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KEFNEER TRIET D, TV T 7hiF A7 MV, B —A 7o & 108
&,/ %o T NIRKEETH D, bHz, 5 M CEB 52T V2 E 7120 G725+
HHAﬁ%1M$C¢5%£ﬁﬁ9%%%@%m@mﬁéo
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LYV ) =)V ) AR U= OREE—FERRICEE T 5 X RS AT

E) R - BITE RIS A D

[DF7E B9l BAEIINEN R LB 005 BEIRALE Y ORI L o THEFFIZLEE R IR
R E R L TV D, OB TIEZ < OBEREDRFZ > TEH L TWD, A%
AW SRS SR OREMEE 2 HE T D720, TV E CHRKIE Rhizobium W AHTEE
52 DNLARRE 22 (BRI IR E L, & OREE—IGVEFIBRIC DWW THIZE L TE 7o, ARAFSE
TIX. BKBIE Rhizobium OV )V ) — NAREREEZEE (GraA~GraD) OFEEMFZED
—EL LT, AHROVBEBTHEL LY LY ) —LEdE FadvF ) —LIcE
s by )= Radxy I —8DE® /) 4% 7FF—B ks (Grad) Z 55212,
Z DOMEH A &I L UOEE MR & OBEE RO LIRS 2 X R dn T ic L0 R+ L
AL THREIGIRE L, 1S & BERE D BIR IS DWW THIFE 21T o 72,

) AF T T —BITEOBER T & H D A A THEBR LG A O 1) B b
it AEEFE CH D, Rhizobium sp. strain MTP-10005 HIRE /) 4 F > ) —F
(GraA) X7 ov X2 —F¥ (GraD) &ILizL vy /) —&xbe ek /—
JZEWT D T RkaEFZE LY Ly ) —L B KXy T—FB 0 —paTh D, Grad (&
F > TFADSE L ST T E 72 FADH, L Ry T2 AN T LY Ly ) — L DK b % fit
W2, RURTF RE1ARIT 409 7 I 7 A THR TV T, £ OB &I 43, 305Da
Tho, BONOHLIFER OEENIE SN TWT, ENOIEUEERS T2 L T
Wb, ZTDOF ) A X —EIEL TC-FDM (two—component flavin—diffusible
monooxygenase) 7 7 X U —IZFAIILAH,TC-FDM 7 7 2 U — X B IR 23 A 3o Bk
THREL TWNDEBEZX LN TS, - T, Grah BI T GraD OLARMEE DRI,
TC-FDM 7 7 L U —IZB T &M 7 T v OO EE 27215 T, 2
D77 Y —REFEROFHIZET LML FLET L EHHFESND,

AWFZETIL Grad O aufb, X FREIHTIRERIE , 70 FEBEC L DAAHREZITV., X
B SR A IS FEAT AP 2 32T L T AIREME 2 L3 2 STk B Lie, ZOWEEIT 9
IZBH7=0 | FEiE D DA KR FACE T O IEE & O RFEFEE LD S Z & T
D LY —EOIRREZH LT,

[FE81E] GraA ORIGE N TOREFEBI L ORI S HIETIT o7,
fammfblds v 7 40 U7 ey TARKILRBIE T1T o 72, 17%(w/v) PEG3350, 0.2M K,HPO,
DILBFHNANRL 0. 5ul & 50uM FAD & ¢e 0. 5% 4 > 7 7 Rk (50mM Tris-HC1, pHS. 0) 1l
IRA L CIHRLL 7= 1. 5ul O % 500ul PLEANARIZ % LT 20°C TARK L &+



% Z LT, -3 W TR RTRE 7 DU W $EF RS B A 1572, ZOfEEmE W TH RIS H
% PFDE—2LT A 2 BL-5AIZINT 100K T XFRETT — & ZUNE U T=, ffih 7> 5 285mm
DOIUZ CCD gz Yy L, 1 7 L—LAH 7=V [FliEfA 1° 4% @& HEER 1 F>C 180 7
L— AT 2 R HER S iisk S, 7 1 7T A GHOSFLI & SCALA THVER$ 2% Z LT 2.3
ABMREED T — 4 2151~ ZDOF—Z &2 H\\WTF 1 /T 5 MOLREF T4y E#EIC L 5
G E 227l T, Grad & 3207 X/ BRBc A FRIEM: %2 A7 5 Rhodococcus sp. RHAL
3k 3-HAS B Ku 7 —¥ (PDB entry 2rfq) WEAKD 1 7 = O JEIEE IS
T NVOVERIZH W2, 70 7T I CHAINSAW T Z O FEAZ N O HARTEFR FE OIEE % y {7
FTICUW L TH—FET LV EZHEEL CGGHRICHW ., 200 FEIEDFREIZL -
TR R Z1GD Z LN TET,

[FER & B8] His- ¥ 71 E Grah # KEBB S ETH 2725 T THELI-RE %
TR AT RE 2 i 2 15 72, Z OGS 2. SA D RRE S TOF — XA FTREIC LT,
FEEn O ZEEEL /4,22, TEIT a=b=101.18. ¢=319.29A TH -7, FhEiLFHIT —
ZINOEMIND VE 2.26 A’Da! ERYBREERT I LN T ORESITIETFR
Bz 7 2=y F2AZEATHDOTIE W EHERl Sz, LAvL, 15.0-3.0
ASMREEDT — & THCEERRIM L " F — Y VB ZFHE LIZE 2 A, Wb IExt
PREALFICY T =y b 2HADFEZ RIET 5 L 9 R — 2713 oo 7o, IRIT,
V7a=y b 1 EEY—FET N LT L FEBUEOFHREEZRAST- L Z A, IERHHE
MHIZ 1 T 2=y NOFEERET DRSO N, ZOMRIIRIT 5 RIES
L2 a7 —liL, FNFN0.645 & 0.335 Thol-e ZDMET T 7 4 v 7 A7 1
7T C00T TRELIZE ZA, WODEMRY 7 o= RS TFH 222 7R CRIfR
DT O TUERG FER L TWD 2 ERghote, ZHUXTC-FIM 7 7 2 U — D1t
DE ) FAX V=BG OEBEICB VTR LN MKESE & T2/ RTHoT-,
LU, ZORERITUHIOHERN & 13&E > TRE W VE (4.51 A’ Da') 252 503,
DS INDINTICBNT S VBN 4 A° Da' B2 50 HMESNTWEDT, 4
TEHEETHEONIMITIELWETH S L HW Lz, T I OMICE SV THEL
BT NVEEZ T 0 7T A REFIACS THIARIREEAL I X OGRS (L Lo/ R, 1
ER KON Rfree AN ZLEH 0.390 LN 0.412 L 72572, GraA OREEDEIZAIT T
W7 DRSS AL & T BENEI TR TH D,

[BCR#HE]  GraA ICBIT 2 A0RIT, 2014458 A 7T HIZH X DEL b U A—/LTH
T X725 23 [BIERER L a2 EIZ BT “Crystal structure analyses of oxygenase
component of resorcinol hydrokylase” CALT-ANAY —REE LT-, F-. KL
BFOWRICESOIZFRTBIERA TH 5.
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X FRHEATIZ & B Tlitoralis 1 3E L-7 A X5 ¥ —F DS —HSRerE ERF 32
HEE SR - BAPE S R R B HE e KA

[FFFEE ] T ARSI ST =BT ARG U INDT A TF Ui~ O 53 it i3
LHEESE T, PUBE N R AR T D20 DY o WE B MR ORI EEE L T, & b i
ERHI RS DT AT ATH RS DMEET VLT INOFRAEZIZ HMHH &L Chs
SNTND, AWFFETIX, 80°CLLETAF rIREREB IS BV S Thermococcus litoralis
DSM 5473 Bk 7 A/37% F—BHAEIA (TIASNase) Z xR\, i LHERE D BIFRIZ DN T
M —E AR BARF 2844 T > 7=, TIASNase I % L-Asn, D-Asn Ol VR IT/ER 95 &K%y
T THHN, BEEECHEMZR B B L PRI E B KON E IR THY | AREEFRE OTEMER
BIFSRE DM S AU REER AR M B IR OV RS E L TR - LT BRIV 155
BIER D X072 FEF DB ZE - RIVE REFN A DOBHF I &AL Ob O L SN D,

ZZ TR B S BLOEERPOREAEOB RO A EE X ST LR
FL UL TIRIEL , BEEH RISV THRRE - M ME R B 2 5 I SRS LRI T2 2 8%
H B9, B OREE 73 - AR A ZE s - A FE 28 L O JL[FIF7E 21 T o 72,

[ TE] KIBEN CRERBSERERL - TIASNase (X214 RHfarn~hr 7
7 4—IZF\ VT Peak 1, Peak 2, Peak 3 @ =FEFHIC 7 BEL 7=, ZDOBT ANTXF—BiEME
D\ Peak 2 & Peak 3122V T, £ 412 415.2 mg/ml, 5.5 mg/ml ® 50 mM Tris-HCI (pH 8.0)
IRz L TR ORE S L AILEAIZE LT 20°CIZBI by vy T 1 7 Ray 7SR
BB TSR MR 2 TV, Tk b L TR 2T, X BRI E T — X O E T
PF O —27A1Y BLITA (2T To T2, HO LT TA AT 0T 742 MR LTI IR EE
TR ERE S TR WA VT 100 K OIKTE T Claldr £ a1 T -7, [r4i
DECTRIS -8~k ot X Bk Higs Pilatus3 S 6M CioékL7=, A7 ay NIE TR A4f72
BT % 5 2 D mlC DWW T T —ZINEEETT o7, Peak 2 ffnICBIL T, 1 7L— 248720
DIRENA % 0.5°, FIEREFZ 0.5 FEL, 180°4) 360 M D43 fihE 2.3 A [E1#14% | Peak 3
EZBL T, 1 7L — b oiEE % 0.5°, FEREEZ 1.0 #2EL, 180°43 D 360 D
SRRE 2.2 A [BHHE A 1537-. ZhE7 025 A HKL2000 TR 7 — X 5457

RIZT 077 I MOLREP % I Coy FEHEIC VAR Z IR E LT, ZAL TRV A &
E7 /L2 O T Rigid Body Refinement 2470, &512, COOT 33X Refnacs % N Thk
EETIVOBIESEEILEIT-T,

[FES & BE2]  Ffb RO EELORE R, Peak 2 & Peak 3 Dl 5122V NT 25% (v/v)
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tert-butanol 25 ¢ 100 mM Tris-HCI (pH 8.0) ZILIEHARETHZET, K3 H TREZRN
J7 W HERE A DT LN TE =, £72. Peak 3 12OV TIE 0.15-03 M EEEAT > E=" A,
30% (v/v) 2-propanol & ¢ 100 mM Tris-HCI (pH 8.0) ZiLEANAIRE T D50 T THKI 3
A %2 B E RN ARIRES 2150 2 L3 T& T,

30% (v/v) ethylene glycol #27 T A4 7 T 74 M UT-MRIR X FR A4 EBR TR0,
Peak 2 f&fhi% 2.4 A 3fi#RE, Peak 3 fEfhiL 2.3 A DFREEDT — X By e fFDZ LIZ L
7o MBS EBIHTT —Z DFFHEIZE 1 IR LT, BT EEDHI 560 A L RENZEND,
L EOICE D IREET — X IEEATHH AL, IREMA /M<K L0, gz 47 By h
SHLRED L REL T A DHET D ERHLHEE Z D,

Peak 2 iffifh, Peak 3 fiifn EHITIERFRENL T 2 43 FAFIET DEIE LIS A LS
F-DEFEL SO THD VBN 2.53 AY/Da, RIS A R 51.4% L2 Y472 EITR DT
EDD, IERTARENL T E ) ~— D2 5 FAFEET DEE 2 BD, Peak 2 fififh, Peak 3 it b
[ZDWT, 717 T 5 MOLREP % MWy T EHUEIC LA AR EZ AT, FHREITIT
TIASNase &7 2 /BEEEHI DOFELINE DS 85% T 5 Pyrococcus furiosus DSM 3638 H 7 A3
¥ F—BOMEEWMET NV ETHIET, 2 &K 1 5 FITHY TSN, $72. 2
DB TR L P6,122 LUELT, BUfE, METT LV OEELRELEZITo TS,

F 1 BT —ZORESRM, WGP T =2 B L OREHE

Peak 2 Peak 3
Wavelength (A) 0.98000 0.98000
Temperature (K) 100 100
Space group P6,22 P6,22

Unit cell parameters (A)

Resolution range (A)

a=b=69.6,c=559.6
50.0-2.40 (2.44-2.40)

a=b=69.6,c=5582
50.0-2.30 (2.34-2.30)

No. of observed reflections 612953 684379
No. of unique reflections 33318 37623
Completeness (%) 100.0 (100.0) 100.0 (100.0)
Reym 0.077 (0.531) 0.059 (0.525)
Multiplicity 18.4 (18.9) 18.8 (18.8)
Average I/ o(]) 40.2 (6.0) 48.6 (6.6)

Reym = Saia i | Li(hkD) — (I(hKDY | | Spurs; Ii(hk)
FEN I B AN R O R RE IR T A Ch D

(p& Scia=)

80 LA RETRE LT,
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(LA BEVE A RS (B 486 [BIREHHE) « AAREZLFSAINT 90 JE4E - BEVE 350



2014-7

HET AT X VRV~ — R OREBEGEICE T X BEET 5
BS3E ORTE - LRI LA TR S v 4 —

[FFZEEH ] RME, mil, dEeRIf e & ORI T m e S, F 2R Re
KLH e & O @R IS AARMAE D, ZNENORERE CAEFT L0 LT
BRI EREA L CREREICHEISL TAERELTWS, ZLDMAEMNEAT D
BT EIE, ENE N ORGSO F IR O b O L B DR
BRSO TNEEE R > TWDH EE X bILD, AFRETIL, mEHRY VX7 ED
TR BRI S E OB A T S S5 2 & & BRI X G frarse 21172, =
Z T IRA~KIRBR B I £ B9 D LR Lactobacillus sakei NBRC-15893 #k 3k 7
ANRTX BT E~—1E (LsAspR) ZAFFExi4el L, Z D 8K 7O SRS 2 X
WRERARAT L. BT b O SRR EE I A B9 A IS Thermococcus litoralis
DSM-5473 #RH R D [EIESE (T1AspR) i & bk T2 Z & TENENOFF R 7% 1T B
N5 I OIRIR B BE IS 3 L ORI COTEMERIAA = X L ZH SN 5 Lk
(22 OFESED TERMHA~OFREME AR T 2 72 O OEI S 21T - 72,

ARHABEE L. sakei 1 ZHAE I ROBEERECHRS T&d &) NoHESnZ, H
AT D-Asp, D-Glu, D-Ala, D-Lys "EEN TRV, ZTHEDRENED T H#IZ
BfR LT\, ZAbdDD-7 X/ BITHBEHEIZ L > TES, T BE IR T
BT E—EREETALEZ LN TS, TI BT~ —FIIT I BT
b & Al D EEE T, PLPHRAFER LKL D — DD 7 V—F 3T b b, K
FIETHEGE LT DT AT XS —VII PLP-FEIKGRIT R V7 t~—FBichEHs 5,
INE TOREIFEIEEN D, T AT X U7 & ~—¥ ORISHEIZ OV T fE
DY AT A %« WAL & U, E OMHEE I L TF 0&Hl 2 2
A v TFFT5HZ LT L-Asp 22D D-Asp ~DH72 BT W A~D i b4 2 & ST
X7, UL U BIHEEME Prrococcus horikoshii OT3 H3ET A /37 ¥ F— (PhAspR)
DFGEEEIEIED T ST, Z DDV AT A FEEIZFEE L THD LWV ) BN ES
iz, L7zh3- T, LsAspR ONIAREEZRE L, fEEICE SO TR A T =X L %5t
HMHCARET 2 2 LIL PLP3RKFRLT X /e 7 B~ — B OIS A 20T 5 9 1
TEETHD, T, RECEEM Y X7 B oE L BRI E BT 5 B
T 72O T, AT EF OERIZ B ENLDH D THh D,

HEEE 1L, BARID B U R P A JE T & 5y - AE W B A Je e o JiifF gt & 36
[FRFE AT > TE Y | ABFEICB N T HFIEREBOTZOIILFEMEZITH 2 &I LT,
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[EBR57E] LsAspR O REFBLIS L ORI ST HETIT o 72, PIERSSL b
S DFa R 13 Hampton Research #84 Crystal Screen I, Crystal Screen 1T, PEGRx 1.
PEGRx 2 Z# FHWNT 20C Ty v T 4 7 Ry VARKILHIEIZ L 0ITo 72, Iml # X7
BNk (50mM MES /Xy 77— pHB. 5, 4nM P F A AL A h—)L) hDX LR ERE
20 mg & L7z, # UV EER lnl &V — "= lul ZIRELTGRE L ey
Z 100ul @Y — S—¥FHK PEGRx 2 #10 (Z%f LT 4—5 H i TAEK b T 52 & T
M n o nlc, ZTOFMFERENLML. BMELRZE X N7 BRI %
25% (v//v) PEG-MME550, 5% (v/v)2-7" 1 /% 7 — b 0. IMEEEE T R U 7 L (pH4. 8) DILEA])
IRk LT 20°C T 3 AT TARKCE L S8 5 Z & THARF S O/ G b,
X BREIHT R 1T PF-AR D B — L5 A o NE-3A TIT o 7=, fEaDH A5 0.35 x 0.06 x
0. 03mm D HFEEL 2T A v L )L— 7TV Bio THEBRICHV V=, 100K DZEHEL T TA
HEHIL TR 1.000AD X CRIFTRET — X ZIE LT, 2BOBELTT L —4H
72V Bl 17 4y DR A 180 A4 CCD M &R (ZRCdk L, 7’1 7T I iMOSFLM & SCALA
EHOTRE L CHREE 2.6 ADT — 2 257, 20T — X Z AW T FEBIEICL S
TG RT3 A T

[FEREBEE] KL TE O His—# 7 X LsAspR A O ZEMEEL 23,21 (£

X 23,21), BT EEIT a=h-104.68, ¢=97.29A TH -7z, FEShOIEFREN FIC &
B 1 EPFET D EARET D & Z o7 BHRAERHT- 0 Of SIRFEE (v,) 2
2.84Aa TH LN HERER L LCEREIMEL 2D, Lov L, 3SAEEED H Clalls
BIEUE IR CRMR T S b 2 oY T 2=y N OSFERREALFIFET D Z &
TR T A — 7 AR &R o T, RIST 1 7T I MOLREP % FAW T4y f-EHEIC L 5
NARIRE 2 ik Ir Tz, 9 CITHEEMAT ST CHRIFEME 31%0D 8 B0 1 M 2 R Sk li% 35
PhAspR DREE A HIHIREIEE T /L & LTz, T DEE T, =M /3,21 TIEARKDOR Y~
TF REDOEE L T —ODMENZ S5, Z2fEE 723,21 TR RIS b
Mmol-, FONfRE 707 T A COOT THRE L E Z A, ARSIZIERNRELH T
BEREZIEHE LTS ENShotz, ZOZ LIXFNVERNOHEESNEZSFEEE
BT 5, Zo5a, BEZ2LHCREEREE T EEOFEE R~ T E— 7 BB 5 E T
HHN, EROFHECIZIo—2 I8 hot, ZOBHE LT, ¥ 7 2=v
T RAA CNEEN /R D0 R AL VX BIRDB R 72D Z EMBZ 2 bhD, 51Xk
& TR T N REFWACS % 1T 2 ORSE 2 AL L DT 7T AEME 21TV, 58
BIEEIZ LT SHEEZHET TV D,

[Fe ] AspR BT DR IE, 2014 4E 8 A 11 HIZEY MU A— /L TRE SN

7750 23 [AIEEEFE SR T2 T “Structural features and low—temperature adaptation

of aspartate racemase” L H L 72N A X —F,F %4 Lz, KREENE O & VERH,
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VVTRAZTYA I NERERETOERERONT = U MEEEE W
IKFALRS T BT 2 RGBT - /Ny FIEHEALIC I T B & A SRELALF D
BENCE T 2 RELERFHEE AW EE

R 55 - JUNNRS: JeE B b5t

[(ARERE I UVHARBM] 25— RAEAE O o REaFf b A OKRFACSSE, B
B RO TEERNISTH D, < ORUSHERBAEL (5 - = 8188 Rl
By TERSNTE—HT, $a UL ot e @At GF—HUER R
Ze W T KRB BOSE DOFEFNIIR 0TS, RIS HIVR = ALEW 72 & OfRERE DK
FAGETTSIGIZR L, T 0T V& v &\ o T2 R FYE 0 K FALETTITEB D D
WETHY , IEPIELE WS T RUGSEDBLER S DD FEETh o7, UKL, Frx

OWFFEETIIET, BT & LTV T AZ T A Z VB EAT D8MIE 1 2 VT,
@/‘7 DT IV DIRFACEIS Z R LT % (Dalton Trans. 2013, 42, 16687.), £ H 3 X& Z

(2, KBTI A DANESAERNNENG: % ca el
a@i}:tﬁi HR 1 REEVORFR o or o R R \ ?—Si@
— >=< > H > < H '~ :/COS.
SMECHERL LTV D, ZORISHEIC O o e R RS NN
TOMREED -0, FE N TES R 1

AW CTRISHBIZ DWW TBE LT,

CESROMAL] Stz - VAR = UG OKRFUOE TIE, SagHl L 255
RENF DRI ZRIERIC X o> TOKFES @R e Y REOBRNIF Eo7 e Frr~&ig
I, InEEE 2, LRGEE CH D FERFO/NESGEARRIZ L D | $&R T
& A FENLA D W RIFIZ2AEIC & 5K OIEH LA I THEETIER )
kwo BT 72 SOSHHEIBES RIS Sz, ABFFETIE, DFT MR Z FWT, 8k-7 1 Ffh

12 & BAKES FEHA L OREFICOW TG L2,

[ﬁ'l‘ﬁﬁ)f&lﬁ%ﬁ:] FHX Gaussian 09 W CTITo7-, ILEE%EI B3LYP-D %, &
JEBSEIZIE Fe (22 Tid SDD, ZDfthditd (C, H, O, Si) 122V TIX 6-31G** ZEH]
L7,

[(ERRUEE]

OftfR 1 DR ARBBIZOWT 85K 1 13 Fe" THY ., SRR AE IR L5 &
INTAREZIND, $6K 1 O=FEO AL REE (—EH, —HH, HEH) [ZOWTENE
USSR b 21T -7 & 2 A, —HEH (0.0 keal/mol) (Zxf L, —HTH (+27.2 keal/mol) 35 &
OVALETH (+43.6 keal/mol) 1IFEFIZEWZRALX— L7200 | —BHEADBO TLETHDH LN
IRERAE G272, ZHUT 'H NMR IZBWTEHA 1 SEBEOSHA L L CLEICBIER S
5T EITHIE LR,

Otk 1 OREERMEMARIZONT A 1 13 2 5D COBNIA.1 DDV U LB,
1 DOV YT VBT % FFD Octahedral f53&ETH 575, 'THNMR 128N T 2 7L 08k
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Energy (kcal/mol)

BRSNS Z 2D, BIEEVRIR ST, & R RENLFOSAGNE O R 585K
DEMERIZONTREEREIL 21T 728 2 A, WY 3 keal/mol AN O#EIFH THEIMEAD
FETDHZ ENHLNE o T, ETAVOBMEA~OREE~DFMAL 42 keal/mol FEHE
OERIRAEZ /R L CEITT 54, S8R L EIZBEET S 2 2Ot KU FENL T, =
IR TR < BB E OIS HETT D b D EEZ DD,

@EEIR 1 ZRNT=T VT v DOKRBACIZEES 2 RS < 6508 1 132 5K TH D
VANT 4 RERIGE L, EATVAF LU ARE L (BDSB) Ol iz 27 4 K
PR E 25, ZOZ Enb, B/ 18 EEEA 11X, 1 >0 BDSB Oz X~
THEANL AR, 14 BEMREEZ 52D Z ENARETHDL EEZLND, K 1 oo
BDSB OWHEIZ &L > T Hy KO AT VDB LT2 ST 7 = T A 7 VAR Z 1S
E LTz, T v ORFEALRIGIZOWT DFT #HEE{T- 72, @O &AL [FRED
BRI INEOSIE R ZE R FeV 2525720, @O FR/LEX—fE (+88.0 keal/mol) & 725
7zo —Ji. Fe-Siftt % v = H-H YIS OTEMELFREE X +1.7 keal/mol &b TR |
FRALEECHEIT T OARCZ A JER ST 2 Z RN oTc, T b DORE
F O LEBEPETTHY  EFE SR MAWET AR T A (20144F12 A 19-20
H. £ HERT) IZBWTHRARRHE L CHEERKREZIT o7,

B3LYP-D/SDD(Fe),6-31G**(C,H,0,Si)
(Copt1)
A . . (“’;i—;; Cs.:;;”;j;> C:H, + H, = C;H, + 43.0 kcal/mol
CSE\FK"\H % o -rs-zms st’Fe"u
s Tz
=& +4.8 su”iﬁ/”-., +43 Srln\ s M
Csf'\ HSl) M ow Ls:" (S,/FE-.\, -Cs,-/“"-w'
Fel “Fe H
i~ s Lo (75-5-Hato6-H;) ((optsH, )
-1.5
.. 20 20
CSi/FE:'T". » Cﬂ/rair
(7s-5-Hat07-H;) ((opt-7-H; )
:
)
WL
-22.1 | 4\
b PR g
22/l \|
s‘/‘f' e Si / }
CS‘./'F‘-\/ TS-5-CHyto6-CoHy ) | _26.3
@ 3 % Cs‘\.ﬁ:,-.-‘
H Si o :‘ \ s~ >
'L\l/GD f -. .'—. g H\_/H
—_— /Fe\ ‘ < : "',L'.
PathA i (s,';ref_'/ \=39.8 Eg._gg_g
° i —
% -
) peaee”” H _
H/FE\ 4 J';l .l’\ CA;&‘"” bt
y C|O ¥ ¢ @ T
PathB o Ny
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VINEBEEHREME LEEREMESRA T 0 EFIHAT S
B4 R it o B %%
(P ZFn » B L RFPRFEEE T2 7R
5L H Y

RAT 7 TN D3 >k sp” REDERLT D P=C ~HfEA D LUMO ALK
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1) F. Ozawa, M. Yoshifuji, Dalton Trans. 2006, 4987.

2) S. Ito, L. Zhai, K. Mikami, Chem. Asian J. 2011, 6, 3077.

3) S. Ito, K. Nishide, M. Yoshifuji, Organometallics 2006, 25, 1424.
4) S. Ito, H. Miyake, M. Yoshifuji, Eur. J. Inorg. Chem. 2007, 3491.
5) S. Ito, M. Nanko, K. Mikami, ChemCatChem 2014, 6, 2292.
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Figure 2. (a) Circularly-polarized
photoluminescence under excitation at
1000-nm. (b) DCP values of direct gap
recombination under excitation at
different excitation wavelengths.
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Figure 3. Temperature dependence of
circular-polarized indirect-gap PL
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[1] R. Matsunaga, K. Matsuda, and Y. Kanemitsu, Phys. Rev. Lett. 106, 037404 (2011).
[2] C. D. Spataru and F. Leonard, Phys. Rev. Lett. 104, 177402 (2010).

[3] Y. Kimoto, M. Okano, and Y. Kanemitsu, Phys. Rev. B 87, 195416 (2013).
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(1) T. Iwamoto, E. Kayahara, N. Yasuda, T. Suzuki, S. Yamago, Synthesis,
Characterization, and Properties of [4]Cyclo—2, 7-pyrenylene: Effects of Cyclic

Structure on the Electronic Properties of Pyrene Oligomers. Angew. Chem. Int.

Ed. 53, 6430-6434 (2014).
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[ ]
(1) “In-Plane Aromaticity in Cycloparaphenylene Dications: A Magnetic Circular Dichroism
and Theoretical Study”, N. Toriumi, A. Muranaka, E. Kayahara, S. Yamago, M. Uchiyama,
J. Am. Chem. Soc. 137, 82-85 (2015).
C FRFER
(1) “In-Plane Aromaticity of [8]Cycloparaphenylene Dications: A Magnetic Circular
Dichroism and Theoretical Study”, A. Muranaka, N. Toriumi, E. Kayahara, S. Yamago, M.
Uchiyama, International Symposium on the Synthesis and Application of Curved Organic

n-Molecules and Materials, October 19-21, 2014, Uji, Kyoto, Japan.
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Figure 1. Schematic representation of supramolecular polymerization of heteroditopic monomer 1 and its acetyl analogue 2.
R EBEE DKL, —OORLT7 4 Vo EEY DU BRI T I RTEEL
TmERFNLT 4 V7 VT RBRRET TR = e 7 uAd L/ 2 (INF) 78 EOEFAR
RFFFEWET A Ny & BRBEF EAERIC L 0 AR EZ BRI 2 RNWELT
Wb, I T, BMAIBFERARLT 4 V7 L7 NORREBEE R L8 1
RN~ —OBFEEZFE L, it L 11E—20 0 FOFICEARLT 4 U v
LT ML P = br AL UEL AR L TWD T, BRI A L - T
A MEAAERICL O ARY v~ — A HIFRF T E 5,

EREREEBE

HEK 1 Okt 0&E8%8% 'H NMR 227 M2 HWTHAZ, 1 DORLT ¢
U DNH Y T FNANEEEEZRR LR E ZRLT 4 U AZH~1.6 ppm @IS
7 RLTWe, 2O 7 MITNFHEA.E EARLVT 4 U7 LT hOEENE
i L7- & SR 72 b D TH D DT, 1 O 7e head-to-tail BOEERNE Z - T
WDHZEERBLTWS, £72, 1 ODRLT U D Q HITIFKE S NS U2 DWLIT

SO M roen 7RI EE OB K L TH%
R I ARG DB ER L, 2O

hh W ZE AV 2 FRIC 1 OB EE AR

l Wi Z A, Ke=4.2x10*L mol™

9.0 ' 50 ' —40
8/ppm 8/ ppm EIFFNCREND ST D, &
Figure 2. '"H NMR spectra of (top) monomer 1 (5.0 x 10~ mol L™)

N bt =
and (bottom) 2 (5.0 x 10~ mol L) at 296 K in chloforom-d,. The & 1 TD R U = —DIE LA 7RI

asterisks denote the aromatic protons of the TNF moiety.
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ks o B EEEORE S ZH~5720, NMR %
S W THER PR B 2 SR b 7o, 1 O TNF Kz
T I ol T FL KT LT SEHR IR 2 (2R L

ol \ W CIEBREE L Lirrotz, E2AM, 1

10
[M]/ mmol L' —— []/mmol L=t —

Figure 3. (left) Diffusion coefficient (D) of 1 (open ODTJL‘%M%‘;& &j(}i%ﬁj ﬁliﬁj‘ 21 :Oﬂj(% < {@z
circle) and 2 (filled square) at 298 K in /}\ L7 ( 3) @fff‘@fcff;k{$ f,l%f}iﬁ v \TEA
chloroform-d,. (right) Specific viscosity of 1 in
chloroform (open circles) and toluene (filled circles) i 2218 7= & Z A% 600 =IAFEE D KX 7p
at 293 K. The values denote the slopes. . . .
BERBER L TNWD Z ERbhoT,
F72, 1 OHEGREICK U COEREOINEZ R LTe, K3 O 7T 1y b
CPC (23.7 mmol L) LA EOYERFEIRIE TIE, ASNCHED TR Y ~—0NERKRL TS
ZENbhrol, B, Tuy FOME DN EREEKTE T 3,07 Tho72Z Lnb,
HILEREE TORP S Iemm FEPEHECEAE > TN D T L ZR LTV D,
U—rfEEN R S e (M 4a), — 7, BikAK2 KVGE LT V0T, BEERE
HBZ2DHTHo72(4b), ZDZ b, 1 OERAY7R head-to-tail IR A |« 7 X
B OWrmE O S8 2nm FREOIEFIZE— b
DThoT, ZTOEIIET FT7 7 ==/LFR L
VT 4 U U BIREZE A TR L 72 AR Y
~v—ZERLTNDHEEZTND, il —= Xl —
%TJVMX/FU 7 OREIERFEAT & PR
ZiTo7z, BHEDHT, BOBEICFATE 213
500 1000
Zﬁ, 75)73? D *E l‘i@ = \‘ig i&_’ﬂ“ﬁ‘ﬂz %T ) Figure 7. AFM images of the drop-cast films:
(a) of the solution of 1 (5.4 x 10~ mol L™'); and
mff&ﬁj\%ﬁﬂ%ﬁb VE LN EE S T %, (c) the height profile of the white line in the
image (a).
SRR

height / nm

o
o

E%%%T@%w7jmv~%Ama:&@%&tk:%hﬁUVHZ%ﬁ®*yk
NMHEERIC LS TR Y 7#75‘3%5}‘237}%“(“5 = E R BN ’72607”:0 F 72, AFM
74 U REORICIZE BT S5 L b, W

POk 512, KBTI, IR I
EDOBNNED & DD B RIUTITALI L T 70 o T
= b AONoTN D, IVRERICHIIOBEEE (1) of the solution of 2 (2 x 10°° mol L, and

(1) Kobayashi, M.; Takatsuka, M.; Sekiya, R.; Haino, T. Org. Biomol. Chem. 2015, 13, in press. (selected

as cover)

(2) Hirao, T.; Tosaka, M.; Yamago, S.; Haino, T. Chem. Eur. J. 2014, 20, 16138-16146. (selected as cover)

(3) Sekiya, R.; Uemura, Y.; Murakami, H.; Haino, T. Angew. Chem. Int. Ed. 2014, 53, 5619-5623.

(4) Tsunoda, Y.; Fukuta, K.; Imamura, T.; Sekiya, R.; Furuyama, T.; Kobayashi, N.; Haino, T. Angew.

Chem. Int. Ed. 2014, 53, 7243-7247.
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ETITEEBRBEZHBETCE 500, EFRT A ZTRD HILDHERAT—kid=
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HOD, FEHFTREZR BRI AL & AR M A Fe Al 2 e RIS A FRT 5 2 LT
RN Th o7z, Fox ZRINULD T2 D EM I L O T/ b1 OB 5 PRI R
fifiL, M OEKIKE L EEARREZ O Lz A OB 2T 2 2 LG, 1Eko
MR Z iR L, Kififd, S, @SBRIVE, &WBRA TR 2 3ol 2 7-& 7/
b1 R ITECHIEZ B L (Figure 1) ', L2aL, RifE28 10 nm LA B &S /7 Ri7-C
%, RIEROEEIZHE S RO A O LY, WERFIZI T DR 1 OEE D E
FLTLEY, BWHERTENR EIcs&T 2R r2RSIEENT 5 Z L ITR#ETH -
T0e T IZC, RMFETIIEE _MEEOT VA T A — & VTR 10 nm LLED 4>
TR ORMEMZITV, KFRIOSENZERTIEL LT, mERREeT /
BT IRTEES A ERT A - LA E LTI A 1T - 77,

AUNP array-
immobilized substrate

.
.,
.
%

.,
.,

thiol-terminated

substrate
alkanethiol- i electrophoresis
capped AuNPs \ ; &

Figure 1. Schematic illustration of self-assembly-based immobilization

of AuNP array on thiol-terminated substrate.
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F— VDR EZIEO L TV IIHONT, i rHEE12HES5< LSPR WIED T 7 R
BRI S, ~FY o FA— I RT T A —b = 41 OLREEIZEOR RIS EN
RE SN DR RBIE SN, BRI, Fix OF A — VRELETHEK LIZRifE 55
nm OIRE T NV FA— AW T R & AW T4aT) ki1 ZIkouhls 2 /ERL L,
SEM BlEZIZ L W B RE RO T, EORER, ~F Vo FA— I RTH o FAH—/ =41
DRFIZHR BB WHERTE T /A IRl B HF N Z DR RoT

(Figure 2b) . 1% B VT2 LR CIR G F A — /V#FE 55 nm <)/ R FREeH 2 /ESL U 72 5 2,
WERDIFIETIXREETH - 7o @R T R TES 235 B, f@ T 80%DHFEHED
&F R IRt A A5 D Z L ITEE LTz (Figure 2¢),

— B 80 [

e () o oo (b)

= B o9 o ¢ =

_.-C_, 650 - ° o HexT only 3? 60 -

(®)] ®  DodT only —

c ©

% x X W x EE L3 %40f

> x g 4 2 fund
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2 600 . 58 HexT : DodT 3 20k
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Figure 2. (a) Concentration dependence of peak wavelength of LSPR band of self-aggregated
55 nm AuNPs in hexane. (b) Averaged large-area coverage of mixed-alkanethiol-capped 55 nm
AuNP arrays as a function of HexT content with various molar ratios of HexT:DodT = 0:1, 1:1,
2:1, 3:1, 4:1, 6:1, 9:1, 19:1, and 1:0. (c) SEM image of mixed-alkanethiol-capped 55 nm AuNP
array with a content of HexT:DodT = 4:1.
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BET N F A=W TREEHEZIT O Z LT, REORE e /R+0
B AR L2 G L, mOWEER T /R ROt A E R 5 2 LIk P LTz,
AR FRNTHH R AW FE AT O LR FEHE Td 5 BRI IL K & DL R & LT
Applied Physics Express 581233 S 7z %,

(2% 3CHK]

1. Isozaki, K.; Ochiai, T.; Taguchi, T.; Nittoh, K.; Miki, K. Appl. Phys. Lett. 2010, 97, 221101.
2. Ochiai, T.; Isozaki, K.; Nishiyama, S.; Miki, K. Appl. Phys. Express 2014, 7, 065001.
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1) (a) Noda, Daisuke; Sunada, Yusuke; Hatakeyama, Takuji; Nakamura, Masaharu; Nagashima,
Hideo.
J. Am. Chem. Soc. 2009, 131, 6078-6079. (b) Takaya, H; Nakajima, S; Nakagawa, N; Isozaki,
K; Iwamoto, T; Imayoshi, R; Gower, N; Adak, L; Hatakeyama, T; Honma, T; Takagi, M;
Sunada, Y; Nagashima, H; Hashizume, D; Takahashi, O; Nakamura, M Bull. Chem. Soc.
Jpn.2015 in press.

2) Noda, D.; Sunada, Y.; Hatakeyama, T.; Nakamura, M.; Nagashima, H. Chem. Commun. 2012, 48,
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Table 1. Iron-catalyzed C-glycosidation of glycosyl bromides.
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FEATOZELICL T, V7= OBROBE IR L DT a~T 4 v 734 F ) T 7 A
TV —OFEEEZ B E LRI 2 il L C X7z, Wk 2 6 FEOFRFIETIE, 1)
U 7 = U ICIFET DR B REL, Bl ITHUKM CHERE Y v F o4 b Rudib
WY F KBRS DORRERY A FE2FRFET 2T F FZEKR L, 2O ICETEERER
SRR 2 S LI AN LR OR, BLV2) V7= 0FERHMI>EFHKTHD
B-O-4 UV V=2 A ~—FT /I, TOWREMNTHLT YV —ATLa—LEBXUNA R
TR ORI R Gy &R I SUCHE O 2 B & LT E & 1T o 72,

1. U7 R EREERET D ATERORR

¥
MeO. Qe Q OMe
SR
Y Ma e FERY v FAYA b
0
e OMe

2Y T ORSMEICEE LRI RIGER & RICHEOMRE
OH OH

OMekT)a\@OMe OH

o] g i x

OEt R X p

4 L OMe

Ol T ES G G
OMe

B-0-4-U 5= HA4I—ETIL FY—ILFILa—)L A bFIREY

M1.) 7= bW ) V= B ~—FT VB X O O BN D45 S

[R5 & B

APEZARE IS < LRI OSSR, Fox 137 2 /i - X7 F RICHREEEBRE &R SR
BEIREHEA LI AZET 2 BB X OTF ROAIRL & HEAERTHR IC B3 2 R 72 iF
ATV, TOBBRICBWTEBREROP THRICEH VB LIEEZ R 2 ENmbn T
HIVT =0 LGRS LT 2 N URMEOBIFIZEREI L, £ 6N Y 7= DIERE

_37_



BIZEENDT V=T a— VR A XU R_RUB UV, 25N V=0 A ~—F
7 7 (GOS-Et) O RR b 43 i RO D B MR & 70 5 352 U U 7o, ARG X 0.01 mol %
EWVH D BEONT =7 KEERFER ) V) UIBEDTETE T C, WD TR L < EITT D
TR, WMEBEKRFE &V BRI, BREEICENTBIEANC Lo THEITT A 2 L
R E T D, M, A XU RUBUVEHOMBVERY TH L 7 BHITAEBEEE L L
THRABREESY T THLH D, REEZRANWTY V= HOBEBRE{LIZ ié%/VAﬁfm?
AMEBLTEIL, V=02 b FERET DA TV 77 A4 TV —ICXDEELE
No— N OEEENFIRE L 72 D,

Boc-L-[Ru]Nva-OMe 1
(0.01 mol %) fo)

OH 35 wt% H,0,
© (2.0 eq) _ (1)
25°C, 4 h

51%
cf. Ru(pydc)(terpy) 14%

Boc-L-[Ru]Nva-OMe 1
(0.01 mol %)

OMe 35 wt% H,0, 0
(3.0 eq)
\ ; L [l 2
| R, | #R m @
Z 25°C,6h
R=H: Boc-L-[Ru]Nva-OMe, 1 o
R = t-Bu: Boc-L-[tBu-Ru]Nva-OMe, 2 2645 ~93%

2. VT =0 LBEERE G N T R KOV E R B 2 T D e bk SRR LAS

A D SOEHEREIZ DWW TEE LW 21T 9 BHRYT, BUNHEEX SPring-8 12811 T
iz DREZAT S TRER, VT =0 LBEIERFES / VN UBRIGSRFIZENT IV
WEAREER L, ZNONKE—FEMICBT 2WEBHIZREL T\WDZ &, T
> Ru=0 FEAAERK L TV D 2 & &R d 5 iR 21572,

FROREIC, Fx IV T =0 LEEEREES LN VN Y =0 O EERER AL TH
D, XRUVULT NI LNEBLOA MR IR B A OBLICRS THR A R
L7=DT, EHIZRu /AN Y UEIC LIV Ry KUY 7= (MWL) LUK
B OB LK B 23T To, ZDOFER, VT = U LEERES 2 A3 s g
NOFEITK L TH ARt UTER L, KRR o 7= 5oy Ok fi#
Ko TR VHETER D ET D0 E 5202 L2 AT LT, EkRETOTFIET
IR Y 7= ORI IEmER « mEOR LWSEN LI & STy, ARIETFIR -
HIECTARBNCR U CEREEITE LWL AICh il b /KFE 2 A WT Y 7= &4
HIEMARETH D, XTF FEE T RL, U7 =25 DWW IEZE DMk %z ik
TOHOMREZ M ET 52 LT, AR 7= Vbt OBRRICER L Lo L
MWEEZLTND
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WM E R A RILE OB & 3 HAE 0 7P
A% EE - SIRKSEL LA

BEBRRCKFIC S A FEREEZEAT S & sMENHRT 8L LIZLIE
WEINTWD, BFEETIIINET, FT7F L, Bl XY LT MesSi 2
1 DEIFEBEEAT S & HAERFICENERT 2852 L, ELT
X7 REFETIE, BLUD 1,3,68 MICkEA R U L AUV AZ =L
BEAL L EOWIL - $EE, FHEEOBLERHE LR S

L ()& B ESEEDZ EICED 13,68 A RFL I T=14 5=, T D,
tert-BuLi (Z XV BRFEH L2 ) FA LI, symed Ty ZJuulyivy, 7Zan
AR T AL DROSEATV, 7 A FEOBEHILNRRD § FHOT F T U vE L
VK29 L I, RE VAR TSH 10-13 AR LT,

Br Br R
_BuLi (10 e 2:R=SiMe,H  §:R=SiPhy
Br, (4.6 eq) t BT;/[E(IIJ(; ! RCI 3:R=SiMe;  9:R =SiMe,SiMe;
‘O _ = ‘O —_— 4:R =SiEt, 10 : R = GeMe;
PhNO, THF r.t, 16h 5:R=SiMe,Ph 11 :R = GePh,
O 80 °C, overnight O -78°C, 1h 6:R=Si(i-Pr);  12:R=SnMe;
Br Br R 7:R=SiPhyMe 13 :R =SnPh,
1 14
Yield = 96%
CHyClL, ¥R L LC 1x10° M OFEET 1-13 |, L34l
N P > 6
DS AP AR SV ERIE L2 E 25, 081 0] \\Wd/fﬂs
R 521 Ph S OB OB, 7 VD Zos| Y ‘7%%(3”
MEE ST CCRERMICY 7 b L7 (Figure % 0.4 o) '«(2\{6«‘\\\\‘
1, Table 1), A X n IEOILRONFE, %BFIT 02 5% ""\’\\\\

GRS L HOMO L)L B3 L 725 %0 340 360 380 400 420
RTHDEBEZADLND, MesSi EZHT D 31X, Figure 1. Uv-vis aﬁfﬁpiﬁiﬁgs‘géc’&’é‘ of 1-13
MeGe A5 9 ICHA_TREEY 7 b Ly (107N naomed CCh)

AL ZHUTT A FD W ORI EIEAIC K B Ak

.4
PEOROZD EBEZ bND, HERBRINEE 3 |
MEECI (T OE NN E S

7 MIMeHSi A HT 52 THrbH KXV 12 nm, 1
PhsSi 2 HT 58 THHL/PNIWV6nm &7 o7= 0 |

350 400 450 500
(Figure 2), ¥ 7 XV o 2L L CH bR Wavelength / nm

Figure 2. Fluorescence spectra of 1-13 (1 x 10° M
TAUE ORI L 25 LY AMEHA L7z inacrated CHyCL)
EED 2-9 1TV E LICHANTRERMEEZRL. VYT INRGEVIE0T Lo
Too TNINVE R Z = NVEEAT D06 10, 12 TIXEEFIRIC K VIRV EZ R

L7z, £, MesSi A2 BT 266 3 THEIEETIERIL 0.56, i-Pr:Si A H I 51bE
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Table 1. Yields, Photophysical Properties, and 2°Si NMR data of Pyrene Derivatives 1-13.

Absorption® Fluorescence Calculation®
Compound Yield (%)*  Aaps Aem” . A’  HOMOLUMO Charge density’ Rotational barier *’si NMR®
(nm) log & (monomer) P& (excimer)  Energy gap of SIR'RZR of SiR'R?R3 S (ppm)
(nm) (nm) (V) (kJ / mol)
1: pyrene — 337  4.69 370 032" 472 3.928 - — -
2 : SiMe,H 12 376 4.77 388 049 502 3.629 0.430 12.9 -18.6
3: SiMe, 28 376 478 386 056 ] 3.617 0.422 10.2 -6.6
4 : SiEt; 41 378  4.80 388  0.65 _ 3.589 0.494 26.5 -4.2
5 : SiMe,Ph 17 380 4.85 3890  0.63 —J: 3.610 0.463 12.5 -6.6
6 : Si(i-Pr); 8 382 4.83 390 0.55 —! 3.564 0.503 40.6 54
7 : SiMePh, 16 384 4.86 392 0.70 _i 3.599 0.475 21.4 9.3
8 : SiPhy 3 389 4.83 395  0.62 —j' 3.594 0.476 16.5 -13.5
9 : SiMe,SiMe; 20 394  4.76 404 0.79 ! 3.547 0.450 —k -21.2,-18.0
10 : GeMe; 38 371 4.85 379  0.20 i 3.660 0.423 —k —
11 : GePh, 5 380 4.85 387 —_k —J 3.502 0.418 _k —
12 : SnMe, 60 373 478 381 0.03 _— 3.538 0.400 _k —
13 : SnPh, 31 379 482 38 —& I 3.663 0.401 _k —

a) Isolated yield from tetrabromopyrene (14). b) 1x10> M in aerated CH,Cl,. ¢) Degassed by freeze-pump-thaw method, 1x10™ M in cyclohexane. d) Saturated
concentration in aerated CH,Cl,. e) Calculated by B3LYP/3-21G. f) Miilliken charge. g) 100 MHz, in CDCl;. h) Data from Berlman, I.B. Handbook of Fluorescence
Spectra of Aromatic M olecules, 2nd Edition (1971). i) Data from Maeda, H. et al. Res. Chem. Intermed. 2009, 35, 939. j) Not observed. k) Not yet obtained.

Y 6 T 055 L7l BEREONIESIIREIREEL RITIRNZ EBNbhotz,
CH.CL ¥ & U CRIFIREE T 1-13 O ZHET 5 &, B L (1) &SRR EF DA 72
WMeHSi 2 FD2 OAMb =X o~ —IERB SN BEFZREEKTHLT M7
7 ) F L (TCNE)E 1, 3 THFND 1x107 M DIRETEIKIZBW TR AT |
NERIE LTRER, &6 6000 b EMBEISE IR DIEA & Re 2 8 7o 72 W IURT A3 8L
&, 3 & TCNE & OBMBEGERD 728 L 0 £ EMIZE 7= (Figure 3),

B3LYP/3-21G & VT U VHEDY 360° [AIHET 5 72O D RV —[RbEZ R T2 &
AL I-PHSi BEEHT D 6 N EV40.6 kI/mol £/ | [FERICHEVE L UVERBEKRD
B ENghole, TARBEREDOEMBELZHEN LA, WTINLbEFHE
P E LTI TE Y . R3Si>R3;Ge>R3Sn DJRIZE 58213 T L7z, £72. MesSi
IEYEYE L35 PSi NMR Ofb%y 7 MElx7 = 10

e . e . TCNE
SVERBVNE CERS, TAFAERNSENE 7
e _ 506 1+TCNE
PIERESGCBIN T, Zhud, 7= ez HT ! / 34 TONE
< /

HIFEEFHGENE L, ELUBROEEED
Zﬁ D bA/r $ﬁ)ﬁﬁéﬂ6§j}% k N Y/D%/l/%@ﬁ)é 200 300 400 500 600 700 800 90010001100
=N - S == N = o - Wavelength / nm

1=l é c\_ J: D T %%2 7%571\/\ k jEI/ \v%) D A %%& E G‘— Figure 3. UV-vis-IR absorption spectra of charge

transfer complexes formed from 1, 3 with TCNE

XD ERPWMD DRI LD EDTEEEZ TS, (1 x 102 M in acrated CH,Cl,).

e
SN
e —

(1) (a) Maeda, H.; Ishida, H.; Inoue, Y.; Merpuge, A.; Maeda, T.; Mizuno, K. Res. Chem. Intermed.
2009, 35, 939. (b) Maeda, H.; Maeda, T.; Mizuno, K. Molecules 2012, 17, 5108. (¢) Yamaji, M.; Maeda,
H.; Nanai, Y.; Mizuno, K. Chem. Phys. Lett. 2012, 536, 72.

() ( #AK E, #Z %, TARKEAN, BREFEHE 4 FEFFES (2014 43 H 27-30 A, 4
HEKRY), 1B3-02.(b) $aK H, §iZ %, TAKEAN, FBRETAFEAHRI ORI T L
(2014 4~ 10 A 17-18 H, HFZH), P4l.
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HEZL UV Z2bOWHLARIELEY~DEZE LV VEARIEZRD S
BRRKFRFHREZIEORRE

RSO « I BOR 5 TR

ZERAT IVET A EA REBICESK AN A2HETH Y | AN - SEEEMEN
HfFT&E 2, DD, FHZZN O DONAREIRIEEIEDRBE N ER SN TnD, Z
NET, ZRAT I VOGHIERIN < ONRE SN TWVD, ZNBIEILEEOMG
MULETHo72D, —F, TNHERXNEKIL, 2RO = VEEEN LAY ES
HZENTENE, AL 7 4 VHBRAZ B AL RCMIC L VSR TE 5 L IS
Nb, ESVEOENCHE R TEO 2L LT, 7 UKL E S ARIRIE AT
XD TA BN ET OND, T2 TRIZY T4 B UHALIR, B O BRI B
REMHEDBVETHD, ZUIR L, =TV EA AT, BV URFIC LT EE D
FTHEEIOEV ) 7 T4 B EBAIT BB REETHLEIT T2 ENALNA TN D 23,
—J. 7 NS OBBR 22 LV RFICES]RA 'L 7 I Rt L, Ae
BEIGHIZ 2 UBIEH SEL L, BLURNENFNORIGHI CEBR SN - LB T I
VEGDIENTE, ZORINEIY T AT UVARIRIZEITT A Z E LN -
T2 Y, ¥hbb, L/ 77 72 028THEKETHZ LT, ZNEDUSDOMAE
OEIZEY, ZERAT I VAR R2 22 = /HEBRIR T I VARSI T 5 &
WP T&E 5, £ZTARIME TR, mafbivbivnEZrk Lz, Bk L 2 W5 v
RGO L bR ERRE L, ERROKIEEFERICEHA T 2287 I v
ARk E R LT,

EFT. 77261 OHKELVCEHWDS BV USRS oL T
B LFEFABLLT- 9, FORER KHST 5L 2 57 2 52 HBUE 40-89% TE H 7~ (R
), 2OLx, RERSLELAREL ) 77X MIHERO L DI TREELE T
RO EVBRARMCHESER w0 § | aeesit, L
L2 AIERTE E L, RIC, 55 Rj:s:' Rt ]:ﬁ
niekv s 772507 ) MbER R

toluene, 80-115 °C, 1-16 h 3
i R
1.1 equiv R4

2: 10 exampes, 40-89%

H.BV T4 AL E R L Se gy Se
. (= ~ - _— LDA (0.5 mmol) _ (X mmol) '\ i )
72( 2), 9 LH 2a 1<k L, LDA J:ﬁWM&WEO@JOMnomJOMn NV @
AERESE, foTRET Y ve T 2 Ph Saa
12 ¥MENIEZEZA, HHHO entry X yield

_ . . 1 0.6 60%7 (0.3 mmol)
YL /T 7 % A 3a DU 60% THE 2 05 64%2 (0.3 mmol)
Sivtz(entry 1), & 512, BTV 3 0.4 76%" (0.3 mmol)

aYijelds were based on 2a. PYield was based on allyl bromide.

LD BB RO RO & R
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LizE A, BAET VAOPMENE ICH L ThhnE & Lok bEIERY & M
fil C& 7z(entry 3), Z 2 THGMNNT LTcAaB ST EED Ekk % 727 U MEHAI & O G
it Lo, ZORER, BE 2 »oxbcd 2a-7 VWbt L ) Z 7 % 23R8
B30T AT LA BRIRME LR 30-84% TR LT, S BT, DIV A RRIC
KU, HtE L ) 7 T4 UMRAIC KD URRBEELRET LI 2 A, afifllhlx O
T UNENMAIAENT L ) T F A4 B, FREOINREEH N T AT L AER
PETHELN(EN3), B, 4 O IAEEIT X RS EMRITck > TikETE

i 6 R5
PR A '}a,A: %'?Ceﬂ‘(‘)"’%in RUR” 2SS 1 LDA(1.2 equiv) N\ /Mse
; e X 4 THF,0°C, 10 min
N-R - 2T 'N-R Y me @
R3 2. R (0.4 mmo) =3 2.Cinnamyl Bromide (0.41 mmol) =/
4 4 mmo o H N
R st\/\Br . R4 0°C, 10 min L
2 (0.5 mmol) 3: 14 examples 4: 67%
0°C, 10 min 30-84%, up todr=95: 5 dr=95:5:0:0
L} . N - — - L.
T\ (Figure 1), &IZ, BV /) 77 X DT 5D, Fis

N BBUSHI DM 2 E L7z, 8 IS L. i
»7\(?**ﬂ“ BO7 UL Grignard KISKIZER S ®5 L, £

e AN MENS DRIEH CERBSN-SEHRT I 5 138
7( [ 7 NETELNEE4), 20, BoiT I i3ar
R A RZRHF LT, BBICSBmRAT I 6 DARE

I N _ . N . -
Figure 1. Ortep drawing of selenolactam 4 EfLic, £4.5 %Ejﬁﬁ@ﬁ{ffj— L7 4 BHBR A
- \ A AIEE=N, H
X S“MaBr (3.0 equiv) Y ; s ’ =
\Alﬁﬂ: b B N i m&m@m%gmf\
R th Rt \= REINTES T, T,
\ 3 5: 3 examples, 78-83% C]: D Eﬁ% LV \%ﬁ:T—(}i
N 7 TFA (1.1 equiv), Grubbs Il (10 mol%) _ \ - ISEAD, v AV
toluene (0.05M), MW, 100 °C, 1 h ] :j 0 — TSR
6 I S E Tz, fESE LT,
) D HEgo =87 I~
N ) Ba-c & HRLE B E L
6a: 91% 6b: 44% 6¢: 56% NERTELNEGES),

Lk, BofbiVOn BB Le#Filzre v 2 bb 2/ e L, ZivE TEEMHS
REMEE LIEZRAT IVRARZICEOND L)k olo, A% OFIELZIGH
T 5 RZEO AR LAY OGO R Z O 7,

1) Kawasaki, T.; Onoda, H.; Watanabe, H.; Kitahara, T. Tetrahedron Lett., 2001, 42, 8003.

2) Meyers, A. L.; Devine, P. N. J. Am. Chem. Soc., 1994, 116, 2633.

3) Murai, T.; Ezaka, T.; Kato, S. Synthesis, 2012, 44, 3197.

4) Murai, T.; Asai, F. J. Org. Chem. 2008, 73, 9518.

