063 2650
LV ERERORAERD ZENIZ 26T, TN OEBOERMIL. e
LEENBIbE =, S OICEMER AR % 5 2 5, AP T, SO MH
FOSIZE D Zinb e s v D gz g L AbFai L., EREIEED 7 I I
A A v T —Hii o TAEBEEEZRED . TOA D =X LNEBiFT 5,

(8T 1E%E] REICBIT 2 OSRIERMO—2L LT, A7 T7ATr—L 1 BX
RO HD, ZHHITEX IV DIZKT 2RO NG L0 BT 525, R4
HIEHENARAZZARMEWE THLH, —J7. EX IV D, BIN2-E FrFrE 2 I
D, Cxt T H AT T AT u—/LiE, b FNERMEHE & L TEEIZTE o0, BEEliRE
KOAEYNEMIRZDT- , FETEK L=, 7bb, 33X (J. Nutr. Sci. Vitaminol.
1977, 23, 291) Z&E|C, X I D, %% 200~300 mg A7 —/L T X J—/L 10 mL
HOKMm LoD, FEKIRT 7T 12 RN T 5 Z £12 XY, Scheme 1 (ZRFT R
Z A7 mu—/L (KK-006~KK010) #7155 Z LN TE /=,

T, BEXIUD, 25-E R e XD, 10,25-Y R e s 30 D,
FTAIH CYP2UAL IZE D Ny b VBB I OMIBET 7 N AR~ ERE S LD 3, Iv
¥ b o IR R PR CHRt S s T E b — 5T, ST 7 kR
HAEFRYEME & 5 U NTF D% ORFIHEGERRICOWTIIRATH 5, £ 2T, ML DOH
% (J. Chem. Soc., Chem. Commun. 1992, 1229) Ztk#E% Mz, Scheme 2 (TR T &
ETMIEHT 7 b CDBRAZ AR LTz, ABRFBIBKIKE v 7Y 7L, 25~ Re¥ b
2 32 Dy O CYP24A1 REPEM 25 L7z (Scheme 3),
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OMPM

Ho COH
Z “MgBr EDCI, DMAP

CH,Cly, THF CH,Cl,

58% 87%

I
2,4,6-collidine
pla B —

25(0H ()supr?s‘eml 1 25(0H)suprasterol II CHyCN

25(0H)D, Minor) (Major)
200 mg scale 12%, 24.6 mg 28%, 56.8 mg
KK-009 KK-010

68% Taso "

Scheme 1 A7 FAFu—1L1 & 1ELUHEEEDOEK Scheme 2 CDERMIGHT 7 N 53 DARK

0=P

Ph
oTMS |
nBuLi, TBSO"
il

THF

30%
TBSO"

(23S,25R)-25(0H)D3-26,23-lactone

Scheme 3 CYP24ALIZXZEX I D, 77 N AGEHIO G

[FEERAER] Scheme 1-3 IZRTIALFULE T, AWIEVERRIRIZ /046G FTRE 7R & 2 ffe R
T&, AT TATa— VAR TIE, KT v 7 RERFIC A ERR T O £ <ETE
T, El 2R A D ERE bINEE N5 Z e ot

[B%] ¥ I0 D FEERASIICBT2ERERVELELTHEAZED TN D, &8
HHNITEIR EBERENDEE SN TWD, —FH T, EFERETIEN AR
BOTHCHEN D H & SITWDD, ZDOIEEORIER A I = X L3557 TR
W HRUSRRMSIC LD 2 b e 20 D FEE 2R L ALEER L, L2
TEDT I NNANA Fuao—Hiizaffio CAEHEREZRD Z LT, ZOAD=XLD
PRI — 0D T, DASRBIEBOIBFIEORRBICEN DB DD,

[R#HE] Gasl. FoRBEE)

F 68 AAL X I A Re (BILEBERED)

[25-B FaX v &I Dy 77 bR & BMROE RIS
fl O EEEE L L mE sl L B2, WE Lt

LR IRK « 38, 2RURWE - MR A v AT AL
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2016-57

7 = U BEMER R AR LRI & A\ e
A LY b= AREOBIR

FARRE AbiE R R e T gERe

HEY : AV bu =7 A58 EFERENE L <. STT-RAM 72 807 4 2D FEHK
AT BB TN TS, ZOFTHRMERAY Y hr=7 X7 /34 2L LTH
FESNTWNDDN, A FET LRI D A B U HRE A M AAATEREENR - CTh 5,
A ¥ FET ITIF A B UARMREN 2 55T 2 8RB AR AR THY . T ETELL OFfF
TR EINTE T, TROLBEFOFER~AD AL A FEARLHME LR EEA I
GaMnAs 7¢ & OFHMEFEROBRE TH L, Lo LINLOMEILHoe A U5
MEFHNIRNT L0, MRIEBIEENEIRLLFTh D 2 Ll EOMRT & 820
2 TWD, AT, k72 VR THIAE RNV T =74 FOBESLEME
FES 2 2 LI Lo THHME SR Z BT 2 2 L2 N E Lis, L <IThsHuE%
FFOSn WIS 5 2 LIZ Ko TEMZHIE L, B2 ERREE2150 2 &2 B
L7z,

EBRFE PTG L LIzDi3m A B AR CTéd % Fe,0,12Sn & R —7" L 72 Fe, Sn,0,
Thod, TNET, 2, SWMOHE LR FELWIHEIT D> TV, ABFETIX
BT VN WSOy TR B 4 % o —5CTFe, Sn 0, T E X X v LD
VERLZAT o 7o, FEARIT Fe,0, 23 Bl 72 = B2 2 & U % LR 279 Mg0 (001) & 7=, B
iR D3R 7 2 Vo EIX 4 X10 'Pa, EMRREEIL 300°0CTdH 5, in-situ RHEED T=
B X% T v VAR AR L. XRD TR E7R & O SRl 217 - 7o, XS]
B A S5, BALIE SO S — 3R 2 Fvie,

EEBFER - Mg0(001) £ Fe, Sn0,1%., x=0.6 BV T X F T v LEL, x=
0.8ZBWNWTCIETENLT 7 AMEE b o T-liEE /R L7=, X 112 RHEED % 7~7, x=0
T 725 Fe,0, TITA MY =27 RXE—2ThH VY FEHARFEEZA L TWDD, Sn ORINE
MR TDHIZONTAR Y T 4o/ =BT T D, TRDbLERMKEL TS Z
EM o T,

1 Fe, Sn0, % M%0> RHEED 4
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F 72 XRDAE D> A& FEEIT x=0 D & = 0. 836nm,
x=0.25 O & % 0.840nm TH VY, Sn DA F L%
SR L CEL L TWD Z &R STz,
ELAREE OWE TIEL, Sn DEIENE KT 5
DN TEIIEGLOHE KBl =7z (KM2) , Fe0,
DEXABEITIA B UEED N E RS A N & b
HFe* L Fe' DX T A VB DRy B TIT
LD LEREINTND, 2MidH DT 4D Sn 2
WEnsZ LIk, Fe*, Fe* DI/ N7 o &
DEAL . FXY U TREDKRTHL WAy BT
L—hDERTFREZ - T0DEHDEEZLND, &
SICERIEEORERFEEEZR L2 212k
T, BRALEA D =X LZHOWTHRE LTz, Fe0,
[AlEE Fe, Sn 0, IZHBWTHIREDIKT &4z, EX
PRPUTFE BB BT HE R L7223, Fe,0, T 120K CTH#l
HSND 7 = VNEBITIHE LT, ZOEXIEILO
BRI ONT W OO ERMEEET LT
T AT 4T HEATO AT =X LD 2 T,
Fe,0, IZOWTIET TICHESNTNDH EBD | =
B2 200K £ ClIZAE—ILR—T 0 T )L,
200K O 7 2 VR_REETIET L= RHTT 1 v
T AT TE AR b RV X —X 25meV ThH o7,
—J5. Sn DTEHED x=0. 25 BL N x=0.6 D DI
ODWTCRIERD T 4 v T 4 T &AT ST, DRGSR,
EREHEIRTT L=y 2ROBEBXEER - &b 4 THERES T ORI B
I<HEHR T Enbhol-, FliEM b 3L

F—1% 26meV (x=0. 25) , 27meV (x=0.6) TH YV, Fe,0, D7 L =17 AT FEAEE C OIEME(L
THRAF—LIEFITEVETH D Z ENbhoTz, ZTDZ &1, Fe, Sn 0, DEXIRE A
T = AL Fe,0, ERBEDONEEY A NEHOETOR Yy L TZEDbOTHDL I L%
IRIE L TWD,

RN EIZ DWW TR D, IR NI AME I S A FUIN L CTHT » Te e RO 5 0 — 20
DOPEFERZ 41277 F, X=0.25,0.6 & AR 2TV U2 EZ R LTz, & <IZ
x=0. 25 |[ZDOWTIE Fe,0, ZIZIER—D b A7 U v AR Z /R L, Z OWINE ClImE
PEIZIT BT 72 < x=0. 6 REDIRMETHITETOABEDOKRTIXAONDL L DD,
PRBEIICBE L CiE Fe,0, £ RIZDMENEOND Z E RN o iz,

BCRME  RAEA, MRHIEE, PIWERME, SHECZ, RIEKRS EE520l i Y E s A 35
LATEEES A6 1/9-10 JbRLTH

Sn,Fe; 0,

X

2 ESKIEHTRO Sn AU

%
L
iy
)
5
St
#
S
Einj
X
=
o
=3
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BEBER BN 31T D Dyaloshinskii-Moriya ¥ E/ER DR R

A
pal

st BxuEE KT

WF5E B 1Y

THNETICAE BRI L ABALEIEIZ O W COMFZEREANTITON T X 7=, Er R
HORGEEIZ T D A B U ERIC L DBAbEREIR. EBr- v X = b—3 a VRN - BRERARAT &
DHEEL D, TDOA N =XLOHANTTATEBY, KEBZEZFHLIZAT) T30 2%
LIREZINTEX, L LN BEE, Ko BT HEICIEFREZ F oM 2 7= 25
FEERCIX, 2 E CTORE TIEEE T & O EEEE O BB RO E) T A OB LN &
NTEY, SORIMBTVBLEL 72> TS, FrIZEFRmIZHIAL S Dzyaloshinskii-Moriya
E (LLF DML 205 RSB DA U R — LV BRENR NS OBREO R REM: & LT
B SN TWD N, FEEFHHRRGHIA T TV,

eRFE & LRpFZeE 1T 2 v E TICEERE T DML R RICooxidt4 2 LIFY | AR RIC X
B RERERENR L OB OWTIHREZITV., ERRE VI 2 b—a Ok ) DM ED
HER 21TV, PR IR ELIT o CTEZ, £7- DM 2RI K D BEEBE) A = X L DA
LIZ DWW T OFEE BTV, DMI 2RI X - TRV GEIR C & BEBER B L A3 L 722k
TEEEREVI ALV a L VER L, FOAI =R LEHLNZL, FEOM L
HBEEITHOTET,

AKBFZETlE, FRERBZICL AT I 2 b — 3 v EHEFEE I L A EE L DILHE
TEZEIZ LD, DML %A 7 28R CORGEER BN 35T 2 MRS 5 7] O e R 5h B D fighT %

1T-7=,

SEBRI CoNi &M oD bR & Pt CTHRA T PR 7o 2 Rk (DMI~0) & CoNi fi%
PR O NEx Pt JE, Eifild Mg0 KON Pt & CTHERA 72k FR7a i i 2 Ko #l#7 (DM1>0) %
WTAT 272, T b ORI HEEE 2 Bl E L, AIRRE E 7 OB (Hz: 150 mT) K Ol
BT ORESE (Hy: -250 to +250 mT) 202, T4 D DRI K 2 BEEER B AE 0 28k 2 5l

~7e,

B 1 MBSO E 2REBSEEOE/LM (EBRFER) (a)xtBrMi#R(b) FE 5 FR MR
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X 1 (@) 1 FRAmAR. [ 1 (o) IZFERITFRMRR T, Hy I & B REBERS ENEEE D& L& R~d, it
FRABFRCIEZ, Hy 12X 0 BB N 288N 528, BELEE X Hy OfF 51213 X 57,
Hy O#ExHED A TR E D Z B3 b b, —ﬁ#ﬂﬁ%ﬁ?ilW’ié%%LfGWME
N EL, FEEOHBUIBA O E TET D2 ERNbd, 22 CHREIEE X
TEINL, HHy THAT 5, 722 OBRITMEENORRE— A > FOREIC i%@w:
ELER LTz, ZNODRKEZFRDLTeOIT, FEREFREOFMETY I a2 b—2a U&7
VN, BERERODE T ORSRTE— A v N O A E ORI EL AT L A EBR L [FERD
WEDOEATB S 52 LN TET,

X 2 BMEBHTOBIKE—AL NOEHAEORERBZEL (VI 22— 3 yv) (a) MR D)
FE R FR AT AR

AREROFINEZFTHRD 1202, BEEEN OGS E— f/k@¥ﬂﬁf®ﬁWﬁM%ﬁ&ko
Eﬂ)@ﬁﬁﬁﬁ@ﬁﬁfilwow%é R E— A N OYEAEENRR & & B
ML THEY ., Breakdown (T X » THIBENDORIR T — A > M kA EE) 2L Z L“Cb\5$€f
RLTWADA, Hy=+200 mT OHAIE, WRE—A L FOFEHMENIE ETHY . Hy
(2 &> THEEN OREKE — A > b DOREZEEEEINIH SN TWD 2 ERbnd, ZORAEE
FOMHNZ AL DM DR EFRETH Y . Hy 1T X 2 BEEE O, FEEHRE L 72 DMI
IZEDEEORINE FEORTHD = & 2T, 5. K2 b) OIEFFHRROR R CIx
Hy OfEIC L HFICWF RS bR T — A > hOEHHENIE —ETH D, Ziik DM
IZ K > THEEEN DIEE — A b O 2B B 23 BEIZHH STV D 7212, Hy ORENNZ
EAERNWZEZRL TS, MPIRTEOIZ, ¥ ab—ra U THRONTERFO
WERE DRI XFEF M TH D23, T4 D OFRERIT, BEEE D IEB) | ILBE D 1) 4 JE D I
EFETHZEEZRLTWT, — KDV Y hETNCTUHFETHD Z L ERT,

DS
K.-J. Kim, Y. Yoshimura, T. Okuno, T. Moriyama, S.-W. Lee, K.-J. Lee, Y. Nakatani,
and T.Ono, “Observation of asymmetry in domain wall velocity under transverse

magnetic field” , APL Materials 4, 032504 (2016).
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ERFHERELE)
THERM  FRF R LSRR EL T 8K

B - B - ERIC L DBERERREN AR L7e A VI, REED D EHEERGE7R B
KELERT A AL LTHIfF STV D, L L, felE 2 BEE) X 5 121X @5 E OB
ST T, Va— BEBRRENVEWVWI RADRH D, — T, BIERICHER
J@Z S L CEMEMA, & ORMEZ S 5 FiEIL, B OFBERE DT RV X —
TOENERWIRF S, EERREEEDAS A EN D, AR T, EREHW
ToRSRERRE) DRI & | WM DB N RN T 2 HE R A2 s T 5,

EBRFIE - BIR T8 OMEENE Co 2 P8R HAM EIcE nm @ Pt THIEZ /T L TA/ Ny
LRI L . KRBT LB Z <012 2 nim F2E D MgO TF v v 7 Lz, ik
74 NIITTT 4= Ar AV T THR=IAN=REOAVHEEHITIT L
7=DH F+ nm FRE O HIO, #ifa)E % )R AR EE CRE L 77— MR s L,
D%, F— NEMTH — MEREE D 3—3 252 LT, I U HEEZE LT
(B 17), Cofg& s — MNEMBICEEZHITIT 22 LT, 7— MaEITER LMD
V. Co JEDETIREDHE AN L TE DRI RWR IS MENZEAT D 2 & AR
T, BIEHIRTRF OB AIE Z# BB T 572012, At Z &R T 55— MERE
FV, iR Kerr B CREX G OB L 228 L72(B® 1 4),

X1 REMEE L MEE » b7 v 7 (F), M Kerr BT CHIEE LXK ER), &
EIZ7 — NEE Ve DIETH D, Ve DIEDFANIIKEL 51T E, ZDOF 2 —
BETER L, BRIELKEL< 2D, 2L, AT 4 7K AR LTND
ZEEREEL TV,
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EZE H1%, AR CTHEICZHEEEEGEZFA L, 320K TEHI L -#MXEGETHL, &
DR Gy O FZ N, Ul ICTEE LA & & N & OB IS 5,
FERLE LT, BXIEDN T — FNEE VGICE > TRES L LTS Z EBX D1, B

IR B RN F =D RE S, RHAT 4 7R R X > TRE D,
m%wgo@ﬁ~%“ ICE DB Z FEBRANCRE LEBLE LR, ZOMKIEOZE
RIZZENTET T ﬂ%f%ﬁw ERHBEMNE ol DFED KA T 4 T X AD
b, ThbbRBHAERNERIC IV L T D Z ENERIZHD TH LM
Elpole, £, TOROTFMILF = UV —BEOHEB M & —E L, F 785 T
Eb—EHTLHHLDOTHD,

WXIEAZAbT D & WD Z &ld, R LN EROATHEETETNDH Z
EEREWT D, ENETTIEABR THIAE v IT7ens, FTxik, ©— &
JEZ EAIZEEV IR LIREI3 5 2 & C, MEOBEREHBEFE TS Z LICbkhL
7=(R 2)[2], BIFE, HERIERZEVHTZ LICL Y NBHRERED XL X — DAkl %
Rk L, DB MA~OBEEORIESCHZIBZ S| EEZ T2 LicFvy Ly LTS ED
AThD,

B 2: 7 — FEEIC X DX O,

FRAREE (CFEHTRRSD)

[1] F. Ando, H. Kakizakai, T. Koyama, K. Yamada, M. Kawaguchi, S. Kim, K-J. Kim, T.
Moriyama, D. Chiba, and T. Ono, “Modulation of the magnetic domain size induced by an
electric field”, Applied Physics Letters 109, 022401 (2016).

[2] H. Kakizakai, F. Ando, T. Koyama, K. Yamada, M. Kawaguchi, S. Kim, K.-J. Kim, T.
Moriyama, D. Chiba, and T. Ono, “Switching local magnetization by
electric-field-induced domain wall motion”, Applied Physics Express 9, 063004 (2016).

Z o, [EE - EWNGEEGEER - QEE)10 HRE THRER O E 21T o 72,
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BAY URBEREOMREY B L -BERILEL O
PR AR X B b U RAVESIETZIRICEE T 2058

HIFFHERE 40 B TR

C-al=1:0

BINOOAL L HHEEZE TN RIFHT AL hr=2 2585 TIE, %)
RKEIRAE RGE T OFEAFEORENEE THDH. ZNE TICEMAMEER TV
2 MR E TR OEAMBHI RSB O R TH 0, FEIKT S A ZANEFHORR & X
B b= RAERNEA LB LUVRER A B e =7 X781 221X, BUED
A MRREIR O EAFM 2RI TE 2, EEA~DONRA R A B EAFME L
T, MR AR Z W2 R RABIAE 7 W E = RPRBE I TN D.
SRR AEIR O N T E SITE TR OA Y CHHEICL Y B b 0T, gk
Mo R 2 BRmT 5 N RVETOAY Y AHEEIIRET 5. BHEERT AL 205
ERIITEER RSP GE LWV, ZHE CICEERERO h xRy 7
I B — W R m BRIl E e .

AHFGETIXRBENERERRIR D 230 b7 = T A DA O TaRE O 8RB
I A B ARRER A AT HEEMEE DO o2 AR A 7 4 V7 — RO EH %
HISLTWA. o U —IREAE W R B R LIRSS O BRBEZIE Th 5 230 K
774 F®(0001) FIANZ=E X ¥y LRk LR L, m A mics EEE4 2
ETCHEOMOEICL Y BEMKETMEATLZ E8mbTWS D AiFZET
X R FNAVRIRAE T g VE =W ROFHMNIZ 3 272 5 72, FERMESRE L ToRmE
BIHMEEFFOa/ NV T =T A NEROKAES L BERKE T HEORREZ R~

EERAE

YAG 2 5 L ——Z =L A b— P —HEFEE & VT MgO(001) B 5 Fap
FICIERME AR O ELT Z o LR 20nm BE NV N T =T A OB A T o720 b
VANBIAE T 4 V= R m RIS IT F A DY B A e SRR R R AR 0D RREE S
MBI DT, ROMOMENZ LD Fu v 7 Ly hOMEEZBToDITNEmR Y v Ko
~ A7 AW BUBHTR LT X BREITEIC X DG NE - B EOFHME, BEW
SQUID s FHZ X 2 BULHIEN S 23V b 7 =T A N B FE S HET 1oL
X — DMl 24T >7=. £72, 2NV 72T MEaOHBEIEE AT 4V H =R
Z i 5 7212, BURACAF OBHIIN T34 & 2 v Cisidtt &)@ L1, FePd J& 2 2 =
&35 TiN/CoFe,04/MgO/L1y FePd #i&ED, WK b R AEEMTNHZ FA/ER L, b
VLAY TR O b R VRS IR R O S AT o 7.
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ERER - B
5 1 I HMAREE 2 200°C~400°C, FEFEE 6 Pa CREL =T X /a2 L h 7 =
74%%?%@H@ﬁﬁﬁﬁ@%%fﬁkﬁﬁm RN X —OGRERT.
TR e lXmWN - EE T RO T ER ay, a, &SV MELOKTFER a %2 A

Te(apa )a ETEFRL TS, X106 ENICHOND &EBEMRKEFTENRKEL 2D
@ﬁﬁﬁ%hA@o%WL@zﬂwb7I?4%%ﬁ&ﬁb@ﬁ%mﬁ_&ﬂb#é.
ANV T 2 T4 RO R RANY TERERAE T 4 V2 — Rl 2 F T 5 729
MTJ 3 O E XU SR ﬁﬁ%ﬁok.Ezm%#Lvﬁﬁ#%,m#ﬁFi@%h
UTMEMET T2 60D EWVIEGEIISE O TWA Z Enbad. L LR
A TEWERL L 72 MTJ &1 OREEHRHUAE 2> B I3 LIRBE D 2Lz X 2 BRe 2 ikt &1L
IR o7,

1) M. A. Tanaka et al., J. Appl. Phys., 115, 17C101 (2014).

RR#HE

<FRFESR>
B 5, K s, Vepk AR, W MR, B0 s, NP R, A K
BEMILFXDO N RV AE 7 4V F—RFRZBI T T IR E MR o
CoFe,04 TEE R LI D VERL & T,
2016 IEEE Magnetics Society 44 i BB SCEAE TIPSR, B H THE RS, 2017 41 H 27 H.

ajl

a,

e=(a a,)la

Fig 1. Lattice strain dependence of I-V curve of MgO(001)/TiN/CoFe204
perpendicular magnetic anisotropy. /MgO/FePd MTJ.
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FEEM BRI T B o BB & —EHEENE T OF BT S5
THER  HURT AR T

HH

7T AR E (T LA T T D51 OB N JEBURFE T, B EE T OB OB RUE
Lnfu%%bfwékﬁz%hfwéﬂ ZI 6 OARE & RTINS G L 72 Bilix 72

CBEOHIETT,DEmWF~ M) v 7 AP R=7 SN o0 AEitill Lz &

ZA, vh)/&x®mﬁMkh~A/b@ HIEFEIRAE(T) DO F DR S & OFICFHE
MENHDHZ ENFEINTWAEY. Zhwzx, v~ U v 7 AP R—TEINT=5FOT, 0O
WE T LV TEIT 2 2 N TENL, O F~ N v 7 ZAOUNEFIE — & 8f#E
BT TE DEMCEN D REMENDH D, L, — oD D D AT S 7=
DO T D I SN DT RV T=, —RENITFHIIT 5 2 LR TE 2.
AHFIETIT %v%J/7X¢®%%mﬁﬁ¢ﬁﬁh BB &2 REIZ AN, BH—7F
SR X0 BRI T 28T 5 2 L O TE DHBEN T v —T OFEK L2 1T 7.

EBRF 1L

Figure 1(a)lZ/ 3 1E O 3R 4 8 #l
ZE K L7z, Figure 2121%% O3 % H
WT—5F UL TT, &2 i % 2
= A L% T. HE488 nmDhitL Y
CEENOBODIPY = v |+ (B)% i Fig. 1 ()7 A MaFE & (b)AR A by Ol
Lfeld, B3RS 5530 nmDE O ZE\L A BT 5. ORI E360 nmD 54+
& —E R FIRHCIBES 2 &, BRSO ZPyrene~ =~ h(P)EIE SNT I NER SN 5.
P = H I = I (T To) WU O K (X B D
R LER D720, BORKEE —EEIREES)N D
POT Ty~ DB = % /L ¥ — B &) (FRET) A3

U—HICBAE T D, ZOBOHEEAE N S
NDHEET 2T 5 2 &, MEMIZPOT,OH
e —0F LYV TERHIT 2 2 E R AIREIC 2 5.

454 (Figure 1(a))73Figure 1(b)IZHEFE /N 7 HERE
CENTRADNTHLF=ARTTA=MEL gy g ek 5700 T WESTRICT
NZH1x107* MBI DS L < 121x1070  AAI=XLEHIT S Jablonsky diagram
MGRER) T R —7 E - E R L, 252 0050BHI%E LT, 488 nmd i Yt % Ha gt
L7ZBROBH KD 510-540 nm D FESEHR LA 2 5HII L 72, 2 OFH O35 T360 nm D5 2 Wi
FAIZHS L, BSTRT, RS, & L CTHRRZRIZEIT 5510-540 nm Dk EAFEIR DI LIRE
ZAZFH LTz,
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FERBLIUOEE
Figure 31Z5ABH O R 2779, HIE BG4 1
360 nm Db A AT 5 & —EEROLFREEDS L5
T (D). ZAUFPH—EE A BN L, £ DO—HH
510-540 nm D RIKITAFET 572D THDH. Lol
Z D%, FREOOFICTRE T T 5(@). Z41E360
nm®HEIZ LV PIZT\ BB S D EBDS; 72 HPD
T Ty ~DFRETMVE U, BRSOk 0% S8 23 Fig. 3 BURH 1 OFEERFIZAL
LI BHNETH D, EEE, 360 nmD AN O FREHME IR E % Ofk DR IETRE(@)E, POT,
DFF T 5200 msFRE DA LB UOWIHIOMEICR 5. 2 ORI FNIRE O
DINIOITRTRIRE DR 3 L RETHDH 2 b b, OITBIT 23S E ORI ITP
[Z—FFIICT I B S 72 2 EICHK L T D @DH 5 THIIBOEOEIREE A3 L7z
WDIE, PORWHMODTHRERIZE TOEAFE ST TR SN DI TiEk<, ZHudg-=X
k7 A= T < DOIEMIE R FAE L T
WHZEIZHERL TS EEZLND.
Figure 4(a)lLalER27> 5 1D 510-540 nm D% 8
I 2 G B TR LR Th . — 4
FICHRT 2 AR I, KRBT 5%
HANZ PADIPRE L 7 BHROBO T L Fig. 4 k2 O— 1 FHA A=V (B &
FIEEDERE L TWD Z end, AF—07 0 UV I S D8 D IR 25 1K(b)
HOFNTHDHZ &P MER ST, Figure 4(b)
TR O AT S TOMETH S, RO D360 nmD AN FRIRE BTl IXBH kD
JlZ TV % v T HEIIZ TS L T D, — 5 TRIEBGKI2RD R IR 2 PR 5
L72BRIZIE1000 7 > b TR 5. ZhIEtRE 0 FLUS DR R MRy
23360 nmDOhE N FTHRLL, ZHBREE S FFHOBOENEI T MIREINDHTZHT
HD. Lo LERIMNRIBE R Iz, —BFA9IZ100 msFEE D8OOLL F DA 7 v Mk THOLI
FE DS B RN FAET D 2T Z OO AP TT 28R S 4L, 100 msFe FE B ]
FINZBDS; D HPOT T ~DOFRETIZ K AVEHANAE LT EICHRLTWDH EEXHND.
S%1E, 360 nmEH T C—RAICBOEIEAPOT 8 AET 5 Z LICHR L TR T 2 F
MOE AT T LEERR L, POT FHm b tika 352 & T, ZORDBBDS; 7 HPOTT,
~OFRETICH KR L TALTWD Z & 2RI L CHimm bz D 5. 0% Z 07 v —
Tt ESESERIESE~ N v 7 R R—TF L, TOERF O~ D7 v —7457D360
nmEH FTOT Y X7 EFHNT S Z LT, S~ b v 7 AN TORFT e NE R
E— FBELOZEDOREY—MO2RTGA A= T 2ITO TETHS.

SE X

1) K. Horie et al, Chem. Phys. Lett., 93, 61 (1982). 2) W. E. Moerner et al, Rev. Sci. Instrum., 74, 8 (2003).
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4-v°'u ) v o- v VUSRI
(LB T 2 LR S DB H’Jﬁ%?

IR IERS  SEECRFERD

aza-Morita-Baylis-Hillman (aza-MBH) it i3, Lewis ¥EJEAFAE FICRAEFI A LR = Ak
B EA I VBIRB-RFERBEEZIEE L, HET 2T VAT I a5 2 56 B G
IS THD. o, By, 0 -REaFr b (1) LA I (2) (28T % aza-MBH RJSIZHW T,
M & L C DABCO & DMAP Z AW 3AIT, BOSIRBECHE B3 a-fHinik & y-f1n
K2 TN ENNEDEIRICE- 2 5 2 LA, EFFFEE TH 2 )IRIC L > THE ST D

(Scheme 1), % 2 CTAAEE IAGRE 53? OREAFIE & LT, MBI X DA E s
PFYEOEIN 23 5 7=, DFT §H5IC L DB BOfEIA 24T - 7=,

0] O HN’TS O

DABCO oa-adduct : y-adduct =100 : 0

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

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

20°C, 24 h / Ph ouap  eadduct :y-adduct = 13 : 87

(Yield = 91 %)

1 2(2.0eq)) a-adduct : y-adduct

Scheme 1. «,B8,v, 0 - REIFn7 ko & W= E®INA) aza-MBH it

F3. o-FIEDHBALERINIZE H 415 DABCO % W 25E81c 20T, ERRIC

0 ABTE S 4D BOCHERE 2SO & BlERHUMET 21T > 72 (Scheme 2, B3LYP/6-31G*), ﬂﬁ%:E*
T E LT, EOHEERME - = /) T — b D s-cis,s-trans L - fEAAIHRIC L 5 Ts s
DABCO Dfid[a z &g L=, 63 DS HERDOLEM % i, C-CRiaTEHIZBIT S
TS (TScc) & LT19HMH, 71 b BENZKITL TS (TSw) & LTORIHD TS % LLik
et Uz, a-fHiniR % 5 2 2 SOGEERE (BRI o) & y-fHIiE % 52 2 )OSR E (R y) @
WG, #EE 72 D ROSH RS TS 128V T, 2 DALk =V EOREFEN 1 X° DABCO
ERFEREG AR Y NT—D ZREETH LT, BEMICEEEZ XD Z LR yholz,

(NTs TS Ph

o= )LH
(_
LB o ) a-adduct
Ph™{"H
LB = Lewis Base ‘@

y-adduct

TScc
Scheme 2. EBrIC L 0 HEE S D SOk
—J7. DABCO % Wik a IZ B W TEBRANIZEBE B & ST 5 TScc & i L
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T, TSH A 20.3 kcal mol' N2 iE & 72 ) | EERAE R & AE L2 WARER &R o7z, 2L TSH
IZBWT, TSN 7 =F B afio7m b 25 RS EREICEATZMEEIR TS 2B L T
RNEENT DIz eBFEZBND, €I T, 9 141D DABCO 71 b raplEik Z
& T, TSH 2L ELT D R L ORE LR FIEORF 21757, TORE, &9
1431® DABCO (2L 57 a b5l & k& D TS (TSHpaco) & TScc & DT R/LF—7
X7~ 0.04 kcal mol' & ThHigE 7= (WB97XD/6-31+G**), & 512, TSc-c & TSH-paBCO IZ
Bz rX—2F, B aPREy X0 HZENE1 1.4 keal mol', 15.1 kcal mol' %
EE72D . ERAIICELN TWAMERRELE BW—8Z2 R L7, 2, &K allkswn
CIL TSH-baBco T TsN 7 =4 & DABCO 78, 7= /KFZREG Ry N — 7 25T 52
ETCRELSLZET D —TF, By TlEb 2 EE L DABCO & DNAREENRKRE 2D |
RNEZENT DO THLZ D bhroTe, BB, ARBUGIE 2 43F? DABCO 3545 Z
ETCRISEMREL TS Z &AM LTz, %1%, TSHbasco D S B 72 HIEEIRRIZ L 5T
B O E EINB L2 41T 9 & & 12 DMAP & N CONERIFEDOMI 2D T2\, 15
LI RIZONWTEL, FRICTARTLTETH 5,

(A) (B)

DABCO accelerates

/Efﬁcient hydrogen proton transfer at a-position
bonding network

(©) (D)

DABCO induces
§ steric repulsion at y-position
Figure 1.(A) #X a DRFE — &
== (TShbpasco), (C) &
ZE TS few ks

#fif (TSce), (B) #2#% a @ DABCO (2L % 7w k5|
Yy ® TScc, (D) £y @ TSHoasco ([ZFH T DHENENDH

SRR
1. «,B,y, 6 -A~afnr k& AW AriEi® IR aza-Morita-Baylis-Hillman SSIZEET %
PIERAOMTTE; B SOrE - MERRIETE - BEE— - JIBWAE SR - L IEYS 2017 4 3 A (TE),
BEERBRT HEX ¥ A(MWR))

—124 -



2016-63
BEREMEAREE 2 WO T BB FE MR A 1 53 F D BAR RO B A
SN AR KB TER

[BF5% H Y]

JEJRTEME & v R, ARENICB W TO R, T OMRERBUILAD GG
RObDEEZBND, €T, T OMEMIT-CHEEMATIZ., TN 0 ZETIZE DT
FETITORTER ST, X BRSBTS NMR 72 &% W2 B 72 5B L D
WS IIREECH 5, & 2T, P FEEZ W BRREAHRENC, 7r—7
BFREBEANTHENAA, Far o — a VEIRERLEL D, L 0b. Bk
FEDFRMT 24T 5 121%, BEREICRZEE L 22 WREE O B REREIC X LU TR L P A 4T
DT ENLEEND, —H T, IS &R DIEE S FIKFTERE - B LTED
DTHY | BIZJRET D4 X7 B EOARS X, K TFE 0 FERNOBUKE
fEI, KA EONTNNOERE FIZdH v | ALFEHIL N O OR R BUSY TITH
TR By, ARILEFFERRE ClL, O BMICE T D82 RO % B
T ZORE, EERGFHICHFE LR WERELZERN & T 2 B KEARRISTIE R <, K
Bale, 7 K IARFUHE, T INE mRATVER Y BRSPS EBEE
TOHEREAGNRETIMIEEZ L 52 LIk, ARG F0AER LW A AFE
THRPRFETHD, o, TR E>THLNAIFEERIN TN L AEMEOH D
RO EREEZFET L2000, BRSO ZRISH B REE 0D, # LR D5
% BRI T vk ThY |, FERKRE THHFhx (HIE - bR 6) 13X ITPAKRNE
LD 7 I NERE, Fio, KRS TH 518 - H OIE, KEEEO T vk
XD AT VAR Z FOMTFIE 2 S5k L T\ b, BT O R %2 iz b 572
JCh, BETHEIBENER S ND N, HADHIEREMET HZ ENTEN
X K0 &EETISHMED W TSN OB T FRETH D & HIFF S v, MEFEEIZ
5l & e = L[EMFIE 2 FhE L 72,

(W72 %]

Fexld, nEBETRZM1,3,5- M) T U EEREKICET D, BKHNEEA DMT-MM
(4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride) Z %3 % & & $ 12,
CORISHIEAND E VR UERE T I ORGSR THITT S 2 & A
5N LTWD (Tetrahedron 2001, 57, 1551-1558) , £7=. Z OUGHI &R T 2 3k
T U E UTHERET 5 2 LA AT L & BT, Rk A 1 O AR MK HE S
Sz BFE U (J. Am. Chem. Soc. 2001, 123, 10760-10761) T4 /X7 ERNRE D F
FAE ALK LT\ 5 (dngew. Chem. Int. Ed. 2005, 44, 7254-7257; Chem.
Commun. 2009, 5597-5599) . L 2> LIV D B W T H B VR CEEOEM T 27 L
HR R ILE % 4,6-dimethoxy-1,3,5-triazin-2-yl 22 H 925 & O T, FAIIIZZ D i
PEIZRICLTH D, £ THE, ZOEET AT VOMIGHEEZED DO Y TV
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FOBEBIEHRIZONTHRFT L, HTLW Y7V U BRI KES RO EIT-> 72, %
To. 2N ERNREOBREREAMBEEM TH LT I FEIL, LB EMITEN
TWA T8, FEEERBZI TR M2 HW ROz nE L35, %
T, 72X FEBER LD BIZHEH LW CTh 2R 7 I RBERIGCORFE 21T
720

—J7. s HI%, MBI LT vk FiiE 2 iEH LT Fl—oFHICEEK
DB Z T DA NT, FFEDOKIEILT T 2 AT E SRR T 2 b d 5 K
iz BHFE LTz,

ETE A0 )|

B EIEMER KNS A OB - DMT-MM IZBIT 5 N 7V v EoEHILTH S A b
XL LV BEFRGMEOEBRIBICEBLS 52 L1k, NITYVVERO nEFRE
PEEHR S EIVURTEE AT VO E EIF 5 2 ENTE 5 &5 %2, Hammett O E
POILER AR 2 Et LR, 7 FEREITHLZ L2 R Lz, 2T
LN XTI MR S OMAEAIN, TR S 2 < DMT-MM X 0 @b stE w4 2
EEHLMNMI LD, 7 RELEOEBEITFEAICERTEX L2 06, KEAHIL.
AR DBEREFEHICEB VT, [ERITR W72 E 2+ 595 Z L 3l BE & WiFE
Ihb,

W77 I PRGBS « BEIZBRE SO M 72 B o kX LAl
4-(4,6-diphenoxy-1,3,5-triazin-2-yl)-4-benzylmorpholinium trifluoromethanesulfonate (DPT-
BM) (Chem. Eur. J. 2014, 20, 12274-12278) Z M5 & 7 X RED D IVR = )VEERFE~D
BIRAYR O-NU VAL ET L, =i, BT I FERRAATE 2 Z L2600
2 L7222, RO UL HEITT 5 Meerwein #3E & Fb-_T, DPT-BM [d5{E FZEXH T
BN TEHLERERTHD Z et EMm, ISHE TEN-TELEE 25,

—J5, e SI%, REICEIE L2 7 v bsy i 2 oo KER L O BRI
VLRGN E LT, T U — IV DBIRWE ) T U ALE (Adv. Synth. Catal.
2016, 358, 1337-1344) <°, Z %V — )LFFERD 10 M KERERIZ R AL E RN T 2L
{bI)& (Chem. Pharm. Bull. 2016, 64,907-912) 7¢ & % 2K LT, /KEEILOIRE L M H L
L7 WMLE BRI 72 7 O ARSI 2 13 U & D ARy 1 DL RER O 272 57
IO TRE - ZERVEA A FIBRIC T DN HINTH 5,

PLEDBFFERRIEL, W & AW IERRE A R T 2 T2 O O EBER M Th 5, FFIT,
WEARJE 2 & A LIS T TiE, BUKMESS TH DN TOIR 7 > AL S D ERIC
MMZ T, xR EREERC A, Far Yo —r g Vi~ RERIEN Y &2 Bt
DOBHY ., ABOERDLISH - FEISHGFEND,

CEADES
1) Kunishima, M.; Kato, D.; Kimura, N.; Kitamura, M.; Yamada, K.; Hioki, K. Beilstein J. Org.
Chem. 2016, 12, 1897-1903.