5) Shibahara, F.; Sugiura, R.; Murai, T. Org. Lett. 2009, 11, 3064-3067.
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BHETH Ry MU — 7 OFRHT & I
Rt FF = b FORRFHE G S R

IR E R

2N EMAEERR Y V=2 @Ry NU—2 0 BlaFHlER Y hU—2 7
EOEER Yy NT—=I DEZLET U H LRy MU= L3RR | WEGAADORE R
Hl (Z—n7 ) —E) LW HEEZEHSEHRESN TS, 2O F TRF* v
NU—Z XTEAMEEY AL T RIS O 2 FERIC B S 4, LIE 2 o 2 FEOTEAMIC
DHFIET D, Thbb, 77 7HEEZROL WO RER S 5, Fio, FH %
ARy NT—2 R —F LRI ERy NU—7 8 TS T TR RO,
FC. REMIEE & LFEFIEE SIX T T 7iEEEFFOR Yy NU— 7 BAEKRT D
HET AL M7 7 7GRN Liory 8T — 21880 2B 72 Elz o\ T
A CHFFEAIT> C& -, /o, ITFEEEENE L TWHEMEX Y U —27 OIS
WTHILRIFEZITV, 7T 7BERIC BT 2 EEA & W2 E 7 bk & & OB fiE
Mg EOMRERCE, AMRETIIINLEZREIYE, W77 7HEEROxR Y
U — 27 OWERHBENCOWT, BT, Va2 b—a VT, T — 2N — 2
a1t o,

RN

BMR Y VU= DT T T~ v F R W ATHEPERF SIS BV T, B,
TN A BE 22 A ZETE AL (critical node) & JUERTEMA. (redundant node) & W9 &N
BRINTE, 22T, BAMTo CE-H/IEE4ES (minimum dominating set, MDS)
(2 LB AT RIC BV T S, MAEER ETUREEAOEEZER L, T b 2 K
(23RO DT DIZEHGHENEZ RV R LEH T 23R FEZHRE L, ZOEFEE
HAWTEEDOR Yy 8T —7 7 —Z &+ 25—, WL wATES OBHE ORI
W CBEERAIEAT 21T o T2,

—F., EEORy T —Z7IZBWTIE ) A ARKER LTI —HoTEAD L IX
APFIARAREIC /2D Z ENZ, 2T, —HOBABNFARAEE 2> TH Y AT
AR AIRE & 3 57210 EERIERR 2SI & WO BERZ I EA L,
MDS (28T D EAILE Z UKL T D L O IImE L, S AlEE S (Robust Minimum
Dominating Set, RMDS) & W oMEERZFER L, BEGEHATEZ V2 RDS Ot R FIE%
PH%E L7z, € LT, RMDS DY 1 X & REGAT DBERREIBENT 24T\ € O R & G R
VIialb—va IV BREL, b, EEOXy FU—7 T =M LTz,

B, MHERRE BT T ARG « BT, a2 b—Ta VT, T— 2 N— XA
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it /e A U, JLROTEE T T RS - T, X2 b—Ta VT —
i &Y Lz,

ki S

MDS (281 B MZETEAIZE U TR KRB D @ O TE AT EMZETE S & 72 DRESR IS m D 2
EEHHANEX  HEMY I 2L —Y a NIV E O R AR L., £2. V3 2
L— g VIRNT 72 I L0 SEEREDIEVIE E L MDS DA X B IO, METE S O
BT 52 LR RH L,

RGN R Z2 BN B U T, B/ MREE: D, M DFEIE 2 ¢ ((EE O C il din
DOEFFIZ L CRIRAHE A RE L 55 2 &) &3 DI, RIDS O A XD A — 2 —{I MDS
IZBW TR/ Z D-C+1 & LTZA D MDS OV A A A —F—L —&+5Z L 28
MREICE X ZORMRE I P a—F U 2= a Al K VR LT-, & 512, RMDS
OB %30 DS HE RN 9 2 55512 H55E L 7= PMDS  (Probabilistic Dominating Set,
PMDS) ICHEIE L., F OGN « I 2L —3 3 VT AIT O & & HIT, ke iR
Ty MU —7 T —Z OFFENTIZE A LT,

L% DFRRE

ALEFRWIFEIC KV MDS IZEE D B RIERRIEZ G L Z LA TE | Hinb LUOHE
T—=HDWEHFIZBNTEONMICET2MAEH/DLENTEE, LLERL, 7y
FUED 77 7 ~DPLik, BEOY, 5o 0BG R OIS 2B OSIE0 b OfFER
NEHOBEE LTRSS TWD, SRR 72 H 2B L Cix MDS LISk 51k
SO, BRI ZH T T T~y F U TS L FIERA~OBEIL NS R OFRE L 72 > T
W5, £, YUTELTCWERERZREE BB L% v B U —7 Off-CHilEc o
WTTIIAFZEDS — BB L7272y, R Z2 £ L O BBEITIEE > TRV T, R4S
BOFEEL 7o o> T D,

FE w3

[1] J. C. Nacher and T. Akutsu, Analysis of critical and redundant nodes in
controlling directed and undirected complex networks using dominating sets,
Journal of Complex Networks, 2, 394-412, 2014.

[2] J. C. Nacher and T. Akutsu, Structurally robust control of complex networks,
Physical Review E, 91, 012826 (19 pages), 2015.
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HROFIECESS F U EHEEMRR Yy MU —7 AT
Full & - SUNRZFE~ R« T4 7 « A 2 F A KU BERT

JEE®Y

Y AT AOREEFREOBEMD 72012137 X7 EHEAERHOMITNEETH 5,

Wﬁ%%iiyﬁAﬁﬁ~7’%d<%¢%$% KOVHAEEHRY NU—7 05
BNy EEERETRT 5 FIEEZRB L, —FH, LEFREGIL, RAAL ICES
S H R E#LDOERET VEBEL, é% 2, RAAL UEREZIEH L CTEARE
TRF 2 I EERF LT,

AR TIX, ZOZ OO REMETHZ LI, XV EBIC Y > X7 B EAE
R OfEHT. FRCESIETRIZIT O FEZRE T2, EiLo X 5, LFEEFRCTIER
AL ANZEED L Z R BEEACDOTERIE T VOEA R THNEZBEICHEE L T\ D7
D, EDORAZARMIENTENT Z LN TE D,

BARRZ2 BREE LCIE, "7 EREERR Yy MU — 212817 210 OBEREHRS
BRI ED RAA AR DITERZ ANIEH LI FEEZRE T 5, Z X7 EITH
ARERT D Z LI X VBREEZRILT 2D L 20 DT, BREO T TIENBI %
TEAUTHRANIZIBNTE AN EORIETREIOMIIEL S, S HIITAFEE
DOJFREINC D723 % FIREMEN H 5,

BRI

YRk 25 P E COFEIEIC LD | BEFD 2 X7 EMHAEERR Yy N U — 27 B Hl
HURMEEZ WD & BT, RAL RIS S I — R VB A i 7 2B L
%ﬂ%k%m%miﬁ(#f~k«&&~v//)%mﬁébﬁézkmib\2@
DX LRI EPBRDEE RO TRELT S FEEFRFE L[], Ebl2, 2o ER
TR S, %t&%@%%%AL*&B@%M%ﬁ?ﬁﬁ%%wé ElZXY 3ED
BRI EINS DB ERO TR ROBFRIC b L2 [3], 25 IXBHFs IR Tt
Ram LIV O TR E 2 FFOFEE o TV D,

TR 26 AFREELC lwﬂi(2@%3@kwokﬁﬁ@@§fi@<)@iﬂé&y
NRIBOEBERE LG, BEO, EEIZHIKIO WGSBS RO TG XD
%%_waﬁﬁ@&ﬁ%ﬁok BARIIZIX, Fil- RS EDE N, ¥ N7 Bl
BRI ET HMHEOIERFLIA & L CO PRI NA~DOMAIA IR Z D554 & ARk
T2 AN =X LOMY &2 ORI A OKF e 41T 57,

¥, WFPRAERE ., LA 1T & B ICHERE 7L O BERAET 0T I FIE DS I
B4 otk x a2 LT,
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e R

fRE LTI D & R BB 72 5B E RO TR OWTHRF 21T > 7225 R AT
RE72 T — Z DD 7N DT B IS S < FIEDRANCHEH TE 2 & v 9 IS
B Lo, ZO/R, BEI &AW THIFEZBAER A FTRER T — % D HITHS
WTBHRT 5 2 LIXNEETH 5 2 E A LT,

ZZ T, AMFEETICRFLTCERZ 2, b LI 3 EDOHE D TRIKEE R Low
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[1] P. Ruan, M. Hayashida, 0. Maruyama and T. Akutsu, Prediction of heterodimeric
protein complexes from weighted protein—protein interaction networks using novel
features and kernel functions, PLoS ONE, 8, 65265, 2013.

[2] P. Ruan, M. Hayashida, 0. Maruyama and T. Akutsu, Prediction of heterotrimeric
protein complexes by two—phase learning using neighboring kernels, BMC

Bioinformatics, 15, Suppl 2, S6, 2014.
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LHFDEY 22— )V DIFIEE Fe % /RE T 5 significance value, £ =— /L (#§HE)? abundance %7K~

KAAS KAAS
module module
abundance abundance
(normalized) (hit count)

KAAS KO
abundance abundance
{normalized) (hit count) (ph

ylum)

Reductive pentose phosphate cycle

M00165 Pathwa (Calvin cycle)

11 100.0 347 11 347 - 15792 11 - 808 0.969

Reductive pentose phosphate cycle,

MO00166 Path
e ribulose-5P =>

100.0 347 11 347 - 13927 11 - 482 0.000

Reductive pentose phosphate cycle,

MD0167 Path
et glyceraldehyde-

100.0 3497 117 503 - 15792 17 - 808 0.000

CAM (Crassulacean acid metabolism),

MDO0168 Pathwai
dark

100.0 3531 316 3531 - 10893 316 - 347 0.000

CAM (Crassulacean acid metabolism),
light

C4-dicarboxylic acid cycle, NADP -
malic enzyme ty

M00172 Pathwa 75.0 3531 316 3531 - 8255 316 - 534 0.500

C4-dicarboxylic acid cycle, NAD -

M0O0171 Pathwa:
malic enzyme typ

28.6 3531 316 3531 - 4961 316 - 432 0.999

Y
Y 4
Y 7
Y 2
M00169 Pathway 2 100.0 4961 432 4961 - 8255 432 - 534 0.000
Y 4
Y 7
Y 4

C4-dicarboxylic acid cycle,

M00170 Pathwa:
phosphoenolpyruvate ca

50.0 3531 190 3531 - 3567 190 - 316 0.938

1. HHSREZ#5E L7~ MAPLE 2.0.0 OFEATH#E R0 —14
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(FEH. EHDHY)

1. H. Takami, (2014) New Method for comparative functional genomics and metagenomics
using KEGG MODULES. Encyclopedia of Metagenomics (Nelson K. ed.) Springer, Tokyo
Dordrecht, Heidelberg, London, New York, pp. 525-539.

(FERR)
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BES VRV A (HIR)

2. BREA A0SR FHS. STRBM, BAHE (FRL26FE3 A) 7 /0225 7 50K
ot PR EEAR T U S LRI AT A MAPLE, H A ) MM FaES (BUR)

3. BmAS. wROR, STRE A& BREANCEK 26 4F 3 H) MAPLE A7 A&

TRTRT =7 OREBERERAT . BT MY 2 FES R

4. BREAN. (FEBL 26 F 10 B) AZ27 ) MENT DO BT IE T ERER ORERT v L
(FRFFRE), BREMAEY R FREFRE VURTVY L ()

5. FHB. LR, STREM, B3 R R BREN (P26 410 ) 744
K7 ) W OEERIRSRERT S AT L°"MAPLE” BREEMAEMSRERIRES (k)

6. Hideto Takami, Takeaki. Taniguchi, Wataru Arai, Yuki. Moriya, S. Goto (2014) Metabolic

and physiological potential evaluator (MAPLE) to characterize comprehensive functions
harbored by an individual organism or an entire microbial community. Genomics 2014 (Paris,
abstract)

7. Hideto Takami, Wataru Arai, Yoshihiro Takaki, Atsushi Toyoda, Takeaki Taniguchi,
Shinro Nishi, Taishi Tsubouchi, Mikihiko Kawai, Fumio Inagaki (2014) Characterization of

carbon fixation pathways in deep subseafloor microbial communities. ISME 15 (Seoul,
abstract)

8. Wataru Arai, Takeaki Taniguchi, Yuki Moriya, Susumu Goto, and Hideto Takami (2014)
MAPLE system for evaluation of metabolic and physiological potential harbored in genome

and metagenome. ISME 15 (Seoul, abstract)
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B+ STy, £ 2T, AL TIEOSCRTE #0> © OBEF O HH%
AR OME, SHICQARA X T ) AT —Z D OBERIOGR THEOBIFR, &
E LTt MENEREIZRE LT REIREET — X N— R L BIR THERE T / 7 — 3 3 v
AT T4 OREEROEDICHZ BT,

Fi

ZAVE TIZHE ST 25 30 O RO RRIE 7— & X — A KEGG DIt &4 212, 15
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(2, BIAEFED D% L TV D385 3R E O RS 25 U CBER O RGN E — 2 %
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BRI 2 500 FRLL LoD STk B HEERICHI 2 2 & T, MEEE DK 5 5D
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BTV a2 — /L TR SN TS, KEGGE 7 —F X—R 72 EOBF DT — & N— R EE
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(compounds) ., BE#ZEi (reactions) . M O L 7= SOl (modules) ZHhH L7-,

EnteroPathway

KEGG Total

KO known KO unknown

Reactions 226 436 2640 3302

Modules 106 153 217 476
Compounds 545 2418 2963
e

AEEOLFIZEICE Y, BRE LT —F _X—ZAHEL OB TR AN T T4
DOIEFEZEITH a2 ER LT, £72 . web X— 2D Y — )L L LTNEFIHZIT->TEY
ABT ) DT —=H DTy B T FEFHRTHD, SHRIZIINEDAS I —T = —X
ZIEM L. B72ilEE LCBNEIRERE ORE A R B 2 A L T & 7oy,

PR

b MERNMIEERBRE T — 2 ~—2  §1 SEENMETSFS 2014 46 A 11
H

b BRI IR D72 DS AT = A F— B _R— ARG 37 [B] H AR T
L MR, 20144511 A 27T H

IEPAIBE RETREE 7 — 2 N— A O AW AEREY2 30 [MIRE 2014 4 10 A 22
H
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(a) Human dataset (b) Yeast dataset

1.0 1.0
ﬁ Proposed Proposed
NMF with GL NMF with GL
Clust with GL 1 Clust with GL
NMF S_B\S\E NMF
—6— K-means —6— K-means

=05 = 063 - )
NN §
K AN AN AN AN AN G~ S LS SR
° 0
2 4__ 6 8 10 > 3 5 5 o
# additional groups 4 additional groups

X 2 . FHFRMEATHN IR ORERIZIED S BURT-7 7 A X RHT OMERE

Z OG0V LETHIIEIE, BRI v — T A FEBRORT 7 SIS 5T
DOLDTHD, ZORECIIEZEH#RES Z LITETHR I X FOBLENORETH 2
DT, PRIMBEICEW S 2 TRE2 LT, @ik a0 A AZ28H Uiz,

B L7c FIEOMREZ I T 27201, ALT—# B ROEBRFRBET —4 %
RO EAEERR AT, 1B EREE 4 SDOWERIED 7 T A X2 fFritEig 2 NI FEEEIZ K -
THIE L7z, NMIENRREVIEE, 7 7 AZRITOMENEND Z L2 T, X2 (a)
|Z Human @ tumor FMAEIZEI T 23T — %, F72. X 2(b) T Yease D cell cycle D
7 —&, ([ZB 57 7 AXEETOMREE N\MT 273, #ifliE, #E 7 v—70%%
AL, ZOEBRKEVNEEMB I NV—TDEL D BKREL 25, BAREZ, 7 r—7
THRAEFALZ2WFE (WF & k-means) K0 HEND Z ENDND, £, 7777
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EHEG LT, B N—T OER D PREWVGEICREBIEDNMENL TV D, FEEORD
T, W7 V=T DERY BRIV ENEL BEEMENZFIEL VR D,

A% OFE

ARAFFEDFER L0 . BT — Z fEHTIC BV THEBRIBIE A N2 5 2 & OFRIED
TENT, SH%OMEIL., KBTS — 2 2it2 9 5 L9512, BEFAB L OHMBIEHRO
WASFEOTRICE DT VY XAOEFELTH D,

BRRHRE R, FERRKRLY)
ARIEFIEORFIILL T Om®EY Th 5,

1. Motoki Shiga and Hiroshi Mamitsuka, “Nonnegative Matrix Factorization with

Auxiliary Information on Overlapping Groups,”  IEEE Transactions on
Knowledge and Data Engineering, Accepted, 2014.
(http://doi. ieeecomputersociety. org/10. 1109/TKDE. 2014. 2373361)
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T A FORBEITSIES M~pM) | 205 FRIREIEmD TR 725,

DI, PAFEE OS2 £V W RINTEIT S D 72O D72 Me

> — N=N N
H 3T I URMBEOBRR N LATH Y . TREREI LT, TR AN N Ve
£, (1H-1,2,3-triazol-4-ylmethyl)-N, N-dimethylamine 1 23 i1 7= fil it 1

RBREATHZLEPILNTL, ZhEa V5 & MoAL EDOIE#IL

FHEEICH ETHZENmhoTz, O NI T Y —UiEET, ST O R—T 1
FUBBNBIS (7 w77 I AR =) LK TERTE LT &b, R
VR (BEHEE R ICHY) 2 @I ST I VA~ LFETCEZ LR THLERL TV A,

(Kitamura M., Kawasaki F., Ogawa K., Nakanishi S., Tanaka H., Yamada K, Kunishima M.;
J. Org. Chem. 2014, 79, 3709.)

(2) MoAL {EIZBIF RIS X7 EOREBACIZBWT, VA FiiaH A b AR
WAL ELT S 2 VIRV EE O BN ERRA A6 &Et L2 U 7 Pl
PNEIFFE D ERET 200 E ) e O MBERREIN D, £ 2 T RS bR E
LES BRI TEY LV EA RNV T NTED UV EET VIZHWT, 7T EY Y OERIEIZ
i b LizedF ) Ay FgEHC L o A b LT T BV ORISR L S
HZEER LT, ZRICKD ., Z T B O @RI DN & BT I BRIRE D
FAEEIG D@ I 0D, MoAL ETIE, U Wy FAMEDORGHI B W T2 M3 & L
2N E A BT LTz, (Kunishima M., Kato D., Nakanishi S., Kitamura M., Yamada K.,
Terao K., Asano T.; Chem. Pharm. Bull. 2014, 62, 1146.)

[Z%543¢] 1) Kunishima M., Kikuchi K., Kawai Y., Hioki K.; Angew. Chem. Int. Ed. 2012,
51,2080 . 2) Kunishima M., Tokaji M., Matsuoka K., Nishida J., Kanamori M., Hioki K., Tani
S.; J. Am. Chem. Soc. 2006, 128, 14452. 3) Kunishima M., Nakanishi S., Nishida J., Tanaka H.,
Morisaki D., Hioki K., Nomoto H.; Chem. Commun. 2009, 5597.
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BT b EAREBIRT F DGR & HERE

BFF SEE] - BB SRR B R A BR R A S R

[Fx]
FexliZF 72 LU 1AM THESS LA )ﬁf7&vyK%EL\ZEMﬁm%
OGN NLAT v EEZANT, ZORBBEERICK LTS, ZhvbA) 357

&L FRITHNE O3 ZRER, whT ) R E iﬁfﬁ“fﬁl%ﬁo SEIOF 2 ITER LAY T
T2V ERA L, BREMEEREIZ = IR TSR ICBCA T 5 ik OfESL & |
FEBANZ R D RER R 2 HRICHIE 21T o7, BARRIZIZ, 72 v 2,37

DEFE L RIGITHR U FRLE oy LTEAL, SHIZEOHNEIC 13- M —Fh
Zhl L7c b AMSEE S T OA K &gk 2 B8 L7z (Figure 1),

Figure 1. Figure 2.

|
QCC
OH
qod
OH
qod
OH
QCL
OH
qod
Y. OH

exo complexation

Ar
L xox
Xo=
o Ar
OX\O N Ar

energy

Oligonaphthalene Spiral stairs molecule coformation or

component
[BREEBE]
BHUZHEE L T D %ﬁhﬁbbﬁ&ﬁf\% L BRI LD TT MmN e Y R D Sy T
Thod, TnbBHFIFRENERICO N, X VF—IIIAFNI R D EEZZOND

(ﬁ@mnﬁﬁwﬂs$@ﬁ %wf?<®—*¢WﬁT?6ﬂxE%%ﬁ%%ﬁfj%
TR —HIARF)RFIAIE L TWD, ZOHET-EZHOMEZHETE T, FiR
DAL D &ED | JFRMANCRS Z <‘:75>TTJ&7‘£ EEEWT 5, HEIMOE I I
FREFHTHHEND Y | BEHCITIREEICT 5 2 EnERkan b, ERICAY I F 74
Ly D=y MBI 212540 T, BHEfE - BRAREIC R Y . #HiZ 13- Frofig
BN S&xE L ofe, ZOMEIIK LTI, B R BIBMRENMINZ E2FIA L, KIS
Wi — KU EN L Te~T D ERICIN %, ISk, v a— M7 A TR 5 H
TFEHR L7~ (Scheme 1), AFiEZ AWT, all-S-2, 4, 8 EAKD & MBSy F DA R ALY
L7zs DWW TUV BEO CD A7 hV&IE UINEAE 2 #es® L 7= (Figure 3),



Figure 3. CD and UV spectra.

r CD
1) B(OMe); (excess)
2 0o
BuBu
(excess)
54% yield
all-(S)-8mer
N
all-(S)-4mer |
S)-2mer
| 1 | b
250 300 350 400 450
wavelength (nm)
all- (S)-8mer all-(S)-8mer

UV BXOY CD A7 MV ONA%PE  Figure 4.
DL D b XFFENDH, RizLT
O AP B R 5y - 23 IEREICAESE S 4T

WAHD), ZOFERIIES TldZe o A&

all-(S)-8mer

7o . —EbnE < VIKT R b (S,R,S)-4mer
L7 THREARKTIE, NMR LV b'E
BT O S PN EE R RT3 5E
MEZN, L LAFERFZRTIE, 8 &K

Doy EE—27 M FI-MS, FAB 72 & D m
RETIIRB SN hoTz, £2ZTH (8)-2mer

DO FESMREEZREDL D

GPC #F|H L7z (Figure 4), & D54, 1 3-diketone /k
ME LT O ARBE Y FIInF8EIT | = = > 0 —
i 7o RFiREM 27" L, GPC TH &

N R b D 2 &2 o 7z,

[F&DHhLSERDERM]

HMEARFTD § TH— SN ABBEES T2 8 B ETHET L Z LITHIIL
oo BBIFHMERENRIR SO T AT LA~ —52 AR THTETHD, SHIT 1,3-
D M= RIS RENE R AT O A B AL, bR AREICH R L7z #EE LA B
79

(S,S,8)-4mer

[REBE] (1) HAKPSE 134 2 (BEAR) DEAFREE 2014/3/28. (2) &5 25 [H3
WAE(LFERERS (E) HEEFRE 2014/09/09.
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Ambipolar KEEBM~DICHZERM LB - EBEASRN Y ~— 0 AR
KONR BT« ST EE AR T 220

— WA, JEEAHARNERDS 1692 2 DA~ 7 A0 A N EEREm S S,
HRPICR & 72 VX7 N B 2T, ZHE CTHEEEREGERICR T 2 REDINE
BN RIZ=ZZFFICLD LW Tho TN A e 7 204 MEBKEEIT Z 0%h
FEREL EES>TWD, ZOHFKT 7 A4 FKBEFEMIX Ambipolar FfE ([
REM) LWHR— L7 br U ZFEIRFICHT 2 & 23 TE DR 8 R OME
ZRMALTWHWTWD, ZHUIMEEWHERKRIGEMIZITVEEA =X L TH DN,
FTNNARTHHEIATELZIEEZEEL TS, AL, JAVWERKRIZEBWT, Z0OfH
BWSa 7 AN A MIFRABREN N E TRV A CTELRME S &V ) A1 - B
BEAER) ~—DffEThY, ZOENLEMED TICBWTHLH =@ ®
Ambipolar JEE KGR OB ARETH D Z & Z/R LTV D, F 2 CARMFSE TIIAMF
EATIZETR T 5 & EiE SRz L FEM LD 52 & T, &Sx vy V 7 BEEZ AT
% H72 7% Ambipolar B & DGR E . ERHERER RO 2 HiE L7,

BARAIZIE, M1 DAF—AIIHENT 78 7 —ffiF~F YT ) 7=
~FHFHLR= h UL (HAT-(CN) ) & a7 A (1) & BOG S 5 2 & Cal i fdk
(ZHRVRIN 2 & D8 AREP R [Cu, X, (HAT-(CN) ) ], (X = Br or I; m = 1~12) ZHRL
720 B2 1% [CuBr, (HAT-(CN) ) ], DWRIX AT M)V TH D, m=3 OFEARIZIBVNT 500 nm
ORI o (em™) 1K B B OEEHERELC & 5 P3HT/PCBM DfEZ 2 TRV . K5E
R ONSERIELE L CH I C& 5, 72 E 5 HRIE L » HOMO HERL &2 AR S 1 |

NSV CY = A5V (W A oN

R o7 B &N, et

LUNO ¥l BE L () meCuX + T T T — [Cu,X,{HAT-CN)g}],
3) . ZORE, E (0.72 o

eV~0. 63 V) X KBEM -

i k Y 1, [CumXm{HAT-(CN)ejln DE LA F— 24
DON-ER & LTIt

St 1L .0x10° 6.0x10°
Foh& < Fim Lo Hefr 0 -
=3
(-4.89 eV~-5.19 eV) . 40x10° j“ ~ 40x10°}
% =8 | g
bIECROAERKGE T 5 | ® aomot]
2.0x10” ki 10 2.0x10
{'m@i:/\/( X*%iﬂa:%%@ =12
EJES %Uﬁﬁ j— sie 5iﬂi&'§— % o0 560 1000 1500 2000 0'0300 41'30 51'30 660 700 800
. ;bz; 7" Wavelength / nm Wavelength / nm
HZ Enbihol,

2, [CuX,{HAT-(CN)¢} 1, @ UV-Vis-NIR UL A~ 7 kL
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Wiz, Bon[CuX (HAT-(CN) ) ], DER/EEL LN -40

HEME A B A EIER L OVENR [FEIE VAR
LTI L7z, B4 (F) 1dm=3 6, 9D} -45 LUMO
BRMEIOA B —H L AD Cole-Cole plot THDH, R-C ——
A F AT R B 2RO L fitting 29T 9 FTH 7LVt 850
BXOar 7o BB AELY . N6 0HENHERS
EEB X OHEReEHE LT, TOME, BREEEs, OO o HOMO
R eL BIZm DI KRIZHEWEEINT 5 Z EBH LN -
Teo BT [CuX, (HAT-(ON) ) ] \CBA L CldahdRe = 146 LK 0 0670 91012
XMEER L, BEKRGFEOIENS S Z OMED 85 E 3, [CuX_ (HAT-(CN) )],
PeaH LTV EARES L, - OmRFENT = PR
PEREIE 2 AT 28 (D A AL DT 2 % AT ~OEAIHEER L CTRBLT 5 2 &A%,
INFETOMETHLMNI/R>TEY ., ZOWAW G RO X 0 iias B %
FHLTWAHDEEZEXTWD, £7o, FVEEEZFHRT &2 A, mEEMTITELED 2
T\ 2 Z2 M BT HI RS bR (SCLC) Rk AN S 41, fitting IC XV F v U T BHE)
AR Uz, 72720, [CuX,(HAT-(CN) o) ], (ZR9 L CITAREEIR e & o F- R E K
123 & 415 Poole—Frenkel E m=3 m=6 m=9

Energy / eV

?/I/L:ﬁéﬁ Z &75)6\ 3’\’? U T g : =23 g o2 - ‘,,}=7.3 a® &=146
[T F A HAT-(ON), D 2 v R
ZyTIZKVIBRESND T T L o o oo 2" & a0 o 4
0=15x10"S/cm ¥ osl af:‘;SX}O:’cS/cms ,; 25 oi1.1§10-j§":?cms 24
75“—%—%/\02 CLTHREL TV A o:a: u=36x10"cm?l\;sCL :I -m- p=48x10° rr?/i/, - p=72x10 /v,;,/
- & 7j§ﬁ_\‘|]§ éj/bf:‘) é-z.a A zg-15- /"J;II g 151 /,,/'
[CuX, (HAT-(CN) ) ], Z N2 e o5 j of
%Hﬁjﬁ%%ma:% L/'/C\ |7 < D) 08508 -d.a‘lofclyogo'::/ 06 09 13 255,770 o.’f:g voo 05 10 0'592.5,4.0 a5 lo:;AV 05 00 05
INDT INA ARG 2 R L T2 28 B4, [CuX, (HAT-(CN) ], DA Y E—F L AAAS b L FV
fariu & ZHH R ITHR D TK D>
50
7., T iz Ed®Ro@EDY Ag 60 nm / Au 20 nm § o
. MoOy 10 nm E 50 |
[Cu X (HAT-(CN) ) ]. > LUMO A3 i |
Zn0 40 nm 4150 |
TEHEDTHS LEL TV, Togse R
> 73 NV g; -250  —=—photo
TIT, fET:EJ: Y TRV LUMO %‘fﬁ 30005 Vongé)e w 05 1.0
T % FgCuPc 2Ny 7 7f@e L 4.3
4.4 . 10 :
TSN ZDEREAT > TS, 48 A7 e poto / /
[FIEEIZ 20 LUMO O HAT 3538 54 _53 g s ﬁwwwwégxxijf
Rz DT ER B OB AL & s ’

1.0 15

%j,b % %_’Fﬁ I/ \fcﬁﬁﬁﬁém@{/ﬁ% ITO  ZnO HAT/CuBr MoO, Ag
Tozie
Z{T> T\ 5, 5, [Cu,X, (HAT- (CN) ¢} 1, % P 72 SHERBE A B o ot o0
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FBERBRIGE & ™ BRI T T R 8GR D BR %

MRS « UNTERY: BEFHRE7 0T 4 THRT T X —
4=1:3)
UTAE, 5T LW RS A E e LT BIAME &m0 EREDIN T B % ftd
FFOMAb T 7 ADEREZHEH TETND, —RICHWOLN D BSBAT Z 23y &
(TR S AL D K O SRR Ak :UAEKEMWZE LD LRV OB Y | HIHMER
FIxT DRI RE VN, LU, BERREEEEEM B~ DS B L Tl EERIC
HEAIZB ST T 7 2 (1d T 7 A) IZBWTH, EOREFHMEIT T TidZe <,
B2 2 EEER M N EEN TN D, KRR, BT 7 2% W55 o
IR BE 9~ 5 A8 2 26 1 T 2 5L R SR AR SR pr O IE T FBhZ & W0 L. Bfb
AT A% AT FiU SRR A o gl KO 2oz B 2 ko 7z,

[EE&RAE]
LFEFZEE S A B W TR AmIEIC L0 /ERE L 72 SnO-ZnO-P,0s (SZP) T 7
A DFIFETT 2 . FEREE DI LRIZBW TR Z o7,

[EBRERRUEER]
DSn*-Mn* £ FHINH S XD Photoluminescence (PL)4% 4 5Tl

RO PEEIETH D T Y VERE LY T KBTI ns? BRI Th D SHT
EM L EIRINT A Z LICEVHAGEEBRL TS, — . TAB VAT A RPTIE
Sb L M N T AL BED BOREENEREER L T DL 2 EBAHESL TS, £2
T, BWBTFIREE525 S [1]Z =L ¥ — K — M 2o fx X —7 7 & 74—
& LIz RINR(SZP-Mn* ) T 7 A2\ T, PLRHEZ R L7, Sn™' 55 Mn® ~D = %
X —BENEIR ner (X, M HREINR, KON, Sn*
DHBHIM LT RIZIBIT HWERFEE 1.0 Z W T(1)
AD LI IZFLRTE D,

ner = 1- ', (1)
112 M 28N L7= SZP H T AZHBT D qer D

Mn J& AR A 2 7R 97, K O y 1L, Sn* B TH D | y=;.g<:
SnZ | TR AF R T B W EER T ) L X — B E A 02 500

Energy transfer efficiency ngr

CT0DZ EHD, ner fEAS So":Mn® HIZIRTE L A R M
TEAT A, ZOfRERITIH T ZAPlcBNTIT MnO amount /mol%
ST MnP e Dy TG AREZY VT WNFIE LW LA Fig. 1 Energy transfer efficiency of

SZP-Mn*" glasses containing different
R L TWA, amount of Mn>",
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@Sn*-Mn* £ & M7 S5 A D Radioluminescence (RL) 414 5

RTEE & [AEED Sn* -Mn> 3LIRIN A 7 A MR A AV T X BRI R A7 RV & fIE
L7z, PLIBFE T, SP™ OV T L L THR SN A, X MR AT fLT
= 20X 92, M ICHET A = NHRICEIZE SN, — 5T Mt B LD
Sn® DI FE MR L Vv . X BEEERICB VTS,
S B M ~DO TR L F—BENAELC TS L
DIFEFR ST, XBRbEE Iz X 23 1%, FRE &I
EfBIL. 0.01 Gy 225 10 Gy £ TR L7z, A
T ARICETH, X Bk X > TRILOZHRIL,
Sn* -Ce HIRMADOFER L I TELRTH L, Mn® > :
S >Ce™ LD, AU — AR b o " pnoenenegyiev
NEfF & 70 %, Stk 77 AREICRA OFEtEZ Y] Fig. 2 Xeray induced emission

_ R spectra of the Mn*"-doped SZP
SMITLIENEZZ TN D, glasses  containing  different

2+
amount of Mn~".

Emission intensity (arb. units)

O

5 3CHR
1] H.Masai, et al., Appl. Phys. Express., 3, 082102 (2010).
2] H.Masai, T. Yanagida, et al., Appl. Phys. Lett., 101, 191906 (2012).

— —
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& FERFSRER
1. T. Yanagida, H. Masai, OSL, TSL, and Scintillation Properties of Sn2+-Doped 60Zn0O-40P205 Glass,
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® EREaRR
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[N 7 a5 7 ==L Ot D fEA

(RS c WHESRFEH R BTSRRI R

[FEE]

vrmaNT7 7=y (CPP, K 1DIX, EATBRRMEE
(CHSRET 28 LOECHBBE D RN IIFF TEX 5 2 &b,
ZL OELBFELN TS Y | KRR TH 5 ILT#
D7 N—T"TlE, TTIZ CPP DARREDRFEICHIT 5
Ll PP OFFRAL Ry 7 AFRREEB S LT
W5, P &5\, [8ICPP TV HNDTF AL PHFA LD
B, HEEC B LT 5, P AFZETIE. CPP ORMLIBFRIZ BT 5 BB E FE Dk
TEZLT O 721, CPP OESALANE 21T -7,

(B - #R]

AR 1 BB bERT 7 onty (Fo) EEWME L LTHY, T FRE
(0.5 mM) TFHEE L7=[8]CPP ™ 0.1 M BuNPF,® 1,2-Y 7 v ux X KK 2 W TH A
IV I ARNVE AN — (CV)EZEIT-T- (¥ 2a), ZDFER, Fc EHET 0.62 V
(Z [8]CPP IZHI2Rd~ 2 w72 R ki 28 1 D8I S 7=,

X 1. [n+4]CPP D,

Q
~

E b)
poFe) L
—| [8]CPP Ferrocene (Fc) Ferrocene (Fo)
«.:< pocPP) )y = )
‘(2 o 'epe (Fc)
~ [ , -
< CV(RDE)
o = S e ===
E o [8]CPP
8 pa(Fc) S i
E o RDE (CPP)
paCPP) L
0:5 0:0 _0',5 1.0 0.5 0.0 -0.5

E (V) vs. Fc/Fc’ E (V) vs. Fc/Fo+

BJ2. [8]CPP & 7 =kt Da) A7 U v r (F@ILHE: 0.035 V/is) B b) MHRALVZES T L (i
FHHEE: 0.010V/s, [RI5%L: 1000 rpm).

Nernst O ¥ X m%bt%%*lE<E—O%WH@WE T —=RBXOH Y —
P@E~&$@1)“i@ﬁﬂéhtBEW®Mm BRECHRIT D nz b oo &
5\ BT THDHIENTNoT,

:\ﬁ%:%%ﬁ%ﬁé&mﬁét 12, CV LrfET ¢ A 7 &M (RDE) &
kﬁﬁﬁw&yx%)~%mﬁébﬁkwm%ﬁok(E2L%@%%&N%iwmm
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HE LY [8ICPP &7 =mt U CHKT HEIRME iy BEDY iy DENZENSG LN,
Randles—Sevcik D=, Levich Y LV FFE LI-BIHERL n= (i on/Io o)™’ Ui
e/ Iwp ¢o) £V [B]CPP OEMLIBFRICK T A2 BENE f 4 n 2 RD7-E 2 A, 1.56 F
T Tholz, nlIAKEHTHL, EHI2, 2B FBEREICZBWT, Z20&E 10
I A IV TPRELRDIFE n /NS AEBONLZ ERMBNTNDS, Zhb
D EnD, [8]CPP DI LIBIEN 2 B2 EZ LR TH D Z L BRI RSN,
52, [9]-[12]CPP IZB T 2 BHBE O FEEOREICLIVRE LI, ZAbD
CPP IV g b, CV TIX AR — DD LI DL NBRAI S D Z & 2T TIZH B
IZLTW5 7, ZORER, BLBRICBIT2BHEIH X 1.6-1.7TE T LAMEL S
Nize ZOZENL, WTHRD CPP IZBW T, MbiEfit 2 EFA2EEH> bDOTHD
Z e oT,
[#EE]
BRALFHFIELZHWT, CPP ORI T 2B E R OWRE LT 572,
[8]-[12]CPP TlL, 2 B2 ELBBRETHLZ LEWHLMNI LT, 5%, LB A X
D/NE 72 CPP OWE S [FIERITAT 9 TIETH Do AWFFEDRERIL. CPP Dl 248 2 PR
T 5 ECEBERMLIIRLEEZX TS,

B3 CER

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

2) Iwamoto, T.; Watanabe, Y.; Sakamoto, Y.; Suzuki, T.; Yamago, S. J. Am. Chem.
Soc. 2011, 133, 8354.

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

4) RN MR MHER 4P, LR ML ERUETANEE (L), Bl AR, B, 1984,

R (FRER)

L AL 94 RFFEL (P26 43 | A EKT)

HE [N]v 7 unT 7 x=1ORIEREDORREN

BRE FE K- OFL F-Wk F-lv %

2. EEAE TS (P26 29 A, RILKR)

HE v unNT T = ORIERTED R
BERE OFI H— Wl FH - BFLEEZ - LA - R - UF %
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WREEER T VR FE2AVWEHRLEETEERR OB MR
AR - PIERL R

[HF7EHRY] oA A=Y 38 7 u— 7RO RIS, 2 A4 B IE
R EOZERAIFRICHR L 2o d D, HMEBA AV TITENA A=V T LY
& AL T X DB LT & LTEE SN TV DN, A A=V 7 7a—7 (f
BHENERA) IIRZFERL TR, SEEEEGIIOE R E (PAS) OJFEEIZED
RN 7O EESHERE 2 BT 5, 70 b XWIED 5347 & w9~ 5 H il
ThoHZ b, HaITIERFHESREERM 2 EOBLRN & 2R +Z2FH L7z
WEEAIOBEmWEAMEICER LTV, R TIIOEEEA A —2 7 HEZAI ORI
ZHIEL, WEEMSET 2 RiT% in vivo TAHULT D HEEA A —2 0 ZHATOHE
SEEE Uiz, BRI L TEAT O SRR 7 12 X 0 K3 CikEE - s
Tel@ T R ORI « TR S IREE - EEE SREOHBIZOWTHREIL, FFED
B ARIIIZ W TeJE T/ R ORI BT E O S EEE 5 O R 2 b 2+
HZEmHME LT,

AR, () ZEEMNEZESEa8T 2 RO~V A RPEFE DR &
(2) ffafE 2 2L S Ta&T R+ OB IAZMERE DR 2 H I RFT LTz, S BICHE
i Z M ESE 570, EEBEFUERTLR L,

[ F7vE] AR TITREZE T 2 B/OL 2 L—HF—Z ik EIR, P(VDF-TrFE) £
BT ANV YRS L, BSOS AERT T 27 7 A4 N LR EE LT
Vo TIROEEE Y EANTHREBEEZIE L, fHMIEEZR LSt 5720/
BRI A 20 Mz 3 E COIR et I B Lie, RiEEm a2 bsdizat
B LTHTF AU GRU-L-Y DS T ki) L7 =40 (7= U BRikE
&F I RiF, TNVEFIAREST SR, RV T 7 U NS N U LAMREST R
T) ExtG L Uiz, &) ki r-OFEERE & LT, WA~ MUVAGE, & 7FBEMEE
Blg2, MVIAFEoMlaOYCFIaMEEBIEE, KO, ICP-MS HIlE 2 3k L7, il
(21X AB49 e (b BRI B R i MiAe) , H226 M (b RV EREAmIE) A
o, IEFHIMD & L C HUVEC MR (b b ERIRN RCHIID) 28R Lz,

[ZEBAER] MR IAER =T /K72 550 LT B 2YE S IERS R Tl
HY AR EITRGRIFH E R CRESERD, BEEDPRWVIEE, FRENKRE
UME ETFEE B IT R X < 220, ICP-MS OMIERE B AN S - 7=, M D4
T 2RIV TNL Y Y Y —AICREL TWAER DT A e 2 ki3 0/ LT
DK LT, T=A e T 2 hI3EE L TV DS TEM(Transmission
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electron microscopy) 8 CEBIER I 7=, ~ /LT AT MV FEYE SHRE DOREA 72
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(>600 nm) JihE DFFEIC BAE BV RE S iz, AIRREIC L0 A EEEFREICR D

@rﬂ@*ﬁﬁ%ﬁ%‘%éﬂ‘ﬂ\é M EVFEICHRFT Th D, RBAMIE TIIEeT R+ O
B D SAFIT X 2 M dE e AS 22 EBR S TN L 7=,
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Ho, KoT, TRNETRHATH =X F o NS %ML R TR SN S L8 LT
W5, FHIBIERIZEWTX F 2 NF OREEMD AR FBEETH A 5. RiEIHEREME B REAL
BFEATHZLICL > THOHBEZ 5T 5 2 LN TE 5.

KEAEMT 5 HEE LTRFBEI T P LES (ATRP) 2 ond. +hbb, BB
SRR EBENT A RET P ONBBRIE LTHWA Y B ZEATHY, ATRPIZLD
BONDLRY =TT 4RI 77 MUBHO 3 FOFESCEAGE, IS U TR~ 7ot
REZRBLTHZENTED. FRBFOTUINEE L ITRRD, HEBEE LGN
EZDIZ WD FBOMORNRY v~ =035 5.
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[F£8r0715]

(1) FF > NF > — h~D ATRP LK DEA

PR IE A2 AR T, ETHIRO X T U RICERR KR 2 N2 2 2 & T 1 wih¥
F NF BEEREFAM L. 2nE v — MRICER LS OIZ, THF, DMAP, TEA,

2-bromoisobutyryl bromide Z ANz 24 Wi, =R CTKIn S EEHMEAIZEALZFF 2 NF
— M EET.

2) RTB87IVES

(DIcTH NI — 2 MW, NIPAAm &EJRFRBEI T O HVEGZITo . 7oAl s L
T CuBr, Bfi+& LTI1,1,4,7, 10, 10-hexamethyltriethylenetetramine (HMTETA), 4l
(RIS 2 R T 5 720 D 7 U —BsAAl & L T ethyl 2-bromoisobutyrate, ¥&EEIZ
DMF/H,0 % FV =, & 7 ~—JREEIIBIAAANC X LC 50, 100, 200 M4&& L=, fFoni=s
77 MEXF UNF — MIDWT, ZOfb e, M, Bk, Bofiizs), EES
BN DUV TR L 7.
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[ SElmifh IR & &5 22]

(1) ¥F > NF > — b~ ATRP BRLEHIDEA

BNy — O TaETA YT F VOB BREIIRKIGREOESE 2D T
LD 0.25 (ZHIEICE 7. XRD OFER LV, HEHBAIOBEIE R &< 72
HITENFTF 2 O RfE A EME T Le, 7206, NF OXRmH)NHOLN
HICRGDEIT LI EZ 2 N5, Lo T, ¥F N OXREEEMT L0
21X, FERBREEREE DMK T L7evy, BRAGHIDOEHFEAS 0.25 O — k% ATRP
WZAEER T2 OO0 FE L.,

2 g SIHI)VEE Table 1. B/ —DAA T T HNIPAAMD B A
@ = it PO (&1L 3 i 35 E BB L T)
Ry BE) 7 YA VERIZBY NIPAAm c N NIPAAm/GIcNAc
< , 7‘ i :.E-/( Vi 7‘\?'— U }]/%@ (mol/Br) (%) (%) (mol/mol) NIPAAMm
. 50 52.17 8.68 1.98 738
BT FINREE A2 2 100 5564 1043 125 493
5 LC ko CEAFEE HIE 200 6052 1135 12.7 50

TELHZENRHENT (Table 1). FT-IR A7 kL L Y NIPAAm [ZH 3T 5
TIR, AFVUE, AFNVEOE—7 38, BEEOHEITHIMRE TE-.
F72DSC DFEFR LY 32.5° CAhLClREMREE LM TE (K1), £,
NIPAAm MHIBE DR fE - T, BVOMRIEE DM L L7z, Z4uiE, polyNIPAAm A3
TENLT 7 ATHDHIEDFF L NF ~OBRENETT57-0EE2 TS
(K2). a7 EEEDOT— MWK EIRBKEZNEIE T Ll 2 0 E
L7, @RIk LTy — FRENBUKMEIC 2D, —FTIRAIC) LTI
AKMEZER LU, £, HBAKBIXONEAKICHT 52— FOEKRFITEN LT,
I 7235, NIPAAm O AL LY FF 2 NF o — MMIIREICEMEEE 2 515

ZEMNTET.
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200mol A~/ N
mfwﬁwv//f ﬂmi#/J\_
M
omg~—N\______
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20 25 30 35 40 Temperature (°C)
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B BEOG &S FHEE ARG CHEE L7 oy 7 IHESRS 7 T 7 MEESIR
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AR BB LESERREPREI N TN D, LIL, FTIAREANEEZHAT LI 70
FTEECHERSIIARBA TH D, 29 LT RND, BAn—AD# K LHEANICSH 5
3 D DIKEEH: (2-0H, 3-0H, 6-0H) IZZ N ENH72 5 TR & 4 T8 2 (L EIEIRAIC 77 7 b
tT52 828D, B —20F#HIIRAEDO LY AL R LT BTHLZR X 7 v fH 5 B
EDOBIFENEANATON TN D, ZOBEERNSED 2O, 577 7 MUSRORESE -
FE - BEIMEORG RO TEEL D, £ TAMIZETIE, 4FyIalb—rvar
ZEME LT, 777 MIEHNKIET o FEBEoar 73 A —3 g V(HEAME) 25018
NFFEICLVHEET D & & bIT, IR LN HOEME AL T 52 LT, A
~H T um AT — VT E TREK A DZEM AT — /WZRERY 2% 7 Vs 2 h
DFEBHEEN ED LS ITHBE L TWOINERKETHZ L2 BE LT,

T vn —AFEET, MEICEBRSNDDIMEDOSTFIA XLTOMEICLY, +
a7 xA—va P RESET L HEENE, Brn—2A0FFEEAE LTHLN
Lo —AR Y T— K (CB)IX, I$H 2,3,6 itk R F I L Eny vy =— F T
Ko TEBL I, FidN TIEAES & = EIR eG4
t > (Zugenmaier P. Crystalline cellulose and
cellulose derivatives, Characterization and
structures, Springer, 2008, P199-200), & Z TH#J
e T NARRBBEIZIB\N T, B O = [RIRTEHEE & &
b — A D AR LEREE (Nishiyama et al. J Am Chem
Soc, 1241 9074-9082, 2002) > 2 FEFHD EHHEHE %
My, 6, 2, 3OIETRIEHZER LT, ZIbHD
MBI, =R F—0 ZFFEEEHRD 2.0e-5
kcal/mol KV /NS L2257, AT v 7HAY 20000 (2
FET D E TR F—RUMEEZITY, ZEMIE L

I, N Fig. 1. Stable structure: a and
R LTz, FitHY 7 b7 =71% Accelrys ££0D  ihree-fold helix: c and d, two-fold helix:

DISCOVER }SJ:UFORCITE\ jj:[}ljl?/\"§ )( _& ﬂj: COMPASS a and c¢, gt conformation; b and d,

conformation.
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W (P e KRB L MBI A — R —a B a—XF),

FEHL - ZER Zugenmaier RS L CUN D CB fiEdk OMIEH 6 71X, gauche-gauche (gg) i1
ThbH, LHL, gauche—trans(gt) #EiED CB fgh D= R /LF— & gg tE1ED CB gk D= =%
AR, IFEATENRR, F72, A —RRAF LR T— K (CMB) TlE, gg WS
I0Y gt BEDOHFNERETH D EHEINTND, Bxr OBRFHIBW TS, CB EHEHK
BR— A6 MY FAEAER LTZGE (2 - 323 FrX I L), &b EEREE
I% gt #1& (Fig la) Th Y, gg ffil (Fig lb) & tb_B L7 a—RBfLHT- Y 3. 59%kcal /mol
DT HIVFX—ENE U, O olctla—20FEHERZ A, 6 iz b FLE
ZEML, X VF UMb AT o T, ZOHREICBWNT S, kb LEEREIEIL gt #iE (Fig
lc) THY, getfid Figld) LD &7 a—RH 7=V 2. 15 keal/mol DT FR/LF—
END T, —J7, CBEHBEKZR—AIC6MIC Y VEEZEBRLZEETIE, RLEE
IR gg EETH Y, gt iEELERD E TNV a—ABALHT D 3. 04kcal /mol DRIV
F—EZNECT, K2l 60l MU FLE(gt) ZEH L7ZET /L, M 2biL 6Lz VL
F(ge) ZEH LTI, 2 UK 3T VR A Z N ENER L&KL E
METhH D, ZHETOHIIZLY, 2 IR LTe & 9 72 =[RI8 fE DREIEDNZEE CTd D Al
REMEDVRIR SN, A% 26 ORI EZ VT, WIRT TOo 1 OZEEOMH o Bl 1E
ZHOLNCLTW PETHD, —F, Bru—20FHFEEE LT LEELIN TS DL
R AFLELE—R (MO 1L, HARFT T B —R(CEC) & thikd % & fiiH
W<, ESRIEDRNZ ERF LN TND, FTEIFYIalb—ra VR LD, K
HHZRBWT, OMC 1T gt &2 & 2 EIBENE W DOITH LT, CEC 1 gg EDE SN EWT &
WG E TR o Tz, ONC DAIEHIT gt i & 70D Z & T 06, 03 & /LA =/LEHRM TKE
REFCEDLEMAFEV T ENTE S, K 3 IR LIRS HLL S, CMC OF—E—
JINTa— RiZb, 06 e L ——
8 1) 0 7k O 3 78 2 AL % i
LTWbZ 0Nz,
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% R 1B e 0 A= oy iR 1k
EWE, ZoZEMIic b A
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helix. . . . . .
. Fig. 3. Radial distribution
A[REPEDN B L
jﬂéjﬁblﬁzz} LS function between 06 of

eSS © A Horii, H. Miyamoto, K. Sakakibara, 1. Wataoka, cellulose and water
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Y. Tsujii, C. Yamane, K. Kajiwara, Current Cellulose Science varosen atoms

and Technology: Chemistry, Analysis, and Applications, B Analytical sciences and cellulose,

8. Interaction of water molecules with carboxy—alkyl cellulose, In progress, 2015.

A. Horii, H. Miyamoto, K. Sakakibara, I. Wataoka, Y. Tsujii, C. Yamane, K. Kajiwara,
Interaction of water molecules with carboxyalkyl cellulose, Japanese—European workshop,
Berlin, Germany, 2014/10/13-16, oral.
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o) \
LTI RNERAZ S Y 4 ° 5 6 (CHn0

- Fig.2 Chemical structures of methacrylate monomeres having spacer.
VAT IVIZEZTZ 4,

5 8L, TNV INVEREY
ﬁoof:o 2\%‘1 % Entryl,\i @rﬁ%m\ = “ (CH2 H:/ g (CH2>3‘ )
NR——DFE NI L ERENRR LT 5

ZETMMBRELSRDZ ENGToT,
WIZ, 4 DEBIRREL 50%I2 L7282
A(Entry2), M, &Hsfb3R3 32 Entryl K
DHREL o7 4p AR LT, WIS, AR —VENLZ 2 OF9 5 6 ZRSEHET
Bt &H72 & Z A(Entryd). M, 235%7 45000 @ 5p N3 57—, S 512, BltsAIZ VR- 110
225 AIBN (2 2 TR &M TR Y ~—1bT 5 & (Entry3, 5), TNEN LD ®HFED
R~ —DEREREERTHELND Z Do T,

O

n (o) n
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Fig. 3 Chemical structures of methacrylate polymers.

F1. 4 L 5OFVHNLES

Entry MU WERRE O BHAA  PIAAALREE  RER M, M,  MJM, %
1 4 10w%  VR-110  Imol%  22h 9200 22,800  1.47 6%
2 4 50w%  VR-110  1mol%  22h 16,100 31,400  1.95 72%
3 4 50w%  AIBN  1mol%  22h 43,000 165,900  3.88 82%
4 5 50w%  VR-110  1mol%  22h 44,700 86,400  1.93 91%
5 5 50w%  AIBN  1mol%  22h 89,000 451,000  5.70 95%

6 2 (R=Et) 10w% VR-110 Imol% 48 h 1.600 2,000 1.23 64%

PLE, AFEOKRFRFIEICEID IR = —AHZ T ] /»mx%/v@ﬁﬁﬁﬁ@ﬁf )
~—LICE L THERRMADEZ B oNlc, TNEREIC L PRERI G, H
BV A"y a7y AR6 ORY ~— (b bElT Ltk@bhé@ﬁ\%%\ﬁw
Ny 7y R Y — ORGE EBERERHI ATV o U,
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[1] J\WG, 2. S8, ALREE, TG, Fr4E., iR, . 5 25 BIUEEEA L5 ER<s, 1P008
[2] #FH. j(*EF\ . fiiEL . E2SERE AL R RR S, 1P024

[3] J\WG. gk, 4. . dH. FBe3Elm oy Fiatiaes, 1Pa083

[4] S, R, &, iR, gk, H63EIE /5 Flimes, 1Pa084

[5] J\WG, &, $B. LB, Hi4 . R, I H95E A AR (b FRFFFL, 3PB-010

[6] ¥&IE. A fill. . R ZB9slEl B AL E T2, 3PB-011]
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n—AF ) 77 ANR—=(CNPIZEER) ~—T7F7 %757 kL, T HEE D
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1. REBBETFRBE T O LVES(SI-ATRP) : 9 ATRP Ot EA 5T 5L 10—

AF ) 77 A 83— (CNF) (laffisk CNF £721337 7 U 7k e—L ik CNF) &5
ip styrene sodium sulfonate (SSNa), 7 U — B 44 A, Cu(DBr, Cu(Il)Brz,
2,2 -bipyridine @ 1/3 vIv% A % ) — VKO % Ar ZZFHS T, 30 T 3 Reff insh
LTz, BEE®BR 7Y =R ~—0O My, Mi/M,% GPCHIEIZLVRELT,

2. MfEEE - ~ v AMHER L929 (3.0x104{H/cm2) & CNF (0. 2wt%) % 4 Hf#HA >
X aX—FNTHEREE LT,

[FER L EBE]

9. K127 & 912, ATRP ARBA4HI TH 2D 2-bromoisobutyryl 2% = 2 7 L1k
Ki@ME%CM?WﬂﬁHMm)L%Abtollfiﬁmﬁ%% 2D L THE
ARG EE O 25Tz (F 1), wFEOoMIZ LY ATRP BAGE O EHLEL 23R E L |
B ELHE B D J 70 5 2 MO CNF 8K 2 1570, 7235, ofED D, EABIBEOBA
hEDNUTIE 100% & 32 & BRI E O RV CNFFFERTIHRER Y ~—7 7 V8,
o~ TCIRMERE T TN ELND EEZLND,

WIZ CNF #53E K12 ATRP IZ X W PSSNa % 77 7 b+ L7z (Mna=9500, My/My=1.3).
BE, FTFIIR P ESHIC LY 7T 7 b (BE) OiHliZiT-> T\ 5,

0 GHs
OH Br—(’f—c—Br OR
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Figure 1. Schematic illustration of synthesis of a CNF derivative having initiating moieties.
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Table 1. Properties of pine-derived CNF with ATRP initiators.

Timea E.A. gd
DSb MW/BriBu group
(min) C% H% Br% (groups/ nm2)
5 42.94 6.34 0.25 0.005 31960 0.07
1440 42.63 6.28 2.73 0.058 2927 0.8

aTime for esterification. PDegree of substitution. cMolecular weight of bromoisobutyryl group. ¢
Molecular density of bromoisobutyryl group at the CNF surface estimated by the assumption of
the dimension of CNF (15 nm diameter), crysatal packing, and area of anhydroglucose (0.6 nm2).

‘ol 2O PSSNa 77 7 b
{b.CNF & fifazadiER Lz, 4 H#E D
MlEZ X 2 (2R, BAAEEEE O R
CNF TlEakeEsln @les i, B
BRNER ISR 238 —I 23 L TV D &
R ENT(X 20), —F . BAAAE
FEEE DK CNF Tl see S 181
BN oTe, ZORRNG, HlE
ICNF OUE R S5 7-oizid+
57728 PSSNa 77 V3 CNF?E@ = Figure 2. SEM images and confocal laser
B CIhDH T EMbhot-, B, scanning micrographs of cells/CNFs after 4 days.
i 9 B2 % M @ poly(poly(ethylene
glycol)methyl ether methacrylate) 7 7 + % Bi#f 25 £ O & CNF #FE(RIC 7 Z 7 b
L%@%%%ﬁOkk*5 BHESLIISR ER O b o T, T Z & HHEE/CNF
BRI A O S D 720123, Mg & WS R BRI O & 28K & 57 F 23 62T
HHTENDLND

Bz, BROE 53277 U 7 Hk CNF (£ 50nmx10nm) #FHEE (DS =0.305,
0=2.82) ZMWTFEROEREZIToTo, TORMR, #le L CNFI3RHER 2P LTz

 ARHORIZHEASHE R VO T2 DI R TE L Wk A LT, Al
@Tﬁ‘% B3 PETE 72 EHIARERE I e B A B 2 D72 TR O WS B 2 5 5
ICONWTABZFELBA LTS TETH 5,

(a) CNF-g-PSSNa with initiator density = 0.8 groups/nm?

23 SCHR
(1] /AR, ST FFRE 2011-102759.

FRAE B
[11°FRk 2 6 FEfff 72 F4 (6 A 11 A #5) [2] NIMSConference %7 7 A k> 2R A/MANA 7 —
7 vayZ (7TH3HKR
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2k D, MR S HEE B CHLCNIHO (771, 10mL) Z
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HEY VN7 m S AL ER Cs2C0s (3.0 mmol) - Z
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L fC ° reflux, 24 h O

Ar 3

3a—c & 3d e ED %
RN Z AT XL 3a-d D

T4 2V 2R VR b Q )
J— (CV) ZHELET A, o man{ )t oan{ )t d@§ NOi
3b

3a

s, NS 3 3d
R Z L 12 3a—c¢ TldA[f 81% 71% 75% 65%
B IE DS X 072 DIZ K schemet. 7V FIVBE LT U—LBEET ST 7 SV Bl m RS 1 Y OAR
L. 3dD&A, L hEREMIC



—3a (BuzN)

o WOAD==O-O
/ \

M LUMO (~1.47 eV)

(b)N::N

LUMO (-2.00 V)
e 3l (CEZN) -
1] 0.2 0.4 0.6 08 1 1.2 14

E (V) vs. FelFe*
Figure 2. HOMOs and LUMOs of 1,4-bis(diaryl)

——3b (OckzN)

——3c (PhzN)

VI

Figure 1. Cyclic voltammograms of 3a—d -1,3-butadiynes bearing two amino groups
2 B 2 OMBAGE TGRS X 17 (Figure 1), 2@ 3d DIEIEIE A LN — )L BR
HAKRTH D, 3d DAN NV YV L ThiRO p EZRBF LA EHZ L TeRnI & 2R
LT3, 22T, BENBEEEE (DFT) 12k, PXFUV7 3 26T 2 nfbhik
CAVEAMNANY =NV EHT S 3d DG & Z D HOMO-LUMO #uEZz 5t L 7
(Figure 2), HIE2I 0 FRAE TV VWIEEGEZ &£ D, oo EE Lon—7%
HERICHARAZN TR DI L, 3d IZ ANV =)L 7 2 = )LIICH L TRIFER
L. #ER LI EFRI AN N = VRO TFICHAA TN TE D, AN N —)UE
EDIERRDNFITIE L WG R L 2 S EDRETH B T LDVrh oz, 7% DFT
FHELIC X DI S X FOLIEE T 2B I B W CEIREE I B U 2 e & IR
R2RRTE A RS NIRETIE, XD TFIFHISED ) £ 52 &b
7oo Z DBRTIEBEDOMIEDECIE E X 0 IIERENZEN I NS 72z, HOEY LN b
7u S ALDFBT 2 ElMbing, AN —VEBRERT 5HEERIEARREICLD 2
DX BEEBARE RO, 4OV VN 70 S XLRHBIL wEtEZ oS, £
foo GHEIC X D RO T D LA DT HIIEHE & 1Z E X M2 R L7, Zho
DRz £ &, BlEim X mEfTTH %,
fa - MRIC 7 S R AT 5 n RS A RS 2 AU AARY 2 SOG RHIENC X 2
Bely Ay 770 Y RIS K DAL, ZOMEEHEIEY VN 7 m S AL EDRREL
P, BRAC AR LR A SO D L Ue, SRIGERBEIEM B D)iEH % Hi7
IZ& D EBEREREOEY LN 278 S R AMEIZ AR L TV ELZ G,
AR RE - (1) Mitsudo, K.; Kamimoto, N.; Murakami, H.; Mandai, H.; Wakamiya, A.; Murata,
Y.; Suga, S. Org. Biomol. Chem. 2012, 10, 9562-9569. (2) Mitsudo, K.; Harada, J.; Tanaka, Y.;
Mandai, H.; Nishioka, C.; Tanaka, H.; Wakamiya, A.; Murata, Y.; Suga, S. J. Org. Chem. 2013,
78, 2763-2768. (3) Kamimoto, N.; Nakamura, N.; Tsutsumi, A.; Mandai, H.; Mitsudo, K.;
Wakamiya, A.; Murata, Y.; Hasegawa, J.; Suga, S. to be submitted (5= H1)
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7R VIEE R L OIEIER O B o+ RO EfFT
FRILIESE - FES RRE R T

[Hi]

NA FAREHE, & OFm - BN AERSCER S L L CTHEERT A Z LD,
MBSV 772 EE X0 b, Rl - AaOMEZHEBT L EOTNEETHD.
PR OREIEHERNC L > TRmZFT 25 2 &%, MEOREMITINZ TER~DOZL
EMZEmOLERTHOERETH D, WHAEME AT mEEAR & U THEANR LS
Wc, &0biF 7y B A BUKE & T D BB LA T T DOFESL - T2k
WX DR &2, super surfactant EREEILD. WBUEMES - THD 7 v FY Vg
BoIEHEZBET BT, IBEROREOHEEMELZI LT T 5 2 & NEEREBRE
ThDH. KFETIE, =71 FaT7LxL Rf) HEORLRDL 7 oF IV 2AF
7 a7 5B XY VIEE Dimyristoylphosphatidylcholine (DMPC) @ 7 v &
{7+ wv 7578t (K1, Fn-DMPC) Z#H7-IZA kL, Rf 56037 » FALIEfEE R L VY
VR O S O RE & TR RIE TR L RIS,

[ 8 071%]

RURFUEET a7 hyRE (F(CF,), (CH,) ,,,COOH, n=2,4,6,8,10) IX@EmA S DIk
FHWTAEKR L., SHICHRLDOFEZEY, ZNbD7 vHF IV AF U
Glycerol phosphatidylcholine % DCC-DMAP = A7 W b3 A Z Lick-T, 7vFE(b
DMPC 7 & 73 f-Ff Fn-DMPC (n=2,4,6,8, TX) %7, 7 vF IV AF U@L
U7 w F{t DMPC DBy - F i - (7 —A) #i#RI%, KSV Instruments 54 KSV
minitrough ZMWTHIE L7z, &5, Bzt b LB IETH LEY, Nicolet
Magnab550 % N THRIMCHS UL AT SV JIE L, By IO B % <7z,

[ FEERE R - Z%]

7y FI VAT UM (n=4,6,8,10) ZZNEN7 v rRLARKRE LD b, flik
IS UCRBA L, Rl E-mRE (-0 #ifRE 15 ClIoBWTHIE L. n=4, 6
D7 v FI VAT U TIERE

PARREN D DR EED EFH 2R L o)

72. —7J7, n=8,10 TIi%, BRI ('P? H Qk(CHz)m(CFz)nF
BB S, BRMABEIC L OO & ONIN O OO
0TSy RS OWERRTS 0

T EDIRENTZ. &5, n=8,10 K. #4537 v #EY NEE Fn-DMPC Db E
D% Langmuir-Blodgett 512 K& (n=2,4, 6,8, ntm=13)



D X EICERE U, RAMNH R AR 7 MV ERIE LT & 2 A, 5 o3 I EE
BA95 2 ERHALMNIIR oo, REBRITIAFE L2 7 v R U AF BB TR
B35 2oL E L, REALEWTIE, C-F A ICHRT 2 BEXOE 7 A/EH
(R, BB RBNRTT V=2 Fo T FEBENTER IS LD SR+ 7
L — (Stratified Dipole—Arrays, SDA)ETF /L ZiR XETHEEZONS.

2 KOBKEAE G 7 v FEY VHEE Fn-DMPC (n=2,4,6,8) ) 12O\ T H[AARIS,
K EHAYTRED A HIFRAEEITo 72, ZOFER, n=2,4,6 OFE, K[URBLREED
SOFREED EFH AR LIZH, n=8 TIIXAICIRIEZ T Z & 72 <, MRIKZIRIRIED 5
TR IREERE ISR BB~ DI BN S 72, 15 BT oA difR D> & ARFR 5> i fE 2 sk o
72& 25, n=2,4,6 ® Fn-DMPC TIZ DMPC & ¥ M K & 7effi & =79 DIt L, F8-DMPC
T DMPC (ZPEF 3 DEA G LNz, 26D Z &iE, 2 AK#Y VFE TH D Fn-DIPC
HOFBICENTY, o FERARED Rf BHRICKE {KFT D52 &, n=8 @ Fn-DMPC
DHGFRFH AR Z 0 Ny T T OBRBSFIRATERT 5 2 L 2R L TED,
RE LA D5 THEARIERIZEI T 5 SDA BT VA FHEAMICTFF L TNDH B2 BN,

[ R ]

* T. Hasegawa, T. Shimoaka, N. Shioya, K. Morita, M. Sonoyama, T. Takagi and T.
Kanamori, Stratified Dipole-Arrays Model Accounting for Bulk Properties Specific to
Perfluoroalkyl Compounds, ChemPlusChem 79, 1421-1425 (2014).

o EIIIES, ZAFda T VR VA A U WM AR OBZE, 5 41 BIE
Ry TRSRTRE, 201446 A 7 H (FBFFEEH)

o FRHEEY, ST, WIS, REILES, SRR, s, EA)IE, DMPC
T U NVBHR D/ — T )L a7V )VHSE AT X B R~ D RS 5 65 [a] o
2 A B XORE i, B, 201449 H 5 H

o HTPIKE, TAREN, FRHEET, RILEN, sk, S&EE, BRI, ~—
TNFa T T IACE O 7 AR AT 5 T VORI E L, 5 65
[ml=vw A N L ORISR e, B, 201449 A 3 H

o FREEE, SfElE, WS, sk, efeE, BRANIE, REILES, N—
Z)vd a7 VF )V ELAE N U7~ Dimyristoylphosphatidylcholine 4D
PE - S, %8 MR ERR S, BUAR, 201449 A 22 H

o HPIRE, TORESE, R, FRERE, EILES, ARz, @i, S—
TNFa T IVFACE OV 7 AT S T VO S RET: - FRE
2, 48 [ TRSRIS, HULS, 2014489 7 22 A

o HWPIKEE, TAREHN, FREFE, RILES, mARZ, SHREEE BRI, <—
TN AT I IACER D 7 IR S SDA TV ORIEENAIEIZ X
HIREE, HAMLZERE 96 BFFEZ, MfE, 2015643 A 26 H il 2 {7
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SFBRHLTHAMLET VM T =vFEEEHWS
BIERTH T 7N ARERKEED AR

B HAZE « 4 BRF KRB IE AR TE R

H

BFIECR M (DSC) 1LV = SRR EM & b, APEa X P MES ERE
FeE HU C O FHECTh 2 SUENEZ RO, S HICBECTHRIREBBEOEH N7 ¢
VIR DBIVEREHE T TIPS TTH D, FBEHE LA N T Y 3%
KBFEMIZE D DD, il T 12% % B 2 5 B2 T M DB S, EikE
BrbiEA TR, ARMECKEGERO T Y 2 2 R KBSk D H5Er0F 23 Bl 52k
ZHONTE, 1220, BUERWIERZRTBEEDIZE AL, VT =0 LR EDRD
@B ML BREIROTETH L OEEEGENE Y, BHEE O ITEmasiRT o F
T =D, RN OE~FOAE TOZEREONAIEE T, EAREBREDRRES LT A X
NaGERNENDIEFITHE NN FE AR ORICER L, it LT v o7 =
> T IR B DA IE 24T > T b, H25 FJEDOHFGEN S 541 DFT
FHROMEREZBE 2 TIEAY® HOMO-LUMO (7 % #il{# L 7= k) D5y 5% 5 & Ak
AT, PERERHI A2 FEhE L7z, S BT, RKRT » h 7 =2 HWT, FEEMOMHEER
T 72 3 A 24T > 72
FEBITHER

1) ST IVXNALATFNNT v b T =3 v DILFARKL

DFT #HEND, 8 fLICHSEWT VX LIEAEAT S L BR[O HOMO-LUMO
YN %2 TiO: DEFEFIZELEL LN TE L LTRSS, £ T, 8T VX /Wby
NEFUBIOHIET 57 v N T =V HOERE T T, FvEF U DERAF VL
Rz 8ALEIRWIC T — M LTtk 8RBT v 7 ) o 7 &ATo T, Fix D 8 LT L%
AR ZRAF N FUoE (Te=V, F7FL, 4T 2=V T )T =)
R) ZHRTETe, IO EZBIRENUTHA F AL LT, Flix D 8(LT VFIALAF L
NEFUHH (T RT, PATFIR) ~EEW, I5IInbE, &FET, £
KENEERIETEITL L, (T D 8T AFNMMEATF AT T =D U HHE AR LT,

OMe
OMe //(OMe)n //(OMe)n

R ﬂ _ R ® H

MeO 0 (HO)n\, 0 N\ reduction (HO)n\, O XX
[‘]| — = U (OH)p — > CI (OH),

OMe " Me0) S OMe (Me0) 7S OMe
OMeO 0

permethylquercetin 8-alkylated-methylquercetin 8-alkylated-methylanthocyanidin

AF—L1:8HMTILFIEAFILT U RS TZOUDERBRE.

_79_



2) DSC DRl & PEReaTh

EEMO AT A MM (15 mm X 20 mm X 1.8 mmt) (ZE{LTF % 4 —Z F%Z 4 mm 4.
FFIEK) 10 pm & 7225 X9 &AL, 500 CTRERL L7, W LT & LB 21T > 7=,
ZDOFEME 0.5 mM OEFITRE L TAREZWAE SEREEME LV EMBAL T, ok
F2att# OTENTO-SUNII YV —F 32 2 L —4% & T AM 1.5 G (100 mW/cm?2) %
MG L, &Eift - BEREZITo70, S HIT, ikt SM-250 ~A /N—F /T A |
VAT L EHNTEFIRAEEZIT 70, BEROBEHIRKOE LR DL RIROT Mo T =
Vv 3T Nay REROWTERIKIZ ¢t 7F A ) D2 EE R0 T 2ER L
Btz A, v T7=U0, TA74 =V rBIORFa=Ur 37 ray Rigng
NHEWENE 1.1%%EFek Lz (F1), 6T, ST AF T LT VHEIZENT
b, 1% & B2 2N ERIEMRH ST,

x1:BROBMEEEUE

T4 Jsc (mA/cm?) Voc (mV) FF Eff (%)
NRINIA=Yy 3T Nav R 2.35 325.8 0.45 0.34
VT =V 3 vav R 4.93 354.6 0.61 1.06
TNT 4=V 3T Nav R 5.22 353.5 0.59 1.08
RF 2=V 37 var R 4.93 385.2 0.58 1.11
/ey 3T av R 3.25 342.6 0.58 0.64
8IAVHF-T NITATF LT NLEF 2.28 622.2 0.67 0.95
8T T7FN-T hTAF LT IVEF 2.35 633.2 0.70 1.04
8T T FN-TAF NI E'F 4.55 436.2 0.44 0.88
Zg

BEROEHRADE DT b7 =TI, & Fuf ikl 2 2L EH D LR
DENZ ENDNY | TiOz & DFEERE GEEOHIE) NERSRIZEEZ 525 T LM
REIND, t7FNAEY U RRNT S 2 & T, BIREITRIECIENT 2600, &
JEEZ D SETHWD bDONRZWNH, 4%, EEESSVEZR TS X5 7205Hie
HRDOGFREHEEREED D & LB, BHAFRIZIR T 2 INACRE pH, BARIEHE
FCORTB ARG 2N 2 T, 2ham E&2 1300 720y,

R R

Kimura, Y., Oyama, K-I., Kondo, T., Yoshida, K.: Synthetic Studies of Alkylated Flavonoids and
their Transformation to the Corresponding Anthocyanidins. Polyphenols Comm. 2014, 201-202
(2014).

ARESAAL, RBINA—, FHETES, RS, SHEAE. 7AWk 7 I8 A FEO

B E BFRERARGERA~OIGH, BAMEFRE 95 FIEFFE (TH) 3.26-29,2015
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BB O E LA o O—Bik L B OEENE
PR - AR KRR TR

[FC®HIC

Ba[¥atE T 7 X h~— (TPE) &1IA 7 2R L ITFERMEO VKR Y ~—/sy &
WRMREED WA Y ~—flioy &L ZEfE SR~ —ThY, AF LA Y71
V- AFL N T ay VHESKRRATF LT E I AF L N T a oy 7 HE
B LIxFOMBEITH H, BEAMICITREE T, @R Y ~—ME 2L T
L7280, @ECE T Iy 7 ATIHAGIRWREIY 22 ) et Gk EME) %
AL, MEMPOXEREICETHELISFHAEN TS

ZIVE T RERRE A TR R TR TP LA ER Ok (e &) DIEARES
PEVAIEC B 5 A A RIEHFIZEBWT, ABA b U 7 e v 7 LESERO A KugdEFIC BV
TEROKBREEZELCIE DL ETHNRY ~—fMHZEER S, REBMEOES
%ﬁ97~5w%¢%bfméo@%f97~%a@mﬁﬁiﬁﬁﬁﬁ%m%FAﬁ
BUTHEAFE L, é%’%ﬂwﬁﬁiﬁTkxwvf%%%ﬁ> LTWb, LLaenbIi

5 ORMENIRE 25 A TW 2D T R REZ R T H O TIE e o 7,
* Z TR Ti%ﬁ%ai@%Ame)
Za vy EAE, b b TPE ICHEAREA Sell-assombly

ZRlAIATe Z & TEIAR Y ~—fH 2k S 1,
ZOMEVAR YRR G ET 5, BIR
HIIZIZ ABA U 7wy ZILESGROUER B 7
a7 S %%ﬁ#iﬁﬁé\::fimi
WEERALLGS (D LL5TRVEE 5 pnmgicr 3 ksas LE
k%ﬁ@ii\%%$)7~ﬁﬁk@ﬁ@%@ ABA MV 7oy s EEAKOH M
Y ~— B H OFBR AT, il B Y

RERAE

AR Y ~—MH 2T 5 ABA bY 7oy 7dEEAKLE LT, A @-E=1t
VIov) b-RU (T 7 VAT F-co- RV T 27U NTINR) -b-RY 4-BE=LEY
) (P-Ba-P, V455 30000, P DORFES2£ 0.2, Ba F1D a DENGH0.15) %
RAFT EAICE VA L=, P-Ba-P TIIARUTZ VAT I ROT I RIEENH MY
RKRFEREEEL DT LKV R Ba PRI TEINRBRZEM L, BIRRY
~—fdH &5, KFEMAELELRVEFOBERARY ~—M@E 2T 5 ABA N 7
a0y 7 HEEERELTUIARY -E= LBV DY) b-RY T 7 UABT FL-b-RY (4-
=y vy)  (P-B-P, &A% 130000, P DEFESHE02) AR LT,
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REBRER - BE
X 2 E[XIZ P-B-P & P-Ba-P O & ELSME I E RS 5 A
R, BEOWMAY ~—M@EZERTSEIND otk

P-B-P CI1F-40°CLL T CIEH 7 AfEI, -40C~20C Tlx 5 10

L o -~ @ -3

T AEEBAER, -20°C~90°C TIXATE MRS 10°Pa
FRHE O = 2RI S L S A, 90°C LA _E T it Bk A3
R5hi-, @k O TPE OX81THbH, —J, P-Ba-P T 3f
[F20CHREETH I ZAEENA AL, S HI12-20C~
20CIZHBNT P-B-P LV IRIET 7 AEER kAN L 5
L. 200C~90°C Tid = LR, 90°CLL ECIIME  om. . . L

AR Ui, = 2RI 5 TR EE R L b ’ otrain ()

72N Z DETHBEFESEAS 107Pa 7> B 100Pa ~ & 2 1T/ & %z5a%%ﬁ%£%2%£
7o TWER TR L BT, WF9EW /178 T o 5 D (ER) &, P-B-P () &
KECERRFOWDOYFIC IS, Proefeaes, 5oy b0 ORI 0T
Bl BRFPRFPE L AR O (BF9eH 113#) D3R

Braed7o5 2 &2 XD P-Ba-P 10 Ba RGN, B — XL ARNRXPRZHIT ORI, B —
R - =R TIRE M A BME < & L7z Sticky-Rouse I DOFEFIZEE 208 L TV 2 Z &
5 (O A L7 —Z I3RS 7220y) L ZOZRITHSR U T = LR s MR
D LR REKRGFEE R LTELDEEZZ LD,

B 1%\Z P-B-P & P-Ba-P OF|iERABRZT 7= (K2 FX) , P-B-P TliXiFL A LHE
SHDHZLENTERNSTZ, ZHE P-B-P O FEN/NSL, DFEOKHIEWNIE
ENEELRNTEOTHD, — T FENE L P-Ba-P TlIHKIGS] 2.6MPa, fik#r
N 200% & iR U A v O —Rpt 3R IZ A B LTz, Ba 8573777 Sticky-Rouse
BOFEFEHNHE L A0 O—FEICREREEEEX TWD RN E 5T,

BRER (/3

1. “Mechanical Property Enhancement of ABA Block Copolymer Based Elastomers by
Incorporating Transient Cross-Links into Soft Middle Block,” Hayashi, Mikihiro;
Matsushima, Satoru; Noro, Atsushi; Matsushita, Yushu Macromolecules 2015, 48,
421-431.

BR (FRER)

2. “Preparation and Mechanical Properties of Supramolecular Elastomers via Metal-Ligand
Coordination and Hydrogen Bonding,” Hayashi, Mikihiro; Matsushima, Satoru; Noro,
Atsushi; Matsushita, Yushu Polymer networks group meeting & gel symposium 2014, Nov
11, 2014, Tokyo.

3. DKFJREAMEY 7 MR EZMAIANTE T 0y 7 IEAEREZT A h~— 0O &
JJFHEED | MRERR - BRI S - IR B 26 Bl 7 VA SEET R . 2015
1 H 20 B, BA

4. THCHMKFFBEEEMEEL PRy 7 L Lz ABA MY 7 ry 7 LEAGK
DEMETDTT A M=—Ftk] | B AEE - AR - I TR, & 64 B+
FRAERRE, 2015485 A 29 B, FLIR,

stress (MPa)
L]
T
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Constraint Release in Monodisperse Melt of Entangled Star Polymers
Tadashi Inoue (Dept. Macromol. Sci., Osaka Univ.)

1. Introduction. Long flexible polymer chains exhibit the “entanglement” effect. In most of
the studies so far conducted, the polymer dynamics with this effect has been analyzed on the basis
of the tube model that assumes a tube-like constraint surrounding the polymer chain backbone.
This model incorporates several relaxation mechanisms, for example, the arm retraction (AR) and
constraint release (CR) mechanisms for star-branched chains. The CR mechanism accelerates the
relaxation, and is often coarse-grained as the dynamic tube dilation (DTD) mechanism. A recent
study” revealed that the DTD molecular picture can consistently describe the relaxation of
isochronal orientational anisotropy and orientational memory (viscoelastic and dielectric
relaxation), given that the length and time scales are consistently coarse-grained. Nevertheless,
the motional path of the chain determining the relaxation time has not been explicitly specified in
the DTD picture. This study” examines this path to demonstrate existence of two coarse-grained
length scales, one determining the stress level to give the relationship between the viscoelastic and

dielectric data, and the other specifying the motional path to give the relaxation time.

2. Results and Discussion. Figure 1 1

shows the dielectric loss (&") data of blends bulk PI (9k);

of star and linear cis-polyisoprene (PI)

log &"

reduced at 40°C. The sample code number @ bulk PLLIM =

o PI(9%)s/PI1.1IM
indicates the arm molecular weight M, (for P

star PI) or the total molecular weight M (for 40°C

linear PI). The star PI is a minor component 2| T pulie (jy\
(probe) having the volume fraction v; = 0.1. W%
bulk PI 1.IM ©
M 14 =2

log &"

3t
®)
For comparison, the data for linear and star ° PI(13k)/PI 1.1

PI in respective bulk states are also shown.

PI has the type-A dipoles parallel along we

bulk PI (18k),

the chain backbone, so that the fluctuation

log &"

of the end-to-end vector (for linear PI) or MG bulk PI L.1M

o PI(18k)/PI 1.1M
end-to-branching point vector (for star PI) >

is detected as the slow dielectric relaxation.

As seen in Figure 1, the dielectric relaxation 2|

log &"

of star PI is significantly retarded and

broadened on blending. Similar retardation

and blending were observed also for the "5 2 4 © I 8 & 4 &
viscoelastic loss, G" (not shown here). log (way/s™)
The matrix linear PI is much longer and Figure 1. Dielectric loss data of star PI/linear PI 1.1M

thus relaxes much slower compared tothe PI ~ blends and component PI samples at 40°C.

_83_



star probe, so that the CR effect in bulk star PI is quenched on blending. The retardation and
broadening reflect changes of the star dynamics on this CR-quench. The dielectric loss ¢ ," of
the probe PI in the blend was evaluated from the data for the blend and pure matrix, and the
dielectric relaxation time of the probe in the blend, 7|7, was obtained from this s,’b".z) (7))
agreed well with viscoelastic Tl[,(;] of the probe in the blend,” which naturally resulted from the
lack of CR contribution to the star PI dynamics therein.) The ratio of rl[sbl to rl[gn]l of bulk star PI
serves as a measure for the CR contribution in bulk star systems. For the four star PI probes
examined, Figure 2 shows the t}}//7%) ratio double-logarithmically plotted against the
entanglement number per arm, M,/M. (circles).  The ratio increases exponentially with increasing

M,/M.. This increase is in sharp contrast to a decrease of

25

the t,3/7°) ratio observed for well entangled, dilute star PI, 40°C //'//
linear PI probes in high-M linear matrix,” and indicates = 2r /
that the CR contribution to the star dynamics in bulk is ;t: sl
exponentially enhanced with increasing M,/M.. L:g pDID

This enhancement of CR contribution is qualitatively < 1 [GaterdD DD
consistent with the mostly utilized tube model that adopts 05 Qg Wenglnilnd]
the full-DTD picture to regard the relaxed portions of 0 02 04 06 08

. o log M /M
chains as a solvent. However, quantitatively, the 8 M

Ball-McLeish (BM) full-DTD model significantly ~ Figure 2. Changes of dielectric 7% /7!")

. . . ratio for star PI probe with the number of
overestimates the 7°)/7°! ratio, as shown with the P

entanglements per star arm.

dashed curve in Figure 2. In fact, direct comparison of the

¢" and G" data of bulk star PI demonstrated the failure of the full-DTD picture for bulk star PI.”
The comparison of the ¢" and G" data has also suggested that the entanglement mesh (tube)

for the star PI dilates partially according to the Rouse-CR dynamics having a characteristic time 7cr

(separately evaluated from data for star/star blends). In fact, this partial-DTD picture, specifying

the coarse-grained length scale aj, allowed for lateral fluctuation of the entanglement segments,

excellently describes the relationship between the frequency dependence of the ¢" and G" data.
le]

I,m

However, the lateral p-DTD picture still overestimates the 7)3/7,°) ratio, as shown with the thin
solid curve in Figure 2.  This result strongly suggests that the local, lateral CR processes occurring
at all portions of the star arm are not coherently synchronized and thus the axis of the laterally and
partially dilated tube cannot behave as the path for coherent retraction motion of the star arm.” This
argument in turn suggests that the coherent arm retraction occurs along an axis of longitudinally and
partially dilated tube. Detailed analysis of the Rouse-type CR dynamics,” utilizing the empirical
Tcr data, gave the T3 /7)%) ratio shown in Figure 2 with the thick solid curve. This curve describes
the plots considerably well, suggesting that the diameter ai,, of the longitudinally and partially
dilated tube serves as the other coarse-grained length scale specifying the arm retraction path and
governing the relaxation time.

Ref: 1) Watanabe et al., Macromolecules, 39, 2553 (2006). 2) Matsumiya et al., Macromolecules, 47, 7637 (2014)
3) Matsumiya et al., Macromolecules, 46, 6067 (2013).
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Dynamical correlations between molecules in polymeric liquids

Sathish K. Sukumaran (Yamagata University)

INTRODUCTION

Models for entangled polymer dynamics can be conveniently thought of as
belonging to two major categories — multichain models, such as the Kremer-Grest
model [1] simulated using molecular dynamics and single chain models, such as
the tube [2] and sliplink models [3-5]. The single chain models typically assume
that each polymer chain moves essentially independently of the other chains in the
system. Hence they also assume that the cross-correlations between the different
chains make a negligible contribution to the various physical quantities (for e.g.,
the time-dependent relaxation modulus). However, Cao and Likhtman [6] using
molecular dynamics simulations have shown that there exist significant
cross-correlation contributions to the time-dependent orientational relaxation

function.

MODEL

In this study, in collaboration with Prof. Masubuchi in ICR, the effect of
cross-correlation was investigated using the primitive chain network model [7], a
multi-chain sliplink model, in which the effect of entanglements is replaced by
sliplinks distributed along the polymer chain with the spacing between sliplinks
corresponding to the dimension of the subchain of entanglement molecular weight.
The model and the simulation code are identical to those used in earlier studies.
Orientational relaxation functions for both the subchain vectors between

entanglements and also for the end-to-end vector of whole chain were evaluated.

RESULTS AND DISCUSSION

In the case of the subchain relaxation function (and which corresponds to the
time-dependent relaxation modulus by the stress-optical rule), the
cross-correlation contribution to the total relaxation function appears to
progressively increase with time. Further, the ratio of the cross-correlation
function to the total relaxation function reaches a maximum value of

approximately 40% 1in the terminal region. Besides indicating that the
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cross-correlation contributions to the total relaxation function are non-negligible,
this also demonstrates that the relaxation spectrum itself is modified if the
cross-correlation contribution is neglected from the total relaxation. Specifically,
the cross-correlation contribution affects the relaxation spectrum in the time range
where the effect of the constraint release process is expected to be important. On
the other hand, the results indicate that effect of cross-correlations on the shape of
the relaxation curve is not significant at long times around the terminal region and
that the autocorrelation and the total correlation functions can be superimposed by
rescaling the unit of modulus. In contrast, the contribution from cross-correlation
to the end-to-end relaxation (that corresponds to the dielectric relaxation of type-A
polymers) is less significant than that for the subchain relaxation. In fact, no
significant difference was found in the prediction of dielectric relaxation between
the end-to-end relaxation functions with and without the contribution of the

cross-correlations.
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T

[ 5]

HERANCIX, WEE COFELEITIFEEEFIREB T ISR 2BINE & AT 2
ENTED, TNETOMZICLY | RIFFETE XD PL RIZHOWTIIFHEEIS BT AR
$HoH OB E AW TRITE D Z 0NN TND 2V, #E-o T, BARKICITTF
R LA U<, MEFEELEN LRGN MOX AT I 7 A e@EiwT 52 &0vn]
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B LS AT 1L (UV-Vis) ICXL D BIgE LTz,

[#58R - BF]

PNIPAAM ~ A 7 12 47 /LK DR (e A7k e
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JE - RBEERICBW T e A RiEMIZHE Temperature 1°C

F 2RO EHIA B RIS X L. A Fig. 1 Temperature dependence of the

hydrodynamic diameter of the PNIPAAm microgel.
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Fig. 2
dispersions quenched and crystallized at 20 °C.
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Fig. 3 Phase diagram of aqueous dispersion of the
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Tiimd 2.
2. RBR
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Mesomorphic Phase Formation of Plasticized Poly(L-lactic acid), S. Koido, T. Kawai, S. Kuroda, K.
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Nishida, T. Kanaya, M. Kato, T. Kurose, K. Nakajima, J. Appl. Polym. Sci., 131, 39762-39770 (2014)
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LCHRE L, £72. CCSD(T) IETHAE L FRIMAEEA =R LX— (B, & Egp O
Dy TR AEEA~DOE O %S (E,,) ZitHE LT, E,, KO D0EHIITH
Do

(55 & #%2] TMTe-TTF Ofs ibkEiE % X 1 12757, TMTe-TTE 51 (A) 1Z 40A LLFD
J5 - W BB TN R 18 D4y & BEfil L T B, S OB D 7= D B 7y + & DR A
TERCIFEMR S DITR 1ITRT 6 FTH D, HAMFEHD R SRV OIL TTF HAL23 4T T
HRo>TW5DB EDHAEFEHTHD, FHAEFEHTR/LF—IL -18.5 keal/mol & FHHE ST
BY . FEFIZHNG IBENTND, TeTe BEEILL TV D C & OFHEAIEMIZB &
LHEMRVHEL, TOTFRNLX—L =55 keal/mol &FHHE SN, DT (D-G) & DA
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HAERIZE HI2550 #H D'
HEAE TR L X — DN Y
RER1VITRT, §E

Bk SO 1 ~D %G
IThEwn, —FH, E,, D
G511 ~D % 513 T
KX L BIIDORE 71X
T ThDH, i,

Te - Te #fih 2 F5> C &
O FH A AEH T X
DMHAEAFERIT KR &

Elu' 5

o TR BINCIEH g
H L2, 20 OfE R D"
L. Te-Te #EAMITLE D =

HEM O AVEAIZ KL Fig. 1 Crystal structure of tetrakis(methyltelluro)tetrathiafulvalene
L5171 TR < FEIZH
B D3R 1 O TMTe-
TTF D5y f-BlAIZ E
REFEREZLTND

Table 1 Interaction energy between tetrakis(methyltelluro)tetrathia-

fulvalene molecules (all values in kcal/mol).

- . Etolal Ees Eind Eshorl Ecorr
A-B -18.48 0.95 -0.78 15.15 -33.81

[ 3CHk] A-C -5.54 -0.55 -0.22 3.61 -8.37

[1] A. J. Stone and M. A-D -4.59 -1.58 -0.54 7.13 -9.60
Alderton, Mol. Phys., A-E -1.94 -0.38 -0.04 -0.10 -141
1985, 56, 1047. A-F -1.35 0.26 -0.04 0.46 -2.03
[2] A. J. Stone, Mol. A-G -0.64 -0.09 -0.01 0.08 -0.63

Phys., 1985, 56, 1065.

(RS R ]

[Origin of attraction and directionality of intermolecular interactions between organic molecules |
Seiji Tsuzuki, Joint Congress of Asian Crystallization Technology Symposium-2014 and 11th
International Workshop on Crystal Growth of Organic Materials, 2014 4 6 A 19 H, &E.

[ Ab initio 4y TEAEEIC X BHEG T p-3— & =L 04y FRIFAE VR O | #55
VTR 55 23 R BERG L S AR U W A 2014 429 A 16 H . R HEL ¥ v o /3%,

[ Analysis of intermolecular interactions between tetrakis(methyltelluro)tetrathiafulvalene
molecules in crystal by ab initio molecular orbital calculations] #BELH . FepREM, H AL
R 95 BFFR (2015), 201543 A 26 H, HARFPH TG T ¥ A (FE).
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R 0 R 6 XRD 2 b B W= Pd F /7 R F D KFBERERIZB T
LA X BIREFHIZOWT O

IHNZERT « U KRFED —R o =2— KT/ « = R )L —[FBSAFIERT

BE KFBREFEMZ S L SEDI21E, BERTRETH D ILFERNTEE /KR 2305
BLERIIITMT DT DD FEEZMNLT 20BN S DH, filf, KELEHEE (10wt%
LLE) ik ﬁ#éﬁﬂ&bfﬁwh4f74F%%%K%M%b&ﬁ%%bfwéo
L2a L, AKRFEOFLHIRE, KB, YA 7 Ve SICHRED R > T\ D, i)y,
HEDHZ Y OITEEE IRV OO, KBIPEMEE L TOMEHZIZ AW BT FF
PE (ERIRENE, BKRAME, @AM 28T 5MECTH D, H< LV T V7 A (Pd)
FRIRARE ) CARFBZWE, T2 2 ENMbTnDd, BITFERE LT, Fan
BT 7 A— MVERED Pd DR (Pd T/ ki 1) D KEREFRHEZ T2 2 A,
Pd OARFRIEFHEINEH A ZNKAFT D Z &nvbinrolz, Zid, 14 X2k - T,
KFEDW R, HIES I ATRETH D Z L Z LN LD TORRTH 5,
T, SEPEEGRIL, BAERISEW, LR Pd T R ORI LT, Frx BED
ﬂ%&@%@%%&ékgimwﬁM%/ﬁ%@ﬁ%%@ﬁﬁﬁ%%%@#@%f%
WIZHREKTFET DI LR oTE L, AFFHMHETIE, BAETER I AL
J7A Pd D/KFEIESTF in situ ByREIHT o B4 g nz%ﬁ 92 & TARFBWEY A b
TR Z R, Pd O A R LK FEWE AR & OB A O35 2 L2 HIY &
T 5,

BRI RFOFEPFIREICIS W CIRMARICEIC X W ER S 72 Pd T/ R 2 | E
B E LT, 1ERL 72T 2 R OKFEW A Z B 6223 572912, 303, 333, 363
ZRUT DIRFIEI AR ERRARZWE Uiz, KRFEED FICBIT 5 Pd F kit OfEiE %
iR XRD HEIZ X VBT Lz, —MRAVIZ, EAEDY 10 nm LT O&E T/ ki Dy
R XRD IEZEATD & 7m—kﬁ@ﬁb#%%hﬁw FTo. T RA O IKEW I
&%ﬁb<ﬁ~ét . MEREEE OBV I E 21T 2 WER S DH, DT

. ARIL[EAFE TR, I_J)kﬁ}_u X #OF|HATHEZ: SPring-8 128\ T, KrR[EIPTHIE D
%%E~A74/T%DBMB2_m%émfmé77/kﬂzwt/ﬁ~
(C10158DK-11, Hamamatsu Photonics K.K., Japan) % & H T, /KFEET) T RFH
éﬂ%nmm%XXMDE%Mm%ﬁoto WEOA A= 77— &AW EZR
TIIARFTREZR IR A 0 AR B L 0 IR B D KRIE ) FIZds T 5 Pd T/ KOk
EEPLMNCTHIENTELEEZILND, 7T v Xt o — O i EHE
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FEIX, 3 frames s ZEHE L7z, ZHUE, — DR/ % — ORIERRICEB S5 &
333ms &7 5,

HER TEMBIZICLY, 1E

10" me
WA NZHAEE, —aRn
2 -2
10. 4 nm DONLFIRPA F %L SO S0
o o
T (cPd-10) THDH Z N 2 2
010 o107}
birot, SLIOBER 3 -
[ o
B CdH 5 Pd Y cPd-10 > 807} a0}
T T
RFEETIERCER (PCT) #R 1051 —@— 303K 10°1 —@— 303K
%_)F 1 %J:-(){‘bay?_dﬂ —— 333K 1333K
1g. la N9, —A— 363K 363K
Pd D PCT #IZIX, AKFEE 00 02 04 06 00 02 04 06
H concentration (wt%) H concentration (wt%)

HDOEFIT LT -T, K . .
Fig. 1. Hydrogen pressure-composition-temperature curves for
FAW) DA Kz s B 72 (a) Pd black and (b) cPd-10.

JEN 7T F—38 LOUKF I AERIT & b 72 5 (R ICER T 2 E v 2 U & XD 8LH
Shiz, —Ji. cPd-10 (% 303 K TOWAEWMFRIZIBWTT T IS T 288 CTHEA
O EFABBR S, £, PAREIYD QIRESTHAENEZ D, e LTRERIES
AT U AR STz, 333,363 K EIREN EFT 5 & 7T b —fEIR O T Pd
BLFREIZRSTWAEN, AT UV VRABIIREVWEE Tho T,

RIZ, 303K IZH1T D Pd & cPd-10 D 1 KEDKFHIME DRI XRD /3 FZ — o DIFF[H]
ZAb% Fig. 21”7, Pd BOEYPTE— 7 3/KFEHIAI# 0. 333 IR & < KA I
7 h LT, ZhE, KERTAE T SISRUBH IR EE D R & 7oK Z L~
THZEERLTWD, —J, cPd-10 TiE, Pd £ & [FRIZ 0. 333 I KB LD D ARk
(X T DARA A O RIFT A A BTz b
DD, 3% THERITITARZILFEIZ
Hife L7aWZ ENbhotz, £z, BIE
T ClRBRZ2EEBR 21T 9 & cPd-10 (28T
2 R FALAR D & BEEIR R L O EMAe R
~OEREHE T Pd BOGA L HE L T,
FEFIZEBENZ ERLMNE o1, ZD
EOTIREB L O A X2 L - T, KE
WeRE, FH R FEIC R & 7R E W BLNL D 2
CANTREBBILIR, S, A XL

t!s

002

3.00

2.33

2.00

1.67

Intensity / a.u.

ity

Intensity / a.u.

0.999

0.666

0.333

0

002

/e
15
3

DRI BRI OV CTRBAREET,  ® o 8Tl B0 T
Pd D/KFERIEIBFEIZIS T DIIRE T A X Rig 2. XRD patterns of Pd black (left) and cPd-10
0);5]% % Hﬂ 5 75)&:7;1— % %ﬁ—( 5 (right) after introduction of 100 kPa Ha.
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B AP - BRI~ DA KIEMIME SR Ok 7 1 & 2 DR

PO SRR

HEY) ZHE T, WFEICRT 2 EMREEMESREOHMEW BN Z1T> T2y, i
FEIZRBIT 2 26 nFE0amEilil 2 fEH9 2 LT, MEDMOR70 63 KK Z#EH
L 7o Bk mfe & [FRFIC TR S MEN O D, FRTHIBKEREIZ A BRI LY K& <
EEHLTNDHOT, BAKEFRFIC EBRK=T ey v ERHE L, KR - EMomE
s IR A 0 BRI L2 T AU e 7200, Rk 26 42 12 A 2 BB Rk 27 42 2 H 26
HAZ DT TR « mfRifE 2 GRS G & U 7 WErEFZE B RS B BAL D KH-14-7 &
WFFEMEDSFHE SAL TV DAY, Z OWFFEMIEZERS GEOTRACES WFFED—88 & L T HE i
S MuE T, HEEMFFERE 13K T O R IRTE I E R R O o0 i A 452 L AEIRTE M E
&R OEWIE X OEREZITV., FFEFITRATT 1V VB AERIEEEA R D%
Frafs45, RRATT 7Y VRO ERERMESEOSHTRER) O, FIEHSERAE
WIEVEM B BIR A, F2A 4 - IR MERRIRIRE & OREMEBE, 512, B
BNRIRAT OFER X VIR OHEEZIT 5, E oW R OHMEEE R F=Vd - Ca) %
ALY, AEREERESEBORENSD 7 T v 7 ZA%FHEICLVRD D,

FiE) KR T v ik oHE

BRI U 7 % Fig. LIZR L2, RR=7 v Y L alEHIEENT 2E B 5 AE B B
KH-14-6 YRAFZEMIE (SR 26 4F 12 A 3 H~ PRk 27 4 2 H 26 »)
H) IZBW\WT, ABRALTY vV EICBRE LT —H 7T —
(Fig. 2) foAE 7 T35 AS-9) |Z PTFE 7 ¢ /L # — (ADVANTEC
FELPRO40) Z v b L. 12 RIS 7 4 b & — 2 A3 Lt T
WEE (T T, AP DORRERET 50, vov ke B
LI = HWTHRITNODMAE T v kLT, fifEDO7 4
R =X ¥ — VIZEE LR L T EEICR BIR S T
ETHD, 742 —RBEHNI®T v 78I ZHOTHK >
Ki+Ei4y (Coarse:»2.5um) &N+ 4y (Fine : <2.5pum) Fig 1 Sampling locations
ZHhy M UTeg A A UG OGHTIE v LT T «
NR—Z =R —IZB L, fKEIMNA, BERRS
% 15 4347V, 0.45 um @ DISMIC 7 ¢ /LA —
(ADVANTEC f-#4) ([ TAZITW, A 4> 7 e~ |
25 7 4 — (DIONEX #E# 1CS-1500) (2 THT - 7=,
BATM (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb)
DHIHTE, By LT 7 4 VB —%T 7 a B iE

Fig2 ARATYYD LITRELIT7—H 2 T5—(ENB2DH)
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KemlCB L, EEiiEmie, BednEREE, 7 v bkFEBEMxE L YN T
B R L. Hnth 7 LK BB Z R S B2, 3 L ICPMS (St fEpr i
ICPMB500) IZTITH TETH D,
FER) ZAVE CTORFEIFZEIZ IV ED
NifERO—fFl L LT KH-12-4 &AHF
ZEMUHEL CAEERAL R ER =T 03 | - Comrse(>2 Spm)

—4=Fine(<2 5um)

04

1Y LR OT b TR R R, AR
KIFEPEE L Ta Lol o
TR % Fig.3 |27~k L 7=, Fine, Coarse
EHIZWP-7 TiebEVEZ R LT, == we7 weis  wear | weas
%R X 0 2 OO ZE Kk e
K[OBFREBZE Lol A, Z O

D EZERKITKREZERE LT LT, AZBERYEIC X MG 0 rTaEtEITb 72 <
EYNEE) (X707 N7 N— A7 E) NERR AR —Y ZiE R A L TE TV
L EBDhrote, 1o T WP-T OFE ERKT O L OmRERERBICE TS
AEMTEINC LV AR SNKRKITBIT LD EE R BV,

PSR E)

i L

H (2014) HfEif & R DE L OME(LZAINTE. A FVETE. 55, 65-74

i (2014) B ARWEOAMKEEMESE., K06 OMFGIZE LT, b,
27, 106-110

o GE.OBEE E REYET. R (2014) 2010 FICHKERK T TR S s kL
T OEBIRL 75341, Science and Technology, 26, 41-49

Tomoharu Minami; Wataru Konagaya, Linjie Zheng, Shotaro Takano, Masanobu
Sasaki, Rena Murata, Yuzuru Nakaguchi and Yoshiki Sohrin(2015) An

off-line automated preconcentration system with ethylenediamine—

02

Se (ng/m?)

01 -

WP-35

Fig3 dBIEARFFEELET7Z7OVILRD LD

2R

triacetate chelating resin for the determination of trace metals in
seawater by high-resolution inductively coupled plasma mass spectrometry,
Analytica Chimica Acta, 854, 183-190

FRFER

o R, MHEER. EE D, SIIECRES, §E A (2014) KREFJIOBFEEEMELICET 5
WFgE (1), 2014 42 A ARHERME P 2ES (BILKRS)

RS, RO, & %), AR, o 5EQ014) AAYEE LXK T =Y Lo
AERTEMI RS R ICRE T 2098, 2014 FFE 0§ RHERIL =P (BILRT)
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L EBONT T & DOSEAERR A AN
G BA v OIRIEEE & BT A

B AR ER

B

BIBA A DI EE - BAEE S L TRERD LAV SR TV DR E, A Ak
O ZFTHERL S D WE OB ENES A FIH L7/ 8t - IR ik Ch b, —7.
TR ST, KFEAHEFEKFEO =R TR S NS, R UL B E 2RI L= 5
ETHDLIN, AMMEEZREEE L TEE(ETE 270, RMHIZERS, SMEARE, &
B Z R TEX 2EORFANH 5D, L L. SO B SR, [ BRIk
HY &R U CHEEICZ LOWERNERTE LTET 65,

AEFFETIL, B LWIRIEE S R 2 BET 2 2 E2HME LTV, SUNEHEED EHE
b, OISR, HIEAE, KO, ZERMN FOBEELZ R T 5, 612, K
% Lie ZOOKMBIZEMN AR EZ X T A A A58 %2R L, &EA 4 OBE) &5
HECRIE TR ERRD 2B LTV D,

AAEFE X, RIS EIE A A 2 ORI DS B C & 5 FEBRGMFE O AR 7 it %
Tote, MUGERME LT ENEROERE Y VE, ZIERNFE LTTEFAT &k
v (M) F,HEEE LTA DY mafR VAR EY., 8B4 e LT (D) A A4
Earvh (D) AF 20, ko & SR~ T RIEOBRFT 21T > 7,

KBTI

R A BRI X AR O 7 AR V2 H vz, £ 46 mm OSMVE (50 mL
B ——) OHRRPNEIZ, £230 m ONE A, NE T & SVEED 15 mm [HIE & 72 5
EOICEELE, WEMRE LT, 7FATE b (M) O ook ik ([AA]
= 0.1 M) 5 nl ZEBEE/LVOEICAIL, BHGHEE LT, pH 5 ICFRET L7 fidiedd (1)
AKEEE ([Cu(NO,),] = 2.0X10° M, [CH,CO0Na] = 0.01 M, [HC1] = 2.0X10° M) 5 mL
FIX10mL ZNENTRIC, 228 & LT, pH 1 IZFE L7 KE#E ([CH,CO0Na] = 0. 01
M, [HC1] =0.1M) 5 mL F72i% 10 mL ZNEINBIC AT, HRIEFREEEBIZ AT
PRI LY | BERERE 270 r.p.m THEE L2, —ERMOBEEERE, SHEZNENLE
BlAE Xy P CHEL, ARV Y U —THREEIE LT, IEHETH D7 m kL
LYREA S mLELY . 0.1 MIERR 5 mL &4 A 7 U 2 —F v v 7(F 30 nL = D ILEE
([CAAL, THIRAE & 2 28 C 30 /ofEfR & 5 L, IRIEFH o Cu™ % & CHER Wil U7,
fEFAHH, SRHENENOKEERD pH ZREER., EENDOKER & WifhH% 0%
BR DERAIEIE & | JR W EEEEE CTIRIE Lz, HIE S8R L IR OREMN D |
FFF OHFOYE A KD, FHP COFDOFAEFEEZF I LT,
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FERiE R

il 20 COH &, BFAHPOHFDOIFELRORMEZF X, Fig. 1ITE L iz, {7
FERT, T OISR oSO E BT 5| kg 0K T TCOSFOYE ED
FEL L TR, SMPOWEEORINL, WEaiOWE R & ik L TE5%0 %
NT—E L7z, Cu” O DR ~OEEIL, 4 K T L7,

FHIRF I C ORI 2 T A 720, RO 4 SO 21T o 72, 5 112, ik
SEMOYWEEOHK Th 5, A & ZHEHOZAKMOEFEZL 5l 225 10 ml ~ 2
BT HZ LT, v OWEES 2 i LTl L7z, Fig. 2 AlZ, WHEE 2 5D
ST COZRABOFERE R LTz, Fig. 1 OZRF LT 5 & EERP LW E
TIEHLARWHODIEKTT DI ERNbhoTz, F2i2, IBREOKETHD, EiR20 C
(Fig. 2 A) LiEIE/AKMEF 40 C (Fig. 2 B) TH#E L=, 40 COHH, Wkh=Rn
MW ENRTEND, 3T, HEEBNORNCTH D, Kt /L& 5 e
PIZERIE L, 47 kHz OB E I O S T CIiRIEEE 21T 72, Z4ud, BEEORE)IC
EDIBNROM 2R LD TH D, H41T, =~/ a COFHOKBFTH
%o AT MR EIESAITH D YNV VEEE ) A L— b (Span 80) A fHUN,
7B RV AR LN B LK O = L g RV,
ZAUE, KR EOREMOEKIZ L 28 Rom L2 B/ L 0 TH L, =~
Nvay BEER, ODTILOFEZHWT S kOB LIZIZ RN bR o T,

WIT, IR 20 COH LT, Co” DWMEEILZITV, Cu*' & DB DOV TR L
72o Fig. 2 CIZCo” DfERZ R L=, Co™ 1%, MWIEH~bEL@mES N o1z,

1.0 1.0 O
v v v O ° o
fe) M v Receiving phase o o o )
= = . + o
T 05 &QDV O Membrane phase T 05 ® O B: Cu?, 10 mL, 40 °C
o O x o .
@ Source phase ® A: Cu*, 10 mL, 20 °C
° o v C: Co?*, 10 mL, 20 °C
0.0 ) ® o O 0.0
0 1 2 3 4 0 1 2 3 4
Time /h Time / h
Fig. 1. Ratio of Cu existing in each phase. Fig. 2. Ratio of Cu?® and Co*" existing in the

receiving phase.