2) Yamada, K.; Karuo, Y.; Tsukada, Y.; Kunishima M. Chem. Eur. J. 2016, 22, 14042—-14047.
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F55 PRI 28 A2 BE 9 % BB/ D e & TR AR

BHES TR R

i

B - BiY]

B ORGE ISR ME N @ BEICAER L, mEEHAEBREENTHD, IR
SOBNMEIXEEZNEBRT 2 8ME ERKERE L, ToaHTo2 L TaAY
DAEMEMFFTH L &I, FHx ORFEMEZ RN T 5 L2 EIC L > TEEDOAEM
EENC O EEE RITL T D, 20X REEEOMAEER CRERE 22650 D
iR, B ESDERE, 8 FMROBEEREZ2 L) 2\ Tk, IBME2SMIasM 5y
W B/ NaANEEREEZ R L TWAZ ERHEEIND, RIFFETIE, fEx D
PRI DR/ N AEBEVE DFRIT. = ORSRE & IR DFRNT 2175 L L bic, BHohi
HRAZEDNT, B/ ZFH U7 UWERAE 2 2 X7 B WA RE R O BRI HR D A
ie,

AR, 2 < OME DS HIBLSMTIERE 100 nm F2EE OB M Z 53 5 2 LR LTS
NTETWDLN, ZOAFERSIEAMEICET 2 AIEZ L, AFRIZED .,
R NAIE N A PET DB/ AR ERO —mNBH O b & L i, FDRRE
HICET2HANEOND O EMfFSN D, BNMEICIE, EENZOE E TIEH
HTERWEWAS ORI ATRE/R TG~ DML, S » I ARGV E DAEFE,
JRIR B OBEFEIIH 20 &, S E S ERMEEND V. EEORFEREBICRE R EE LT
T ZEDRLSFEIESNT WD, AIFFIL, Z D X 5 72 G OB REFRS BLFEAE D — it
MBI 5 8T, EAFHBLENDERE, £, AT, BN AR H
L7 LWERE Y X7 EEAEROEELHRRLTERBY . AV TFIELEID b E

LR,

[(5ik - Rk - B

1. WHFLENY OO P HI T 23 A P 2 BB NI oD e

Wistar rat O G a BHEER & U THSKANICER R 21TV, ZE OB NARE 2 HEE L 72,
MALDI-MS (2 X 2 A HGEEEIEIC L - T, ZNENOHEEERIL Lactobacillus sp..
Streptococcus sp.. Bifidobacterium sp., Enterococcus sp.. Escherichia sp.. Veillonella sp..
Bacteroides sp. & [FIE T& 7o, WA FLZ & e Lactobacillus sp. & Streptococcus
sp. & 2 HREER LIZE 24, ki HiEPIchhe (10-50 nm) 2ARWEShT,

2. MG 23 A E T 2 I M o e

FfED X X7 B w RSN @ AETET D E % b o T2 BEBNMEO A 7 ) —=
T EATN, T DOIBNIND Shewanella sp. HM13 Z HEfE L7-, KEIT 4°CTRAICA
BT LIRERETHY . LB K TR L72BR. #9 49 kDa O % /378 (P49) Z IR
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SN A PE L Tz, £ ORFEIET ORREIX, ) 150 mg/L 1T L7z, N Kii 7
R FERCAEAT OFER . RE NI EBES NI ETh D Z LR HEE S, RN
ZN LIZE RSSO EE Sivlz, & 2 CAREO IR 5y 2 &1 P il
L7, 1 IZRT &5 B/ MaOFERN R Sz, TERIFE L. KE DS}
B RS DI T E N7 AME NAR KRE o2 56D EEX b, BIRGHGEL
BRI L DNl B 100 nm BREO/NNENS L EFENDL T ENmEnT, v all
P AR I Oy B 7R ST K o TR/ NI & HELEE U 72 G 2R, P49 3N E 43 12 [N &
D Z DR STz, P49 O—IkIEE L IR/ NME~DBITIHE L O T 52 L %
B L LT, Shewanella sp. HM13 D47/ 2
AT 24T > 7oA 5L, P49 1 473 7 2 RikAE
MO HHERAERE L THER S, 451 7 /8
BIED B2 5 R & LTI/ NEIZFE L T
WD ZEBHEE STz, b O R TYI S
D N Kb 22 FRIENTARY X7 B ORE~D
BITEZHI 7L E LTHBEL TS Z L
NHEZBIND, X 1. Shewanella sp. HM13 O /i

3. Shewanella livingstonensis Ac10 7234 FET 5 [/ Nia oD Ry

D Shewanella sp. HM13 OITi#xIK T & HIBFEVEME Shewanella livingstonensis
Acl0 DIFE/NEDREHERRAT 24T > 7o AW O BRI B Sy % B BEE TRIZE Lo/ R,
BN DFFAEDN RO bivTe, B/NAURET 22 "7 HE LT, B X7 ETh
% OmpC176 X° LysR M[FEIE S 7z, AL OCTOKIRETEETHIRIEETH Y |
Z ORI TOEFIC, @ERLFIEBERO —MTH DT A X F T (EPA)
BHHT 252 ERENTND, REIZEBWT EPA 12V VIREO T vV & LT
HIR AR L, MR 0 2 R D AR 1T 53 %, EPA A Y Ui
B OB~ G 52T 5720, EPA £AHEEROBIZ T 2MET 5 2 L Th
b7 EPA REROB/NITEREEZ T, ZOREE., EPA KR TIL, BARKIC
AT NEOAEFEM N E3 5 Z O bivle, &R EOERIEE L2 E&T 5
Z LN O A BEME 2RI L 72 A5 5. EPA RIBERIZEAEROK) 5 {5 O/ A pEM:
EHOZENRSNTZ, EPA KIBIZE > THEE I SNDBER P L RIZL T, 7
R DAEPENTUE LT WIRBMEN Z 2 BTz, R Y U IRER AR OS2 L D M/ Ma A= pEE
O FiX, BNazZFIH U7 B 2 o7 B &S EREROBEITIB\W T, B/ Nuo A pE
MamO LoD FEEL LTHAMELRH L 6D EE X b,
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RénZ VN7 EROREHR -7 I BROERERAT

KRB KO TZERS: T A dy TR
(K]

t NEELEEBYOAERNIZ SR D-7 X EESFE L, AR EE R
ALTNDZEBHBMNTR>TALY, IERED-T X /BRI 2N HmE S
NTND—FHT, fEEED-T 2 VBT TF RLH T ERCHEET D DT 2/ R)
ZXRG L LTARgEIIRE D7, 2 LT, BURICBIT AR5AE -7 I VB0 %<
(X, BEE & BET 5 08 (B 21X, ANERF OKSIRICITHEARE D-Asp 2 H 95 a-
7Y RAZY) UINFAED) THY . BESBFICBIT DI H E D IThR TR, B
WCEENDZ L XTEIT, EOIMTAERICEBWN T, BA Mim7e pH, B, BT &
ST RER RGN D, ZDTDRMZ LRI EIE, ERNICEET DX 0 E
UL EICBEMAL 22 T WEREEICE N TV D EEZ BN, A ITHEN L ZEORA
RE D-7 2 JERZEH L TWADO TRV EARFFRAEEITITEL WD, T TR
IZED XD RFERRE D-7 X BEMFET D OO0, MLAAFRIZ L > THRAGRE D-7
BN ED XD BREEEIRT O, FAEGE DT IV BAERTHZ L TEDLD
REENHDLDONEHALNI L TVNEZWNWEEZ TS,

ZAVE TICAMEREL XTI HPLC 2 L <, KA D-7 I JBO O 217> T
X2, UL G, T HPLCIZ X 2 0 O A TIIAESRE D-T X/ B % BRI 0T
L2 IXREETH D Z EDVRE N, LOMS R Lo WiE 2 MRS hCnb, =2
TAILFEFIEIRE Tl REWE LTI R S FIEMRFE AT E T2 U 7L
PUEEAGR LC/MS/MS “ AT L&A IETHE, A1 -7 2/ BOSINEE R 2
AT, BEE VT B ERGE LT LOMS i 24T 9 Z Ll L,

EX VA

OBBIMKFE « oWT T 25 % /X7 &, Waters 10 Pico-Tag ZfHEH LT 6 M g4
FEF, 110°C T 6, 12, 18, 24 FEALEET 5 Z & CERMK R LT,

O7 X JBROFEMKAL : BRINKDIRY) . 5D\ WITHEAEL O T 2/ FRIZ- OV CTIX HPLC (2
4 A Eiflc. 4-fluoro—-7-nitro—2, 1, 3-benzoxadiazole (NBD-F) & 60°C T 5 438 s
SHLZETHERLL,

OLC/MS IZ & % D-7 X/ BRORRH : LC/MS Z3#TI21%, SHIMADZU #E8> HPLC & A 7 A &
Applied Biosystems #h0 % o7 A UEMAVE & 53415 (APTI-3000) 2 0 L 72, NBD {k
L7=7 2 /B2 DL 4yE)121%, SUMICHIRAL 0A-3200 (4.6X250 mm, {F{b3#rt v % —)
PEA L7 BEMEIZ10mM BRE T B AL BT AR ) —/L L L V3 1. 0ml/min,
BT LRE 35°C, MHIEER 472 nm [ THE L7z, F72 MS Z3#H71% Negative ion mode
L. BT m/ 2z 260-290 D& TIT - 77,
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[SEBRAE AL & B 4]
Fltat e U T HPLC Z W 1EkiEIC k. H A EM

SRS BERT LI 25, fEARED-Val 28 15~20%L  $

S IERICEL /DAL CHRIES 5 2 L AVRS I (M 1), 3

INETICHEBE DT I /L L TAsp & Ser aie”  ©

VRTEITHE SN TWDEHOD, 20O XK D ITERE DR 0 6 12 18 2
BREDVal ZET S A BOBEFR ARG, bR 2
LELRT WV E EDIS Asp ME & A LRI ST RS/ HBAETS/BOVDILL

WEW D B IEFICHIKRIE, T 2T, ZOX T EONKS Y A AR
REIZ T LC/MS THtr+ x5 & L,

WMHIOFE T, £ DS W T LR ETT IV BEBICHEEL, 2 L7-WT 2 R
DHZEELT T 7 v a B, EDO%X TN T LEHR T LCMS THth+5Z &
ZIEELTWe, Ll s, LCO/MS TR ATREZRIREE DY 7" /L% HPLC Tyt L
TS 5 Z ENSNEETH o 72728 NBD b L 72 BEAIK 3 ) 2 18125 7 v 71 7 ATl
LT aZticliz, STAATLATIE, BEOD>-TI BRI —2DOE—7 L L
TSNS Z ERTFRENZN, BREICIINS 2 AT 5720, flzE8H%07 2 Bk
DRIFFIIEH LTS D ELTH, Val OB ZRHTHZENAIETH D EFE X T2,

NBD fk. L7z Val (43 280.2) & MS THotr L
7= & Z A Negative ionmode (23T m/z279. 1
DOE—7 L LTHRIHINTZ, T, BdMZ
XY EDEEINKS R % LC/MS (2 TREFT L7 &

A, 1L9Tmin iZBWT m/2279.1 DE— 27 R
FeRICRH S4u7z (K 2) . £ 72 NBD-D-Val & @

asu~ b/ 77 4—I2LY . NBD-D-Val

1197 min IZIEHEND Z L 2R L TR Y, BIIK YT D-Val BFEET D Z &
Z LC/MS ZHWTear ThRd 2 N T&E T, BHIERE - EKP TR SEEIT O &
WMEFOEMAIC L VAT D D-T 2 ) BICITEKENADLZD, TAHFETHD-T 2
JEREHITHIENTED, SORLIFMIHRRDVLETHL DD, Lins /37
B % EEIR - BT CERIIK IR L T LI2ATH, m/2279. 1 OV — 7 B &
NI=Z &b, fEARED-Val MFIET 5 AIREMED IR < R STz,

LRI EIER - AP TOBRINKSIRE AT ORI DN T E LICHRFEITH &
HiT, ZOAEHE D-Val Z2E50RMZ VR TEZBHEHNY L LT, BB T 58S
HD-7 X JBROEHEBICOWTHALNI L TWVE 720,

[ 235 3R]
1. Fujii et al. Biochem. PBiophys. Res. Commun. 265(3), 746-751, 1999
2. Miyamoto et al. Chem. Biodivers. 7(6), 1644-1650, 2010
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WMEMCL DE&ERBTRICEET SRS 7 B OEBERENT

5 /N IRVA T EPNE a R E R At

[ & Y] SRR CART 2EDOFRITIL, 2SR EY % SksE
ZAERE L TR —2 G L TOOMEVHRFEL, 20X 507 neR3a
JBRER EFETN TV D, @BMERICED, S~ T, Jrr BLy TR
ESERBRIMNZEITLIND Z LT, TN D0&ERA T OFEFIRENENT 5,
Bl Z AL, BRIEAZ BV TUEAREME O =gk 03 2ot S 4v, AEWFI 23 rIRE 2 K st o —
kN EREE I SN D, MAEMOEBRIER 7 vt 212 X 5 HEtEe B by o5
HiE, @RIV OEYRIRICEE T v A THOY, N7 VTV —F 7 %I
TWo, TFE, XTIV T7V—=F o 7iF, BRI TLAReHE, BHAESR VWS T7205
Lo BORES, fdeBmOEBIUTICH IR B HE e L THERSATE Y, —i
FEHEENTWD, ZO XD ITHEM ORI 7 10t A%, PFEZEE T O DI
SNDOEMKRETH D, ZOoFREBOFEMIIAL IS TEL T, FFlceR
A F v ORI 72k, B A D= X ALIZET 2 HAIERENTH 5,

ZIVETIT, @RIBEICRRICH TET MBAEN & L THEIRMD Shewanella oneidensis
K> Geobacter sulfurreducens MRSV TR Y | ERKEIZHRE L T-E (HriERE Z o
NIEBEEREZIER L TN D ZEBRMESNTVD, —5 T, HERBREED 80% 23R
WO, mil e Vo RIRRE CHO b TWD, HEK EORKRRRIRREIZE T
LRI OEYFICIE, RIRREICHES UTAKIRE - W EIC K 2 & BER A E
BEREEZH S TWD & PRIND, AR TIE, MK LD BB S 7 ARIR R
Shewanella livingstonensis Ac10 % E7 /LAY & L AKIREREE TOEY O & @MW A 7
=R LOFEPNCE D AT, REIL, 7 =B # REETZRRE L CiRs:
Bl &, U UBSRIRIT v RV 2 L3278 PhoE DR % L /30 B % 5 A pE 4
%o RIGEIZFHUNT PhoE 13V U FRRZIRFICFHEEAFES N D EIR S /X7 HETHY |
IEBM A2 b OT I A THR SN DBKBRTF v RV RAL 2T 52 &
T, UV UVEBA AT 2RIV AT B X b TWD, —hH T, EYNDEEER
& PhoE O BAE F3REHIN 22\, AW TIL, S. livingstonensis Ac10 @ phoE &in1
WeERR (AphoE) ZAFRL | SRMELRE~D A AT LT,

[Tk L fER, 5] AphoE %7 =8I, & LI 7 < Lg% & ok Chf &S
BLIZLE, 7V BEARMTIE AphoE 1 ZBARR L FAREICAET LIz LT,
AphoE [FBEICAEFTHEMET T2 2 Enbonotz, 7xF v ba U ABIc kv FEiK
DAEFIZHE D MR ERE Z RFFICE & LR R, AphoE 13 hERA R BE NS B
IZIE T LTz (Fig. 1A-C) . AphoE 2. phoE O7 1% — 4% —fEIOHIE T T phoE
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HRBT DB 2 —H NS H T & T phoE FAMIKZFR L SEPEREE 2 fiftT L
el E, MM 2 —DHEANIZLY phoE DORIBIT L D EFFREEDR T 23 HA S
122 &6, AphoE DREBAREOBHIFRZIK T SHELZENHE LT,

(A) (B)
100 | 100
Fumarate
10 | 10 |
- |
€ 1S
= 1} < 9
© 1 )
[ ©
N X S 01
o o
0011 001 |
0.001 0.001
0 5 10 15
Time (day)

Fe3+

(©)

N
o

. Few

=
w

Fe2* production (mM)
o 5

5 10 15 0 5 10 15
Time (day) Time (day)

Fig. 1 S. livingstonensis Ac10 ® PhoE REHKDOAEF K
S. livingstonensis Ac10 (@) & AphoE(O) Z 7<=/ fE (A) & L<Ii%7 = k1D (B) & A5
THEREE R Lz & & ofifihi, B X OV = Uikl &Aoo igkdEkE (O,

PhoE 13V VWA A HBRICHET 2 F ¥ 12 X7 HE LTRIESI TN D,
AREBRIZB W THEEE TS RRMED U U RERN AR L, AR TEEZR U R
B L7 Z & T, PhoE MiHEANE SN AN E X b, BREEDY VEEZRML
7o 7 = UMRERAN) EAEHZ VT, AphoE ZBEKMINCE R LT & X AphoE DEE
HEEOBIEIIFM SN2 T 2 &b | KEOERMENIZ IV TIL, PhoE 23 KIGE O
PhoE & 3570 2 ABRE A\, FRCEBEMRIEE & LTy = eI O X 574
BREA BSE IR Mt D AMET v rV X X7 B L LT BET S ATREME A R ST,
ITHx D S. oneidensis MR-1 |35 L72AMEE o R 2 A LTEY . FHIRFRE TEHE
REBA T EBRTTDHZENMONTNDN, KEOEKIERIZB Tl SMEE I
U 72 FE FEE DM DS HLHE P T U | @B A A OBEITTIIARE DY 7T X LGEIK,
H L <IN THEITT 5 Z E R TR S,
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AU U LT OBrill EBEB DR RS2
MIEZE (RS ba T T 22 R

[Fm] B0 I3, B, BRI OHR2 5T, BEj#E R E OS5I b S i,
WANARE ZAITIEROGE LT T D, TOHR TAHMEEDRVEREICE LW E S
TOFHANED 5N TWD, RN THALFHETT I v TILRENL AR EIND
BREHKE ST THHRY 7 LT IE, EImEWE, EXEE, Eh itz Fro
ERTEAMERIIE Ch D, L L7en b, fEdbiiidE - fd s 8 DWW CI A2 8
%wo%:fxﬁ%mﬁmf@\%4my@i5ﬁfﬂ?*Pfﬁ%ﬂéfﬂ»%@’
HHLU, T4 A3kBRAICLVEWS MO EAT 2m0 1T, 07 XIKE
HIBEZE2LE, BAEREIZTCTINMVEERZEZTZ L THLIL TV, %;T“ZIKB?%% e
BWTIE, RVIRFEOT U NHEBZEENCOWCEEMICAD Z L2 & LT,
[FEBRTIE] 3ELE LTATF L EDEA 10 @ PUALO (==F H ) [(CH,)NHCONH],
ZEH L7z, Fig.l IZ PUALO Db FtEE 2R, BARIRORE 2/l (227°C) Lo+
SIEVREETH 5 270°C T3 HEZEET L AAE AW T AL R LA L, F5 KK
T/ = F L, TOBRBRICTEERBIE, vk, 7= FilEHIA A X
HHEICEIVTRTTELT 7 ATHD I EEHER LTINS, IF, 720 FR Eta
FTAY TN EMES, ER LT T A% 7% 80°C ~ 160°C IZRBWTCT, ZNEi 12
FefE b S B 7o, B2 ISl o fidb o 7 & LTHWE, v b oFlE
%ﬂwcmmfim#%MMET%ﬁéﬁkW®%E@WM% IRE &N X BREGEL
(SAXS). Jfl X #HkEL (WAXS) JIEZ AW CRE L7z, HEEE, KRS < iEhio
i T AL X — NIRRT FEREAR 12 & 2 BUR D FEBR % (Photon Factory) ¢ BL10C (ZiREE
FHIEEE D 10033 B2 o, 612, mAEAERENE (DSC) #F U4 THIE L
GO LA LT, JEHERE L LT, TA #8o Q-200 Z# H\ 7=,

[FER] #Edby > 7L DSC fER LY., H T

AR (T=50°0 & (T, =227°0 D Dl K %%E"‘*““‘ﬁ“f
T, BRI — s BER SN, BT, e .

mmO@uﬁ%%%mé&tﬁyfwf@nycA?g o
TRBE— s BREND, TORBE— 2 5k 1] ' o
LIREEZ S < T2 & MIRICEEIT 2B RS o w owm W oW

Crystallization temperature (OC)

N, ZOWENE — 7 NELR S - 1R AR Fig.1 The PUA crystallization temperature
o - dependence of transition temperature and

E(TYEER LTz, IBIRERL I OFEAR L. 5 melting point

iR & OBIFR % Fig.l 13, SRR I3

{LIRE D EFIZ S THRAIZHE R L TWA N, BlAIIZE A EB R ANV, Zh
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T RIS TR L7eRE O R & SITRESIBE DREER 2N L 2R L TWD
S BT, Brill fS5RBIREIZ DV TR TR D 728, fﬁxﬁﬁﬂ(WMQ)wm%%
Wl SRS DIRFEZ A 2 BRI 22 U 72, WAXS OfE R %2 b L ICIEEZRIC L D Ab ik
FDEACE RN DT2DIZT 4 T 4 T EITUN, g
TOEEZ RO, —flE LT, Fig2 (2 120C s
TDT 4V LADHIBRFICBIT A E— 7 (L@ HE
ML omBREE =T, 20 adhbke—
7 (g=142 nm™ & ¢=152 nm™) BN ESNTZ, D
SOE—ZIZREREL RHCONTERZR T 4 B

Temperature (OC)

POEZITRRT S L0 V7 b L Bl BB o ample erystallied at 100C,
Bl =7, F£7-. Brill BsIEE L DSC O H
DESBIREICT—DOIZNR L7z, £2, S HICHIRSE D EfEELE O RDBLI S
Too —J7. FEERGIREEAS 140°CLLEICRB W TR, 7 U VERBIEE DS 130°CHHTTH Y | %
BREE—H LW D bholc, ZTHUETOMIELY, RYURFZETIT 120°CHHE
%m@%%@tgw\ﬁm@ﬁﬁﬂéﬁé%%\ﬁ»%Lﬂ%%MM@7f7%L’
52w L[], 1200CAHEIZ B W TR S 4L A SRR 2 8 5 12 B35 =

Lo T, MEmoEmRiEE s 7 U NVIEBEE OB OV TEmEIT> T\ 5,

(BifE] ARFE 22T 2125720 £ LT, MR FALFHEFTOEHEREAE L O
e, Z B NTREH N LET,

©000000C

043 —

- O
042 o

d-spacing (nm)
O
(8/M) mo1 1eoH

041+

(Rl ]

2016.5.25-27 55 65 [aliF oy FFRFRRE QRlBEARETT) TRV RRZCBIT L7 UL
O UBR, TaTE)

2016/10/11-12 55 91 [Bl@E 4 08k L — (5 176 [El@ 4 AR 2 B2 (ABH) )
(RAR) TR VIRFICRT 27V VIEBRE ORI VIR, 1AZE)

2016/12/14-16  IPC2016 (Fukuoka, Japan) Brill transition of polyurea crystals with
synchrotron X-ray scattering measurements (Kobayashi, Matsuba)

2016 SR8 /REREE TER72 Db b LIRS 31T D 7R U JRSE DREIEAENT | (LT RZF R
T2 RE 0+ LW Bt
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AVFWENF & AN TIT o 72, BEARERTE CTIXAABET 7> © O R — AR il & 5 7=
W, PERT T AL E BN TWEMROME TS T T bS5 Z L2V AlHE
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SiO: 777 ANBM DL WA LTV, [ENFINC L > TEREEMEES LD Z
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(XSO, T A LIRS EARY, ZOREREZITMD TEW o), mELBIC LD
FEAbDORHIT Do Bbnsgd. LrLaeRnoZ b b miRmEREN VT 7T A
DOFEE LI I TREIIA L Tlidlew, SEEOMIETIX, LasTioOu H 7 A DT
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T A, EZ I AEP R L TV D 2
ENOND . ZHUTEREAIE W o T T
D, B/AANREICHEFARIZR Y, —Ho TiY
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BIIARBTH LN, D L U7 AOMENEDLIIR, SiEREEAEOFEL R
HZ ENDMPoT, ARIZIINGDBLENG S LR HMIENRRKDBILSH. XRD O —
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A R, BEHREA. % 26 B H A MRS ERRE (2016) [R454TH ]
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R n 2 LT TS, 2oL SIS R EISTEAIZ T 5 & A
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i PHEARA A OfHICR L TH RO FEREH TE 202 >0 TR 1T 72,
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Stearyltrimethyl ammonium bromide (C,(TAB) Z f\ 7=, ZKFHIX HC1 JREE 0.5 mol/L,
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Tz o FEIEPERNTBKEDRE A A PED Aerosol 0T (AOT) & B A A > MDD
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THRBEBE T LEEEZDOND, LV EW
[RS8 & RO FmETEPERNTBUKRE MK < | bk
FIARFIZ 08T 2 2 e A HICE £ - 72
ZETCHIHERBEF M ELZEEZOND,
AR THETHD Lu OitIcx L TR
MG PER] 200 2 72356 OO ZE (L& X 2 12
T BUKFES A A D AOT Z N 2 72354

Ludditi = [%]

Ptttz [%]

100

® C10TAB
g0 [ ¢ C12TB A
A C14TAB + .
ol ¥ C18TAB Y .
x ’
40 X d °
< o [ ] [
20 L °
0 L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6
SEEMHRRE [g/L]
1 TBP [2& 5 Pt IZx T SiHRIZNE
7k#8 : [Pt] = 100 ppm, [HCI] = 0.5 M
HH48 - 90% TBP-10% hexanol
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B Mz 22 WG AT ERRE IR T T2 R oo, 20L&, KT
IR CRE 2R pH OB R 6Tz, Ziux, BA A oo S miEtAl<d 5
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ZHUZ Ko TH4ED DEHPA DIREA AR R L LufliiHROIE TICE R -7 L E 2 b D,
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VLR ICE R LB HF 2 ERL L, Tuh U EEA A oM S E L

e
L e e
o o o3

\_/
HPMTFP
1I-F7z=A-3-AFN-d4-FUT70F Bl12C4 B15C5
o7 EFA-5-EF Vo)
pK, = 2.56

a0 e
[1uf@<jbd{)

DE18CH DB21CY DE24C8
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2. EBGE

(1) 0.2mM 7V U&JEA A & 0.05 M #EE A4 5 ek D pH &2 KEE(ET kT 2
FNT = ACTHRE L. AHEFI, 0.05 M HPMTFP, 0.02M X> V' 7 T T—
FThEERsaaRL AL buxXUB o ThD. KHEAEMEEAEN 5nl &
TR UKL, PEISET S ETIRE 5 Le, MfHZEOoRER, KIEZERY
HUTpH ZHIEL, 2 afmitpl & U2, WA 4 L (21 M HCL 3 mL %
Mz THE 5 Lz, (2) XADTHP #fF 5 g #—# /—/)L 20 mL T2 L, HZE T T
MR X720, 05 M 3 L— REALF-, 0.05-0. 15 M TOPO ~3 ¥ L ¥%5¥% 50 mL & XAD7THP 5
g & LBRRIE L, HZ29 N CHREEABRE U Crzl S W EAR A 2 fERk L 7o, EFEfh
0.4g L/AKMEGM] 27 70 URLRICANT2RFIRE 9 L=, ZD%/KfM%Z 3ml Bio
TpH ZHE L7z, WEETAKMEZID 5721212 1 M HCL %R 3 ml &% T 2 FEfHR
&9 L7 MIEX, Li, Na, KX ICP-AES, Rb, Cs (X ICP-MS Z{# f L7=.

3. R EBLE

(1) W7 v kL L% =84, HPMTFP/ V> -21-7 Z 7 -7 (DB21C7)
12k > T/ARMD pH 6.0 T Cs 2853 %, Na 236 Wit Sz, BwiEic=ra X ¥
Y EAWTZA, pH 6.0 A1 T Cs 23 96 %23 &4, Na (3l S nvzeo 7z, 38R
PE, fHMEE b= b R_XUBURERITH o7, (2) HPMTFP/TOPO DIGA, KD
pH 6.0 fFUTC, LiA%92 %, Na2d21 % K810 %Wz SH, L — MEREHOEN
(2 &0 BRI R S 7=, HPMBP/TOPO O35AE, pH 7.0 fF3UTC, Li A385 %, Na 2% 12 %
WS, D pk OFEICL Y, TADVHERITREN RS-, FhHET
HPMTFP 73, &R E HPMBP 23ME 4L C U7z,

[1] Yury A. Zolotov: “Macrocyclic Compounds IN Analytical Chemistry” , vol. 143

(1997).
(2] S. Umetani, K. Maeda, S. Kihara and M. Matsui, Talanta, 9, 779 (1987).
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2016-74

T )R FIREREL T h—E LTCHE Shb-RILVT 4 U VU KRR
ST 2 )N EHOBEERWEEBEF NI VTURE

BiGE HRTERETa T ¢ THEMFZERT

[AAY]

AW TIE, T/ RiA & T F vy TEMmE HWie T R HEF TV RAFC
BT, T/ KA DOPRAERMEOENHE O BREFHEDOZ LN D, HEFFT P RH
& LT T /KA OWAEREZRHTZ ez ANE T2, FxlTINETIC, B
BEEA Yy FICKDF v vy TR3Imm OF / F v v TEMEERST 5N ML L, T
J X vy TEMEIC, SFEMEETER LSS E T /2 b FaEIZ L Vi
ATHZET, MOTLEEICIETLIHET N7 VAZEFR L TE 7, AWET
X, TR ORMEE D ki L T/ Fy v TEM EICHRET S B GRS

TIEERT 501 & ORALFEGIC L D T 2 ki1
) ) Xy TEMBEIATRAE LTCEETF T
YOAZ EERA 5, BAREYIZIE, Shb-ARLT 4 Y
VRS TF IRT L ) Xy v T EmESRST
A=y LT, RERWAED I SN D =
7z )=l KD B AR LR TR A A
L. HET N7 VR ERT 5, T, 7 /K
FORHERLLE LT T = ) — V5% A, Sb-
RV T7 4V v H OB IR E W o
EIZLDHEBETF NI IR EAERL, FNHDE
REFEDOE NS LY BT ki O W5 %
AT,

(SR )
EFRIENC L0 Yo R — M & ¥y v 78

firZ RS MEFEME A » O H B LS E AWT,

1@ITRTEIRF Yy Yy 7R 3 om LTS/
Xy v TEMEFER LT, ZOF ) F v v TEmBE
HIZ ST = ) — V1O H CHERLEL S T &
FRIE L, Sb-Rv 7 ¢ U B 1 & LT
Bt 1.4 nm OeF /KX 1 (b)) & F ¥ v 7

M1 @QBEEMREA T /)Xy
7D SEM 14 & (b) Sn-7R/L7 ¢
U U ARESL T ) ki STEM 14

B FET 25 & T, BT TP RAZ(SEDZERIL ., FOEKHIEIEIC W TH

L7,

—147-



[FEBRAE R R OB LR

ERLL7= SET O=EIRIZEBIT D Eifi-ER % X
2T, /= rmyr— R b T —
By AT T — AR OB L S BIES
ITWD, ERFERIL, EmITSR e R —8%
RLTWD, K206, Sh-v7 4 U ARiEaET
ki DORET FLFX—1L235meV & AFEDL B D,
ZOMEIFET Ry hORMMEKET VNG REED b1
LRI HET LT —DEE —H LTS, =
DT R —, BIRIIBIT 528D 5 £ 26 meV
CHELTIEOETHY, ZORERFETZ L
X—n, BIRIZBITDH 77— AT T r—AD#HE
AAREL LTV 5,
FEEEIFRIO SET 12815 T=9 K TOER-EE
Btk 2@ LR A2 3I1TRd, 77— 7oy
r— REERHBRICBIE S LTV D, 2 OER-ET
eIk 2 BUER Sy Loy = o & 7 & o A (dVdV) Fetk
X 3R T, #EO dIdV B —7 BNERTE D,
AW Sn-Rv 7 4 U UAR#ES T R oo T
BIEITFEE) 1.4 nmE10 % TH D | ORIEED B Tl S
NDEOaTIZEBT DI L7 i AL o 1
65-125 meV & 72 %, X3 Tdl/dV B — 7 @l <
TWAHEBEMBIZHY T 5= LX—X, THISH
LR EA IR L IEVMETH H, LIeRn->TIn
O dUdV ¥ — 27 1%, Sn-"Rv7 4V AR#ES T ) R
DAIST U 7= i HENL 2 A LT b o ROVRER A A) 3
HIZEERIBLTWD,

[ R ]
1. P. U. Vivitasari, Y. Azuma, M. Sakamoto, T. Teranishi,

Y. Majima, Mater. Res. Express, 4, 024004 (2017).
2. Y. Azuma, M. Sakamoto, T. Teranishi, Y. Majima,

Appl. Phys. Lett., 109, 223106 (2016).
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2016-75
TFEA NI 7 ZAFEE RO RBIEIC L B o TSR
BHEE  SLATR G

S

T uEFE—/NTV— (BIB) IIMENRMIEIEIERIETH U | K OWNEZ I~
DIZOITHBEIT AN TW S, BIB WA EENE, T, 7oA UHEIZENT, £
Fhae, ke, HarzaT (¥ 1), 2089
P& L DRRIZER A BTV DD, RIS U
o GRf, frfa, F) L2 0o TG L ORfRIZIX
IRELR B, WEEBRRIZIE R > TW W, 22T,
§ﬁ%f@\%ﬂ%n®éaﬁﬁéMBﬁ¥%ﬁ% €1 BTBHEOE (emb
WRET DHZ & &2 BRI EZIT o 72, FebE. e, Tl U ),

EBRITIE

T2 DA F U REIKE L, KFA A 45 (o) 2S£ FITZE X 72 BIB Wik & 1F
L, AR ERIE 21TV, 6N AT AR L7 EA MU 7 ZAFIEM
W RHT R L OE AL FEF RIS L 0 . BTB 0 T4 E DR EEIT -T2,

AT A YEE L. pH 23 4.5 725 11.0 O#iHZ 0.5 Z| A TH#% L 7= BTB kI
*LTIT o7, PIEITHW BIB K OIREIL 1.6 X10° mol/L T 5, pH OFHEEITIE
U UERREETR 2 V. ZR D pHIZx L, A A iR DS % 5 FFH O BTB ik &
THEE LU= (A A58 0 0.025, 0.05, 0.1, 0.15, 0.2), A A ME% —EIC L7k
B OF%EHL. Acid-Base—Program: ActpH[1]Z{HH L CTiTo72, IWRDOFTHEEIZIX, i
YA TSN L7232 W72, pH OHIEIZ 133 LAQUAtwinB-712 pH A — & —
Ze AR YEIRE (2R B A JEER AN v AR AN 3 S EE R V=670 & Vo, 72,
225 BfFATIZIE MATLAB 2009a ([ XV BfEL7=7"m 7 T A% v, BEEFEHEICIE
Gaussian 03 # 7=,

ERFER L EE

BTB ¥R S EEME D O S EAMEIZ AT D BRICE 53 2N 3 FREDE 2 ] 6 M2 T
728 BIB IR s Dk ta e i L SR LT D ER O AR A~ b %
L. Bt (PCA) Z1T-7c, TORER, BG§ 2MN7e BIB /3 FFEA 2 > TH D
ZEPHLNE IR0, AR FIVORIGERWFRI R BELE DS | BIB BRI AFES
% 2 MO FRITREA L FORERT 0 FREITHIS L, frEISKHS Lc s T FE
LignWZ tzWonic Lz, $abb, Mz I WikiImet Faon FREOES
MThon, ZOHE®REHEIZ, /A X2 LI AR A T R vIizxt L,
alternative least—squares (ALS) [FUREFBE 21T o7, FOFEE. ML/ bR E N
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TNDANRT Fv (fipksr A2 bv) (K2 4) & pH IR T LTCIRA RO 215
Tz, WS EFERONREFET D E X0 pd D, EHARE AT kS Ok
ExAToTe, S BIT, ph) DA A U RERFIEDN S BIB IR AL FH AT
BHER. BTB 5 F1d-1 i H-2 B L TWD Z & A28 & kb7, BTB 43+ D-1 flid
S LT, D b 30D BRp ST HEENE 2 B, Gaussain 03 125D
iR ELB L ORIV F—HE 2T & 2 A, HfaERT BIB 4 I3k /
A RRERSTNWDZERHLMNE ST, ZOMEEEIZ, 2 MOFEMENF /
AR=T=z/)—NWBlLZpoTNDLZEBH LML (B2 4) , RELZINLLOD
&2 % L, Gaussian 03 Z& Uz REE A5 EELEA 2 (TD-DFT) FHEIC K W, A
WA SAVDY R 2 b—ra s wfTol, ZORER, EBEERZ2 EMENIC T
HYIalb—va UERNG LN, AL, ZETO BB Of L EED RO
IRELICHIESF 23T > Z LT E LTz,

g
2}
T
1

o
~
T
1

Intensity / arb. units

o

r

—
1

o
o
T

400 500 600 700
Wavelength / nm

X 2 (££) ALS [EIFIC X 0 B7- BTB 2> Dflipky A ~227 kb, et FE (GER .
TNH VTR (FRYD ., () RTE L7 BTB 7y 141k,

2% 3k

[1] S. Johansson, pH Calculation, http://www.phcalculation. se/start. html.

R E

[1] T. Shimada, T. Hasegawa, Determination of equilibrium structures of
bromothymol blue revealed by using quantum chemistry with an aid of
multivariate analysis of electronic absorption spectra, Spectrochim Acta
A, submitted.