EE

A DRNFALOBIREN D, Fig. 1 T, FEZE< 0 OFEICERT L L,
KR CIRFEEEIBANTAFAER DMK T U HERAH 2> D IRIBAR ~ Dk H3 07272 DI %
LT, ZAMH TIREMANSAAERSHEIN L, 7R 5 Z B~ Ok 352 Th
DT EBATEND, ZHUE, FE TOSKROIBEEEN BV Z & 2R 5 EHEHIT 5,

T bva o KON BEBITEEZROM LIZEFEE Len—77 T, kg
OYWHEREZ/NSLKTLHZ L MEEZEST DI ENMEEEHERICTEST 52 L
Dinolz, WE RN WHEOYLE L SO 2 1 < 35720 S HET 5,

Fig. 2 J00 ., Cu* & Co® DTEAR7RHENS . IR TR PIRE/R 2 L 3o T,
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21 NMR \[Z L AR EIEARIEMR L) I~ —05F DR
B L OO FRERIEFEDOER

B HEDE « RIRIFALRZFRF P L2788

[E]

7 nm~%+ nm OE (FEEEEGE) (3R~ ORI R A T 9D THE
FRMEY A A TH D, — 5T, EERIFSEM BN I W TG 72 PR RS &
BRREETH D720, MO TARME TS WS OOWPERIEIO B BENMEWLZ &0
B L 7e > T& 7o, ABFZETIX, PRk 25 FFED OfERE & LT, 1) TS
D S N ERR A ) I~ —0FOFERB L) 2) 2hvo A ) I~v—0F4%F /v
NT 477wy 7 & UTHIN LI E B BRI 2 3 7o, FriZ. & FE NMR
EZBE T 5 2 & CHER A U 2~ —4 TS 2 [FE L BRI AT 7253 76 Ak
222 2B E L, MREEOHIIEREICE N THE LA AEZ K-S\ T,
BHEOGWERELZGAT 274V VIBERA ) I~—2r FRIBMAZ AR L. 24
YA MEBRNICEST S5 & CHMEBEMBZFERLZ, BRI,
(Ph,MeSiO);PO 35 &L UN(Ph,MeSiO),PPhO % IR THME L TN H AR A N F Y — KA
VMR VEET S Z L TR IREEEN R S e s A ) VBT T ARG LT, Z
o7 atRZBIT5H, KSR END{LFRE (PR E) & oMz,
NMR % H W i Eimic KV 6 Lz,

[ 5 1k]

HEFEECTHHY 7 2=V AF V7 anr T (PhhMeSiCl) & AV b U g (H;PO,)
HAHNET = = VAR AR W (PhHLPOs) Z b &bt TENEIRA L (SYP=3 H %
WE2) BHREFEEKHFITBWT150°C TOoREMMEAT 2 2 L Tra ) Vgl r4 ) 2
=%, I, THE 250 °C T 24 BEEEVLER-G 2% Z & CHEARE CREHE
W) =&, BonlrA ) VBERAY) I~—0 T BL0EEREZT Tk R
7Z 2 (THRICEM L. PSiks L OVP NMR HIEIC & 0 45 FHEERT 23 = 7o 7=,
F 72, BRI E (TMA) 2 W TR S OB RFEDOIE 2 3 272 o 7, AWFSE
MM EE TR, Bon=aFoF UL PSP O X ) ICHiE T 5, 22T, PIidV v~
g, SIXAHEY T v &R,

[ FEBRAE A & &%)

TR UBBEIORT 2= LR AR CBOEL S 2 AN IZB W TS B 2k,
TGRS B A0, NMR JHIE DOFE R, (PhyMeSiO);PO F L U (Ph,MeSiO),PPhO 3 Z 2
L 80%LL DR TR T 5 Z & A LM/ 572, 150 °C, 6 B & Uy 5 ZBLER
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TlZBW T, BINISEES 2R BIA ) I~—0FNEINETE LD Z &2
BH & Ml 7.7207‘:0

(Ph,MeSiO),PPhO % BVILERL L 7= 354, FPEHI oo /et
~BEE R LR RIEREEK L 27 (Fig »wJN“'"ﬁx‘
; cat / transpan r

1), FREHIKT 5 PSi s L UVPPNMR 247 | : s

pa ent / transpartt

NMAERR% Fig. 2107 T, MHOE—2 OFRL yaret / transpa it |
M' D"\ T". OF EDORFITRIEFRIEHED A+ Eent
VIEE DR AT, ¥Si NMR 227 kL (Fig. arent
2(a)) IZBWT, DipssFl (-25.8 ppm) # LU Disss ¢ dssmonaren

. e Fig. 1 Photograph of the phosphosilicate
& (-63.7 ppm) (CHRT D E—7 DR ST, hybrid glass prepared from the
THIT. SiDOF X VEEBEN 2 ThAH I L AER  (PhoMeSiO),PPhO oligomer.
LCHD. (Ph,MeSiORPPhO # U Zv—5F (5

ZRIEEC 1) A TFIVEDOFEIRAY IR B

295i NMR spectrum 31P NMR spectrum
ﬁMﬁmk%m #oﬁ%/ 1% 7 Y o )
Ph
. ° , = - Ph ) . . HO-P-OSi o
~ — AL N B |2 FHEINTEZ L Dpes g A Ph 80P qgsi-
. 31 ° Ph v Ph
L TND ji’C PNMR A~ 10 Decs T

27~V (Fig. 2(b)) ™ 10.3 ppm I L1 0.1 ,\F,,,'lpS /\ v
ppm O E— 7 X FNF T', TP ; Nﬁ h

LTEY ., AV A~—53FHO Si-0-P i

PAN o £ 6 -10 -éo -éo -4'0 -50 -éo -7'0 20 15 10 5 0 -5 -0
B3 250 °CRUHERZ LRFF SN TN D, o -

Hﬁ% LC. (PhMeSiOsPO ZRVAEEL  fo 5 (2) ¥si and (b) P NMR spectra of

AT BWTY ., A4 d<w—4yFH 7  phosphosilicate hybrid glass polymerized from the

SLOP % (28 AR BE . A% v sapgse  (PhMeSIO)PPhO oligomeric precursor

V~v—X%y FU—I BB LT, DLEORER IV, FEdEBEEM R o d1 BERERE & 23
A ALY I~ —FIZ X VFI#EFEETH D L E XD, AEWER L 2 fEEOA Y =
v — T EEAxDBEIETIRE LEAIEDZ LICL Y, MEOFMA P EBEE SR
FOYEE R ITMEIOER P HIF S5,

[F&3C - 2% 3%%] 1) Masahide Takahashi, "Highly doped organic-inorganic hybrid materials for
memory and laser applications”, CIMTEC 2014 (13th International Conference on Modern Materials and
Technologies); 2) dr& B, [EEEH, ESEHE, "D TXFHC L D2ESIE A4V VBT F AD
TERL E PERHE™, 9| BAE T I v 7 Atha BT FEiF#ES=. 3) Masahide Takahashi,
“Chemical approach for organic-inorganic hybrid glassy materials of predetermined network structures:
preparation and optical applications”, International Symposium on Non-Oxide and New Optical Glasses,
ISNOG 2014. 4) Hxrith, FEEHER, SEHEE, "0F L~V THEERIE LA U VBT 7 A
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BEHONITEIENEETHD, LnL, fEKD SERS AFZETIx, S I HBIR
RV A ZAOME % b OBRER PRI FHEG KL SERSTEMHEIER E LTEBY ., £21IZ
WHE LT b D7~ BEME R, MEFEH Lzt & LTSt Tun, L
oo T, flilxD&E) / #HEsL 7~ CHEUE 5 L OBIRRIZIIRTZIT > & D L2RWER
FWFES TND, RIFETIE, V7 A T7IEICE D ER U 7= 568 % SERS THMERAR & L
TI~ UEELREOREZIT 21X, ZOMEEMILT A N TEH B2, %
7,

U7 bAT7EIEZ VIOANTER LAY = ICE&REREL, TO®RLUANE
B EDZET, VIR RNBRDSTEEHDIZTETE&BO N — U EENED &V D &
BRI IE DIERIGIETH D, LIz o T, BT 237 = OIRRS KR E S & Efk
(I UR, TERREHE LR T EOEREZITH 2N TELFRIETH D,
U 7 A7 1T SERS JEMEHAR & VERLG 2 72 OIS B2 87— DI AT, B R
WD Y 757 =« F ) FHUBLE O EF B E 2 W TIT o 72, RO RS
BOREGIET D Z L2800 BT 537 — U OFRSOR & S & EREISHIAE LT,
RE = RT3 CEMRITKR L TITV, BURRIZEZEF T4 % 10 nm 2855 L7,
Sl arvEREDEEE RO LT, &Ly
VaroficidEsE s LT/7uelbz lmAELT
WD, FERU 72T /b T RIS OTP IR ORERIL. D
%ﬁk?@%ﬁ%%@%ﬁ&ﬂ@%%wfﬁw\%:f“
7 0 TN R R IR I RS LT s AT & ]
Tl lEmRLE (K1), EIEE e , E3ER

(8 U7 BT S FEAR 0 4 He I E % 3 i
R AL TR O BB FER TIT -T2, AT 1L FRLEET R RS o L&

oo BB, 1D\ A R
G L T~ RGELBRE OBETRE L OBMREA L)Y povargmasE L5,
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2T D72 DIZIE, @Bk ORIECICFRE L B O 9 U O IR 2 LB R &
D TRV ETORGEHNIEF Lic, 0eRRO01I12iX, &Mz H Okt
B (SAM) ZIEKT 207D 1 2H D 4-=haxXEBrF4— (PNTP) ZHW\ 7=,
PNTP-SAM DFZELIX. 2 mmol/L @ PNTP =% J — /LIWRIZ, 47/ K15 ks & (R
UTo Bt a2 24 RFEIRIE T2 2 & TIT o 7o, XfRERR & LT, &7 /R A G O1F
"E T > TR U o RIS L THRBROIEEZITV., RIS T / MG 7
EL2W U 2 JBHRITIE, SAM DSBS au7e vy (PNTP 23S L7evy) 2 & & R4t

WL AT NVIZ LD R EAT - T2,

7 R JE IS IR L 7= PNTP-SAM @ NO,
KIFRAE S R4 7 kiR A% FT-1R
EHWTHRARTZEREZX 2 17, MEICITES
JIBFZE=E D Magna—1R Spectrometer 550 Zf# H L |
AL ZREHCEEAS S, FilL T 5%
TR L, K2 (a) (R T420DRRY
MV T R IEUARED 13U OK S % 250 nn
(ZHEE L, KL [ BEEE 2 2 & 72 RS
PNTP-SAM ZJER% L CHIE AT 72 b D TH D, i
TR OMEREL., B BIEICZ 23 100, 150, 200,
250 nm T D, K2 () 122D & FUESN-e—
J @Sk, R LT ey N LR
BT, INHORERNS, SENMAFED 1100
FINEUSGA. bR 2 513 8, %
HENRKREL DI ENGhoTle, ZOXH s
BBLANARAF L 7o RN EE D2, ARAME TR
WIUZ L Db DEEZ BILD, IRIMETRILIN OB
BRA D= ALTELIT S E D L5 0o TORNE
IR HSRITT ~ UBELRE L &R G
EOMBEEZHLMNI LR S, ZOFNY 2F
ATWETZN, Fo, RUFETHWZ&T / Ki+
EMAEE, B &l & v D 2 O R R
72572 PNTP-SAM R A R 3 5, 511, BR
JIBE e A2 S BB S 7= 2 N B o0 f 4y St 1k
(MAIRS) ZAGEHZEH L, £ E NI HEE
W B T T AT SV E/DZ LT, &£ A
~ T O L DIENLW A 53 F DB A DE N % B
S5IMNZLTVETZN,
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WD 10 DE S : 250 nm, KR : B
5 100, 150, 200, 250 nm T 5, (b) hit-F
R SR A Aok b (a) THOLNTZWE
& D BEfR,
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FUXZVUZAF FEVIRLEFTINERT S
ANTEUEERZERNE LAY X7 BRI B2

TR « SARTR R FEHEE T AR 7E R

WFSE H Y

BT DHRICIIESE R O ERSI AN IS 0 K L7 TR0 R LES) DSBHEIZERD
B, ZOMD IR LUEIFER Z LI ERmT 2 ERMbN TS, ZNET, THViK
LEAI) 13777 A LW [R6 B B2 6 TREN, IEFAEY TR EE
REHITHD ERMIND LT TETZ, LOLARBG, 7/ ARSINOM Y K LE
IO, FfiD A 1 = X AIREFERITITMIH ST,

MR UESINIE, — R 7R & 13872 2 R 7 m RS 2 AR L, s -8 E
R0, BIETFERIARICE W TEERMIEZH > TWA Z ENTERLNCEhSoh 5,
HCh, SHEEOMVIELES] (M) X7 UAT R0 iR LES) ORERMEN, FE
DBIETEDEBFIEDER THAH Z LALLM, P XT7 LAT R LES]
MRS 2 m S 2 BRI L, @ WBLRME TG T2 L 2 R A L7 1 — 7 B IL,
M0 K LRSI OMEREREI O 7o D O B E LM RRE TH 5 LBk S LTV 5,

ZHETIZ, A F U b URBIERICRFE R2MEDPHER INTWDHCAG (Y M- 77
=277 =) N X7 VAT R IR UESIDERR T 5 [~7 & i) 212 & LT,
YRS T DHDNTNG T 7F IV —T7Hx e (NA) L, 612, b
UX 7 LATF R0 R LESINTERT H~T B UEEICREET A AL F2HW T, 21
FCICADZRIBRIED L STV R W BEMEE ISR 276% 2 B L7220 =R &
NTW5, KBTI, BEFODNAKES Z /7 EOSAEE ZFIH L2071 o,
LOREDGFT A NHESEER LW R Z o RIETA 77 ) —ba B0
RIZE D CAGHEY IR LEANT7ZT Tl <, Mix RB M RERIEICEEG T2 2 L 3 EH S
NTWACXG MY X7 AT MY IR LESINERT D, I A~y FlHENEGH~T v
CREE IR AT AANL Y VN B ST 5 2 L HEE LTS,

FEBRITIE LRGSR

(1) X-X3 A= v FHHX % 5T CXG/CXGHEE DR

X-X 3 A~ v FHIHX &2 ETeARDNA (5'-(CXG)10-3' & D WIEHFRIZCXG/CXGH S &
BN L 7220-mer® —AREHDNA) (Z2OWTH AR YE (CD) A7 MV, BEOWR Y
77 UNT I REVKENEIC L O EE T 21T o7, 5'-(CAG)10-3'. L US5'<(CTG)10-3'%
AT HDNATIE, — iy 7 “EHDNAME & LTRSS 1T B 5 BAMEE & @ EBIME
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T CDANT MABSELNT (K1) o —H,
5'-(CCG)10-3", 5'-(CGG)10-3"EHNZ I3 TITBEIDNA
HOE IR 5 E— 7 13580 b7 hr o 1o A R
1%, 5'«(CXG) -3 DAEIE LR 2R T H DT
bolz, T7bb, ENHHZERNT VU HEx
FERT DCAG. D \WIECTGHE D I LB, A
THEUNRIEOENE L CHEY THDLZ L E2HL
Mz L7,

CD (mdeg)

220 240 260 280 300 320
Wavelength (nm)

(2) NLE "7 ADTHA v &5 RORM (K1) 4FHD(CXG), K5O CD 2<27 kL
% DERBINZ 737D DNA FEAEKE L
THONDHEEN T > H—HEiEIL, DNA & OB S IROREEMATIZ L W % O DNA B
AR S EERIC T ST D (M 2) o AEl. NMR IZXE D DNA & O AR H B
LN SN 3OO T 4 =" HTHX NI BaFE e LTt E1To 2
LT LT, 200K T DR 4 —7h DNA & D%
ERBAERIERIZLEARF R Th 5 &5 HENFEE O
SVESOMAINZESE, T 4 v H—F R TEFO
2FBHOHE T 4 T —ITDNT, o ~U v 7 ANED
DNA #ZikiCBE 54254507 3 Ja+hFh 2 0l
DT IVBERDIEIITHELIENLE NI ETAT
ZV—%a5 L7z, CAG MV R LESNIZRERT 53 7 4
V=5 37 E X Zine Finger Tools ¥ 7 U =7 % H
WTKEFL, 2H/HO#E Y 4 o H—IZ O T, HlR
MEREZFH LIy NEEEANIZLY 2RI ETA
77V ALBREZIAITZ D L O N LB &2 LT,
Stk NERILTIENTE RV ETA 77V —%HNT,
(M2) 350H87+vh—Frs 7=V TAATVAIKICEY CAG/ICTG Bk~ 1
FEAIT A AL DNA OBEG g pest s CAGICAG Bk 7 4 v H— b a2 L1255

PR & S3ODHEH 7 4 v H—D39
5 1 OEERLIIZZFEL Tw 5, KR A HfE L2\,

(&% k]
(1) M. D.Vinces, M. Legendre, M. Caldara, M. Hagihara, K. J. Verstrepen, Science 324 (2009)

(2) K. Nakatani, S. Hagihara, Y. Goto, A. Kobori, M. Hagihara, G. Hayashi, M. Kyo, M. Nomura, M. Mishima, C.

Kojima, Nature Chemical Biology 1, 39-43 (2005)
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j_f,5777/V3§:;;/u;;;g;%%ﬁﬁﬁ@ﬁuﬁﬁﬁ%ﬁ%fﬁjfﬁp}$0>%Em§VﬂE§EE
HH 5% - AARRFE R

E MIBIT D7) RO RKNEED TH D IRIRIE. Bk - BE BT D HE L AT
gz ¥ Té@ikﬂﬂ7/X%ké_kLiD%@ﬂ*%&ﬁ#m_%tMTwé
PRER O I T FE AN < 72 0 MR ERIMAE & 722 5 LIRS RIS A 721 T < DR
B BRE, SI)ER EERIE LT K25 2 ERITFERHINTWA, JREEPEA R
%ﬂ@mmMmﬁfi\ﬁ&@@i%mﬁﬁé_k?mﬁﬁ%m%ﬁwéﬁézkﬁ
TEhHLEEZOND, TZTARMZETIE, b NOKNTIRIBEZEAT IEERETHDH X
Yo F A xR A =B BRI ET 57 F ROR M NE % 2 5
Z & T, BRBBRIAE DO T2 G HIEORIN 2 Bis Lo, R TIEHE~TTF FO)
KAV ~DOEENGE L 72D, £ 2 THRMITHIENICBITT D BGEEME T L X
=T FREEYX Y VT ELTHHTAZ EE2F 2T,

PBOHEMERTF REL T8 ODT NFX =V ERIEN LR DA 7 2T X = (R8) %
FIFHT 2L & LT, RERAATTF Rik, X7 F K27 TR, Iy THLE, %>
RIE ., BBREHA 2T EeESEDL
& T D ENEREICHAEN IR E T D
SLRTED, LinLEOBEERIT, ‘ L™

Fmoc/N N“N
SLEAMSTOWERCS =7y F L7 V\@EOH

HMROTIEIC > ThE<HRY . Bl g
P EMRNIC L EREERETERVEE IR ¥ H— DEAS RN
HEW, T TR UFUAFUF P
ERTF RO 72N E A K
T2 DIC, 1L LSRR R ThH #ﬁgm&g
% R8 <7 F ROMINBITHT M % 7R
ﬁo_kkbto ‘%ﬁf/’ |

T2 D= KA h— R EFHER ﬁﬁ
ﬁé_kf\ﬂ@WL@DLiﬂfwék ena Gl
WE SN TS, IF, BITFE=EICB VT, "G
HHAEEIZ LD RS AV A RV LD H R BRI BEMERS T ORLEE
JETH A LanCLlI EAHHEAEH L., 20X Fig. 1. (WERFBFEMWICUMAIGEGSTYAVEVY vh—,

B) Y v Hh—IT L HHEERAN FOREMEL, ThizkY.

LS B AN N BT AT VAT REEEHBLT, RECESFHROREENA, MEERD
w7 BRI BATICRD 5 T S BT e 5.

REPE SV RIR S 7z, Lo L, illlalsskim <

(A
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RS LAHAMER L, MIINBITZFHRT 2 L9 iy VRV BEOHFENRE 2 LD, £
Z T, AWFSETIL, BUEE TITo COWEREBEOMERD (1) 774 =74 E—X
ZxF T D IERF RIS, (i) ., BXOHIRE Y v X7 EORA, Z0O 25O/
DR L0 | Ml T R8 AT DS XV EORIE LA, (1) O
FIE ARG 572012, R8 & B F 2 Z 7 ORMICYIR Y o h— &8 A U= H e sOG
£ R8 (Photo-R8)Z X7l B X OERK L7z, Gk o —XiE Al COIWATREZ2 7 >
RUBY =" Wi (Fig. 1), £z, ()DORMERThH TS 7 ELAND
B, BXO, HiRE X 7 BORAZT-DIT, HEREH ., B0 X0 e
H 21TV, I A L, £79°, () B v —OREBALEM L, (b) )
Wr ) o —DBFNTINZNES 7 O AT o 1o RfF A i LTe, DR, (a)
TIL, K 20%3 2 X7 & UCRIGE ST, (b) IZBWTIEL, K 45%DEIE T
i R ENRIE SN TE(Fig. 2) Lo T, ZD2ODAT v 7 HEALI-Z L
T, PNVEBRET IOy 7 7500 ROKIBZREBH T, FHAEEHL TV

A 7 g D *ﬁ (A) LIBTY Vo h—D 7 (B) 1M > h— D+ HBA S El (C) LIt h—DH
Cleavage Cleavage @ Membrane
ik L ORE Photo-R8 — + Photo-R8 — + ) m Cytosol
Mitochondria
N N — — ~
Z)) m‘ HE k 7LCE Z‘) ‘j7 m Cytoskeleton
LR = I]fkﬁ é ‘@ = Nucleus
250 — > 250 — ((: g Extracellular
j/'-/f:o EE/%E\ Z 150 — 150 — 7 Unknown
DOFRE ST 100 — 100 — <(: (D) L8> H— D+ HERE S B
75 — 75 e @ Membrane
Hﬁ& VA 7 g BOE— - @ Cytosol
- \ a7 0 — - Mitochondria
IZ2W T, RS - - 37 — 40 = Cytoskeleton
O) ;,ﬂﬂ H/I:E Iji] % ?‘T 25— N, 25 ‘ @ Nucleus
20— 20 — b Extracellular
~D %:: Lf"‘ % *ﬁ 15— 15 —g(— 1 Unknown
L TWA, Fig. 2. A B I h—, BEUEL VAV EEHET I ETRAYITSH Y ROBEEMA
BEEEof, G D (W), B THRHESNEE VNV BEZEEMNEICIYRE. TDE VI EDHM
HBRBEDAR,
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LR O U AR =T FEMHEIT 7 Y VY — A D BRI
P - KBRS K

[ B 9] MR O BEREFIFEIORI AN FTHRAL Y — L DBRFEIZ IV T, & v 37 BROEERE . RO

AR THEOME 2 Bl & Loty 2RI ST sd, Lol BRI
WNEBATHER A N A A~DEGEDRDPENBIZ, ERAMERZ LWEERZW, Zhili,
AR RIS FTRE 22 A I PN B EE DRE LS L BLAR R L 72 > TNV D,

— 5T, MilABkDF /)~ T VTN THLTy Y — AN, RERESERBINLTND
(1], =27 VY —A%, JFE_HEECHENZ/ME (100 nmFBEORE I 2 H D) T, ER
T HIZERTOMBENOHWIND, =7 Y Y — L AWNENZIE, Miagse 2 HIE 4 2
o (B 21X microRNA 45) RANAINTEY, BUOMIZ L > Tx= 7 VY —A0ED
WEND L, ENOOMIMSEENFIE S NS Z L RENTWD, =7 VY —AiF, O
fa B OAFRE U EEME D T2 NE, b LI A LHZES ) T2 6 NE S8 5 2
ENHERE, @7 Y Y —ABUCHH o8y G HBICHEE A EE, OMIIE S ITIFERIC
W, QEFENTEN @HEOTY VY — A& WG AT RIS v s otz
HERLN ~OER A & U CTIPRIRBLED O BN E W, BIER AL, =7 VY —L%
FARIC U736y — LV ORFJEBI R 2 D TR 0 | ABFERRE (L 2AF90AT RS #
L LFfFGE) CTHEB L, =7 Y Y —AOMNEITEEE =y Y Y —ANE O
A MYV RGO D RO, I TF A NEREE KO, pH BV G ~7F P&t L7~
7 — WIEFEEDOBFMIEIC OV T, TOREERET D,

[5iE] AWFFETH W pH MRS ~7F K (GALA) (% Fmoc BEFHETH L,

MALDI-TOFMS TH® FEOMERZI1T > 7, ik — 7 VY — AL, CD63-GFP % 3§
BlL7ot MRS H K HeLa AIMED B3 SAL72 S O 2 BLEE L CHEBRICH W2, HifawN
BATHERTIX, MiEEA (10% FBS) Hiirp CHOtEk—T 7 ¥ Y — A Z B MIFIZE D A F
Wioth, HESBEMERLZE, KO, 7a—) 4 M A= —ICTHlaNELEY 7T Lokt
BiTol=, iz, #EEHT XA FT 2 (70 kDa) KON, VARV v &7 VY —AlZT L
J haRb—yaryERAnTRNESE, Y1 N~y VY — ANEO TR %
FEAT L 72,

[FiR & BE] =7 VY — AR ERERICAE RN ZH RN TR Y B &> T
RN A~OBATHENZ U< EWEIRIER S L TEERLIUEDNLETH D, x T vV Y —
LOBATIEZARMET D28\, 7l TF A MR E 2 S 2 & T, TOMRANBITHRE
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BHEIC LR SELFELAME TR L, =27 Y Y —2AORIBRNID IAZIZIBNT, 7
F A MRRE (2% (v/v), Lipofectamine LTX) ZAIX 57217 C, =7 VYV — ADOMIINBEAT
RN IMIEFAERE I W TS S RE ER 3552 62" L, LL, =7 VY —A
PICHE AR T F A 7> (70 kDa) #=L 27 bRl —3 g TR L, RSN
~NRVIAERTZGAE, TX AN COMBNBITEIZER LTEbDD, =2 KV — L8O
T T T IURBESNDDHRT, ?%XF§V®#4%9wmm 6 EHERE S o
Too EBEMHEYE 2 MEANISER LT, A MY LIRS EZESERWIRD | T
FEIITE D 72V [2],

T, =7 VY= LNEOY A YV RE AR S BT pH S MEEE RS
7%%GMA%%wT\%@%%_omfﬁﬁbko®uA~f%F@\ﬁw&:V@-
TI=r-uaA OB IRLESIE O30 KEDOTF RTHY . pH RHMEOLHAT
ﬁ%ﬁ%%EEE@wo*ﬁ?qﬂﬁS%Ei?ﬁT?ékGMAN7?F®AUy?
AEEN EF L, ZORR, TE~OXTF FOffA, KO, EEha 2 RET 52 085
NTWB[3], GALA X7 F RiZZ 2 I UgaBsIHIc2< G835 b, T4 m
JEE~DOBFENE N LB RENTWD4, 5], Bxlx, =7 VY — KNI hF A MIEE
& GALA X7 F RERALEAREERIE D Z LT, = R A b=V A TOHIRNGE
7. BN, =2 RY—ANO pHIK FIZ XL D GALA X7 F NIRRT 7 Y YV — ANEWY
DY A N IOVEHUEED FTREDRF 21T o 7o, Z ORER, ST ¥ A M7 U 2NEL
ey Y — N ERRRICHATIZE D A ETRE, I F A UMERREICINZ T GALA X7 F K
DWHEETDHIET. TXA N T OV A MY AR NAE I EHT5 2 LR ENT-,
Flo, PUEBEIENE AT AR ORI EE VY — NINE ST SA . Rk
FAUMIRE & GALA X7 F REFHT 5 Z & T, MlaNTOHRY A5MHE EHSH5
ZEEMLMIT LT,

KAFFENZ L0 B F A MENEE ., KON, pH B MER@ & ~7F R2FMA L7c> 7V HoD
BIMEDOENT Y VY — DNEEE AT D 2 LIS LT GasciRa ) . RFIEIZLY
T VY — AOMIANEANNREEZRE L, NamES A Y A~IERAICBE ST 2 &
WTATRE L Ip o Tn, AWFFERERIL, =7 Y Y — L& FARIC LT R @ 7R Ic B WV CH 2
B - HIRICR2 055 LB BD,

[Z% k]
[1] van den Boorn, J.G. et al. Nat. Biotechnol. (2011) 29, 325-326.
[2] Nakase, 1. et al. Biopolymers (2010) 94, 763-770.
[3] Subbarao, N.K. et al. Biochemistry (1987) 26, 2964-2972.
[4] Nakase, 1. ef al. Methods Mol. Biol. (2011) 683, 525-533.
[5] Kobayashi, S. et al. Bioconjug. Chem. (2009) 20, 953-959.

—122—-



2014-62

W T 4V H—Y — N X BB FIREEDRRSR
Bkt W - EORERERI RS AR TR

[(BEW] P> 7 7 42 di— (zinc finger: ZF) [FEFRFA2IX LD & LT EknZ XY
BHODNARSE FAA & LTHIRBNIZZ S FET Doa~U v 7 207 I/ HI8H7S DNA
3 4L A AAERA U CEAAIRFSAY 72 DNA RER DAL T D, o T, a~l v 7 A&
L7 X BOMBEDEIZL > TE 2 RUEINCRHET 5F Y 2 — LA TE 5, DNA
HHLHA 2 B235 CTd 5 Gin invertase I K 2 A > & DNAFEA KA A U DMNL L TWB 720,
DNA #5H R A A % ZF ([ZE# L7 ZF @57 DNA fH#L % B%3% (zinc finger recombinase:
ZFR) ZHEEETE 5, ZFR IFERER T ORI IV T ZF 23583 %5 DNA BAIIZ Fr
BREA L, Ml KA A U RZEREN_BIKEZRT 5, TO®%RMNEBREFEKT D EEIC
strand exchange 232 Z ¥ | #EAYELSIH 23 FR 2% S 40T DNA FHH#E X S AkN2 35, ZFR OREENY
DNA #H# 2 BUS TIEAERM &35 DNA BAN A HIH TE 5, > T, ZHUTHED IEER
TD 7 v 7T U MROHIAA TIXEMEIZELFAHIE S5 sz BW T, REWRT /) Lk
Fiffi©dH D, CRISPR/Cas, ZFN, TALEN 72 &' X 7 L 7 —¥ % o b 3 2 Hiffr & bl U T
RERICHE D & B 25, AT, [EEMIRO 7 ) MM S Lz HIV-1 71 7 A )L A&
{51 @ long terminal repeat (LTR) fEIKZER & L, ZFR IZ L% DNA M#E 2 SSIZ L - T
7'a A ZVBEEFESIOHIBRNFIEE TH D Z & A MGk L7z, HIV-1 @ LTR fEiIL Y A /v
AL NN EORBRE AT O mon =T m =X —REELTEY, VAL AHE
(B DM KA T 25K TH D, DNA BRI L > TT 1 7 A )V ABE O EEIEAH
B B aREMER B 0 | BRI T A NV ATEMEZRT 5 2 L A IfE SRS,

[325:51£]  LTR B2~ 5 ZFR 28 &IKIER T & 21R09E] (site 1/2 36 K U site 3/4)
ZB®IR L, ZF (% modular assembly |Z > THEZE L, 5 finger (5F) @ ZF BB % Fi>
pc3XB-5F LTR ZF# L7z, #1777 /v (NLS) KW Flagtag # 2 — R 54U X7
LA I pcDNA3.1(+) (Invitrogen) (2 A L. pcDNA3.1-NLS-Flag & L, ZF &ix 1.
Gin invertase fitfif N A 1 V85 % S HITHH AT 5 Z & T pcDNA3.1-ZFR-NLS-Flag % ## 4L
L7z, ZF Bia¥% pMAL-p4x (NEB) IZ#fiA L T pMAL-p4x-ZF & L7z, Tz KI5
XL1-Blue [ZTEE#A#L L T, BBRIELITV, ¥ /"7 BIEK % 157-, MBPTrap HP  (GE
Healthcare) (25 Y MBP-ZF Z¥55. L, ELISA &I &k » T ES (Ky) ZHEMH L=,

EGFP J&{s1 % pcDNAS5/FRT (Invitrogen) (Z#fi A L T pcDNAS/FRT-EGFP Z#§5E L 7=, 1%
MIECFIWT Frid4 Y 2 DNA 27 =—V > 7 SHTHEZE L, pcDNAS/FRT-LTR-EGFP-LTR & L
72, Flp-In CHO-K1 #HAY (23 A L CHEME S & Y EGFP HE s TS %2679 5
CHO-K1-LTR-EGFP itk % 7 L7-, ZFR #{x 1 Z 80§ L. pDONR-ZFR & L7=DH |
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pAd/CMV/V5-DEST (Invitrogen) & )it
HIV-1 provural gene (NL4-3 strain)

= NEAN pAd-ZFR % *%% L f:o ViraPower sl W‘

Adenoviral Expression System (Invitrogen)

L > T,ZFR&la &2 &t 7T /v A

T
@
=

w

A% {ERLL . CHO-KI-LTR-EGFP i} 7 S
BRI S BT, 7T/ UA VARG 7 oAtz

H H O 5 QlAamp DNA Mini Kit : — :

(QIAGEN) |2 X v 4/ 1 DNA #HhiH Toon . aom

. NN ¢ >
L. Genomic PCR "CHi HH S L7/l 2 [ I ZFR 7L % DNA 7 4 FV 7= HIV-1
Jtst% D PCR FEMID v — 20 = AT TR UANABIRT D/ v 7T 7 MEOEEE

1To72,
(%%ﬁ%*%] LTR PIZRRE L= HEMELS site 1~4 (ZHEAT D ZF Z ¥ L C ELISA %17

. EERELSINC T 5 DNA FEGBIFMEDFHII 21T o 7o fE R, site 1~4 ICXT D2 END
ZF O Kd 1% 36.3, 1040, 147, 86.4 (nM) & 72V | site2 Z R\ o site 1, 3. 4 D ZF 3EHY
BLHNZ Kk L TRV G2~ 2 Enbholz, ZHH O ZF Z AW T, DNA fHf#iz
B%3% Gin invertase OfiilE N X A o Z @l & 72 ZFR ZA85E LU 7-, ZFR IZ X A 2 it
I% EGFP B1a 103FRE SN D720, ERELSI D4
NCHEE T D77 A4 ~—%HWT Genomic PCR
Z1To72%6 . PCR EM DK S ITHHHL 2 KSR
%CHERY | JEMM X R1T 2387 bp, FHLx (1L 2961
017 bp &7, KYLts 7 H A OMINE S 2 o 2%
DNA Z it L. Genomic PCR #1T>72#E 5. ZFR 1000
sitel/2 KUY ZFR site3/4 Oi&Efn %38 A L 7=
D777 1 DNA D> B 2 %753 PCR EM D et
SN, ZD PCR EWEHL, v —7 xR
FRNT 24T o 1= & 2 A FEELHIRE 23 BR 25 S 7= il 2 ZFR |2 L LM o C Ok
HI73 ZER site 1/2 & T ZFR site 3/4 @ PCR EEM > A SRZh=R OFFA.
SRR S,

[%%3] %D ZFR IZ X % DNA fH# 2 S OFFM ClE Genomic PCR & o — 27 = A fi
Friomz T7ue—3A F A b U—% H\ /= EGFP S CHRERIE LT - 7228, ZFR EH K
EIFENMRIZZED B DIV o Tz, ZOHEK E LT ZFR IZ X DX SOSEhERME N 2
ENEZBIL, ZFR ORIGMEE M E X2 2 &M TO ZFR BB &% EIF 5 2 L5
BOMETH D, BEAIBLYIH DA ~—H—ElF] & Gin invertase DFEERIELS gix site D = 7 fd
Hl| & OFEFEIME LR Tl site 172, site 3/4 ZAVEIL 25%, 20% &K<, 2D Z & D3 HEHEL X G
DNENMEN—RTHDEBXOND, 1> TH#biE%Z VT Gin invertase fillliE K A A
v EREEESNC i b 35 2 & T LU RISHED @ ZFR B TE S LI S LD,

Non recombinant
2387 bp

Recombinant
917 bp

500
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T2 P F—R)~—LBH 7TV U BERNOEBRIND
NIV T T aEEHEAKGE

ZF P - RICRZEREERAFSET

MREEEEN : U 2 ATRER SN D TR T A ZBLIR O KI5 ER O ik
Lo TND, ZhuTx LT, RO KBEEfio—> & LT, AR5 KR
EIETER IS Lo A IRER BB S EE ST b, FHILEDIImED
Fa—=2 T ORI LTRAAES~DICHEZRM LI T7 A Vb HETH LD,
7 Uk VTV BT E ORI CRIG B A FI T 5 Z LN FREE 72 D,
F 7o, BUIR OB A C IR IR 72 KRG i oD i 1 % 18 X0 K i FE C O 28 AT e
ERDIEDL, ALAZF AT —DOREELE LTCOMARHEIN WD, S5, A
BB A2 O T KRG EMIL. A LSRR SZEE2 KB LT, Bk 1o
Bx I fEERIENFRETH D Z 0D, (RO TR KB EMOMERE 2 B T 5 ATHE
PEHRO TN D,

TR IR KB FE A D TR M A MR 2 72 D121E p Bt kbRl & n B Rk R D
MARARAIRTH D, Zib 2 FEOMELZ RS S CEMBEE 2 BN T2IRP
WIS ELBLEND, NI AT atEEofANFER I TS, ZNETICH
PN R BBt O MU R 72 p BUEEREPE S LT, AU GAF LT AT =)
(P3HT) BHWHINTE 7, UL, HIE T P3HT (2 D87 70 p BB R B
OBV EENTBY, 2O TFEHIT 7T X —a2a=y FEEAL K ——
77T H— (D-A) BIRY ~—nENITERACEHBEMTRbilT\d, 2L,
TR S —2=y hOEAT HOMO-LUMO TR/ X—X% v 70N 5 2 LI
BE LT, 2 FHNOEMBERINIC KD REENERINBTEE D2 L BLU,
HOMO L~V DR FITEER U T n BB L & D = 3L F— LUV OBLE D 6
PRl EIE DO EA MG TE D Z L, LR T, HELHHROM ENTATREIZAR D
TENHIHBEINTVWDTHTHD, 20X R E RO T, AFETIEIRARFL
PR OREE AR AR SERE TR L7z n AREEAA R (77— L U FEw) b
OMERIZE Y, BIERRGEMEREZRADL L2 HHE LTS, ZOHME
BUZT T, BADDFTHA L LIZHT 7 8 7% i E&0 D-ABIAR Y ~—%
BIZ L. DO Z1T o7, S5, 2O D-ARKR Y ~—OKBEEMAMEE L
TOREZRAL N ET 270D THEREFHE LT, TRO n BEEREE (PC/BM) &
MAHOEETEERL, ZORMEFnZ21T - 72,
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EERAE  AMIETIIF & DB LT T 7 & 7 % —5T Cy, Cg, Cen, Cs & F
F—ELE L TCYTF = va— el e E AR DTS-Cy, DTS-Cs, DTS-Cips,
DTS-Cs DBFEZ1T-o7- (K1) .

R R
DTS'C4 ‘R = C4H9
(o) e) DTS-CG R = C6H13
DTS-Cgy : R = 2-ethylhexyl
/S\ DTS'Cg ‘R = C8H17

C4 ‘R= C4Hg

CG . R=C6H13 ;

HgC4 C4Hg
Cen : R =2-ethylhexyl
CB 'R= CSH17

1 AL TR LR I —DIbPEE
FRERLEZER . RV ~—0DARIICa2=y FOVToEELVF ) vn—LOE R
AL ZNARE D Stille By 7V TR TIT T2, RY =055 7813 DTS-Cy:
41.5, DTS-Cg: 42.8, DTS-Cgy: 53.4, DTS-Cs: 46.3 kg/mol & LA S & 207, b EF5eirk /M
WFIEEE O %s % F VT, photoelectron spectroscopy in air (PESA)HIE #1772 > 7o B, =
NHRY~—DHEREETO HOMO L ~Li3Z 1 DIS-Cy: -5.33, DTS-Cg: -5.25,
DTS-Cgp: -5.27, DTS-Cg: -527 eV E WG H Z N TE 2, 72, WTFNORY ~—#
B EfLEmE R E A A LTV e, 2o O G . A RS KEA R & L
TOWENEEH SN D, KU ~—& PCyBM O AA O THBE ALK
B S L TOMREZFHh Lz, £ DORE, DTS-Cy: 4.28%, DTS-Cs: 5.21%, DTS-Cgn:
5.15%, DTS-Cs: 235% D EEB D ENBH N, KLEREROR N> T
DTS-C¢/PC71BM DFHA G HHATIBN T, & BISFEM72 R ER O b 21770 > 70 & 2
AL L To-vZmuXyBr/Z7aakiL
L (viv) =4:1 12 3%D 1,8-diiodooctane % NIl z. 72
HDOEHND EPERBIFRE < EL, 7.85%D

(6]

o
~—

S-S R M A 2R | 7 - T ORAED 1 PCE = 7.85%
E@fz@%ﬁ#i Boro (K 2) \ IRA 5 Jo. = 14.39 mATom?
WMEREm N & . Z OMERER EIX Z ORERIZE ] V.= 0.86 V

WT, R ~—DRENEZ VLT hoeZ FF =064

ICEE LT, Fx U TEERRE M R LT
DTHLZ LBALM LG0T, ZORFEE _290.2' 0 02 04 06 08 1.0
T, At WA LTI TR Lz n Voltage / V

B IEL & JL G D 7 B TR~ L & B 2 DTS-Cy/PC/BM D KBSE M E
B AT TV TETH S,

BERIME : Y.le, Y. Aso et al. Chem. Mater. 26 (2014) 6971-6978.

Current Density / mA-cm™
|
o
1
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Au7xw4ﬁﬁﬁm¢®%§%ﬁﬁﬁéﬁﬁbtﬁ E il &
FAF 7 AFHEO#ME

PEARBAC « KRIRRZFRZEBE T2 5E R}

1. iZUdIiz

RMAFAEFRET XL F —D—RAH O X ik - B - fJiEa X MoERTA
FERBEEM O F M b2 B s Lo s RS E T T b, 2012~2013 20T T
fefbF % - ﬁ&ﬂéﬂ*&f\m7xﬁ4 NEE « AR — VL TEIR ) DD A 7w REUKE
AV L (X 1) ' 2014 4R

gﬁﬁﬁiW%ifiﬁbﬁou : - e
DABER EFMBABE O o ArEARRRE o0 f
ni- %@ Ea AT L0 B A Hs T Said A A
JRRIGEMO X 5 ICEBEEMTH Y |
AR IERCR BB OREIZ R h LR >
7 ThoT-ERED e ZANRIEFIZ
INE VAR, LonL, AkE TN R
ATV R e X7 AL, RO AOTRASMEE
o LU AES S e LAY VAT 2 SN
;L}?ig PP B 1. BB T Uy K- XOTRNA FABER

vy

Spiro-OMeTAD
BAEF AU S/ HF
AVNRIBRIEFRUTE

BHED
A5 REMR

LEAREER~A 7 uiRiElc L3 n T A4 MNEMHBOBR I AT I TR

BT, ZHETTE L CE R A~ A
7 B REE (TRMC) ED S bR 5 (BIZmT, st elnie) £ el
HHE O~ A 7w J8¥EE (9 GHz) (22 TEfEE
# (15, 23, 34 GHz) ORIEEEFHE - B L. GHz
JE e s ﬁMm/xTA%%%Lt(“ﬁ3o:m
F CORME CTIEIEH D AIHEH L‘f%ﬁﬂ?&')T
@@Enﬂﬁ%i@“?‘éﬂﬁﬁﬁ% IR LT & =2 4, ! K -band (15 GHz)
B DR D EREE % GHz JHR ﬁ%@ﬂ U ' o (23 Gt
ﬁ?é’kf FF T VT DR T v S S *1)" (@ bans 53

BT A ENELND LI T,

Z @ Frequency-modulated TRMC (FM-TRMC)i£
AWTBAETHER Lea 7 204 FORBLEBEREOFEMEZHRF L K3 ice
AHA FHE, X7 AhA MNAVKR—T AT Z > (mp-TiO,) B, Xa 7 AhA K/
AV R—=F AT )2 F (mp-AlLO;) D 9 GHz TRMC 18 S KIE (¢ thnay) D L —H — i
FEARAFE 2 T, R DT mp-TiO, & AR KA B (P3HT:PCBM) DfER %
R L7z, mp-TiO, EEAR CIXMEEBE O EH I, T v 770 Vo ZilRESh D
ﬁ%m@ﬁk#ﬁ6ﬂé@’fb N T A A b /mp-TiO, I TIXZ D K 5 28T A &
LAWASAN (AR AL B8 FE GRS T D @ s 205« X T A A A X mp-TiO, DA HE(Z >
HH7 20 cm2/Vs BREOESWRIMBEIE A2 RS> Z ERH LN E7e o7z, (RERI 72 G HE R

% 2. GHz BliE#ZER~ 14 ¥ 0% (FM-TRMC)
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KI5EM TH % PIHT:PCBM (0.22 cm?*/Vs)
LD &L 100 (EREERBEI E N &V, F
7o WO O FEAT 2> D BT X v U 7 G
BER ky ZFHI L7= & 2 A, Langevin £
TN G R SN D FREEEER kb &
TSHIZEFR AR IH STV, &6
IZ mp-TiO, LA GO TIL, &
P —H mp-TiO, IZFAVIAA THHRE 7
AHA NEFEATIHEENEENDT-
DIT, FREEHEEEE b I1XS 52 1 M
stz

4\ ZRT L DT, AT HIEE (TiO; or
ALO;) £ 7 2B A b (PVK) TERTT
15 (1 BBEE or 2 BEfETE) 12X > T9GHz
TR L 7= BT BB E 1T R & < e b | R
FHEABEME TR NG Xe T A A K
DA XL EOFHEMENR b, Lz
o T FERDKRE L 72 D1F EEXEEN
B L, KEGEMT A 2 DOPEREN FIZRY
BLTWD LERBEND,

FM-TRMC {ETHRLNTZE{LT & T
J R OJE R B A M B ICHEE L -
Drude-Smith-Zener &7 /L % W\ THEEH
DRI B A T 5 &, BTy U
T hT7 T OEREE (70~110 meV) &

(&% U 74 98%FEE) NEbhr-’,
COFEERO T ASA MIEIG L E
A, P TESIZI0meV EBE, &5
(LT 10%FEE & BT v U THkC
BRI BIRETHD Z LA L, &

102 Perovskite/TiO, [R5
101 Perovskite [N
P
>
N 100
£
2 Perovskite/TiO,/
% 10 Spiro-OMeTAD
3
d
10-2 DOX
TiO,

10.3 M M M M M
1010 1011 1012 1013 1014 1015 1016
Photon density / photons cm-2

3.9GHzTRMC TEohn=ROTRAhA F#HEOBEE
BEDL—Y—EE (355 nm){kFHE,

a PVK(2-step)

nm

0.5 um

d PVK(1-step)/TiO,

-

25 - PVK(2-step)/TiO,
- PVK(2-step, X,

< 20 - i—*—g
> s

s .

E 15 -

N . " PVK(1-step)/Tio,
G 104 =F

2 N PVK(2-step)/Al,0,
3 549 “a

£ N PVK(1-step)/Al,O,
W o

0 100 200 300 400 500

Crystal size /nm

E4 10r2 BREES L VELZSZTHELICERL-ROT
ANA D 9 GHZTRMC BFfERRBIE LERY (4 X
DHEE,

SIZEEW (22 GHz) Al THEONA e T A A NHROER X ¥ U 7TBEINEIT 75 cm?/Vs
IZH KON, B - Bl c EWEES M T v TOBE TRICENTZMEITH D =
ERMMo TS,

1) M. M. Lee, J. Teuscher, T. Miyasaka, T. N. Murakami, H. J. Snaith, Science 2012, 338,
643—647.

2) a) H. Zhou, Q. Chen, G. Li, S. Luo, T.-b. Song, H.-S. Duan, Z. Hong, J. You, Y. Liu, Y. Yang,
Science 2014, 345, 542—546.b) N. J. Jeon, J. H. Noh, W. S. Yang, Y. C. Kim, S. Ryu, J. Seo, S. L.
Seok, Nature 2015, doi:10.1038/nature14133.

3) A. Saeki, Y. Yasutani, H. Oga, S. Seki, J. Phys. Chem. C 2014, 118, 22561-22572.

4) M. Tsuji, A. Saeki, Y. Koizumi, N. Matsuyama, C. Vijayakumar, S. Seki, Adv. Funct. Mater.
2014, 24, 28-36. b) H. Li, T. Earmme, G. Ren, A. Saeki, S. Yoshikawa, N. M. Murari, S.
Subramaniyan, M. J. Crane, S. Seki, S. A. Jenekhe, J. Am. Chem. Soc. 2014, 136, 14589—14597.

5) H. Oga, A. Saeki, Y. Ogomi, S. Hayase, S. Seki, J. Am. Chem. Soc. 2014, 136, 13818—13825.

—128—



2014-65

B NMR % H\Wi=tv v A0 Ep ToOERROARA

FERTREN » BUIE AT
(=]

2011 O 55— R FE TIIFE 2 OB MEWE PN BRE IR L, 2D X 572
WEOHRTH BICs [T HIN AR, FEEL RIA/NE W, JRHEPHIC
FRNZDOTeoTOREL 5 X 526 TND,

BB STz 137Cs 1L, HIBICH T DM LI DIV LEATF o WL AE T D, £
EPHNE LR G BT 575, IR O & LB 2B B LT UIEEL I2<< 7B,
B1Cs 1T K 2 15 YLEED LI R VU CIRR A FENTOILTODD, BT ADMEMIZ
BATLoT W R EBATUICK W RS, L LR EMEAFET 720120, B2 v
LDVE~DIAT AT = A LZDOWTOMRE WD DML BN DD, Fio, 1GY LN LI &
W Z 31T 2 S LD FRYL T EE I L0 TR A FHET, 7Las "y ZIC5ED TRE
XL TIRE THEVIFENRLELNTND, 22T, BHICHSH TV I Ry 7 b it
TV AR LIRODED ), EVORBERS D, Tz, BRYEOX R LT 5T T, 1B
APEIZE>TEERR EOBRESN, TEOPIRENRKEAR T35 ORENHY, 15
DREIRJE ZAR ST TORYL T IEN LB TH D,

DX —EOMBIL, B U AOR LI ~OEELCBLEE R, BAT) % —L&
2o TCND, EZTART Y =7 NTIE, BV U AOR: LW~ O E ELZBVEW ~ DR
ITOBEMESHZ LA HIEL TR Z T o7,

[EBRNA]

B AOREEMNT AT BT (DERBEFR OB U MIBBE THLIE, (21
U DTHE T A O IR WO BEEMATIE RO NAZE, BHWAZED TELFIEN RS
NHZE, ICHETOVEDRSHD,

AHFFETIE, FFETLEDOIEREGHZEOTELE R NMR 15125 B LT, O FE DR
BPINT=D 7 7T RS HRIEL, RIRE OFREHZ DWW TH B ATRE Th D, Fi,
FE b O B &S Z AR L LR T2, QDI 7l T 72NV FI s 5,

BT AOREEMAT OBIE LT, By AT ABRERE S T O'Y Y A0 R PE G L b
C7NOBREENL, ZOBBRREFIALC, MEEHRESLZEEL, T, Cs2Si0s 5k
i, CseSi1002s Mg 2 FEED v D7 ATRIERE A ER U 7=, 8RS U IR fs il
EHIC b A, KLU L W, FERILER SO [E E 1L, Rigaku
RINT-2100 # MW TR XRD B EIZLEVITHo T, & T — 0oy 7 =T
(Diamond, Powder celD|Zd&~ Tz rlfi bL, BB aB LTz, 7 AR db HicEs
FAALFS 7 N EE R DR A TR R BT 1B T A AR R SR 0D 133Cs MAS NMR
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EZAT 2T, 1@ B RICE<PE T D8+ ThHHAT (M 0.1 mol/L D b7 LK
R E DRI L2, 133Cs MAS NMR HIE %17 o7,

[ R EBE]

Fig. 1 \ZBv U LT ABRIEIZBIT D2y T AORMIE AL 2 7 hORFRE R, 7 A B
WAERTPIZBWT, RO CsHidmisisss 7 b L, REIE D CsHFRms > 7 b
THZENboT-, TABEFTO CstOBNIE &b 7 b OEf%RIL, Stebbins
SIZE > THE SN TWD 7 A BEET To NatORNiE L by 7 b OBRGE RIS
O NatN @iy 7 b L, KA O NatMERSE S 7 b 2) LR TH - 7=,

200

£ 190la A (CsSi0
g L
& v Cs68110023
G 170t
§ 160
£
<= 150t .
Q > ~
gl vy
= 7 8 9 10 11 12 400 200 0 -200 -400
Cs" Coordination number Ghemical shift / ppm
Fig. 1 Plot showing the relationship between the crystal Fig. 2 *°Cs NMR spectra of illite immersed
coordination number of Cs" and the chemical shifts of in CsCl (aq) for 10 days and 1 year.

133Cs in the silicate crystals.

Fio, ATANERAL BT 2KEER I 10 HEBEION 1 FRIRIEL 236D NMR AR
IV Fig. 213777, ZORE R, REMRIET2E 2 @O AMIRETLHZ LA REL

TW5, F2, FLUWENLIREE (B BB 0 3N 352 &b bhoTe, BIE, REICE -
TWRESEIZ LT 2EHAL VT DAKERIZE > TERE L2 Fi% O &I DT> TV D,
Stk, BE AR W XAFS AT IS DRE TS0, 1EM~DRAT A =X LD TD
BEEITo T,

[l Reas]

1. ”Structural analysis of alkali cations in mixed alkali silicate glasses by 23Na
and 133Cs MAS NMR”, Minami T, Tokuda Y, Masai H, Ueda Y, Ono Y, Fujimura

S, and Yoko T, J. Asian Ceram. Soc., 2, 333-338, 2014
2. [EIR NMR % =Bt 7 AF 7 )V A1) & Jg@ A 7> O JR P s AT , 8 FH B3 EH

L, EAG AL, EIERD, E W, NI BE, AR, AEBME, &5 55 [
FABLOT b= A Bl a e
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R ]IS DERALFHV R LB DA 22 BVIA 50 =R D1E BIAE A

TOHRIEDR O R R R AR A R A SRR
(B &8Y]

PR RIEAKIT KRR EKRDHNAEDZED TELEREE AN D/NST2KTHY, T4 Ol T
ZENRED HILTND, BRI RIE A K TR EFFFTE TED 00X, M@ Kno2 T 5+
I EFH BMIH KT D IIPEINEI T2 SND, T D XD 11 FE i 23 ) O Ik
A (#57) DBDIAFATEN DR B % 52 DO TITIRWINEB 2 T2,

AT 7T, 85 OBIALINFIZE T 55 A tlc L Ty 22 IR AT ME
MO E P REL T2 HINET D, 22T, (DIIAIEORE BN OKEE, QEY
DR AT TR IA T ZRIZ KAE TR KTE D B DWW TIRE T2,

(S8R ]

SIRIE A AW 5 (Ligarie #5 HYK-32) (2o T a K2 A pl LT, JRKREL T
#K (TRUSCO #E#L W-20) 2y, [REL CTREHE K IR HFZ V-, KRR EIT 1000
ml/min (Z[EE LTz, SR IRORIE AL, T kL FRENT S E (A AR 2 L7 A 4E R
LM-10) Z W TRl 7z, fFiR# EE s S E 222 SMARTROLL RDO (In-situ
#84) | Orion star A329 (Thermo Fisher Scientific #-8) 2 A CHIEL 7=,

T D BERE A 7 B0 IA B FH F DTN IS A RSkl % FV Tz, B EK SR K %
pH =4, 6, 8 IZFABIL 7214, BBAA MG TH D 137CsCl LA A HHaTR Th D Hs32PO0y
WL, XA X% 2 ReRIE LT, 1218, 37Cs WX DY TV % y HRART I
AN)—(H L7 ahth AR-300) CHIEL, 32P WIXXK DY TV A A= 77 —RE
7 4V ABAS-MS)IZREO T CHUA A — N T 7 8BS LT,

[ RLBE]

AR LT AT OB 1E 212 200 - 300 nm, fE#KIE 2 - 3 x 106 ff/ml TH-7-, X1

(AP L U S O R 2R T,

i 0 1 0
H EEEE LE
O &7 ERE 0 W
o]
a0 = 15 15 _
- o= £ _ e =2 g
= ()% % b S T, SO B o 2, (a)ZEF# 3
£ =3 >
Ew D J 1 P . ™
5 i = & s "
i s 41 2 = I}
# a I o . . 4 - 2 { ¥
10 a 14 "
+
b 12 b 12
o £ o & 3 100 o £ It [ a0 100
tims (min) tims {min)

1 AR L BREEE O MR (R, (b)ER,
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REHNTSE (M 1), EFREHWESEE (X 1(b) EbICRFHORImE EH IZE RS
EEMNMEF52L, ZOK FNBEFRERICISRWVIEND) -T2, BB E (B
uS+em210-8 ) IXHRE TIE-0.16, ZEFHE TIE—-0.082 720, (ZEJE |5 HRINIEE D%
HOEGONRMABTET LI B2 t3boT-, BRFERFICERTLOILERHLD, K
EFED KO HsO*e OH- O o< AR _HE Ik L TEE L 5.2 5T ENRIEEND,

2 \TH AXIHER DR D 137Cs L BEOFERZ AL, M 3 IZTRBRIEDBEELT A A —h
777 48w T,

500 1 DW mFB

400 - J 3
T - 4
300 - T &
5 r i
&2 ! | 0t '
00 - 4
100 - T A
DW ( = PN
it pH@i_vHL
O T T FB -
pH4 pH6 pH8 2

z/s

2 X AR DOIRD 137Cs Ftkthe 3 32P 2N L T-F A RADEE (£, F:
O pH I AEE, DW SR, FBAGHIG  FEUK, T ciaK) &4 4 —hr7
YAk, T4 (EX), 2P REEDE WA IZITIRS, K

WG EITITHF U,

2 1Y, CstOWRIIE, FRUKITIRIE T2 L0 MR IE/KITIRIET 25 3 KREL, pH 28
RWNZEIMHISNDZ N DT, KM3LD, 32P (VA4 ) OWIE, FERKITIRET S
FOLB KT AKITIRIE T D 5 AVIEL, pH BMEWIEERESNDZ EN DT, FERIZIT
IREIR DTS, TR AAF L OIS I 722 EHHERL TEY, M IaIXBA A4
WAL, A3 ORI Z et 452 LA b7,

AR DA AIE D BRI OV TS B AL ETH DA, A
ANRICHEBL CQNDILEEETLE, A4 ThDEL Y AOWIEE, B4 ThDHY
YOI RIE N BT L TE D, A%, IRIEOAF U RID AT =X
DREAZATOEEHIT, O TR K Z 226 50 B TR I O W TORETE1T9,

[ R is]

1. PSHISRTE K DN A ZGRER D FEA AL WA~ KIAE TR BT OWT, RE S, 42 LBE
s, FEEEGH, EEER, RS AR T L 2014

2. KUAFERNC DM KT K OBERAL FRAE O & ERFEN, FHEFRE, [EEE, K
ER, [ sa D iR Al Vol.2), NTS, 2014
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XINT IVILEYMOBERRAEEE DB
=IO - SRR AR

B - B

X INT L AEAITERSCER R POAREEE L TEELRGHILEMTH D,
BUEIX R FAR CTAEESNTWDN, BERZFH U CHRERRN - SRR -
SRR R LS X TAT I AMLEMEEFET 2 FEORBENEEN TN D, F
TINT I ACEMOLEFEICRIRL S pBFE L LT, ALEWHO I NFR=VIEEE T
R RNCERT DN RS AT e eSS —Enbifons, Linlens, o
NETITHFERN SR E SN TERETMT 2 LG E T 2T ke —Eo XK
WL a-7r NEDO a-INVA=NVEIHEHT 2D THL, ZOX 5T Ru s —

Blida-T I VBOEFEICEHATHDLIN, ZOMDOT I ALEWOEFECFIHTHZ &
T LV AP Tl a - MBED o -H VR = VRSO AR =V EIERT 5T
Farr—8a255R e L, ZOMEBRFECRIERE, S oIXF 7407 I e
EPFES~DICHDO AR ZHRLZ L2 BN E Lz, AV =F  Obi 2RI 53
5 24-VT ) XRUHFUEET e Ku s —E (2,4-DAPDH) 23 y LD J1 VAR = VT
TERHTHZENRINTWNDHDT, KR EZXGRE L T2 DT,

IFEVERNE  Fervidobacterium nodosum D77 ) AHIZIEM: 2,4-DAPDH % 22— K9~
DI INFHET D Z L &2 RWE LT, 2,4-DAPDH 3 NADP)" KAFAIIC 2,4-27 2
SRR (2,4-DAP) @ y fLOT X FAEBEAIIH T 2 /L LT 2-7 X J -4-F
X VB W (AKP) ICEMT DS EMET 5 (K 1), AEEFEIL AKP @ y (LD
BITHT X ALBUS bS5 EHEE SN D Z D, FTNT I UAMLAEMOBRHRE
ICAEMTH D MRSz, MREEOMEFIZHRM L7 L D12, fxr OFERTFARE
WradT o 72fE%. 2,4-DAPDH 23 E 2,4-DAP (2 X 5 ARHEPUHES, D-A /=T (Z
LD EEZZT 5 Z LRSI, KRN D-A NV =F RO BT Z ofk
BRI AT 5 Z LR ST, — . AREERIL, 25-UT7 X XY UBRO § )L
DT X EICHERTAREREEDILVERTH DL Z ENPALNTR-T, SREIO
WEFETIE, AEROT I AMEEWE RBOSIT I T 2 AR e R X OWEERI RIS
WTCaR 5,

Q o
HUKT”E/ +Hp+4mmm*::::HUkT/W/-+Wm@W+NW+
NH, NH, NH, O
2,4-Diaminopentanoate 2-Amino-4-ketopentanoate

[ 1.2,4-DAPDH 7Mififd= 2 S
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2,4-DAPDH O7 I UMbEWMERA~DISHZRA AT, £3°, 2,4-DAPDH DiERICHT

AL B T DAL 2 T, EEE L TCo-7 X S HEE a- VATV EE
oo 22782 )0 2R B )0 22X ) TN vERWEE DA,
TNENDS 22T ) TH L 2T ) R_RE 2T ) A~AFHh L, -7 =)L
FNT I UNER LTz, BRLTEZT I AbEYMO =T F A~ —mEE (e.e) X, &
1 DL, 1-7 2=V F AT IVOREICEbE, R ERICX LT 74% T
o,

Wi, 7 2 MLEMERRIZ, FKIEE 5 mM @ D-Trp, D-His Z¥shl L CARSIG
EiTolc, TORR, —HO=F v TFA~—% b2 DS EBIEICHE TS Z &
WRSH, 2D DIEEMOTINT LV AR D e.e. BWEATDHZ ERH LML RS
@D 2TR/ASSTLOERIES 5 1 9 4DAPDH 12 k57 < L ALAD
WO DT & 0mM 225 1SmM ORI pppiz 515 5 157 S ALAHO e e
TEHMUTZAER, D-Trp OIEERFAINC S

Additive
RIZxtd 5 e e 23 2% 75 90% £ T None  o-Trp  p-His
FR LU, ZORERNS, BERERICOIEE 2 Aminobutane 2.0 11 10
LIRS VINS T EIRINT A2 LT, £ 2-Aminopentane 72 86 31
J6 % 75>*ji@31’j‘3/3;j_7‘—‘@/a\527%|3§ 2-Aminohexane 7.0 33 -49
1-Phenylethylamine -74 -58 -95

EFEL, FTIVEEDERRIZE T D e.e. &
FMOLNAGAENH D Z LRI NT,
—J7. 7 AR 24-DAPDH O X #fE ST 21T o TofE 5. ARBESR DS Escherichia
coli kDY v Fmyval UL 27 % —+E8 (DHPR) EEEMIZEBIL TS Z
ERHBMNE ot T E T u s OESIREEE L7z DHPR O hiiE
C T 5 Z L2 X 5T 2,4-DAPDH O REAEATAL A HER U7, HEW S 7= FRE A
BN DU EAFAET DT I BRFR LT DUV THNA R A28 BB 24T - 12 5 5
GIn264 NARFESZE OIEMERIBUCBE 5925 2 &, £72. His262 MIEMERHEL & WERED
WGBS 5 Z LRSIz, B FEINIFRHEORRNS, REREOREER 7 >~ |k
IZ 2 37D 2,4-DAP BFEAT 2 AREMEDN R &I, — D EEEMIGOEE L 720 | il
FMHEFRNC2 D DL EZ BTz, His262 1%, BERNICE W TA 2 =7 LK
BREWET K0TS, ~I 7 I —AFRIEROB T v b B 59 5 A
BEMENEZ B, £, IEAIE 722 2,4-DAP OFEFE~OFESICHLEET 5 Z L AVUR
e Sz,
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WA LD REFEEIREM v 7 LAY O 5 R FEAT

[ TR

mp
il

B - BY]

A7 ALEIE, BESCER R 8 X F S FE bR ORI & LT
BASFHSNTND, Z2O—FT, ¥AFXF SN ZJaaFLry, T 87
ranxF LU EORENT T ALEMNREBREDE L L THEE eo TV D,
ZOXIREEND, AT S ALEMOEBREEE L O SORER X, W
RBRERBIIEN OO LW EIN TN D, ZNETICAH a7 AbB & R
5% OAEMNR S, TNOBNEET DA OGN a7 ALE W B SE O
BEEEREAT A ED BN TE 72, oL, TNH 0L ITAfIBIEAEH a7 AbE Y
TS EHRAER 2 P ALEMIERT 20 TH Y, Nafiglik A a7
ILEMIAERT 2BRIZ OV TORRIZE DD CTRENTH S, AW TIX, Rbafn
e Aa s ~a 7N BE MO —FECTH 2D 2-7 a7 7 ULVl (2-CAA) Z&{LT 2
WaEXGg e L, KENEFET D 2-CAA TR OIS EEOFEMZ B oI T 5
ZEEHMET S,

ZHETOWFEIC LY, 2-CAA EILMEME TH D Pseudomonas sp. YL 75 2-CAA
ORISR % 2207 7 VLt NI X —VB2AFETHZ L2l
IZLTW5, REERLUG T, 2-CAA DRFE-IRFE ZBEEG~OKMIZEY | 2-7 1
m2-t ReXvra b d U BmnAgm L, Z20b BRICHELKEDS BT 2 Z & T
EAEVEERERT D (K 1), ZOKMINEGIZIEEH 7 J £y (FADHy) A3
FLLTHEREND, 7T 2MilEE LT 2RO TGRSO & fllii 9 5
N, ARBEFRIT T T B UBER L L CUIBIAMIC R E ~ DKM S E s 2 2 &b
Z ORISR IR P2 BLE N S RN, AR L D2 =—2 i xn 5
> B O RS RE BRI 1) F T ARBE SR O S S AT IZ IR0 FLATE,

H,0 HCl

H Cl @ H Cl H o
= H—>—Co0o H>—<
H CoOo H OH H Ccoo

X 1.2-"xa7 7 ULt R X2 —PIZLb 2-CAA D4 REG
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207 7 Y ARgE BT X —PEEIROBEEBELEIC K 2 FHl

Pseudomonas sp. YL @ 2-~u 7 7 UJ)Llge NI X — ¥ & &AEFET D 2 A
Escherichia coli 70, ARlER %2 ¥ — TR L7, F8IEX 60 mM KPB (pH7.1) % f&fEiK
ELTAT o 7edy, REHRT DU VD, Hif LI W DR O N7 WA F 7
EE RO 2 AR D DB < To | #%E#K Z 20 mM HEPES (pH7.1) (248 L 7=,
REMER A HA% DEIR T D 2 22X 7 BRI AT 2 B D BELEIC KV E Lz, A7
A X 0.02um D7 4 NE—FHNTREED ZRE L, Zo8EZIE LTIfER, 5
o sy 52 LT, WEOZGEIEN 35% D 22% IZET DH I ERbhoiz,
UL EDORER % 5F 2, #EER % 20 mM HEPES (pH 7.1) I[ZAZH# L7= % o "7 IRk %
WO IO EE L, s RIS Z &L,

2.7 7 YNRE KT X =B ORE IR O

R D X IR D & X 7 E R A2 S L Index HT, Wizard Cryo 1, 2 72
EDAZ ) —=v 7%y e HWTHEEREZHE LT, Yy T 47 Fay 7&K
SILHIEIZ LY 20 CTAL V== 7 %AT o f iR, TeB & LC 0.15 M pL-Malic
acid (pH 7.0). 20% w/v Polyethylene glycol 3,350 % H\N72 5 T TERRAE G 2315 DALz

(4 2), fF6MTIcfidl% 1zit Crystal Dye & HVWTYY L7z, Izt Crystal Dye (34
I8 5O AEY I R oyl & ARy TR S M OB HE RS B A KR4 T H 0 |
BRI BOREIE B, ERONTIICBENRE L7 VAXI LT V—5 235, |k
O IIARIEIC Lo THLSLJEAINTEZ LAY U7 HORETH D
AREMEDS mWV & B 2 BTz,

2.2\ 7 7 UNfEe K7 X —E Ok
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JEHAREE Bt & L OBRIFIEIT & 2 MK O
JURJR T« SRR B

[BEW]  AKEAERDFOMEIEMITANRFERK COZEETH A F 2 v 7 e
W2 LTV D, Rk 25 R L 0 AAFRE & oHE GURIBE - ) 1XEnEho
FREk & OK & RO ) IZFFEIc - » b7 v 7 S S ikFEE St (BDS,
1uHz~50GHz) H4f7 & M TI5 2 AV CllaR OB - ST 217> CT& 7=, K1
EREAEH L TV D ERGFR0A A DRI TEER R 2 A T X 7 A TTBLHIRE 22 [#] A
=V ORI XY, B e HIRFZER] R 7 — L D 2B S B L 70 A3 S AR R DOREIE R
FebE 2 FEBLTWD, L LIR—HIESRIE N OBGRIEY & 24672 F15 CTBUAI - iR
Hrd D IITHERIN EORKIARE < BFIEITE > TR DR T TOMHNT N —iX
T D, AR TIEL, VAR Y —A0REMIOBRERIZ OV T, BDS &/ VLAWY
HfgA Y = o — RS (PMFG-SE NMR) 5% Fvy, BRI T Co Rt &«
T 7 2B - AT AATO, AR FIEIC R DT e —TF OFEIIMEE DD D,
[FZBr ] Bl L o F o (a— kY —2A NC-50. HiH{bEF)Z @k (MiliQ 7k)
BLOYU VBN 77— (PBS) I L, I ==27 X h)Lb—4% (Avanti #1584, FFLEE
400nm, 50nm) TVU AR Y — ANEEERZFE L7z, MEEEHZ I3RAET 2 L 7= HeLa #
faz R\, ¥BET7 7 A ahb XNy a4 — 7V HI(DMEM). % R £ PBS Tk
1% Trypsin-EDTA Tl323 L PBS (Z8E S, 1 Las 2T T EEA A B Ry CHl
& L7z, BDS #7112 1% Impedance Analyzer (IA : HP4294A . Agilent Technologies) & Vector
Network Analyzer (VNA : N5230C. Agilent Technologies) % H\ 7=, PFG-SE & \ZiX
90MHzNMR (EX-90, JEOL) & 400MHzNMR (400WB, Bruker) % H\ 7=,

[FEFR & BE] 11T 3wt% U AR Y — 2RI (400nm £5, 25°C) %R fl
o, A OFEEERITAK O 20GHz #EF & Ak 80 FBEDEZ R L TH Y | 97wt%
D EKEE B T T g ] A

W5, PBS & HV I I~ (a) 1 »
R D 100Hz {43 TD h1“\\\\_ | 1ot
BT, KA O ‘ S — | '
B 2T i -] R S T S —
Lo THIADY A D :

30 fZICHEEIN L 7=, 10%

fiK CHR 572 1MHz

it O FER . 1MHz 10— — = 10— « :

. S . log [/ (H2)] log [/ (Hz)]
AEOFBEIC I 1. swindiv oo VK — 24 (400nm %, 25C) 0
2R BN D5 FHERD (a) ik, BLO (b) PBS ER¥EIK Ok EREFdhHR
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BURRF- R FNE | B U GO AR A AR I fR S T
LE D, O HEOREMG A 4o OFETHRBASINGED DT,
PBS /Ny 7 7 —TOfEah#R oo & A o HE A 100
BELREWVWOL, MOREFMBROFELZREL TV 5, | e
X 213 F oD VR Y —2 CRigk @ 50nm, K H B-Valo ({4 89ocim] O

2 o © o
1y 3 ] w

Int_ensity Ratio Ifg)/1(0)

=
“

3wt%) BB HE O PFG-SE HIiE1Z L % Stejskal- Tanner 7' 12 g"'
FT. ZOMEE ORI DA BIR AR b s, e

CARIED ALY T OIS 5B BB DA B

VAR — LOMIT R BB 2, IERHADBS I k> B R

TERBUVLE OIEARE S L 0 kX Bl S i, K& 7k %ﬁﬁﬁm&ﬁﬁrw

CEET S L O L ARER L v EEs s X 2. 3wth U A Y — LA
RETHAT 7 (50nm %) SAREIED

T, RIA£E L BT HREEH R MR 2155 2 LN TE 5, Stejskal-Tanner 71+ k
3I1ZPBS /Ny 7 7 — (W& L 7= HeLa MG 0> % FEAE AN (a) 4:20ms, (b) A:5ms
HifR 2 Rd, MikE B L, AR LI 80i7%&ﬁ?@7}< 8050z

DENMEONT, REEEMICK - T, FEEROMEI 60
100MHz 3 CHIKOHED 80 @ x THML, K1o
FEBRUC K DA O FNEFE DA EZ SR L TV D

X 4130 < OO E (4, 25, 37°C) f‘*ﬁ%%u‘: HeLa 150,

#IRL D Stejskal- Tanner 7' 1 » h OFRRFEA LA 773, WEALFE Lol s

$%ﬂj;ﬁ%%%@ﬁ%ﬁ%ﬁﬁ@%@@&:wfbt & S
RN, KD TFONEEBET L RINTEZ LT D,

@%%&4%:72ﬂﬁﬂ#£ﬁ1ﬁ~wfﬁﬁof % |*ng m

- » A Og z
RZD T EN REEEEES T TR BRILBTY 3. HeLa ffilao> PBS
TR C & 7o Al Tk WL (25°C) DRI
N L R I A
r— Tk BERZRD o 'm ' R I

@ 10 SR

MO RRIKR I B
ST MBSO S0 {10
WoTHMAMRES b e
- - N 0 1 2 3 4 5 0 1 2 3 4 . 5
XHTEMNTE Do B-value [xl(}w sec_.-"mg] i B-value | < 10" sec/m’|

(e e it 4. HeLa filao> PBS Mk (L2265 4, 25, 37°C) @

(Ghr. B gsse) ] Stejskal-Tanner 7' & v bk, Fi#t%z(a) #1H, (b) 7 HE

1. “Dynamics of water, biomaterials, and skin investigated by means of dielectric relaxation
spectroscopy”, S. Yagihara, Chapter 8 in Nano/Micro Science and Technology in Biorheology:
Principles, Methods, and Applications (Eds. T. Dobashi and R. KlIta) Springer, in press.

2. “Radio-frequency dielectric properties of cell suspensions”, K. Asami, in Dielectric Relaxation in
Biological Systems: Physical Principles, Methods, and Application (Eds. Y. Feldman, V. Raicu),
Oxford University, in press.
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SeHRE AR B D et B T DI AR OB AR DA
R « R KB TR

(X CHIZ] 0 K UIHAMESE D N OR S & F 1IN THEICEBIL RS IRE T 7 +
F7ma I XLV IRyt A EDONBEREME 2R T AR R 2O TV D,
Hex OWFE T N — T TlE, HEZLOD IR OEHEIRRE S N7 1 b B E)(ESIPT)IC &
DLAROAFEZHND Z LIC K> THIIREBTAS ORI TE 2 Z LIZER L,
FEREREME A HERE S 2 B BRI R T 2 72O O F LR OB & & ORI B9~ 2 4
RO TND, 74 M7 a I XLV 3yt A0 oM I3RE s I E D>
N FEILORRICH EEIN L -0, mEEsd 52 268 MmORICEB N T
XA CHHD T Tho THEEMAMAI L TRE < B b it sr~d, 2ok 57k
LI bt OREEARER R 2 ARSI & - TR TR, B & L CoekE
PEAFHAEBTE D EWRFIND, Fxldf, YV F VT o7 =Y HHRER O
EES TGO EFIMERRE AL, S HICZEDEDEREERITERET D
EV o BIRTRONEIG 2 RV L72(X 1) [1], BRZ#ED 2 LI K-> TaReReh
BT DBBIIA T ) 7B I XLRA D ) 70t ra I XL E LT, TE
HWEDHRNTWND, LU D, bl DO — bk T OMRA RIS SR s/
2 B RS SRR 1 C DU T, ALHEE RO JHEEE D OEBR 72 S 2103B 5 L DD
LSBE LV, AEERPBEETDAL ) 7I AN —ORAMICH > T, AHELRIX
AR RIS LOWFERI R TH D LB X bivh, 22T, o THEEROYER
LB T 57 — Z WESMATIZFERE O & DL F AT, R0 T E A MAT AT SCfE Ik
(VERRE R ZER) & ORI DN A ER E B 2, Frk 26 FEBHBEREE L THFELIZ L
A, BIREZT T, ALFEMRIT COEFE L EfT 5 2 LA TE 7, BN, A4
JEDFREIRDL & R AR D,

Initial After 30 min After 2 h After 8 h (End)

R 1. HES AR > TN K UFOEORET- 030 % & LT % i D T 5L,
(B8] Bx BEBECRWZ L TV LRI K 29V F U 707 =V VHf R O
I EHEE IOV T, TOBRIEEZ BT S & & bIio, MEMEBICHE S 3t
PEOHIHE &G 2 & OB &2 #&im T 5.
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(RERAE] ABG AR TH YTV T o7 =0 VHEERIIEECE AR L, Ha
BRI =s /=7 N ORGEEEXL Y FRES L CHBEL, &6 B BiimIET
Z ) —VHTHE LT E AR S THEE, o BE B IBENEOHESEEMAT
(3R B K5 HARE PSR SR B IS & o 2 — RR & ORI NG bt FH LS SR A IS et o X 7
2 (Bruker # SMART-APEX I1) Z W TAT o7z, BEMAVHITKIC K DA EHEERR 2B
LT, FICFHEORIEITF 4 DWFFEERE O AT [T L VATV, fEAREE D)
HIZAI IR R AL A ZE ek 8 O R X AR EIHTEEE 12 K> TIBBF L7z,
((EREBE] X 2 12, BRSO O
AT MV TR, 8D o TR 2T 5
Z LT, WBENMED BTN DRI IEN T L
Teo EABHZABIORN AT MUIT a B L BIEDA
X7 MVEOEREDLETHDL EIRE L, %R
BHZIZ aJB L BIEDN 20:80 DEIETEENTND &
REES bivlc, WRIZ, B EHREER I 5 BTN 400 500 600 700
5— 2 ORI A 3 (2R, BRI R S h o

BIETASE — T o T L BB S X SAEHTER W 2 BIOMEHEGITE ) JEA s by
B BLIRE (2N 2 72 &8 C o RO FIZ B OGS :

MHOTNTAEL, KEFEFBICE- T B EoE v —
7 DRI 72 DRk 3B S Tz,

(#Eam] X 3 ORI FHERT & O HLFEFIEIC
Ko THIOTEDLZENTERT—XThHbD, At
[FBFFEIZ K- T, BRI LoV F U707
= U R S OB G IR O 2 . FOCRHE
&G E AL O BB 5 Z L ITERkB LT, SIS 50 25 30 35 10 45
AREGIVVF VT o7 =0 VHEEERERIC ) 20 (deg)
RoNHDT, S%OLFEMEOERICE 5T, B 03 sywgksshssicf:5 XRD £, Fi
REE IR O — P E 2 RAECTE B EHIfF LT 5, SIS, BERFE kS SO 3 I Z & 0
(52 #] XRD #~7,

[1] MARE—, EBERS., 150V FIF o7 =0 VHOMBEIR & SREBEIE) | 422 [
AHFESR Y VAR YT AL 20134510 A, dbiEE K

[2] H. Tto et al., Nature Communications 2013, 4, Article number: 2009; T. Seki et al., Angew. Chem., Int.

Relative intensity

Normalized Intensity

Ed 2013, 52, 12828.
[RREAFT] AWFSERKF % the 22nd International Conference on the Chemistry of the
Organic Solid State (ICCOSS 20152 CHKTHTETH D,
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Intense THz emission for nonlinear interaction physics

Takeshi Nagashima (Setsunan University)

1. Introduction

As a promising THz radiation source for nonlinear interaction physics, cluster plasma induced by
femtosecond laser pulses has been studied [1]-[3]. We have reported that the plasma of argon
clusters as well-isolated solid targets can generate THz pulses with energies two orders of
magnitude higher than argon gas [4][5], distributed in a scissors-like shape in the horizontal plane.
Further improvement of THz power was observed by appropriate choice of incident laser pulse
duration. These improvements can be directly ascribed to higher laser absorption in atomic clusters
[6][7]. Additionally, the angular distribution of THz emission from cluster plasma has been
measured and reported in [6]. The radially polarized THz radiation with conical angular distribution
in forward and backward directions has been observed, accompanying by elliptically polarized THz
radiation in forward on the laser direction. The physical mechanisms of THz generation might be
due to the time-varying electric quadrupoles generated by electrons moving in intense laser pulse
for the radially polarized THz radiation and the four-wave mixing process by generating the second
harmonic from argon cluster for elliptically polarized THz radiation. By controlling the four-wave
mixing process, the effective improvement of intensity and directionality of THz radiation will be
expected. In this study, argon clusters irradiated by two-color laser pulses is investigate to achieve
high intensity and well directionality of THz generation through four-wave mixing process.

2. Experiments

The experiment has been done with the T®-laser, Kyoto University, a Ti:sapphire chirped-pulse
amplification system operating with a central wavelength of 810 nm. The laser pulse duration is
controlled by changing the distance between a pair of gratings composing of the pulse compressor
in the laser system. The pulses are positively or negatively chirped beside the shortest pulse
duration of 40fs. The experimental setup for intense THz generation is shown in Fig. 1. A BBO
crystal is placed in the beam path to generate a second harmonic (SH) wave pulse together with
fundamental wave. The laser pulses are focused by a spherical lens with a focal length of 200 mm
into argon clusters. Argon clusters are generated in the center of a vacuum chamber by injecting
argon gas with a backing pressure of 7 MPa. The radius of a cluster is estimated to be ~ 10 nm,
which corresponds to a number of ~ 10* atoms. The chamber diameter and wall thickness are 100
mm and 4 mm, respectively. To measure angular distribution of THz emission, the chamber is made
of fused silica glass with refractive index of 1.95 and transparency of 90 % at 0.5 THz. The THz
emission from argon cluster plasma

is collected and collimated by a

polyethylene lens and detected by a 20°
helium-cooled InSb bolometer. A Type I BBO  Polystyrene' ‘Wire grid
polystyrene foam plate and a thin / lens polarizer 10°
black  polypropylene filter are l /

installed in front of the bolometer LASer me— |MW ’ 0°
window, to exclude the laser pulses e : Bolometer

and unwanted lights emitted or \ Glass vacuum / \ -10°
scattered from the plasma. The chamber

angular distribution of THz waves is Fused silica lens Polystyrene Black i
measured by rotating the detection foam  polypropylene

setup about the center (?f the glass Fig. 1. Schematic diagram of experimental setup for (a)THz
chamber. The spectrum is measured detection with a bolometer.

by a martin-puplett polarizing
interferometer.
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3. Results and discussion 90
Figure 2 shows the angular distribution of THz
emission for the irradiations of (i) single color pulse 2 two.c L
(only fundamental wave: dotted line) and (ii) the 1.5 /7707 (?il)n?;e Eolor priesil
-7~ == Xi)-(i
two-color pulses (the fundamental wave and SH
wave: solid line). For the irradiation of single color
pulse, THz pulses are tend to radiate to +£30 degrees
and there is slightly emission in the laser
propagating direction (0°). For the irradiation of
two-color laser pulses, THz energy is enhanced in
forward direction. To know the distribution of the -150
enhanced THz radiation with two-color pulses
irradiation, THz power obtained by the subtracted (i) -120
from (ii) is plotted as dashed-dotted line. The result %0
shows that THz energy increased 10-fold in laser Fig. 2. The angular distribution of THz emission for the
i directi In th . ts. th irradiations of (i) single color pulse of 800nm (dotted
propaga 101_1 1rec IO'H.' n €s€ .experlmen S, ¢ line) and (ii) the two color pulses of 800nm+400nm
pulse duration of an incident laser is set to be 200 fs,  (solid line). 0° is the laser propagating direction. The
of which pulse gives most intense THz by the dashed-dotted line denotes THz power obtained by the
. .. . . . subtracted (i) from (ii).
irradiation of single color pulse in the previous
experiments. The energy of incident laser is 10 mJ.
Here we consider the four wave mixing theory to expect the enhanced THz energy. In the theory,
the THz-wave field is

THz Power (a.u.)

Enyy, (0) o< X {124 1,€05(9)

where ¢ is the relative phase difference between the fundamental and SH waves for the irradiation
of two-color pulses. ¥ is the third-order susceptibility tensor. I, and I, are peak intensity of
fundamental and SH waves, respectively. Xu e al. show that ¥ varies with relative angle of
polarization between fundamental and SH waves. Therefore there is a potential for THz-wave to be
enhanced much more by optimizing laser polarization direction. Currently, we experiment to
optimize polarization angle for the two-color pulses by individual control of fundamental and SH
waves.
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REZAMERES DBRIMAR T =REFEDRRE

AEFHE - GERFRFREFHER
BFREEW
ME LT, BEHEROEEN OB SN AEAMNTHS, LML, EFHEHE
EERIHE. EEBRIHIENLENGCYEMBRBEETT L SND, EDKD
BEZEDEFHAEZ. EEZ BT S2BEMIGICESFRBERERLIEA S - EIFRE
HICILAIRETH S, MEEESRDBERREZL L. AEBREGCIERBEBEERAZTRI
KEMGBERITAXKEETHD. AURIL, EEZHRICCOBREELADET
=ERERIC, AEFEDEBEZECELZEET. EENFLELERBIRDER
AEREICE S &, BUBEERYEVOERIRILF—LEV>-FHRHVZREN, ERET
LERLES. COEE. PERORFOMENKREZ. BLEEDRIMGDHIBIK
MBS CEITHd, L L, ChoEZOEFHMREIEBOHTHETHY . Thzt
BREET BIZIE, BOTEREDL—F—ENBERARELG S, Sblz, #ETAT
HIC/EY HE AEEREICE. DI EREFHEEN. T ENLIZEGBREL L—
Y—aEREKICTHENEEEL L >TL S, LEAST, BOKRFOAERBREZESR
HICEEL, ThoZzilHL-ETHNOH T, EEOFEBNRDERMNAIRELE L D,
AMETIE, SREL—Y—5HZEEZPTERXLTIRICER SIS, BRAXNLD
WMBLTEARERICEIDERRERMLF/LIVATLZREL., ThioZz&KRING
TROFEERITAHACLZANET 5, ABMICTFHRURBICET IREZFL
DIZE, SHICEREQOL—HF—BHNRBREREELGDHIENTFREND, TiSa A—ZD
10PN SADL—H =Y AT LNRMESERNICERFTETHASLEERELT,
Ti:Sa R—Z2DL—HF—5TITIARRI. ZOEHRDD/A1 Oy FEREREMER T 5
Nd, CCTHESNAIOAEKREEDAERBSLIUVERREFALDONYI TS FD
M FEORAE. COERTRELEREET S,

A&

L—H—0ake—LYriE, R—EHECHERLKED., B --EHRKED
BEEEE LTEBEIND, BE—EROL—V—XZEXT DL, BUORMISOERK
N OBEHRMEOHERIASL—HF—HEBED 2 FCHHITSH, ChiE, 2aE—L Uk
KEND 2 AXFZHEHBRSESEOBHEIZERT 5, —AH. ERINTZRIIGEN 2 ¢
FAFRIET SE. AOEBERECHIIE—LY AN ERICHEET DL, TODE
BEREBABRENFEIND, COGE. REREENTOFEHZOEEICHLEIT S
LI %, I T EFRAICTwOL—Y—RZHAEL. BEARICUIWDOERL—Y—
BERELTHECE, IRILF— - BEFHEORFHNMS Tlw+HTw—HEB—uw+ (2-u)
WEWIRIEZENLT, BRIFIC—ADAFIE2-0) wE WS ITRIILF—FFHI-T &
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2% %, 2FY. HohLH 2 FROL—F—FREESETHEL I EITKY, EET
TINTGA M) YYITHERBRAEEERT S & (BEAMENKES) HAEEICE S,
CDGE. ARG LEREFESOREZREEL T L. RIGOAEMM DRREDHE
(I, TN L—F—EED 3 RICHHTHILICLHD, ARARELMNEET S
Ti:Sa L—HY—YRAFALTIE, wk LT800+50nm ZFAL., uw& LT Ti:Sa @D
TERASEIRM 5D 1064nm Z AN S, CDIHE  WIEES & 74 5 (2-u) w DREE(E. 640nm
iy & LT 580~709 nm & 745,

KBRS ER

BEEICRELE-ERFREGIRTFERDEALKERENDEERRICEDE, 26
FEFLEEMEREDTI Sa L—F—ZRAW =10y MERZI T AR ERRL.
METMICEEGEZEAMEREEAN G ONGN SR ER/RXE LTHRELE &
HEHF) . COBRRBRIFI. L—F—ZRITROTI TICHE L., 26 FEEDOYEE
RITLHEFETH D,

SEOEE

e Oy MERORERICE DS, FIHAFRELRE®RED Ti:Sa L—Y—%FEH
TEH-ODATERDEZRFEZERA. BE., FOF7v T L—FIZRATTHREEZ DD
H5,

RRBE

ERAFZHER :
L—H—22ZMBESE IS BAEFRKR
MOERES ZRA VM FERRE]

EHEZ, WHER, XREZRE, X5—A,
hEERE, FLiksr, BEHEH, REEAZ

ERZEER

Quantum Optics in the Vacuum,

K. Homma, 3" TInternational Conference on New Frontiers in Physics, Crete, Greece

(2014.08.05)

Toward laboratory search for sub-eV neutral bosons via resonances by stimulated
photon-photon collider,
K. Homma, T. Haseba, K. Kume, 23™ Annual International Laser Physics Workshop, Sofia,
Bulgaria (2014.7.16)
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HIRBMET /) 7 7R —HEF TV VRAIDOBEL WM
HE 8 WA TERPISHE T X v 7 AWSERT

[H 1]

AWFFETIE, BEICAR SN HBE—BEOH LT /7 T9AF—% 77— FLL
THWEHET 7 P A X (SET) 2 ERT 2 Hffr 2 fess LU R ENE SET 2584 %
ZEERBEMET A, FREMEETIT. A X, Bk, B A2 EICHBE L) 7
TAR =B L TCNWD, T/ 7 TR =Gt b Elk L ki %27 —n
& LTHWE SET I, SiMbEWHERELZHNT ~y 77 0 U FEIC LD (R
L7 SET L0 B FRMEDIX L 2E NV ZELTEET 22 &%, FAITRHL
TW5, SET 2= CTINMESE L7007 —n VB0V A X n mEE F T/hE
KTHMERDD, AL TIX, FHEFAECTARINT 3 BEONREHETH T/
bif-Z M, SET & L COEMEDFER &, BIEREICOWTOME 21T o7,

[FEBRITIE]

T B — AEEOG(EBL) 2 W TR U 72 1 SR & (v~ 7 & 25 nm)ZERK L,
EMMSA v X2 L, MEMRESEA v XOHAEILSEZHANDSZ ETRLA -V —
AEMEOX ¥ v 7B 5 nm TOOYA RF— NEWEET LT/ X¥x v T EmE
TERIL 72, ZOEMIIK LT, A7 X FA =T h o PF 4 —/LDiRA B kb
B (SAM)Z T %, Z OB Z SFEMFESRIC TERSNTET I FA— R
i Au T R TIRIRICIRIESE S 2 E T SAMY DT B UFA— Ny ET o T—
e LT, T/ Xy vy TEMEICEE SIS, 22T Au T ROk 3.0, 5.0,
6.2 nm O 3 FEFEZ Wz, 2D LI L TER L7 SET OEXFHEDOWE Z1T - 72,

(c)

0 04081216(93)

0 0204 0.6(ns)

v, (V)

Fig. 1 3FEORRIZBITHH—F 2R - SETIZBIT D7 —a XA TELV R,
(a) == 7 ki 3.0 nm, (b) 5.0 nm. (c) 6.2 nm,

—145—-



(a) (b)

9 0 50100150200 (pS) 200 K 0_50 100150200 (55)

Fig. 2 :7&@30mn@7 0V EEAETLHSETICBS 7 —ar X AT E
v ROIREREM, (@) T=9 K. (b) =200 K. (c) 7=230 K,

[ R M OB L]

Fig. 112 3@*:@0)*2?%%75*9”6%/*4%%7 UG LT/ Xy SEMRMICE
ANLTeH—F ki ¥ SET ([ZBT AWMy a7 % A(dlydVy) D KA &L (Vy)-
»%—VﬂﬁVp&m$@f@7m/F@F%%r# SET IZB W TR 72 7 —m
TAT Ty REMINDZEZRORNMO V-V, EEFEI T, BRI W —r T
0w r— FEENEBE I TV D, Fig. l()-)&id 5 L. 77— v BORZEN/
EL DL, WETINX—E, (=eV/2: Vi ZOTELAOBIEM, e FEM) MNHEK
LTW5, Ixb KEWHET RILX—E, =84 meV MBI S 7z 2 7R 3.0nm D7 —
nUEE AT S SETICBWT, MEREAZESEBEICHlES N —a AT
T R%& Fig 21T, iiE % ER S E IO T R VX —IpTIZ L DB 21T,
EROBRNELENTNDHDD, 230K ICB W Ty —r 7 r vy r— RERNEIZE S
NTW5, 5%, a7REN2.0nm OF ) 7 FAZ—%7—ua e Lz SETIZEH
W, EREVEE BT,

[£ & 9]

3HEHORREAT HET I hita s —na gL LizH—J ki SET Z/EfI L,
J—a XA TEY REEZRTF Lz, RiRE2/NS<T5 2 THEZRLT—DH
L. = 7RIFE 3. Onm TlE, HET /LT —IT 84meV & 720 230K (ZBW TV —nm
XA TEY BB LT,

R R ]

1. V. M. Serdio V, T. Muraki, S. Takeshita, D. E. Hurtado S., S. Kano, T. Teranishi, and Y.

Majima, RSC Advances, (2015) DOI: 10.1039/C5RA00923E

2. S. Kano, T. Tada, and Y. Majima, Chem. Soc. Rev., 44, (2015) 970-987.

3. S. Kano, D. Tanaka, M. Sakamoto, T. Teranishi, and Y. Majima, Nanotechnology, 26,
(2015) 045702-1-9.

4. H. Koo N. S. Lee, H. K. Shin, J.Noh, Y. Majima, G. Cho, Journal of Nanoscience and

Nanotechnology 15 (2015) 1203-1208.
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R EBHEHREETHER LA, X T —5F4 Co,MnSn %
PRIEMEEBRR L T R P U RVEBEERFITLD
kN U R NVBERIETZ R & RPTREME IZBE 9 B B %E

HIFRHERS « 40 B TR

B #Y

WL DD Co A AT —ERIIMEEEF N ENWAE U RELFFO L STV 5.
BRGNP ERRE 1C Co ok A AT —B4& %2 WA b o 2 EAEMTHE T, Z0O5E
WA E U BEOFEIZ L D@ b R VEERIEPI(TMR RS RS D. Ll
N5 Z N FE TOMZE TIIRIEICB W TUIE W TMR ZE 235881425 H DO CTTMR %)
ROBKIEIAL T 570 EOBERIRERGFEDNRE SN TS, ZORKE LTHRA A
T — a4 L FIEMERERIAR & ORI TEOMKRIIEENZL L TND T ERBLXHNTE
D, SEREMEOMEA RO DTV D D, — A BAFERE O FLmi i O e 2 9
B LI ARHFIETIE, VFe A AT T — 00 WIE C ' Fe T RL AL DBREE D A
DERMPF LN DFEEFIFA L, MgO B8O RHE DRI “Fe JR T2 L, 70 OB
(Z1Z 7 TFe A AN T =43 W E IS AN 72 "OFe JR -2 ) L 72 S i e s At sl 2 R L
SERGNE O R 24T > 72

EERAE

CoyFeGe {51 Co % 1 R 18, Fe 2R 18, Ge & 11 J8 & R AR 25 7
JEAZ A2 2 O TEMBGREE 300°C TR L 72, CorFeGe/MgO St ifi Al ok} 2 R 4
57212, Co, 'Fe, *Fe KN Ge DLV K% HE LT MgO & #5945 CoyFeGe &g D5
F-J&D Fe [ DI Fe &, FED O Fe JF 11213 *°Fe % L 7= Co,FeGe/MgO 1l b}
AERLUT-. 72, MgO J8 LIZ CosFeGe J& % HiE 3 2 B RARNEAY (1)MgO—Co—""Fe
—Ge, (2)MgO—Co—Ge—""Fe, (3)MgO—’'Fe—~Ge—Co, (4)MgO—Ge—""Fe—Co & 7
5 4 FREOREZER Uz, 3% TIE0) & Q)1 PFe @ 8l O BB F 139~ T Co i
FTHY, B)E @) TFe DILBEHEIR 13 4 S 7% Co JF 1T Y 13 Mg il 77> 0 i 7 & 72
D, 2D OREHIR LT “Fe JRTEECKT D NIRRT T- 2 AT 7 —3 BN 5
Co,FeGe/MgO St i D F D Jey et DR 21TV, BUBENROE T K 2 Fmiiett D&k %
AT
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Fig. 1 ITRMEAZ 28 2 TR L 72
SRR FH @ Co,FeGe/MgO 8
JBIEORIBICE T D TFe A AN
T =AY hL b, ARANRT T —
AT NV SRR LTz YTFe T
JE D NS D3 Af & kg, A
ANT T =5 KR EDRERD B

MgO & DS Tid Fe Rz
b fRREELIT 72 <, ST D
CorFeGe B IZ 31T D WaRFrE &

[ Fe—>Ge—>Co “
Ge—>Fe—Co
b U TR & 2 NG DR T 1
Ronpn., 202 Lok Co Mk

A AT —Ga% AV MTI #1112 Velocity (mm/s) Hyperﬁne ﬁeld (T)
B D TMR AR DOFRVIREKIFTE  Fig. 1 57Fe conversion electron Méssbauer spectra and

(XIERENESE & O FEBEME DMK T T hyperfine field distribution of interface-sensitive

TenZ LR hd. £z, CozFeGe/ MgO samples at room temperature.

RIS A 25 2 7= 4 T OREHT B

WT, BEWIREREORE BT R 502 LD YTFe i O ILBREER T~

TRICIZZ > TWD Z e gD, ZDZ 2B CoFeGe/MgO ﬁ@“@i)ﬁ%lﬁi@%

B EERBRFEL, JRFOBBEIRIZ L 5T TR UBEIZR>TnD Z &20R
mEns.

Co—Fe~>Ge

Co-»Ge—Fe

Counts

Distribution

BB E
<Em3L>
¢ M. A. Tanaka, D. Maezaki, T. Ishii, A. Okubo, R. Hiramatsu, T. Ono, K. Mibu
“Interface magnetism of Co,FeGe Heusler alloy layers and magnetoresistance of
Co,FeGe/MgO/Fe magnetic tunnel junctions”, Journal of Applied Physics, 116, 163902 (2014).
FEER>
o KM, R, HTHEE, VAsow, NEERT, TAK
[TRERER RS D CoFe04 Z MW F U RARA Y T 4 L7 —HF-DFEL L
APl HAMERF 2 2014 TR, HERRSE, 201449 10 H.
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7 = Y BMER ROV IR O WAL SRS O H ) & B Rx B
RWRACHS « AL K2R BE TR

B

AERNT =T A MIRFOIBRBEBIEH THY | ITFETIIAE Y hr=27 2Rk
LTHEBZED TS, &<I2, B0F 2 ) —SE2FF OO RBEET N4 ADFEB
DS TS, FesOy 137 = /L3 LoULIEED A B USRI 100% D/ N— T R
ENVMETHDHEOHRENRRINTEY, UK (TMR) FEFH~OHHIC
KV IEFITRE RSB RENEOND EEZEZX NS, £To, CoFexO4 X7 = U
PR TH Y | MAE RREREL ERT DAY 7 4 V2 —FFEHE L TOERR
MIRINTND, TD LI 72T 3 ANTOIERICITERALA AR AR TH 208, Bk
A ERVEBE) OEREIL, BALERE L L T L EWRE REEHETIEE R FHIZ W
EWVORIEND D, THUE, AERAEEICER T 2 AR E ISV T, MR
fEENBEERN THDHZ EN—RTHDLEZZ LTINS,

AWFGE ClIkk 4 72 LD FesOy =B 2 F ¥ v VIR Z i L E ORI 2 5N %
&bz, [FEABMmIZHV . TMR # 1 2FR U TSRS R E 2 i~ T,

EKEBRAE

Fes04 5835 LY TMR 37 3EERERIHK P CORUSMD FRr B2 F 0 —JRIC L V1R
fL7-, FEE LT Mg0(001),MgO(110),Als05(0001) Fatk 2 v 7=, TMR 3% 1 D5
515 1L MgO(110)/Ni0(110) (5nm)/Fes04(110) (60nm)/Al2O3 (2.4nm)/Fe (5nm)/Co
(10nm)/Au (30nm) Th 5, 15 H AV A AN TIZ £ 0 B HRIRICI T L TR RIRE
RpME 2 3R L 72,

HBREBER
ik i TN DOBACIE DGR FesO4 D

SRRFPEITOR & 2 T AR E 2 s 2
EBRRALMNE T, R TISHHITALT DR

FerEDRMEEZ L4, FFICHELRD

L)

X

X
X

Ms (emu/cc) Mr(emufcc) Hc(Oe) Mr/Ms

Fe304(100) 330 100 80 0.30
Fe304(110) H//[001] 185 30 210 0.16
Fe304(110) H//[—110] 185 100 780 0.54
Fe304(111) 390 290 300 0.74

# 1 FesOuxm b F F 2 v )LIEOBRFEE, Msid 5kOe TOR L, M 13FE AL, He 13 0REES 2

w7,
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X AT U ZADMANEZTRT M/Ms TH Y, ZOENRRKE W EMBRIMER LT
A AMEFE L COBISHERE N E 2R LTS, QAIDEER S - & b My/Ms leadE < |
FTROHARMER L QOITARNMEICE D Z LW ahote, £12, Q10T RED
SRR T 5 K& e — e R 5 a2~ L,

—FHF T . TMRFZ TR EAE Y br =7 AT A AOMERIC B W TIT 72 K i & RO
ZEHLEETHDS, RHEED BL U AFM ([C X2 X X v Lk, £EIROE
BORER, Lot L IPHAREEZA L TWDLOIXA00ETH Y, o & HREDOM Y
DREREDIZAIDETH o720 EZD 2 SDOBLE S O Sa TAAFMEIL ., BEKUR
PELERHEIZIRD ML — RAT7ORRICH D 2 E2/RL TS, £Z T, ELH0 80
5YHHBREDOVEREZ TR LIZQ10)EZ W T, TMR 12/ L, BAizEeitz
AT, B ICEERIRSTfR & F OB A EZ R T,

Op
(a) © 1 (b)
o -
— —_— - -
ES & 5 = /
o O 9 .
& B
_
o % -10 . -
= -10p 10mV . A"
|
33000 1000 -1000  -500 0 500 1000

0 )
Magnetic field (Oe) Bias voltage (mV)

X 1 (a)Fe304(110)FE M 4 > TMR #+® MR #hifit, (b)TMR LD A 7 R B AENE,

W IR IE,

ISP R OBE CTIiE, EIRT-12%D TMR 2R 2 8H L7=, #@% O TMR 3% 1T
IZIED TMR %2757F 7%, FesO4 BARIT 7 = /L I L-ULTHAD R VU RIBRERAZEHSD T,
ZOXHAD MR RT, LavL, MR IR SN K& 2 EI35 e ho iz,
F-NA T RBIERAMEICE L TIE, Bu g 7 24055 T MR EAEEICK L THiR
12725 TW5, ZHE 7 =2 L Lo~y a V7 4 A UE DN REy v
IR L CTWD RN B D, N—T XA X VR DE K7 TMR FEOEBICIT, &
MRS T IR OBENLETH D LEZ HND,

RIS
3 3L
T. Nagahama et al. “Magnetic properties of epitaxial Fe;O, films with various crystal orientations

and tunnel magnetoresistance effect at room temperature”  Appl. Phys. Lett. 105, 102410 (2014).
EfRFS

T. Kawai et al. “The magnetization process in Spinel ferrite/Cr/Fe systems” The 59th Annual

Magnetism and Magnetic Materials (MMM) Conference Honolulu USA
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& B REE OHI AN B ¥ S AF4E
FHERH + FOR KRR T RFIR

[BAY] 4R, — OBMICHEER 2 W% v U RS ICEEZ N Z TEDOEFIE
EaZfb e 5 Z & T, BEEZHIET A2 ENEANATON TS, Bz, BEl
Bt a M2 TICEETHAL T REZHIET 5 Z ENTE 5 X2, BKGLEsR T
DFLFRE % KIBIIKTE 2 EHIFF SN CTWD, 2D X5 i, FEHIILFE T
F A ha =7 AO/NEE B HdR L Hf'iEMEf%écOwﬁ%%;m%%
ENLCELEEZMZD E, TOBDEHELEZD L EICRELEZY TEDLZEE2RALE
[Nature Mater. 10, 853-856 (2011)], HAE i, =HiRZFEA T 100 L OIEEFRHTZ O
K972 EBITA D L H 27> TETZ[Appl. Phys. Lett. 100, 122402 (2012).], & ¥ /X ¥
RETEILEEH D Co BT 1 B0 0DETFEIL, 0.1 EfEETHSL, TiE. filx
XCuMDEFZ LEES ZENTE D L2122 UE, Nilla)D L 5 IThiaoME %
HRDEDTHAIM2ZDE I RFWICEZSZE. £ L TEBOBMELZEXHIICH
TEIWZEED Z &3, RFREOKREZ B TH D, AR TIX, Co OB D T4
DEET 5 72D DAL, Co HF ORGEE Z e LB Cld 2 < BB/ Z I LB ZHIN
THEREN T2 L WO FiTe il TF v Lo U LT, ITFEENIC X 5 BEREEREN I S D W9t
PIEFRIZAITONTWDL N, KRE L TRBEREREET LN Xy 7 L72o>TWH
%, TBIEIC X DRIBEBREBNOMFIEIT, 1FE A EBRAELTEL LWz, BRI HEE
BRENDF 7= /2 FiEE LCHIR L=,

[%%ﬁ%ﬂb@ﬁ%ﬁiﬁﬁﬁ?’E%TXNV$UVV%%%%T@ﬁLkOAﬁ
R—=WhRZ RO THALIREEZHET 72012, R—AAN—ROFFLEZITV, R

%E%ﬁ%%%%wfﬁzwmmn%%@ﬁ ﬁbtwm%éﬁﬁnowiw EeiT
7RG LTct, RER P TER L O FHIE Z1T > 72,

[%%ﬁfﬁ*%] A= IEIZ X DAL IIE DGR, Co DBULISHUNEILE DOFF 512 k- T

[ZHE L T W D AIBEMES R ST, E70. R — 2 RS A WV TR G & 8
%ifbf:k_é\ BEOFFFROREIICLY, AR EMA T VIREEZZEZT0 35
&L BMREEEBLSEOND I ERGhoTe, BEERKICITE FRENZ VI
EL BENRENEWND ZENghoTz,

[B%2] Co DEALDHUNEEDFF ZIZ X > TE{E L TW DB HIE, EFREDOZE L & B
BLTWDLLEEZDBND, BFIREDOEIZTZ =L LYLOZEICKHE L TEY |
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UTy RN RETANEYRFEHNTIEL, 3d X FOT v 7 X T OB FRED
B BT O TRIAE 2D 9 5, BXMEENAZE LB m & L TR, wRE LM
T F =LA BEAERH OB RERFER DT DD, SRR (F 2 IXTHBK
HE) Clt, M= RN X — L BET XL —DRHE L. BROT R —NZEL D
E O ITHERKAEE DR E D, BEEET R L X — I AAEH O K& & KRG %
NE—IZEoTRED | TNOEDEARELIIC L > TEL LIz TRt m W (b o
RESIHENMIEIELTNDE EEZLND N, ZTOEADT N EBXORKZ S DOHEH
DOFENEF I L7aWY), X E R OESIIIMEENTFE L, RFE2EZXD &, ZO
XOREFRLEIR AR D Z LS, EETHEI SN LITR 5,

UED X D2, BRIHTEPERLTBY, SR LGISHEIZITTLLELEBIT, A
REZRIR Y BCHR L LTHRETLTETH D,

[BCRE S (FRFHER)]

1) THEE, RILEL, ALEGLA, THERM, NEFEEY, <mpttemLEEEcs T 5
RV A IS DES R, AARME R 2014 FKFERE, THEREK, 201449
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2) RS, LMK, OB, NUAIEL, THAH, MR, <TERIC & B BB
BORA), HAYE 2 2014 FERFR S, FHIRTE, 201449 A 9 A,
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4) H. Kakizakai, K. Yamada, M. Kawaguchi, T. Koyama, D. Chiba, and T. Ono, “Electric
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JEXEFS Co/Ni T/ U4 i1 5 MBE D R R M

fF5E B 1

CNETICAE U EBIRIC K DEACEEIC O\ T O ENEANATON T E 72, Bl
HHOOWGEEZ )T D A BB L DBAbEREIR. EB- o = Lb—3 a RN - BEERARAT &
DL, ZTOAN=ALOBHANTTATEBY, KBESEZFHLIEZATY T3 2%
LR INTE T, LM LR LIEE, RO BT IS IERFRME: 2 ROk 2 H 72 528k
FEETIT, ZVE TOMER TITHA T X RV EERED BB o 8 )7 11 OB L N s X
NTEY ., ISR NI E 7> TV D, FRZEREIZEIN D Dzyaloshinskii-Moriya
R (LLF DMI &) SO DA Y LR — A BEN S OB O AREME L LT
B STV D, EEFEZBEHI I ThiL T ey,

DMI Zh R IIBAVEE DR U a AR T 410, MG 2 (b S, 7 HBEXAES
EAREEIZTHIENTHRIND, FefEE & REMFEE 1T Z v E TISIEFE T, DMI %)
RIZOHXGE LIFY | AREHFIT I 2 BEETE IR O IR EEME D 2860 Bl XA & O R 2 EPEIT
DSWTHEZITV, BERRE T Il — a0l E Y DM %R & EitoH S & ORED
AREM: 2 R LR ARRELIT o T2, A% DM ZhEIZ oW T OM BRI IR 5 & DR
Be, ELICAE VR—IHRIZONTORFDBHME L 72> TV D,

AT, FRREZICILAI I 2 b— g v b LFEFZEHIC L 5 ER L o LRIEE
2D DMI SR KA E R — ROt 2 Hi &35,

S B
VIal—ar TR HLICRTEEMIE TEEAT é+
B REMERIE D U2 — S ORGEE 2 BB U IR A

©® +® -+ @®

Néel DW Néel DW

. AHHEO DML EIC K 2 WERED VIR 20 ~T, MIfE m 1 —oomeErRE L-
Co/Ni ZJglEL L, i EDJEIL Pt Jg & Uiz, fRROMEL e mm
ERITUTOLEEBY TH D @ Ms=837emu/cm’, Ku
13. IMerg/cm’,
A=l perg/cm, «=0.1, FHEEY A X%
UTFoH Dz JEX 1. 2nm,
E 45, 60, 90, 180 nm, = 7ZHIED KR
BN D MMIZ LD EED B O R &
FIT7-0I2, V2 b—3 g o ThH IR 800 O¢
M & o7z, 1 SMBBERIC L 2 BREBLEEOE/
2 12 HEhE 180nm, D=0.4 erg/cm2 M
B D, SN X BB b E O
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BAbZ 7, SNBSS 2000e PA T OBE
HMEIE SR EE D358 < 72 DT DI D DgRE
DRI 72 575 BEEEITIHBE T2
%o L L7RAS BAVERRESAS 800 Oe DY I R e
SO ORI L WD 2 & v Cij 0.6ns |0.7ns [0.8ns 0.9ns
Do

3ITHNERIES 3 800 Oe DI DREZEED r '
VHPGEFE 2 7R 77, AR O K 5 ISR IR WY l - "
B 2Tl IT, RO TSRS -
o TRBY ., KOBEIIHO Lo bghEny B 3 BREETHWR O BLRE O &AL
faa LIZ U, K & & b ITHBEDRE S

ey
N

HIFR TEBIZARD 0 . FREAYIT 0. 9ns THEEE 800 e
75§%/£\-L:\{\ﬁ0/:&¢9‘450 700 —v—w=45nm

600 F —*—w =60 nm
—+—w =90 nm

DT OO & MR A 250 ST, BABERSINIE 3 soof 0o T00m
TOMAETE LT, MRERAIRT,  z400f
m«!

XICld, REREAS IR 2 B2 DMT O fE IS oA

\ N 200F
EEHILTRINLTH ), WHEBRICE S o (//% :
DMI DE N RIERHETH D Z &b d, 0 : —_

T . 0.0 01 02 03 04
F TIPS IARRIE (2 1F & A SR LW D (mJ/m?)
ZEMDIND, X 4 DMI & #BigZ & 5 BEEEE BB R D £k
Jil B

VArsE, Kab=Jin Kim, MFFE, A0 EM fPASM, RILEL, DEES, " Yyno

DU A K — PR AAEAEAE T C O BEEREEE ORGSR HEIL ¢ /TR 1 2[H

KRax (2014)

PAast, Kim Kab—Jin, P&, BRILEIL, /ANEPERD | “REBERIH IR I E 2 U
YUY BV AFT— SFRHAEHOREL V7 JSHMELTER O T5 [MIRKFEENE
e (2014)

Ryo Hiramatsu, Kab—Jin Kim, Yoshinobu Nakatani, Takahiro Moriyama, and Teruo
Ono, ” Determination of Dzyaloshinskii—-Moriya interaction by field-induced do
main wall annihilateon measurement” , The 7" International Symposium on Surfa
ce Science, 3PA-30 (2014).

Ryo Hiramatsu, Kab—Jin Kim, Yoshinobu Nakatani, Takahiro Moriyama, and Teruo
Ono, “Proposal for quantifying the Dzyaloshinsky-Moriya interaction by doma

in walls annihilateon measurement” , Jpn. J. Appl. Phys., 53, 108001 (2014).
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2014-78

A XFRFERNEIS 7 U USFERE DR
R - BRI B

[H ]

277U, BEBEICH LT A HRICAE T SRR EAEEE G T o2 v
NIETHY, W 7V WFEOREIZINVTINN—VIZEENDS, £, X177
I Kunitz—type XA X RY F oAb EXZ— (STI) 77 I U —IT@T B 0WMED
ZURTETHY, uAXFTXFTE2E0EL OEMHPELO 2 T EE2FGT 505,
ZO7 7 IV—ICBT DX NI EOAEYTFHIREEIZRE L TIERMHO b DL,
IINETHIERFEEFE O V—7TiX, 277 U RREMH OIEREF 23 %
TeOIZ, AR AL FEWERT & LR/ CRIGHECT T VY Y v A XX F 2 Tz 2
77V OREAELROBRE, BEIOITZ 7V U E2AWTERRE S 7 IAREOM I %
TloT&E, ZORINETIE, IZ77 VT NI T A e B —IEEEZE
TNz &, WHEM Y 0 A XFXFTRIAINIZI T 7V VI 7 FAXTF K
FHNSHREBRICER SN D 2 & BROpH RIFITIKFEL TR b En s 2 & 8%
O LTE T, AIZETIE, 2927V 0DF 78 E LTONFEIRE DN EYIK
MIZBWTED L5 AR EREZFSONEMRAT S5 L & bic, ToMEEZFH
L7272V ORER - LROHELZ1TRO 22 AN ET 5,

[SE5RT7ik5]

N RIGIARD Y T FNA_TF REFFOI T 7 ) B2 NI E BROY 7T
ARTF RITIA T CRIWUIZYFP 24 ML= 727 U - YFPRA 2 "0 Ba i
Zha— L, RN 7T —2 —IC KV BT 28Iz F2FRLE, 778
NI T YT & LTz TDNA EANEIZRY ZR OB 26T HIEEHY 1A XF
AT w2l TNOREERIL Y v A XF X F 2 KPS Lc%, T OEmikn 6%
NENDZ 7 EORM - FMRAITW, £ OWFEO 2 X - 7z, INEOFARIZ
B L Ti%, SDS-PAGE {ETHlE%. H13 77 U ik KO YFP fufkz v 7ok
HIZ X077,

[F2BrAs R & & 5]

ITINTN—Y W RIERICB VT, BT — B Tl Z SRS 5D =
LTk, 2770 0% BEoEICEITE S Z ERHALNZENTWD, £Z T,
2TV UERBTDIBEER Y A X T A FICB W TH RSO G IERAEETH
L ERITHREE LTz, TORER, v rA XF X oiik» o b7 —F2a
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HIZEVIT 7V 0% BERICIRISEINTE S 2 EBMND HiLlc, 2D &I,
STV, TTIATA=YBIRY A XFRFOM IO TR IS
sz & LEAT D,

T UNT =Y BRI LT, X T 7 U IR ERR TR R IR )
R HFMELL B pH S T TR L <EERPICEIE D Z &3> T b,
— A AE AR R BRI X B R R IR - T WD 2 e D, @R S T 7 U T
R CRE LS TWA I EnEZEx b, 22T, X727V U -YFPRA X v 30 H
ERBLT D IEHREL S 1 A X X T & BRI OFHR & O CORBERE: L1212, 557 L
VOB CIRET D2 LICE D, 2T 7V -YFP @A ¥ v 30 B a AR ER
([Z[EL T & B AREMENE 2 BTz, $EENR O pH % 4.0, 6.0, 8.0 L AL SETHitt %
RATRER, D ETITHA 5 pH8.0 DIEFIR COHI T2 U -YFP e % o378
DS NTe, ZoZ b, MREOSEEHNT I T 7 U U E2RHTE 5 Rtk
DR ST,

INHDOZEND, IWHEERY oA XF AT DT 7 Y oMt - BRIz
TITHIfaRE D43 fiR & pH SO EALB AN TH D B 2, BUE, S HIZEEM 72
- BRFEEBRE T CH D,

(Ao RE]

BE Y 0 A XFRAFERWZI T 7 ) ERIEORRBEZED D Z LI2 X0 Hix e
BWEIT 7V Z NV ERRENIMGET 222 T, 202 &iX, 3770 0%
LTk NOWR Y 7V IAREOMEIZHF ST 2 b0 M5, £, BRI
YEIT, & I BT DKunitz—type STIZ 7 2 U —&Z X7 B O FHRE, BLW

EVTFREZHAONC T2 ETHAHATHL EEZ BN,
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MR TZEETZ AR IZ 3315 B PIPSK & ROP-GTPase D% E|DHFSE
Ry S - BT TR

[H®]

FEADHARL O T HEIXAE 2 DAMALAN IR 7 THEBE A ST 7> X 2 2721 T2 < RS
WEOFEBOREIZIE TS FEREREZR-9, iz, MIQEECHE N MM
DOICHE BB LR AT I T2 2 & D, BICEBICHET 2 0ETH D, FF
(ZHARARME O FfEST. - MERFI AL D AR 7R TR & AR A T T2 DI R 72 AR T
B, TORIEHEZ AT 2 2 EITEETHDL EEZOND, AFFETIE, FAT 7
FUNA ) b= (4,5) ) B PI@A,5)P) R DU EE Y TV RO
Rho-type GTPase T % ROP & O A A A Mifati DR EIZE D 5 & 5 EZER
HAENT, FNH U UIEEOEREZED — DO THALARAT 7 FINA ) h—L 4 1
VWi 5 ) —1 (PIPSK) 36 L UV ROP DR BB AOBFEIZ I8 1T 2 A9 H 2 . HEfaAR D
ST - HMERF & O BLED BRI 5,

AT NTY UIRE Y 7V RS F GTP 5B & > /37 - ROP & DR EAERA R
HONZ 5D 2 kY MM O —Ri 2o s Loy 7
IRERE D SN b LW ND, £, U UVIEE S 7T Vi OBRE A
FURISEIZB W T HERERZ R 2 LD R IERETE L D BREIG
BEOMFRHIIRES AT 2057267, BEX N L RZRWRIEY 2 EH THEY
DBRFIZ D725 E SN,

[ 5% & &%

A XS AT FPtdIns (4, 5) P, 2 A PES L8R T HPIPSKZ 11— R LTEY | &
S IZ2FEEE D type—A & 9FEF D type-BIZ O FE I 5, type-A PIPSKIZFIZIER CTHEL L |
FE Y 7 T AEEICEI G T HMORN K A A 2 Ff72 720, —Jitype-B PIPSKIZMORN K A A
YERD, TRENDEY O 2 TGk - 28 THILT 5, LA HPIPSKOH Ttype-BIZ
J& 9 HPIPSK3 [T R T OMRELIHIZ/IE L, TimffROENHEIEAZITS & & biz, R
FEDITEIZES D 5 Z E N HfE STV 5D (Kusano et al., 2008, Plant Cell, 20,
367-380), ROP2 |X Rho”7 7 X U — X/ 1-& GEHAE TH Y, PIPSK3FRIEEIZ LR D
BHHIEIN - THD & & HiT, TEHERBER Y 720 Uizl Ofesr - MERFIZ B
53 5LEZ25TW5 (Molendijk et al., 2001, EMBO J, 20, 2779-2788; Jones et
al., 2002, Plant Cell, 45, 83-100), PIP5K & Rho” 7 X VU —{K/r+& G XL /\J &
DR AAER TR 2 72N > 7 F RECE D Y . FRZEMM I O BCRAUE TE R B0
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TIHMEy 78 G X2 /)JE Rac DR Y X— v 7 5EIK7Y PIPSK & OFERICHATH
HEMEESNTWD (Chao et al., 2010, J. Cell Biol., 190, 247-262),
ARFFETlL. HREMEICTI T S PIPSK3 & ROP2DFE A A O MR A N >N T
AT LT AR U= 7 S A RO U T 1 E TR R AIROP2 (28 2475 ROP2) & YFPOD &
K N7 B A EXPANSINT 7' 1 B — & — N CIR B R AT BT 2 I E IS HUAR TlX, %8
ERREDME Loz, T ORFYFPEOEIT, MR Jeln O MR R e+ % BpAERIROP2 &
372 FICHRE B SN, RUAR—Ty JHEEMAPIPSK3 & OFEAIZHLETH
% EMRET H & PIPSK3 & OFEGHEDME T L7248 BAIROP2AMA] & 2> D BFTHIE) = 2 L
THREOHMEZAELZEEXOND, £ 2T, PIPSK3Y v —4 — F CPIP5K3 & 3
T LB T EHEA LI IEERE & &b, PIPSK3O Sy FHE NS5 Z LT
DFEEDNFIZED L O REENBIN D N E Tz, R Y N— 7 fEk%E K < ROP2IZ
PIP5K3 & D G REDMEN T2 OPIPSK3 D 73 T A 50 L T H MR BRI FIXEE Liavn &
TR, HiTEbERETIE, ZRAROP2ESR T OAZEAN LI EIRTAR LY
LENR R LEVRENER SN, Z ORFYFPEOGIZZERA ROP2 Bz FOLAEAL
T EEHR L [ C<MRE TR 6N, 4%, PIPSK3OMIaPNENRE & RIRFHZBIZZ T 5
Z &IT LD, PIPSK3 L ROPZODAHAANEM & 28 8 ROP2ODIR B RARE & OBIEME A~ 5
FETH D,

(B e R FE 3]

1. Wada, Y., Kusano, H., Tsuge, T., and Aoyama, T. (2015) Phosphatidylinositol
phosphate 5-kinase genes respond to phosphate deficiency for root hair
elongation in Arabidopsis thaliana. Plant J. 81: 426-437.