(2] BH &, ER)IIME, BROCIE L7 mEFE—AT L —0D0fHiE, A
HABEFR 565 MRS A=, 2016 4 11 A 5 H, 5LATKRT: (FAR)

(3] BH &, EX)IME, pH IS U727 2 EFE—/L7— (BIB) D4 FHEMERE .
Rk 28 AFEAL R EM R IR S ALFHEEM RS RALR S, 2016 429 7 10
A, WhEHERY (H5)
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RIEE TR BRI 53 Y615 % 72
FEALZE R S D F OBEHI~DHRER

PUS it AbimE R AR R AT e T

H#Y

BRDOSHE TR E DS Z BT 2 2 &1
g JRVMEF D 43 BFIZ B W TARE R 2318 T h
5. L LERERFR EDOHE TR Z b T
WAHBREEZZ AW TIETIE, KE£L<ET
AR (ERRER L) IOV THFSET 5 Z & 1T
ZOEEMIZE PO T HETHH.

B, REE T OREARLHIA D SIS
DALFIRE & RN IEE TR 556, KHHO 1: ABFZECHERL L= PM-IRRAS |7 & 5 i
BOS# (Hz0, CO2, 0372 L) =0, MIKINGIRIE  BozoBsiornn s I 2 SHE.
T AN KD HRUIS AT RV Do %
FELLHNEICT D, £ 2 TARUIETIE, RXET TOMIEELLT O 72 O FEERIEE O B
A F T o T ARNZETAIR I WU 53 S ik (Polarization Modulation InfraRed
Reflection Absorption Spectroscopy, PM-IRRAS) % AN CTKAH D A A DRI 2 FrZ L,
AR 2 B D BRSO R S N2 36 1 DAL S & 2 D35 T I IR C oo+
D FIEDMESLICHERT 2.

FEERITIE - AER

PM-IRRAS % W TR TOAFOSER 2 3 272 5 12D, SOSFaPIZARI:
NAEENT HERITRIED AN NE D IZT H0E N HSH. £ 2T, PM-IRRAS (220
THENTAZEEREZ b OLFEEE (BRI, TR, @) & &, (BFEREDZED

SR E L7 MRYCDSERIVR WSS ) ORI EIT o7, OSSR, [UEBHED
B & EMmHEmMEN S A A X EVACHO R Y 7 A 177 T A FINW HIAS 22 Rl E im0 6

CIZERE L, FREMERELZ. ZOE, FRAKROAHAIZONT iitﬂb‘ﬁ FH D
kA b &2 PM-IRRAS ([CHe b L7z 767 TREF L7z, BFRARICOWTIHMLEICE
Tfi,a ZnSe A L, NW50 gt Ol & & (b — b7 v 7 48 ([ZIZDIALFERL
7. (AR U 72 OGS RR 2 R T

77 72}54#*“”;5:1?%& FRALBHZ TEFRFZEE 2P A L TS PM-TRRAS 24&
ZHAWTHRRBREZ B Z oo, RISEPICRE LIzl LI G
WTAXRYZ MIEEZRB I oTo b 2 A, ﬁm*mw_ypﬁtbtf%t%%kb
THWGEITAANT, SVMEFHEE LT PM-IRRAS HIE 21T 5 Z LTk L7z,
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Z D%, ERFEE LTI BN T VO (B noX A V7)) 2o
TEBREB IR A, WWOEORKRED V7 F 7 T8 (BKMEDRILKTFE &R
VAT NVHRR)—D—FETHH I F L TTET v 7 AE) DALY FVR, K
BIZRATLE 72 S HIECTE D Z EMH LMo (M 2). S HIERLET T ARG

Ken b AV URAERERNTY 77 T BORL
FREB IR T A, K& LD 20000 155
VR EE(600 ppm) T—REEIRER L7212 b 00
57, 7F 7 TRBITESBILINLNn &2
SV NIy

P
£

FATIIFE T, WSR2 T F
7 T B EIE D EEL CHIE (ST LT
BY, 7F 0 TEERENRT D50 ORISR
MICET o RITKDA TN, LaL.
PM-IRRAS T b7z A7 huZid MM
SHAEC T 2 REERA 06, 5 FOfEE
RKEAICET D ERE I SHT LN TES
(X12). #z21%, CHeZEMiRE ko v — 7 2
THEEEICR - TRV (1472, 1461 cm™), 7 T
7 7 J& D RALKTFE ST IR E T 5 R O s Ak &
Lo TWBHZ ENbd. £7= CHe fEIREN D
WHDMENZ D2 5(2914, 2846 cm™), RFEH
I% all-trans zigzag fiGEa & > TW\5. S HIZ
RALKFEHEOE— 7 N EAE, = AT VA
® CO HEIEEI O B — 7 N Fh&E ThHod I Lo
5, RFEHEFVDEOFREITK L CEES IS -
TWD Z ENEMEMINREINDS. 2D X I,
Z D CTIMETHETE, s E Cilm
T& %5 PM-IRRAS OA HMER, AW5-C kAL

CBWTHHZEWEEZ BND.
SHIZTT I TRV U ERIG Lo T
Z &L, EoRBMOBILKISIZIE, X0 RIGH
OV OH 7 Vv b —EHIEEEERIF 7-(00D) 23
VETHDLZEERLTND., 5%, ZhbD
R &AW, HEKE PSR T 0 EREABE £
ML AR T O TETHD.
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:j‘ EAMRRASTMELLBOS799M 2300
;.u. e woal
] as{CH2)

2% Satuates hpsrocxrton CHIO

. y—- v R ] oo
bl b e ) M 0 bag mm

T 1672, 1881
20| water 1O st
FRSHY —~0IE by

204 RSTARDORBERIEM|Z LS (COC atee
1077‘77‘0‘5?;0'EK ,TLN é EEFT

w00 00 l)) ‘m la) 20 )J 300 :n oo l))l w [ 2d

Waversroer ko

[X] 2: (1:[X]) PM-IRRAS IZ L 2EED 7 F7 Ff@D
TREOMANR T S AVRE DR IEERAE TH D =
LR TOIIT T ARG L TH D, (PIH)
PM-IRRAS (2K D¥ED T F 7 T EDRI ALY
NV, fFnRAL KSR E T AT UFEAETTERET v

(KD WI S BI S, FATRRE D 7 F 0 5
B MR E B B LTWd. (TR) K&
DAY NJVIEA Y wlgiE LTI2 B D AT |
Jo. FREERT (BB DAY ML BRI

ERDIND.



2016-77

N—TNFa T v NVEREREE S FORBTT VAL D
FHEHERHE G

WAL THEERFRZEGE T SR

[BM]  AEFEIE, BRI (BEAFEETN O 3L RIFFIEE) 2328 L7237 L A &
T [1] OSNFHMEEZ B E LT, RN—70ta 78 RE$H) o7 <
VUM &S LmEEE S+ 28 L, REEEICL > TEILT D0 FD Ny F
THEE " T R B IO AR A T VDL E SRS E K D & LTz AR
X 2015 AEFEIC AT L, REBHEIC K o T Amax N2 5 FiAIE B2 TV 203, fki:
BRRE & 7p o T AAEEE (2016 4EEE), 2D Amax OZAEARFMSICER LT Z b, &5
ZER LIALE DK T TSRS 2 £ UoT <, Al - R AL B L OREIZ AR A &
ThoHZENbnole, LinL, ORGSO FIMEBEBIEE 21T o 7o kER, Mok dhix
SEAFEEETHZ ENHGE D, RE SO CHAELEZ EREAIZAEHAT 5 2 &2
T&z, o, GR LTS TRICEREN D KBRS L REBEHD Ny X T E2RHp AT
ML BRRGET LTe bR, ROKFE B FIRIZ B8V TR FERE G D AL ERIZ 72 > T Rf
HONy X TIFHEFEINDN, T A N7 4V LAOEFLEFE TIIRE HO Ny F 70
KRN 70 > TKBREATREITH > FIROSGE LD 5590 b5 2 Lo 0, R 4R
OHAEERITABLL LI REWZ E R EBRH LN o7,

[ 528k & AE R

B /K3 RE $41C CF3(CF,);CH,CH,0H & CF3(CF,)oCH,CH,OH % vy, 7Y 2> (Gly)
HLLIEaA YU Len)Z N LTT Y RUB VI LES LET VBT A, BXOZhHh
SLEIETHIESDONA, Rah—R 7 o= A EZ2A8 L (K1), 2 boftk
AEMDH L, TV UEEEAET D LD, KPP CHEEREZE LT, AR A A
7 MVORNERKEER N D DX ¥ A N7 4 )V AOIERIZ AR\ & Tho Tz,

LovL, REEPRUNEEEZ AT D2 L2 HE 2 X, MR D EAME (N v
7 R) BT D LR ST, RO v 7 AR IR T O R EFAEIE R R
ﬂk?%ék%z%hfk@ AEHAWTEARFHEE Z RN T X TN 1BA~Y v
AETEKRT D70 613 IH%@EED&EED®@LMEF%%&LT%T%%ELK_

\N+/\/\/\/\/\/

PN

N*.Cyo-Azo-Gly-C,-Rf, [n=8, 10] \O\( \)j\ \©\”/ \)J\ 'H\
n-1

\’\/\/\/\/\/O W\/\/\/

/ ~

N*-C,y-Azo-Leu-C,-Rf, [n=S8, 10] Q( %
\¢ N*-Cyy-Azo-Leu-C,-R |, \¢

K1 /=7 AaT VX HbEL NI NA Rah—R I HEBT 57 B BB E Sy
(R=T N Fa T IF N ENA Ra—R O E X Rfs 28 Rio, Rfio 28 Rig 1T L) .

N*-Cjo-Azo-Gly-C,-R, [n=10,12]

—153 -



EMFEHTE B EEZBND, £ 2 TH 02 mg D N'CpAzo-GlyOC,Rf,; (n=8,10) %
fiK 5 mLZEL, Tr—T8y =0 —2 =2\ COKERERAR LT, 2 OKEKR
Z 8 HM=IRIZHE L, £ UMM E ey b TR Mo F M ez Lz, X
21I2n=10 oK ENTEA~Y v 7 ADOBEHEZR LT, KXY vy F ORI L2 D~
Uo7 ANHBBNDL, FERO~NY v 7 2%

n =8 OFEHIZHEIEETE [ TR ®

s,

F7o, RERMEHEZAT S Leu I Rf $H
DNy X7 WETHAREERH 0, M
B 72 Gly By 7 & PR3 AU i B E
DT OEETE LT THEDOy 1 HFE A
TERMORNERZRFIT 5 Z & B HRET
b5 &E 2T, KOKS I H T RO fEAT %
1ot 25, Leu & Tey 1 Tl RF 84
WEIR Ny XU T HRBRTET, 73 FE K2 N'CoAzo-GlyC,CFyy DKIEEIZE U b
B KEREATRA S e iy e DR TR
HoHZENbhote, —F, KFENSLDF ¥ A K7 4 )L AH T, RESEBANTHEEIC
BT L TERIRTTEELEMR L, van der Waals 1O —FfETH HEAIZIEN, 7T I K
M OKFEMA 2% CEEXRR T2 5 2 &2 /R L U PR ESRE 3 1,

[&%]

BGA-T L ANZHEAD < REHD /Ny F 0 THEE Z AL 8898 A7 Vi Bkl 4 25k
FIZONWTIIADE ZAKH LTV, LML, 7T N0 1ICX D% T Vil
R Z R L7722 & C, REBIONR UNBEZ X UD THEIET HZ ENTE T, FKHZZ
DR Z S LI, WIRFICL o TT X TR TNOARFENER SN DBE D — &b
TE 5700, BUUEMIH SN TV RWARFOREZHATE DAL H 5,

[ 2% k]
[1] T. Hasegawa et al., ChemPlusChem, 79, 1421(2014).

[ty Gast., FaFER%E)]

1. ZRIBFHZS BPHEZ POREERER TaReEsE BRI (LEEHL, 39 E 7 oK
{bFafimes, 7\ (BEREETRM=TH2-11 (FAFAEADE) ) ,
2016. 9.

2. FMKE - BHEZ - SFRIEN - FTaRER - BA)IME - [HHEE5L, 539 Bl 7 » &k
FRme, TN (EEEEET R =TH2-1 1 (FAEAEADTRR)), 2016. 9.

3. Bk, TARESD, (LEEL, ER)IME, BARFERE 9T BRES (BHERRK
2 HEX YL 8R) , 2017. 3.

N
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EHBESTF FEFHLRZ
FHRPL AA| TPARP FHEHRI] OHiERh R FHIE OB 3%

WM B R E PR R R

[B]

AU (ADP-YU AR V) fbiZ, PARPIZ L > TNAD'ZJLE & L TH /N7 2 ADP-U AR— A
ZAIINT D06 TH D . DNA B, st L OV bl 2 EicB 5 LT %, PARP fL%E
FE. BRCA AT 5 W AMIREIZ X L CRINEY D58 7 70 HE A i 20 e % 77§, PARP [H
EHNZ X D IEFEINEIZh R, BRCAZEE 3 70 < & LR A 2 RIBAERZH/ L TWiudsd
HThHDHEFEDOI TS, PARP FAEREZMEZ R TN AMBOREE L TiE, [EHI72
PARP DJEMEALIZ L B8 Y (ADP-U AR V) A{LEOEMAR GRS Y, Loz, BT
PARP FREAI OB AR Z THIT 25 L O RIEIRITE L > TE LT, MINAZRDOA D =X
Lh Lo TRy,

—J7. A DZNE TONZEN S PARP FHEHIZE b S0 E M (Hela) o~ 7 X
Jif VERRAE SRR (MEF) 1% U CIZMRa i fH O sE 2 = S 220y, <~ o AR Hsk
PRSI (NSC) Cid, MG DS I & MfsE A B i 23 2 &0 o T D, AAF
ZCTIL, NSCIZ351F D PARP FHEANC L 2 MSEREE A 1 = X A OfFENT 21TV, AIEsEEE
IZBTHARY (ADP-U R L) ALOBEEMEIZ OV TR 21T 72,

[757i£]

~ U AR WRRMEEERIRL (MEF) &~ o R Rl kerfiia (NSC) 2 L7e, 2 Eho
AHAEIZ PARP FHE A TH 5 N-(6-0x0-5,6-dihydro-phenanthridin-2-yl)-N, N-dimethylacetamide
(PJ34) ZWHL, 24 RRIEEBRIC YV =R X T 0y T 4 VT B X OB 1T 7,
TR 1X AF1521 Macrodomain ARV (ADP-VU :R— ) #FrEL > (Tulip Biolabs)
B L OV MACS protein G MicroBeads (Miltenyi Biotec) ZfHEH L7-, F7=. FEN~D
DFEANIIEERTF KE LT, AV I T7ArX=r (r12) LGRS Pas® &
WA L7 Pas2 /v 5725 dPas2-r12 & -,

DR E L OE 5

PARP BHEAITH S PJ34 IZ X AMMSE LS| S T A D=L EMD AT, THETI
~A a7 VAT EED TE 72, PI34 OWINC LV | MfaEEHE IEIZBE b 5 p2l 7 R
h—3 2FH|ZR94 % Fas, PIDD, DR5, Noxa, PUMA, PERP 2SN L TRV, VT A A
PCR CZN O OEEFEOHEMAME L TWD (1), —J7, PJ34 1L MEF (2% L CidmmAasy
FHRRESS T R h—3 A& Z &7, £ 2T, MEF & NSC IZBF 5K Y (ADP-V AR L)
(L ED BN 21T > 72, PJ34 ZIRIN L TOARWHIERE (control) (23T, MEF TiEAR
U (ADP-U R W) AL E&NT=X R 7B E A EBRE SN2 ->7=DIIZxf LT, NSC T
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XA YU (ADP-V iR L) fbE = X
JEENEML W (K 2), ZhiE,
NSC 2T &, PARP BHEAHIASZ M 28 A

Ny
R L 51, HY (ADP-U R L) (L

D

Cycl n D/CDK4, 6
—) Cell cycle arrest
Cy clin E/CDK2
as

Apoptosis

[ scotin [IERE PAG608 |_Siah

BEOHMAEFRICEZ > TS HER

[ mom2 | cop-1 | PIRH-2 siah-1 | Wip1 | ANp73 |> p53 negative feedback

LTWA, £72.PJ34 O X - T MEF
D p53 EIZZ(LIZ R S22 )3, NSC T

IS XD HEEL 7,

M1 PI34ic & Y IRERHIMT 2 BEF
P53 7 F LRI B> Teontrol & PIS4ATRN L 7z fllfiE % bk U CHEG 2SN L 785 7%
BRKETRLE, 42707 LA 7= 0o 2{La% 6 NIGlETICOWTY 74 ¥ 4 APCR

1Z p53 DL Serl8 DU L&D
BEiL W= (X 2),

N 2ZFHET D, ZhbOMEIT,

borXF—RBIcLviThbis, FEEE
U (ADP-U R v) ALENTWD Z & A REILEEIC LY
MR L7 (K 3), LAEDOFERND, PJ34 128D ATM & ATR
DAY (ADP-Y R v) ALD3 il 45 & pb3 o U il
(2 &0 pb3 v 7 VRS ANTENE L S v, MR B D45 110
TR =V ANFEEIND ATRIEN R STz, A%, Mk
ERAARIZ BT DIEF AR AR Y (ADP-U AR ov) b3l 5 4%
FNZOWTITE R DREENR ML ETHDH M, ZILH A PARP
FHEANZ X 0 #fl S b & MiaE s 1e7 R h—
AMFBEINDZ ERGMmoT,

PARP J&S2 D3 A

Ser18 NV Ui S D & pb3 1T~
1T L. 53 7 LRI 1S ML S B CRIBE I 01 107 AR
U e (/=g
LABIRNY 7V A L PCRDFERZ/RIEZEL TS, £72. pb3
DU LI ATM 3 5 WML ATR 72 & D DNA 85I O
(2. ATM & ATR 738 NSC TR

MEFs NSCs

Control PJ34 Control PJ34  (kpa)
I~ 250
PAR 150
100
I~ 75

p53 | |

P-ps3 (s18) | |

Beta-actin | |

ZPBH | m2 MEFENSCicksizRY (ADP-Y &

V) {t (PAR) DL

a) ) .
IP: anti-ATM

PD: PAR resin IP: anti-ATR
N S N
S Q o
NS R N
S NI S
¢ S S
(kDa) (kDa) (kDa)
Py Lo 308 300 3%
anti- (300 anti- {300 anti- 300
ATR PAR PAR

X3 ATMEATROR Y (ADP-Y R V) 1k
(@) AV (ADP-Y R—2R) BHAWEL Y v ~fEGLEZATM E
ATRO

(b) ATM ¥ 72 iZATRILIRIC & 2 G2 ikbsic X 5 ATME
K UATRO A Y (ADP-V) KoL) fLoi

FRI2oNSC D L 91, AU (ADP-V AR v) {bf7H PARP FHEHNIZ L 5

HMIRZEFS B OFERE & 72 5 D THAT, PARP [HEHIRCZ DO OHIA AAI OO HZIR 2 THl T

XHVAT LAEHEETEZ DD LIV,
(ADP-V 7RI V) AL EOR 23k =78,
X TCWAEA~DEANEH LW

FEERIC

paE 720
A0%FEETH 7= (X 4),
i)

Atk B+ OEE

[ 2%k ] 1) Fong P.C.
2) Takayama K.
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B B F DIRS Fb R AT
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Z BT VE A (EGFP) DEENBATREIZ DOV TR &2 1T o 72,
TRLBESEIHT DEETRBZE S, BAREIT 30~
ZOWTHIFT & B4,
(ADP-U AR V) fLEZFICTE 5 X 5 2 ROWEL HiET,

et al. N. Engl. J. Med. 361,
et.al. J. Control Release 138, 128-133 (2009)

BIFLHHRY

2 Liifas o AL T 2R TS BIZE S
nt,

¥4 dPas2-r12ic & 3 #iIA~DEGFPOE A
HEK293ffiffd~ & dPas2-r12/EGFP% ¥l §

123-34 (2009)
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I R PERE 2 A 5 L Ic R R BIBGE B~ 7 F K DAL
PREGERET AEBRKF T V2T 4=~ T 4 TEMY TR

B#Y

(LA ZERT —ARMFIEE Tk, PEEETF K (A7 427 AX=">_ LLFRS LK) %
I L% R &AL & OFE AAER & L BRAL S0 R AE W S R A AT - T T,
Z ORGSR R VLG F TITMIBATHEIME T T2 Z LD 6N E o7z, Bl L LTl
HEHROX U RITENRS EFEATDHZEICLY REOFAMMABELETFTSETNDL D
ENRTRRENTZ, TDOZ ARV EHITMPHFERNOT VT IV ThD Z EN TSN
TWADFELWIHIEIRBIEE TR EINTWARY, —FTE, AV I T7AF=0%F 0
B & B EFEENE T T NI AEBE Y E 2 N ~EET 58 /17— TH Y [ in
vivo (28T 2 HYEEA~DOIS I L BIRA R - N T\ 5, RAFZEE T, LIATICH
FEORLAZAV ITTNF=" (Rn:n=4, 8, 12) OHE~ T A~DE G 21T\, RS 1l
IR CHEBEREGEBEAFF>Z L 2R L T\ 5 (I Nakase et al. J. Control.
Release, 2012, 159, 181), S B2, D7 I VBN ORLF 7 ZTNAF=8)iE, L7 2
J RN DRERR S D R8T THICEH WEBERMEZ RT 2 AL T D, —fi%
2, LA TIERTF RIFEC»IZ D D WIS D Z ERmb N TND Z &
B 18 XM XIS DI Tl 2GR U, JEES ARSI O RfER L 2 b
L OB E Y EG~OERMEZ BT 5 LBESN TS, LiL, 8 KA
R ED X S It & X7 B EMHAAFR L 9 200MZB L T, FEICIT -
TWVWRY, £ 2 TAEFMNIE T, AT 5 L B w7 F RO
AR ZATEIC, D18 LFEATAMP X L XV BEDORE. 785N, 2) FOHEAMEDRK
METTHE, S5, 3)REHDH WL 8 LHAMEMA L., &E#EEOMIANELY iAH % 2
AT D MIERE S FICBA L CHIERES S Z L2 HiF L, RAUERIEE VW TO RS D
AN E D IABZ AR DRI E 24T > 72

KEBRAE - R

D B L T MiGE AP CA % 2 _X— bk L7236 18 % Native-PAGE (Z4L
L. ®AEHKTHNR 8 EMAEERTAZ RV EEEDR) 27 a7 7 —EBAE
L=tk BESNEIToT-, a7 4 — M7 —H%X—ZX(MASCONIZ L B fifHTr Dk
B, TATIVEITILDET DN ONOMEY 7 ERMeEm E L TET LT,
BEZ N OIZBE L CEE ARt 217> T %,
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2) WL T, SEHTH e ) A Y —ATCO)ZHWT, 77 & 8 b NS
BT T RO Ky et Lz & 2 A4 50 uM B2 E CTh -~ 7=,

3) ICBIL T, JERBEH O BB NN A LT T BV BRI 5 I
RERI 72 2 L X BRAEIC R DNy 7 VT 0y RBFAEOREIC> TNz 2 &
G FER R AT A - 0Ic e A TF o L RS DREICEIlY v h—L LTYT
I RB B NKIRICYT VU o EEA LTSRS TE PhotoR8CL A i%EF, Ak L7,
A2 PhotoR8CL THLEE L, JEZeE# . HEID 4 pE%, A ML M7 BV E—X
X WHEEZ T o772, &5, ETAEIC LY Y b —BIRAIZEEH L. PhotoRS8CL
ALEEMAR S R R 72 & R E R R E LTz, siRNA 12Xk D/ v o7 X ickn, Zh
DK T ED RS DMINBIT~DH G523 L7z & 2 A, syndecan-4 % /) v 7 X
7 LTzl VT, RS OFMIIENBITEN L7z, £ o> T, syndecan-4 7% R§ D
D AZIZEE L TWD Z &M RS, 7o, Sy R4 A b — v 2 EH
T R8 OMISINBATIRIEIZ DWW TIRFT 21T 72 & 2 A, syndecan-4 [LFEIZ R D
TAY UMRIEET Y R A = AL DBV ARG T2 Z L sz, £
72, [AEEDFEFR M, CreR8 =2 ¥ =7 — NI XK D loxP FA DR AR 2 Zh=R D FFfIZ X
NIELNT-, UIEDOENS, R8O, TDX U RNIELDa Ly Pali— DI T A
R R A B = R K DI IAZA TR, syndecan-4 AR E LT
5452 AR ENT,

LR RS

L. i

Kawaguchi, Y., Takeuchi, T., Kuwata, K., Chiba, J., Hatanaka, Y., Nakase, 1., Futaki, S.
Syndecan-4 is a receptor for clathrin-mediated endocytosis of arginine-rich cell-penetrating
peptides.

Bioconjug. Chem. 2016, 27, 1119-1130

2. FEHR

BPRMEE, NI AFEIE, SEEF- WEpE—, RS
F I ETNF = EHAEAERT DI X X7 B ORE
AASK 5 137 4 (i) 2017453 H 27 H
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RGBS AR OZRREZ BIE L7 AR RERNLESNKS
W7 F NAH A~ O PhEk

[ HAY]

SRR 2 AT 5 23 AR OPE I Cld7e < L ABSBERIESO U AR TE I
PEOR MR E & HIZ, EHEOR A & M 2 BB TFET D, (LFEEIEA
WL BIREE A X R TN AEMIIL, DSAMIEEZAEAE L, EEHEERE F AT
DRENIHFF D, TAUMME ARG R OB IERZE O R L OB L 7o b T HK &5
2B TS, HEo T, BARMIEEZ WICHRIIERET 2 00%, AL2ERIE L Ok
FHRIBIRICB W COERELRHEE VWL D, ZOMEERIET 272007 7a—F0—
DL LT, BARHMIRICR U CBRIRAICEER A2 25 L, 23 AURpiiia 2 HliE 32 X 5 72
MAELTD ZENFTFHND, 2HROITHIEN~EET D BEERS 7T N, fx o
B CTOBMMRFRETHY ., BRMR~OEMEE LD THEEEZRO TV D, K
WFFE Tl BEZIR 7 F RIZ L 2 03 A ~O W E ko algEMEIC SV TR Z
1T o720 DSAKEGRT O DY AR ~ZhERH D> DORINA 72 V- DO IEFEN ATRE & 7e Ui,
IS AR 2 BER & D N ATBRIRIEDBIFE~ L O 5 Z LRI SN 5,

[51%]

b NRIGS AUHSK HT29 #fifa % Coring #1:84 Ultralow attachment 7" L — k& H]\\C
EGF, bFGF, B-27, GlutaMax % ¥/l L 7= DMEM/F12 55#112C. 37 & 5% CO 54 FC
15 HMEHEL, PABRMERA Y 726G, BN ABMIBA T 7 ~
FITC-GABA-R8-amide (FITC-R8)X7'F R Z R L, —EFEfHIE5EE L7z, PBS TOPEF
D%, FI~ U K DETEETT -T2, Hoechst33342 } 1" Phalloidin-Rhodamine (2
LYt HER L — P —BSEEBIEIC X > TIEBIR T F ROTY AL OGN
AT -7, C57BL/6] ~ U A X W /NMZHI L, EDTA I kY IGkem a5, 57
WakziE 2 Corning L~ U 7L~ h U v 7 2 Zh&#E L, EGF, R-spondinl, Noggin
Z UL 72 Advanced-DMEM/F12 £5 12 CTR5# L 72, FITC-R8 X7 F &Mz T—%&
B EsaE L7-1% . &b~ U vl 7E. Hoechst33342 } U Phalloidin-Rhodamine (2 & %
Yt m 1o 7,

[R5 & B 52

AR IR EE R, (R BIRIEICH V. Z OFRZHFRANEBIZ W T S AR
RIDFAEDRE SV D T2 D AR ~E Z s 2121, 28 AURLRR NS~ 20 S
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BINCRIET D Z ENMETH D, KIENART 4T i, KED AMINE &2 FEB 514
HFCREETDZ EICL D, BRI Tl L7 RBE TR R 238235 L OB S
N5 3 WILDERROEESLTH Y | Z OIS AFR & UL RRRRE A
5. MIBEIEFME T, CEOHKRERFOTICEIVFE LI KENAAT 4TI, B
R RF I 72 B AR T OB, WIS REE 2R3~ 2 L B3 S, AR
far 7 47 & LTHA ORFICHWON TS, 22T, KIERARMIRA T + 7 %
FHEL, HoONTEBARMIEA T ¢ 73T 2EEE 7 F ROl &K 3O
THRRE L 77,

N AR A 7 ¢ 7~ FITC-R8 ~7'F R & #&
H U, 1%L 6 REE% O A % HE 4 N
L — B CRIR LT 2K IR T, #
5% 1 BcB W TR, A7 4 7~ FITC-R8
NRTF RO IAFTBIEE I N2> T2, 6 I

2B TiZ, Phalloidin (2 XV R e S 7~
A7 4T OPBOWNMANEED FITC-R8 <7 F K
DT L TV DR E2 S 7= (X 1B), WD

1. FITC-GABA-R8 R~
FREONABHBR T«
TADEA, ABA®R1E
fil., B.EA# 6 B5fl, 6 B
Ml % I &8 L T .
FITC-GABA-R8 R T F K
NRT4T7THANEASH

(TN AT, HLBERIZ FITC-R8 X7 F RAVEIZE L T B T e eh
\\7=. FITC-R8 75 RIZA 7 4 7 N~FE5 I 72t PG CABARE
AEH, EOPLEE CRETETHS = & 4 NOT RS,

LT\ 5, Z Bl ok & 3 ITER FER ATV, A7 ¢ 7 2K~ FITC-R8
RXTF ROGHEBE Lz, O, FITC-R8 X7'F KO AT ¢ 7TNE~DBAT,
RO ~DBEN RO 5372, FITC-R8 X7 F RN A T 4 TIZHEY A E N BIRIZ
DT HEERLTND,

DS AHEFI A~ D RN R Ao B it & o W %ggﬁ;g@@;&:

2N N M EE, FITC-GABA-R8

DRI ~ITEE SN2 WVERIREOfH 5§ B RTF K. BESEE

~ , IZCEELTWLWEEHEDD

RETH D, €T, U AL VERLZE L ?%mﬁmﬁma
N DTz,

R s 2 & e sk~ FITC-R8 X7 F KD
B0 AL Z 3 LT ZOfE5E. FITC-R8 ~<7F RIIMHARICELZEL TWAHE DD
HA~OBATIZERD o7 (X 2),

B3, BB AT R & 72 5 3 AR~ RIS E 28N L, 2 OF%RE % il 1)
T 5 FEOLEETE NV, ARFHZE D, FITC-R8 X7 F RiL, @EGHE~TITE
A EBDIAENIRN— T, DAL Z Z T 25 AR~ TRV REVICHR D IAE N D A]
REPEDSRIR STz, RHEREZ A LIS AMIIIZ X A vy 7 va UREENEL L,
[FIE R EE 2 1815 L T\ 5, T OIS Ny bR & oD ML 2R i & oW
ORI ZBRETT 5 2 & T, BRAFERT O A ~DOWEEEIEIZ O TOH L
BB & 72055 Z ERMIfE SRS,
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HAXEY REREILIZEANFHLORAY Y a2k — L v AR OERRB L
EHEK SRR T E - H R R

QELD)

A XEY RHOR—EFH - 285K NV) F o
(X 1) 13Nz A R RO 2 H T 5, FF
A NE T, B A ZRRICBW TR - ByE
TELHRTHD, TOH-AE 2T u—7L L, H—

NV Hba ik o, Eiht o IREE YT

BAL T, i, BNEIEM RN SN TE Tz, ¥4 Y

EY RO NV HL.LOE o FISHICBWL T, NV i
S LD 08T ) LUV O EWEEICEE LTV Y
BUERD S, Ll F/ L COREMEONY N YL
T T, B & LT 2 2 ERRAE -1 i L fL (
=NV OBRIRENRLEICRA I ER A ak —

Lo AR (Te) OBHFMEIZ LV B o HERENRE LK FT 5L, BERRT
REXEN D D, ZOFRKIX. BB O—2 & L CTREAT O 5 BEE K ba-o A
MDOFIEZ L Db DEEZOND, ZORRDIZD, KREETIE, Vo F—712LDn
R A W BAT O R ESS, R FHLERENREHWS Z it s Ay 3 —
L AR O BRI L2 BT,

[ F8rE R ]

NV FLIZIFRA T 2 E G LT EMIRER H Y . —fiOAICHELZ NV-T
X2 DA RIEOHIE & RN ATRETH D, Lo L NV HLOERRIEITLEIEIC
F o TEL L A 1E 532 nm OIEJihEE D% IZ1E NV- & HPRRiED NVO D EL=RA3) 7 -
3DENEIZ/>TLE 9, NVOTIEREREDH|IE &N TEnzd, NV Hl
DI TIE NV-OZENRD B D, FIZE B L COERE 2 5 nm (o
NV FLZBIT 2 EMRBORLENRL, A ab— L AR (T2) O+ s
LT ~OMERREUEREE L Th D,

ZI O OB TTED—2 L LT R —A 4l K—712 L5 NV b ~DE it
WNRBZLN, BADINV—TTRHV v R—=712LD n A A ¥vEL RFPOH —~ NV
FULTIE, NV-& NVODELRMNEIF 10: 012705 Z & &R Liz[1], Z ORFZE Tl
B U S REE 1015~1016 cm=3 OFEIZ W TR Y . L —FIZ L 29kt D NVO
M NV-~[a[1E4 D2 10ms BRE CThH - 7=[1], £/, FOXH>RKRY VEE T
%, maE v R B TR S D8 E pus O Te EIFFS L7205, T2 23 50 ps 2
FE Lo T, AT TIEZ CVD EIC L Ak L= F 72 5 @i [Pl ~ 1017 cm™3 @O n
WAL YEy FRBI AL LT, >V a vy NEMIREERIE TIREHH L7-H— NV
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HFLOTRTUIZEBW T, BEHR[1] & RERIC NV-& NVODOILLENFIE 10:0 THo7=, B
FRRBED L EMEIZ OW TN, NVO S NV-~[E14 2 FE28 2 ms A &, Hifk@
DIEROME L v BOERZEZ], 2K 21TRLZE 512 150 us FRED Ty % Ff
DHLOEFPL, Vo F—=7TFTbmid /v R=7HEDOEW T lZiE2S1) 55 Al

REMEZE R LTz,

HICHB L LT R—E U TORERE o0

Fx F—T LA A TEY FREICHB £ (o5l

T, BEHHEET -7, SHECEREME £ o004

D NV FLETHER F—7I2kY NV- £ ggs.

DEBEGIRENZEN LT & T DHEF 0 100 200 300 400 500

o, YV 3y NERTRIERE 2l

TlX, /v F—73 B FERRED NV-& 2 Yy R—TFREFOE—~ NV h
NVODIHENFKI T3 THY, NV-OLE oo /~n—> = 22— fitting function =
IEDNER 3T G N7, T expRu/T2), T2=154us

XA YELY ROT7 = )V INEICET D

HERMAREEBEZLND,

FAXYEY FIZBWT, 5 CVD GkGH2Ew=T &, Bt um WHOEHEICK
W, JRF LV TT7 Ty MR 2R OMEBIZER T2 2 & nTc&x 52, 20X
P B P E AN L D NV Lo 2@ (b4 B LR B O ERIS X OFHIi oM
FEIZH Y MHATE, AT 1 A DIRERCASRMFIZB T 2 ERIBEEOHIE O KM M L
., EEALV—VEEBEHIC L > TTo /e, RENOETLOEET / A— FLOES
(& D NV OBl s iz, AR ERCREE — 1l AFE L7z NV TidZe <,
PERPIEIC TR LI BRI o TWA Z L BIRA SN, NV ThDH 2 & D HER
SN, XAYEY ROVHEESHETTHA YEY FENITESILE NV HLIZD
WCab—L U ARMERELZEZ A, TeNKRET1T0us E00 o712, 5%, &
NV FLOfERL L Ty ORREREMEICE Y LA T FETH D,

[1] Y. Doi, T. Fukui, H. Kato, T. Makino, S. Yamasaki, T. Tashima, H. Morishita, S. Miwa, F.
Jelezko, Y. Suzuki, N. Mizuochi, Physical Review B, 93, 081203 (R), 2016.

[2] N. Tokuda, (a) H. Umezawa, H. Kato, M. Ogura, S. Gonda, K. Yamabe, H. Okushi, S.
Yamasaki, Appl. Phys. Exp. 2 (2009) 055001. (b) N. Mizuochi, N. Tokuda, M. Ogura, S.
Yamasaki, Jpn. J. Appl. Phys., 51, 090106 (2012).
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LEMEE A R, 5 64 RSB Y SRR ES, 2017 3 A 14 H~17
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-162—



2016-82
Z A XEy RHO N LR OESEIHIHE
LIS FEEEHTR AT el U —x L ha =2 ARget v & —

1. #5

HAXEY RHEO NV LT, BT RRED b & FEEH-oiRt =72 DS H?N
ST sd, £ NV HLLE, SEREFIZ—1 MICHE L72RE (NV) & fikie

(NVO) @2 oDEMMIREMEZELT 2 LRMBILTWD, K OBEBEE LR E
WZHRET D 2 LB L, B Z0E 532 nm O L —P—HIZ X D Tk, NV & NVO |
A2, NV EINVO=T3 (2725 Z ERNA BTV A1, RHBERIIBIEIZ L0 A v kg
ZRETEDDIEINV 220 T, JEHZZZ TR, NV OLZEPRETH o7, ZD
MEICK U lRn A XY o =7 Ll nB|Z A YEL FTIEINV OFIEN 1FIX 100 %

(NVTINVO = 10:0) &705 2 &amLiz[2l, —77 T, BANIIEAMP D720 intrinsic
EAYEY FT NV 28T 52 &3, BEARN2YIEL BT RICITEETH 5,
% Z CH x4 1¥ intrinsic 72 ¥ A Y€ F%& n-type ¥4 ¥E > R CHAT nin #iEIZ XLV,
intrinsic %4 ¥E L NIZEWTH, NV Z2LENLTE LD TIERVWE#E 2, AFElL nin
HIEZ R OB B L. LEIMIZ OV Tz, AN MEIEOB L) 613, intrinsic &
O NV I NV IZZE L, FRIZ n BISEWEBTEOMEMITIE T Z L A iIfF S5,

2. FEhER

RE O EAZX 112779, CVD T intrinsic # A VY& RE25KE. = v F o TAY
HIEZVED | ntype XA ¥E LV RERHIGEIURE ST nin EBEL TN D, i
EZK 21277, 532 nm EEDO L —HF—{2x 593 nm EEOL—W—%2FHTLHZ &
2L, B—o NV FLOEMREDEGEHT Iy ay NIEEIT-T2, LT
BATEE @ intrinsic JE OWE d 12 X AEIFME LB O T EGIC LA RIFHEICER L CER %
1To7=,

1 nin ##i& 2 AV — Y —BAMEE

3. MR
AP HEEN O NV H.00 Scan Image % [X 3 1233, IRV IEF T OEST 2N n-type
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JET&H Y PRI intrinsic O HE—DFIEFAE—O NV F.LTHDH, T NV H.LO YV
Y7y ay MEEDORIRZIK 4 1R T, £ 3ITEMN NV OFIGIE 80%IZirw
fBx &L -oTEY, ZHNITHEFED intrinsic ¥4 YE FOEIGEHZ 5D THDH, £i-
intrinsic & d OMEIZ X KA BB S I, d 2/ S W E NV OFEIG G LI, Bim
2T RE R LTZRERDEONT, SRIOBRITFGEE L THRRET LS TETH S,

single NV center

3 NV H.® Scan Image X4 rrnay MERE

[1] N. Aslam, G. Waldherr, P. Neumann, F. Jelezko, and J. Wrachtrup, New J. Phys. 15, 013064
(2013)

[2] Y. Doi, T. Fukui, H. Kato, T. Makino, S. Yamasaki, S. Miwa, F. Jelezko, Y. Suzuki, N. Mizuochi,
Physical Review B, 93, 081203 (R), 2016. (Rapid communication)

[RSCRHR 5]

(1) T. Murai, T. Makino, H. Kato, Y. Doi, Y. Suzuki, M. Hatano, S. Yamasaki, M. Shimizu, H.
Morishita, M. Fujiwara, N. Mizuochi, “Control of charge states of NV center by nin diamond
junction” 2016 MRS Fall Meeting & Exhibit, Boston, USA

(2) T. Murai, T. Makino, H. Kato, Y. Doi, Y. Suzuki, M. Hatano, S. Yamazaki, M. Shimizu, H.
Morishita, M. Fujiwara, N. Mizuochi “Control of charge states of NV center in diamond by
nin junction” 9th International Conference on Physics and Applications of Spin-Related
Phenomena in Solids, August 8 (Mon) to 11 (Thu), 2016, Kobe International Conference
Center, Kobe City, Japan

(3)  FImk, HERRES, ARG, LKA, SRR, WEERET, (L R, E
KERAT, AR FolE, BEIFIER, KEEM, nin EEIZEXDF A PES PNV HLOE
TRREERIE”, H3 0OMZ A VB R URY T A, R KE B b—FF v
N2 2016411H16H (k) ~18H ()
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WA, B DO RS Yep e & LT @EME & @A T () % Of
FROFRRBEMEINER 28D TE TV D, —RICHN SN DS T A8y DI
REZND L ITHH BRI EHILEAR TR D LR D525 0 | FHA B BR%E
(T DRI R E VY, AR T, HEENINETOMATELT VA7 + b
IRy B ARPLMEI ORI Z | T T AMBHIBET 5 ¥4 5% L T 5 iR
EHBEE SLFIEZIT ) 28I LD K 0HEEL WS Z &2 HWE T 5, 2D RPL
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Fig. 1 X-ray induced RPL spectra of

the Sm:SiO, glass with different

irradiated doses. Inset shows the

correlation between emission

intensity and the irradiated dose.
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Figure 1. Cyclic voltammograms (CH,Cl; in 0.1 M n-BusNPFg) and absorption spectra (CH,Cl,) of 1.
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Viscoelastic Relaxation of Linear and Ring Rouse Chains at
Association/Dissociation Equilibrium

Youngdon Kwon Sungkyunkwan University

1. Introduction. Polymer systems undergoing reversible association/dissociation reaction, such as
solutions of telechelic chains having associative groups at the chain ends,' have been attracting
extensive research interest because of their novel scientific aspect. As a follow-up of those
studies, we recently focused on the simplest model system, linear Rouse chains (unimers)
undergoing mono-functional end-association and dissociation reaction to formulate its viscoelastic
relaxation function g(¢):* The motional coupling between the unimer and dimer, occurring through
the reaction, yields new series of relaxation modes not involved in the pure Rouse dynamics, and
those new modes govern the terminal relaxation of both unimer and dimer.

The reaction rate in the above unimer/dimer system is not explicitly correlated with the
conformation of respective chains. The reaction can be (and was) assumed to occur at the same
rate irrespective of the end-to-end distance of a focused unimer, because the reaction is governed
by the distance between the reacting ends of two unimers. The situation is quite different for a
dilute telechelic linear chain that becomes a ring chain through the end-association. The ring chain
is formed only when two ends of the linear chain come into close proximity, indicating that the
reaction rate is strongly correlated with the linear chain conformation. This study focuses on this
condition for the ring formation and formulates the viscoelastic relaxation function of the

linear/ring system.’

2. Results and Discussion. We focus on a telechelic linear Rouse chain composed of N
subchains (or segments). This chain is converted into a ring chain through the end association, and
the ring chain becomes a linear chain on dissociation. The bond vector of n-th subchain, u[c](n,t)
with ¢ = L and R for the linear and ring chains, can be expanded with respect to the Rouse

eigenfunctions as

N

u(n,t) = E E(?) sin(%) (for linear chain) (1)
p=1
N/2 2 N/2 2

u®(n,t) = E‘I’a(t) sin( azm) + EAa(t)cos( om:n) (for ring chain) (2)
a=1 a=1

The time evolution of ul(n,7), being described by the Rouse equation of motion combined with
the association/dissociation reaction kinetics, can be cast in equations for the expansion
coefficients E,, ¥, and A, appearinginegs | and 2.3
. - p2 1 _ 1 N/2
p =odd integer: E (1) = —(? + T—).:.p(t) + _— E 1,5A 4 (1) 3)

1 as as f=1
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) 2] 1
p = even integer: B (1) = -(p— + —)Ep(t) F—W (1) &)
Tl tas Tas
. 4a’ 1 1
a=integer (= 1): ¥, (1) = —( < +—)‘I{Z(t)+—E2a(t) %)
T] Tds tds
. 4o’ 1 1 <
a=integer (> 1): A_(¢) =—( “ +—)Aa(t)+— E Ny, (1) (6)
T Ty ds g=odd
) 2 N . [ pmn 2amn 4 P
with 7, :Nfo dn s1n( N )cos( N ) :;m (p = odd) %

Here, 71 indicates the longest Rouse relaxation time (end-to-end fluctuation time) of the linear

chain, and 7,5 and 74, respectively, denote the characteristic times for the association and

dissociation reaction. The reaction terms in eqs 3-6 involving T,s and 745 lead to the coupled time

evolution of E  (for the linear chain) and W, and/or A (for the ring chain). In addition, the

ring chain is formed only when the ends of the linear chain come into close proximity. This

condition is expressed as a conformational constraint,
N
»(

E"‘_

p=odd p

=0 for ring formation (8)

Despite the coupling and the condition necessary for the
ring formation explained above, eqs 3-6 were analytically
solved with the aid of the double-expansion method
(re-expansion of the series of odd sine modes of the linear
chain with respect to the cosine eigenfunctions of the ring
chain).” The coefficients thus obtained from eqs 3-6 were
utilized to calculate the viscoelastic relaxation function,
20 = [V b <uy(n,t)u,(n,ty> dn with b being the average
step length of the subchain. Figure 1 shows an example
of g!¢) for several values of rq (= 7T/ts) and the
equilibrium constant K = [ring]e(/[linear],q = 0.1. we
note that the ring relaxation is broadened and retarded by
the reaction-induced coupling with the linear chain. (For
K = 0.1, the linear chain is the major component in the
system and subjected to just a minor coupling effect.)
Detailed analysis demonstrated that the coupling also
results in break down of the ring symmetry (equivalence

of all subchains in the ring backbone).

References 1. S. Suzuki et al., Macromolecules 2012, 45, 888-898.

Fig.1 Viscoelastic relaxation function g(7)
of linear and ring chains undergoing
association and dissociation reaction.
Solid curves show g(7) in the absence of
reaction.

2. H. Watanabe et al., Macromolecules 2015,

48,3014-3030. 3.Y.Kwon et al., Macromolecules 2016, 49, 3593-3607.
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1. “Design and Properties of Supramolecular Elastomers”, Kajita, Takato; Noro, Atsushi;
Matsushita, Yushu, Polymer in press (DOI: 10.1016/j.polymer.2017.03.010).
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BRHRMBAN Sy Fi5EE B LI HIRRZER T F ROHE
Modification of cell-penetrating peptides for the effective delivery of
molecules into the cells

Zoltan Banoczi Department of Organic Chemistry, Eotvos L. University, Hungary

Introduction

Cell-penetrating peptides (CPP’s) may be a useful tool to deliver different bioactive molecules - for example
intracellular enzyme inhibitors, antitumor drugs - into cells and thus improve their penetration, alter their activity [1].
Octaarginine, a well-studied CPP, can penetrate very effectively and can deliver a wide range of cargos into cells, but
the shorter oligoarginines have very poor cell-penetrating ability [2]. The position and steric structure of the interacting
residues may be important. This hypothesis is supported with data of the increased cellular-uptake of RGRRGRRGRR
[3]. Furthermore, some proline-rich cell-penetrating peptides were described in which the presence of proline
influenced the internalisation ((VXLPPP)n, where X=His, Arg or Lys and n=1-3) [4]. Our earlier results showed that
the presence of 4-((4-(dimethylamino)phenyl)azo)benzoyl (Dabcyl) group increased the internalization of octaarginine
conjugate [5]. In this study our aim was to design and synthesise new oligopeptides with four Arg residues which

contain glycine or proline in the sequence.

Results and Discussion
Seven compounds were prepared by solid phase peptide synthesis with Fmoc/'Bu strategy using side chain protected
N®-Fmoc-amino acid derivatives, diisopropyl-carbodiimide (DIC) and 1-hydroxybenztriazole (HOBt) in
dimethyl-formamide (DMF). The fluorescent dye was attached to the g-amino group of lysine residue built into at the
C-terminal. For studying the effect of the position of fluorescent dye, RPRPRPRK and RGRGRGRK peptides were
labelled at the N°- amino group of C-terminal Lys residue (compounds 1, 2 and 5, 8) (Table).

The cellular-uptake of peptides was studied on HL-60 (human promyelocytic leukaemia) cells. Cells were
incubated with the compounds dissolved in the corresponding serum-free media at 1, 5 and 10 uM concentrations for 90
min. Cells treated with serum-free media was used as control. After the incubation, cells were treated with trypsin for 10
min. The fluorescence intensity of cells was measured by flow cytometry and was given as the percentage of the
fluorescence intensity of cells treated by tetraarginine derivative (Table 1).

The internalisation of the four arginine containing peptides were higher than the tetraarginine with
C-terminal Lys (compound 1), but lower than that of the hexaarginine derivative (compound 2). Tetraarginine with two
proline residues between the arginine moieties (compound 3) internalised more efficiently than derivative with only one
proline residue between two arginines (compound 4). But the effect of insertion Gly between the arginines was
opposite (compounds 6 and 7). The position of the fluorescent dye (Cf) (e.g. compounds 7 and 8) influenced on the

cellular-uptake (Table).
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Table: The chemical characterisation and cellular uptake of the synthesised derivatives

(Relative fluoresce= (Fluorescence of tested compound / Fluorescence intensity of compound 1.)x100).

Relative fluorescence
intensity ESI-MS"
Compounds Rt
Frel.= (Fx / FAcR,K(Cf))x100

1pM | 5pM | 10 pM M M
cale. meas.
1. Ac-RRRRK(Cf) 100 100 100 12.8 1170.4 1170.5
2. Ac-RRRRRRK(CY) 207 315 295 11.9 1482.2 1482.7
3. Cf-RPPRPPRPPR-NH, 144 264 259 13.3 1581.4 1581.8
4. Cf-RPRPRPR-NH, 112 117 130 12.2 1290.1 1290.1
5. Ac-RPRPRPRK(Cf)-NH, 105 108 100 12.3 1462.2 1461.5
6. Cf-RGGRGGRGGR-NH, 102 155 151 12.2 1341.1 1341.7
7. Cf-RGRGRGR-NH, 123 228 227 12.2 1169.8 1170.7
8. Ac-RGRGRGRK(Cf)-NH; 103 120 109 12.1 1341.5 1341.9
9. Dabcyl-RRRRK(Cf)-NH; 147 519 830 15.6 1379.2 1379.7
10. | Dabcyl-RGRGRGRK(Cf)-NH, 316 474 8276 14.9 1550.1 1550.3

“Column: Agilent Zorbax SB-C18 4.6mm x150mm, 1004, Gradient: 0 min-0% B, 2 min-0% B, 22 min-90% B;  Eluents: 0.1% TFA/H,O (4), 0.1%
TFA/80% acetonitrile/20% H,O (B); Flow rate:Iml/min; \z=220 nm. * ESI-MS: Bruker Esquire 3000 plus (Germany). The sample was dissolved in

acetonitrile-water (50:50, v/v), 0.1% acetic acid
Derivatives bearing the Cf-group at the N-terminal of the oligopeptide (compounds 4 and 7) have a slightly higher
cell-penetrating ability than compounds 5 and 8 containing Cfgroup on the side-chain of lysine at the C-terminal. The
presence of the Dabcyl-group resulted in increased internalisation of tetraarginine with C-terminal Lys (compound 9).
The effect of Dabcyl group was more pronounced in case of compound 10 (Table). At high concentration (10 uM) the
internalisation of this compound was the highest among peptides studied.

In conclusion, we observed, that the insertion of glycine or proline did not increased significantly the
internalisation of oligopeptides with four arginines. We found that the commonly used chromophore, Dabcyl group can
enhance remarkably the internalisation of oligopeptides with four arginines but its effect was more significant in case of

glycine modified derivative, as compared with those having glycine residues.
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Clarification of the relationship between layered oxide structure and its
magnetic property

Furitsu Suzuki

School of Chemical Sciences, the University of Auckland, Auckland, New Zealand

1. Introduction

Layered oxide structures have been widely studied for their potential use in applications
ranging from ferroelectricity to giant magnetoresistance in the field of semiconductor materials.
Revealing the structure-property relationship of these materials is thus strongly desired for both
fundamental science and practical applications. Amongst these materials, interesting magnetic
properties can be observed from CuSb20s and CoSb20s. CuSb2Og crystallizes in a monoclinically
distorted trirutile structure (P21/n) at room temperature (RT) from a tetragonal trirutile structure,
induced by the Jahn-Teller distortion of Cu?" (d° configuration) [1]. 9 electrons are in the 3d orbital
shell where the one unpaired electron can be located in either e or t2¢ for octahedrally coordinated
Cu?’. Nakua et al. [2] shows that a long-range order is observed under 9 K and the quasi-
Heisenberg linear chain model is more appropriate fitting model than quasi-Heisenberg square
lattice model for CuSb2Os. The Curie-Weiss fitting for the magnetic susceptibility pattern of
CuSb20s shows zerr = 1.758 s, close to the spin only magnetic moment of Cu?* (us = \3 = 1.73)
[2]. This magnetic behavior can be understood as a quasi 1D Heisenberg antiferromagnet (HAF)
above 20 K by fitting the Bonner-Fisher model [3-4]. This least square fitting provides the
exchange parameter J=-48.0(2) K [4] and J=48.2 K [5]. Kato ef al. [5] suggests to consider three
magnetic interactions (Ji for the nearest-neighbour of Cu spins, J> for the next nearest-neighbour
of Cu spins along the Cu-O-O-Cu super exchange pathways and J°» for the next nearest-neighbour
of Cu spins along the other diagonal in S = !4 square lattice model) with one of these interactions
has a dominant role for 1D magnet. There is a sudden decrease of magnetic susceptibilities at 8.6
K which indicates antiferromagnetic long range ordering due to the inter-chain interaction [1, 3-
4]. It has been reported that this magnetic transition is a crossover from quasi 1D HAF to 3D HAF
[6]. Also, the ground state 3D HAF was revealed at 4.2 K by NMR studies by the splitting of '2!Sb
and '2’Sb peaks which proves the existence of hyperfine magnetic field at Sb positions [5].

CoSby0Og crystallizes in a tetragonal trirutile structure (P4»/mnm) [7-8] at RT.
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CoSb20¢ exhibits a 2D HAF with a magnetic phase transition 13.0(2) K. Co*" (d’
configuration) is in a high spin state (t2,° e,°) with a magnetic moment (4.62(1) pg) achieved by
Curie-Weiss fitting on the magnetic susceptibility pattern [7]. Recently, it is reported that CoSb20Os
exhibits quasi 1D HAF below the Néel temperature as the magnetic ordering can be influenced
anisotropically by the magnetic field which leads a magnetocaloric effect [8].

The magnetic measurement of Co1-xCuxSb2Os (x = 0 to 1) solid solution aims to study
how the magnetic behavior crosses over from 2D HAF to a quasi 1D HAF which is not clearly
investigated from the previous studies.

2. Magnetic measurements of Co1xCuxSb206 (x =0 to 1)

Dr. Hyung-Been Kang, Prof. Tilo S6hnel, and myself (the University of Auckland)
planned the project in collaboration with Prof. Hironori Kaji and Prof. Yuichi Shimakawa (Institute
for Chemical Research). The magnetic susceptibilities of Co1-xCuxSb20s (x =0, 0.1, 0.3, 0.5, 0.7,
0.9, 1) were measured by physical property measurement system (PPMS) with the magnetic field
at 1000 Oe (Fig. 1). It is able to confirm that the entire solid solutions exhibit antiferromagnetic

ordering behavior. The magnetic
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or 2D HAF with a bump shape pattern, indicated by the arrow. The Néel temperature suddenly
decreases from x = 0.1 (7n=31.5K) to 0.3 (7n = 13.5 K) and it keeps decreasing from x = 0.3 (Tx
=13.5K) to 1 (Tn = 8.6 K). From x = 0.5, the reduced Co®" magnetic moment leads to a quasi 1D
HAF dominant behavior for the remaining compounds before x = 1. Based on the previous study,
the reported magnetic moment of Cu®" is 0.51(2) ps [9] which is known as anomalous magnetic
moment as the reported magnetic moment of Cu?" is within the range of 1.7 and 2.3 pg. Thus, the
increase of Cu?* induces to the increase of low dimensionality of CoSb,Og and the crossover from
2D HAF to quasi 1D HAF is related to the substantial quantum fluctuation.
3. Current progress and future perspectives

We are working on Raman and soft X-ray measurements to investigate the 3d orbital
states and vibration modes of Co1-xCuxSb2Os solid solution to have a better understanding for the
magnetic susceptibility patterns. There is an interesting behavior observed from the soft X-ray
measurements. Loz edges of Co1-xCuxSb20s solid solution were measured at RT to investigate the
electronic structure. Co 2p spectra (Fig. 2, left) of Co1.xCuxSb2Os (x = 0, 0.3, 0.5, 0.7) indicate
CoO (Co?") type behavior where the binding energy (Co 2ps3/2) could be observed around 778.1 eV
[10]. A slight peak shifting indicates a transition of the Co local symmetry, induced by Cu doping.
Cu 2p spectra (Fig. 2, right) of Co1xCuxSb20¢ (x = 1, 0.7, 0.5, 0.3) show an interesting behavior
as the compounds (x = 1, 0.7, 0.5) indicate CuO (Cu?") type behavior where the binding energy
(Cu 2p32) could be observed around 932.7 eV [10] even though there is a clear peak shifting.
Because, a shifting of the peak under 1 eV is likely to occur from the differences of the local
symmetry around the Cu rather than the change of the valence state. Thus, Coo.7Cu03Sb20Os is
noticeable as the approximate binding energy position of this compound is 931.5 eV. Theoretically,
it needs to be considered as d® configuration of Cu. However, it does not seem to be acceptable as
the study of Coi-xCuxSb,Os was designed to investigate the influence of Cu (II) doping on the
position of Co(IT)Sb20s. A possible hypothesis for this behavior could be considered in this way.
Lo edges of cobalt indicate very stable d’ configuration. By comparing with it, Los edges of
copper is relatively unstable in d° configuration as the peak shifting is more clearly observed than
cobalt Ly edges. Thus, it could be assumed that d® configuration of Cu of Co7Cu03Sb20s is

enforced by 70 % of Co. It is quite important that it could be relevant to the bump shape of
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Co0.7Cuo 3Sb206 magnetic susceptibility pattern. If the bump shape is from the d® configuration of
Cu, it would be required to measure the magnetic susceptibilities of Co1xCuxSb2Og solid solution
below 1000 Oe as the magnetic behavior could be more significant at the low field such as 100 Oe.
In order to figure out this unusual behavior, the calculation of vibration modes of Co1.xCuxSb20s
Raman spectra by ab initio calculations such as CASTEP is promising. Vibration modes of Raman
spectra will provide more details for the structural transition and 3d orbital states of Co1.xCuxSb2Os

solid solution. It could become a good complementary data for the soft XAS data analysis.

Fig. 2. Co L,3 X-ray absorption spectroscopy of CoixCuxSb20Os (x = 0, 0.1, 0.3, 0.5, 0.7) (left) and Cu La3 X-ray
absorption spectroscopy of Co;xCuxSb,Os (x =0.7, 0.5, 0.3, 1) (right)

Research outcome in the Collaborative Research Program

Huang S., Huang Z., Cao P., Zujovic Z., Price J. R., Avdeev M., Que M., Suzuki F., Kido T., Ouyang X.,
Kaji H., Fang M., Liu Y., Gao W., S6hnel T., Angew. Chem. Int. Ed., 2017, Accepted (10 Feb 2017).
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%EA%\$yhx%~yimfwy@?%%éﬁ\%@%nowcﬁibt$y%
AT =V TR LS5 Z & TRt 2 1Rk L 7=,

B
[R5 2] e
Cuitrsa P 5472 % PVDF/[Comim][TFSAYLITFSA DJRF 5 | 2w s
X ML (WAXS) #5200 2 10mT . CLinssa 35 15wt% 2 [ :
VLR Tld, PVDF OBHMAHELL TH Y | JREEIC K DE z 20 w%% 4 Z
IZRLNZR, — . Crrrsa 2 20wt%LL EiZ72 % & off e A
(ZHFEA 2R PEIR B — 2 DN < 4, BRI HRT 5 BT 16 8 20 2

26/ degrees

E—2Z 3k LTV oz, L L, BHOZIHELT 5 i 52 : WAXS G55
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FEIZBWTHREAIT ER LTS b, F2, affEp
FCIEALRIIE & A EEWR RN Z E B[], Critrsa
DI L 2RO ES1T PYDF OfSEH OB
HERLTWrWnWEEZ LD,

Critrsa D %72 % PVDF/[Cmim][TFSA]/ LITFSA 0/]s
A X BREGEL (SAXS) FERA X 3 127" F, 0.4nm™ I F5
12, 7 A TEORFWICH KT 52 BELE — 27 OFE(E
PR END, LA, ZOBELE =2 1% Criresa 754
m¢5_oﬂTK%% 2720 | Cuitrsa 25 25wt% CTH O
BHEC 72 D, fEEAH DR A & IEGEAH DR A % T3 5
729IT, SAXS i#RA 7 — U =L AHBIBEE A oK
DI R A K 412777, Critesa 25 15Wt% D & D A FRUN
T, 7 ATHEEORBAIICHERT 5 E—27 72310 0 nm
DONLEIZBI Sz, 2 b OFHBEE% % Strobl & D
FERNC K V42 2 LTI A TR DER L IE
el DR ZF M L7z, B — 27 DBHlS o7
Critrsa 25 15wt%® SAXS #if#RIZI%, form factor & L T
Z & ML) LT By B DO 1 5 K[3] % . structure factor
& L T fractal aggregation 2 E L72 UKD 7 v T
A 2T EATV RS DI 2 2 5Pl L 72, X 5 (2 SAXS
MR DFENT D HAF O NG OEZ (L) & FFdbtH
DIEIx (L)) O Critesa AFMEZ R T, BN &2,
AR EH- L TWDIZHEDL BT, s ORI &I
pafH ORI T3 DM AR LTz,

Gibbs-Thomson RUAZAHE D & AR O EAIIAEEAED
JRALL R =R L — DD E IR H T2
DFE I ORI > X L E—OEINCER T 5, L
L. ARWFZEDRE R D

—DZEAL[A]2 £ DBLE DT EIT-o TV 5,
i - N X BRBELRIE 2 T3 210720

5. FEELFEDEALRCRiR T v Z L B — O TR X TV e
Bz, BIE., Bl mX— DA 4 U RIKOESTERIZ L DIRE

D USRS

1'lll'(ll((((((('ll‘(’l’l(t

10 O Cuirrsa = 0.0 wt%
Ciirrsa = 5.0 wt%
Cuiresa = 10 Wt%
1 Clitrsa = 15 Wt%
< Critesa = 20 wt%
D> Critpsa =25 wt%

| 1

1(g)/ a.u.

0.1

|

0.1 1
-1
q/nm

3 : SAXS #it 5

11
789 2 3 4

2(r)

r/nm

X 4 : SAXS RS5O

T AHBE B 3K
10+ b
Qﬁ 6, -
42\0\/\9\T
20 g 1‘0 1‘5 2‘0 25

Clitrsa / Wt%

5:HMHBEBEEE T4 v T A T,
ORELNTREMMEOREL L IEMTE
DL D CLiTFSA@ET?I‘E

&R
O hat

It O X BORERS HE R (2

IR TSRS LT o TIHE £ L7z, RSB L £,

[Z3& 3CiK]
[1] P. Martins, et al., Prog. Polym. Sci., 39, 683, 2014.

[2] G. R. Strobl and M. Schneider, J. Polym. Sci., Part B, 18, 1343, 1980.

[3] R. Nayuk and K. Huber, Z. Phys. Chem., 226, 837, 2012.
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FERFHEIC ) B X OEE # EFRDAERLE WtfEA
=V Niiws s B | N o N 1 55 1K 29 S

HHY
TAB—TABERBEHETHL UV NIRFBOZER/E (TAx0) ERARD
N7 AR VREEZ &V, FERL T O © f5S 2R &V D R
bD, L TENITHRT DAY RF v v 756 L OSSR E DO WY
BEFO, £7n. FAFZ - REFEEBAFETHL VY T, ERRORBICINZ., A FE

& IRFDOESIEEEDEWICH RS 20 LB KB RO L PRI ND,
BAIEEEWT A NVEEZEFSOCT ALYV S IOERICKEI L TWD, £77,
b2 AR T R Tk - RHEMFRE=13T 7 ) — 2o U 2 OFRICRES
L. mE AR S S O E 7R A R 2 A L BN A O HRD P00 T7 R0 Xk

EE A S AT EEE Varimax O FIZEHB L TV 5,

Tsi
Dsi Tsi

Me,Si tBU , Q Dsi SiMe,(t-B
>( Dsi Si=Si Dsi / | ez( U)
Me3S><SiESi SiMes /@ Me3S><SiESi Dsi Me3S><SiEC

t-Bu Dsi t-Bu

SiMe; Tsi SiMes £Bu SiMe;

1 2 3 4
Tsi = C(SiMe3)s, Dsi = CH(SiMe3),

AR T, RHEFRE=E & OEFERICE > TV AF L (7 U —) BOIESHY
YU UBLIRVY COABEITV, BRI X OMERBOCRITHRT A IEED . 2
NWHDETA R -HEGHEOIECE FIRBICH 2 2B LM 5 2 & &2 BT
T hAT o0z, BAREICIE, IR VY v 3 0, HIEENL DR v 4 ARk B
IZ L7, 20 HBEEWIEE DIRWIIFED 72 8 BB O KA §h 2 1512 < VWV ATHE
PER BN, RHTFZEE & OILFEFZEIC L D Z OFE SRR T X 5,

EBRGIE

SHEEITTY 4 IES LR R ED T, BEEET Y 4 O EBIEL, 7 b
T RERS DBETLEITOILEZA, B4 TiEel, BRRY7rET T 6 E
R & L TR B LT (Scheme 1), T OIS TR, 12-7 2 L2 TRFEAEL, i
SRFBIFAD N2 KD N2 8 ~DEMAL & Z D031 N CHFFASISIZ LD
6 NEOLNIZEHEIND, (LAEWTIZTNE TIHIO e WEREER DO L ThH Y |
UV 4 OFEBREIETH D DR LT, REH & ORI XV EHELZE A LT
LW LU ~GFETE D ATREVEDN & D /It A CThH D, D728, 5§ DRICEL:
EREEL, DRI THELNISGOREILE TOBEBEHEEITY Z LT L,
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Scheme 1

Br, SiMe,(t-Bu) Me-Si
MesSic Si—C” 4 KCs >
Br, Me;Si Si
EBU™ “siMe, Br2 “SiMe,(t-Bu)
5 6
Br. SiMe,(t-B SiMey(t-Bu)
\ iMe(t-Bu) Br, 2
MesSi Si=C\/ —  + |MesSi Si—C../
Br )<
t-Bu SiMe; t-Bu SiMes
7 8
7
EREREEBE .

BRx RS RET LRGSR, S 17 F AV F UL EEASES &, iR L <
12-07wes LT RERT D2 &, FREUGH B 57N 78 5 72(Scheme 2), &
bbb, §ETTFNITFULEATH U HLWVL ML= —60°C TRILSE, 22
IRV TIa—b, XS Ty = hIAAFFREMZD & X T 5+
IR 9a-9¢ 23 G BTz, T HDORERIE, BELL 1,2-0 7 vET L 7 MEIR THn
RO TERL TN ZEZRLTWD, HFoN7AbEY 9a-9¢ DREENS, TILER
ThsbEHE L,

Scheme 2
Br, SiRs Buli(1.2eq.)

Si—C —_—
Rs/ Bry hexane, —-60 °C

9b (34%)
Rs = C(SiMe3),CHy(t-Bu)

SiR3 = SiMe,Bu MesCNO O/NYMes

9c (49%)

NMR % VT 7 ZEEBHIT 572912, NMREH T ML= dy W T Z OG
{77, TOFEER, BC{H} NMR B L O ¥Si{'H} NMR (2B W\ T, {t&HmT D L
ERALIC RIS T D v 7 F VN Z I ZE R 84.2 ppm B K TN 92.6 ppm (ZELHI A7z, i
12-7 0 L U ESRFMICEEBRI LD ol Ttoh s, Bllsn-2nbo
T FIERIRE EBITIER L, BT 6 OV 7 FIARERN S Z, Z vl Scheme 1
R LT HEE S & IS L7s W iERTH B,

Atk 51Tk L CREIEOETAIZ AWV CESCOICKS 2 EBITS 52T, TOR
PALZIZ, U 4 DERBERTEDLLDOEBEZTND, Fo, AERESHIC
LT, BlEfmEIEHoo ) v 30 EED 5,
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BTN~ =0 DMEEY O RBRIE T B E ST RN
TR L 2ARFAEPT A R e o & —

B & EIER T AW AT E ORI b DA, EORESIRE
WEMETH D, FRIZEMBEICBWV T, [ZhMIZE Lo K ) iR E T Hm N
HEAFEN L THRINTND, —BRISHEGREOMRITITFHE(FHTENAN LD,
L2 LEHEALETIE TR, mEWEBRELZ G35 2 L0V EEiA e E L EmIcEs
WL, AT O L F =GB\ T, ZEMICHTF ST DB L O AEERH % Rk
T ENDRL R, ERHTIRIMRENERTHZ L7, 2@ TOMAEERRELN
BHEZAITHMNR G D, AL, Al ARICSEREAEAET AN T EX—4 > k
ELT, EBRMNICHINEETOBEBTEEMMi%, FAEOARETHHMETHEDBIMIL,
IhEL EICHEAREEZ LTS Z L2 B ITo T2,

B

AR, B L7 12-U 7 ~_uB L pliigo
7=, Xy v~ %R CEEAE A TS
12-CF N~y rna T Z13-UxrOfEakERE L O
T EBFEDONA, FIRFOERE, X BREPTHEC LD
BB AR 21T > 72,

Scheme 1

EBRF 1L

-t RY T

Ta—TRy I ARV 2 bV EPICHIET VTV FRPHR T THRAT S L7z BAS i alel 2 |
Ja—TRy J ANTHIRSE - R—TI Aoz —T VHICERLBL, TO/kFv T
U —Z8E L, XAREPHEERE ET 0K OEFELXFHICE W CETT — & ZUUE LTz,

- [EHTT— 2 JIE & fRAT

PE 1T hR 0 FERE R ILE TIT R o 7o, HERI 7 —THREB I OHAN L, MoKoff
&, JIEE 20 <120° (d> 0.41 A)E TIT o 723, di oy ARRE B CIEITBEAR O 3L 7334
LD Lz, 72, Ge R FIZ LD XBROWIIR K E W28, TR 72T £ - 72,
F T, BHEED XHERELN, REITHe0EEELHES ZenTE LY b
1 R i R (SPring-8) - CHIE 24T - 72,

v ba U e FERR

ABHIFEREIC T 2 L 7 BICE AL T SPring-8 IZFFHIAR, Y u—T Ry 7 2%
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WCEBRETITo 12 FIEIZ KD AN KU 7 L, HliEIX BLO2B1 B —A T A D IP 7 A
Z Z VT, & 0321886 A, 90 K IZTHT - 72, fENTICIZ d> 050 A OF — & Z iz, fi#
WrZeT — % 2 W@ OREERIT 21T - 72 . d < 0.83 A OF — % & W Cafafiitr &
1TV, JRA LB A REBICIRE LTz, WRICZ 2 CIE LI & B R 2 i & L
T, ZiTREIC X DETEESMRIT 21T 572,

it o

BEOELEZA, 77 v THOEGRAr—1 v 7 OKERMEZHRFTLTNDHEZATH
%o THEEIZLIRNT OFER. Fig. 1 1R T X 5 IZ& R 7 O BIREINFE A/ I 7Bl Td 4%
ERFONT, EETEELZHEL-LEZA, FA~v=U AR VIC 4 BREEGAIC
MO BB ESA I SN (Fig. 2), ZOFEIL. AMEAMTIE., Fr~=1 ARIZHE
HOZHEEPIEHR L TSI LE2RLTEY, FAI U ARKICHNRT 2 IEIAE 7%t
MBNTe, DTN~ X B o DGHE ERESERD, 7 — 2 BRSO B b 3 IR
SR RBIEIC X DN 21T 5,

Fig. 1 12-P#F L~ /a7 X4

-1,3-V Doy A IS
Fig. 2 12-V v~y a7 X
13-V D =RICEER TR
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14 R TERBRBATFILEMDERR L 5 FHEE DEH
NIRRTy

AAFFETIE, HEBKR AL MG ORHMT B H % . RS uEEdZ & oEEEIC LY
I14 TR REEFULA Y OA R L 5 THEEOMRIAL ([CHUY A, A cHR LB
% B IR TR R A A B R IBE S D 2 A EE LTz,

14 sk Bl P o 2735 b [~xe7 R Ly IO TRLZETH
D, ZL DALFEPYESCKIGEICHBEZ S B RRn b b, RERLAWE L THRY #
9 ZLIIWEETH o7, 2008 FFIZRHTERERR, HARMEER OIX. S @mOIARER T
H% Bbt ] 7 AR EIEATHIET, V7BV Ly 2O TLEEICH
R L7= (J. Am. Chem. Soc. 2008), ¥£7/=, [P7umE®Iv L] & t-Buli & DRGIC
L0 A FZ- I AB=FEEELFHE o) ) OBRIZERE LU= (Pure Appl. Chem.
2010), WFZEMFEH O, EEREANBRMMRLZE Rof U A2 U BKkE Lo s
BRI REESE Rind 58] 242 (P77 oxvv Ly 2880, WRTIC
B [Zoxes )Ly ~OBEEe [Toxes Ly - 4-En v vy Puft
IR DR E 53 FAEEIZOWTHE Le (J. Am Chem. Soc. 2011),

ZOXD MY RO T, REHEEz, HREER D EPEREE I, [T rETY
Lo BT A AR A RBI L TR Y . I EWNLIRLRER (Bbt, EMind, Tbb) @
NSRRI E L) LRIV AT H D N~T o BRI L (NHC) OEMLIZ X
% B E) 2RI AEDEDZET, [TaEv Y Ly« NHCE /A0
K] BEORTHFA LMY L« NHC B AIME] 2R EICER - BT 2 = &1/
L., o s & R X B S MEAT IC L W e L2 (Chem. Eur. J. 2014), Ri4EFE
%, [EMind 2] <° [Eind £&) XV b2 @mW IMPind B 27 A% BICEATLHZ &
T, il o7 mElvbr] 2L, o FEZAT L L &b, RUstEz
B 2RAE 21T~ 7=,
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AAERE (PR 28 FEFE) 1X. ZALE TOMFERRIZE DN T, FaIZ HAME O =
14 o EARFUEAE ) 2RIV L, 205 05 PG 2 (LRI O sk
o TRBRRRE d X RR RS S A AT S5 & VariMax) 2 BR(E L CMEIA4 2% Z & . AT
FLFERBANHEB ST DLZE A HES LT,

IZUOIC, Fh~=0U b B EEW [Einddk] 2206842 (P70 —1F 13
Ly eona gLy s DX UK EDORISICE D TNe TS AY ] O
ERRICOWTHE Lz, AR LE (o a O A | B HEE L. HEES X s s
PrZ X0 FREEZIRE LTz, £, HNFHFECIY oa P nA ] MR
EHRIZRENT I I by ~EEET 52 2oz LT,

WIZ, FEEE, EREBR LD [~ l

Vb A RN D5 OWFERCR (Chem.
Eur. J. 2016) (2K:2%, TEind | #2HT 5
[T aeo A & KBr & DGO
WCTHE L, U7X REMADZ & T,
[TaEFVIVL /A RN OG- HEECRK
DL, o FHEdEz Bk X S Emiric kv
WELZ, Btk #HT5 I7rES /L
LA R OERUIZHAPI LT,

S OIZAFEIL, 13 ETRTHLTILI=
T L OKF BT D e RNFTE A FE i L T,
IR W T, DI EOSLIRIRFER (Bbp,
Tbb, Eind) ZH4 5 [T/~ (6)] 73,
BTN EDRERETHDL L/ 1
A G — =R IV 7B L 7= (Angew. Chem.
Int. Ed. 2016), [Eind %) 2H325 [T
~ 2 (6) ) D4y FHEE & Bk X SRS AT I
L PE LT~ (Organometallics 2016),
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HED 9— ) 7'F P NI I L AL IS N B
e SR E AR AL AR D Gk & RliE

VLA STBOREBRAETR

7] B’ b > FEARR,C=Ch, Ch; S, Se, Te)ld, —MICEKIE g
VT B 7=, Ho S E L % )L R = OUREE LIl A LSRN Se=ch
ELET L CAREES N, 2 ORHORHI bR TS, —F R
T, akEEHT S LDICOOTIE, a KEOEH L O EES oy hoE
EONEAT BT, 7o, HETRIELE R LT 5 720, Bz E;Si Ge, Sn,Pb
RonT s, £/, Ty P VE(I AR LSS 14 e fes, 0 SSeTe
Si. Ge S5O S 7 (LR, ARG, & 5 ICERIEIETSH 27 0. & 0 AR5
IZEUHBE L SNTVD, BZ, akKEEHT2MED S DI, ARKET 6 Fhh
THEST. W b VO T E RIS O G I L C kBT b 5,