2. Kusano, H., Tominaga, R., Wada: T., Kato, M., and Aoyama, T. (2014)
Phosphoinositide signaling in root hair tip growth. in “Plant Cell Wall
Patterning and Cell Shape, ed., Fukuda, H., Wiley-Blackwell” pp239-268.

3. R bR HEFHE MHEKESR LEEt BEEE FESL Rdk,

MREMEICFRT S PIPSK3-ROP2 A AN O AHRIBEREMAT ). 55 37 [Al H Ay
TAEYERFES, 2014 4E 11 25 A~27 B, Mk
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YA NI A =UNTE LT E IR - ARR1T OB EEDIFFE

Jong-Myong Kim « BV ST EREEEIRAL 90 o & —

[E#Y]

MLED T 7 2 DNA BIFFEIC 3615 2 BT HAE O Rl BRIC L D | Qetafk Lo SBA T
DFEBUIRIE 2 MFENVNFENT T D Z EMA[RE L 7o T2, BT W A X F X2k
WTh, BRx RS AT RAFIZ I 2B In - RBOMREII T 23 BT hh T
W5, ZO&HIC, BIaFRIUIBIT DZMFEMARO ML L THEENICE &
DL o, T OB T RBLOSIE S THMEICE L CITkR e LCTEhE
BT 2T AT TH Y | YR RIROIEBUHIE 2 fE BT L7 lid b 720,
ARHFEFIETIL, FEREMANEL THLIA M IA =X D T IMRED T
i CHAR T OFIFIE & 5 DERHIA - ARRL ICHERE Y T, T OYER EToO DNA F5A
IZ DWW T OENRE & Yo R0 iZ Pk ek (Chromatin Immuno-Precipitation: ChIP) % H
WTHRMTT %, 2k, A "I A =0 T F NI L DY@ 7 v — )L 388
FIHOEREZFLMIT D L & B2, ARRL I X 25 T O8i#kE L S 05 1
2T 5,

AL BIFE - SIEICERS BID 2 A b1 =20, REERSHERE OIS
FOMREZ I 2R+ & L THOMREEIZH S, £z, e REBES 7T r~0
JEBERBREEA N LV AICKT 2B W T b EHERB X 2175, RBFFETIL, &%
MOFRE - 2B MbB LOREICEICBIT D2 A M A =02 7 F R I B3
DHMAERFDZ LITE Y BIEW EOMWIEICI T 20 HamtEDORFHIEICSR1T 5 2
EHHME LTV,

[EBR A 1%]

AR AL TN I B W CTHER L S Tz . A B An T ARRIg—VFPmyc %A+ A E R
a4 XF X F%& H T ChIP-Seq T L N~ A 7 0 7 LA 1T & 2 #1513 BUET
AT o0, WHERH Y v A XF X 2 8f% 14 B, ftEE 0 MS R L —
N ETEHET, 20%, BOUHE, KIZKXDUE, BLXOYA M UA =08k (R on
TT=2 5w IZXDEEE 15 RETV., ENENOREZERI LTz, £ 5 DR
5 YL iR DNA [B]53 36 K OVRNA B3 28 L, 244 % ChIP-Seq T LN~ A 7 1
T LA X DB FREMTICHE U 72, ChIP-Seq fiEATIZI\VNTIE, #i YFP Hifkz A
T ARRL 23EA9 2 DNA fEI A f 3% & & 1T, HLRNA polymerase 11 HifK%E V5
Z LI RV IERITERE DN T O TV D iEIE i L=,
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[F%&%ﬁ]

BEIRT ARRIg-VFPnyc % S HIEIRHA Y v A XF X F D~ A 72T LAIZLD
L{zs%%\éfﬁﬁﬁﬁmt% YA N IA =2 15 53 FAERIZ X 0 R E AR OARIZ B
TERGEYEN LT 586 FRZEA N Sz, £ b type-A ARR B F72 &,
INETICYA P = VBB ETFELTHLNATWALEDE—KLTEBY, [FE
HHRHE) N B AR S a4 X F X F LRROY A NI A = VB ERTIE, BILO
Aol A M A = VBN Y A N IA =V B2 SR T2 LI+ T
bbH DRI,

WRIZHL YFP Hifk 35 O RNA polymerase 11 HLiRIZ & 5 ChIP-Seq it 47 -7-, %

DFEF. type-A ARR BIE T 2B 0% OV A MU A =V )EE B O EERIC W
CARRI-YFP @il s & /XIS YA N A = RBEEHERIIZ DNA ISR BT 2 2 & DVR S
N7z, £z, TNHD%L OB TlE, BEEM(LZ7RT RNA polymerase 11 D
A M I A = ABEERER A DR SN2, TAUHIE, ARRL 2 & e type-B ARR 23
A "I A =22 T FIARLFIINC DNA _EORBFERESN#E S LERBIEHAL 21T 9 &0 ) 1
KOV T FNVREET VLT DR TH D, —FH. A b IA =2 L3 BHE
PR REIN TV WBME TR, BXOBEGBEFN I — RS TR W EIR~D
ARRI-YFP @& Z o NI B OREEZ R TREBHE LN TWND, ZDZ LIFZN HHEEO
Bar DAY FHIRERE DI R~ & DR D RN B 5

[BEE R R FE 3K ]

Kim JM, To TK, Tanaka M, Endo TA, Matsui A, Ishida J, Robertson FC, Toyoda T, Seki M
(2014) Highly reproducible ChIP-on-chip analysis to identify genome-wide protein binding
and chromatin status in Arabidopsis thaliana. Methods Mol Biol, 1062, 405-426.
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VRAFU/TNVE I VBRT FR—Z —xCT FREXRI OB R

PepdEttt « LR
BB RPN

AATEIL, EENOEELRFIRIEWE CTCH L 7 NVE T DERRICNER Y AT
AVEHET DN TV AR—=F— VAF S ITNE I RT o FR—%— xCT O
MAELET IR TALEMORBEE B LD THD, VATA NITNETFE
OEERETHY . ZOWMY AT, MENO T VE T4 REZ RE EATHE
KThHoH, LER-ST, VATA DIV IABRIZ)NDDZ 37 EiL, fildo 7
BF PR NAHICHIEI L, BR(EA b L ASIFNT - D Pk &2 IS 2 729
OEELRIEMIER L 720 9 5, LRI 2T A U ThHIAF U2 IMPE b AT
N7 AR —4— xCT &, Na AL ATP ITIKFE T, V& I Ve DORHIZ L D &~
AF U HERVIALT o FR—FZ—=ThV , FEMITIERO A (K, 2ER)
IZHBLT D0, TV ARV BRI LD ET DT MDD V0 il
BT, T OMIAEIZ xCT AEFBL L, T Ml obim o HImtE, Stk 2 Lz
Mk, 5, BRICRKRESEALG LTS, ZNETRBINTE 7 xCT HEADZ <
XNV E I VBEOTFalThHY, I I UVIBRARRICES L AR E R T
DEWERA R . FERAMRAERIIZR 0 Sehotz, £ 2T, RIFETIE, Tk 26
FEREDOARILFRIFIE TR SNTHH O — A — N ZIRERK & T 50 FaEtHic &

0. BITER DD 720 xCT FLEAIZBR%E L, Cys AUk (=27 12 F 4 o 44618) 25ET 5
ZElZRY, LA CAIMED TR AT v DER . 1R H D WX I A D HT L3R
FIU— Rofl#E L L, @ﬁiwiﬁlmo

SRR 26 4R OAILRIFZEIC & 0 S L OYEIFZ A "”au ‘
NEE Th 5 EEEER 513 Z NV E F 4 R O gdrEs% v - ;]

TNE I T AT FHZ—E (G6T) OPLEHE L T3 N/jzf

Tz ZIT

L7t —/3 A — | 2b %, xCT & ZEHRH L TV D~ ¥ AR .S%Wm;
PEBHESFHIIIC R LT, & R F L IR0 ARG ME 2 < P jw& ? 1
HIEERNE LR, £, MY 2 v~ FRofgErEgRE | ™ N
DOVEEF L U TEIZR SN 7-3KHAl sulfasalazine {2, xCT OJH
EIEENH D &) AT & E 2. 2b & sulfasalazine i(j/‘k Q

& OB S, Fiic/e T I RELEm 1 B X002 %45

F&E L7z (Fig. 1. fbAW 1 BL O 2 1%, Fig. 2 TR T Eh;u£2%}L$§
BRAF—LIZL D SBERETAHA L, MO LERLEY)  HIEA 1 8L 02 0N TFRE
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Jic, ARLEEAY 1 BEO2 OB oo
NaHSO03, KCN, (NH4),CO5

EIEMEZ T 2720, xCT ZLE RSB oo so © ji(:fk i;jmoMemiixmitw
LT B~ o7 2 R I 2 A C o

[¢ 75 f’ OHC NH NEts, DMAP (cat.) H
é: L T2 el —————> OHC N
N —
1’? o T)/ + COMe gry CH,Cl,, RT \@/ 3 CoMe
o o

= ZI

BOC
1)1NN aOH, THF-H,0O HOZC [e] &
VAT VI IAFIEVEC KT T B B R T Mw e &©* “Hcon

~7- (Fig. 3), ZOfER. (LEW 11

195 ml ICBNT, L AF L OB ARE aw , °
93%PHE L, 90\ xCT PLEEMEZ /R LT,
[FS&E T C. sulfasalazine (SAS) IZ 98%

FHEZ/R L, SAS 2D L{bEm 1 DR 140 |
DT OEIEMEITE T L0, ka1 2 120 |
TEIERTHY, xCT 1ZZDHIBEDOR D
SRS 2 B SRR T 0 L b s Z
EMB . LG 11X, SAS IZPLiT S FHE
EEEZ SO b0 EEbND, T OTEME
INFETITRWE Lz xCT EFEEEZ S
R 2k L BT A M HPA % EE 5 6 O, o =~ H m
Fla. Lo LESTRADEL S 41T L o
LD ThHD LRI, MEEER R uM e 2F VB AROEIA,
<CT W_;(‘T'aaé Eﬂ%ﬁU@%ﬁiafﬁT%ﬁ%ﬁb‘fi SAS: sulfasalazine, HPA: hydroxyphenylphosphonate
LEEBERIIREN, —FH, e X0 b ofEdEZ LAY 2 OREENEFIKLS, E
%ﬁ%%OaJTi/%@ffﬁm%f%é*kﬁbﬁoto#&b%\tﬁykfy
BT R 2 b BRPICT =F 27050, xCTIT L H8FKICIE, 7 2/ BEOFF
f%é?*jyeﬁ%jy@ﬁﬁﬂuﬁf%@\_ﬂixmwﬁgf%éyx%y&
DWETZNVE I VBOT X S R ICRER L TWD 2 2T 5fER & LT
A%ﬁ<\a&\é%L%ﬁ@ﬂﬁm%ﬂ%mﬁﬁéhfﬁgﬁﬂ%ﬂ?%hto

— 5. xCT /w7 T 7 b~ ADAF RO —LHTICE D | VAT OREEFRKAKT
v ABFH = wmh xCT BIERANTIE B 2 Ml ds K OVUigl s o TR IS
THZEERWE L XCTIZKD VAT UV IABRN Y AL T FH =02 K- THippilE
SNHZE (K =0.23 mM), MRS DO T AZ TFA = EKGF LT, RIBEETHDH T
NEI VRN EEENSZ L, £, VAF U T Y -0 T, HIIRNO 7L 2T
F U NBFE D CHIEREIR T 503, VAZTFA =8/ VAT 7 Y —R#p ¢
IZ. HIAN L AF a—SNDHZ b, VABFA=ZUN, VAFL, TAEI VR
2 < xCT O 3FH OAB 2 E & LT, il W TEEa&E 2 £7- LT
WD Z EaR LI, AREEIE, 201642 A2, J. Biol Chem. (doi:10.1074) (Zam3CAH3
SE XN,

ﬁé»(l

Fig. 2. 7 X NEFHZEAI1 B L2 D&

Iz’ ZT

inhibition rate(%)
o2} o] E
(=} (=] o

'S
=)

[
(=]
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4-v’'u Ty - v DURISTFAREC L B
{LZFRBIR T LB DB EREIfRAT

IR IERS « SEECRFBEAER

4-v'r ) vy - BRI (APPY) IREEEE LCTEH L, B Fafx i o
BT UULICE TS D Z &3, ARFEOILFEFTEE TH D) HIC L - THE S
TW5, AR TIL, 4PPY ORI BIEE L2 I 5720, 4PPY Zfitift 4% (1)
WEHLT VAo D — L DR BRI T b, BL O (2) 1,5-~F P OF—Ld
EFRIREY T 2 ARIZ DWW T, E TR X D BRIt 217 > 7= (Scheme 1),

H H O
N_ N 4PPY-1a : R = CgHy7, Ar = 2-Naphtyl
RO)Jj/ \g QX’( \;/U\OR < -1b : R = CgHy7, Ar = 3-Indolyl

-2a : R = CHs, Ar = 2-Naphtyl
-2b : R = CHj3, Ar = 3-Indolyl

Experiment Calculation
4PPY-1a

H0:>=(*NHX (10 mol%) :>=(* :>=(*NHX 4PPY-2a :}:(*NHX
(1)
HO Me ACzo 1 03 eq ACZO AcO Me

(X = Ns) collidine (1.7 eq)

CH3Cl, -60 °C (E:Z=>99:<1) (X =S0,Ph) g;

4PPY-1b

(10 mol%) 4PPY-2b ACO/\/“'\/\OH

HO ">"OH == iPrcO0” >~ ">"0H HO">>">"0H ——— (2)
(IPrCO)ZO (1 1e ) 3 ACzo AN
collidine (1.5 eq) (92%) AcO 5 OAc
CH,ClI, -60 °C
Scheme 1

B i B L L7 T RICK LT, 4PPY LRI & DRUSHKRD T & T —
T =AU E UTERT 2@ IREE (TS) #MEDHEKZ1T>7- (B3LYP/6-31G*),
(1) ICE LTI EIRE)-2, ZIK(Z)-2 %2525 TS (TSg, TSz #%it 38 1fE. (2) TixE/

Tk 4, T ALK S 25 %5 TS (TSmono, TSdi) ZEF 35 HFHHE L., o
LER TS DT R)LF— L % LG L7z,

(1) EZBIMT AL TIX, TSEM TSz LD & 7.2 kcal mol' ZETH Y | E (KHRIR
PN DN D FEREELIEFICEV—FKEZ R LT, E6560 TS b @R E(LMHAE
e LT, FEDNHEA LT I RED CO HNL, HEDO OHELE 7T — 7 =
F U ORNZRVIKERE AN H DIV, TSE Tk, IO DOKRFEFEITIMA T, ko7
RIED NH AL & FE D SO2 5L DN K FAREE DAFAET D72, TSZIZHT TS % &
0 ZELTWD Z Ny o7= (Figure 1A), UL EX D | @O0 RSN T >l
IZ1%. 4PPY @ Co it MEENMETH Y . 2507 I FAIBEI BB ER L TG %238
T HZLIZXY TSeaZELTnD Z xR LT,

(2) AbZEIRY T T ABIZ DUV TIX, TSmono 23 TSdi &2 W T 5.1 keal mol' ZE TH Y |
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E T MR IR DD EERFIFE L —F L7z, TSmono TIL, FE D OH KK
FREASRF— TS Z—L LT, TIAED CO Hr, i1 > FYLIED NH E
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Figure 1. 52278 72(A) TSeH L N(B) TSmono O 5L H575(B3LYP/6-31G*).
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via 4PPY-catalyzed Enantioselective Acylation, Makoto Sato, Masahiro Yamanaka,
Takeshi Shigeta, Takumi Furuta, Takeo Kawabata, Advanced Molecular
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alpha,alpha’~Alkenediol: A Computational and Experimental Study, Yamanaka,
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Program Details

Oral Presentations by Professors (DAY, 14:40-15:40, Chikushi hall)
14:40-14:50 OPP1 Natthida Rakkapao (Prince of Songkla Univ.)
Chitosan — Based Edible Films Incorporated with Different Types of
Essential Oils Extracted from Thai Herbal
14:50-15:00 OPP2 Somwang Lekjing (Prince of Songkla Univ.)
Effect of Chitosan and Clove Oil on Pork Sausage Product
15:00-15:10 OPP3 Benchamaporn Pimpa (Prince of Songkla Univ.)
Thai Indigenous Microbial Cultures for Degrading Polyvinyl Alcohol
15:10-15:20 OPP4 Sutida Marthosa (Prince of Songkla Univ.)
Simulation of Catalyst Agglomerates’ Influences on the Catalyst Performance
in Hydrogen Fuel Cells
15:20-15:30 OPP5 Nguyen Dung Tien (Kyoto Inst. Tech.)
Study on Crystallization of High cis-Polybutadiene upon
Stretching using Synchrotron Wide-Angle X-ray Scattering
15:30-15:40 OPP6 Florian J. Stadler (Shenzhen Univ.)
Moderately Entangled Telechelic Polybutadiene Temporary Networks — What Can
Rheology and SAXS Tell Us about Structural Development and Structure?

Plenary Talks by Student 1 (DAY, 16:00 — 18:00)
16:00-16:20 PTS1 Shogo Tomita (Kyoto Inst. Tech.)
Influence of Orientation of a BCC Lattice on Transformation from Nonequilibrium
Spheres to Cylindrical Microdomains in SEBS Triblock Copolymers
16:20-16:40 PTS2 Tongsai Jamnongkan (Yamagata Univ.)
Effect of Particle Sizes on Viscosity and Antibacterial Action of the Suspensions of ZnO
Nanoparticles Suspended in Poly(vinyl alcohol) Aqueous Solution
16:40-17:00 PTS3 Yuya Doi (Nagoya Univ.)
Melt Rheology of Comb-shaped Ring Polystyrenes
17:00-17:20 PTS4 Chan Hyung Park (Seoul National University)
Simulation of Hard Sphere Suspensions using Potential-Free Method
under Oscillatory Shear Flow
17:20-17:40 PTS5 Reza Salehiyan (Pusan National University)
Characterizing the Effect of Silica Particles on PP/PS Blends Morphology
via Nonlinear Rheological Properties
17:40-18:00 PTS6 Tong Huang (JAIST)
Improvement of Mechanical Toughness for Poly(lactic acid) without Modifier

Plenary Talks by Student 2 (DAY3, 9:00 — 10:20)
9:00 - 9:20 PTS 7 Yingbo Ruan (Chinese Academy of Sciences)
Preparation and Rheological Behavior of
Polymer-Grafted Nanoobjects with Different Shapes
9:20 - 9:40 PTS 8 Dexin Chen (Shanghai Jiao Tong Univ.)
CT/MRI/Fluorescence Trimodel Imaging Probe Based on Upconversion Nanoparticles
Aiming at Bone Marrow Mesenchymal Stem Cells Therapy
9:40 -10:00 PTS 9 Zhijun Nie (Shanghai Jiao Tong Univ.)
Probing Nonlinear Viscoelasticity of Olefin Multiblock Copolymers Melts
by Medium Amplitude Oscillatory Shear
10:00 -10:20 PTS 10 Zhixiang Cai (Shanghai Jiao Tong Univ.)
Improved Mechanical Properties of Gellan Gum Hydrogel by Combined Ionic
and Covalent Cross-linking
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Short Oral Presentation (DAY?2, 9:00-12:20) Poster Presentation (DAY?3, 10:20-13:00)

P01 Takumi Sako (JAIST)
Miscibility and Segregation Behavior of Polycarbonate /
Poly(Methyl Methacrylate) Blend
P02 Sang Hun Lee (Kyungpook National Univ.)
A Method for Relaxation Spectrum using Complex
Decomposition and Piecewise Cubic Polynomials
P03 Chul Kang (Dankook Univ.)
Fabrication of Nanostructured Parts using Injection Molding
P04 Won Kyo Oh (Univ. Suwon)
Preparation and Properties of Silver Nanowire/Epoxy Nanocomposites
by Introducing Silica Nanoparticles
P05 Tomomasa Okayama (Kyushu Univ.)
The Mechanical Characteristics of CFRP Fabricated Using VARTM Process
P06 Misaki Oka (Kyushu Univ.)
Viscoelasticity of Refined Silk Fibroin / Ionic Liquid Solution
P07 Qiangwei Jin (Shanghai Jiao Tong Univ.)
Rheological Properties of Aqueous Corn Fiber Gum Solution in
Comparison with Aqueous Gum Arabic Solution
P08 Sang Jae Ahn (Univ. Suwon)
Uniaxial Extension and Compression Methods to Generate Prolate
and Oblate Ellipsoidal Particles
P09 Shanling Lu (Fudan Univ.)
Investigation of Nonlinear Behavior with a Geometrical Interpretation Method
P10 Hyun Kyung Lee (Dankook Univ.)
Cellulose Nano Whisker Embedded Polarizing Films
P11 Wenjuan Chen (Chinese Academy of Sciences)
Processes of Aromatic Polyimide Film Preparation and
Multi-layer Polyimide Nanocomposite Film
P12 Oh Min Kwon (Seoul National Univ.)
The Effect of Electric Field on Electrical Conductivity of
Multi-Wall Carbon Nanotube/Polypropylene Nanocomposites
P13 Dongdong Zhang (Chinese Academy of Sciences)
Self-Healing Poly(dimethylsiloxane) Elastomer based on Dynamic Acylhydrazone Bonds
P14 Mira Cho (Ajou Univ.)
Lateral Particle Migration and Focusing in Shear-thinning Fluids
P15 Ryuhei Takahashi (Osaka Univ.)
Analysis of Visco-Plastic Behavior of Thermoplastic Elastomers
under the Biaxial Stretching Deformation
P16 Osita Sunday Nnyigide (Pusan National Univ.)
Rheological Properties of Heat-Induced Gelation of Bovine Serum Albumin
(BSA) and Effect of Urea on the Gelation
P17 Boonphop Chaisrikhwun (Prince of Songkla Univ.)
Influence of Different Molecular Weight Poly(ethylene glycol)
as Plasticizer of Chitosan Based Solid Polymer Electrolyte
P18 Souichirou Hirotsu (Kyoto Univ.)
Nonlinear Thinning of Poly(ethylene oxide)/LiClO4 System under Shear Flow
P19 Yuankui Leng (Shanghai Jiao Tong Univ.)
Highly Efficiently Preparation of QD Barcodes for Multiplexing
via Membrane Emulsification-Solvent Evaporation Method
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P20 Young Bok Bae (Ajou Univ.)
Measuring Deformability of CHO Cells in a Cross-Slot Channel at Different Flow Rates
P21 Osamu Yamane (Osaka Univ.)
Rheological Property of Molten Polyurethanes
P22 Masafumi Kitagawa (Kyoto Univ.)
Dynamics of Liquid Droplet in Evaporation Process
Described by the van der Waals Theory
P23 Praphaiphon Phonsuksawang (Suranaree Univ. Tech.)
Tacticity Effect on Miscibility and Dynamics of Polyethylene/Polypropylene Blends
P24 Rattana Choowang (Prince of Songkla Univ.)
A Preliminary Study on Influence of Citric Acid on Water Absorption and Thickness
Swelling of Hot-Pressed Oil Palm Wood
P25 Yuki Okada (Osaka Univ.)
Precise Analysis of Perfect Zero-Birefringence Polymer
P26 Tomohiro Onodera (Yamagata Univ.)
A Study of Electricity Consumption Saving in PE Extrusion
P27 Pattama Senthong (Prince of Songkla Univ.)
Functional Activity of MGMT Variant Proteins
P28 Takeya Tanaka (Kyoto Univ.)
Dynamic Viscoelasticity of Short Life Foam at Steady State
P29 Hye Jung Lee (Dankook Univ.)
Electrical and Thermal Properties of CNT/ Graphene Suspensions
P30 Ha Seung Kim (Univ. Suwon)
Conductive Microcellular Foams Incorporated with Polydopamine-Coated Carbon
Nanotubes via High Internal Phase Emulsion Polymerization
P31 Sun Hee Park (Dankook Univ.)
Nanopatterned CNT/Nafion Composite for Micro Fuel Cells
P32 Seung Hyuk Kwon (Inha Univ.)
Copolyaniline/Polystyrene Core-Shell Structured Microspheres
and Their Electrorheology
P33 Jiajian Liu (Chinese Academy of Sciences)
Determination of Intrinsic Viscosity - Molecular Weight Relation for Cellulose in
BmimAc/DMSO Solutions
P34 Soyeon Ahn (Dankook Univ.)
Polymer Disperced Liquid Crystal Using Cellulose Nano Whisker Suspension
P35 Hyungjoon Jeon (Yonsei Univ.)
The Optical Method for Identify of Nanoparticle Aggregation
in High Concentrated Colloids with Silica/Quantum Dots/Silica Particles
P36 Jakkarin Limwongyut (Suranaree Univ. Tech.)
The Effect of Chain Tacicity of Structure and Dynamic Properties of
Polypropylene/Polypropylene Binary Blend Melts: A Monte Carlo Simulation
P37 Haruki Honda (Kyushu Univ.)
A Basic Study on Fracture of Bending Stress in Laminated CFRP
P38 Tanissara Pinijmontree (Rajamangala Univ. Tech. Lanna)
Rheological Properties of Regenerated Silk Fibroin in AminCl
P39 Pham Thi Ngoc Diep (Kyoto Inst. Tech.)
Studies on Crystallization Properties of Poly (Lactic Acid) with Special Diluents
P40 Takashi Ohri (Yamagata Univ.)
Effect of Carboxyl Groups on Rheological Properties of lonomer Melts
P41 Sumkun Lee (Pusan National Univ.)
Focusing and Separation of Micro-particles Utilizing Medium
Viscoelasticity in a Microfluidic Channel
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P42 Jieun Park (Seoul National Univ.)
Direct Visualization of Anisotropic Particles in Colloidal System
P43 Adisak Takhulee (Udon Thani Rajabhat Univ.)
Dispersion and Agglomeration Behavior of Polylactic acid/Silica Hybrid Suspension
P44 Hideki Sato (Kobe Univ.)
Investigation of Flow Characteristics in a Cavity Swept by a Visco-Elastic Fluid
P45 Takeshi Konishi (Kyoto Univ.)
Epithelal Tissues Simulation with the Subcellular Element Model
P46 Takumitsu Kida (Kanazawa Univ.)
In-Situ Raman Spectroscopic Study of Deformation Mechanism of
Polyethylene Under Hot Drawing
P47 Bookun Kim (Ajou Univ.)
Three-dimensional Elasto-inertial Particle Focusing under Viscoelastic Flow of
DNA Solution in a Rectangular Microchannel
P48 Sho Akazawa (Osaka Univ.)
Dynamics of Highly Polar Guest Molecules in the 8-Clathrate of Syndiotactic Polystyrene
P49 Sriprapa Yananun (Suranaree Univ. Tech.)
Effect of Stereochemical Sequence on the Dynamics of Atactic Polypropylene Melts
P50 Jung Wook Kim (Seoul National Univ.)
Effect of Rheological Properties on Screen Printing Pattern Formation
P51 Mingeun Kim (Pusan National Univ.)
Quantifying the Degree of Dispersion for PP/MA-G-PP/Clay Nanocomposite
using FT-Rheology
P52 Shanshan Lin (Shanghai Jiao Tong Univ.)
Study on the Thermal Degradation Behaviors of
Biodegradable Poly(propylene carbonate)
P53 So Sato (Kyushu Univ.)
Solution Property of High Molecular Weight Pullulan in BmimCl
P54 Kiju Um (Yonsei Univ.)
A Facile Method for Nanostructure Engineering of Mesoporous Zinc Silicate Particles
P55 Pattamawan Chumai (Prince of Songkla Univ.)
Effect of Ethylene Carbonate as Plasticizer of CS/PEO Blend Solid Polymer Electrolyte
P56 Seon Yeop Jung (Seoul National Univ.)
Brownian Dynamics Simulation and Experiment of Particle Deposition
on the Patterned Membrane Surface
P57 Changhoon Lee (Korea Univ.)
Processability Enhancement of Poly(Lactic Acid) Film through
Multilayer Film Casting Process
P58 Supanont Jamornsuriya (Suranaree Univ. Tech.)
Influence of Solvent Quality on the Stability, Structure and Dynamics of
Polyethylene oxide (PEO) Nanodroplet
P59 Taiki Oka (Kobe Univ.)
Flow Behaviors of Hyarulonate Solutions
through Micro Abrupt Contraction-ExpansionChannels
P60 Yueyao Shen (Kyushu Univ.)
Experimental Investigation of Laminated Joint Failure Modes in CFRP Fabrics
under Tensile Loads
P61 Masahiro Okumura (Kyoto Inst. Tech.)
Time-Resolved 2d-SAXS Measurements of Nanostructure Formation
in the Solvent Evaporation Process from a Triblock Copolymer Solution
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P62 Hideo Kobayashi (Osaka Univ.)
Dynamics of Polar Molecules Incorporated in the Crystal of Syndiotactic Polystyrene
and Poly(L-lactide)
P63 Youngseok Kim (Seoul National Univ.)
Effect of Viscosity and Elasticity of Polymer Solutions on Vortex Fluctuation
in Micro Contraction Channel Flow
P64 Xiaolei Li (Pusan National Univ.)
Homopolymers and Semi-Interpenetrating Net-Work (Sipn) Effects on the
Micellization and Gelation of Pluronic F127 Triblock Copolymers in Aqueous Solutions
P65 Arisa Ubonkaew (Prince of Songkla Univ.)
CS/PEO Blend Based Solid Polymer Electrolyte
Doping with Different Types of Lithium Salts
P66 Jae Hyun Yoo (Seoul National Univ.)
Finite Element Simulation of Bead-up Stage in the Butt Fusion Welding Process
P67 Zhe Xu (Kyushu Univ.)
The Rheological Properties of Cellulose With Preheat Treatment in AmimCl Solution
P68 Dong Geun Lee (Korea Univ.)
Optimal Tuning of Rheological and Mechanical Properties of
Thiol-Ene Materials through UV Curing Process
P69 Hyeong Yong Song (Pusan National Univ.)
Analysis of Intrinsic Nonlinearity Qo in Polymer Solutions under
Large Amplitude Oscillatory Shear (LAOS) Flow
P70 Nurul Azhani Yunus (Yamagata Univ.)
Effect of Magnetic Properties of Carbonyl Iron Particles
on Magnetorheological Elastomer
P71 Cheolsang Yoon (Yonsei Univ.)
Enhancement of Luminescence and Stability Of QD-Silicone Nanocomposites
by Introduction Thiol Anchoring Groups in Silicone Matrix
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7&5@Mﬁiﬁayub:xzai%%ﬁ>_éh/ 1. ZALXZURTFRIZkBTHIOE/
Tl (1), YA b= RFELZEROEFEDAREM

Z 2T, AW TIEL, ARG TEF L7z R X7 F REHWT, 7T¥ = X7F
ROMBABAITICH 5T 2ZR/EERET 2 2 ERlB T, KUK E LTEY TV
YERWZ, T VU %, UV BN X0 EBREBEE L CRUSEDOEm W R B A
U, AL INRATEDGFEOE L, AR EDEREND, 246 S ook
M2 N7 EORANEERBOIC L VT2 2 L12d& b, 7»%“7&7%F&F
BT HMuRE S X ERFEE S L. MRNASDO Y 7 RED AIRetE 2 a5
Z&Tw e ) YA NV AZEERTH DO Z1T > 72,

ARFEHRTIL, HEEEA] & L T trifluoromethyl diazirine phenylalanine (TmdPhe) %, #5554
Aoz 7 LTEAF U EZHWEREXTF REER L (K2), X7F FAB LT
AR UV BB L, iz i b Lz, ARL T RTEV UV E—XIZ X BfE L.
SDS-PAGE (280 Z R EDoHia Tl £ LT, KB L2V T, ZRPES
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Photoreactive group
N CF, Crosslinking with proteins

o ——————

I e s '
H,N | N N \ OH Biotin tag

0 H | '~ . Binding streptavidin with high
Diazobenzene linker affinity and specificity

Cleavable linker to avoid

nonspecific protein detection

1
1
1
NH

HN NHz: Octaarginine (R8)
[ » Representative arginine-rich CPP

2. REEH%E2ET SRERTF FOFKE

NN RaETLneEn L, Y ORERE @ UFURLAEIYA—

BRAFIETSTF Ff o O e
BEOREEITV., T —HX—|Z ; UV light

BRI E
METHZLETH NI EEFEE ' T

TH T4 I 7 ANFEE (T
FRAT 4 =TV ME;

PMF i) (2 L 0 fig#T L7z (14 3). s e
= S —_—
INETOMFHICE Y, st N s
~ NV AEE#EY L RTETH A\ BRIOE
DYTRY T YT EDRR H3. XEEEMALR DZEEER

WA T OT A TV I L ET 5 16 FEDO X X7 )N RS EFRBEAERH 45 ]
RN L LD E LTRIESN, siRNA ZHWAZ 0B ) v 7 B EZBROfS
R ZOHIL—FHDK XY

B (Z X084 O v :

¥ ATk 0 RS OMIKI~ R, I

DR rppEECmEs f. o B I P :
nic, BUE, STy Ny A é "N T i lJ i
A MR
Moky oz 8 BENNEEEEEHEREEENH
R8 HUAEEZH 5 ZHIKT 't aEEEEEEEEEREEERSN

% 5 Z)§ E‘ 5 7‘))0:5{3 L/T*ﬁ%# 0 1‘ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

FEDH TN D, MERRSLOE
4. RVNVEB/vI 5oL REDHBER~DEY AH
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BEERAREEICLIE0FREEOMBXRT 4 7 R

FHIEEZ « IRERFREGREFEIT7ER

(B8] FESRMER ST RO BAREEERICK 1T 2 BEEICET 23R, aa T
MELORBESIE, FRlomzEEm L2 X5 ECIEFICEETH DS, LrL, ZOHMIX
R U TR ICEBRL TV, BEOFRIZL Y, &5 b O mAzEE T,
PERIEE SN TR Do TR EEBEN RN E SN TW5D, R TIE, (L
ZEFT PRELILEGR, BEELMBEO /N —T L OKFEMFEICL D, &0 TSI EE
IRRFRISE ORI Z BRO & L, &5 b dn RARIRFE O S 2 VA K DR 72
fENTIEDORESL A BT,

AR THEAT 250 CTh o 2B ERNEXHEE (FlashDSC1 A v —+ FL K
HE) TIE, ~A 7 0F v 7RI 1O & RER 0.5mm (% L ORUNREER 23T,
JEX 1um, B8 100 p m W95, i+ ng F2E OMBBEEL L BIET 2 Z & T, 10,000K/s
BREOHBSEFR T CORREL EEMICITI 2N TE H, REBITEFEHT-IZH
FEINTT T, RICEER R FEPELS A TWRY, —F T, REBEIZED
R EMIERE L, T, BOEIZEML TV 5, XRIZFEICED T TH LN, ik,
7T AER, @RS, BE KIOREOERIEIZ L 2BIE TR SN TEHARIC
DNWTC, EHABRIELZAWZHZ2RENODORELIED 5N TN,

R, A—L2ANERBEMBE L EERBIIRET D2 LT, @H FBREEEOE
BY 7Y TR L, @ikt - SRR L IR SN DT AV E 0T 4 v T
R 7re Ly (GPP) Zaalkle L, sUBFREE, BIEEICOWTHRFZIT o7,
iPP 13255 <, REE TIITF v FITEMIT SR
BIERENEZET AN D IND 72D, FRl OB %
HLT.,

[EBR]&HTRHNIT AV E I T 4 v 7R Tl
> (APP) OARERY ~v— (My=362,000, My/M\=6.8,
[mmmm]=97.8 %, SunAllomer #) & propylene-
ethylene = A U ~ — ( My=285,000, My/My=17.9,
ethylene=5.3 mol%, SunAllomer #) % 7z, Ak
NOBREAR DR BELRET D120, VIV ET~A 71

F—AIZLV, 2um UTFOEXE L7, @E#E DSC

K1 :~A47u0Fv 7t
YV —FRIZE NN PP
(FlashDSC1, Mettler—Toledo) ®FIR#EHE X = 100 (1.5 umE) 3E

—10,000 K/s & L 7=, Bar=100u m
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R - BE] K 2 ICFRMES%OFIRIC X 2 mtfig
v — 7 OFIREE B Ik A T, mE ARIC K D
MEATCE — 27 NEiRANZY 7 P L, S HITEEAET
I3, SRR O BRI S Bl e — 27 sl B,

EIRAR CTHR L T D Z <‘:75>7ﬁ?§aﬁff%é =T
0 B AHEER OELZEED T2, BifiglZlX, 20X )
IREMETR BIVRIBRE AT U CH#ITT 5, £2C, &R
FHRIZ £ 0 BIVBRE DR T 72 LI FlfE S 5 BN
H D,

M 30X\, iR AR CTILEBMBON RO I &
HER Y — 7 OFEBR~DT 7 bR LG, B—7
B O FIRHEE BARTEMEIT LT OB A TR L ER
VRS Z &M TEX B,

T =T + AP~ (1)

727170, ¥ zI130<z<1/20%HTELL, BHF
OFEHE, LRI v EBIbT 5, EBE, K30 X
NG RALIRE DAL & IR 72 fa 5 2 b

j®)
Ronsd, OROBERIKEEIIMAREERERICE

TOUTOREy LHEET 5,
R=a(T-T,)” 2
z=1/(y+1) (3)
ZIT, y>1ThE, ERROz0EHFEICHEY L,

R IR EE DB INEVE T - T, D 1 %UJ:OD‘b'ﬁb\{zET'
T EEEWT &S FitamM B O LB
PREREINTVD

DXL D B—0 ~DIMRIZ LY, BifbamlbEt
TYERL L7237 V) B 2 85 di D SRR Ty SR E T &
%, iPP fEORE T, ZTOFEICIVELNET, &
fEmLIRE T, OBAfR (Hoffman-Weeks plot) % [X 4
(R, OVE Y SRS O SEERLR TS 13, Z OEMR

EH I —DODEMT, =T, L ORRRE L‘(ﬂ%&b bihd,
[k FE#4E] A. Toda, T. Ando, K. Taguchi, K. Nozaki,

M. Maruyama, Y. Mizutani, K. Tagashira,

T. Fukushima, H. Kaji, M. Konishi,

"Melting Kinetics of Polymer Crystals",

The 7th international and the 9th China-Japan
Symposium on Calorimetry and Thermal Analysis,
Oct. 20-22, 2014, Hangzhou, China.
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KEGBEHHA R ) ~— DS & BEe

VERRICC » ARifE K KPR L gee
EL:3)

AWFFETIX, RHEARBEREGCHE S 2T Scheme. Synthesis of c-P3HT and g-P3HT
Il UTHIRE ST 2 A TR IR K B R
MRV ~ =B EIT O, AEKYE
MOFCTHME S R ED X D R EtEE % A OB
Lo TWLDONEMNDZ LlX, ZOKREGE | ., 2 -

WA B BRT % |- CRib CEECH B2, |

AR B FERER IR B O sy A8 | e
[Rh(nbd)Cl],, TEA B s /\

%b\o ZIKHI:%EVGci\ :j/l/i Tm%%‘ﬁi‘%j Chloroform \ / S ”\

LTX-REBEAE L KIS (NMR) R

EEMET 22100, AEKEEMRER D7D ORI T OMEL BHIE T,
(2. FHUCART 288 - Bk - 77 VIREFEORBHEEEL AT 2R Y ~ =Tk 5 i
Fraituy, Bk —7 3 ZERLT &2 2 — W3 — KB FEMREE O —@E O FH BIfE I 2 B 45
T L bz, ARG EmAEOR L2 BT, AFEITRRBIOT 7 UG« A
THRY GB-~FIINF 4T =) (P3HT) DFEEA R A1T -7 (Scheme),
EX vz
Bk P3HT (c-P3HT) D&KL

=OA7Z7 AT k= (750 mL) BELOEY P (250 mL) 22 TT /a2
TV 7k 1 FEfIBA L 7= CuBr (5.52 mg, 38.5 umol) ¥ 2 OY Pd(PPhs), (44.5 mg,
38.5 umol) ANz, 80 °C IZMEAL 7=, FZNIZT VT ZHWTHAR Lo KinmF =1
{t& P3HT (Br-P3HT-Ethynyl) (M, skc = 17,000, 50.0 mg, 3.85 umol) @ kL= K (25.0
mL) % 1.0mLh"' OB CTHE T L, #l F&TH, fildh T 24 BB Lo, ROSEEZ
WL AL, % THF (RS, A0y b T AICETZ LIk 0 &Ekiks bk
ElLT, 0%, AX ) — )~OFILEICE Y EREEREZ S (UL F:23.7 mg, X
H:47 .4 %),
7 Rk P3HT (g-P3HT) DA

Br-P3HT-Ethynyl (M, xvr = 4,260, 200 mg, 46.9 pmol) % 7 1 2 7k/L A (5.0 mL) (Z¥fiF
W7k, PUx=F LT I (45.1 ug, 376 umol) M 72, BUSERHRIZ / VRV Y=
vuYy Az al RZA<— ([Rh(nbd)Cl],) ® 7 1 kL LK (94.0 pL, 2.30 g L™
4.69 umol) Z MMz, —40°C T 24 K EA L7z, D%, N 72 =)L RAT 1 (262
mg, 10.0 umol) Mz %5 Z & CEAZEIE L, 7E SEC LV EF L~/ nx )/
~—ZREL, AZ = ~FRE USEAEKRZSTT (IE:74.0 mg, IXF:37.0 %),
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[ 3R & Z £
c-P3HT DERL
AR O 'TH NMR A7 R VIZBALROGETIC B S 7= oK
ST F =0T a N ATHRT DY ST ARER L, £,
SEC JEN G, RO v’ — 7 1358 T 5 Br-P3HT-Ethynyl
L0 IRy EEAICHRE SN, Zov—2 v 7 MIRIC
L D HEREFE RO TH D EE Z B, e-P3HT OERKN
TR I T, I, MEREZITo-fER, THF iR ICE
7% c-P3HT DEARFE (15.0 mL g') (3 Br-P3HT-Ethynyl
DOEAKE 334 mL g') LV HIEF L, ZOfERIZE—%
T EOESHRAR Y ~— DR EIZ AR, BIRAR Y ~— D5 23
DI LM ERE —H L7z, LEORERLY | ¢-P3HT DR
ARk R LTz,
g-P3HT DA

AEIZH LT HNMR JIE 2T & 2 A, Ko —F =
NWHNZHRT DV 7T ARHEERL, EEOEITEMRA L, £
7. SEC WIEZAT > o R, ER O v — 7 135 TH %
Br-P3HT-Ethynyl £V & &= S 7z (Figure 2),
SEC-MALS HI7E1Z £ 0 B S 7= W) O 52 5 1 B
26,100 THY | JFED 6 26 T BEOEEZRLIZZ LD, 6
nH 7 #EED g-P3HT MG c B2 bivd, UL EORER
L0, RV TEF L2 EHICHET 288 g-P3HT O AL
ZRERK LT,
[SH%DBEHE)
SR, E#,

11 13 15 17 19

elution time / min

Figure 1. SEC traces of
¢-P3HT (solid line) and
Br-P3HT-Ethynyl (dashed

line)

11 13 15 17 19
elution time / min

Figure 2. SEC traces of
g-P3HT (solid line) and
Br-P3HT-Ethynyl (dashed
line)

BRI KO T ko P3HT ZHWTH A2 ER L, KB st o H]

EZAT D, £z, BEERNIEIC &0 P S 2 AT L. ARG E R R B o 7o o HaE

FEOMEZ BT,

[ R ]
1. 2015 51 A, 2014 FFE 550 2 bl SGHroT %

=, [y N2 7o R

TF U RY GAFINANFF T2 NDT 57 FVEE], BERAS—EZH

2. 2015 4F 1 A, 2014 EE &0 T2 bl e Rk . T FINBEEERKGIC K 5 KER

ARV GAFINT AT 2 NDOEM) ., BERAY —HZE

3. 2014 %= 11 A The 1* Innovation Forum of Engineering Education (SPACC), “Precise synthesis

of cyclic- and star-shaped poly(3-hexylthiophene)s”

4, 2014 48 H. 2014 FFEALE & oy 745 PRI, TGRS Bh R E

K= F = AbR Y F 47 = v ORGFEERL
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FERHR D) v OYEAEH
CENI IS S e E R 2 e

HEY

TAB— T ABERFABETHLVV Y VIRBEOZERFES (TLFr) LERY,
FZ AR D EEE LD, R L CWARWFEEO 1 fiaEkFEo, TLTER
[ZHIRT 288y HOMO-LUMO % v 7' O @O BUSTESE O FF
ME o, BIET HMEOERIZE > T, VU IIEBREICL > TEOBFHIMHE
MRELSENT D [ZOPWEERE THLZENShoTE T,

Baxl3mmWT AR LV EEZFHESODTAF ALY v 1 ORISR L=, £/~ b5
WFFEAT A M T AL I - BT R R TP T7T ) — AP ) L2 DA RICREESN D,
e JE R SE AL AW O R B 72 BRI A FE O UG B O XORRAS S AT 12 2
LTV, ARFETIET, FHEMEE & O FEFZEIC L > T vx 0 (7 U —1) Ao
IR UEAE L, BREOIENFMEN T VU OIESCE TIRBICE X 55
Bl SEMCEZERAOMTFORBICERTS2ZE2HNE L,

Dsi
&Q Tsi
) Dsi
. Dsi
Me;Si t-Bu Si=Si ) Q
>( Dsi
MesSi. Si=Si SiMes MesSi. Si=Si L
)< Dsi  Tsi= C(SiMes); )<
t-Bu SiMeg i Dsi = CH(SiMe3), tBu SiMeg

Tsi
1 2 3
F o ARBEZATH OEm ORGSR, Fox LRI AE R L7z 1,3-
Dy I Y7 u[ll10]7 %y 9 OESILFRIEIC X - TH <
BINDT = B A Fe— A FRECOVEOTIRLEEE |5 e sl Si—SiMo 50
2 BNTeDT, FHEFEEITA O MR EE CESLFAIRIE
EATZ DREERI2 T T AR B EZ AW THRFIT 5 Z &Il LT,

EBRF

(1) 7k (TU—n) Y3 OGN % Scheme 1 IR L2, ¥ 3
BT 27 T T REVY I ADETCEY 4RV Y TREY TS5 LT T
YU LY 6D (U LD Si-Br G ~OAKRIL) L0 E6nd BT, £
D=, £T5 DARERG LT,
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Scheme 1
Tsi

Tsi
Dsi Dsi . Tsi
Si-Br Bry Dsi
reduction Bry insertion  Me;Si Si—Br
=i ———> Me3Si_ ,Si—Si S
Si

Me;Si Si=Si .
t-Bu SiMes t-Bu SiMes Ngp OO

3 4 5 6

Q) 13- 7 v 7 a[1.1.0]7 Z > 9 132K OEHERKIZ L D #HOC T 57
D, BRALFRIED T OIZHEATE | 22 ORIEIRE 2 IR D KR T T A K%
T, RRME % BB LIRSS S LC THE 2V, BAREIZ[BuN] [PF] B LW
[BusN]'[(CsFs)sB] 2 W5 Z &1Z LTz,

ERRERLEBE

() EEWT AR LVEERS N T aEr 70 53RO an 7 7 O LiAlHy %
Azt RU REx ki< RFEIC LV &Rk L7 (Scheme2), ¥ L 8 13K~
nEVY L6 EPHICH DD (K1), 5L 8DIRAREKREFB L, MEAZIT-7-
2 H Y 4 OERITHER SN2 o Te, S%IT 81 by L6 DFAZEES T
D, BELEZTU L 6D Si-X (X = a7 NG~ ARG E AR 5 &%
BAELT, BT 3 DaKE#ED D

Scheme 2
H2 . H2 Br2
Me3S_i><Si—CI LiAIH4 Me3Si Si—H Bra Me;Si Si—Br
B — e S —
ether )< CHCI _><
tBu—" "GiMe, tBu—" siMe, ° tBu— “siMe,

7 5

Dsi Tsi
Dsi

Si= SI B Dsi
r . Si
S Dsi
Dsi Br

Dsi  O"

Tsi
8 6

(2 13- 73 7u(110]74 2 9 O A7 Uy 7HRNVEZ AR —DOREEIT>
Too XEFEME L L Cn-BwuN] [PFs] & W76, FER Wi bk 23+1.23 V (vs.
Fc/F¢', Fc = ferrocene) IC Bl & 7z, XFFBEME 2 L 0 KIS HE O KW
[n-BusN]'[(CeFs)sB] (2 L, M ORERE 240 ‘CL L7z, FErliithiddE S/
Mmole, V¥ InTH L 9 X —E I, A E T A BRSO
CICE 3R LTV D b0 L HEE ST,
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I A BARBEFLEYMDERR & 5 TFHEEDMEH
R T - TSR E TS LR

AR Tl FHES R ST T O R T S H0% . RS e Ll L C
[ A FARBFUCEW DGR E 7 FREE O] ITHR M, AR FIZET 5
SEBRA IR AR R A M B IR S A Z L 2 HE LT,

TAZRAMEFRE () L) IO TRELEETHY . ZHETIZE DILFEHEN
WMERCROCIEICHIE 2 S bR 6, RERMAEME LTIV Z L IXR#ETH-
72, 2008 4, WH{T3d, RMEAIZ O, PI/OLRRELETH D Bt ) 27
AFBICEATLHZLICE [T 0wl L 20O TEREICER LT (J. An. Chem
Soc. 2008), 7 wmETYV L] ORIGMEICET 2HEZEDLH T, rAH#Z-7A
FEHEAERE (202U ) (J Am Chem. Soc. 2008) = [ZwuE VL - 04
SR ) (Organometallics 2012) Z &Rk » HEET 5 Z LTI L TV 5,

FFEREE DT, AEBEREBEMER L KA o X2 ke b onI @y
HMa B MUSNTIRORGERL TRind 2%) (Bull. Chem. Soc. Jpn. 2011) #BAF L. Tl L -oT
ZiElhIne Ioorneyvvyr] 288 LT, WRPICBITS [Tees ) Ly
NOBFREEZOWTHRET 2L L bic, T7rEv U Ly - B U DA DA E
D FREEIZOWTERE Lo (JACS 2011),

R! R2

R R2 i .
o 2 eq LiNaph Rmd\ B A R'”d\
é (Rind)SiBr; — /Si:Si = 2 Si:
\ . .