WA CNETIc, aoKERTATTRED DT AR & U b B BT b
%1 75l A FUTpCHAM A G, AL, S510. M) 7F S A F VR TA
Ligdr by 2 BB E T2 2 & T, BRIGHETRIEE Z2 6T RT Yy 207 = v
DEBEBEC D TR L 72, 2 2T b Y 75 LD R A R T 5 = & C.
A KEEHT B 5 v F I VRSI=S) DA & 2 D HE RGO Bt 2RI 7 5 &
i ZOOBICBEEEZ LNV E Fuy F Y (RSIH). ¥ 70EY 5 V(RSB DA
B E RS ORELE XN 70 7 v 6 R EZE LT Y L vy ORIRKIGZ T 72,

[Target Compound]
7\
— /B
- g
=S /Si=S
A A M ;
NUTZFIUILAFILE R; Bulky Group(ex. Trp)
(TrpCHy-) FATRA IVFA—IL IVZANT V2 VIVFAY

[filR - Z%K] 7nEXAF VY 7F2r(1)E (Buli K OB L7 Y 7F 2 X F LY
FILDCAN I TABT 7 AFNVEMADLZETEY XA X7 v 2)%IN#E 50%T
B, 20O LAHEGICLD PV e Fuy 7 Q)2 ERINICA T,

B L7z erFey 7 v@)EtBulixziz, P Z7FINVYFILEDRIEDP LY
Fuy o v@nRIFzNETHEO N, £/, P Fry 7 rd@)E 7 E{bil L o RIGH
LY 7uEy 7 v(5)% REFRIERTLE L MaE AR & LTS 72 (Scheme 1.),
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BuLi Si(OMe), LAH Trp
TrpCH-Br ———> TrpCH,-Li —— » TrpCH,-Si(OMe); ———> TrpCH,-SiH; — H""C/
1 2 3 M
) @ @) > " g,
BuLi /
RBr ——>  RLi — R
4
T, T AL
,C
EE—— siBr, —— > si: | T~ Si
/ / - /
R R A R
(5) UL (6) vZyvoaZaiky (7)
Sg
Tr, Tr, Tr
H, /" H, /© P
,C\ /S\S 3 PhgP ,C\ H—-C\\
H™ i | > H Si=S « Si—SH
/ N\._S -3PhgP=S /
R R R
ThSFFZIOS (8) VIOIVFAY YLYFA=IL

Scheme 1.

v7uer7vG)0vrsaunte Y FER, A
TLT 7774 b KC, EDRIGTIE, YL (6)D
Wikt EZioN 2> 70700 (7)BIEK
26% TR 5N,

o rasav(T)IE, Xk SEERITIc XD
HEZIE L7, M2 4H10R 7,

vovrsuasuXxv(BEFonsl LTy LY
BO)DFEDNRBI N, E6I1C, (NEEMLVZVH
TMENT 2 L, > 7a~xtroilfss NMR I X -
THER I N7z, BUE, MiEAFE P Toy7a7ay
(NDMESIE» S, 7 F 7 F 7> 8aF v @)DEHR
NEfT> T3,

AMAZITHIICH D . FECR AV - WA AR AE R AR L Ao
SR ORHEE AR, EAREMaAE I - WEDHEHEZ M > T E £ L, <G
BHLET
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v U v ASELE W ORIERE & GBI B DA%
SSLERE A AP S E il

T DR =V U EORF T 2 m BRI, o OAFTEMEE
MHERENE (R 72 & OBLE D DA E LT OB CIRS RSN TS, ENHD
BHICEEND T ALHEFEHRETHLED U U AIZET 2 HEMIID R, £
S OREECHE I BT o Tnvien, AIFRRETCIIE Y U v A2 50 H
FHEBACE Y O RE AL DR & 6 OISO 2 HRY & LTz,

NFITIZLUEBEE) V) LIEEOEREEE DA

NI T 2= LU REBEALE LTHWE R Y U o AEFEERO SR ERG LT, Y
TALERD 2,6 fll"Trmu, T2l LINT A MF T T 2 =LA B OFER
lac G LT, T, TVI7XZALT AT R2ET N2 UHEDT LV R—)L
MEE i L v A fafnr by 3a—c Z RV THER LTz, KIZ, WEESRETO~A 7L
Mz LTZEZ A, "I 7B L0772 = ViFEEIRCIIRICDAEIT L, 7 FT
A 4a, 4b DHEEOIERCTELNZ, LNLIOEMBETIE, RTIA M T7z=00
K 4¢ OERITHER SN0 o7, T T4 4a, 4b Ot R U R X OWKEIGR %
{To72& A, BROEEY Y U AT N7 704 vlE) B 1a, 1b DSHEEER 69%,
76% T DIz, /NT A FF T = = )LFFERIE 3¢ 77D D one-pot GRA MR L. E
U U A e ZULE 42% THD Z LITkEh LTz,

+
Ar._O AP O Ar Ar ‘o\ Ar
/ .
CHO o 2BF,
i ii iii
CHO AN Z | a: Ar = 4-CICgH,4
b: Ar = Ph
o ar AT, g AT Ar” 07 AT e Ar= 4-MeOCgH,
2 3a (90%) 4a (61%) 1a (69%)
3b (90%)  4b (48%) 1b (76%)

3¢ (92%) 4c (not detected) 1c (42% from 3c)
| v T

Scheme 1. Reagents and conditions: (i) ArCOCH3, Ba(OH),-8H20, 2-PrOH, reflux; (ii)
ArCOCH3, NaNH>, toluene, rt; (iii)) HBF4, PhsCOH, Ac>0, rt; (iv) ArCOCH3, trans-chalcone,
HBF4, CH2Cly, rt, 18 h.
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AERTETHELNIZTXTOMETHRTHY . WTho TERTH AEEE-C/K TR
F. T 5 Z L THEDOEWMEEMZEL Z LI Lz, B LIEEE T Y ULl
la—c IZNENHE, BABIORBEHRTHY . WTFhbmeazA LT, &
BT, ZERP TR P-o THRIRT 5 Z &3 <. WHOAEEEIZ IEThH -T2,

&M 1b 137 ma X 2 B
THRE OB ATEETH Y | Bk
fl X RRAG SR A E AT T o TS O
REHEITH>7= (Figure 1), £V U
LBRITFEMETHY UG T = =
L HBAL &K 27 BEOD i ARk L
TWNDZEDBHBMNIR ST,

T B DS AT AT b
NERELILEZA Y rrr A
IRIET 1a—¢ (X2 1L 404, 425
BEO 516 nm (WU D3
Shiz, FEHART ML T la—c
IXENE 485, 510, B LN 624
nm (ZF KN H ST,
Hammet O {& #LEH & W Es &
ORNEPHETny b HERD 12000

. . 03  -02  -01 0 01 0.2 03

lﬁf(@%%g{;‘?‘\ﬁ)ﬁ %ﬂ (Flgure 2)\ Dﬁ Hammet substituent constant
”yj% & U\%E%L%ﬁﬁ)%]& L f:%%% Figure 2. Plot of Hammet substituent constants against

ﬁé&gﬁiﬁ; _a; ¢Ers % % H TWAZ L the observed absorption and emission wavenumbers of

1a—c.
N SN/~ T,

28000

26000 i 1c _
1b R'= 093544 absorption

24000

0 . Lese®
6000 G...“.’.‘.. T . ........‘.............
¢ PTTILLA JPTTLAN

14000

observed wavenumber [cm~]

. BV U ULEZRWEE ) CEBFRIEGHOER & HEEMI . 5 53 Bk L
A FEILN RS, [EHRFEH - /NIBRE - RIFGLE - KSR - KEREURAR, TRk 2
8F7H

2. B d L3t Lo 2@ E@RRB OGN & MEEM B 46 MR B L SRS
RGeS - M ARARA - JE B, - SR - MK SEAE - KABRERES, R 2 849
A

3. KA 4 =" %D Buchwald-Hartwig 7" X /L)t 3 43 [BIA IR SR S5 m
=, RGeS - BEEET - BB - HEKSEAE - RABRERAS, “FERk2 841 2 H

4, RUVTFABIORY v L 7220 MEOEKEE, 5 43 AT
fbFatRme. VIARARR « RiGess - HEiK=EE - KRABMEORES, “FRpk2 841 2 A
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TIGRE= T INNY REY v P OF ¥ BT 4 F— RD STEM-EELS
HIE

WL JUNKRZFERZERER G B T2 7ebe

Tr-BB &7 /oy NUpESh2EKm 77 XE 85T, @R/ 2y FEH
ICHT RN T =%, T THE U DRI KR OIEI DN % &8 5 DI, B JE ik
W E%EF 7 A— MVESOMfRAERE cCa— L, ZOLICE&RET /a2y RERE L
i CIx, Mk &R vy REPRRTERIBCE LI RELRE “Fy v
E— R M snd ETREIND, ZOXF Yy FE—RICED, T/ A= VEED
MafR AR TN~ B e M CIAD N EBL S 4, Alg, B E R AERRE & LS h
’m%ﬁ®i%%ﬁ%ﬁkﬁﬁﬂéﬂkm%ﬁiéhfmémo:miﬁ\éﬁﬁﬁ
%h@%@%/ﬂ%%%?bt I SN DXy v 77— Nk, &BEHRER
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[1] K. J. Russell et al., Nat. Photon. 6, 459 (2012). [2] N. Yamamoto et al., Nano

Lett. 11, 91 (2011). [3] Y. G. Sun and Y. N. Xia, Adv. Mater. 14, 833 (2002).

Fig. 3 /o7 v v .
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TIVINFREICRET D 2 & CHAEOMBE SR L U THBEEL, BEAZBEENELD L
EEZBNS.
AWFFETIE, 9 LT AHONY 7 ALHEAKKZDOFIEIREEZ TN 5 72 DIZE /
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50 nm
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100 nm
I

100 nm
I

Fig.1 TEM images of UV irradiation
onto Langmuir monolayer for (a) 0 min

(b) 5 min (c) 10 min (d) 20 min
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AFM Bl %5177, AKO X HIT
T+ v — M DOEIHRIL 3~4nm DOHEE
lThHDHZ Enbnolc, ZOZ L
L. HWic& T ki OEEDK

4.5nm THHI &L X<xR LT,

T, BREEREHOT 7 XA INEL, R
77y hThole, TibL, K HiKH)
BJ—IT@h s LR b2 2 2R LTV 5D,
WIZ, EEONTFFREZR D201, 44
AAREIR OB AT MV ERIE LT (X
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[P R T T ]
(1) Transparent conductive thin films with high flexibility prepared by UV light irradiation on
Langmuir monolayer of metal NPs, 16th International conference on organized molecular films, T.

Kawai, T. Nishimura, M. Nakagawa, Y. Imura
Q)A7/?Af/74? DOVEERL & FEREELIS JLOBRBRAE ~ D SE2E, 2016 4L (AR AfF5E
=, R lEsptss, HI5RR, (& ]
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and T. Tsukuda, submitted to J. Phys. Chem. C.
(]

ARBFFETIL, FHERHEFIFERT Ot EEdz, BIpsaLE, P IEHRARIC
RIEF AR UZE WE L, L2bBILHFLETET,

—208 -



2016-102

BESTAA—D L T2 BAT A REAE Y OEEFTEGEDBS

=i BRRSERKT
B

FLEMWI D AT 1A RABRAE L, EICRIBRE, KR, IR T, CYPs OUKER LB
#) X° HSDs (Bi/KFEfEHR) OEEIZL > THK « WS, #E / iEarFaA R
0L BE ) tERAEUE LTHERET B, TNH DR T A RAVE T, MiS A B
THER DRI L FE/2 E TR TE RN DI, K42 DATa A REVEVEELRR
iz (Ria) 2oV T, ZR 0 DRMEEMIER OB 2N 52 LItk ->T, M
B HERE STV RIS CIE R T 1 A RARAE VEAEOMIAEZ B E LT,
HENA A=V ZEERANT, AT a4 REVECZABY A BT, B, BT

RESENOY Y T SRy

EBRFIE

Z v b, U FEORE OHFEHARYI A (10 pm ) ZER L, AT A4 K7 T A EIZHE
L7281 %2, 0.1%TFA % & Girard T ilE A2 TEFHZ R CA 7 L— L 5 &Hix CHCA
~ MU w7 ZEE L C ALt ET O mE &0 fERE D FT-ICR H &2 v T
MALDI BIC LD AF Y =0 T 5AToTc, ZORE, 6L, U ETRHLITHE %
1TV, U ECTHEMED Girard-T ik AT 04 RARLELOE— 7 NBIEREND Z &
PR LT-RIC, AXx vy =0T hfTo7z,

EBAER

A7 wuA RAHR/LE T, MALDI (£ CEFEHOWONLLREMNEGRILED~ Y v 7 R
(CHCA ®° DHB %) Tix. A A AbhFENELS, =7 MEINMEWDY, Girard-T i
A2 HWT, OnTissue FEMHRILTHZ LICLY (K1), 8OA F 1L T F ARG
T AL FERT O A T 5 E E B fifee (B &9 f#EE 100 J7) @ SolariX # (FT-ICR
MS) zZHlWwbZ Lick-oT, PHEIND mz fED +0.001 LLN D IEfE S T,
Corticosterone-Girard-T, 11-DHC-Girard-T ZFDOFHEMRL I N AT oA KRBT
D m/z EOEEDNTA A= 7803, RIBEEORKE MR GEon, (K2)

ZE

AT A RA/LEIL, CHCA X° DHB 72 EOEHILEM~ R v 7 ZEH WD &
HEOfEk 2 & T8 m/z IR~ R Y v 7 RABRKOZED Ny 7 75 v RE—7 B
END, AWFIETIE, AT A RELVEVZFERLL TA A MR EE DD LI
IV, oo~ ) v 7 2AEHWTH, ~ M v 7 AHRE—7 235N %
HERWHEARIL AT oA RRALELVDE—7 BNELNEZ EICE T, BEGHIA A—
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VURIZE DN mz ©— 7 OO B2 TS 2 ot ORI AEE L 2o
7o X, ALZERIFERT OREEE B EGED FT-ICR MS #1%. 8L 2T 0 A KK+
v (m/z 400-500 F2&) 72 & DR FHEIR DT ICFFICAHTH Y | &R 1 mDa &
WOIEMES T, A7 A RALVEVPIHRETEZ, 4%, 2NOLOFERIEHOE LR DKL
BIZE-T, L0EEMOEE. SRETORAT oA RELVEVEHEZRBT 2502 K
AT D LIRIT, AT uA REMRBERFEOFREEL L OREEEIZ OV THT L T & 720,

BIRE
ARBFFED . ALFIFERT DI RNFFEH ORI REIL L, WFER #E O/t At
BRI ARG E L £,

R
1. 2784 RFELELOAL T AUEOHBR EEEBINA A — 0 7 ~DIsH

RIE, BRIGHSIL, VTARVE, KVafE, oo RuH, AR, —E1, JIIgZEd,
B, 7o)k —, sads
% 64 [M'E &R A TS 2016 4 5 H (KB

2. Improvement of Ionization Methods of Steroid Hormones and Application to

Imaging Mass Spectrometry.

Hatano O, Isozaki K, Takemori H, Ohnishi K, Katagiri M, Kawasaki H, Ichiyanagi
Y, Arakawa R, Kurumatani N.

Intl. Symp. of Biological Mass Spectrometry Oct.14-15th, Tokyo (2016) (EE > R
VU LRER)

X 1 X 2

X 1. Girard-T (GirT) #3215 Steroid Hormone (Corticosterone) D#fE A1l :

GirT # 3L Corticosterone D7 hEEBMAMEA L, 7 TAT ¥ — U NEASND,

B 2. Imaging mass spectrometry of Girard-T derivatized steroid hormones of rat

adrenal gland (1/4 portion): GirT RIKIZ K-> THEMRILINT-AT a4 RHELE
(Corticosterone-GirT, 11-DHC-GirT %) ® m/z v°— 7 73 +0.001Da LAN D 1EH#E & T,

7 v MRIBREOHRE & MR E I ST,
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Bt & B EEIA/ MBEIER U R7TF NEEEKIZBIT 5 F /) #E&EER DA &
BetE 7 1 — 7~ R

HUBHUOR  SEWRF TS A = 25 R

[E]

GBI AR A OBV EER Z W TESI L, &EHEIRD 1M & LT

RET2MEI 2T 2 2 i3, Hx D&REROME Z HFEIZEE I 5721 TR
<, BHMTITRH SN WEZEMELZTERT 59 XA TEHETH D, FFZ. &S

FROBAR Y NTTF R BB E DRERNAT Y > Meld, FMTIEREL 272
WRERAYZRE T - L - KRR 7o b T e HIFF S LD,

Z ZCARMZECIE, WEEET v o 7 R Y RT TR LR RIER L oEAICE
W, FMOMBIENE Y 7 a v 7 a R RXTF REAKAR L7 T IREGR AR E
(LCST) MUFHEAFE 2 153 27210 Tl . @BIEERINKBRTF TAE 7 1 24—
—BSEERB L. FNOOHFELRICOWVTIME L= THET 5, AEFEZEICE
WTIR, T/ EEERORIR AT 5 WihE & FrEk R Rk BIC & o~ DuR oAk
BN DN THEEMFAT O FERE D & D L FHH AT DR B AR HEHR & OILFRINFZEIZ T R
SHTWB,

[ =8 0714]

BEMIC LV mBENEY 7 ey 7 akr U XT7F K ((Glu),~block-(Leu),) M OVZ

[Fe''(ppi)(NCS),] (ppi = 2-pyridinalphenylimine) ZH&pk L7z, S HIZ, flix D
(Glu) ,—block-(Leu) , KIRHRIZ [Fe' (ppi), (NCS),] Z ¥ SE TR T L2 Z LIk - T
S HE, RYXTTF R-@BEREAREFHE L, ZoREHZ W T, i ER
BAMER (TEM) B2, = /L — 08 X #2538 (EDX) Z0#r, EhADLEGELINGE . SR4h mItR

DIEHE, TTEMNEITH ZEIE - T, TOMEDORMEE1T -7,

[ S2BRkE ¥ L OB 2]

[Fe'" (ppi)» (NCS) ] & (Glu) ys=block—(Lew); % H.0 THEAIL L. H0 #HEH T 0C~
60°CIZHNE L= & Z A, 400—600 nm £1T D4 @ EANL T BT BRI (Fe—ppi; KA ¥
) RO AN Lz, & 512, 60°C T FREEARIIEE (LCST) D3N RIR X
Nizo —H7. DO TR AREDOZEL b/ LCSTIIBlE SN oTc, 2hvh
D EPD . KF-BKFIOKFE G OfRRE- AU BE S 5 0 TR AEH 2, R
U E LCST 2B L TWH D EEZLND, ZOX I, AV 7B A4 —
— BB DIREE LS LCST RIS R O A 1T, WMEEE 7 e v 7 Ry XTFF KL
SIBIEERDOEEEN L BT b SN DT/ HEEOHENER L TWD Z EWARBIND,
I HIZEND OREEZIT, MBBEER Y X7 F ROBUKNE - BUKMEDO AT 2 %
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NN HTb ENLKMKEOEN T 7 7 2 —L LTEXDLND, Lo T, Mif
BNER Y XTF ROMERLEN SNBSS D T/ EE, WZZh b OERNR
BEHIET2 2 &ICE 0, @REEOERE L ~ 7 n RREYIEZHE T 5 2 &
PRSI D,

UEDZ Emb, TEAT 7 AWRx T VT 4 D3 RATTREMRIRRE O FEM 25 7l = 41
L2 EICEoT KVRBEOH LT r—T7 & L TORIMEZRES TE., @b,
SEIAMET DR E SRR &~ ORI A~ DB SR BTSN D,

(R ]

JR 2

1) A. Tsubasa, S. Otsuka, T. Maekawa, R. Takano, S. Sakurai, T. J. Deming, K.
Kuroiwa, Polymer 2017, accepted. DOI: 10.1016/j. polymer. 2016. 12. 079

2) K. Kuroiwa, Y. Koga, Y. Ishimaru, T. Nakashima, H. Hachisako, S. Sakurai,
Polymer J. 2016, 48 (6), 729-739.

EE

1) K. Kuroiwa, Stimuli-Responsive Interfaces Fabrication and Application (T.
Kawai, M. Hashizume (eds)), Springer 2017, Chapter 9 , 147-177.

PR

D BEEKR, SO P2NEE 7 +—F7 & (BEAKRY) , 2017. 1. 20.

2) FBUAHICKR, 2016 4F A A b EMESGHB A (FIIRT) , 2016.11.6.

3) BAEHCK, SR RS (KKR AR 7 /LHEAR) , 2016. 10. 21

— R

1) R&Al—, AILE, BEECK, 553 ISR A RIVUN ks AEUNERS
) 2016.7

2) BAFR, WHHit, SmEFRA, BAEECR, 2B 53 BULFEE S & RIJLNRE
(BT E R =R&Y) 2016. 7.2

3) WEAMEZ, EEEEE, LHEF, BUSEUK, 553 RULFEE SR E RIILN R (b
T EER =) 2016.7. 2

4) BARKE, EVRRE, BEHCK, 5 53 b B E S A FRIUN RS AbJuN E R
Xidr) 2016.7.2

5) EFUHOK, HPRW, AL, ], FUEEHOR, 5 53 b EESSH A R
MRE AN EBRSRES) 2016.7.2

6) BEWCK, KREA|—, AL, WHEE, 5 65 H&EsFilims (FR)IIRE)
2016.9. 16

7) A. Tsubasa, S. Otsuka, T. J. Deming, S. Sakurai, K. Kuroiwa, The 2nd
International Symposium on Polymeric Materials Based on Element—Blocks

(Kyoto Institute of Technology), 2017.1.18.
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RELSBANVKBREMTFEZHETLIE&REEDOEKE
il 1 S s ~ D FI| A

FHIERS  REAR KRR B A an B 2P IEis ()

[H/Y]

&EER TIE, LA TR OND Lo, EERLERICIVE IV
%¢7xﬂ?¥V%%%®ﬁwﬁ%y%mﬁmLt%m%ﬁo%@%%<\ﬁwﬁ%v%
XEEREN T CTHD, —FH, EHIT /) TUUVEABREZIILOETIHIARFE Raxoh
JVIR U BEINTR U FACE W DO AR F RTINS H 72 R A AR & 72 5 2 k%%mbf

BO L MBHERICRE T LR o) o) o

DB R A 5 TG, Lo Lo L oMen
N , * \ . \MLn .
ABFETIE, REZEI R | LMLy o o

BT 5 AT % G BAREO B 4 [
EREL, MUCRTEO 20l | | s g W
%mméﬁ&%mg@%ﬁibmg b;}irhu O%ikdkjFO
3R & A L7 ; 0 * *

[ 38 071E]

AR M. €/ @, 5-tert-7 F N2V A W) EAEE L1 L3V 8, 5-tert-7 F IV
RV AV IEATE L2 A7 & LT, Fix 0 4 JAHERSBOERE S Lx7 v F
NTE M= MELILIZASZ ) — VPR LT, IR E, T 528 T, Y
NOWENFABALTZeBEAZRR L (K1), GonceBEizoNT, =R PR
DAFRERMGE L OB FRE Ko X AU 2 MBS VE 2 54 L 7=,

C AN IM(OAC),-L or M(acac),-L |
T rt T rt
- Concentrated
L (1eq.) M(OACc), or M(acac), - Dried under vacuum
MeOH at 50~100 °C

N o o+ 9

T L1 (Ar = 3,5-Bu,CgHg) L2 (Ar = 3,5-Bu,CqHy)

X 2. il Ak
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[ 28R R ]

B LT mE D Lewis BRMILRERS L O AFRELIRL DI, £ bz FA—
SR Dyt dxy NORFREKICZ R L, fx OGREZRE L &
Z A, BT L1 & Zn(acac), N LA L7 EE RS BUWIEMEZR L, L1 & Ni(acac),

IR L7 BEIRNER A b BW@EIMEL 5272 (1),

catalyst (10 mol%
O + HS (1)
toluene, rt, 4 d

(1eq.)

Zn(acac),-L1 100% yield, 34% ee

Ni(acac),-L1 23% vyield, 53% ee
I, B2 TR KSE - IRBEERZAEA L T D5 pF o LD FERE Fr¥
BB E R L2 (1), ZORUSIFEARF BSOS TIXZRWAN BUALT D F T /L5 D3 i
WEEBIET D 2 & CHBTEENRBLT 5 2 & 28 Lz, MIROFEEEE TIZ, 1ZE AL
FRIETEPE S RO N2> T2 b DD (entry 1), {EARERLE OFEARAZRAL & L TEALL
HOTIE, gD A B9 5 2 & 030y o7z (entries 2-5), T TH ., T IV A T oEA

L7efeiF L2 2R OBRIED i b BWERZ 5 2 7,
OOH H

UHP (5 eq.)
catalyst (5 mol%)
CH4CN, 80 °C, T|me

UHP = (NH,),CO*H,0,

entry catalyst Time 1 (%) 2 (%) 3 (%) 4 (%)
1 Fe(OAc), 4h 0.01 0.01 0.02 0.04
2 Fe(OAc),-T 4h 3.7 0.4 3.0 1.4
3 Fe(OAc),-T 20 min 0.2 0 0.3 0
4 Fe(OAc),-L1 20 min 2.8 0.3 2.7 1.3
5 Fe(OAc),-L2 20 min 3.8 1.0 4.5 2.0

F1.BMEIZED pF o L DOl

[&%

WARRENLAIEA LT VT, BRI E LTOAR LT, RFEREOME
RNFEMEDOM BB W CHEREEHZR-ZLCWD EEZOND, 5%, BNEERELE
Fpo 7 L VRO AT AR LIS DL JE S VR CER ORI X 0 a2 kT A 2 b
R %,

[ 25 3R]
(1) (a) Sugiura, M.; Tokudomi, M.; Nakajima, M. Chem. Commun. 2010, 46, 7799-7800. (b)
Sugiura, M.; Kinoshita, R.; Nakajima, M. Org. Lett. 2014, 16, 5172-5175. (c¢) Sugiura, M,;
Ishikawa, W.; Kuboyama, Y .; Nakajima, M. Synthesis 2015, 47,2265-2269.
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FINRYFULET T b T — MEEROEERNT & Fri g ofRl
SR REAN K K be AR B S 2e 5 3R R

<MW R - HAY>

HAEME 7 B 7 FVERK TR 7 C IR EFR 1 THY . < ORFENL T -
M DA EW Lo TS, Ll BAMCH, REWEAT 2ILEMORETH
HEFT T h—=nDl F 7 LA L 3D ISDRDBNIE SN TS, itk
TTZ, FTNAVRIVTFUVLAETF 7T — M 1aBVFULTEFTIY NI IZLDD
WIR=ALEM 2 DAFT VX = L RIC Ot L CHEHAZRZ 2 /LTy
51, T kbhbii, 1a ® Ph O AV MLIZ A FF U EEZEAL 1b
Nla Lozt FA~—%2EBLLTAERTLIZEEZRELE (K1), AKX
JETIE, VF v LAETFT 7 87— R FULRAELE XTI AREEREZERT HZ &
WEORIGEZIMELTWE, - T, VF U LOREMEREZHIET S Z LT, K
JOPEROSARIBINEDN RES EDLA Z LM asnsD, £2C, RILEKE L S—
HOFFERZRE - AL, A
comimsEoERzE L
B RHRICHT L, O oo s TS
<§§%ﬁ;ﬁ§% . %%,3> - Ar 1b: 99% yield, 70% ee (R)

1b: Ar=0-(MeO)CgH,

AR S 28 7 D )1 iy
1) Ar-B(OH),

mREAEEOT 4 ATy arwz@mLT OO ! sy OO Ar
fibfiE 1c-h OF VA L &7 o 70, SR omom _ Naz00s DT oH @
RITBEIARIE NOM (58 L7 3,3-2 5 — R TMOM aresten I jH

7 h— 5 LHIET AR UEmEHA C ‘
TPV, BiR#EL TAERLE (K2 , FOSEEIZUTO L 21X TR o7, T
bbb, TV UFEHK T, T8 CIC TMERIEMATH L 7 h—AFFEkRE T T
L UBRERD THE R -7 F LY FULEZ MR T ch o F7 F T — M T
X UEBITH LT F Y RERFHCHR L, RIBECZZICT LT K& 10 90
FCTHTFL, &5I220 0H# LT, BRAHEO%, HEEL- 70/ 07 va—Lon
HFREEIT, KRS T 22 Wcikik 7 a~ N7 77 0 —IZTHEIE LT,

fRBED R B UERO A XN ETANINTAD A RV EEZEALTZLO (1e,d) (3,
MEAFEA1a LR U< SEEOAERY ZEBIE L CTHEXT-, AV ML 225X F&v
HEAEEATDH (1e) &, 1 OEALEZLOX Y EHETRERMENM E L, £/2,0 A FF
VHETERLS = MR UELEAT L L BRI REMETFLE (1) . =—7 LAIEH
6 BIRCHEE LAY BT UFER (1g) CIEERMEITK T L7223, 5 BB CH

1 OH

o i 1 | %
J\ . LI\ (10 mol %) Bh 2 § )
Ph 5 H 3 ph THF -78°C 4 Ph
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E LTy 77 SR (1h)

e . — N — . 1 . OH i
TliIE+ EJ/:\L . ~_ < 7 7 Ve . JOLH . LI\Ph ::ijs/;): Ph:;rs\Ph OO OLi
RE 2OMid Sy U7 ” “ " o
ZUFEA () Z2AR LAt E A yield, % ee,%(cont) || 1 Ar yield, % ee, % (cont)
j—é D A=< T“T“%?@)%U \EE?R 1a /@ 97 75(S) 1f EtO 94 7(S)

N N— =] == %
METCXInT A7 e )L )LT L Mei)/\©
a— L RELNT,

MeO
B 1w D FRGENTS: 7= D T 1c (@ 90 50 (S)

Table 1. Asymmetric alkynylation with various catalysts OO Ar
OLi

99 70 (R)

BRI NS RET 21T 72 - 1215

ZFET LT RORF T L=
ARG % AT 7 o 12, FEEARE 7 L Wj;
FE R (2d) ©BTRIEE L T ed
SR AT NTF v REFEEK

(2e) TIZARE BIIEMR T
Nol2bDOD, Wb RECE

91 70(S)

95 73 (R)

o

=

@
E)

A o. N o. -~ ©O
BaiRatha®
~
o
~
o
3

Table 2. Asymmetric alkynylation of various aldehydes

1i OH
DA EZESR L ThH 2, & f]\ . Li\ _(omolwe) RJ\
R R H ph THF -78°C Ph
HeEIETHD A MR UHEE B , . .
NRURT VT E R (29) BLW
aldehyde R yield, % ee, % (conf.) ||aldehyde R yield, %  ee, % (conf.)

FUARFIROZXT LT ER
(2h) Tix. ZORPWET 93%
WZE LT, 2
7 b= W) [E—DF OMe
WERHRNB G, fEkL WRE wﬁij o ne
DT YL NLT LT — )L E e o /@EOMe v e
W F SRR TS X B B T ome
T 7e il A RIS 5 3 C X 7o, BUfE, fib 1a & i OIEOERIZHOWTEREZS D
ZOIZEN 6D X M 2k o <<, o Fraefifidh th s, HET, G
BALFHIC L DT b IEATH TH D,

<HFFEPRAFESR >

ARAGERIT AR T AN TIT N 55 54 [FULFBHE & R LN R TH Y 54
WKV RRTFETH D, £z, PHEREZD EITEMESISm e &R ERH T TH 5,
<5 3Tk >
Kotani, S.; Kukita, K.; Tanaka, K.; Ichibakase, T.; Nakajima, M. J. Org. Chem. 2014, 79,
4809-4816

BRI, REAHUE THEK U7 MR FE T FERe B & SCHR < 72 & » T R R AL F00F
FEATIC R E R D,

2a

cl
99 87 (R) 2 S/<j/ % 63 (R)
NMe,
99 76 () o /@ 84 84 (R)
G

86 (R)

RN

2d
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FENFIRT X > DKR LG8 DR & G ~DIE A
INRRIT REAR AR R e B b

[HIW]

KFZ, BEAMODZ I F VX —&JHE L THRA ORI T
%*ﬁ\%@%FT%%T@%Q&WG\%@ﬁé&%ﬁ&%ﬁﬂﬁ%%&?ﬁﬁ%%
BLTw5, KEFBOFERLE LT, BEESY v 7 oKEEAER EITmA T,
LR RE R T A ) v EOEED T o BT 2 Rk EXMHI N TE 2, Lif
FHETIE, BIHRE =7 2 ¥ 230, B-A A A VR = LAY O R ICRIG I B W
TRHIRMNAKEBRERZZEZHEPIZL TV (AX—241) ', KRIGTIE., BB
BT v OBERFEFEHGOEARDIME ) L %D | a,p-AHA A VR = LG ~KE
EIRNICHEEGE L TwE EEZ TV, 2O, = F I v 208 ERYME L TERL
Twa e, BRE? v 1 DKZEWED L& L THHABHIRFEI NS, T E
T, ZOHMARICEMIZHO 2 Lo T do 7,

0 . QNO SiCIzOTf (2.0 eq) /@\)(i Q O
oA gy QD/L\(/ CH,Cl, 0°C, 0.5 h kw//
98% vyield

1 2
coproduct

Scheme 1

[5£55/77%])

WEWilE 7 = v DKRBHGEEEZH S T 27201, Bl ok a7 < v %35
BIOGKL., 2o OKREMEGHREZNL 2, 612, & LT I v ToKkEMRS
REZIEH L. 1,6-ZRINETTRIG O 2 0 L 72,

[FEERfE R - H%E)
1) RCOCI or (RCO),0
%ﬁ@Aﬁ%’%wdﬁbﬁﬁ%%«)ﬁl\ > > /Lﬁk\

2) LiAIH,4
=7 S vealR L (K1), ¥
AV 7RELT I VL DA
V& 7Rk 2 EH S ¢ 5 2 L /LJ\ )\A\ /L/K /LJ\
THENET I FRAFLT LS = k( KO KK K@
T LY F T LITTERILY 5 2 LT,
73y 36 % %ﬂ%ﬁﬂﬂ&ﬂyffﬁf 3 (72% yield) 4 (80% yield) 5 (79% vyield) 6 (80% vyield)
G L 72,

BT S v z2hnay ORBRICIGITEM L, KEH-GHEZ Z 02 Ui L
EZAH, WINHHELLICETUEZE A, M KREREREZH TS C k?f»%%i»ktﬁo

Figure 1.
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7o (1, NVZFAUTIVMNEHIMZ RS 5> 2 L6 KEMRGRIZS
BL7ZEECT S VICRAETH D Z EDHMEE o7z, FrIC, 7 2 VY ERDBMIZKFE
TZ2F w7 IV 5, 6 ICBOTHEILKIEPEITLZZLIE, 26T I vy m
FUPEKREEMB L2 0E FY FEGHE7 S ELCHHATES 2L ZRBL T3,

Table 1.

amine yield, %

amine (2.0 eq) 13 gg

/\)OJ\ SiCI;0Tf (2.0 eq) )H\/?L e 96
Ph" " ph CHyCl,, 0°C, 0.5h Ph Ph 5 05
7 0

RIZ, 7 DI HEE L EIGREDBIfR 2 EE TR,

STRMEICE D 7S v 1 oLEMEZHEB L2 (K 2),

BRZR W &2, 72 Vv EE LD 3 OE#IE, 12IFFH

— Wl Rlcd 5 2 EITAT, 2o O EifEIc LT
EICHET 2IEAE T RIKRERFE Ty FRY 75
F—DMEBRICH D 2 EBHE 2 E o7, LED X )
BEADOSTHEED, 73 v oo REMGICB% L ¢ Figure2.
W3 EEZLND,

PAFE L7 7 S v o ViR IR 2 KD ERNCEN T A2 L2 HIEL, Y2/ v 8 DEIL
FOBIZ7 S vZBEHALE (Ax—242), 73V 1 ZHCEEA, 1,6-ETE0ERL
THER LD DD, ZDOMEZEIREIZR 3:1(9:10)TH o 7z, BIEFEWZ i, 74~
VFNEEATLET I 6 R, ZOERED 11:1 FTHET S22 ERDb1o
7o BAE, o5 #E R Mol Eiciy, oG BiiziroTws,

Scheme 2.
amine 1 or 6
(2.0 eq)
0 SiCl;OTf o o o
(2.0 eq) H H
PhWPh CHJCl,, =78 °C Ph/WJ\Ph + PhWLPh + Ph/\)\/U\Ph
8 9a 9b 10
amine 1: 71% yield, 9 (9a+9b) /10 =3 /1
amine 6: 33% yield, 9 (9a+9b) /10 =11 /1
SHel% DO SRS B M & LT, & D BRI OGRS O RIS 13 7 5y TR
76 NI RERFEZ EL L TW L FPETH %,
(£ 3CHik)

1) Kotani, S.; Osakama, K.; Sugiura, M.; Nakajima, M. Org. Lett. 2011, 13, 3968.
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The XVIIth International Congress on Rheology (ICR2016) DA

%5 17 [BI[EES L 4 v ¥ —23 (The XVIIth International Congress on
Rheology; ICR2016) 73, AAL 41y —2%2 AARASA AL 40
Ve, I ATy 7B Lee o E M, R b
WFFERT 36 K OB A ZE AT S R « JEREBFZERLR, KBRS K7 e
BEEARRERY, IR RSB B LA JE R O 36412 T, 2016 4 8
H 8~13 HOHIMIZHE T LY BN THfES 72 ICR AR
Ve BICRIT L MRARKOEBERETHY, 4 FIC 1 ESD, T
AVJ, F—myX TYVTDO3T Ry 7 EIEEFITK S THES
NTETZ. AARTIE, 1968 4 10 HIZH 5 IS RIS THME S
ALTLLR, 48 FEIR Y DBl & 72 o 7z,
A ICR2016 TiX, 42 »[E2 b 807 £ OZNHE (OB full  ICR2016 RIFAY ODER
delegate 521 44, student 226 44, accompanying person 60 4) 230>,
8 HORHODEBZER Z DL T, HarL A u P —BlRIZ OV TOHH - BREBLAL
(http://icr2016.com/). AT /VH D 13 AL LT, 6 fFO SRR, 496 fFO—fx DR E (9
B 52 1% keynote), 196 DR A X —FERNMITONTZN, WTHOHELENR TH Y, BERILET
FFHIREM overflow T 2351 b 4 B 54172, KFIT, Jan Vermant Y4 (ETH Zurich, Switzerland),
HHRaR S48 (JUNKRE), John Brady 4GZE (CalTech, USA), Daniel Read 542 (University Leeds, UK),
Kyung Hyun Ahn G4 (Seoul National University, Korea), Jay Pathak 4GZE (NIH, USA) &\ 9 iR %
RET 240 0 —WREIC LD EMHEE T, BBRSBENLOBGR, @O FICW 5267k
WEIZHOWTOEF O FERRAHI S, BERIBER TH o7,

BERAEICETE5E50FOEMCOVTOHPH-EEICKHEREE
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Flo, W BRVET LEROKMEICIE, BREXLDLLIT TRMEZRMMB TE 5 X 57 event
(social activity) 732 HUEfH XA, ICR2016 \ZHLA2 VR 2 7=, #F12, 8 H 9 H ORI KFMmiAL 2% 0 4] -
THMgE Sz v —n/3—F ¢ —TlL, ICR2016 DFEITEZEHE A L N—IZINZ T DO FELFEH T
vy va v A=AV —EBEO T S oA HAREE, Bilikk, 28 SIS L TR N
EHOBE, N—=FT 4 —DFRAR - FAT AL LT RSMEIRY - BHEEDT-D, ROITIEL
T—RICRAIREITILUED Lz, ZO/EE, Z2IEICEFEICHFTETH - LRI, 2L TTF
SOTHAETIZESTHREELWVWED ThoT LfEoTz.

HEHI7 I —LBEZE, £H 5 Jan Vermant %k
4, Julie Kornfield sE4, Mats Stading Jt4, Evelyne
van Ruymbeke Jt4

THEBRENSNT HKFEMREBHH—
fE, BOBTERENRTHHSA, BSA

SMBEHKET D Peter Fischer 5£4 (hR) &
Gareth McKinley %4 (H)
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SCIENTIFIC REPQRTS

Critical controllability in proteome-
wide protein interaction network
integrating transcriptome

Received: 11 September 2015 Masayuki Ishitsuka?, Tatsuya Akutsu? & Jose C. Nacher!
Accepted: 29 February 2016 -
Published: 04 April 2016 . Recently, the number of essential gene entries has considerably increased. However, little is known
. about the relationships between essential genes and their functional roles in critical network control
at both the structural (protein interaction network) and dynamic (transcriptional) levels, in part
because the large size of the network prevents extensive computational analysis. Here, we present an
algorithm that identifies the critical control set of nodes by reducing the computational time by 180
times and by expanding the computable network size up to 25 times, from 1,000 to 25,000 nodes. The
developed algorithm allows a critical controllability analysis of large integrated systems composed of
a transcriptome- and proteome-wide protein interaction network for the first time. The data-driven
analysis captures a direct triad association of the structural controllability of genes, lethality and
dynamic synchronization of co-expression. We believe that the identified optimized critical network
control subsets may be of interest as drug targets; thus, they may be useful for drug design and
development.

Identifying a set of genes that are essential for sustaining life is of paramount importance for understanding the
minimal genomic requirements of living cells2. Mutation of the essential genes, called the “minimal gene-set”
by Koonin, can lead to a wide variety of lethal phenotypes that prevent cell survival or reproduction®. Because
mutation of essential genes often leads to lethal phenotypes, these genes are often prioritized as drug targets
and are therefore considered in drug design and development*. Recently, the number of essential gene entries
has considerably increased. However, little is known about the relationships between essential genes and their
functional roles in critical network control at both the structural (protein interaction network) and dynamic
(transcriptional) levels. To address this knowledge gap, our data-driven analysis uses the latest datasets consisting
of human orthologues of mouse essential genes, which are associated with 46 phenotypic categories with prenatal,
perinatal and postnatal lethality®.

Analyses of biological networks have shown a strong correlation between the number of interactions a protein
has and its lethality®. This protein centrality-lethality rule was recently examined from the perspective of controlla-
bility by computing the minimum dominating set (MDS) of the protein network using the method proposed in” by
Nacher and Akutsu. This MDS represents an identified subset of proteins, from which each remaining protein can
be reached by one interaction. Therefore, members of the optimized subset of proteins act as controllers or drivers®
to control the remaining non-MDS proteins. The results indicated that the MDS is enriched with essential genes®.

Recently, research on controllability emerged as one of important topics in complex networks®. If a set of
nodes called “driver nodes” can bring a network from any initial state to any desired state in finite time, the net-
work is called controllable. Moreover if for any non-zero values of the parameters in the controllability matrices,
the system is controllable, such system has structural controllability. Liu et al. showed in linear systems described
by undirected networks that instead of computing the Kalman’s controllability condition, it is enough to compute
the maximum matching in the network, and select the unmatched nodes as driver nodes. Yuan et al. extended
these ideas by considering algebraic multiplicity and geometric multiplicity of eigenvalues that can be applied in
weighted and unweighted networks, and whose predictions for driver nodes agree with those from the maximum
matching algorithm!®. On the other hand, Nacher and Akutsu showed a relationship between the Minimum
Dominating Set (MDS) and structural controllability’, which has some resemblances with that of the edge
dynamics model proposed by Nepusz and Vicsek!!. The Nacher and Akutsu MDS-based approach was adopted

1Department of Information Science, Faculty of Science, Toho University, Funabashi, 274-8510, Japan.
2Bioinformatics Center, Institute for Chemical Research, Kyoto University, Uji 611-0011, Japan. Correspondence and
requests for materials should be addressed to J.C.N. (email: nacher@is.sci.toho-u.ac.jp)
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by Wuchty to investigate biological aspects of the controllability in protein interaction networks’. If each edge in
a network is bi-directional and each node in an MDS can control all of its outgoing edges individually, then the
network is structurally controllable by selecting the nodes in an MDS as driver nodes. As shown in Ref. 7, there is
no mathematical contradiction between Liu approach and MDS method.

In spite of the important results on protein controllability shown by Wuchty’, computational barriers and
problems still prevented us from identifying a reliable and significant correlation between a network controller
set of nodes and genomic indispensability features. First, we should note that the MDS calculation is non-trivial
and represents an NP-complete decision problem in computational complexity theory'*>!*. Therefore, it is believed
that there is no theoretically efficient algorithm that finds a dominating set of minimum cardinality for a given
graph. However, Nacher and Akutsu showed that integer linear programming (ILP) can provide the exact and
optimal solution for scale-free networks with more than 10,000 nodes’. Second, and more importantly, the solu-
tion of an MDS is not necessarily unique. There are multiple MDS configurations that can control the entire
network. Each configuration denotes a different set of nodes. However, in the analysis performed by Wuchty
the results consider only one of the existing multiple solutions’. This means that the optimized set of proteins
reported in’ can potentially be different from that of another research group using the same dataset. Indeed,
proteins can be classified into three control categories'*!*. A critical set denotes those proteins that belong to
every MDS configuration. A redundant set is not engaged in network control therefore, none of these proteins
belongs to an MDS. An intermittent set is defined by proteins that appear in some but not in all MDSs. This fea-
ture of the MDS problem has not been investigated when associating essential roles with the optimized subset of
proteins derived from the straightforward MDS computation. More importantly, according to a previous study
by Nacher and Akutsu, the MDS and critical set show very different topological features, necessitating careful
examination when analysing complex biological functions of proteins'®. Recently, several computational and
biological analyses were performed using MDS related techniques. However, the critical control question was
left unresolved'®2!. Third, the algorithm for computing the critical and redundant sets of nodes presented by
Nacher and Akutsu using ILP provides an exact and optimal solution'®. However, the algorithm needs to solve
the MDS model n times, where 7 is the number of nodes. Therefore, compared with computing an MDS, the
critical algorithmic method requires much more CPU time so the network size was limited to 1,000 nodes for
most network configurations. Here, we present a new method for computing the critical set of nodes that uses the
scale-freeness property of the network to elegantly circumvent the high complexity of the problem. A scale-free
network is characterized by a power-law k=7 for the distribution of the node degree k. Using a new algorithmic
strategy, we could determine the critical set of proteins in protein interaction networks composed of more than
8,000 proteins (nodes) and 25,000 interactions (edges) within a few minutes, which is a remarkable computa-
tional improvement. Similarly, this algorithmic strategy was also applied to compute the redundant set of proteins
in large networks. The fraction of nodes remaining after assigning critical and redundant categories can be easily
classified as proteins intermittently engaged in network control. Experiments on artificially constructed scale-free
networks more vividly illustrated the extent of the impact of the algorithmic improvement. As shown below, for
some networks with a scale-free structure, we could analyse the MDS and the critical set with up to 25,000 nodes,
and exact results could be achieved up to 180 times faster than with previously existing algorithms, an impressive
improvement for obtaining exact results in an NP-hard algorithm such as an MDS-graph based problem.

The uncovered algorithmic procedure developed here allows us to analyse both the MDS and the critical control
set in proteome-wide protein interaction networks for the first time. This extensive data-driven controllability analysis
performed at an unprecedented scale with eight organisms provides evidence for a triad association of lethality, critical
network control and biological functionality. The gene expression data also allowed us to capture a direct link between
structural critical controllability of genes, gene lethality and dynamic synchronization of co-expression for the first time.

Results

Efficient computation of optimized critical and redundant subsets in scale-free networks. The
novel algorithm for determining optimized sets of nodes with critical and redundant control roles has striking
advantages compared with existing methods. These advances are based on two mathematical propositions that
can be applied to real-world scale-free networks (see Methods for details). The network structure plays a key role
in determining the control categories of the nodes. Random networks, for example, exhibit a controllability pat-
tern that is drastically different from that of the scale-free networks (see Fig. 1(a,b)). The following two main
features are essential for decreasing the complexity of the MDS and the critical set computation in scale-free
networks. (1) Using algorithmic procedures developed in'’ for determining the critical and redundant nodes in a
network of size | V| = n, it is necessary to solve ILPs n times, in addition to the original computation for the MDS
of size |M], in the original network. By contrast, using the novel propositions that automatically pre-determine a
subset of critical and redundant nodes, we had to solve the ILPs with a much reduced number. (2) In addition, the
ILPs solved with the newly proposed method have a significantly smaller number of constraints (equations), in
addition to the trivial constraints (compare Eq. 1 with Eqs 2-5 in Supplementary Information (SI)). These two
features are crucial for decreasing the computational time and for identifying critical and redundant sets in large
networks. Figure 2(a-f) shows an example of the new algorithm computation. For a detailed explanation, see
methods section and SI. Fig. 2(i) shows the results of the computational experiments on scale-free networks with
degree exponent y= 2 and average degree <k> = 2. The result shows that the algorithm not only is able to effi-
ciently determine the critical and redundant nodes in large networks of up to 10,000 nodes but also 180 times
faster than existing algorithmic procedures. In order to examine the efficiency in more detail, we fitted the rela-
tion between the number of nodes and CPU time t in terms of t = a- b"for each of the algorithms by using
Mathematica’s FindFit function after taking log, ¢ because the original problem is NP-hard and thus it is expected
that CPU time grows exponentially with the number of nodes, and Fig. 2(i) also suggests such a dependency. The
results were a=41399.0, b= 1.00116 for the previous algorithm, and a = 4800.43, b= 1.00038 for the proposed
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Figure 1. A random network (a) and a scale-free network (b) and their corresponding degree distribution.

The example shows that the network structure strongly affects the controllability roles of the nodes. Whereas

in random networks the critical nodes are almost absent, in scale-free networks, they have a noticeable
representation impacting the controllability of the network. Random networks, by contrast, are more flexible
because they depend on intermittent control nodes. The proposed algorithmic procedure relies on the structure
of the scale-free networks and on the existence of highly connected nodes to pre-determine a large number

of critical and redundant nodes without using ILP. (¢) The results of the algorithm computed on the human
protein interaction network. (d) The fraction of proteins for each control category in all analysed PPI networks.
The set of proteins involved in critical control is very small (less than 10% in almost all cases). The smallest
critical control set is found in the H. sapiens and represents 6% of all proteins.

algorithm, which also suggests that the proposed algorithm is much faster than the previous one. Note that differ-
ence between b= 1.00116 and b= 1.00038 is far from small because they are bases of exponential functions.
Further computational experiments using scale-networks constructed with average degree <k> = 3 and different
values for the degree exponent +y also confirm this improvement (see Fig. S8, in SI). In particular, in the case of
scale-free networks with y= 2.5 and average degree <k> = 3, the algorithm could compute the MDS and critical
and redundant sets simultaneously for a network size of up to 25,000 nodes (see Table S3 in SI). Provided that the
graph problem is NP-hard, these achievements are remarkable. The relationships with network structures from
Propositions 1 and 2.2 (see Ref. 15) (see methods section) suggest that scale-free networks have the ideal structure
in which the proposed algorithm can work most efficiently, as explained in the Methods section. Because most
real-world networks follow a scale-free topology, in particular the analysed protein networks in this work (see Fig.
S9 and Table S4), the proposed algorithm may potentially lead to multiple applications in various fields.

The optimized subset of proteins involved in critical control is enriched with the most highly
connected proteins and largely depleted of the less connected ones.  Using the newly discovered
critical set algorithm, we first evaluated the extent to which the set of critical proteins is enriched with highly con-
nected proteins. The analysis was performed using protein interaction networks corresponding to eight organ-
isms as shown in Fig. 3. The data used to build the networks were obtained from the High-quality INTeractomes
(HINT) database V2.0% for all organisms, except for E. coli, as the data for this bacterium were collected from
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Figure 2. Illustration of the computation of critical, redundant and intermittent sets using the proposed
algorithmic procedure. Details of the calculations, including the exact equations to be solved by ILP are shown
in SI. (a) The initial network. Next, we apply the novel pre-processing step for determining critical nodes (b) and
redundant nodes (c). (d) The MDS is computed for the entire network (hexagonal nodes). (e) Among the MDS,
only node 12 is not pre-determined as a critical node. The critical set procedure is applied and node 12 (see red
arrow) is determined to be intermittent. (f-h) The remaining nodes do not belong to the MDS; therefore, the
redundant set procedure is applied sequentially to nodes 11 and 13 (see red arrow) (i) The experimental results
for computational time (milliseconds (ms)) versus network size on scale-free networks with y= 2 and average
degree <k> = 2. The new algorithmic method, which pre-processes critical and redundant nodes using scale-
free network features, not only clearly outperforms the computational time of previous algorithm by obtaining
the exact result faster but also expands the computable network size. See also Fig. S8 in SI for the results of
computational experiments results with different parameters for the constructed scale-free networks.

ref. 23. The number of proteins and interactions in each organism are summarized in Table S1 (see the Methods
section for details). The critical set is systematically enriched for higher-degree nodes. By contrast, the analysis
of the set of redundant nodes reveals a depletion of nodes with high degrees and a small enrichment in nodes
for low degrees. The remaining nodes are classified as intermittent and accordingly are sometimes engaged in
network control. The computational analysis shows that in almost all cases, this set is also moderately enriched
when the degree of nodes increases. However, the degree of enrichment is in most cases several times lower
than that of the maximum degree observed for critical nodes. The case of the human protein network clearly
illustrates the observed general tendency in all organisms. Taken together, high-degree nodes tend to be critical,
medium-degree nodes may tend to engage in network control intermittently and low-degree nodes are more
associated with redundant and occasionally with intermittent network control roles.

Proteins engaged in critical network control are also enriched in essential gene products. The
finding that the most highly connected proteins in the cell are associated with critical network control poses the
question of whether these proteins are also directly required to sustain life. To answer this question, we collected
essential genes from the Database of Essential Genes (DEG)>. To assess humans, we also compiled data from the
Online Gene Essentiality Database (OGEE)?. The numbers of essential genes compiled for each organism and the
databases from which they were extracted are summarized in Table S2 (see SI). For each organism, we then mapped
a gene product for each essential gene to the protein interaction network. To precisely map the gene product onto the
proteins, we used the UniProt (Swiss) and UniProt (Swiss & TrEMBL) database annotations. Using the resulting data,
we defined a contingency table and evaluated the statistical significance of the association between critical proteins
and essential genes by applying Fisher’s exact test. The two-tailed exact p-values, presented in Table 1, showed that
optimized proteins engaged in critical control were statistically significantly enriched with essential genes for all ana-
lysed networks (P < 0.05) except for that of S. pombe, which is not surprising given the few statistics available for this
organism, as shown in Fig. S9 and Table S1. The enrichment factors for all the analysed organisms are shown in Fig.
$10. In consistency with the p-value analysis, all organisms except for the S. pombe exhibit high enrichment factors.
As shown above, one of the main findings of this work is the high association between the critical control
node set and the essential gene set. Another is the high association between the critical control genes and the
high degree genes. These results raise question of to what extent the critical control accounts for the association
with the essentiality, when hubness (degree) is controlled. To address this question, we defined and computed an
enrichment factor that captures this dependency. The results for all analyzed organisms are shown in Fig. S11. It
is clear from the figure that critical nodes are enriched in essential genes for most degree intervals except very low
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Figure 3. The enrichment of critical, intermittent and redundant nodes versus node degree for each organism.
To measure the statistical proportion of proteins engaged in a given control set S (critical, intermittent and redundant)
according to their degrees, we performed the following enrichment computation, which was also used by Wuchty®.
First, proteins were classified according to their degree in logarithmic bins of increasing size. For each bin class i, we
computed the frequency of proteins with degree kas f, ; = Ny /55N ;. Next, we calculated the fraction of proteins
with degree k that also appeared in a given set Sas fks L= ng ; /ZiNkS, .- Then, the enrichment of proteins with degree k
that appear in the control set S (critical, intermittent and redundant) in bin i was computed as Eks ;= In(f, kS’ Jf ki ).
Positive values of this function indicate the enrichment of degree k for the critical, intermittent and redundant set,
respectively. Negative values indicate depletion of degree k.

SCIENTIFICREPORTS |6:23541 | DOI: 10.1038/srep23541 5

—235-



www.nature.com/scientificreports/

C. elegans 2.51E-01 1.55E-02
D. melanogaster 5.67E-03 3.12E-03
H. sapiens 1 1.87E-02 1.86E-02
H. sapiens 2 1.93E-02 1.92E-02
H. sapiens OGEE 1.96E-03 1.94E-03
M. musculus 7.83E-03 7.10E-03
S. cerevisiae 3.01E-07 3.01E-07
S. pombe 8.63E-01 8.63E-01
E.colil 1.41E-04 1.41E-04
E. coli 2 9.20E-03 9.20E-03
E.coli3 4.25E-04 4.25E-04

Table 1. The two-tailed p-values for the Fisher’s exact test show that optimized proteins engaged in critical
control are statistically significantly enriched with essential genes for all analysed networks (P < 0.05)
except for that of S. pombe, which is not surprising because of the few collected statistics for this organism,
as shown in Fig. S9 and Table S1. The C. elegans results show statistical significance (P < 0.05) for the Swiss &
TrEMBL dataset. For E.coli MG1655, we also compiled several datasets. E. coli 1 and 2 refer to data from Gerdes
et al*® and Baba et al.’!, respectively. Both datasets were available in the DEG. E. coli 3 refers to the combined
data from E. coli 1 and E. coli 2. For H. sapiens datasets see details in methods section.

degree and high degree nodes. It is to be noted that most of high degree nodes are also critical nodes and thus the
enrichment factor would be 0 or very close to 0. It should also be noted that the number of essential nodes is small
for low degree nodes and thus the enrichment factor is sensitive to small perturbations.

It is also important to note that the analysis of biological data, such as the protein interaction network has always
suffered from some research induced by the fact that important gene (such as possibly essential genes) are studied
better so they may have more interactions identified than those of less important genes. Therefore, this fact should
also be taken into account when interpreting the results. Our study uses data from eight organisms, including H. sapi-
ens. In particular, we compiled three different datasets for essential genes in humans to minimize this statistical issue.

Essential proteins engaged in critical control are also enriched in each Gene Ontology annota-
tion category. To further understand the biological associations and implications of the proteins engaged in
network control, we compiled all the Gene Ontology (GO) annotations (biological process BP, molecular function
MF and cellular component CC) using the UniProt database. Each protein was then associated with its annotated
GO terms. Each protein was also classified into one of five categories based on whether it is engaged in critical,
intermittent, or redundant network control; represents an essential gene product; or is an essential gene product
and simultaneously involved in critical control. The categories for the critical, intermittent and redundant are
mutually exclusive. The category for the essential genes can contain genes from any control category. Finally,
essential genes that are classified as critical are also examined in a separate category. The enrichment of each
category was then calculated as shown in the Methods section. The essential proteins engaged in critical control
(orange) also show the highest enrichment in biological process, molecular function and cellular component
annotations (see Fig. 4). However, it is unclear which is the second best, essential proteins (green) or proteins
engaged in critical control (red), because it largely depends on organisms. In particular, the second best differs
even within E. coli essential genes datasets. The above mentioned observations suggest that the currently available
PPI network data combined with essential genes datasets are useful to derive strong or general tendencies but
are not enough to derive detailed or weak signals. The observed enrichment decreases when the network control
engagement decreases from critical, intermittent and redundant, the latter showing the lowest values and even
depletion scores (Fig. 4). This tendency is universal to all the analysed organisms and suggests evidence of a triad
association of lethality, network control and biological functionality.

To further analyse the biological functions associated to the critical control in more detail, we examine each
annotated term and functional class inside each GO category. The compiled results are available as supplementary
files (see Excel files). We have selected the top-five functional classes for each category BP, MF and CC ordered by
the number of critical and essential critical genes. The associated enrichment factors and the two-tailed p-values
for the Fisher’s exact test are also displayed. The results are shown in Table 2, which corresponds to the H. sapiens
1 dataset for essential genes. For the H. sapiens 2 and H. sapiens OGEE datasets see SI (Tables S6 and S7).

On the other hand, we have examined data corresponding to functional and evolutionary patterns for the
eukaryotic orthologous groups or KOGs*?%. The results are shown in Fig. S12 and indicate that the essential
genes involved in critical control are quite localized and mainly enriched for transcription (K) (P=4.37 x 107%),
signal transduction mechanisms (T) (P= 5.28 x 10~°) and replication (L) (P= 6.68 x 10~2) functional classes. A
similar analysis was done only for MDS in Khuri & Wuchty in Fig. 5, although they did not investigate critical
control and only examined the category of MDS and MDS with essential genes. Interestingly, a similar set of
highly enriched functional classes (K,L,T) were identified in their analysis for the MDS enriched with essential
genes. For statistical details related to Fig. S12 see also Supplementary Excel file.
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Figure 4. The box-and-whisker plot of the proteins enriched for each Gene Ontology annotations:
biological process, molecular function, and cellular component. Each protein was classified into five
categories based on whether it is engaged in critical (red), intermittent (blue) or redundant (purple) network
control and also on whether it plays an essential (green) or an essential and critical control role simultaneously
(orange). The calculation of the enrichment of each category was then calculated as shown in the Methods
section. The results show that those essential proteins engaged in critical control (orange) also show the highest
enrichment in biological process, molecular function and cellular component annotations. The strongest signal
for their associations with GO categories corresponds to H. sapiens, S. cerevisiae, C. elegans, D. melanogaster
and E. coli organisms. Each organism is indicated in the figure. E. coli organisms show results for three different
essential gene datasets, respectively. The results for H. sapiens (1) are shown in figure. For the rest of datasets
for H. sapiens we obtained very similar results. The statistics and data sources for the essential genes are shown
in Table S2. Additional statistical data is shown in Table 2 in main text and Tables S6 and S7 in SI. See also
Supplementary Excel files for additional data.

Dominance of critical co-expressed genes across human tissues. Using the available microarray
data from samples of 36 different healthy human tissues”, we investigated whether the fraction of co-expressed
genes involved in critical control is homogeneously enriched across human tissues. The results shown in Fig. 5
indicate that, although subject to noticeable variations, co-expressed critical genes are enriched in all 36 healthy
tissue samples. Moreover, the subset of co-expressed critical genes that are also annotated as essential genes exhib-
its the highest enrichment across human tissues. By contrast, fractions of redundant co-expressed genes exhibit
depletion in almost all human tissues.

The ubiquitous feature of the critical and essential critical nodes can be observed in Fig. 6(a-d). This figure
shows the fraction of genes in a particular subset S among those whose transcripts are expressed in f tissues, from
1 to 36. The fraction of critical and essential critical proteins increases when the number of tissues in which they
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Biological Process transcription, DNA-templated 67 15 0.29 0.53 1.27E-02 | 4.40E-02
Biological Process gene expression 52 13 0.42 0.78 1.59E-03 | 7.52E-03
Biological Process lf’r‘(’ﬁlﬁ‘i\;zg;fl‘;‘::;‘;fsgﬁnsgﬁgg 51 21 0.59 145 | 271E-05 | 6.78E-09
Biological Process innate immune response 43 14 0.72 1.34 3.81E-06 | 1.17E-05
Biological Process viral process 41 9 0.58 0.81 2.06E-04 | 1.76E-02
Cellular Component cytoplasm 208 45 0.35 0.56 2.62E-10 | 6.19E-06
Cellular Component nucleus 198 47 0.24 0.54 1.91E-05 | 4.69E-06
Cellular Component | cytosol 155 37 0.41 0.72 7.75E-09 | 1.90E-06
Cellular Component | nucleoplasm 128 36 0.26 0.74 6.77E-04 | 2.28E-06
Cellular Component | plasma membrane 87 20 0.24 0.52 1.14E-02 | 1.60E-02
Molecular Function ATP binding 63 16 0.38 0.76 1.46E-03 | 2.89E-03
Molecular Function identical protein binding 39 10 0.89 1.27 1.83E-07 | 4.38E-04
Molecular Function ff;lr‘l‘:c‘:ic;ffrfCf;‘zfo?i’t\ifiit‘;dmg 39 13 0.36 1.01 1.78E-02 | 7.24E-04
Molecular Function ubiquitin protein ligase binding 33 9 1.26 1.70 8.77E-11 | 3.27E-05
Molecular Function ligase activity 33 5 0.83 0.69 5.06E-06 | 1.06E-01

Table 2. The top-five Gene Ontology (GO) terms for the three GO categories ordered by the number of
critical and essential critical genes. The associated enrichment factors and the two-tailed p-values for the
Fisher’s exact test are also displayed. The result corresponds to the H. sapiens I dataset. For the H. sapiens 2 and
H. sapiens OGEE datasets see Supplementary Information.

Figure 5. Enrichment of co-expressed genes for each category: critical (red), intermittent (blue),
redundant (purple), essential (green) and simultaneously essential and critical control roles (orange)
across 36 different healthy human tissues. The subset of co-expressed critical genes that are also annotated as
essential genes exhibit the highest enrichment in almost all tissues. The analysis is performed for three different
datasets of essential genes as shown in Table S2. The results for H. sapiens (1) dataset are shown in figure. The
results for the rest of datasets for H. sapiens are shown in Fig. S20 in SI.

are expressed also increases. This tendency shows that network control roles also require an optimized subset of
housekeeping genes that are present in the majority of tissues. When the fraction of intermittent and redundant
genes is examined, the correlation is reverted progressively, indicating that they are not ubiquitous in all tissues.
Although the analysis shown in Fig. 6 indicates that network control roles require a set of genes that are always
present (co-expressed) in the majority of tissues, it does not answer the question on the specific evolutionary
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Figure 6. The fraction of genes in a particular set of critical (a), essential and critical (b), essential (c),
intermittent (d) or redundant (e) genes among genes whose transcripts are expressed in ¢ tissues, from 1 to 36.
For each figure (a-d), the scale for the grey bars is marked on the right axis and indicates the number of proteins
found in each tissue. The fraction of critical and essential critical proteins increases when the number of tissues
in which they are expressed also increases. The essential gene dataset corresponds to H. sapiens (1). The results
from two other human essential gene datasets are shown in SI.

conserved biological functions associated to each of these genes. To address this question we proceed as follows:
First, we have selected all genes associated to critical control (which also includes essential critical genes). We
then only extracted from this set, those genes that are expressed in 35 or more different tissues simultaneously
(all samples include 36 different healthy tissues). Then, we then mapped the KOG biological functions on the
resulting set of genes. Genes present in the KOG set but absent in the compiled PPI network were discarded in the
analysis. The gene names as well as the KOG functions are displayed in Table 3 for the H. sapiens 1 dataset. See SI
in Tables S8 and S9 for the rest of datasets. Moreover, the number of critical co-expressed genes in each functional
class is visualized using a bar plot in Figs S13 and S14. The Information processing and storage (red) and cellular
processes and signalling (blue) are the KOG categories with the highest number of critical genes simultaneously
co-expressed in most tissues.

Linking structural controllability with dynamic co-expression synchronization. To perform
complex functions, genes associated with control roles must coordinate the activity of numerous other genes in
a synchronized fashion. Essential genes, for example, have been reported to show an expression pattern that is
synchronized with a large number of other genes?. Here, we find that the average co-expression coefficient of the
optimized set of essential genes involved in critical network control shows the greatest synchronization with all
other genes in the cell (see Fig. 7(b,f)). The intermittent and redundant nodes show a lower average correlation
with other genes, consistent with what we would expect for a less specialized functional role in cellular control
(Fig. 7(f)). This result is important because it captures a direct link between the structural controllability of genes
and dynamic transcriptional synchronization features for the first time.

Discussion

In this work, we have presented an efficient computation of optimized critical control and redundant control
subsets in scale-free networks that drastically surpasses existing algorithms; the computational time is reduced
by as much as 180 times, and the network size for application is expanded by as much as 25 times, from 1,000 to
25,000 nodes in the best cases. Because most real-world networks follow a scale-free topology, in particularly the
protein networks discussed in this work, the proposed algorithm may potentially lead to multiple applications in
various fields.

The developed algorithmic procedure allowed a detailed examination of the control categories of proteins
and their relationships with human orthologues of mouse essential genes in proteome-wide protein interac-
tion networks for eight organisms. The optimized subset of proteins involved in critical control was found to be
enriched for the most highly connected proteins and largely depleted of less connected ones. Proteins engaged in
critical network control were also enriched in essential gene products. The optimized subset of essential proteins
engaged in critical control was also enriched in each Gene Ontology annotation category. This observed tendency
is universal to all the analysed organisms and suggests evidence of a triad association of lethality, network control
and biological functionality. The analysis of transcriptome-wide gene expression profiling corresponding to 36
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A RNA processing and modification 5 DDX24, DDX39B, U2AF2, SF3B3, UPF3A

B Chromatin structure and dynamics 1 TLE1

C Energy production and conversion 1 ATP6AP1

D Cell cycle control, cell division, chromosome partitioning 2 MOB4, PEA15

E Amino acid transport and metabolism 1 GOT2

F Nucleotide transport and metabolism 0

G Carbohydrate transport and metabolism 1 GAPDH

H Coenzyme transport and metabolism 1 ALAS1

I Lipid transport and metabolism 1 FDFT1

J Translation, ribosomal structure and biogenesis 4 EEF1A1, RPLP1, RPL8, RPS3A

K Transcription 9 XBP1, CTBP1, MAX, TCF4, ZNHIT3, TCF12, SKP1, MED23, TCEB1

L Replication, recombination and repair 1 XRCC6

M Cell wall/membrane/envelope biogenesis 0

N Cell motility 0

[¢] Posttranslational modification, protein turnover, chaperones 14 gggk}{?gé?ég\?}gﬁé (IngEE??R‘lUl;I]\g]}sl, gﬁiﬁii gglz‘%?

P Inorganic ion transport and metabolism 1 SAT1

Q Secondlary metabolites biosynthesis, transport and 0

catabolism

R General function prediction only 8 EWSRI1, CDC42, PLEKHF2, RAC1, LMO4, RAP2A, KLF10, PPFIA1

S Function unknown 1 WBPI11

T Signal transduction mechanisms 13 II;ISCEII<\111 F&gpg Igf{gﬁiil L?EXI?IIO 1\;;52121: NUDTS3, ARHGDIA,

U Intracellular trafficking, secretion, and vesicular transport 1 SEC23B

\% Defense mechanisms 0

w Extracellular structures 0

Y Nuclear structure 1 NSFL1C

z Cytoskeleton 7 MAPILC3B, NDEL1, TUBGCP4, PEN2, GABARAPL2, ARPC3, DYNLLI
Table 3. The list of critical genes that are co-expressed in 35 or more human tissues classified according to
the KOG functional class for the H. sapiens 1 dataset. See SI for the rest of datasets.
types of normal human tissues also produced a novel observation correlating structural controllability properties
and dynamic transcription features. The fraction of genes associated with critical roles and their overlap with
essential genes increased when the number of tissues in which they are expressed also increased. This tendency
showed that control roles also require the presence of an optimized subset of housekeeping genes in the majority
of tissues. Moreover, our findings revealed that the average co-expression coefficient of the optimized subset of
essential genes associated with critical control showed the highest synchronization with all other genes in the cell,
capturing a direct link between structural controllability of genes, the gene’s lethality and the synchronization of
dynamic co-expression for the first time. We believe that the identified optimized critical network control subsets
may be of interest as drug targets; thus, they may be useful in drug design and development.
Methods
Protein Interaction Database. The data corresponding to protein-protein interactions for the organisms
shown in Table 1 were compiled from the High-quality INTeractomes (HINT) database? using binary interac-
tomes for all organisms. The protein interactions for H. sapiens correspond to the high-throughput interactome.
In addition, the interactions corresponding to E. coli were collected from a separate data source?.
Databases of Essential Genes. The essential genes for the analysed organisms were compiled from the
Database of Essential Genes (DEG) database®. For humans, we considered three datasets in our study. Two of
them are accessible from the DEG: the results from Liao and Zhang in?’, with 118 genes, and the results from
Georgi et al. in®, with 2,452 genes. The latter dataset is referred to in the results as H. sapiens 1, and the two
datasets together form H. sapiens 2. These genes represent human orthologues of mouse essential genes, which
are associated with 46 phenotypic categories with prenatal, perinatal and postnatal lethality. An additional data-
set from OGEE (Online Gene Essentiality Database) was also included in the analysis**, and it is referred to as
H. sapiens (OGEE). The numbers of essential genes compiled for each organism are summarized in Table S2.
UniProt (Swiss and Swiss & TrEMBL) Database. The annotations for the proteins were retrieved from the
UniProt database. We used both the Swiss and Swiss-TrEMBL repositories for the mapping of essential genes on proteins.
These are used to compute the two-tailed P-values using Fisher’s exact test (see Table 1). The Gene Ontology annotations
for biological processes, molecular function and cellular component were also compiled from the UniProt database.
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Figure 7. The fraction of genes for each category (critical (a), critical and essential (b), essential (c),
intermittent (d) and redundant (e)) among those whose average Pearson Correlation Coefficient (PCC) with all
other genes in the cell is < p>. See the Methods section for details. (f) The PCC averaged for all genes included
in each category. The essential gene dataset corresponds to H. sapiens (1). The results for two other human
essential gene datasets are shown in SI. The linear fit to the data (black line) also shows the 95% confidence
band in the same colour as the data points. When it is too small, it may not be visible. The exact p-values for the
analysis of statistical significance analysis are shown in SI, Table S5.

Enrichment calculation for each Gene Ontology annotation: Biological process, molecular
function, and cellular component.  The enriched proteins in a given Gene Ontology (GO) annotation that
also appear in the critical set were determined as follows. First, we calculated the fraction of the number of pro-
teins associated with a GO term i (Ng(;) in the entire network of size N as f;0) = Ngo()/N. Next, the fraction of
the number of proteins associated with a term GO(i) that appeared in the critical set (NgO o) ) of size N®was calcu-
lated as fGCO o = Ngo(,-) /NC. Then, the enrichment of proteins in a GO(i) for the critical set C was computed as

ES @ = In(f, (?o o Moo - Next each value for enrichment was classified into one of three groups according to
whether its GO term was related to biological process, molecular function or cellular component. Finally, for all
the enrichment values ECC;O(,.) corresponding to the GO terms in each annotation class, a box-and-whisker plot
was constructed. In each box, the bottom and top indicate the first ¢, and third g; quartiles (the 25" and 75%
percentiles, also called hinges), and the bold blue band inside the box represents the second quartile (the median).
The upper (lower) whisker extends from the hinge to the highest (lowest) value that is within 1.5 x IQR of the
hinge, where IQR is the inter-quantile range or distance between g, and ¢;. Data not included between the upper
and lower whiskers are plotted with dots (also called outliers). The separations between the different parts of the
box-plot denote the degree of dispersion (spread) in the data set.

Gene expression data and analysis. In ouranalysis, we used data from genome-wide expression profiling
corresponding to 36 types of normal human tissues?”’. The number of genes in a particular subset S (essential,
critical, critical and essential, intermittent and redundant) with an average gene co-expression coefficient < p> is
denoted as N°5. The total number of genes with an average gene co-expression coefficient < p> is N ,» Then, the
fraction of genes in a particular subset S, among those whose average gene co-expression coefficient with other

N
s = u u .7 (v is). \Y -ex
enes is < p>, reads as 5 * . 'This measure is used in Fig. 7 (vertical axis). The average gene co-expression
P

coefficient of gene i with respecﬂt to all other genes jreadsas <p>, = iji]_/ (N — 1), where p;; is the Pearson
Correlation Coefficient (PCC) between genes i and j. < p>; is presented in Fig. 7 (horizontal axis), where index i
is dropped for readability purposes.

Two key procedures are performed to process the data, which correspond to the analogous protocol used in%.

(1) Microarray Data Normalization: The raw gene expression data for 36 tissues?” were first normalized to
mean-centre for different tissues. The normalization factor was obtained for each tissue by summing up the
data for the probes that are “present” (significant p-value) in all 36 tissues. The term present refers to genes
with an expression level that has sufficient statistical significance (P-value < 0.01).

(2) Handling multi-probe genes: Some genes are tagged by multiple probes in the data from Ge et al.?’. To assign
a single value of gene expression correlation, we took the best (largest) Pearson correlation coefficient among
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possible pairs of two gene probes to capture the best possible coordinated activities of the two genes among
different tissues. The PCC was calculated with the log (normalized data). The probes that are “absent” (no
significant p-value) in all 36 tissues were discarded from the analysis. For a few cases of probes mapped to
multiple gene annotations, we simply prioritized the annotation for the largest expression value observed (the
more reliable observation) and its role category, for example, essential and critical.

An algorithmic procedure for efficiently computing optimized critical and redundant subsets
in scale-free networks. Nacher and Akutsu presented an algorithm to compute the optimal critical and
redundant sets of nodes' . The algorithm, although providing the optimal and exact solution using ILP, needs to
solve the MDS problem 7 times, where 7 is the number of nodes (see Supplementary Information (SI) for details).
Therefore, if compared with the computation of a single MDS, the method requires much more CPU time, and
the feasible size of networks is limited to approximately 1,000 nodes. This severe limitation is problematic in the
analysis of critical network control features in many real-world networks, including cellular networks. To by-pass
the strong computational requirements of the problem, we designed an algorithm that exploits the scale-freeness
property observed in most of the real-world networks. First, the mathematical analysis presented by Nacher and
Akutsu'® derived an important proposition related to the nodes engaged in critical control:

Proposition 2.2 (Critical proposition). If node v has two or more neighbouring nodes with degree k=1, visa
critical node'.
Here, we present a new proposition to identify nodes engaged in a redundant control role.