. n2 THF Br Ring  (in solution) Br

R~ R® Eind:R'=RZ=Et STOEILLY FOEL I

Rind EMind: R" = Et, R? = Me

AT TIE, 20D N—TICBWTHAICRW SN [Teev ) L)
2B AR R A @O 7T v FAR— LI LT, FIC bAMEO W T4 A4 %
AEAFEEY ) 2RIV L, 20 OO0 TG 2L PR eiTaT A o Jemids TR
mm FH XOPR BLRS LA S AT 2518 VariMax) 2 BREE L TREART 5 2 & T, AHcHE LT 2 7
BN BEIEL L2 HEL L,
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TR, DEEWSLIREESL (Bbt, EMind, Tbb) (2X % TEHERMIZE] &R
WA AT oD N-~T Bk v (NHC) OENIIZ L D TE) I ER] %55
IR DESLZ LT, [TrET Y Ly - NHCE /IR BEXO ThFF oMy
UL« NHC BEAMINE) 2@ IZhI0 2 LICpEh L (Chem. Eur. J. 2014),

B Me +
jPr\N A Me
\
EMind .C—N
\S' ) \iPr
i i
Iw EMind—Si: ' Br-
Br “c—N % /IF)r
/ ‘c_
ip /N%\Me lC N
r . N
Pr— 2 Me
Me Pr W)\
Me

FEE UL - NHCHRHING L —
HFA AL UL - NHCERfT DA

[ BF A AET Y L s NHC B ARHINE ) D5y 7A%1E & BLAS & X A ISR I 0 ok
E LT, femicBi 20 4 %L BFE L OJRTHEEREL 8. 741(3) ATH Y, AEH
jﬁ%nﬁwImmﬁ®47/w%&#4%&®#Aﬁ%i19%@)A RN
R AFEE DFREAIEREL 1.955(9) . 1.979(8) ATH Y, @H D Si—CHEiEE (1.88
A) T bHEL WD, A HREY OREAOMIL327.0° THhDH, ZihbDOREET
HIRHEN D, 7 A B BT s RO R WIEIEEFXIDFET 5 2 & 2325k LTz,

Tz, BHEmEEIC BB EEHAE LR, (1B EICEE T%%OWKE'J%L
ﬁ@%ﬁﬂm%éhto%1WRxmﬁﬁw 2B W T H @G aEk (-75.9 ppm) |
TIPS T,

“Reactions of Diaryldibrormodisilenes with N-Heterocyclic Carbenes: Formation of Formal Bis-NHC

Adducts of Silyliumylidene Cations”, T. Agou, N. Hayakawa, T. Sasamori, T. Matsuo, D. Hashizume, N.
Tokitoh, Chem. —Eur. J. 20, 9246-9249 (2014).
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AT BE T VAL S D KR G RT IS & 5 (LG & O B R
B LA - SHORFER

(] SRR CE LAY DA R, o B 2 5O U CREE R ZEhic
5% Hfi A (A REE) PRI ALAY OWIE Z hOcFE R L, %wm%%éwﬁgw
Pifg L FRADMTON T E o, $RZNEPATL, AVBLREZE T2 00w 5 T
LAY S IR T b T E 7, 16[ILHRICE VW TIE, SBEERILEY
D ERGR & U CTHEE BN SN T 305, BB, BENL LR 0L D
TR LAIRRE DI IS @A v a7 v (S, Se, Teb&YI D%t DBfE & RIS
JRWFZE I FoicfTbin Ty, Z2O0ELERIZ, (LAVOSGKNHEES TH H | HAR
MBI RBHTH 2 L F R 5, FMNEGKOWIZEH & LTk, PhTe(VI), Ph,Te (VI),
Ph,Te(IV), Ph,Te, Ph,Te’, Ph,Te & . Mi—F L)L TOARRKIICHIL I LT3
HLIFInFE Tl REBMT DAL S % 2 BEiEHT VUWLEICER L, |
Ho~FxH 7 = =)L 7L (PhsTe), HL7 VIV EIZ 5 DO FREHILZET 5
T4 =7 Lff PhsTe., 8L 7 =4 v PhiTel oW THfEZ{T>T&E 7, Tt
EWERNICA 7 57 v b2 BA B1liE % b OlEHiibawiz. 3l 4 BT EIoE
JRlifsEaz2AET 3 L3N, —MICELFFORAICERT 28E L EuRKEEZ2 R T 2
EDHISNT WS, FoFkiid, 6 fliFETAVMEAME L TAFH 7220 T 0L
(PhTe)D G HIEZMELL . ZNDMD TLERMEMTH S I L Z2HENIT L TE T,
Z 2T, ®ER PhTe D7 VIV D Db @ 2 I F-illifs & OB FIREZH S 22T
52 ExHNE L, DRERAAAADTZE TR A AT BIIIZEIC 35\ > T 2 DAL & D FEA
ERET A EE LT,
[FE - %) ~FH 72070 la, ~FH 7Y —LFu)L 1b &I, VUl
b7 vz HiZglEk e LT 3 B TiTv> (Scheme 1) | widud Mk & L C HiEE
L7,

1) 5 ArLi Ar
2) SO,Cl, AgOSO,CF5 ArLi Ar/,,,,, | Ar
TeCl, ———>» ArsTeCl ——— > Ar;TeOSO,CF; —> / | \A
r
Ar
2a: Ar = Ph 3a: Ar = Ph 1a: Ar=Ph
2b: Ar = 4'CF306H4 3b Ar = 4'CF306H4 1b AI‘ = 4'CF3CGH4

Scheme 1.
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7nn VAR K D RE 2 G2 (R | BUERRSAAL-AFFEIT B i X RS s
IEMATEGE IS & D WG 2 e L 7 (Figurel.),

Figure 1. Molecular structures of (a) 1a and (b) 1b (Thermal ellipsoids with 50% probability

level).

ol iRz iic, HEBTFEEMRITZITo%Z, ZOME. 6 £D Te-C F5H135%
flichh., 44 VEEOWEZ L OIEHAETH D Z & 2E FEEMNT & BEGEIE XD
HIHL 72,

Stk RAVHER & IS HERIIC ORISR 2 D 5 L FEZ 65,

ARWFEZAT ) IS H T, B AALABTERT - PPE AR LA 7R A OLR LA

FUKDORHEE YA, HAREMRIAICHE - WIEoH2X > TIHE, BLEVITEITE
JKHHEE LIS O T2 S £ L, SRCREHEEL 7
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REAZHAR TR AW O X BREIPTIEIC & 5 A IREARAT
FITC Rl - A0 NATBOE B SE AT AR A MR R e o & —

HE

& e EEI R R AW TR OB B 2 DG EOREEIREENE
MTH D, FrIEBENALEOMAEITIEARIZIL, S & BRI S I2sEIn T
W5, FLILRERNTERNCA Y 7 v h 2B HE T2 b o iba®iL, 3 Fi 4 8
FROBRFARESZ AT 5L S, —KICERIWVRBEITRET 218G & @Ot Z
RTZERHMBLNTVWD, LnL, o FHEET TI b ORAIEEM, £ 72 IXXBI2MT
RN ENRLL ENLOFERIME A G BT DI2E > TR,

—RIZFE A IREEDOMIITHEAL R FES VB NS, L LEHEALFERTIE T,
LR A OEFE DL W E AR R LA M BV TR, BEREBORRASHEL <, 7
T O N X —FHERNETH 25501 L . S DIZLEDIZD, dm W ERE 1
AR T 235613, BEMICH ST 2 EHRER LOMAEERZ RkI-Bnrd s, —F
T, ERAFEIMEENENT 52 L. RTOHMAERARGLILD & 2 AITFRHED
o, T TAMZETIL, mFEE R BREA X SR s fiT I K-> T EBMICH 05 F
FOBETEE M, MEODARETHLIMEFHHZOBAIL, it b LICHERELH
LT HZT L HMICAT T,

At
AETIL, 6 BN\ ARG D PheTe, 5 Blfiz = o
4 W $ERE & O PhsP OMIE 21T > 72 (Scheme 1), Ph Ph
T, Ph.r,-,,_11 w\Ph Ph—P{r
€
Ph?” | pp ;‘,h o
AW TH —7 v MZT D0 FIIEKRRCAII AL Ph
ETHDHI=D, Ak - AR S iz Bk alel 2, 2o PhgTe PhsP
S T 7Y 7 LT BHICHIEEIT O ME
7 Scheme 1
yiR o

s BBt O RY T

Ju—T7Ry 7 ARy 2 LV ERICHET VT R R T CRIE S U B R
WS R—=T ez —FT VHPICERIB L, ZO®%RT T A EITHEA L, X fRETE
E L TI3K OERKIRTICEWTETT —Z 2L LT,

- [EHT T — 2 JIE & fRAT

HEFLERI 7 —CHEIEB I OH AN LTZ, MoKaffz W e, HIEIX 20 < 120° (d >
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0.41 A)E TIT o 128, 4y FRAERE IR CIIPTBE A DSREE A L < Jib L7z 7200, fRATICIZ 20
<90° (d>0.50 A)DT — X & H\ o, fTIEET — % & F\ T2 i@ s ORE IR 217 - 7214
d<0.83A OF — % Z AW TE AT 2170 JRFALE 2 B ICRE LT, IRICZ Z CTIRE
U 72 A E R E R 7 A2 WTEME & LT, 2 RBINEIC X 2B B ES M 217 o 72,
HIE L7z 2 FEOFESL D 9 5, PheTe (2 OWTIE, BB & ifim C& D BT 72 it i 5
DFFHIVTZ, PhsP IZOWTIE, s IS ET D0 T Ol Z +3IZE T Wb TE
TN, WETE, BETEESHEITICTZ E 0 FH N T2, LUF, PheTe [Z2W T
REBRRD,

AT SR

FRMT DRERAG DTS & RS R - /A B % Figure 1 1ITR7, MEEIXENAEKE S -
TEWIEEHFMEOEVEE TH > 72, Te ITFEMFRRIHFL EICHY . HFD 125
F U 3KRD TeCHREGHMLTH D, i< FEE ARG 2 & 200N TH D03,
Te-C7 HMLD 2 KD Te-CFEAIZEL D bRV, 2LV | Te-CT DFEH DOEIRIEN LD
QDARLEBIRDLZENTRIND, & ZAD,
Figure 2 |23 K 912, Te JAHDOE T
I% Te-C7-C13 *Fifi B, fi& EEOMIZH
D, FIICEEREICEFEEIXIZEAL
fFAEL72\W, DFE D | BFEEDORIR B,
Te-Cl BEEE ML B LB N5, Bl
15, fE A OB ST Bk
HEZRENOBRFEAED TN D,

(a)
€132.2237(8) A

C?/,,,,’ \\\\\\01
"'Te"“\\
2.2238(8 2.2252(8) A
8) V “N\N2225208)

C13

Cl-Te-C7:89.70(3)°, 90.30(3)°
Cl-Te-C13:89.35(3)°, 90.66(3)°
C7-Te-C13:89.61(3)°,90.39(3)°

(b)

Figure 1 (a) Molecular structure of PheTe,

and (b) selected bond distances and

angles. Figure 2 Static model map.
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BEDEELZ b O~T u R LEMD AR & G K Ot DfEH
H KO TR IER - U T

<JFif >

WMEBEDNARIZEIL CWDE VY FAH AL ) — )L 12 1T A R % IR n B REHK
IZEL T =AU MEEFRILAM TH LD TY, 7 xrt ITfRE SN LEBRS R
OB LTHOLN TS Y 7 a X X o= )L 7 =4 & D% TS BLE
WMEEMITH D, FFICE ) T =40 ThHhHY /X X)L T =4 LITRR Y
VYFARE L )= UIVT = A VA TH DO T, O x HOWE CHIEK T 5
TEMTEDL, LL, DX Ry ra X Z Vo VT =4 v W TII AR ARE
IRRVEBE R DB RIT, WO EE 14 EoE e BRICE 0T =4 W ERILAEY
ZHAWTHER SN TW RN oTz, ZORIRBIEOT, T<&ilr. HRUZER L2
VIV FAARK ) =3 E[Cp*RuClls & DG E T LTz & 2 A, FEE LTI
TO LY TNT v I —EEROFI L 725 BEILT o 4 AR - BT 5 2 &0
Uiz, & OICARIEFEFIRAFEEAEDNIER L 8R4 DY A 7 ) v 7R RLZ A R —
ERELEEZA 413720 L0 LIRS T VI EZHL ML,
AWFFETIL, ZOFEEZRORITISH L, FHICER LYY FA TV R—)LS
& [Cp*RuCl]s & D% et L=,

C *
R L!i R Me-Si Li o
€30l

Sr%;jg Sr?éjg [Cp*RuCl], (0.5 eq>MeSS'

R™ A MesSi— | Ph Et,O/r. t. Messg‘

L Li
2ok ; @
<HEREEBE>

1. PVFAVVFA TN R—)L 5 DEK

BEICYIFEE N HE L CWAD THR I K VB ZEf L SN v Ry ra X gy
T=U T 6PV FULILVIBETL LIEEZA VY FA TR 5 EEKT D
LTI LT, ZORSE, 14 sk Ak p i A= e L T D YT =4 U H R
BT DR TOHFITH D,

ﬂﬁ\\SIBUMe2Ph L MezBuSI Ph
—— 1
/Pg;\Ph >j<
thf SitBuMez toluene/r t. Me, BUSi
6 5(73%)
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2. DUFFAIYF AT )N IR—)L 5 LT = AR L DS

CUFAT VR =S E[Cp*RuClls & DRILERFI LT 2 A, T=A 1 MHLT
)T OB Lz, it TR — VB E n B & T A0 CTOER
EEEROBITH D, ERTOMEIIZERET =4 MERNE-> DD T, RETFR
WEDRISIZE Y, $h FICEREEZEAT LN TEXHEE -, 22T, 85K7
E2-TuESunNrEORNERTLIZEZ A, TARBEY I EIZA Y T e VR
BANSH, VT B 8B BT, XMEEMITICE Y . FOoNTEET RO 8D
SFREEZBH SN LIz, 88K T O N AR — L BRITIEEFEH TH - 7=DICK L, 8
K8 DTN R ST EEZ L TR, TV R—ABRIINVT =0 Ak LTyt
En? OHFRIOENIERE L > TnWDZ Enbinote, 5%, 1ENOREFRIEL DK
JRIZ Z 0 8h RICHE A 2B A2 B AL, EHAOBE RN T R — VR OEL
RN KT THEZRRDLTETH D,

L| C.p* CP*
Si Ph Y : >
> [Cp*RuCl], (0.25 eq) . Ru iPrBr . Ru
of >j\ph 4 Q| sigi Ph | ~ Siy_i_Ph
) THEF/ 1. t. Pb Ph toluene 'Pr—Pb
Si—| > > Ph
Li
5 7 (58%) 8 (43%)
Si = Me,'BuSi
5 Chik

(1) (a) M. Saito, R. Haga, M. Yoshioka, K. Ishimura and S. Nagase, Angew. Chem., Int. Ed., 44,
6553-6556 (2005); (b) M. Saito, T. Kuwabara, C. Kambayashi, M. Yoshioka, K. Ishimura and
S. Nagase, Chem. Lett., 39, 700-701 (2010).

(2) M. Saito, T. Akiba, M. Kaneko, T. Kawamura, M. Abe, M. Hada and M. Minoura, Chem.
Eur. J., 19, 16946-16953 (2013).

FRRFEH

(1) "Synthesis, Structures, and Electronic Properties of Triple- and Double-Decker
Ruthenocenes Incorporated by a Group 14 Metallole Dianion Ligand", T. Kuwabara, J. D. Guo,
S. Nagase, T. Sasamori, N. Tokitoh and M. Saito, J. Am. Chem. Soc., 136, 13059-13064
(2014).

(2) "A Reversible Two-electron Redox System Involving a Divalent Lead Species", M. Saito,

M. Nakada, T. Kuwabara and M. Minoura, Chem. Commun. in press.
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I TTRRESR T /A F DR & BERT
BRI - SRR T

[BE8] RV ~—F/F=2—7 (PNT)

/—template
Lix, EMEGEZATLIE/ ~v—2H R =
N TARTE B EROB S FF /BT 4/_\{ |
»% (Fig. 1), £/, PNT 32 E / S

~—ICHEREMEERRE R) 28 AT 52
Pt electrode

R
LIZED PNT ~OEEDHT 555 T
Db, BT MEE L TOR 2 < 1: Polymerization
DI TE 5, BIZIE, BBt A5 R 2 Remove ofthe femplate

L7z PNT 7~ ZE[I~DIE O - it
FRNEE LCoRIiTchH B, =L Fig.1 Synthesis of polymer nanotubes.

T, 2D X9 7F 7 =% HAWT=WE OB E) - B OMLIE M* R 5
REARMETH Y X 0L BT RO L ER A X

Thn, ZITHRXILPNTICHETHHELLTL Ry Fe
JAEMR T ca NZEH L, Znk i 1EFO @

ML X ONBIT 2 200 OB B IT A 2 Alke Rk amo M A
—OTHY 7=t B EET D SRR R Fig. 2

SN TH Y . WEERA 5547 % 5ILAY (Fig.2) S

EOFAD. ELT,PNT (2720 X DRIEEITET S oy @\557
5T LT, 7w nt L BT AWHEREE T S ot

<. PNT F/ 2% R L= EOBE L TH L 720 4 E;JO 99
BOELZNEIND, AETIE, 7=r B EHALL (262
PNT PNEBZ2fi] 2 W C, WEEERICO—FETh 2 4R

T R OE AE L UM I DWW TRRET L2,

[EBR 1] 7 =k U BER [(S)-TBF] (Fig. 3) IXZWiEIC LV AR L, Z0F /) ~—
Z 72 PNT 12, 7ERIEMS KOS EMm E L CHa4. 2REMm S LT Ag/0.1 M AgNOs,
T L—RELTHEEKH200nm - EEH60um OMILEZHETLHHR—F AT VT %H
W, EBESEICLV AR L,

[ EBfE G- B8] ¥—FF 7 =F /) ~— [(S)-TBF] OEMEAEICONT . A2V v
JARNE AN =TT, ZOFER, 7xnt BRICESSBILECISE L
Eip =+ 016 V, ¥—F 47 = VERKICKSBLIEE %, E =+ 0.73 V (vs. Ag/0.1 M
AgNO3, BusNCIO4/CH,.Clp) Bl L7= (Fig. 4), F7=. ZEEEICHEVE— 7 EENHE K

Fig.3. (S)-TBF
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L. ERm E~RY ~—EOERPRO bz, 2
IO OREREZIIZLT, PNT 26/ L7z, PNT ®
BT, UTFDO XS LT ToTe, Thbb, XFFEMR
Hiwik & LT BusNCIO4/CH,Cl, #HC(S)-TBF =7 >
L— MEMES +1.10V) L, 77 L —RMIHWE
R—F AT )V F % NaOH KR CHEET 5 Z iz kb
(S)-TBF-PNT % 7157-, &M% FBEMEE (SEM) I LN,

2!

Current

1.0 0.6 0.2 -0.2

EIV Ag/Ag*

A E ML (TEM) (2L 0 8BIZT 5 & FLEK 150 Fig.4 Cyclic voltammograms

nm, £330 um ® PNT T&
51&75%&75)07‘: (Fig. 5, 6), =%
54072 PNT (X, REITY—
Tﬁf}%{@ﬁi IR LT HIERITE T
ISWHEEZR LTV, IRWT,
7Im?/#%léhtvby7
AIEMEZE PNT 2 ZERIIC BV T,
$RA A4 (AQCIO,) ZEATH Z
LT E V. PNT fR#ESRT kL7
(Ag@PNT) D& Rkxiksr7z, TEM
IZE 0 BlEET 5 L PNT NI
nm &E@ﬂ‘/m%@ﬁﬁ:ﬁ%ﬁﬁm
TX (Fig. 7). £/, =R /LF—
Sy B0 X #4530 (TEM-EDX) 1 X
0. PNT N 2 k113885 7 ki
FThdHZ ENnHERTEL (Fig.
8), X bHiZ, X I 1m0tk Fig. 7 TEM image of
(XPS) 1LY PNT WEiosF / Ag@PNT.
KX 0McCThHsrZ Ennhnholz (Fig. 9, LT, ZD
PNT WD/ R 7-1%, —fixi72 &g+ ki 138720 |
& BT R PN TS FE L2 W2, FERICIENE
MENWEEBZ BILD, A%IT, T/ ERITAR LT8R/ K
T WIS (= hr 7 =/ — )VEORITURIN 72 &)
IZOWVWTHRNEIT> T FETH D,

ZIKBVB T2 HTY | FER AL EIERT - WEAIRY

R AT AN IR O RHE e AL MR AR ek
C%Eﬁ-{EUEODQE%Io TIHE £ LI RSBEHEL £,
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of (S)-TBF.

Fig. 6 TEM image of
(S)-TBF-PNT.

''''''

Fig. 8 TEM-EDX of
Ag@PNT.

Ag 3ds),

3d;,

Intensity

380 375 370 365 360
Binding energy /eV
Fig. 9 XPS spectrum of

Ag@PNT.
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BF o —TU MBI X DENEET /) IR OIS

HIATEL AL « HUR T3R5

Tx - BRY
GREREmEFOEMBIBN N LEG LIERE T 7 XE AT Y b (SPP) X, [FIHTIR
RUTFOY A ZDONFT NA A% FEBT DL UCTHER S, T2 ORI OB
TRED LI TWD, B EL R >@REmITT 7 XE= v 7 fid (P10) & MR,
Ny RF¥ Y v TR Rtk SPP ORI EM A HIH T 5 ECEETH D, AT
Pt FE - BAMRER (STEM) & I = 230600 AT i, e 7R R PImIR RB%E £ (photonic LDOS) &
IRRERI SR A WREICT 5, ZHET, Y — KA Ix vt A (CL)EZ VW PIC O
STENES 273 (1, 2], A=k L X —HKS O (BELS) IEZ AW o filidZe vy, LarL7g
5. EELS {EIIFEFNMMEDE— RO DBBRLHICTELLVWHIRFTZA LTS, £
7o IEFOEEEBRAE 78 A —2 =0T L 5 EELS (kD= R /L X —43fiFRED
M EIZ R0 AR RIMEIR DO T — RO T XE B — ROFEMAR 4T 03 7]
BEIC/R D oo b D, & Z TABFZETIL, EELS 0 P1C Z3Mr~o 5 i & ik A 7=,

EBRFE S
) i0,—,
—#ZIZ PIC IXE MY Y 7T 7 4 —FIT S A
Lo THIR o — %0 L TERLE N 5,
STEM % FH 72 EELS 347 TiI CL & #7020 & .
Replica film

MRSREL TR D MENH D, PIC %

LI 272, A TIE V7Y ke v 1 SRRSO R .

D, £, EFRY VT 74— KD

AAE VA O TR BIZRTTRS 78 P1C 2 /ERL U 72, S T4 P1C O JE 11 520 nm,
MiE & 100 nm Th 5, 2D PICORIZ LY HEICEEE L, L7 U A 12 S10, (30
nm) /A1 (100 nm)/ Si0,(30 nm) =J@MEE A XS X LR OKSEES AW L-, =8
B2 TEMHZ U v RICEEL, VU AEEZ T & 2 ThrZE LT PIC R LT,
EELS JITEIZA A =2 77 4 V2 — %5 L7= STEM (JEM-ARM200F) % JI#E £ 200
kV THW T Thiv,

ERER - BE
X 2 (a) 1% P1C FEEE O BRIRBEGLEF (ADF) STEM 18 T & 4, [HAE 500nm @ [ AL & H 520nm
TARGEEARITESILTEY | PIC EEFEIAER S TWD Z b5, MR
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(% 2 (b) DALED) 72 B Hf5 L7z EELS A7
MBI 2(c) Th D, AIHIEHELD 2.5 eV
30} ONEAREIER D 4. 3 eV A3 D B — 27 73
PIC BHE DAY M AEETH D, 6.5 eV
fHED ' — 7 13 BIREE Oy AL REh
LHFEoNHE—7 THY, SPP OEWHE
MR IZ 6T 5, 2.25-2.75 eV D A7 |k
JURRIE 22 - T 2 (a) O kD I P T
PH & AV 7= SEIR N B 15 D LT AT M VEE
ERALTELONRK2(0) THDH, MiEDH
R O FRE DL T LT BRI N F —
DB I TWD, ¥ 3 1% Al R SPP
DI B ZERE T AT K0 RO TR TTHE
FPIC O/ RIEETHH, 2-3 eV DX
S —REIR TR, HLED R S T kR
DEEDLHTAY Ry v 7L, N
R i = 2R L 3 — TSy Hl R O i & (B
FEYMS 0 LBl dRBEENEL /2D,
EELS 227 hLDbE—27 L LTHBEIND
EEZLND, ERTIIET/ /A —HF—
ZAHE L 72 WS¢ BELS JlEZ AT - 727
D, TRVFX—fERE (0.4 V) DFIlFIN D
FNV REGE— ROE—7 BNl nd
2.5 eVfHTD 7 B— Rig—7 & L CHIZ
SN LRSS, Lizho> T, ARER
THLNEZHE 2(0b) DELER S Z — 13
WO REGE— RNERST2/RXF—2T

1] 2 4 6 8 10
Energy loss (eV)

2 (a)PIC # % > ADF-STEM f4.
(0)2.25-2.75 eV D A7 kL. (¢)H
e 6 E4S L7- EELS A7 kL,

M r K
D

EX-

B3

2

mly

0 L L R R RN RSN

-0.004 0 0.004

Wave number (nm)
3 NI PIC O3 RS (2251
URD).

BHoLETPTREINDND, FEROMHMEEZRTZ L TWDHZ &5 PIC OF— REE 2T
HZEIFMLINTHY | EELSIEICR A0 TH L anmlict VWi b, 5%
IZEBICE ) 7 A—F =%l LTcmT RV —43 68 (0. 05 eV LUF) TOFERIC
I, BNV RIBE—ROE—I BREIND Z EDRHFFSND,

[1] T. Suzuki and N. Yamamoto, Opt. Express 17, 23644 (2009).
[2] K. Takeuchi and N. Yamamoto, Opt. Express 19, 12365 (2011).
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7597744 NEREHEDOYTEF VL 10, 12-pentacosadiyn-1-ol
HoFREBRMBICBIT2EHESKIGHEEDO STM I X 2 75

FIORE © RO PR e RS SRR 2 se o o —

HHY

vTEF L (DA) ./ ~—10, 12-Pentacosadiyn—1-ol (PCDYol; Fig. 1) ® 2 & IT
WAEEFEOZEMAEE LRI 5 2 & T, £OWEMBEITKT LT EE RIS O fE
ATz, BARMICIE, 77774 bERm IR S 2 DO, herringbone (H)
k%] (Fig. 2 (/£)) & parallel (P) EESID KA A2 (Fig. 2 (F)) DA FT 5 2%
TR B LTz (Fig. 3). HELHITIE, BV & 50 F#HORT 4731200 THY, P
BLFITIE, 180° THD. Zhbll, RRPITT, WEZHIE L &Rz L,
HAESETHE LT, éﬁéhﬁf)v??%V/(mMmsm@#QHMﬂkiU
P BeH D E S BUS DOIEMHE L =R L X —%2 AAE S o 72, = :

Fig. 1 Molecular structure of PCDYol.

F1g 3 STM 1mage of the ad]acent domalns of
the H and P structures physisorbed on
graphite. The schematic overlays show

Fig. 2 Models of the molecular arrangements of H
(left) and P (right) structures on the HOPG surface.

¢ models of the molecular arrangements.
(SRS

35472 PDA @ SIM &6 (Fig. 4), #EtTIFHIRIENTICHESWT, BV S 5 DAE
)R AN F ) I =BG ETRRT DMRICONWTT L=y X ey G
ToRER, EAMISEBENT 5 DA E /) ~ —IREIE OIG ML= L ¥ — 3 HELH 3 L O
P EIFZ A F I DOUNT 0. 8 keal /mol 38 L N0, 30 kecal/mol & RAEE HiL(Fig. 5), *+
DOREEREEICRESIKFET D ZEEZHLNT L. 2L, A ZERT 2 TH
% DA FDOREIDOEEED 73 RS DBV LD B 57200 ThHLH B2 BND. EHIT,
ZNHDMEIL3RITEAD E D (2-4 keal/mol) KV —Hi/hSWZ & nholc. &
DR E LT, 3WTHEIERTIE, 1 DDODAE /) ~—NT_XTOHHTHEDDAE ) ~—
IZE D ZOEEZHIR SN TODOIIRL, 2WEEETIE, D7l &b —FHmico
WTIXZORIRBREER SN D Z ENFITF oD, ERE L TRIESERZ T 774 b
ANTNBICHE20b 6T, EH =RV F—DE T2 AT Z N TR LD,
KE—MEKORIESE LTORRMEEZRTZENTEL LD LHFIND.
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OIS R, FRRRFE)

1. 72754 MRIECWE L2V T BF LBy FIROEHEEA RIS % g 5 8)
TIERERED ST IS X D058 Mok, fRdE =, ZEF—; 5 50 RS BE R
e, KIROKY, 201 449H28H

2. “Statistical Analysis of the Solid-State Polymerization for the Diacetylene
Molecular Layer Adsorbed on Graphite Surface by Using STM” D. Takajo, A. Inaba,
and K. Sudoh; The International Symposium on Structural Thermodynamics in Memory

of Prof. Syuzo Seki (ISST-2014), Osaka, September 27 (2014).

activation energy of
addtion reaction

STM image x;‘;
A

carbene oligomer Fig. 5 The energy changes
E. = 0.30 kcal/mol (P) along the reaction path of the
E. = 0.8 kcal/mol (H) bond formation between the

| diacetylene (DA) monomer

energy

and carbene oligomer. For the
P arrangement, the activation
energy F. is estimated to be

0.30 kcal/mol, while it is 0.8
kcal/mol for the H
arrangement. These values
are an order of magnitude

Fig. 4 (a) STM height image of the polydiacetylenes > smaller than that of the 3D
(bright lines), obtained after UV irradiation to the reaction path bulk phase already reported.
PCDYol layers on HOPG.

DA monomeA
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V7 RFU L — R NEREBERT Y VT DER
FTAEE] « TR RS TR

[HI] F /A ZOWEIX, F0n 1. 2V OREE B 5 ME 2R3 2 &
5. BUE, BACIIEMTDbI T D, T/ EMOFTHEE - B8R ) U A v —
BRI ZE AT OHEAR D L WET-T 3 A BB N T WA AVBLRIEOME T H
Do TNHDOF ULV —ERUEL LTiX, EBTMRY V2777 10—, SPMikZe EOE%AE
TIEBOEE RN A ET A R TA4 a ARV ONE I TWAR, BLR T
Bt mA—F—DRINVRATHL, —FH, vy F BRI A4 VY —HKD
BIZONTIIHE S HE SN TV, B nm & KW b ofriuth 23572 o3
Lo To i, Frx X0 (111 mABRIICHE L721E 2 nm OEARK Au /2 T A 7 —
DIFRICE I LT T/ VA Y —DIROF ¥ L P 7 7g Cisla7
ARREITIERE - TR 72 & O AT Ch D, Fox 1LRH
T XRT X R (C18AA X)) Dy FHER R & BRI y
NS L KEN3mELTOPAd T/ VU v NS I /ER ..N.C, \_}_ﬂ.
CEHILERM LR, BEEOKFRRECRPAF )Y
v 7 DA RS R L OMRBEAE I SV TRET L, C18A O
YU — b RICAEK LT Pd TR ARERIELTH 2V BRRET A LR
Pd KL FIZHART 4 FOMBYEE DL Z L 26 E Lz, LU, Pd 1344
LETEMTH D, €2 TAFEIL, Zii7ee/ETdd N - Pd-Ni G447/ U
> 7 OVERLE & OfBEEEIZ DWW TRET Lz,
[SEBRFIE] PA-Ni 647/ Vv 7 OfERIE, DED M= 2z 7 C18AA /KIE
1R KoPdCly Z 954 < 1T Niacac)s Z WM L 7=, iEjcKl & LT NaBH, Z s L T
FRFEITCL 1 AFFET 22 & TIiro7o, MBNEMEOFANIZ, (FRL72HEHAR %
p-Nitrophenol & NaBHy /KR DIRA KSR FIZEHIMN L TIT o 7=,
[ 5 LU 4]
C18AA DO FHEARIZKIZT C18AA DR, ML OiRNINE, ARAELOFEE
FOHEALNT VT A7) 7 AR NI SERDIRRE

(EREONR) 2 EHEZTPANLF /Y o7
EM O R#ESFMEEZT T2 2 A, [KPdCL]=
7.5umol, [CI8AA]/ [K,PdCl4]=2, [Ni(acac),]/ [K,Pd
Cly]=1/4, [NaBH,J/[K,PdCL]=10 B L N b D
WINEN 7 uL T, AXO TEM BIZRT X972 |
T U T OEGERDIERIT A LTz, fed it
PSS TIE, BIZIE LU &E 0 uL H DV

MH:z
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[C18AA]/ [KoPdCL]=1 &9 5 L3RR/ U A ¥ —73, hbm % 100 pL & 5\
[C18AA]/ [KoPACLI=10 & 92 BRI 723 ER Lz, T/ VU > 7 OMMEBRBEZ: B % 514l L
7ol 2 A, BOMNEREM:, WEWE (10~90°C) , Mttt - HAEEQEH1I~1)%F L, JEH
ICZE LT I BERTHDL byl

+ U 7O E ICP-AES Ll 7= & = A, (A3 [Pd]l/[Nil=4.0 TAKL
Li=F 7 UV 7okt [PAI/INil=8.7 TH -7, T7b b, AR &AM ORI
FE—ET D EnbhoTlz, £lo, PAFT /U7 & PAd-NL T/ U7 O XRD HIE
BiTo72E 2 A, PAIC L BT — 7 23 EfA E {5 afs
N7 RLI2Z A8 THD Z L HiER
T&E, 6, kO —MEIZ >\ TiE, Pd
ENi OFR~v b7 (BHEFROIE) I
Lo THER L=, AKX, miResE rBamis
MAWTHIZ L7 HAADF £ & Ni B8 X UO'Pd Ot
FomETHD, Kb onk o,
Vo rak (ERcARRER) T v 7 —4K—
A (FX: @fEE) T Pd & NUIZISIZHFEIC
DL TWDZ ERNbnd, ZORRE, £k
MNYE 7 PANL 54T/ VA Y—Chdb I &
L TW5D,
BBIZPA-Ni T/ U o 7 OfiiiiE %2 P-= bk
07z /)= VOKFBIRIEDPLFMI LT, AT
DONZIL, PAd"Ni 7/ VA ¥ —@ Ni &H &Ikt

F ARG LT, N OBAREL L et
EMEEME A L, Ni AR 2% ek s 37

Y7 Pd S Y /(NSO E D b S fHEY )
BIEETH o1, £, Ni GRS 35% It - |
WFERBOE, T T4 T =T )R gf g

WED L0 Th D, S,

BEDESIC, BOMBEEEE TS PANI S0
F U SRR R o BT © Nimolefracton
Vo7 ThD I ENAMBIRICL D TEM B HZIC L VR T & 1=,

[ S22

(1) B#H7 I N7 I VB8RO FEEREZHFRIZHWE PN 47/ U v 7 OERL 5
65 Az v A N LRI b Fatines, ERE L, 0y, HREAFE], mERES, a5 F]
(2) Novel nanoring-shaped Pd synthesized by a one-step soft-template method, 5th International

conference on Advanced Nanomaterials, S. Watanabe, H. Endo, T. Kawai
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TEF TIZ, 79 HORSMHGE 2 RE L, oG, SEMEOREeREIEL 7477 %
Cambridge Structural Database |25 L CT\> % [£5: Acta Cryst. E. 75 %%; Acta Cryst. C. 23],
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7NVA D C-H.. F K@m3 o) A08260701LF T9L ALAY ESBREDES FABIES KU ERIAE
FEELDIR SN S . (7204 I/)iﬁilziﬁ?&ib\lsﬁt:) [ﬂ:é.:% 1L HSLRENSLBIC C-H--0=C&HbD;
16&% 2, 3: HSLM C-H--0=C ENS AR C-H-FH0; LAY 4: (FEFEHE
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[FH&OUE] BUNESEOHEITIZ, 7'V HIE DR OBGHE 2 fifhT & 2 ducFo CARHIE
DY) 70 ME SAFE D WM O DI EET H 5,

Uit ] A Rl oI R o—Z, HEPFEE ERAHEEDIZE (bR 1EG
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BEEOSI OB ENET 5N 5, Aul(SR), 7 7 A X —1E, BRFEFEEIC, BEIC
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DALFAERDOWRTE 21T o T, UL EOIZEIL, FE R FARSEET O & 70 figse ESI E &
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BHIZTREEDY 7 ==V 7 VU K ((TePh),) ERIESHDHZET, HIIDZ Z
AP —H B LT, RBIZINOLDT T AZ—0 ESIE&EANY MVERE LT,
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FIHDIZ, 1IZOWTELNERERT, S
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A — RO ESI BEEARY MLVERT, HE
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WA FURETTEBI SN, ZOZEIE. I 7900 7800 8200 8600
B DA RFEIRICH N TIE. Auiga(SCroHas)s 79 m
ERAL LTARENDZLERL TS R 213 2 DA A= RO ESI
EXBIZZ DD b AHRT B0 B A S
B8 TFFT— MIEZTREED 7 T AZ—%H L ESTEEANY MLEZRIE LT,
2MICZEDRERE T, HEOE =7 BEASVI LT OO, WAL A T 2
FAT— FEHNTEEEICBNTH ., [Auj(SCsHinss]™ IRE S D B — 2 D3 b ik
WA A UBREIC T E N, DLEDORERI D, TN ETCREERG 7 A —D—D
A SIVTET Aupa(SR)g IOV T, Z DAL IE Aujoa(SR)ys TH D Z & 23
ST,

WIZ2IZOWTHELNERERETR~T, M3I22DAAFE— RO ESIEEARY
MV ZERY, AL LTI, Augs(TePh),(SCsHi7) s, (n=8-18) (ZIRE S5 v—2
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[1]Y. Negishi, T. Tsukuda, H. Hiakkinen, et al., J. Am. Chem. Soc., 2015, 137, 1206.

[2] W. Kurashige, S. Yamazoe, M. Yamaguchi, K. Nishido, K. Nobusada, T. Tsukuda, Y.
Negishi, J. Phys. Chem. Lett., 2014, 5, 2072.

[3] W. Kurashige, Y. Niihori, S. Sharma, Y. Negishi, J. Phys. Chem. Lett., 2014, 5, 4134.
[BREE]
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REEF AR dt,e DE LTz, DL ILBE L EFET,
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: The 4th International Conference on MEXT Project of Integrated Research on
Chemical Synthesis & ICOMC 2014 Pre-symposium in Kyoto
F 4R EWEERR Y A YT A (GF) ICOMC 2014 57 Lo L RY T L

D SUESRHAE R R B e M BRI R L HE v 2

[_H/
—_
E

—t
SN
v
/

C ORIV GE T - AR A B DO IRAL - EHE A SR & 3 B e - R
e, ICOMC 2014 iR Z B2, e fiiedimiist [RUSTEL A ) K FEBE

&
m

: SRR 2547 H 10 H~11 H

K

% AR INEL T T

FHS KA GERT « JEFFI » LFEFFEMLE MO S8R 22 . BRI E SRR D
T2 OF AN AR OEEZ BN E T HEREEOE 4 BIEE Y AR T A8, ZHH
OHETHREINT, R UVFRTUAI =Tty ar ERRFY—Ey v a v
MO SV, A—F N8y arTE, 77V A AX VR K4 Q4) - B)
Ze AR Q4) OFELMREIZLD THORFEER S | IELFEICSINT 240K -
AR K s R 2 HFORERE ™M TN, £/, AAX—k vy a3 TiE
79 RO R AR E 2T DAL T,

T-h'e¥athyl @:n MEX{igEroject
ica

gra |
s TICONIC| 2014 Pre sympoIS|1um"|n Kyoto

Synthetlc Approaches mmm - ;
Cr . p— ] Ne |cal Functions

July 10 an&ﬂ 2014 Uji ObakufRlaza, Kyoto University
(13:00-)  (-16%00)

- Yl
i) (LeEirErsS (in alphabetical order)
Holger Braunschweig (Wiirzburg, Germany)

Ereeltofattend)

Gerhard Erker (Miinster, Germany)

Michael D. Fryzuk (British Columbia, Canada)
Takao lkariya (TIT, Japan)

Shinya Koshihara (TIT, Japan)

Werner Paulus (Montpellier, France)

Derek C. Sinclair (Sheffield, UK)

Advanced registration
by e-mail is requested.

Invited lectures only

MEXT Project

of Integrated Research
on Chemical Symﬁesls
2010-2016 <

Contact: F. Ozawa and N. Ikeda (ICR, Kyoto University)
E-mail: genso@scl.kyoto-u.ac.jp Phone: +81-774-38-3035

Access Information: http://www.uji.kyoto-u.ac.jp/english/access_e.html

Organized by MEXT Project of Integrated Research on Chemical Synthesis
Supported by Joint Usage/Research Center of Institute for Chemical Research (ICR), Kyoto University
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D DEHOTE & JSE RN E & BB FE~ DI R STz,

#5—H BIZIX, HFFEEEE CH D Werner Paulus ##% (Universite de Montpellier 2, ~7
Z v A) . Derec C. Sinclair 2% (University of Sheffield, -/ & U &), JEJFfHth#Hz (R
HITERT) 2@80 THOMEMTbR, Wb, B - B LR ORI
REHTEHOT, FRREBEBIEMBIOREHE & ARE, S I B
filiis: & FHREEIZ DUV TR OAFFERCR D3RR S vz,

0 BITAREFEROMIEBICERLZH T DT, BRHEEHEA TH D Holger
Braunschweig #(#% (Universitit Wiirzburg, K- ). Michael D. Fryzuk Z#% (The
University of British Columbia, %774, EEMEMEHR (RT3 KT) . Gerhard Erker
##% (Universitit Miinster, K1) & &de 8 4 DMFEE I K DeENMTOILZ, Z D
Ty daE, BENOILETHESNZE 260 RIEBRAESELTSHE (ICOMC
2014) DT VLRV Y MEFRRTHRESNTZ L O T, 3 AOHEANERA TV
bAZBO A TH Y | FAnBOFELMIE TH D, TDOT0, FNIDN 5 160
LB LOBMEPEEY . ERLHEwPER SN,

¥, F-HHORZIIVET v a v, EHHOBRRIHIRAY —E vy a v
PP S v, REARREDLD O BIZEITHET Lz,

SCHE c/MESCGE (HEEARER)
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The 4th International Conference on MEXT Project of Integrated Research on Chemical Synthesis
ICOMC 2014 Pre-symposium in Kyoto

“Synthetic Approaches to New Chemical Functions”

Date: July 10 (Thu) — 11 (Fri), 2014
Venue: Uji Obaku Plaza, Uji Campus, Kyoto University

Organized by MEXT Project of Integrated Research on Chemical Synthesis

Supported by Joint Usage/Research Center of Institute for Chemical Research, Kyoto University

Supported by MEXT Grant-in-Aid for Scientific Research on Innovative Areas “Stimuli-responsive
Chemical Species”

Program
July 10 (Thu)
13:00-13:10 Opening Remarks: Takashi Aoyama (The Vice-Director of ICR, Kyoto University)

(Chair: Yuichi Shimakawa, Kyoto University)
13:10-13:50 Werner Paulus (Universite de Montpellier 2, France)
“Scaling of Structural and Electronic Ordering
in Non-stoichiometric Oxides: Where are the Limits?”
13:50-14:20 Stephan Irle (Nagoya University, Japan)
“Super-reduced Polyoxometalates: Excellent Molecular Cluster

Battery Components and Semipermeable Molecular Capacitors”

14:20-14:50 Atsushi Fukuoka (Hokkaido University, Japan)

2

“Refrigerator Catalyst: Oxidation of Ethylene by Platinum/Mesoporous Silica Catalysts
14:50-15:20 Coffee Break

(Chair: Kiyotaka Asakura, Hokkaido University)
15:20-16:00 Derec C Sinclair (University of Sheffield, UK)
“The Remarkable Influence of Non-stoichiometry
on the Electrical Properties of the Polar Perovskite Na,,Bi;,TiO5”
16:00-16:20 Katsuhiro Isozaki (Kyoto University, Japan)
“Enhanced Catalysis of Gold Nanoparticles
Surrounded by Alkanethiol Self-Assembled Monolayers”
(Chair: Yoshihiko Kanemitsu, Kyoto University)
16:20-16:40 Kenta Motobayashi (Hokkaido University, Japan)
“Interfacial Structure of Ionic Liquids Near a Gold Electrode
and Its Potential Dependence: a Surface-Enhanced Infrared Study”
16:40-17:20 Shinya Koshihara (Tokyo Institute of Technology, Japan)
“Search for a Hidden Phase in Strongly

Correlated Systems Based on Ultrafast Structural Dynamics”

17:30-19:30 Reception
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July 11 (Fri)

9:20-10:00

10:00-10:30

10:30-10:50

10:50-11:30

11:30-13:30

13:30-14:10

14:10-14:30

14:30-15:00

15:00-15:40

15:40-15:45

(Chair: Shigehiro Yamaguchi, Nagoya University)
Holger Braunschweig (Universitit Wiirzburg, Germany)
“Transfer, Metathesis and Catenation:
Reactivity Patterns Emerging from Borylenecomplexes”
Katsuhiko Tomooka (Kyushu University, Japan)

“Recent Advances in the Chemistry of Dynamic Planar Chiral Molecules”

(Chair: Kazunari Yoshizawa, Kyushu University)
Shohei Saito (Nagoya University, Japan)
“Rigid-Flexible Hybrid = Materials for Dynamic Functions”

Michael D. Fryzuk (The University of British Columbia, Canada)

“New Ligand Designs Based on Nitrogen and Phosphorus Donors”

Group Picture, Lunch, and Poster Session

(Chair: Masaharu Nakamura, Kyoto University)
Takao Ikariya (Tokyo Institute of Technology, Japan)

“Recent Progress in Bifunctional Molecular Catalysis”

Takashi Kamachi (Kyushu University, Japan)

“Toward Rational Design of Organocataysts: DFT-Based Conformation Analysis”

(Chair: Fumiyuki Ozawa, Kyoto University)
Norihiro Tokitoh (Kyoto University, Japan)
“Synthesis of a Dialumene-Benzene Adduct and Its Reactivity
as a Synthetic Equivalent of Low-valent Aluminum Species”
Gerhard Erker (Universitdt Miinster, Germany)
“Frustrated Lewis Pairs: Some Metal

Reminiscent Chemistry of Main Group Element Compounds”

Closing Remarks: Fumiyuki Ozawa (The Conference Chair, ICR, Kyoto University)

Pa

Innovative

qh%iy
B IC@8MC .

Stimuli-responsive Chemical Species
SAPPORO 2014 for the Creation of Functional Molecules
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DL IRl Ay AN SR AV Y =T e 0 ToA X
(REAHE DB & BB 2 EBR Y AP T A, ISF2014)
Flow & Deformation Induced Polymer Crystallization
(International Symposium on Fiber Science and Technology, ISF2014)
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BHRICB W TR, o T OREBCEICHE S AR d bR I X IEF I EE R 5T
XJL?'R}:@?O“CM%)O T TIEL, B X BRSO 8, Wb b & E— 20
HEHBEZICFIATEL L2120 ZOBNT TR EERICHERE SN &S T
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FARDGEIZBNTHES TEIRLARNWFEL 8> TE Y | Shear-boundary %
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Special Session S3: Flow & Deformation—induced Polymer Crystallization
International Symposium on Fiber Science and Technology 2104 (ISF2014)
Big Sight Tokyo Fashion Town Hall, Sept. 28 — Oct. 1, 2014

Felle > v a v S3 BMEBDELAE R

The International Symposium
on Fiber Science and Technology (ISF2014)
Big Sight Tokyo Fashion Town Hall
September 28 to October 1, 2014&

Commemoratmg lhe 70th anniversary of

Co- orgamzed‘by The Japan Chemlcal Flber Assoc:a
Approved by T‘he 1;extlle Machmery, Socuety of Japan =
- s A me Japan Research Assoclatlon “for Textlle End- Uses

.. 3

JZF

R T3 .1 !!

Photo by Mamiana Taro

X2, RKEDOL VRIS A THDISF2014 D HP D kv Fri—
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o FAEEIZB T 5 ICR v R Y 7 A 2014

(ICR Symposium on Polymer Crystals 2014)
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toit RALZ—HRIZBWNTIE, HEOAZHOITIERE R Em s e S, FE

ICHBEREE Lo T,
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ICR Symposium on Polymer Crystals 2014
October 2nd - 3rd, 2014
Mielparque, Kyoto

DREITBIT DR A Professor Benjamin Hsiao (Stony Brook University,
USA) D Ok,

K2, RAZ—Txyva OkF
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{LERFZEFTERE NMR VR D A 2014 : B NMR 5505 Hi#
HILY—2 v avT
ICRIS-NMR ’14: Technological Frontiers in Solid-State NMR
A French-Japanese Workshop

D BHfE
1. HEE : FR264£10 H 4 H~5 H
2. BGPTSR TFIRF v o x A ALEMEpT L RIMF ek 2 —=
3. Ef  EER ST AT
4. e AbEMFSE AT EIR A - HRRIAFZE L

H AR R AL
ASHERA BH TR
University of Orléans, France
CNRS, France
5. HEEA « <HMZER >FHEEMALAOTERTETR). <AMHfkZ 8 >E0%
(b5t gEp S mR SR PSR ML &) FRal (B 22T 2ERT) . 78 ILth T (B2
WFZEAT. JEOL RESONANCE). 1& & # (1L AT 8T ). g AR ST (L AR ZET).
HHIELFAFZERT). R BEEEHH R FHL), Pierre Florian (CEMHTI,
Orleans), Franck Fayon (CEMHTI, Orleans)
6. ZNHEEK : 504

[ & NMR D473 ever-growing THh ¥ | BUE S IPAICHTTZ7e =87 T
TN - BRI ED T\ 5, Al LFAHSEETERR S AR T A
(Institute for Chemical Research International Symposium, ICRIS) O 73Fl L AR
AL LT, EARNMRICETD2ZBME LT, FEDTZO DR NMR O
WECRT 2RI E 0 | BAeim 7 v — 7 B HETE, 7. BT OE R NMR
TV = a VT AEEMTON T, 7T A, BAREZFILE LIRS
NTICAN=TOEET LI EIZLVERERD., TNENOWEENERL
TWD NMR HEOLFEF M, £z, HREHEZXD Z &b EERHK
D—o& LIy, FERRZAFT CHREMEOFE bFRD LR | FERRA b
Tholz, XZEOEFEMFRICEAL TN DIXIZEN6NDL 72D, Fox Of%
iP5 L, ZOX%EL, CEAGrenoble DY Y —FF ¢ L7 X —T 5 Gael de
Paépe {73 Fox DT> TV D HEET /A ZITET 5 A NMR AFZEIZ 5=V Bl
WazfE, —F, Fx b Gael de Paspe KO [EIRENIEZ R AR(DNP)-NMR £ 3
MOTHEMTHLZ 2@k L, KRR EZED L Z L LroTe, W, R
DOWFFER TR EFEZE FES - EHER - ABERE 3 TFoOBEE] Rk 27 5K
A& F— W57 v 77 A(SPIRITSICERIR &, Z OLFWIZEDS 4 A0 A H
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—hTHILLRoTND, RUVAVY AL, SEPE-EETHY, i
BB 200 E ) M EAMMER THERm LTe. 7T AN A =TT A
—T& % Pierre Florian [, Franck Fayon G723 &O TREMRY T, 2 FZI1T7 7
A, AFRITAARTRIET 22 EERRL, Lol

CIRESE 12 ol - REEME(LFAIER o P EHE A IERE %)

ZA=E/ AP
Dayl: Oct 4th

9:30-9:40 Greetings

9:40-10:20 Christian Bonhomme (LCMCP Paris)
Introduction to ssNMR of Hybrid Materials

10:20-11:00 Franck Fayon (CEMHTI Orléans)
Application of ssNMR to Disordered Materials

11:00-11:40 Xianyu Xue (Okayama Univ.)
Application of ssNMR to Inorganic Earth Materials

11:40-12:40 Lunch Break

12:40-13:20 Yusuke Nishiyama (JEOL RESONANCE Inc.)
Ultra-Fast MAS

13:20-14:00 Dimitris Sakellariou (CEA Saclay)
Permanent, Spinning Magnets & Micro-Coils

14:00-14:40 Kazuyuki Takeda (Kyoto Univ.)
Micro-coils and strong rf irradiation

14:40-15:20 Jean-Paul Amoureux (Lille Univ.)
Indirect Detection Methods in Solid-State NMR

15:20-15:40 Break

15:40-16:20 Makoto Negoro (Osaka Univ.)
Dynamic nuclear polarization using triplet states

16:20-17:00 Gael de Paépe (CEA Grenoble)
MAS DNP at Ultra Low Temperature

17:00-17:40 Fabien Aussenac (Bruker BioSpin SAS)
Solid State DNP-NMR at 263 to 527 GHz

17:40-18:20 Takashi Mizuno (JEOL RESONANCE Inc.)
Cryo-coil MAS

Day?2: Oct. 5th

9:00-9:40 Kiyonori Takegoshi (Kyoto Univ.)
Introduction to ssNMR of Organic Solids

9:40-10:20 Hironori Kaji (Kyoto Univ.)
NMR of Organic Semiconductors

10:20-11:00 Elodie Salager (CEMHTI Orléans)
In-situ NMR of Batteries

11:00-11:20 Break

11:20-12:00 Pierre Florian (CEMHTI Orléans)
Very High-Temperature NMR

12:00-12:40 Thibault Charpentier (CEA Saclay)
NMR of Radioactive Materials

12:40-12:50 Closing
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(AR AR TEFRIEEYOEREIGAICEAT SEKE S >R P A (International

Symposium on the Synthesis and Application of Curved Organic m-Molecules and Materials
(CURO-n))1 DFAE

WIS VAR YT AD2014FE10A 190 ~21 HO AFE T, 5HEPRZEFIEF ¥ VSR FIER )
EL T TP CRf s NIz, AEBEY VRV T AL, CURO-mEAES (MMEEER « P35
F. MERFRZEE24 ., ENEZER24) ZHubic, Of) BRI ST T,
R FZHE W FEIRII L s R AR, AR R A0 F B R S S 58
Bt NI, 26N, BRIEFS, B FPa. AREesbs s, it
FHEOREELT L TITbN T, KRENRSZIMALKIL, 1394 (RiHEs184:) (ZDIFD |
KB B ONFEE . FAEN—REITE L, BATORRRDIERRL, 4 1% DA O rIHEMECR
BURICET Diimn T Th o7,

KA T ML, EFEOWIEERDE LW R A EaE 7 R A O G L it a =
L LTHOIMD TORFETH T, FIZ, ZORTHO—DTHLHY7u "I 7 =l
> (CPP)D A RRIEA20084F 125 S U TLISKE, CPPReZ DFEKR DA R L OWEIcBE 5
WA RIRICER L TE TR, HILWIIRESE L LTRIEL>OHD, 29 LW, &K
BOMIEER DR RRBE R ZAT O LT, B BHOIORLIBREEK L, Y
DB FE L TV DB ETRY VAR Y T A0BRfE S L7z,

R VRYY LT, HIHDOI9RIZRAZ =38R (574F) | F—/ — M (14F) | 20,
21 HICHFRRE Qo) FEI TN, ZOMEIILLTITRTEY Th D,

X — / — Nil{# TlX. Lawrence T. Scott 3% (Boston College, K[H) (Z X > T [Geodesic
Polyarenes: Synthetic Precursors to Carbon Nanotubes | & #7423 74417, Scott % H
MNP TICER L7 T — Ly ORAEMEII LD, REER STV RN —RTF ) Fa
— 7 DALFA RO ERAZ 0T T2 AR B AR ST, RIS BRI CRUE 72 5y F-i% 5T D
HEREASNTWOMENRIIEETHY . RObOEZERT BB H T, S HIT,
HREEE T, YE%O0HO by 77 v —IC XA RENMTONT, 2001, Jay. S. Siegel#
B (RERE, PE) ICLa37 =2 b ORE(IFABRICETHIHREICIILED, 134
DO, 211X, 7O TTo40, Rainer HergesZd%  (University Kiel, A1) 12X
L9V MROrIEE R DOFR & A2 DR T THRIZ L7z A B0 2k R b S IR 5 %
K%, s bieotz, Frio, HREED O UL BOFH—#H CIHHET D2 0HEH & 250
FEL (s 1340) | SR Z DR 2 R, RSO OERO—>Th o7 L F R 5,
I BT, BHOREEF LOT-NEDORFRE T T/, MSCICREBR S LTV WFSE
R A FOLIFFICEERBERNP L, WTNDORERICEWTH AL EEmB T,
Fio, MimadF—U— N, Bk, YA X M BIERGEE, FEEREE L R0 I
RULIERED L, BT OFMSEOIEN D RE b5 ARtk T 2 LN T&E T,
RAZ =K (190) TiX, BHFRHEE, FEZTLE LIESMENLSEORE N H -
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oo LETVa VEFRRIERAZ —RETHD | IGO0 R RO FIT oIz,

AR VRY T ATH, EEOMIC, VBT ary (19H) . Aoy b 20H) . a—
E—7 A7 (ZHIRIZ3E) biThivz, DX 5 28Tk, MRICET 2#Em & B
RHUZIMNZ T, < DBMEOR TEAVOBEBEZIRO T2 ENHRNTH D, AV
YIRT U LW, UEL B OFRE e EE Ry BT — 7 OREEE L RE 7 EEAR I E o
meBEZLND, . 2WHIZ CURO-n MZ B S 2P L, % [0 H ® CURO- A%,
Ramesh Jasti #E#IRZ 2 MBEE R L LT2016 FIKE, AL T THMET S Z L nkE
SN, ADEFEREAREEL T ZENH/FEIND,

WHTE% moyF-HlE A PR 2d%)

4

(&S T 7% - HEHEEE(E
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ICR Polymer Physics Workshop 2014 oA

BRfE DR

BN TIET TATF v ZICRESND LI ICHMEE LTHIETH Y, TOMWEE S T B g LT3 25
CLEIRFOEELRFEEMES T ON TS, @ FRFORMNT, &0 FIR I EERNZRFERIC L 572
VIR ) 2 W I A W ERA 72 T 2> HERAR L X O &9 DL T EF (polymer physics) & FEIENS.

O XD @R, SO B RSO CARTENIEITIEE < B HERBI RIS L LTEIB TR Y,
E NS ZERERE & O LFRFZENTERITAITON TS, ZOMERE L CTOMTOE TR EEDHAETLIZ LS
VN ARAEEIIERCK A RE T D 2 DOMFEED B TN E N R FBEN R L.

RN BIE, RAYDE VLY 24y N TR DI LI O T4 Langeloth K733 #» AMICH7z > T
WIE L7, ZHUEIF VL v 2y b IRKRACTFER & 5 R AC S IEAT O B CHRERE S 2072 221005 22 i i &
MOU (253K O THh 5. F 7= Langeloth K OMTEIL A 26 4B FE TR T Jea SR = A2
(2 kv SNz, Langeloth KOfREZE T 5 Miller-Plathe Zi% i3m0+ OMBILET U > 7 & H W
ey al—va rOMRHRE—-ANETHY, (LFEHEFT O & LR Z 1772 > T 5. Langeloth
RIZZORFEFRICL > TR SN, B TOXA T IV AZRmBCHETE L FiEE, BIZRBESED
TZWIRA, WELT.

KENGIE, IRV ZREDOELREOSA Panthani KRR UL 3 » AMMELZ. 2bbH IRV
2 RFAEF L5 KO ER R & R AL ERESERT O [ TR S 1172l el i MOU (12253 < & D
T 5. Panthani KOFEHE CTh 5 Bates i, my TR CORBRMNLMIETHON, FHIH
531 DO —YAEEDN R 53 1 OFF, BB ) L C, Mo FiefiEz it L CED X D ITBRT B0 a ik x
7R IR TFIEZBREE U GRS TW D, ALFRFIERT OFEL 0% & IX RO BAMRICH % . Panthani KT Y FLEE
FROT 1y 7 LESRRTERRT DS & WM Z TR D720k A, HE L.

LR 2ADRFFRAEDE ZFE U< UTH{ET DML /2720, V—r v ay 7P abifeLiz. F7280
RFEPHR U HERREOFEAETHL A ERZBIEL, 7L ORI BT D5 b W o720 e,

A

1) Bt A 201449 A 18 H

2) BRMESAT FABRZFFIRF v /S AN NB31C 2=
3) BAfEIEEE FADIHE— RO B AR SERT - HEBUR)
4) BINEEK 204

5) 7us I A

13:20-14:20 Swelling and mechanical properties of Tetra-PEG gels
Takuya Katashima (Univ. Tokyo, Japan)
14:30-15:30 Dissipative particle dynamics simulation of polymer melts and solutions

Michael Langeloth (TU Darmstadt, Germany)
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15:40-16:40 Structure-property relationships of poly(lactide)-based triblock and multiblock copolymers
Tessie Panthani (Univ. Minnesota, USA)

6) HEhtIkie

T IO A RATORDS T2l DICBIMER S %  TpinoTods, NS ORBRORE, 50 Ll R,
FERF TR ) ORENIIEEN O S BMENRH Y, EF TIREANRHEmM TN, SEE DA
EWVWIHZELHY, NADPKLNTWZZ & TRENEDTHRRISRE L L ) B b, a8
RETIRPRFHEOS & TITbhiz.