Proposition 1 (Redundant proposition).  If all neighbours of a node v are critical nodes, v is a redundant node.

Using the above two propositions and taking advantage of the heterogeneous degree distribution observed in
scale-free networks, we can substantially enlarge the computable size of networks. The degree distribution P(k)
of a scale-free network for nodes of degree k follows a power law with k= functional form, where y indicates the
degree exponent of the network. This means that most of the nodes have a low degree; many of them are degree
k=1, and only a small fraction of nodes are highly connected. Therefore, using proposition 2.2'%, (1) we can
efficiently pre-compute an optimal subset of critical nodes. This allows us to substantially reduce the number of
times we need to solve ILPs. In addition, (2) because the number of constraints, in addition to the trivial ones, is
significantly smaller, the ILP can solve each ILP faster and therefore provide optimal and exact solutions for larger
networks (see SI for details).

The algorithm for computing the optimized set of redundant nodes benefits from Proposition 1. Because
highly connected nodes tend to be critical nodes, there are many low-degree nodes connected only to criti-
cal nodes. Therefore, (1) by direct application of proposition 1, a large number of redundant nodes can be
pre-determined before computing the ILPs. As in the critical set case, (2) the number of constraints to be solved
in the model for each ILP is drastically reduced, which allows faster computations in larger networks.

Taken together, our results show that a simple procedure surprisingly pre-determines a large number of criti-
cal (¢) and redundant (r) nodes m = ¢+ r in a network of size n. Then, the role of the remaining unassigned nodes
(n-m) can be determined using the algorithm proposed by Nacher and Akutsu'®, which only requires (n-m) ILP
computations with lower constraint complexity.

Algorithm description. Here, we summarize the new algorithmic procedure which uses a novel
pre-processing step for significant speed-up computation. A detailed example of the computation is shown in SI.

1. We apply the Critical proposition for each node, which states that if node v has two or more neighboring
nodes with degree k= 1, v is a critical node.

2. We apply the Redundant proposition for each remaining node, which states that if all neighbors of a node
v are critical nodes, v is a redundant node. Note that from 1 and 2 pre-processing steps, a preliminary set
of critical and redundant nodes are identified together a lower bound |M; | of the MDS, without any ILP
computation.

3. We apply the algorithmic procedure proposed by Nacher and Akutsu in'* to determine the control category
of the remaining nodes.

3.1. We first solve the simplified MDS problem for the network after adding information obtained from 1
and 2 steps into the ILP.

3.2. Apply the critical algorithmic procedure'® to each node that belongs to MDS, and is not already identi-
fied as critical, to determine its critical role.

3.3. Apply the redundant algorithmic procedure' to each node that does not belong to the MDS to deter-
mine its redundant role.
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ABSTRACT: The fast-decaying component of photoluminescence (PL) under very
weak pulse photoexcitation is dominated by the rapid relaxation of the photoexcited
carriers into a small number of carrier-trapping defect states. Here, we report the
subnanosecond decay of the PL under excitation weaker than 1 nJ/ cm? both in
CH;NH;Pbl;-based heterostructures and bare thin films. The trap-site density at the
interface was evaluated on the basis of the fluence-dependent PL decay profiles. It was
found that high-density defects determining the PL decay dynamics are formed near the
interface between CH;NH;Pbl; and the hole-transporting Spiro-OMeTAD but not at the
CH;NH;Pbl;/TiO, interface and the interior regions of CH;NH;Pbl; films. This finding
can aid the fabrication of high-quality heterointerfaces, which are required improving the

photoconversion efficiency of perovskite-based solar cells.

Lead halide perovskite semiconductors, CH;NH;PbX; (X =
Cl, Br, and I), are attracting a lot of attention in the field of
solar devices because of their high photoconversion efliciency,
which already exceeds 22%, and because they allow for the easy
and low-cost fabrication of perovskite-based solar devices.'
Although the bandgap energy of CH;NH,Pbl; (1.61 eV) is
suitable for producing efficient single-junction solar devices,””
ion-exchanged perovskite semiconductors (APbX;) are ex-
pected to be ideal top-cell materials for developing tandem
solar cells in combination with Si and CIGS [Cu,ZnSn-
(S,Sei—)4]”" because of the wide tunability of their bandgap
energy.'”'” In addition, it has recently been reported that
perovskite semiconductors exhibit considerable potential for
use in other optoelectronic devices, such as light emitters and
sensors. >~

For the further development of perovskite-based devices,
however, it is essential to elucidate the physical mechanism
responsible for the high photoconversion efficiency of these
solar cells as well as other perovskite-based optoelectronic
devices. Ambipolar carrier conduction and a long photocarrier
diffusion length have been reported as being the characteristic
features of perovskite semiconductors.'”"” Thus, extensive
optical spectroscopy studies have been performed to clarify the
nature of the photoexcited states of CH;NH,;PbX; semi-
conductor thin films and bulk crystals.””"">" It has been
revealed that the photoexcited electrons and holes behave as
free carriers rather than as excitons at room temperature
because of the small exciton binding energy, which has been
estimated to be of the order of several millielectron volts in the
case of CH;NH,PbI,.***’

i i © 2016 American Chemical Society
< ACS Publications
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It was reported that the photocarrier recombination
dynamics can be explained by considering both electron—hole
radiative recombination and nonradiative single-carrier trap-
ping.””~** The nonradiative single-carrier trapping rate in
CH,NH,PbI, is quite low (typically < ~0.01 ns™"'), owing to
the low density of energetically deep defect states, according to
theoretical studies.”® Previous time-resolved laser spectroscopy
studies have shown that, for an excitation fluence greater than 1
nJ/cm’” and corresponding to a photocarrier density of ~10'
em™32°7%* the extrinsic optical processes attributable to small-
number defects and impurities are saturated and the intrinsic
band-to-band transition is dominant. Therefore, in order to
evaluate the small-number shallow defects, extremely weak
photoexcitation is required. Further, a better understanding of
the defect states formed at the interface (surface) is important
for controlling the current—voltage hysteresis and, hence, the
stability of the device performance.’' =’

Here, we studied photocarrier relaxation in shallow traps by
means of time-resolved photoluminescence (PL) spectroscopy
under very weak excitation. A fast-decaying PL component
appeared as the excitation fluence was decreased to less than 1
nJ/ cm?. This PL behavior could be explained if one considered
rapid localization in the carrier-trapping centers. By combining
experimental results and numerical calculations, we estimated
the relative density of the carrier-trapping defects in
CH;NH,Pbl; thin films, at the CH;NH,PbI;/TiO, interface,
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and at the Spiro-OMeTAD/CH;NH,Pbl; interface. We found
that the relative carrier-trapping defect density is enhanced at
the Spiro-OMeTAD/CH;NH;Pbl; interface. On the other
hand, the density at the CH;NH;Pbl;/TiO, interface is almost
the same as that in the interior regions of the CH;NH;Pbl; thin
films. Our findings suggest that reducing the defect density at
the Spiro-OMeTAD/CH;NH;Pbl; interface is the key for
further improving the performance of CH;NH;Pbl;-based
photovoltaic devices.

In the case of CH;NH;Pbl; thin films deposited on silica
glass substrates (CH;NH,Pbl,/Si0,), intense PL was observed
at approximately 1.60 eV (see Figure la), whose origin was

Figure 1. (a) Time-gated PL spectra of a CH;NH;Pbl, thin film under
different excitation fluences (3.2 nJ/ cm?and 4.5 pJ/ cm?) with different
gate periods. (b) PL decay profiles of the CH;NH;Pbl; thin film under
excitation fluences of 3.2 nJ/cm*~4.5 pJ/cm’.

band-to-band electron—hole radiative recombination.”® We

confirmed that the PL spectra of such films were time
independent and thus integrated over the entire PL spectral
range (1.5—1.7 eV) when determining the PL decay dynamics.

As mentioned above, in this study, we measured the PL
decay under extremely weak excitation fluences (3.2 pJ/cm’—
4.5 nJ/cm®) The corresponding initial photocarrier density was
§ X 10" cm™ to 7 X 10" cm™3; these are comparable to the
steady-state photocarrier density in perovskite-based solar cells
under working conditions. For instance, AM 1.5 solar
illumination contains 1.3 X 10'7 photons/(cm* s) with an
energy greater than 1.6 eV corresponding to the bandgap
energy of CH;NH;Pbl;. If we assume that the carrier lifetime in
perovskite-based solar cells is 1 ns, then the steady-state
photocarrier density is ~10'* cm™. Therefore, the low-fluence
PL measurements performed in this study should reflect the
photocarrier relaxation processes in actual perovskite solar cells.

Figure 1b shows the PL decay profiles of CH;NH;PbI; thin
films deposited directly on silica glass substrates
(CH;NH,Pbl,/SiO,) for periods between —0.2 and 3.4 ns
under different excitation fluences. Under an excitation fluence
greater than 1 nJ/cm’ the PL dynamics exhibit nearly
monoexponential decay, with the decay time being S ns.
With a decrease in the excitation fluence, a fast-decaying PL
component appears, and the PL lifetime becomes shorter. The
lifetime of the slow-decay component is almost independent of
the excitation fluence. Note that the shape of the PL spectrum
is independent of the excitation fluence as well as the elapsed
time (see Figure la), meaning that the PL mechanisms of the
fast and slow components remain unchanged during the PL
decay process: PL is caused by band-to-band radiative
recombination, whereas PL decay is determined by non-
radiative processes.

1973

The PL lifetime is shown as a function of the excitation
fluence in Figure 2. Here, we defined the PL lifetime 7 as Ip, (t =

Figure 2. PL lifetime as a function of the excitation fluence. The
broken curve is a visual guide. The inset shows a schematic illustration
of the photocarrier trapping, detrapping, and recombination processes.

0)/e = Iy, (t = 7). In the case of PL lifetimes smaller than 0.1
ns, we fitted the PL dynamics around the time origin using a
single exponential function convoluted with a Gaussian
function (the response time of the PL detection system) to
obtain the accurate PL lifetime. The estimated PL lifetime
under weak excitation (<10 pJ/cm?®) was of the order of a few
tens of picoseconds. With an increase in the excitation fluence,
the PL lifetime increases monotonically and saturates at 2 ns for
fluences greater than 1 nJ/cm’.

It has been reported that the PL dynamics of CH;NH;Pbl;
thin films can be reproduced accurately by a simple rate
equation while assuming single-carrier trapping and electron—
hole radiative recombination.”” On the basis of these two
processes, the PL lifetime shortens with an increase in the
excitation intensity, owing to electron—hole radiative recombi-
nation under strong photoexcitation, whereas the single-carrier
trapping process dominates the PL process and the lifetime
remains constant under weak excitation. However, the trend
observed in this study was opposite to the previously reported
experimental observations mentioned above. It should be
emphasized that the range of excitation fluences used in this
study was much smaller than that used in the previous
reports.”’~>* This suggests that a new relaxation path appears
under very weak excitation.

We assumed that the fact that the number of shallow
trapping centers is small is the most plausible origin for the fast-
decaying PL component appearing under weak excitation, as
shown schematically in Figure 2. A similar model was
introduced by Stranks et al. to explain the slow response of
the PL intensity under continuous-wave excitation.”* In this
model, photoexcited electrons (or holes) are captured
immediately by the trapping centers, leading to rapid PL
decay. The trapping time is determined by the density of the
unoccupied trapped centers. The fast PL decay time is
dependent on the excitation fluence used. The trapped carriers
are thermally excited to the band state, which causes the slow
decay of the PL signal. Thus, the decay times of the fast and
slow PL components correspond to the carrier-trapping time
and the recombination time, respectively. Note that the fast PL
lifetime observed in this study was independent of the time
elapsed after device fabrication.

We simulated the photocarrier recombination dynamics
based on the model described above. Although we did not
determine whether the electrons or holes are trapped, for
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simplicity, we assumed that only the photoexcited electrons are
trapped.”® The photoexcited electron density can be
determined using the following rate equations

dn

= —An— Bn(N, —m) + A, m
dt
dm =Bn(N, —m) — A, m
dt )
where n, m, and N, are the densities of the free photoexcited
electrons, electrons trapped at the shallow localized sites, and
trap sites, respectively. A, is the relaxation rate of the free
electrons, and the trapped electrons are thermally reexcited to
the conduction band at the rate of A,. The second term in eq 1
represents the carrier-trapping process; the trapping probability
is given by the product of the free-carrier density and the
density of the unoccupied trapping centers. For simplicity, we
did not consider hole trapping and assumed that the free-hole
density, p(t), exhibits single-exponential decay, that is, p(t) = p,
exp(—Ayt), where p, is the initial hole density just after
photoexcitation (1, = p,) and Ay, is the hole-trapping rate. The
PL intensity is given by the product of the densities of the free
electrons and free holes.

Figure 3a shows the calculated curves for the PL dynamics of
the film for N, = 10" cm™ under different excitation laser

Figure 3. Calculated PL decay curves for the film (trap density N, =
10** cm™) for (a) different excitation fluences (initial photoexcited
carrier density, ny, = 1 X 10'%, 5 X 10", 2 X 10", 1 x 10", 5 x 10",
and 2 X 10" cm™3) and (b) different trap densities (N, = 1 X 10%, 5 X
10,2 x 10", 1 X 10", 5 x 10'3,2 X 10", and 1 X 10" cm™) under a
certain photocarrier density, n, (= 10" cm™).

fluences corresponding to an initial photocarrier density, n(0).
Here, we set A, = 0.05 ns7, A, =01ns"" A =025 ns™}, and
B =5x 107" ns™' cm® Under weak excitation, a fast decay
corresponding to carrier trapping appears. With an increase in
the excitation fluence, however, the fast PL component
decreases, and only the slow component is observed; this is
because the most shallow defect states are occupied under
strong excitation and photocarrier recombination dominates
the PL process instead of carrier trapping. The fast-decaying
component was confirmed under weak excitation. The
calculated PL decay behaviors agree well with the experimental
results shown in Figure 1b. The fast PL lifetime is determined
predominantly by the electron-trapping rate, which depends on
the trap density. As shown in Figure 3b, for an initial
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photocarrier density ng, of 10" ¢cm™, the relative intensity of
the fast-decay PL component is larger. Further, the PL lifetime
decreases with an increase in the trap density, N, where A, =
0.05ns™, A, =0.1ns"" A, =025ns", and B=5X 107" ns™*
cm?.

These results suggest that the PL dynamics under various
excitation fluences can allow one to estimate the trap density,
N, A fast PL lifetime under weak excitation corresponds to a
low trap density. According to the above findings, one can
estimate the electron trap density of CH;NH;PbI; as well as
that of an interface between CH;NH,PbI; and an electron-
transporting or hole-transporting layer. Figure 4 shows the PL

Figure 4. PL decay dynamics of CH3;NH;Pbl;/TiO, and Spiro-
OMeTAD/CH;NH,PbI; under different excitation fluences. The
excitation geometries are shown in the insets.

dynamics under different excitation fluences for (a)
CH,NH,Pbl,/TiO,/SiO,, and (b) Spiro-OMeTAD/
CH;NH;Pbl;/SiO,. The photoexcitation geometries are
shown schematically in the insets.

In these samples, both the excitation-fluence-dependent fast-
decaying PL component and the excitation-fluence-independ-
ent slow-decay component were observed. Apparently, the PL
lifetime of the Spiro-OMeTAD/CH;NH;Pbl; structure under
weak excitation is shorter than that of CH;NH;Pbl;/TiO,. In
heterolayer structures, PL dynamics are determined by carrier
injection into TiO, and Spiro-OMeTAD as well as carrier
recombination and trapping processes. However, reported
carrier injection time in perovskite-based device is typically
longer than 400 ps.'”"”*"~* Therefore, we consider that
carrier injection makes an impact solely on the slow decay
component and that the difference of fast PL decay in
heterolayer structures originates from the interface trap density
under very weak photoexcitation.

The PL lifetimes are shown in Figure S. The PL lifetime of
CH;NH,Pbl;/TiO,/SiO, is approximately S0 ps under weak
excitation and the excitation fluence dependence is almost the
same as that of the CH;NH;PbI; thin film, indicating that
trapping sites are not formed readily at the CH;NH;Pbl;/TiO,
interface. On the other hand, the PL lifetime is the shorter in
Spiro-OMeTAD/CH;NH;Pbl;/SiO,, indicating that the car-
rier-trap density is enhanced at the Spiro-OMeTAD/
CH,;NH,PbI; interface.

Finally, we comment on the origin of the Spiro-OMeTAD/
CH,;NH,Pbl; interfacial traps. Hole transporting layers usually
contain additives such as Li and Co ions to enhance
conductivity as well as Spiro-OMeTAD and they are spin-
coated using chlorobenzene as a solvent together with 4-tert-
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Figure S. PL lifetimes of CH;NH;PbI;/TiO, and Spiro-OMeTAD/
CH;NH,Pbl, as functions of the excitation fluence. The broken curves
are visual guides.

butylpyridine (TBP). TBP slightly dissolves the CH;NH,Pbl,
and modifies the surface morphology (see Supporting
Information for more detail). The importance of the surface
morphology has been discussed in terms of the photocarrier
recombination process and device performance.*’™**

We compared the PL dynamics of Spiro-OMeTAD/
CH;NH;PbI; heterolayer structures with and without additives.
In addition, the impact of different solvent was also examined.
Isopropanol (ISP), which does not change the surface
morphology, was employed instead of TBP. Experimental
results are summarized in the Supporting Information. The PL
lifetimes of Spiro-OMeTAD/CH;NH;PbI; heterolayer struc-
tures are independent of additives and solvents, and shorter
than those of CH;NH,Pbl, thin films and TiO,/CH;NH,Pbl,
heterolayers. Althou§h the interface defect formation processes
are complicated,””™ our observation suggests that Spiro-
OMeTAD itself is the origin of the interfacial defect formation,
showing significance of searching for new hole-transporting
materials other than Spiro-OMeTAD.***

In conclusion, we studied the excitation-fluent dependence of
the PL dynamics in CH;NH;Pbl;-based heterostructures and
thin films. We observed a fast-decaying PL component, which
appeared under very weak excitation, and a slow-decaying
component, which was almost independent of the excitation
fluence. We assigned the fast-decaying PL component to the
rapid relaxation of the photocarriers in the trapping states. On
the basis of numerical simulations, we found that the fast PL
lifetime is determined by the trap density. Utilizing this
phenomenon, we estimated the trap density at the
CH,NH,Pbl,/Spiro-OMeTAD and CH,NH,PbL,/TiO, inter-
faces. The experimental results suggested that the
CH;NH;Pbl;/Spiro-OMeTAD interface has a higher density
of traps than does the CH;NH;Pbl;/TiO, interface. This
finding highlights the importance of improving the interface
condition and choosing the appropriate hole-transporting
material, if one wishes to further increase the photoconversion
efficiency of perovskite-based solar cells.

B EXPERIMENTAL METHODS

We fabricated three types of CH;NH;Pbl;-based structures,
namely, CH,NH,Pbl,/SiO,, CH,NH,PbL,/TiO,/SiO,, and
Spiro-OMeTAD/CH;NH;Pbl;/SiO,, by the solution method.
TiO, and Spiro-OMeTAD are commonly used electron and
hole transporting materials in perovskite-based solar cells,
respectively.” ® Sample fabrication procedures are described in
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Supporting Information. Our samples have passed more than a
few days after fabrication, and no aging and degradation effects
in PL dynamics were observed during the experiment.*® The
time-resolved PL measurements were performed using a
monochromator and a streak camera. The time resolution for
the PL measurements was 20 ps. We used a picosecond pulsed
laser diode (repetition rate, 200 kHz; photon energy, 1.80 eV)
as the excitation light source. All the experiments were
conducted at room temperature in air. No degradation effect
was observed during the experiments.
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ABSTRACT

Five anthocyanins, namely, pelargonidin, cyanidin, delphinidin, petunidin and malvidin 3-O-glucosides,
possessing different substitution patterns in the B-ring of the anthocyanidin chromophore were isolated
from various plant materials. Dye-sensitized solar cells (DSSCs) were fabricated using the pure pigments,
and then their cell colors and conversion efficiencies (%) were compared. After optimization of the
fabrication conditions, all the cells showed 0.6-1.4% conversion efficiency under AM 1.5. Among them,
petunidin 3-0-glucoside provided the highest efficiency of 1.42% following the addition of deoxycholic
acid (DCA) as an additive; however, removal of the glucosyl unit decreased the efficiency. The cell colors
of cyanidin, delphinidin, and petunidin 3-O-glucosides appeared bluer with relatively high m% (>1%)
values compared with those of pelargonidin and malvidin 3-O-glucosides. These phenomena may
indicate that the former three pigments may attach to TiO, through the catechol moiety of the B-ring of
the chromophores. Time-dependent density functional theory (TD-DFT) calculations were performed on
model systems consisting of anthocyanidin dyes on a (TiO)sg cluster to characterize the photo-

absorption properties of DSSCs.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Following the breakthrough of dye-sensitized solar cells
(DSSCs) by Grétzel using an organic dye of a ruthenium-complex
on TiO,, particles [1,2], DSSCs are expected to be potent candidates
among potential next-generation photovoltaic cells. However, the
conversion efficiency (n%) of DSSCs was demonstrated to be
approximately 15% in the laboratory [3] and approximately 12% in
practical usage [4,5], still lower than those of inorganic semicon-
ductor solar cells: 27% with multi-junction cells [6] and 20% with
perovskite cells [7,8]. However, DSSCs have several advantages
compared with silicon-based and perovskite solar cells because
DSSCs are cheaper; lighter; flexible; not black but rather colorful,
from red, orange and blue with transparency; and free from toxic
metals, such as the Pb contained in perovskite [9,10]. When rare-
metal-free DSSCs are placed into practical use, they could be
environmentally compatible solar cells. For this purpose, natural

* Corresponding author.
E-mail address: yoshidak@is.nagoya-u.ac.jp (K. Yoshida).

http://dx.doi.org/10.1016/j.jphotochem.2016.12.005
1010-6030/© 2016 Elsevier B.V. All rights reserved.

pigments, such as flavonoids, anthocyanins, and betalains, are
promising due to their easy isolation from plants sources [9-20]. In
addition, they can show beautiful colors.

Anthocyanins are flavonoid pigments found in flowers, fruits,
leaves and roots [21-25]. One of the most interesting chemical
characteristics of anthocyanins is that these pigments are under
equilibrium in aqueous solutions and exhibit pH-dependent color
changes; in strong acidic solutions, anthocyanin appears red; in
neutral solutions, it appears purple; and in alkaline solutions, it
appears blue. This result indicates that the structure of anthocya-
nin changes depending on the pH, manifested as the red flavylium,
the purple quinonoidal base and the blue quinonoidal base anion
forms [21,23-26]. In addition, even under neutral conditions,
anthocyanin presents a blue color upon complexation by metal
ions such as Mg?*, Fe>* and AI** [21,23-25,27-29]. These properties
of anthocyanins are presumed to be suitable for DSSCs; therefore,
following the first study on the flower pigment of Anthurium [11],
many investigations have been reported [ 10,12-18,20]. However, in
previous studies, the m% value was less than 1.0%. Recently, an n%
value of 2.9% was observed using red cabbage pigment [16], and a
value of 2.2% was observed using synthetic anthocyanidin [30]. The
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source of anthocyanins is still dependent on naturally occurring
plants, and most studies were conducted using mixtures of several
anthocyanins with varying structures. This may hinder further
investigations of DSSCs in terms of basic chemical and systematic
studies.

We have been investigating the structure and color develop-
ment of anthocyanins, and we have already clarified that colored
beans are proper sources of simple anthocyanins; a large amount
of anthocyanidin 3-0O-glucosides possessing various chromo-
phores are contained in kidney beans (Phaseolus vulgaris cv.
Taishokintoki), such as pelargonidin 3-O-glucoside (1); in black
soybeans (Glycine max cv. Hikariguro), such as cyanidin 3-O-
glucoside (2); and in black turtle beans (Phaseolus vulgaris), such as
delphinidin 3-0-glucoside (3), petunidin 3-0O-glucoside (4) and
malvidin 3-O-glucoside (5). Moreover, we have already established
the purification procedure [31]. In this study, we prepared DSSCs
using the aforementioned pure anthocyanins (1-5) to compare the
color and % of the cells depending on the chromophore structure
and the numbers of hydroxy and methoxy substitutions. In
addition, to obtain a better understanding of the properties of the
present DSSC systems, density functional theory (DFT) calculations
were performed on model systems consisting of anthocyanidin
dyes on a (TiO,)sg cluster (dye/(TiO,)3g). For dyes, the aglycones of
the five anthocyanins (1-5) were considered to be a suitable
simplification, as was employed in previous reports [32,33]. The
(TiO,)3g cluster model has frequently been used to calculate the
properties of DSSC systems [34].

2. Materials and methods
2.1. General

Ultraviolet-visible (UV-vis) absorption spectra was recorded on
aJASCO V-560 spectrophotometer (cell length: 10 mm). The diffuse
reflectance UV-vis spectra of the solid samples was obtained using
an integrating sphere. For coating TiO, pastes (Solaronix
Ti-Nanoxide) on FTO glass plates (Astellatech Co., Ltd., 75mm
x 25mm x 1.8 mm thick), screen-printing equipment (WHT3,
Mino International, Ltd. and HP-320, Newlong Seimitsu Kogyo
Co., Ltd.) was used. Calcination of the TiO,-coated FTO glass was
performed using a furnace (FT-101W, Full-Tech Co., Ltd.). N719
(Aldrich, 95%) was used as the standard dye.

2.2. Purification and preparation of anthocyanins

Five anthocyanins, namely, pelargonidin 3-0O-glucoside
(1, Pg3G), cyanidin 3-0-glucoside (2, Cy3G), delphinidin 3-O-
glucoside (3, Dp3G), petunidin 3-O-glucoside (4, Pt3G) and
malvidin 3-0-glucoside (5, Mv3G), were extracted using an
acidic methanol solution from the colored seed coats of kidney
beans (Phaseolus vulgaris cv. Kintoki), black soybeans, (Glycine
max cv. Hikariguro) and black turtle beans (Phaseolus vulgaris)
and purified using XAD-7 column chromatography followed by
preparative ODS-HPLC according to our previously reported
procedure [31].

Two anthocyanidins, cyanidin (6, Cy) and petunidin (7, Pt), were
prepared by acidic hydrolysis from 2 and 4, respectively.
Approximately 10 mg of 2 and 4 was dissolved in 10 mL of 6 M
HCl aq. and heated at 60°C for 20h. After the reaction was
completed, the obtained anthocyanidins were precipitated into a
flask. Filtration followed by washing with water and drying in
vacuo provided dark red solids of 6 (11 mg, 48%) and 7 (9.4 mg, 79%)
as HCl salts.

2.3. Determination of the molar absorptivity

The molar absorptivities (¢) of all the anthocyanins and
anthocyanidins were calculated by measuring UV-vis spectra in
0.1% HCl-MeOH according to the equation A=¢€ x c x I, where A is
the absorbance at Ay, € is the concentration of dye (mol/L), and |
is the path length (cm).

2.4. Preparation of DSSCs

We prepared the DSSCs in accordance with the method
reported by Liu et al. with slight modifications [35]. TiO, films
as photoanodes were prepared by screen-printing TiO, pastes with
different particle diameters (11-400 nm) onto F-doped SnO, glass.
After treating the glass with a TiCl; solution, the films were
calcined using the following temperature program: heat from
room temperature (rt) to 200 °C for 15 min, from 200°C to 500°C
for 15 min, hold at 500°C for 30 min, then cool to rt. The TiO,
electrodes were immersed in water, methanol or 1-propanol
solutions containing 0.5 mM sensitizers with/without 40, 80, or
120 mM deoxycholic acid (DCA); then, they were maintained at
room temperature (rt) for 18 h. After dye loading, the films were
removed and rinsed with acetonitrile. In the case of surface
washing, dye-loaded TiO, electrodes were immersed in 1%
HCI-MeOH at rt for 30 min. The dye-loaded TiO, electrodes were
sandwiched between commercially available Pt counter electrodes
(Geomatec Co., Ltd.) with electrolyte filling the gap separated by a
spacer (HIMILAN: DuPont-Mitsui Polychemicals Co., Ltd.). The
active area of the cells was 0.16 cm?. Two types of electrolytes,
iodide (I"/Is7) and cobalt (Co?*/Co®"), were used, as they are
commonly used electrolytes [35,36]. 4-tert-Butylpyridine (TBP)
and deoxycholic acid (DCA) were occasionally added. The
thicknesses of the TiO, films on the FTO glasses were measured
following the performance evaluation using a SURFCOM 130A
(ACCRETECH Co., Ltd.). The average thickness was approximately
1041 pm.

2.5. Measurement of the cell properties

The measurement of the cell properties was performed
according to a previous report [35]. The current-voltage (J-V)
characteristics of the cells were measured using an AM 1.5 solar
simulator (OTENTO-SUN III, Bunkoukeiki Co., Ltd.). Data were
collected by a source meter (Keithley 2400), and the light-to-
electricity conversion efficiency (1) was obtained according to the
equation 1= (Jsc x Voc x FF)/Pi,, where j is the short-circuit
photocurrent density, V,. is the open-circuit voltage, FF is the fill
factor, and P;, is the incident radiation power. The incident
monochromatic photon-to-current conversion efficiency (IPCE)
spectra was measured using an IPCE measurement system
(SM-250 hyper mono light system, Bunkoukeiki Co., Ltd.). The
IPCE values were obtained by comparing the current ratio and the
IPCE value of the reference cell at each wavelength. The light
intensity of the illumination source was adjusted using standard
silicon photodiodes: BS520 for J-V characteristics and SiPD S1337-
1010BQ for EQE (external quantum efficiency) measurements
(Bunkoukeiki Co., Ltd.).

2.6. Computational details

The geometries of the isolated anthocyanidin dyes and
dye/(TiO,)3g systems in the ground state were fully optimized
by DFT calculations with the B3LYP functional [37-39]. The 6-31G
basis set was used with the polarization functions for C and O
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Table 1
Structures of anthocyanins and anthocyanidins studied for DSSCs.

R! R? R3 anthocyanin aglycone
Pg3G (1) H H Glc pelargonin pelargonidin
Cy3G (2) OH H Glc cyanin cyanidin
Dp3G (3) OH OH Glc delphin delphinidin
Pt3G (4) OCH3; OH Glc petunin petunidin
Mv3G (5) OCH3 OCH3 Glc malvin malvidin
Cy (6) OH H H - cyanidin
Pt (7) OH H H - petunidin
Pg (8) H H H - pelargonidin

atoms [40-42]. Using the optimized structures, time-dependent
DFT (TD-DFT) calculations were performed to compute the
absorption properties. During the TD-DFT calculations, the solvent
effects were included using the conductor-like polarizable

Table 2

continuum model (C-PCM) [43] with the dielectric constant of
methanol. All of the calculations were performed using Gaussian
09 [44].

3. Results and discussion
3.1. Optical characteristics of anthocyanins adsorbed on TiO,

Nearly one thousand anthocyanins have currently been
reported, and their structural variation is categorized into two
parts: one is the structure of the chromophore, and the other is
substitutions by sugars and organic acids, which vary by number
and position. We reported that the colored seed coat of legumes
contains simple anthocyanins that possess only one or two sugars
at the 3-position of the chromophore. It may be better to simplify
the structural variation to only the difference in the chromophore
to compare the characteristics of the DSSCs using anthocyanins;
thus, we chose 3-0-glucosides with five different chromophores,
which are popular in nature. As shown in Table 1, five anthocyanins
(1-5) in which the structural differences are only the substitution
pattern of the B-ring was isolated as trifluoroacetic acid salts (TFA
salts) from colored beans according to our previously reported
procedure [31].

To prepare the DSSCs, all of the dyes were dissolved in MeOH
(0.5 mM), and the TiO, electrodes were immersed in the dissolved

Optical properties of the dyes (1-7) and photographs of the dye-adsorbed TiO, electrodes. (For interpretation of the references to colour in this table, the reader is referred to

the web version of this article.)

Dye UV-vis* Reflectance® Dye-adsorbed TiO, electrodes
Amax/nm (M~ 'cm™1) Amax/nm (shift value)
Pg3G (1) 510 (15,700) 547 (37)
Cy3G (2) 530 (19,600) 573 (43)
Dp3G (3) 541 (23,300) 576 (35)
Pt3G (4) 540 (24,300) 580 (40)
Mv3G (5) 539 (12,400) 571 (32)
Cy (6) 541 (20,800) 562 (21)
Pt (7) 547 (22,600) 572 (25)

2 TFA-salts of dyes were dissolved in MeOH (0.5 mM), and UV-vis spectra (path length: 10 mm) were recorded.
b Reflection spectra of dye-adsorbed TiO, electrodes were recorded using an integrating sphere.
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dyes to load the pigment. Since the anthocyanins were purified as
TFA salts, all of the pigments in the MeOH solutions took the
flavylium cation form and presented a red color with a relatively
high molecular absorptivity (&) of approximately 20,000 (Table 2,
Fig. S1). However, the color of the dye-loaded TiO, electrodes was
different (Table 2, Fig. S2). The \ax values of all the dyes absorbed
onto TiO, shifted toward longer wavelengths compared with those
in 0.1% HCI-MeOH (Table 2). Pelargonidin 3-O-glucoside (1) with
one OH group at the B-ring showed an orange color (Apyax: 547 nm
in the reflection spectrum), cyanidin 3-O-glucoside (2) with two
OHs at the B-ring showed a purple color (Amax: 573 nm),
delphinidin 3-0-glucoside (3) with three OHs showed a purplish
blue color (Amax: 576 nm), petunidin 3-O-glucoside (4) with two
OHs and one OMe showed a blue color (Apnax: 580nm), and
malvidin 3-0-glucoside (5) with one OH and two OMes showed a
pastel pink color (Amax: 571 nm). The intensities of the cells of 2, 3
and 4 in the reflection spectra were higher than those of 1 and 5
(Fig. S2). These results indicated that anthocyanins with two or
more oxygen atoms at the B-ring show deep purple (2), purplish
blue (3) and blue (4) colors in DSSCs. This result might be due to the
formation of a bond between the catechol-type B-ring and the Ti
atoms in TiO,. Upon adsorption of dyes onto TiO,, the quinonoidal
base anion form of anthocyanins might be stabilized, as was found
in metal-complex anthocyanins in blue dayflower, cornflower and
hydrangea [21,23-25,27-29]. Similar phenomena were reported in
spectra of Pg3G (1), Cy3G (2) and Dp3G (3) on TiO, layers;
specifically, they were shifted toward longer wavelengths by
10-40 nm compared to the respective ethanol solutions [45]. These
results indicate that the adsorption of anthocyanin onto TiO, might
occur at the dihydroxy group of the B-ring, not —OH at the A and C
rings.

3.2. Effect of TBP on the photovoltaic properties of DSSCs using
anthocyanins

With the five anthocyanin-loaded TiO, electrodes in hand, we
fabricated DSSCs and measured their photovoltaic properties
(Table 3). N719 was used as the standard dye. Since 4-tert-
butylpyridine (TBP) was generally added to the electrolyte to
increase V,. [35,46,47], we first fabricated DSSCs with TBA
(0.5mM) in the electrolyte. At the same time, we compared the
solvent for pigment loading. The performance of DSSCs with AM
1.5 irradiation is shown in Table 3. With TBP, the efficiencies (m%) of
the DSSCs of anthocyanins were low, ranging from 0.18 to 0.41%.
However, without TBP, the increases in % were double or more
(0.56-1.11%) with the increase in J.. The addition of TBP resulted in
an increase of approximately 10-20% in V,., but a decrease was
observed in J;. to approximately 1/4 to 1/5 compared with the
absence of TBP. Combining these conflicting effects, TBP did not
increase m% in the DSSCs of anthocyanins (Table 3, Fig. S3). It has
been reported that TBP on the surface of TiO, decreases J;. by
elevating the energy level of the lower end of the conduction band
of TiO, [46,47]. In other words, TBP causes a trade-off phenomenon
between J;. and V,. Our calculation results indicated that the
LUMO level of anthocyanidin is near the same level of the
conduction band of TiO,; therefore, the addition of TBP might
decrease the electron injection efficiency to a large extent followed
by their low efficiency. The different solvents (MeOH, PrOH and
acetone) during pigment loading did not produce any remarkable
differences in m%; however, among them, MeOH provided the best
results, except for with Pg3G (1). Recently, a Co®*/Co®* electrolyte
showed good performance in DSSCs of porphyrins [36]; therefore,
we attempted to use a Co®*/Co>* electrolyte rather than an /I3~
electrolyte. One of the reasons was that the orange color of the Co?
*/Co>" electrolyte was lighter than that of the I-/I;~ electrolyte;
thus, the cell color appeared more clear and beautiful. However,

Table 3
Photovoltaic properties of the DSSCs sensitized with anthocyanins (1-5) in terms of
the difference in immersing solvent and existence of TBP."

Dye Solvent® TBP® Jse Vo FF n
(0.5mM)  (mA/cm?)  (mV) (%)
Pg3G (1)  MeOH (+) 0.63 440 064 018
(=) 2.68 377 056  0.56
PrOH (=) 3.55 343 0.60 0.73
Cy3G(2)  MeOH (+) 1.29 434 069 039
(=) 493 355 061 106
PrOH (=) 4.56 327 059 0.88
Acetone (=) 5.86 322 0.51 0.97
Dp3G (3) MeOH (+) 0.85 407 066 023
(=) 5.22 354 059  1.08
PrOH (=) 4.02 337 0.57 0.77
Acetone (=) 5.52 328 0.51 0.92
Pt3G (4) MeOH (+) 137 420 0.71 0.41
(=) 493 385 058 111
PrOH (=) 437 339 0.6 0.89
Acetone (=) 5.44 331 0.54 0.97
Mv3G (5) MeOH (+) 0.88 468 070 029
(-) 3.25 343 058  0.64
PrOH (=) 2.79 332 0.62 0.8
Acetonitrile/
N719 tert-butanol (+) 15.7 717 0.64 73
=1:1

2 For measurement of photovoltaic properties, [~/Is” was used as an electrolyte.

> Dyes were dissolved in each solvent with a concentration of 0.5mM and
immersed at rt for 18 h.

€ TBP was added to the electrolyte.

TBP is essential for using a Co?*/Co>* electrolyte; otherwise, the
performance was very low, less than 0.05% (Table S1).

3.3. Effect of DCA on the photovoltaic properties of DSSCs using
anthocyanins

The chromophores of anthocyanins are well known to stack
with each other [21,23-25,48]. This phenomenon is very
important in stabilizing the color through inhibiting a hydration
reaction [21,23-25,27]; however, this characteristic of anthocya-
nins might be associated with a decrease in performance. To
inhibit the association of the pigments themselves, the addition
of cholic acid derivatives as the coadsorbed molecule is generally
utilized [49]. The addition of DCA was reported to be effective for
inhibiting the self-association of anthocyanins on TiO, [15].
Therefore, we tested DCA with the pigment solution and
fabricated DSSCs according to previous reports [35]. To the
MeOH solution of each anthocyanin (0.5 mM), DCA was added
with a concentration of 40 to 120 mM, and the TiO, electrode was
immersed in the solution for 18 h at rt. After fabrication, the
performance was recorded (Table 4). The m% of DSSCs with Cy3G
(2), Dp3G (3) and Pt3G (4) increased following the addition of DCA.
The optimum concentration of DCA differed for each anthocyanin:
40 mM for both Cy3G (2) and Dp3G (3) and 80 mM for Pt3G (4)
with m% values of 1.09%, 1.22% and 1.42%, respectively (Table 4,
Figs.1and 2). In contrast, Pg3G (1) and Mv3G (5) did not show such
an increase in m%, with values of 0.51% and 0.56%, respectively. In
general, the effect of DCA is thought to decrease the molecular
association of dyes that causes intermolecular energy quenching
[49]. Regarding Cy3G (2), Dp3G (3) and Pt3G (4), the amounts of
absorbed dye might be higher than those of Pg3G and Mv3G
(indicated by the color density, Table 2); therefore, the addition of
DCA may effectively decrease the molecular stacking and then
provide an increase in efficiency [49]. The J; values of the former
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Table 4
Effect of DCA on the photovoltaic properties of the DSSCs sensitized with
anthocyanins (1-5).%

Dye® DCA Surface Jse Vo FF n
(mM) washing® (mA/cm?) (mV) (%)
Pg3G (1) 80 (=) 2.57 375 053 051
Cy3G (2) 40 (=) 5.15 352 0.60 1.09
40 (+) 6.59 347 0.55 1.25
80 (=) 5.07 359 0.59 1.08
120 (=) 5.80 348 0.53 1.06
Dp3G (3) 40 (-) 5.96 348 059 122
80 (=) 5.86 358 0.55 115
120 (=) 728 319 0.49 114
Pt3G (4) 40 (=) 6.59 348 059 136
80 (=) 6.32 360 0.62 142
120 (=) 6.72 338 0.52 118
Mv3G (5) 80 (=) 2.70 326 063 056

2 For measurement of photovoltaic properties, I~ /I3~ was used as an electrolyte.

b Dyes were dissolved in MeOH with a concentration of 0.5 mM and immersed at
rt for 18 h.

¢ Surface washing was performed with 1% HCI-MeOH at rt for 30 min.

three anthocyanins (2-4) were approximately 6 mA/cm?, and those
of the latter two (1 and 5) were less than 3 mA/cm?. The V. values
of these were approximately 350mV without any significant
differences; therefore, the good efficiencies of 2-4 should be due
to the increase in the J;. values (Fig. 1). The IPCE spectra of the
DSSCs of the anthocyanins are shown in Fig. 2. Compared with the
spectra of high-performance dyes such as N719 and black dye, the
IPCE spectra of anthocyanins is low, below 50% from 400 to
800 nm. Among them, Cy3G (2) showed relatively high peaks at
approximately 600 nm. The IPCE spectra of the DSSCs (Fig. 2)
showed shapes similar to those observed in the reflection spectra
(Fig. S2). This phenomenon is observed when direct electron
transfer occurs [50]; therefore, the observed characteristics
indicate that direct electron transfer might occur to some extent
in the electron injection mechanisms of DSSCs fabricated with
anthocyanins.

Since the addition of DCA provided a good result in DSSCs of
anthocyanins, the property of anthocyanins being easy to stack
with each other might produce a negative effect on efficiency.
Compared with metal complex dyes such as N719 and black dye,
the adsorption of anthocyanins on TiO, appeared to be faster
because the usual loading period of N719 is 18h, but that of
anthocyanin of 3 h and 18 h did not result in significant differences.
Finally, we tested the effect of surface washing of the dye-loaded
electrode with 1% HCI-MeOH for 30 min. As shown in Table 4, the

Fig. 1. Current-voltage curves of the DSSCs sensitized with anthocyanins (1-5)
under the optimized conditions.

Fig. 2. IPCE spectra of the DSSCs sensitized with anthocyanins (1-5) under the
optimized conditions.

effect was observed only in the DSSCs of Cy3G, with an increase in
the n% from 1.09% to 1.25% (Table 4). The other anthocyanins did
not show such an increase in m% as a result of washing.

3.4. Effect of the glucoside of anthocyanins on their photovoltaic
properties

In nature, all anthocyanins are found as glycosylated
compounds, and the existence of a chiral sugar exhibits a large
effect on the molecular stacking structure of anthocyanins [51].
Therefore, to clarify the effect of the sugar, the aglycone of
anthocyanin, anthocyanidin, was prepared by acid hydrolysis and
used in the fabricated DSSCs. We attempted to use cyanidin (6) and
petunidin (7) because of the high performance of Cy3G (2) and
Pt3G (4). The efficiencies of these without TBP and DCA were 0.55%
and 0.69%, respectively, and the addition of DCA (40 mM) increased
the m% to 0.94% and 0.79% (Table 5). However, the values of the
aglycones were lower than those of glucosides, indicating that the
presence of the sugar at the 3-position should positively influence
the performance of DSSCs. The effect of 3-O-glycosilation might be
due to the inhibition of the self-association of chromophores; the
chemical mechanism of this should be resolved in the future.

3.5. DFT and TD-DFT calculations for anthocyanidin dyes and dye/
(TiO5)3g systems

We started the theoretical calculations by determining the
geometries of the anthocyanidin dyes and the dye/(TiO;)3g
systems. For the isolated dyes, the flavylium ion form was
considered for comparison with the observed absorptions. The
dyes have nearly planar structures, and their geometry optimiza-
tions are easy. Those for the dye/(TiO,)sg systems, however, are not
easy because many local minima are expected for these systems.
Thus, their geometry optimizations were conducted with a few
assumptions, as follows. By considering that a bridging bidentate
structure in the quinonoidal form was computed to be stable in the

Table 5
Photovoltaic properties of the DSSCs sensitized with anthocyanidins (6, 7).
Dye"” DCA Jse Voc FF n
(mM) (mA/cm?) (mV) (%)
Cy (6) (-) 317 352 0.49 0.55
40 4.30 360 0.61 0.94
Pt (7) (=) 3.95 304 0.57 0.69
40 4.61 310 0.56 0.79

2 For measurement of photovoltaic properties, I~ /I3~ was used as an electrolyte.
b Dyes were dissolved in MeOH with a concentration of 0.5 mM and immersed at
rt for 18 h.
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Fig. 3. Optimized structure of the cyanidin/(TiO;) 3g system. Two O atoms in the B-
ring bond to the five-coordinated Ti (Ti5c). The proton dissociated from the B-ring is
adsorbed onto the two-coordinated O (02c) in the semiconductor.

cyanidin-TiO, nanowire system [32,33], the cyanidin/(TiO3)sg
system was optimized from such a structure. The obtained
optimized structure is shown in Fig. 3, where two O atoms and
one H atom in the B-ring bond to the five-coordinated Ti and two-
coordinated O atoms in the semiconductor, respectively. Note that
the experimental results shown above also imply that the
adsorption occurs through the B-ring, with the dyes being in
the quinonoidal base anion form. Starting from the structure
derived from the optimized cyanidin/(TiO;)sg structure by
introducing substituents, the geometry optimizations were con-
ducted for delphinidin/(TiO3)sg and petunidin/(TiO;)ss. Because
malvidin and pelargonidin have only one hydroxy group in the
B-ring, the monodentate structures were assumed for malvidin/
(TiO,)3g and pelargonidin/(TiO,)sg, where the quinonoidal form
was again considered for the anthocyanidins. Note that examining
various adsorption structures is beyond the scope of this study.
Table 6 summarizes the excitation energies and their assign-
ments for cyanidin (6), pelargonidin (8), and their dye/(TiO,)sg

Table 6
Absorption energies (eV), oscillator strengths f, and transition characteristic of the
singlet excited states of the cyanidin, pelargonidin and dye/(TiO,)3s systems.

State Energy® f Assignment®
cyanidin (6)
1 2.53 (490) 0.5972 H—L (93%)

cyanidin/(TiO,)ss

1 2.19 (566) 0.2819 H—L (70%)

2 2.22 (557) 0.0525 H—L+2 (87%)

3 2.27 (547) 0.3903 H—L+1 (80%)

4 2.32 (535) 0.0176 H—L+3 (57%)

5 2.36 (525) 0.0620 H—L+5(31%), H—L+6 (21%)
6 2.41 (514) 0.1738 H—L+4 (61%)

pelargonidin (8)

1 2.59 (478) 0.5404 H—L (90%)
pelargonidin/(TiO,)ss

1 2.39 (518) 0.2646 H—L (86%)

2 2.46 (505) 0.8510 H—L+1(42%), H—L+2 (51%)
3 2.51 (493) 0.0024 H—L+1(50%), H—L+2 (35%)

2 Values in nm are given in parentheses.
b Contributions above 20% are presented. H and L represent HOMO and LUMO,
respectively.

systems calculated at the determined structures. As shown in
Table 6, the first peak maxima correspond to the transitions from
the highest occupied molecular orbital (HOMO) to the lowest
unoccupied molecular orbital (LUMO) and is located at 490 and
478 nm for cyanidin and pelargonidin, respectively. These values
reasonably agree with the experimental results of 530 and 510 nm
shown in Table 2. By contrast, for the dye/(TiO,)sg systems, the
absorption peaks with non-negligible oscillator strengths appear
at longer wavelength regions, ~514-566 nm and ~505-518 nm for
cyanidin and pelargonidin, respectively. These results are
qualitatively consistent with the experimental observations as
argued above and support the present model systems. Note that
similar arguments hold for other three dye systems, as shown in
Table S2.

The optical properties can be clarified by examining the
characteristics of the Kohn-Sham orbitals and the excited states
for the dye/(TiO,)sg clusters. Table 7 summarizes some orbital
energies and the weights of the dye atomic orbitals for cyanidin/
(TiO,)3g and pelargonidin/(TiO,)sg. The results for the other three
dye systems are summarized in Table S3. As shown in Table 7, the
HOMOs for these cluster systems are dominated by the dye atomic
orbitals and assigned to the dye HOMOs, whereas the contribu-
tions of the semiconductor atomic orbitals are large for the low-
lying unoccupied orbitals. For example, the orbitals from LUMO + 2
to LUMO+6 for cyanidin/(TiO,)sg are mainly composed of the
semiconductor atomic orbitals, as shown in Table 7. Consistently,
the second, fourth, and fifth excited states, which are mainly
assigned to the transitions from the HOMO to these orbitals, have
very small oscillator strengths, as shown in Table 6. By contrast, the
LUMO and the LUMO + 1 are delocalized between the cyanidin and
semiconductor: 40% and 37% of these orbitals originate from the
cyanidin atomic orbitals (Table 7). Because the first and third
excited states are mainly assigned to the transitions to these
orbitals, the relatively large oscillator strengths of 0.2819 and
0.3903, respectively, are rationalized. In addition, the delocalized
nature of these orbitals indicates that the computed absorptions at
566 and 547 nm for cyanidin/(TiO,)3;g have characteristics of direct
charge transfer excitation to some extent, which is consistent with
the above experimental argument. Although the sixth excited state
is mainly assigned to the transition to the semiconductor orbital
(LUMO +4), its oscillator strength of 0.1738 is not negligible.
However, this can be explained on the basis of the natural

Table 7
Orbital energies € (eV) and contributions (%) of the dye atomic orbitals for cyanidin/
(TiO,)3s and pelargonidin/(TiO3)sg with C-PCM.

Orbital € (eV) Weight (%)*
cyanidin/(TiO,)3s

LUMO +6 —2.86 1
LUMO +5 -2.90 3
LUMO +4 291 6
LUMO+3 —-2.95 1
LUMO +2 —3.04 0
LUMO +1 -3.10 37
LUMO —-3.12 40
HOMO —5.64 95
pelargonidin/(TiO2)3s

LUMO +6 —2.86 0
LUMO +5 —-291 0
LUMO +4 —-291 1
LUMO +3 -2.99 2
LUMO +2 —3.08 27
LUMO+1 -3.10 43
LUMO -3.14 18
HOMO —-5.83 98

? Calculated using GaussSum program [54].
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Fig. 4. Natural transition orbitals for (a) the sixth excited state of cyanidin/(TiO;)ss, and (b) the first, (c) second, and (d) third excited states of pelargonidin/(TiO3)sg. The hole
(left) and particle (right) are shown, where the eigenvalues of these pairs are larger than 0.98, and thus, the transitions are characterized by one single pair.

transition orbital (NTO) pairs [52]. As shown in Fig. 4(a), the non-
negligible oscillator strength for the sixth excited state is
attributed to the delocalization between the dye and the
semiconductor in the particle. It was found that the same
argument holds for the low-lying excited states for delphinidin/
(TiO5)3g and petunidin/(TiO5)ss.

For pelargonidin/(TiO,)3g, although both the second and third
excited states are assigned to the transitions involving LUMO + 1
and LUMO +2, the oscillator strengths of 0.8510 and 0.0024 for
these two states are completely different. This difference can again
be explained on the basis of the NTOs shown in Fig. 4(c) and (d).
The second excited state is largely characterized by the transition
within the dye (Fig. 4(c)); hence, the large oscillator strength is
rationalized. The nearly zero oscillator strength of the third excited
state is attributed to the completely different character of the
particle (Fig. 4(d)). The relatively large oscillator strength of 0.2646
for the first excited state is attributed to the delocalization between
the dye and semiconductor in the particle (Fig. 4(b)). These results
imply that both the direct (Type II) and indirect (Type I) charge
transfer mechanisms might co-exist for pelargonidin/(TiO;)ss. It
was also found that the same argument holds for malvidin/
(TiO2)3s.

Finally, note that the transition within the dye observed for
pelargonidin/(TiO,)3g and malvidin/(TiO;);g might be attributed
to the monodentate adsorption because only single bonding
between Ti and O in the B-ring implies a weaker coupling.
However, care must be taken because all possible adsorption
structures, including monodentate ones, were not investigated
for the cyanidin, delphinidin, and petunidin model systems in
this study. In addition, the energy relationship between the dye
LUMO and the conduction band might be changed by details of
the environment, such as adsorption structures and solvent
effects, which might modify the transition mechanism, even
qualitatively. In fact, in the calculations without solvent effects
for all five of the dye/(TiO,)sg clusters, it was found that the
LUMOs are characterized by the dyes and lower in energy than
the conduction band. Note that the cyanidin LUMO was found
to be slightly lower in energy than the conduction band
minimum in the previous first-principles calculations for the

TiO, nanowire system [32,33,53]. In these respects, more
elaborate investigations including various adsorption structures
would be valuable for obtaining deeper insights into anthocya-
nin DSSC systems.

4. Conclusion

In conclusion, we prepared DSSCs using five pure anthocyanidin
3-0-glucosides and two anthocyanidins and then analyzed their
photovoltaic properties. The color of the DSSC of Pg3G (1) was
orange, that of Mv3G (5) was purple, and those of Cy3G (2), Dp3G
(3) and Pt3G (4) were blue. To immerse TiO,, MeOH provided the
best result as a solvent in almost all of the anthocyanins except
Pg3G; PrOH resulted in the best m%. The addition of TBP (0.5 mM)
deceased the n% value for all of the anthocyanins. In contrast, the
addition of DCA (40-80 mM) increased the m% of the DSSCs of Cy3G
(2), Dp3G (3) and Pt3G (4). The Js values of the DSSCs of Cy3G (2),
Dp3G (3) and Pt3G (4) were approximately 5 mA/cm?, and the V.
values were approximately 350 mV. The conversion efficiency (n%)
of these under the optimized conditions were approximately
0.6-1.4%. The highest n% value was obtained from the DSSC of Pt3G
at 1.42% (Table 4). The TD-DFT calculations for the anthocyanidin
dye model cluster systems, dye/(TiO;)ss, revealed that both
indirect (Type-I) and direct (Type-II) electron injection mecha-
nisms might co-exist.
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Floating gate memory operations are demonstrated in a single-electron transistor (SET) fabricated
by a chemical assembly using the Au nanogap electrodes and the chemisorbed Au nanoparticles.
By applying pulse voltages to the control gate, phase shifts were clearly and stably observed both
in the Coulomb oscillations and in the Coulomb diamonds. Writing and erasing operations on the
floating gate memory were reproducibly observed, and the charges on the floating gate electrodes
were maintained for at least 12 h. By considering the capacitance of the floating gate electrode,
the number of electrons in the floating gate electrode was estimated as 260. Owing to the stabil-
ity of the fabricated SET, these writing and erasing operations on the floating gate memory can
be applied to reconfigurable SET circuits fabricated by a chemically assembled technique.
Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4971190]

Single-electron transistors (SETs) have been studied
extensively because of their potential low power consumption
and high charge sensitivity."”” An SET consists of source,
drain, and gate electrodes and a quantum dot that operates as a
Coulomb island isolated by two tunneling junctions from the
source and drain electrodes. One of the proposed applications
includes the usage of SETs as switching transistors, similar to
the usage in metal-oxide-semiconductor (MOS) transistors; in
contrast, the other application is based on the fundamental dif-
ferences between the SET and MOS transistors. One of the
fundamental differences is the oscillatory nature of the drain
current-gate voltage (Ip — Vg) characteristics that consider-
ably varies from the Ip — Vg characteristics of the MOS tran-
sistors, where Ip increases monotonically with V. By using
this fundamental difference, multigate logic operations have
been demonstrated in the Si based SETs.*'*

These fundamental differences between the SETs and the
MOS transistors enable the implementation of normally-on or
normally-off operations using the same basic SET design, by
biasing the SET at different gate voltages, without using dif-
ferent types of doping. Uchida et al. proposed a programma-
ble logic architecture for the SETs, wherein an Si-based SET
integrated with a charge storage node was used to implement
the normally-on or normally-off devices.'” In these devices,
the charge states of the storage node are electrically floating
and capacitively coupled not only with the Coulomb island
but also with the control gate (CG) electrode; therefore, the
charge storage node behaves as a floating gate (FG) and the
presence of charge on the storage node results in a phase shift
in the Ip — Vg characteristics. The introduction of a charge
storage node neighbor to the Coulomb islands in the SET
results in memory operations.'®>? It is to be noted that these
reports demonstrate the phase shift of the In — Vg characteris-
tics (Coulomb oscillations) but do not demonstrate that of the
Coulomb diamonds.
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The bottom-up constructions of nanoscale electronic
devices and their assemblies based on the chemical interac-
tions are a promising approach for realizing future electron-
ics.”*** We have demonstrated chemically assembled SETs
consisting of electroless-gold plated nanogap electrodes,”
having self-assembled monolayers (SAMs),***! with synthe-
sized Au nanoparticles**** positioned between the electrodes.
These are assembled by a combination of bottom-up and top-
down processes. The chemically assembled SETs exhibit the
ideal rhombic Coulomb diamonds.* =" Stability operations of
chemically assembled SETs enable to detect fractional charge
shift in the Coulomb diamond measurements.”' We have also
fabricated chemically assembled SETs with double-gate elec-
trodes and demonstrated all the two-input logic operations”
in par with the Si-based SETsS.

In this study, we demonstrate the memory operations in
Au nanoparticle SETs fabricated by a chemical assembly using
nanogap electrodes and chemisorbed Au nanoparticles. For
memory operations, a floating gate electrode is introduced into
the device structure. By applying a pulse voltage to the control
gate electrode, the charge states of the floating gate electrode
can be controlled. The presence of charge on the floating gate
electrode is confirmed by the phase shift in both the Ip — Vg
characteristics and the Coulomb diamonds. Reproducible
memory operations are demonstrated by applying sequential
writing and erasing pulse voltages. The number of electrons
injected into the floating gate electrodes is also discussed.

Figure 1(a) shows a scanning electron microscopy
(SEM) image of the fabricated SET with the floating gate
electrode. We used electron beam lithography (EBL) and a
lift-off process for fabricating the Ti (3 nm)/Au (20 nm) elec-
trode patterns of the source (S), the drain (D), the side gate
(SG), the control gate (CG) and the floating gate (FG) elec-
trodes on an SiO, (50 nm)/Si substrate. The S, D, SG, and
CG electrodes were connected to the contact pads with an
area, 150 x 150 ,umz. The formation of octanethiol
[CH5(CH,);SH, C8S] and decanedithiol [HS(CH,);oSH,
C10S2] mixed SAMs and Au nanoparticle introduction were

Published by AIP Publishing.
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FIG. 1. (a) SEM image of the fabricated SET with the schematic of the mea-
surement circuit. (b) Experimental /p—Vp characteristics at 9K. Vg and
Vg are zero. The theoretical curve is also shown.

carried out by the same method reported in our previous paper
(shown in supplementary material).””*’”% In this study, the
decanethiol [CH3(CH,)oSH, C10S] protected Au nanoparticles
with the core diameters of 6.2 = 0.8 nm were used as Coulomb
islands. From Fig. 1(a), three Au nanoparticles with 6 nm-
diameters were confirmed between the drain and source elec-
trodes. The electron transport properties of the SETs were
measured using a mechanical refrigerator-type prober (Nagase,
GRAIL10-LOGOSO01S) and a semiconductor device analyzer
(Agilent B1500). The leakage current levels at the SG and CG
and the Si substrate, observed by the semiconductor device
analyzer, were less than 100 fA under an application of
<20V. For the control of the gate electrodes by the applica-
tion of the pulse voltage, we used a function synthesizer (NF,
WF1946B) and a power amplifier (NF, 4005). All the measure-
ments were carried out at 9K in a vacuum condition (10 °Pa).

The experimental Ip — Vp characteristics at 9K are
shown in Fig. 1(b). Here, the SG and CG voltages, (Vs and
Veg), were 0. According to the full orthodox theory, for a
two-junction system with a single Coulomb island, the tunnel-
ing processes across the junctions can be derived from a basic
golden rule calculation; therefore, the theoretical Ip — Vp
curve can be calculated by assuming the following parame-
ters: the tunneling resistance between the S electrode and the
Au core is R and that between the Au core and the D elec-
trode is R;, the capacitance between the S electrode and the
Au core is C; and that between the Au core and the D elec-
trode is C,, and the fractional residual charge is QO.%’S3
Figure 1(b) also shows the theoretical curves (red line) using
the following parameters: Ry = 5.0 GQ, R, = 1.5 GQ, C; =
1.2 aF, Cp = 1.3 aF, and Qg = —0.17e. The theoretical curve
is almost in good agreement with the experimental Ip — Vp
characteristics. In the case of our SETs consisting of C10S-
protected Au nanoparticles and electroless-Au-plated nanogap
electrodes, the C10S-protected Au nanoparticles were chemi-
sorbed using a C10S2 anchor molecule in a C10S2/C8S
mixed SAM on the surfaces of the electroless-Au-plated
nanogap electrodes.*” Here, the typical resistance of the
chemisorbed nanoparticles between the Au core and the Au
electrode was measured as 1.2GQ. Moreover, from the
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scanning tunneling spectroscopy measurements in a double-
barrier tunneling junction consisting of PtIr tip/vacuum/C8S
protecting molecule/Au core/C10S2 molecule/Au(111) sub-
strate, the C10S2 tunneling resistance was evaluated as 2 GQ
or less.”” R, =1.5 GQ was comparable to these C10S2
tunneling resistances; in contrast, R; = 5.0 GQ was larger.
Therefore, the Au nanoparticle contributing to the Ip — Vp
characteristics was chemisorbed onto the D electrode via the
C10S2 molecules and physisorbed onto the S electrode. As
explained in the fabrication processes, the Au nanoparticles
were chemisorbed by the C10S2 anchor molecules onto at
least either S or D electrodes, since physisorbed Au nanopar-
ticles were removed by the toluene rinse. The physisorbed
and chemisorbed junctions are discriminated from the tunnel-
ing resistance, since the tunneling resistance of chemisorbed
junction is smaller than that of physisorbed junction.>* It is to
be noted that sometimes Au nanoparticles are anchored at the
both ends to the S/D nanogap electrodes.’” In the SET, the
Coulomb island is thought to be chemisorbed to the drain
electrode due to the smaller tunneling resistance of R,.

Figure 2(a) shows the stability diagrams obtained by
plotting a color map of dIp/dVp for the fabricated SET, as a
function of Vp and Vsg. Here, Vg = 0. The stability dia-
gram shows clear and stable Coulomb diamonds. In Fig.
2(a), several conductance peak lines with right-upward
slopes are observed. The three Au nanoparticles located in
parallel between the S and D electrodes are shown in Fig.
1(a). Among the three Au nanoparticles, the distance
between the S electrode and the Au nanoparticle closest to
the SG electrode (denoted as CB1) was larger than that
between the S electrode and the other Au nanoparticles. This
result indicates that the CB1 does not contribute to the elec-
tron transport between the S and D electrodes but behaves as
a charge storage box (the Coulomb box). The contribution of
the CB1 was observed as the conductance peak lines indi-
cated by the pairs of arrows in Fig. S1 of supplementary
material.”’ Most of the conductance peak lines were peri-
odic, as depicted by the pairs of block arrows in Fig. S1 of
supplementary material; in contrast, some of them had a dif-
ferent periodicity, as indicated by the pairs of red arrows.
The latter conductance peak lines imply that the second Au
nanoparticle (denoted as CB2) closest to the SG electrode
also behaves as a Coulomb box; therefore, CB1 and CB2
contribute to the conductance peak lines with two different
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FIG. 2. Experimental stability diagrams obtained by plotting a color map of
dIp /dVp for the fabricated SET, as a function of Vpp and Vsg. (a) Before the
Ve pulse application. (b) After the Vg = 20 V pulse application.
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FIG. 3. (a) Coulomb oscillation as a function of Vsg at Vp = 40 mV. The
black line is before the Vcg pulse application. The red line is after the
Ve = 20 V pulse application. The blue line is after the Veg = —15 V pulse
application. (b) Time dependence of /p when sequential Vg pulse voltages
are applied.

periodicities. Hence, the most probable Au nanoparticle that
contributed to the electron transport between the S and D
electrodes (Coulomb island) was the Au nanoparticle closest
to the FG electrode (denoted as CI). The periodicities of the
conductance peak lines derived from CB1 and CB2 and that
of the Coulomb diamonds were 2.2, 12.5, and 15V, respec-
tively. From these periodicities, the capacitances between SG
and CBl, CSG—CB17 SG and CBZ, CSG—CB27 and SG and CL
Csc-c1, were 0.073, 0.013, and 0.011 aF, respectively. The
relationship amongst Csg cp1, Csc-c2, and Csg.cr corre-
sponds to the distances between the SG electrode and the Au
nanoparticles (CB1, CB2, and CI): i.e., the lesser the distance
from the SG electrode, the larger the capacitance.

Three Au nanoparticles of Coulomb island and two
Coulomb boxes were introduced between the S and D nano-
gap electrodes, as shown in Fig. 1(a). We fabricated 8 devices
at the same time, and the number of Au nanoparticles intro-
duced between the S and D nanogap electrodes was between
5 and 8 in the rest of 7 devices due to the larger nanogap sepa-
ration of about 15nm. In these cases, the Au nanoparticles
were located between the S and D nanogap electrodes not only
in parallel but also in series configuration. In the case of larger
gap separation than the size of Au nanoparticles in series, we
have reported the experimental results of stable Coulomb dia-
monds on the series double-dot SETs and analyzed the shape
of the Coulomb diamonds using the orthodox model consider-
ing offset charge.” For the demonstration of memory opera-
tion of SETs, the Iy — Vp characteristics derived from single
Coulomb island were preferable to that from the plural nano-
particles in series. In order to improve the possibility of intro-
ducing single Au nanoparticle between the S and D nanogap
electrodes, a reduction of gap separation down to almost 3 nm
is effective, as we have reported the chemically assembled
SETs with single Coulomb island.*>*"%3052

A memory operation has been demonstrated by applying
a pulse voltage to the CG electrode. The black line in
Fig. 3(a) shows the Ip — Vg characteristics, when a Vp =
40 mV is applied before the application of the pulse voltage
to the CG electrode. A Coulomb oscillation was confirmed.
Then, the positive pulse voltages (pulse widths of 0.5 s) were
applied to the CG electrode under the condition that the other

Appl. Phys. Lett. 109, 223106 (2016)

electrodes are grounded. In the cases of 5, 10 and 15V
pulses, the applications to the CG electrode, Coulomb oscil-
lation shift was not observed. In contrast, a discrete change
was observed after the application of a 20V pulse, as shown
by the red line in Fig. 3(a). A Coulomb oscillation phase
shift was observed. This phase shift was owing to the charge
storage on the FG electrode. Next, the negative pulse vol-
tages (pulse widths of 0.5 s) were applied to the CG electrode
under the condition that the other electrodes are grounded.
When a —15V pulse voltage is applied, the /p — Vg charac-
teristic changes, as depicted by the blue line in Fig. 3(a). It is
to be noted that the blue line is almost the same as the black
line (initial state); therefore, this floating gate memory has
two discrete states. These discrete states can be confirmed
from both the Coulomb oscillations and the Coulomb dia-
monds. Figure 2(b) shows the stability diagram after the appli-
cation of a Vg = 20 V pulse. A —7.5'V shift of the Coulomb
diamond along the Vsg axis was observed. Our measurement
system required 12h to measure the stability diagram shown
in Fig. 2(b). During this measurement, a Coulomb diamond
phase shift was not observed; therefore, the stored charges on
the FG electrode were maintained for over 12 h.

The reproducibility of the memory operation was also
demonstrated by sequential writing and erasing, by voltage
applications to the CG electrode. Figure 3(b) shows the time
dependence of Ip, when sequential Vg pulse voltages are
applied. Here, the writing and erasing voltages were 20 and
—15V, respectively (waveform is shown in the bottom part of
Fig. 3(b); Vp =40 mV and Vgg = 6.5 V). After the applica-
tion of a Vcg =20 V pulse, Ip was approximately 2pA; in
contrast, /p was maintained as less than 0.1 pA, after the appli-
cation of a Vog = —15 V pulse. Considering the abrupt injec-
tion under 20V pulse, the floating gate island should be
charged by the Fowler-Nordheim tunneling between CG and
FG electrodes. As shown in Fig. 3(b), charge injection to FG
electrode was slow and was not completed during the pulse
duration of 0.5 s. Despite the incompletion of charge injection,
the stored charge at the FG electrode was stable and a repro-
ducible memory operation was achieved.

All measurements shown in Figs. 2 and 3 were carried
out at 9 K. Based on our previous temperature dependence of
SET operations in the chemically assembled SETs,*’® the
Coulomb diamonds have been clearly observed at T=80K,
which corresponds to liquid nitrogen temperature. Since the
SET in this paper was based on the structure of the previous
SETs with an additional FG electrode, the memory operation
is strongly expected at T =80 K.

Next, we consider the charges injected into the FG elec-
trode. For this, we used the finite element method (FEM,
HiPhi 3.1, Field Precision). Based on the electrode structure
shown in Fig. 1(a), we constructed the electrode structure
depicted in Figs. S2 and S3 of supplementary material for
the FEM calculation. From these electrode structures, the
capacitances were calculated as follows: the capacitance
between the CG and FG electrodes, Ccg_gg, was 0.89 aF;
between the FG electrode and Si substrate, the capacitance,
CrG-sub, Was 7.5 aF; the capacitance between the FG elec-
trode and the Coulomb island, Crg_c1, was 0.018 aF; and the
capacitance between the SG electrode and the Coulomb
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island, Csg_c1, was 0.011 aF. Note that the CB1 and CB2
nanoparticles were not considered in the FEM calculations.

As denoted in the previous paragraph, charge injection
was not observed up to a Vg = 15 V pulse voltage. In con-
trast, when a Vg = 20 V pulse voltage was applied, a current
between the CG and FG electrodes started to flow and charge
injection occurred. In this condition, the resistance between the
CG and FG electrodes at Vg = 20 V became lower than that
at Vog = 15 V. Despite reducing the resistance, we have
assumed that the voltage difference was calculated by the
series capacitances, Ccg rg and Crg_sup, for the estimation of
the maximum electric field for charge injection. Under this
assumption and with a 30 nm distance between the CG and FG
electrodes, as shown in Fig. 1(a), the maximum voltage differ-
ence and the electric field between the CG and FG electrodes
were calculated as 17.9 V and 6.0 MV/cm, respectively.

A Vg = 20 V made the charge injection possible; in con-
trast, Vcg = 15 V did not. Here, we have assumed that a volt-
age of 15V stopped the injection from the CG to the FG
electrode and a voltage difference of 20 — 15 =5 V contrib-
uted to the injected charges. It is to be noted that 5V was the
maximum voltage that contributed to the injected charges. The
pulse voltage, Vg, generated a high electric field between the
CG and FG electrodes and reduced the resistance between
them. When the charges, Q;, were injected, the voltage at the
FG electrode changed by AVrg = Q;/(Ccc rc + CrGsw)- If
we assume AVpg =5 Vand Q; =4.2 x 1077 C, it approxi-
mately corresponds to 260 electrons. After the charge injec-
tion, the voltage difference between the CG and FG electrodes
reduced to 17.9 —5 =12.9 V and the electric field between
them reduced to 4.3 MV/cm.

A Veg = 20 V pulse was applied for the electron injec-
tion. In contrast, electrons were extracted by a Veg = —15V
pulse. The asymmetry of the writing voltage of 20 V and the
erasing voltage of —15V can be understood by the injected
charge on the FG electrode. As described above, the injected
charge contributes to a potential voltage, AVgg =5 V. The
voltage difference between the CG and FG electrodes owing
toa Vecg = —15 V was calculated as —13.4 V. Therefore, the
total voltage difference between the CG and FG electrodes
was —13.4 —5=—18.4 V and the electric field was 6.2
MV/cm; this was larger than the electric field for the charge
injection. The voltage superimposed by injected charges
resulted in the asymmetry of the writing and erasing Vcg.
The electron injection resulted in a potential voltage at the
FG electrode, AVgg. This voltage resulted in a half period
shift of the Coulomb diamonds, as shown in Fig. 2. This
half period shift corresponds to a fractional charge shift,
AQ = 0.5¢; therefore, the capacitance between the FG elec-
trode and the CI was evaluated as AQy/AVgg = 0.016 aF
that was in agreement with the FEM calculated Cgg_cy.

Considering the electrode structure and the capacitance
values calculated above, another possible route exists for the
charge injection to the FG electrode, i.e., from the Si substrate
through the SiO, layer, owing to the largest capacitive cou-
pling to the FG electrode. In order to consider this route, we
assumed that a Vg =20 V was applied without a voltage
drop. In this condition, the current between the FG electrode
and the Si substrate, J[gg.ew, 18 described as
IrG sub = Srclcg/(Sc + Skg), where Sgg and Scg are the

Appl. Phys. Lett. 109, 223106 (2016)

areas of the FG and CG electrodes, respectively, and /g is the
leakage current at the CG electrode. The number of electrons
injected from the Si substrate with Ipg g iS described as
IrG_suvAt/e, where At = 0.5 s is the Vg pulse width, as shown
in Fig. 3(b). From Fig. 1(a), Sgg is evaluated as 1.2 x 10714
m?. The main contribution of the Scg is derived from the elec-
trode pad with an area of 150 x 150 um?=2.3 x 1078 m?.
We have assumed that /cg = 100 fA at most because the leak-
age current level was less than 100 fA, as described above.
From these values, when we consider that the charges were
injected from the Si substrate, the number of injected charges
by the Vg pulse with At was calculated as at most 0.33 elec-
trons. This value was considerably smaller than the number of
injected electrons, i.e., 260 electrons. Thus, the electrons were
injected not from the Si substrate but from the CG electrode.

In Fig. 2, the charge injection onto the FG electrode
resulted in a AV = —7.5 V Coulomb diamond shift along the
Vsg axis. This shift almost corresponds to a half period of the
Coulomb diamond, i.e., a fractional charge shift, AQy = 0.5e.
Therefore, the capacitance between the SG electrode and the
closest Au nanoparticle was evaluated as AQy/AV =0.011 aF
that also was in agreement with the FEM calculated Csg c.

There are several reports about floating gate memory
operations based on the semiconductor based SETs***! and
all-metallic SETs.”””® Compared with the semiconductor
based SETs, the operations of all-metallic SETs can be
described by full-orthodox model and the ideal Coulomb
diamonds have been reported.5 o However, since the elec-
trode patterns of all-metallic SETs were fabricated by EBL,
the size of Coulomb islands was more than 200nm. The
floating gate memory devices based on all-metallic SETs
were demonstrated at 0.05 and 3 K;5 738 in contrast, our
floating gate memory devices based on chemically assem-
bled SETs were operating at 9 K. Moreover, there is a possi-
bility to operate at higher temperature such as 80K.
Consequently, we think that the floating gate memory devi-
ces based on chemically assembled SETs are superior to all-
metallic SETs at a viewpoint of operation temperature.

It is well-known that the SET operations are affected by
background charge drift, which result in a Coulomb diamond
fluctuation. The advantages of the chemically assembled
SETs circuit are no offset charge fluctuation on Coulomb
island and the uniform charging energy.”’ All the surfaces of
electrodes and Au nanoparticle (Coulomb island) are cov-
ered by alkanethiol/alkanedithiol mixed SAMs. These SAM
molecules resulted in no offset charge fluctuation on the
Coulomb island due to trapped charges. Uniform charging
energy is also available because of the size-controlled chemi-
cally synthesized Au nanoparticles.*” It was noted that after
the measurement for 12 h, a Coulomb diamond never shifted.
Moreover, the repeated electric-field pulses of significant
amplitude applied in relative vicinity of the SET islands had
never caused the phase shifts of the stability diagram. These
advantages enabled to demonstrate stable floating gate mem-
ory operations in chemically assembled SETs.

In summary, the floating gate memory operations were
demonstrated in a single-electron transistor fabricated by
chemical assembly using the Au nanogap electrodes and the
chemisorbed Au nanoparticles. This SET showed clear and
reproducible Coulomb diamonds. By applying a pulse
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voltage of 20V to the CG electrode, phase shifts were
observed both in the Coulomb oscillations and in the
Coulomb diamonds. The writing and erasing operations on
the floating gate memory were reproducibly observed, and
the charges on the floating gate electrodes were maintained
for at least 12 h. Considering the capacitance of the floating
gate electrode calculated by FEM, the number of electrons
on the floating gate electrode was estimated as 260. The
advantages of no offset charge fluctuation on Coulomb
island and the uniform charging energy in chemically assem-
bled SETs enabled to demonstrate the stable floating gate
memory operations. We have demonstrated all the two-input
logic operations;’” therefore, by combining the memory
operations reported in this paper, the reconfigurable SET cir-
cuits using chemically assembled techniques can be realized.

See supplementary material for fabrication processes of
the octanethiol and decanedithiol mixed SAMs and the
chemisorption of Au nanoparticle between the nanogap elec-
trodes, periodic satellite lines in Coulomb diamonds, and
finite element method by HiPhi 3.1.
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