THE1 : FBK (A£) Langeloth K (f7) OfiEOET-

BH 2 : Panthani KOFEHEOT () LBHS O OF)

R

B2 5hL DI K DRI Z S BBESN TV DR, FAEICEDZ bDIEHEV XL 2L S ICEbh
L. LD FAEIZL D5 EE, FHCRFRERIOEI T —TULo< VIR Z &1, (BFOBERFAEIC L
ST, MMROBG 25D Z LN TELIRFITABERBEETIIRVNERE L., KU —7 v a v 7Bkl &
WY Langeloth X, Panthani KKOWEIZH =D THIIW =72 & F LSRG L B ET.

(FREH  ALFITERT - N2 - HaPiE—)
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EifE—LF/BEEE—
E—LEZ - BIRILF—HZE| BERORE
FEhiH : AR FRE2 6441 0H28H (k)

Fhas T - AL FAFE T L R Fe AR S R =

FARFACFMTERT (LR, ARS8 T) (X2 0BENG 000D L 51T,
RN DA BICED T, BICHNO SN & By BB R & 2 A L T
XTWD, ABHFHCIE, BFRITE B A ALY R & WBLR OB PR NFEE L.
FAZ, RS R BSOS L L 722 & D ZefRkE = 3T T\ b, B
WHED B ILEFIA - LRI FEICB N TS, TO X5 REARE NN T
Wb, (it Z—D—D>ThdEme—a7F /Bt 2 —3E&FE—2A
DR & HIH & S LR ORI & 2 b A W e e (R, AR, &
) OBEOT - AR OWRFIR E THIESNALTWD, K2 —DEE
RIFRRI RO —DONETE—LRETH LN, &1 E— AL FNIIESR
ICIREPICIED, £T, BETE—2 0o ThH, Ja, BRI (T 7~V YH) |
BrE—A, X#R (v#) . A=A FETHE, RIE—ALZFETHY |
ZHORME (R RSV AR E) £ TEEZEX DL LML TH D,
Fo, Iho0umtEREE AT D AREEE, MaIXFE I RSB RO b LI
bbb, ZOXIREFENG, E—LFRIZEET 2 5B OENA OB R
IRV Z S o THLHFIIMO THETHY . 0D L5 REMD AL
DhAREFER LT, MESIEENOR FHOE — NE Z#ilcHEs, UTo
R A TEV

S 1 DIEEESRF RO & L CoBUREN A &R kR
(EH BBERK  KEKIEZFFIEhER fiisk &)
R 2 (BRI T - EHEL O ENN &Rk R
(g AKX JPARCE L% — Bl 2 —E)
W3 7 FPORRORE - L —P =R L ISR RO @A
(BRI e BB AHIZERT &7 TP simil k)
HHE A4 TR —ADEZ - AWFISH ORI O3 E & B
(BEHE B KR LPArseR #d%)
A 5 B RV — R &SRR
(BEH 72K KBRS L—HF—=x =2 v ¥ —K)
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R 6 T/ NROIGE RS T - O W REME )
(¥ GEGAR AEifEE R TR0 iR & TR i)

Pz E OB B G ZULICHE > T8, BRI Z 0 L O 2 BERIC S HE L 5
WA 72581 H 21T > TN 2720,

TV OFEEN D OIER R EE D Z LN TE T,

- BEE T — )L OHANRIIRS & Z DOFTHE

- RAEEE OjEL, HERF

- REELEICERD MR B OBE. AME K
BT XL F —EA T — LEE T J-Parc DOIIEIRICAE SN D X o 2E M, KA
ThHV, EZORBETOEGIIIA - MiFr - BT 5 2 LA TE LTI ZR W,
ZFOID, TS ERWEMIEIEA T L2 IR E =I5, £i2, FIASH
REND DI, KRFEOFERAOHLOMZE & U TITlET b I35 9D
2, 7, AHKIEGER 1 OF T, IESROHAFTICONTE K LT I
& LT, IR D RFEFAEDHBEREICB W TIL, KEKITRARFICKSL D
TR &, RFPOMERMN TORENEETH DL LB TNDL, 2D LX)
(AT DRI DOH . DB OBEERCAMBERPS R EREE 70D, KAEE
EZEIV/NEL XD LMY ABITOILTE Y, fEkOIER 2 LV Gk
SEHZ LK, HAREO/NULLARETH H Z & &, HIKKIEHEK 6 T
AU, DN RS R RN LD D) EhdiEhi, FAZEOHEAKE LT
XEERHBETH D, MG, ERBONMESROSITIIRANSH 5 Z L I13HHE
THY ., S5 KEULA~OIEIZRS TROVEIIERK OFHIE 2 205 b HfE X
iz, L= =7 EH LS O IR EE OMFFE~DEL Y #lA RN E 45~
B2 D LRRINRITR TS GEE3) . LarL, L—F—IndEprsEicikn
THMER L —PF—IEN KA L TR0, RERMER & RO EICE R L
DRI, UL, BEREIT TS ClEE %2 280 O~ B A 20
THO, EER  ZROEFIZENTLU—F =R I T T 50
2 LC, BREOEBNEGE LTS GEREIC, b— =80T s A EN
WML THD) | EREATVD GEIS) . 7o, FEERIFEDEOERK -
PRI L DICH G RTNIER LTS Z & 2R Lz, RIS, 1ARIES & Fuls
2. BAROWATHD [HD-5< 0 BENE TRV, HAEER, @51k
R SR EITAFEDELe  BF T ERE THRA TV D & BB E D ERE
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(OB E REINTE GRE4) , TOLET, B2 RX VX0 LWER (2
Wi - 1B A< &L A RERIZR LN S, MifFEiR s i,

B E— AZEE L@ = R X — RIS oW TR SRR | WIB(ERE /1 23
HHZEITREHSTHL N E o Ty, EEOEAM - REUE~O KGN 5 E
Ll b, HENKENCZ2NTR21ZE, RFO/NMIFEEITHNTITE, LWT
I AM ORGB D M E D 2 & B RIRFIZEEH D DD T LG A7z, AR T,
RAIEE 2 B & T D E OWDICHEET Z RENDIZHONTEZ I ELND
DTH o7z, LEFIA - LRI AITEAR IR ZOMIEFT O —FETH
D, ZOXD RPN FELE U T, HOKRBFIE i & KFEOEE (IMIFTE=E)
DIEENE 8T 2 FREZRD Z L b HEETH L EEZ2DBND,

BRI =R SO 2 KFNICASEOTE 5, O THERRH
HEThoT,

(A - a8 = - o — Lo Bt o 4 —
L — Y =W E R AR Ei%)
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KUBIC-NII Joint Seminar on Bioinformatics @) Bi{&

BRfE DifRHE

{B=FEAT (LR, ABWFEIE) 1, Fak 22 R K 0 | EFESE B O L - E#
% Sl &5 e o FERFZEILS ) & U CoOIFRFIA - HHEMFZERL S OTEE) & B 4G L
TWb, ZOMBEL 2 —ThHH A FA T H~T 427 AKX — (KUBIC) TiE
NAFA T <7 47 AFFECET DI RO 2T ET D 720, BRSO
RHELERYV—7 g v 7O EZREL TE T, 2O I =X oFEo—B5R
& U B ESLIE PR ZE T & el THEfE L 72iF9E= TdH %,

KUBIC DFAEEIILART X 0 ESZIFRFIITEET O L2 & 2z h | s CE
BRU— 27 g vy PR ER@ UIE R E T > C& /o, H EBEROMFTE I/ NV —T1IANL
HBERmEL 7' 77 X v 7B W CTHEBERICHEF (SEm W LV DM E 24T - TV D 08,
FDONAFA L T AT 4T ZASNDISHICHONT IS 2D TS, F 2
TEBHWIHIZERR Z S LV, /o, EamaiTo 2 &K, EnEhOED
HRBICTZ A — Ny 79252 MW T&E % E#* X, KUBIC-NII Joint Seminar on
Bioinformatics & N 9 A PROMFFES & Rk 22 R KL 0 mAERME L T&E 723, 2k 26 4F
FEIZHBWTS 11 A 17 B B TRfE L7z,

NE :

DEDT —VIINATA L T AT 4T ATHDIN, FFIZwE e 77 I 0707
NIV AL FERFEwRETHINATA T 4+~T 4 7 AR LT —~ L85
TW5, BINEIXESLE RAFRTT OH: LI O 7 v — 7 L BEAfseE . B L
ERFOERFEHSZ, X KUBIC OBFEAMIEHRFTEEROBE ., F4, BIEM
FHTHDLMN, HMEAFEEICLDHREL 6 FEEND 20, ST TN CEEL A
WTAT o 72, SINEITRER 1 24 B X OEERAW G S L O L=
FHEBREALRBE TH T, BRREDOIL2H/ITT7 TV A, 14 KAV, 141FF
Iﬁ%@ﬁ FHTHY., T, OREESDIMNFEEIC L INEREOMITE OFEFEN

<L MBS B b EERESE N R b D E o T,

HEARIX, BT r 7707, W7 — 28, BT VREBGR O LW T ~D
W, 7R v T g T BEROEWTF~DINH., R~V TIGOIRE, 7T 7
DA EDTRIEE ZDERF~DICH, REEED Y =~y F L 7T T XA
I 22 A s AT A OET VL, FEREN 2 F LA MY AT AOHEEE, KEX v
RIET =B D RAA EETEED JEME, SCFFNEMG 2 O T2 AL R E 15 e
E. ZIGICEL LD Th-oT-, 7272 L, 26O HIZiF—RiEY LI 2 TH B
DERNS DD D, FFIZHERT AT LOMRET NV THLT =V T Ry NU—7
(BN) [Tl m 77 I 7 EERAELS  FIZIE BT e 7 I 7B LT
THY 2 aE BN OHEEREEISH TE 5 aitEndH 0 | a7 e 77 I 71T
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B HHERFIETH D Answer Set Programming <07 /UR AL 72 E13 BN O AT <ol £
G TE RN H 5, W2, BN ICE S REIN Ry N —Jfi5g & v o)
SEE TR 7T I IS BT AOMITBICbEA STV D,

ZOXEIH EFRO T N—T I FIRE T 0 7T I T OSE BIFEEITU,
BPRA W ARSI M ER R v U — 7 OSSN ST TV A, Fh
D OBERREAR O AT BN I3 @ T 2 EENR L W 2 E 0N FHRRER S L. A% O
FREMED DIZHT VM AICAERIERESD 2 ENTE, TORRE, /MR R S
HEIGZ DT D Ny 7 BB OB RA D SN RE LTS Lo T,
2B, MREORIIBBEEZHEL, 2RI RFEHKOFT CREZED DL ZENT
&, EHICHEA, JEERAEED &3 D54 OWFTEE DI I SR e 5E I % 7
ML, DPEOMEEIZLDEVEREITIICE ST,

(HEH  ALFEHIERT Bd - Bl A )

Program
November
17, 2014
9:30-10:00 Opening
10:00-10:30 %?gg;;e Representations and Algorithms in Cooperative Game Suguru Ueda, Katsumi Inoue
10:30-11:00 Why Model-Checking is Significant for Biology? Morgan Magnin
. . Perturbations and Recovery Costs in Biological Regulatory Maxime Folschette, Morgan Magnin, Katsumi

11:00-11:30 . e

Networks with Process Hitting Inoue
11:30-12:00 On‘t‘he Parameter/zed Complexity of Associative and Commutative Tatsuya Akutsu

Unification :

Lunch Break

13:30-14:00 Generative CRFs : Taisuke Sato
. X Degree-Constrained Graph Orientation: Maximum Satisfaction and

14:00-14:30 et o

Minimum Violation

On the Complexity of Finding a Largest Common Subtree of

Bounded Degree

Jesper Jansson

14:30-15:00 Takeyuki Tamura

30 minutes Break

Alexander  Andreychenko, Morgan  Magnin,
Katsumi Inoue

: Tony Ribeiro, Morgan Magnin, Katsumi Inoue,
i Chiaki Sakama

16:30-17:00 Lempel-Ziv Complexity to Construct Phylogenetic Tree Liwei Liu

15:30-16:00 Resilient Properties for Biological Oscillatory Systems

16:00-16:30 Learning Delayed Influences of Biological Systems

17:00-17:30 Proteome Compression via Protein Domain Compositions Morihiro Hayashida
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M. A. Tanaka, D. Maezaki, T. Ishii, A. Okubo, R. Hiramatsu, T. Ono, and K. Mibu,
Interface magnetism of Co2FeGe Heusler alloy layers and magnetoresistance of
Co2FeGe/MgO/Fe magnetic tunnel junctions, vol.116, 163902, 2014.

Reprinted from Journal of Applied Physics with permission from AIP Publishing.
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Articles you may be interested in

Preparation of Co2FeSn Heusler alloy films and magnetoresistance of Fe/MgO/Co2FeSn magnetic tunnel
junctions

J. Appl. Phys. 111, 053902 (2012); 10.1063/1.3688324

Perpendicular magnetization of Co 2 FeAl full-Heusler alloy films induced by MgO interface
Appl. Phys. Lett. 98, 242507 (2011); 10.1063/1.3600645

Annealing of CoFeB/MgO based single and double barrier magnetic tunnel junctions: Tunnel magnetoresistance,
bias dependence, and output voltage
J. Appl. Phys. 105, 033916 (2009); 10.1063/1.3068186

Influence of chemical and magnetic interface properties of Co-Fe-B/MgO/Co-Fe-B tunnel junctions on the
annealing temperature dependence of the magnetoresistance
J. Appl. Phys. 102, 053907 (2007); 10.1063/1.2776001
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Interface magnetism of Co,FeGe Heusler alloy layers and magnetoresistance
of Co,FeGe/MgO/Fe magnetic tunnel junctions
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The interface magnetism between Co,FeGe Heusler alloy layers and MgO layers was investigated
using >’Fe Mossbauer spectroscopy. Interface-sensitive samples, where the >’Fe isotope was used
only for the interfacial atomic layer of the Co,FeGe layer on the MgO layer, were prepared using
atomically controlled alternate deposition. The °"Fe Mossbauer spectra of the interface-sensitive
samples at room temperature were found similar to those of the bulk-sensitive Co,FeGe films in
which the *’Fe isotope was distributed throughout the films. On the other hand, the tunnel magneto-
resistance effect of magnetic tunnel junctions with Co,FeGe layers as the ferromagnetic electrodes
showed strong reduction at room temperature. These results indicate that the strong temperature
dependence of the tunneling magnetoresistance of magnetic tunnel junctions using Heusler alloy
electrodes cannot be attributed simply to the reduction of the magnetization at the interfaces
between the Heusler alloy and insulator layers. © 2014 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4898761]

I. INTRODUCTION

Tunnel magnetoresistance (TMR) effect of magnetic
tunnel junctions (MTJs) is a key technological element for
spin electronic devices."? The performance improvement of
the MTJs is required for further development of spin elec-
tronics. To increase the TMR effect, a current focus is much
on highly spin-polarized materials as ferromagnetic electro-
des of the MTJs. Some cobalt-based Heusler alloys are pre-
dicted to be highly spin-polarized materials®>~ and have been
used for ferromagnetic electrodes.® ' The high spin polar-
ization of Co,FeGa,Ge;_, Heusler alloy has been confirmed
by point contact Andreev refection measurements’ and TMR
ratios of over 1000% at low temperature were reported for
MTJs with Co,FeAlsSiys/MgO/CorFeAlysSips.'® The
TMR ratio of the MTJs with cobalt-based Heusler alloys,
however, decreases drastically with increasing temperature.
The strong temperature dependences of the TMR ratio
are generally attributed to a spin-wave excitation at the
interface between the Heusler alloy layers and insulator
layers,”''~"3 decrease in the magnetization near the inter-
%15 or inelastic tunneling due to dislocations in the in-
sulator barrier.'®

In this study, we investigated the interface magnetism
between Heusler alloy Co,FeGe layers and MgO layers. In
order to investigate the interface magnetism, interface-
sensitive samples were prepared for °’Fe Mossbauer spec-
troscopy as previously reported for Fe/Pd multilayers.'” In
the samples for this study, the 3'Fe isotope was used for the
interfacial atomic layers and the *°Fe isotope was used for
the other part in the Co,FeGe layers. The Mossbauer effect
only occurs at °’Fe nuclei and therefore the interfacial

“Electronic mail: mtanaka@nitech.ac.jp
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magnetic properties can be examined by >’Fe Mossbauer
spectroscopy. We compared the magnetic hyperfine field of
the Co,FeGe/MgO interfaces with that of reference Co,FeGe
films with uniform distribution of °’Fe at room temperature.

Il. EXPERIMENTAL

Reference Co,FeGe films were first prepared at the sub-
strate temperatures Ty, of 200, 300, 400, and 500 °C on a Cr
(5 nm) buffer layer grown on MgO(001) substrates using an
electron beam deposition system. The base pressure of this
system was about 8 x 1077 Pa. Co,FeGe films of 40 nm thick
were grown by depositing one atomic layer of Co, and half
an atomic layer of Fe and Ge, alternately in a controlled
manner using a well-calibrated quartz thickness monitor. We
have already reported that Co-based Heusler alloy films
grown by this technique have more uniform magnetic envi-
ronments than bulk alloys prepared by arc-melting.'® An Fe
metal ingot of the >’Fe isotope with 20% enrichment was
used as the Fe source in order to obtain sufficient signals in
7Fe Mossbauer spectroscopic measurements. The deposition
was started from an atomic layer of Co, so that the interface
atoms of the Co,FeGe layers on the Cr buffer layers were
nominally designed to be Co. The compositions of the
Co,FeGe films were examined by an electron probe micro
analyzer.

The crystal structures were characterized by reflection
high energy electron diffraction (RHEED) and X-ray diffrac-
tion (XRD) with Cu Ko radiation. Magnetic hysteresis curves
were measured using a superconducting quantum interfer-
ence device magnetometer. To obtain information on local
magnetism and structures, °'Fe Mossbauer spectra were
measured by means of conversion electron Mossbauer spec-
troscopy. The spectra were fitted with magnetically split sex-
tets with a distribution of magnetic hyperfine fields.

© 2014 AIP Publishing LLC
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Cr (2 nm)

The interface-sensitive Co,FeGe/MgO samples, on the
other hand, are designed as shown in Fig. 1. The Co,FeGe
layers were prepared by atomically controlled alternate dep-
osition at the substrate temperature of 300°C. The ’Fe iso-
tope was used for the interfacial atomic layer on the MgO
layer and the *°Fe isotope was used for the other part in the
Co,FeGe layer. The isotope enrichment in the *’Fe and *°Fe
sources were 95.10% and 99.94%, respectively. Four
interface-sensitive samples with different deposition orders
were prepared as listed in Table I. Control of the interface
atoms of the Co,FeGe layers on the MgO barriers was
attempted by changing the deposition order.

MgO (5nm)/Cr (30nm)/Fe (20nm)/MgO (2.4nm)/
CoyFeGe (10nm)/Co (25nm)/Cr (2nm) layered structures
were prepared on MgO (001) substrates for fabrication of
MT]Js. The Heusler alloy layers were used for one side of the
ferromagnetic electrodes of the MTJs. The bottom ferromag-
netic Fe layer was deposited at room temperature and
annealed at 350°C to improve the crystallographic quality.
After deposition of the MgO barrier layer at room tempera-
ture, the top ferromagnetic Co,FeGe layer was prepared by
the atomically controlled alternate deposition. Transmission
electron microscope images showed that the fully epitaxial
Fe/MgO/Heusler alloy MTJ structure with an atomically flat
MgO barrier can be realized for the systems prepared by this
deposition method.'” On the basis of the experiments for the
reference Co,FeGe films, the Co,FeGe layers were deposited
at the temperature of 300°C. The interface atoms of the
Co,FeGe layer on the MgO barrier were designed to be ei-
ther Co or Fe/Ge. The RHEED patterns right after the depo-
sition of the Co,FeGe layers showed that these layers were
grown epitaxially with the cubic (001) orientation on the
MgO (001) substrates.

The Co layer (non-epitaxial) was deposited on the
Co,FeGe layer to reinforce the coercive field to realize an
antiparallel configuration of magnetization between the
lower Fe and upper Co,FeGe layers. The layered structures

TABLE I. Deposition order of the interface-sensitive samples.

Label Deposition order

Co terminated 1 MgO — Co — *"Fe — Ge - - -
MgO — Co — Ge — °Fe - - -
MgO — *"Fe — Ge — Co - - -

MgO — Ge — >"Fe — Co - - -

Co terminated 2
Fe/Ge terminated 1
Fe/Ge terminated 2

MgO (5 nm)
Cr (5 nm) (a) Co terminated
MgO subst. OMgor O@°Fe @%*Fe ()Ge

J. Appl. Phys. 116, 163902 (2014)

FIG. 1. Schematic  structure  of
interface-sensitive Co,FeGe/MgO sam-
ples for Mdssbauer spectroscopic meas-
urements. The interface atoms at the
Co,FeGe layers right on the MgO
layers were nominally designed to be
either (a) Co or (b) Fe/Ge.

(b) Fe,Ge terminated

OCo

were fabricated into MTJs comprising ellipse-shaped pillars
with an in-plane size of several um using photolithography
and Ar ion etching. Magnetoresistance measurements were
carried out using a standard dc four-probe method.

lll. RESULTS AND DISCUSSION

Figure 2 shows 6-20 XRD patterns of the reference
Co,FeGe films. The peaks at about 31° and 65 in each
XRD pattern can be attributed to the Co,FeGe (002) and
Co,FeGe (004) reflections. Therefore, the L2; or B2 order is
well established in these films. The lattice parameters of the
Co,FeGe films deposited at the substrate temperature of
more than 300°C were about 5.97 A. From the intensity
ratios of the Co,FeGe (111) and (202) diffraction peaks in
polar plots (not shown here), the degrees of L2, order of the
Co,FeGe films grown at 200, 300, 400, and 500 °C are esti-
mated to be about 0%, 13%, 17%, and 19%, respectively.
Note that the disordered B2 structure does not disturb the
half metallicity of Co-based Heusler alloy materials.*
Saturation magnetizations of 4.86 pg/unit cell, 5.63 ug/unit
cell, 5.33 ug/unit cell, and 4.14 ug/unit cell were obtained
from magnetic hysteresis loops for the Co,FeGe films grown
at substrate temperatures of 200, 300, 400, and 500°C,
respectively. Judging from the hysteresis loops, the reference
Co,FeGe films grown at substrate temperatures of 300°C
has similar magnetism to the bulk Co,FeGe alloy fabricated
by an arc-melting method.*®

MgO(002)
Co,FeGe(004)
Cr( 002)

C (110)
Co,FeGe(002)
N Sub—ZOO"C /\

sub—soooc

e Nacoes - e
A § j&\* sub‘500°C /A

S

Counts (log scale)

6-26 (deg.)

FIG. 2. X-ray diffraction patterns for the reference Co,FeGe films grown at
various substrate temperatures 7p.
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FIG. 3. (a) 57Fe conversion electron Mossbauer spectra and (b) hyperfine-field distributions at the 57Fe sites of the Co,FeGe films grown at various substrate

temperatures 7.

Figure 3 shows the °’Fe conversion electron Mdssbauer
spectra and the hyperfine-field distributions at the >’Fe sites
for the reference Co,FeGe films. The peak at around 35T,
which approximately agrees with the hyperfine field
observed in bulk Co,FeGe alloys prepared using a melt-spun
method,”" was observed in each hyperfine-field distribution.
This peak becomes sharper with increasing substrate temper-
atures, which can be interpreted as the increase in the L2,
order of the Co,FeGe. There are faint additional peaks indi-
cated by the arrows in the Mossbauer spectra of the films
grown at T, > 400 °C. These peaks correspond to the peaks
at around 20T in the hyperfine-field distributions. These
peaks may be due to the substitution between Fe and Co
atoms?? or the interdiffusion between Co,FeGe alloy layers
and Cr layers. Thus Co,FeGe films with sharp and single-
peak hyperfine-field distribution can be obtained when the
films are grown at the substrate temperature of 300 °C.

The XRD patterns for the interface-sensitive Co,FeGe/
MgO samples are shown in Fig. 4. The Co,FeGe (002) and
Co,FeGe (004) reflections were observed in the XRD pattern
of each film. Figure 5 shows the >’Fe conversion electron
Mossbauer spectra and hyperfine-field distributions at the
TFe sites of the interface-sensitive Co,FeGe/MgO samples
at room temperature. A sharp peak was observed at around
34-35T in each hyperfine-field distribution. The value of
hyperfine field for this peak is almost the same as that of the
reference Co,FeGe films in Fig. 3, and no drastic hyperfine-
field reduction is observed. The results clarified that the mag-
netization at the interfaces between the Heusler alloy and in-
sulator layers has no strong reduction at room temperature.
The Mossbauer spectra also show that there are no oxidized
iron atoms at the interfaces. These results provide experi-
mental evidence that the strong temperature dependence of

the TMR effect of the MTJs using Heusler alloy electrodes
cannot be attributed simply to the reduction in the magnet-
ization at the interfaces between Heusler alloy and insulator
layers. There was no significant difference between the
hyperfine-field distributions of the Co terminated samples
and those of Fe/Ge terminated samples, which implies that
the interface atoms to the MgO layer were eventually the
same, regardless of the designed deposition order.

Figure 6(a) shows magnetoresistance curves for the Fe/
MgO/Co,FeGe MTJ with the bias voltage of 5SmV at 5K,
100K, and 300 K. The interface atoms at the Co,FeGe layer
were designed to be Co. TMR ratios of 67%, 50%, and 25%
were observed at 5K, 100K, and 300K, respectively. The
temperature dependence of the TMR effect for the MTJs

MgO(002)
Co,FeGe(004) Cr(002)

A

Co,FeGe(002)

I

T T Ty Ty

Co termiﬁa?ed '1

Co terminated 2

Counts (log scale)

Fe/Ge terminated 1

Fe/Ge terminated 2

50 60 70
0-20 (deg.)

FIG. 4. X-ray diffraction patterns for the interface-sensitive Co,FeGe/MgO
samples.
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FIG. 6. (a) Magnetoresistance curves at 5K, 100K, and 300K for the Fe/
MgO/Co,FeGe magnetic tunnel junction. The interface atoms at the
Co,FeGe layer on the MgO barrier were designed to be Co. (b) Temperature
dependence of TMR ratio and RA products of antiparallel (RAp) and paral-
lel (RAp) magnetization configurations.
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with the Co,FeGe layer whose interface atoms on the MgO
barrier were designed to be Fe/Ge showed a similar behavior.
In spite of the expected half metallicity of the Co,FeGe
alloy,” the TMR ratio was not satisfactorily large even at low
temperature, which may arise from the spin depolarization in
Fermi levels of the Co,FeGe alloy due to the disorder of the
crystal structure at the interfacial region. The strong temper-
ature dependence of the TMR effect is similar to that in a
previous report on the TMR effect for the MTJs with
Heusler alloy layers as one side of the ferromagnetic electro-
des.” Figure 6(b) shows the temperature dependence of TMR
ratio and resistance area (RA) products of antiparallel and
parallel magnetization configurations. The situation is not
the same for the previous report,'® where the strong tempera-
ture dependence is attributed to inelastic tunneling due to the
dislocations within the MgO barrier. In any case, it can be
concluded that the strong temperature dependence of the
TMR effect for the MTJs with Heusler alloy is not caused by
the reduction of the interface magnetization in Heusler alloy
on insulator layers.

IV. CONCLUSION

In this study, we investigated the interface magnetism
between Co,FeGe layers and MgO layers. The XRD patterns
and Mossbauer spectra showed that reference Co,FeGe films
with sharp single peak in hyperfine-field distribution can be
grown at substrate temperatures of 300 °C. The *’Fe Mdssbauer
spectra at room temperature of the interface-sensitive samples
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were similar to those of Co,FeGe films in which the 5TFe iso0-
tope was distributed throughout the films, though the Fe/MgO/
Co,FeGe MTJ showed strong temperature dependence of the
TMR effect. These results indicate that the strong temperature
dependence of the tunneling magnetoresistance effect in mag-
netic tunnel junctions using Heusler alloy electrodes cannot be
attributed simply to the reduction of the interface magnetization
in Heusler alloy on insulator layers.
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Non-negative Matrix Factorization with
Auxiliary Information on Overlapping Groups

Motoki Shiga and Hiroshi Mamitsuka, Senior Member, IEEE

Abstract—Matrix factorization is useful to extract the essential low-rank structure from a given matrix and has been paid
increasing attention. A typical example is non-negative matrix factorization (NMF), which is one type of unsupervised learning,
having been successfully applied to a variety of data including documents, images and gene expression, where their values are
usually non-negative. We propose a new model of NMF which is trained by using auxiliary information of overlapping groups.
This setting is very reasonable in many applications, a typical example being gene function estimation where functional gene
groups are heavily overlapped with each other. To estimate true groups from given overlapping groups efficiently, our model
incorporates latent matrices with the regularization term using a mixed norm. This regularization term allows group-wise sparsity
on the optimized low-rank structure. The latent matrices and other parameters are efficiently estimated by a block coordinate
gradient descent method. We empirically evaluated the performance of our proposed model and algorithm from a variety of
viewpoints, comparing with four methods including MMF for auxiliary graph information, by using both synthetic and real world

document and gene expression datasets.

Index Terms—Non-negative matrix factorization, auxiliary information, semi-supervised learning, sparse structured norm

1 INTRODUCTION

A general and prevalent data format in real world
is a table or matrix, where columns are instances (or
examples) and rows are their features, and vice versa.
Matrix factorization is useful to extract essential low-
rank structures from a given matrix and has been in-
creasing interest in data mining and machine learning.
A frequently-used matrix factorization is Principal
Component Analysis (PCA), which is an eigenvalue
decomposition that reduces the dimension of a feature
space. Another well-used method is Singular Value
Decomposition (SVD), by which informative low-rank
structures of both instances and their features can be
found. Indeed these methods are useful and easily im-
plemented by basic linear algebra, but they are unable
to be applied to several real-world applications, where
matrix elements are all non-negatives. For example,
documents, images and gene expression data have
values of more than or equal to zero, and matrix
factorization under non-negativity, which is called
Non-negative Matrix Factorization (NMF), is useful
for these types of data. In fact NMF has been consid-
ered in machine learning and data mining to detect
informative and sparse low-rank structures of a given
non-negative matrix, keeping the non-negativity in
the low-rank matrices. Currently various approaches
for NMF, such as scalable and fast algorithms for

e M. Shiga is with Informatics Course, Dept. of Electrical, Electronic and
Computer Engineering, Faculty of Engineering, Gifu University, 1-1
Yanagido, Gifu, 501-1193, Japan. H. Mamitsuka is with Bioinformatics
Center, Institute for Chemical Research, Kyoto University, Gokasho,
Uji 611-0011, Japan.

E-mail: shiga_m@gifu-u.ac.jp, mami@kuicr.kyoto-u.ac.jp

huge datasets, have been developed and successfully
applied to a wide range of applications [1], [2], [3].

In many applications, available auxiliary informa-
tion, such as groups of instances or network links over
instances, can be given and in most cases improve the
performance of clustering or classification [4], [5], [6].
A typical application is web page clustering, where
page group information can be given and hyperlinks
are also available. Such auxiliary information allows
better clustering. This is a typical semi-supervised
setting, and a variety of methods have been developed
for semi-supervised learning in the past decade [7].

We address the issue of using overlapping groups
as auxiliary information, where overlapping groups
mean that instances can be included in more than
one groups. This setting can be found in many appli-
cations. For example, documents can be assigned to
more than one topics, such as news and sports. This is
more pronounced when we use thesaurus or ontology,
in which topics are hierarchical [8], [9], [3]. Another
example of overlapping groups is gene functions,
where many genes have more than one functions.
In addition, gene function categories, such as MIPS
functional categories [10], Gene Ontology (GO) [11],
etc., are hierarchical, by which gene functions can
be heavily overlapped. Thus overlapping groups are
realistic and reasonable.

We propose a new NMF-based approach, which
allows to consider auxiliary information on over-
lapping groups. The group information is, in the
optimized cost function, a regularization term that
is a mixed norm on a low rank matrix, consisting
of ¢, norms within groups and ¢; norms between
groups. A similar regularization term for overlapping

1041-4347 (c) 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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groups was already used for regression [12], in which
parameters are vectors, while parameters in our NMF
are matrices, implying that our regularization is a
generalization of the regression case in [12].

We then present efficient algorithms for optimiz-
ing parameters, i.e. low-rank matrices, of our NMF
model by using a block coordinate descent (BCD)
method [13], which alternately optimizes blocks in the
low-rank matrices, where we can consider two type
of blocks: 1) vectors and 2) matrices. The optimization
of each block is a convex problem, even with our
regularization term. Thus we propose two ideas of
using 1) latent matrices or 2) a dual problem with-
out estimating latent matrices directly (we call this
method a direct method). Latent matrices correspond
to given auxiliary groups and at the same time are
components of low-rank matrices to be optimized,
and then the total cost is optimized through the
latent matrices, allowing the optimization manner
very smooth. The direct method does not use latent
matrices explicitly and optimizes blocks directly in
a dual problem manner, which requires a sequential
optimization algorithm for a semi-definite problem.
We thus develop totally four different algorithms by
the combination of two block types and two ideas.

Empirically we first evaluated the efficiency of the
four proposed algorithms by using well-organized
synthetic datasets. Experimental results showed that
the combination of latent matrices and of using vec-
tors for blocks achieved the best performance. We then
selected this combination for our proposed method
hereafter. We further evaluated the effectiveness of
our method on both synthetic and real datasets, com-
paring with three existing NMF-based methods and k-
means. Experimental results showed that our method
was clearly advantageous in performance against the
competing methods. From these results we can con-
clude that our method favorably combines the input
matrix with the auxiliary information on overlapping
groups.

2 SEMI-SUPERVISED NMF FOR OVERLAP-
PING GROUPS

2.1 Notations

Let X € fRf\f *N be a data matrix, where R is the set
of all non-negative real numbers, M is the number
of features (or row entities), and N is the number of
instances (or column entities). The goal of NMF is a
factorization of X into two low-rank matrices U €
inXK and V € Rf *K  where rank K satisfies K <
min(M, N). Thus a basic factorization model of X is

X~UVT, (1)

as shown in Fig. 1 (a). U and V are optimized by
minimizing an approximation error such as the sum
of squared errors or KL-divergence.

We have a set of groups1 {Y1,...,9¢/} over in-
stances. Assume that groups G,, where g =1,...,G’,
are given auxiliary information, where each group G,
is a set of instances, i.e. G4 C {1,2,...,N}. Fig. 1 (b)
shows an illustrative example of instances with over-
lapping groups. Auxiliary groups can be overlapped,
meaning that one instance belongs to more than one
groups. We consider a semi-supervised setting, in
which part of instances are unlabeled and not in any
groups. That is, we set groups G¢/41,-..,Sq, where
each of these groups has an unique instance and is
not overlapped with any other groups. In summary
we have a set of groups § = {91,...,9¢}, in which
the first G’ groups (91,...,59¢/) are given auxiliary
groups and the rest G — G’ groups (9¢/+1, ..., 9¢) are
with an unlabeled node.

Let X,,. be the m-th row vector of X, and X .,, be
the n-th column vector of X. Let [X ] N be the matrix,
which is obtained by replacing negative values in X
with zeros. Let X9 ¢ folggl be the sub-matrix
of data matrix X which correspond to instances in
G,. Similarly the sub-matrix of V is V¥ ¢ RE”‘XK
and the sub-vector of V is V_(;Z) € RE""Xl. ?g is

the complement set of G,, and V9 is the sub-matrix
corresponding to instances in the complement set .
V1S s the sub-matrix corresponding to instances
in the union set U§;19g. Let | X|lr = /22,22, X?j be
the Frobenius norm of matrix X. For ¢ > 0, let |||,
be the ¢, norm of vector x, ie. ||z|[, = (>, x%)% Let
Vg = Sr, [Vll, be {14 mixed norm of matrix
V, which is ¢; norm of the vector that consists of ¢,
norm of columns, V., k=1,..., K.

2.2 Problem Setting

The basic NMF model (1) minimizes the following
cost, i.e. the sum of squared errors:
. 1 T2
Ung,I‘r/lzo §HX -UV HF (2)
This optimization has been conducted by various
methods, including matrix multiplication [14], an ac-
tive set method [15], and a block coordinate descent
(BCD) method [13].

Our objective is to incorporate auxiliary information
on overlapping groups G in the NMF framework to
detect essential low-rank structures from given data
matrix X more accurately. We then add two regular-
ization terms (to consider group information §) to the
squared error, resulting in the following optimization
problem:

1

; 2
Uzrg,lgzo EHX - UVTHF + O‘HU”%«“ +8- QS(V), 3)

1. Both groups and clusters indicate sets of instances, while we
use “group” for give information and “cluster” for estimates from
given data.
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Fig. 1. Our NMF: (a) model, (b) auxiliary information on overlapping groups, (c) latent matrices for the overlapping

groups in (b).

where o and § are weight parameters of the two
regularization terms. The first regularization term is
¢y regularization for U, and the second term Q5 (V)
is to incorporate auxiliary group information, which
is our main result of this paper and will be de-
scribed in the next section and later more. We need
the regularization terms for both U and V, because
the regularization for one matrix only, say U, still
allows to keep the other matrix, say V, flexible. The
regularization on groups should cover all instances,
while real applications have a semi-supervised set-
ting, where group information is usually given to only
part of all instances. Thus our setting has group g for
G’ < g < G, which has an unique instance.

If given auxiliary information is disjoint groups,
this minimization problem is already solved by [16],
which however cannot be applied to the case that
given groups are overlapped. On the other hand, our
problem setting considers overlapping groups, and in
this sense, our problem is a generalization of [16].
We emphasize that this generalization is essential for
real applications, because overlapping groups can be
found in many applications, typical examples being
documents labeled by multiple topics and genes la-
beled by multiple functions.

2.3 Regularization with Overlapping Groups

For a penalty term, we introduce a mixed norm to
incorporate auxiliary group information. We briefly
explain the effect of the mixed norm using a simple
sample, where we have three variables a1, as and ag,
for which auxiliary groups are defined as §; = {1, 2}
and 92 = {3}. In this setting, the ¢;-penalty used by
Lasso is defined by |ai| + |az| + |a3|, in which three
coordinate directions are independently considered as
three linear terms, leading to the sparsity in indi-
vidual variables. On the other hand, the /{;-penalty
defined by +/a? + a3 + a3, in which all three direc-
tions are equally considered, by which the sparsity is
not encouraged. The mixed norm of the group lasso,
Va2 + a2 + |as|, considers directions of a; and as
equally, meaning that two directions a; and ay are
equal in group §;, but the coordinate directions of
91 and G, are differently considered, because of the
convexity of the norm. This indicates that the mixed
norm encourages the sparsity at the group level.

Extending this idea, we can introduce a regulariza-
tion term for non-overlapping groups, ie. §; N G; =
0, for i # j, which is a mixed norm, ie. a /;,
norm [16], as follows:

g,non- overlap

ZHV@H @)

The above norm is ¢; norm of vector V,(,g) (k

LK, g=1,...,G)which is the sub-vector of V in
both column k£ and group §,. This regularization over
matrices is a generalization of group information in a
regression model where parameters are vectors [17].
The regularization term in (4) induces group-wise
sparsity in each column of optimized matrix V, be-
cause of the ¢; norm. Similarly, for each group g,
the regularization term in (4) induces selectivity over
columns of V9, allowing only a few columns to
have non-zero values, because of the ¢; norm over
columns of V9. In fact, this regularization can be
applied directly to the case with overlapping groups,
ie. 3;NG; # 0 for i # j. However if we apply
this norm to overlapping groups, this will cause a
problem that if one group has instances which are not
selected by this norm, this group and its all instances
may not be selected even if these instances are in
other groups [12], [18]. More formally, using the result
in [12], we can easily prove that the support of the
optimal column vector V. is

supp Vk)—<U 9) :

G€e8o

Q7

where 8, is the set of groups such that ||V(g )H
and 8¢ means the complement of set 8. That is, thls
regularization is likely to induce excessive sparsity
that will eliminate even groups, which are closely
related with the essential low-rank structure.

To avoid this excessive sparsity, we introduce latent
matrices, Z = {21,z ... 2@} (29 e RN*K),
by which V' can be defined as follows:

G JE—
Vv=>"29 st 29=0g=1,.,G. (5)
g=1
Fig. 1 (c) shows an illustrative example of the latent
matrix for the overlapping groups in Fig. 1 (b). This

1041-4347 (c) 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

—235-



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation

information: DOI 10.1109/TKDE.2014.2373361, IEEE Transactions on Knowledge and Data Engineering

JOURNAL OF IATEX CLASS FILES, VOL. 6, NO. 1, JANUARY 2007

figure shows that each matrix corresponds to a group,
and all elements of the complement set of a group are
fixed to zeros, which do not have to be optimized. We
note that, for non-overlapping groups, latent matrices
Z are clearly equivalent to V.

We further assume a weight for each group, /|9,
to balance among the regularization terms for groups,
because the number of instances can be different
by groups [19]. This weight is important, since our
problem is a semi-supervised setting where one group
may have a very small number of instances, say
only one instance, which is definitely much smaller
than the size of given groups. We finally define our
regularization term on overlapping groups as follows:

G
(9)
5 2],

From the result in [12], the support of norm (6) is

U s

Gesy

(6)

supp(V.,) =

where §8; is the set of groups such that HV(Q)H > 0.
This result shows that the excessive sparsity problem
is solved by our regularization term in (6).

Our optimization problem with overlapping group
information is thus given as follows:

U20,V20,131£Ef:1 Z(9) JU, V), (7)
where
HOV) = S| X =0V} + o U + 59 ,(2). @

While (8) is not convex for both U and V/, optimizing
V with fixed U and optimizing U with fixed V
are both convex. We present an efficient optimization
algorithm which updates U and V alternately, under
g = 2. We note that we can further develop an
optimization algorithm for the general case of ¢ > 1.
Hereafter we call our NMF formulation (shown in
(7)) MFOG, which stands for non-negative Matrix
Factorization with Overlapping Groups.

3 OPTIMIZATION ALGORITHM
3.1

We first present optimization for U, where auxiliary
information is not considered. In this case, (8) can be
easily transformed to optimize U as follows:

Optimization for U

Ju(U;a) =

©)

where

‘7 = (VT, V2OZIK>7

X = <X7 0M><K>-

(9) is a convex function for U. The minimization for
(9) can be solved by computing the solution of the
following equation:
~ T
VVuT = vx (10)
and replacing negative values in the solution U™ with
zeros [20], as follows:

U «+ [U"] + (11)
The above algorithm, which is alternative least
squares (ALS), is less sensitive for poor initialization
than usual multiplicative algorithms [14], meaning

that ALS avoids a path to a poor local minima [20].

3.2 Optimization for V (or Z)

This section presents optimization algorithms for V,
which is equal to the sum of Z®" ... Z(%) This
optimization is more difficult than that for U, because
of the mixed norm with overlapping groups. The
optimization for a regression model with overlapping
groups leads to two different ideas: 1) the first one
is latent matrices. The approach by latent matrices is
an extension of [12], where variables are duplicated,
because instances can belong to multiple groups. This
results in a slight increase in the space complexity.
2) the other idea is a dual problem approach, which
directly optimizes V' via the dual problem of the
original optimization [21], skipping the optimization
of latent matrices Z, and so hereafter we call this ap-
proach a direct method, since we compute V' directly.
This method has to solve a semi-definite problem
(SDP), which requires much more computational cost
than the approach by latent matrices.

In the updating rule of the both optimization meth-
ods, the block unit can be two types: 1) a vector
or 2) the entire matrix. We call the case of a vector
Vector-BCD (or Vec), standing for Vector based Block
Coordinate Descent, while we call the entire matrix
case Matrix-BCD (or Mat), standing for Matrix based
Block Coordinate Descent.

We combine these two types of blocks with two
different ideas of optimization, finally resulting in
four different algorithms. Fig. 2 summarizes these
four combinations with related approaches, where
four different algorithms are named as Lat-Vec, Lat-
Mat, Dir-Vec and Dir-Mat, where Lat and Dir stand
for latent matrices and a direct method based on a
dual problem, respectively. We describe each of the
four algorithms in the following sections.

3.2.1 Lat-Vec:Optimization of Z by vector-BCD
We have theorems for updating rules as follows:

Theorem 1. The optimal value of Z(g)7 g=1,...,G
under fixed U and Z(C) (j#k, c#g)is

)\((]) /
VARS [1 o k)|| }  80k) (12)
2d 4
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Model Regression Model Matrix Factorization
Information (Vector) (Matrix)
Two optimization algorithms in
Non-overlapping| M. Yuan, etc., and Y. Lin J. Kim, etc., SDM, 2006.
Groups J. Roy. Stat. Ser. B, 2006. (1) viector-BCD|(2) Matrix-BCD
(a) Latent matrix method
Overlapping L. Jacob, efc., ICML, 2009. (13) Lat-Vec, (1b) Lat-Mat
Groups |y Birect method
S. Mosdi, etc., NIPS, 2010.4(23) Dir-Vec, (2b) Dir-Mat
Our Four Optimizations
Fig. 2. Related optimization problem with auxiliary

group information.

Input : data matrix X, groups G and rank K
Output : low rank matrices U and V

1: Initialize U and Z.
2: repeat
Update U by Eq. (11)
fork=1...,K do
for g = 1 .G do
Update Z(g) by Eq. (12)

end for )

Vi e s 2
Update V_(,S) by Eq. (14)
10:  end for

11: until convergence

Fig. 3. Optimization of MFOG by Lat-Vec

where A%, = ﬁUV |:||g2 and
T T @yT
) _ (X7 - v@OUT + ZPUL)U (13)
v 1U I3 N

Theorem 2. For the joint group So = US_ 1S, the
optimal Z F,g) is equal to VF,(C)), which is given by

\©
Ve |y
2y

© _ s
ALY = o2

(14)

where

Proofs of these theorems are described in Appendix.
These theorems give us an optimization algorithm,
Lat-Vec. Fig. 3 shows a pseudocode of Lat-Vec.

3.2.2 Lat-Mat:Optimization of Z by Matrix-BCD
Theorem 3. Under fixed U and Z'9, ¢ # g, the update
rule for zZW g=1,...,G

ZW  [1- 731 S, (15)
1Sl /
can reduce cost J (U V) defined in (8), where
sl — {Z(Q) +— (X<9>T V<9>UT) U} (16)
Ly +

Input : data matrix X, groups G and rank K
Output : low rank matrix U and V

1: Initialize U and Z.

Update V% by Eq. (17)
: until convergence

2: repeat

3:  Update U by Eq. (11)

4 forg=1...,G' do

5: Update Z'9 by Eq. (15)
6: end for

7.V 2521 VA

8

9

Fig. 4. Optimization of MFOG by Lat-Mat
)\(Q)

= 5 —= Sal and Ly, is the Lipchitz constant which is
obtained by multzplymg K by the maximum eigen values
of UTU.

Because of equation V9 =2z g=G'+1,...,G,
we can update V% directly as follows:

Theorem 4. Under fixed U and Z'°), ¢ +# g, the update
rule for zZYW g=G"+1,...,G

vo o (11— Aias FON
I/
+

can reduce cost J(U, V') defined in (8), where )\f]@ = %

(17)

The proofs of these theorems are given in Ap-
pendix, and these theorems give us algorithm Lat-
Mat. Fig. 4 shows a pseudocode of Lat-Mat. We note
that the iterative update of Z under fixed U (i.e. lines
4-5 of Fig. 4) can be accelerated by minor modification
of using an idea called FISTA [22].

3.2.3 Dir-Vec:Direct optimization of V' by vector-BCD

Theorem 5. The updating rule of Dir-Vec can be formal-
ized as follows:

Vi < sy = Projys (sB)), (18)
Hi
where
T
o (XfUVT+U.kV_7,;) U,
Spv = '
[Legae
(k) : *) ||?
Pro]xg (st> = arg Hl;l; Ha—sDVHF,
aeX;
% = {s]|s50)”], <25, g€},
\ko) _ BVISl
PV U &3
§ = {9 |57, > 252} <5
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Input : data matrix X, groups G and rank K
Output : low rank matrix U and V

1: Initialize U and V.

2: repeat

3:  Update U by Eq. (11)
4 fork=1...,K do

5 Update V., by Eq. (18)
6: end for

7. until convergence

Fig. 5. Optimization for MFOG by Dir-Vec

The proof of this theorem is shown in Appendix. In
(18), the projection operator cannot be solved analyti-
cally. Thus in order to obtain the projection, we use a
projected newton method on the dual problem, which
turns into a constrained semi-definite problem [21].
Fig. 5 shows a pseudocode of Dir-Vec.

3.2.4 Dir-Mat:Direct optimization of V' by matrix-BCD

Theorem 6. The updating rule of Dir-Mat can be formal-
ized as follows:

V.« Spm —Projyc(Spm), (19)
where
Spu = [V—i—LlD(XT—VUT)UL,
Projyc(Spy) = arg min, IS = Sl
@~ {5 1521, <o
g=1,....G, k:l,...,K},
A ﬁT\/@
D

and Lp is the Lipchitz constant which is obtained by the
maximum eigen values of UT U

The proof of this theorem is shown in Appendix.
As shown in Dir-Vec, we cannot solve the projection
analytically, because of the mixed norm of overlap-
ping groups. However, note that the mixed norm is
computed by the sum of the norm over columns of
V, meaning that the convex set does not overlap with
any column, resulting in that the projection for each
column of V' can be computed individually. Finally
we can solve the projection by using the solver used
in Dir-Vec. Fig. 6 shows a pseudocode of Dir-Mat.

4 RELATED WORK

The most basic model of NMEF, i.e. (1), which we
hereafter call MFBS, has been solved by many differ-
ent algorithms. The most classical algorithm is matrix
multiplication [14], while the performance of this

Input : data matrix X, groups G and rank K
Output : low rank matrix U and V

Initialize U and V.
repeat
Update U by Eq. (11)
Update V' by Eq. (19)
until convergence

Fig. 6. Optimization for MFOG by Dir-Mat

method heavily depends on initial values. This disad-
vantage has been improved by many later methods,
such as alternating least squares (ALS) [20], a block
coordinate descent method (BCD) [13] and an active
set method [15]. See the detail of these algorithms in
review articles on NMEF, such as [23].

MFBS has been extended in many different direc-
tions. One way was to incorporate auxiliary informa-
tion, such as semi-supervised NMF under must- and
cannot-link constraints [6], for which one solution is to
learn matrices from constraints before low-rank ma-
trices are optimized [24]. Auxiliary information with
must-link and cannot-link can be simply a graph, in
which nodes are instances. Graph Laplacian has thus
been used to impose that nodes connected by edges
should have the same label or similar values. There
exist at least two different types of NMF which in-
corporate auxiliary graph information by using graph
Laplacian which we call 1) MFGL, which stands for
non-negative Matrix Factorization with Graph Lapla-
cian [25], and 2) MFGC, which stands for non-negative
Matrix Factorization with Graph Laplacian for Clus-
tering [26]. In both of them, the regularization term
has graph Laplacian, ie. Tr(V'LV), where Tr(-) is
matrix trace and L is graph Laplacian. For example,
the objective function of MFGL is as follows:

HX UvT|2 + 5 Te(VILV),  (20)

U>O V>0 2
The optimization can be performed based on matrix
manipulation similar to that for the basic model [14].
MFGC is two-way clustering, where low rank matrix
V is restricted to a binary cluster indicator matrix [26].
When we consider the setting of one-way clustering,
the optimization problem can be given as follows:

||X UvT|L+ 8 T(VTLV), (21)

U>0 Ve €J 2
where CJ is the entire set of binary cluster indicator
matrices. The optimization can be performed by a
SVD-based fast algorithm, using the nature of binary
cluster indicator matrices [26].

The difference between (20) (or (21)) and (8) is the
regularization term for V. The regularization term in
MFGL and MFGC makes V;. and V ;. of any instance
pair (i, 7) close (or same) values if (i,j) are connected

1041-4347 (c) 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

—238 -



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation

information: DOI 10.1109/TKDE.2014.2373361, IEEE Transactions on Knowledge and Data Engineering

JOURNAL OF IATEX CLASS FILES, VOL. 6, NO. 1, JANUARY 2007

in the given graph, while the objective function in
(8) of MFOG makes V;. and V. of any instance
pair (i,j) a similar sparse pattern, if the pair is in
an auxiliary group. As a regularization term, graph
Laplacian is more strict, because two values must
be the same when two instances in the same group.
This makes MFGL and MFGC perform better than
MFOG if given auxiliary groups are totally correct and
not overlapped. However, MFOG would outperform
MFGL and MFGC, if auxiliary groups are noisy and
overlapped, which is we note often the case with real-
world applications. In fact the advantage of MFOG
was confirmed by our experiments in the later exper-
imental section.

Groups are also typical auxiliary information, and
NMF for disjoint group information is already pro-
posed [16], but the approach in [16] cannot be ap-
plied to the case that given groups are overlapped.
Similarly group sparse coding [27] is also low-rank
approximation with non-negative parameters under
disjoint groups, while the problem setting of [27] is
equivalent to [16]. We emphasize that the disjoint
group setting is practically rare, and our setting of
overlapping groups is more realistic. Our approach
of using latent matrices and the mixed norm can
handle overlapping groups appropriately and can be
a generalization of [16]. Possible similar work on
overlapping groups is structured principal component
analysis [28], which however does not assume non-
negatively in low-rank factorized matrices, resulting
in a totally different optimization manner from ours.

5 EXPERIMENTS

We first compared our four optimization algorithms:
Lat-Vec, Lat-Mat, Dir-Vec, and Dir-Mat, each other, by
using synthetic datasets, and selected the best perfor-
mance method in this experiment as our proposed
method, MFOG. We then, by using both synthetic and
real datasets, compared the clustering performance
of MFOG with other methods, including three NME-
based methods, MFBS, MFGL2 and MFGC and k-
means (KM), under the setting that group information
is given. Here MFGC and MFGL are rather competing
methods, while MFBS and KM are baseline methods.

For all NMF-based methods, the cluster assignment
was performed by ¢, = argmax; V,, (n=1,...,N),
meaning single (or hard) cluster assignment. We used
this setting, because of no standard methods for as-
signing multiple clusters to each instance from the
output of NMF.

The performance was measured by normalized mu-
tual information (NMI) [29], [3]. NMI between a set
of predicted clusters Cp and a set of true clusters Cr

2. Group information was transformed into a graph for MFGL
and MFGC by connecting an edge between two nodes (instances)
if these two instances are in the same group.

is calculated as follows:
MI(Cp, Cr)
max (H(Gp), H(GT)) ’

where MI(GP7GT) = H(ep) + H(GT) — H(GP,GT),
HE) =  -P@IlogP€), H(Eper) =
—P(Cp,Cr)log P(Cp,Cr), and P(C) is the empirical
distribution of cluster assignment C.

All experiments were performed by using MacPro
Early 2009 (Intel Xeon Quad-Core 2.66GHz, Mem-
ory 16GB) and Matlab 2013a. Throughout the exper-
iments, weight a for U of MFOG was fixed at 0.01.
Optimization was terminated when either of the fol-
lowing two conditions was satisfied: 1) § = ||V (+1) —
V|12, which is the squared difference between the
two matrices obtained by two consecutive iterations,
was less than or equal to ¢, and 2) the number of
iterations reached Itr,,,,. The values of ¢ and Itr,, .
were set to 1078 and 1000, respectively, if any specific
value is not shown.

NMI =

5.1

We generated synthetic datasets by the following
manner: We first set the size of data matrix X to be
M x N, and the rank of true low rank matrices U* and
V™ be K. We then generated true low rank matrices
U* and V" as follows: Uy ; = ¢, for W +1<
m < % (m=1,...,M, k = 1,...,K); otherwise
zero, where ¢, = /K /M is a constant value, which
was set to normalize each column of U”. Similarly
Vi = ¢ for W—I—l <n< % (n=1,...,N, k=
1,..., K); otherwise zero, where ¢, = /K/N is also
a constant value for normalizing each column of V™.
We further assigned true cluster labels by ¢, = k&
for W—f—l <n< % (n =1,...,N), by using
true low rank matrix V*. Finally we generated data
matrix X by [U*V*" + E] .+ Where noise matrix
E € RM*N was generated from Gaussian distribution
N(0,0%). We generated auxiliary group information
51 ={1,....,.C+L}, ..., 9 ={(g—-1)-C—-L+
l,...,9-C+1L}, ..., 8¢ ={G-C—-L+1,...,N},
where C' is the number of instances in an auxiliary
group, G (= %) is the number of auxiliary groups
and L is a parameter to adjust the overlap between
given groups. In our experiments, we generated a
semi-supervised learning setting, for which, we gave
auxiliary group labels to only N, instances, which
were chosen randomly.

Synthetic Datasets

5.1.1

We compared our four proposed optimization algo-
rithms: Lat-Vec, Lat-Mat, Dir-Vec and Dir-Mat. The
default parameters for synthetic datasets were set as
follows: N = 500, M = 50, K = 5, 0> = 1072,
Ny, = 500, L = 25, C = 100 and 8 = 0.01. So these
values were taken if any specific values are not shown.

Comparing Optimization Algorithms for MFOG
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Fig. 7. Optimization convergence by Lat-Vec (LV) and
Lat-Mat (LM) for (a) L =25, 3=10"2, (b) L =25, B =
1073, (¢) L = 50, B =10"2and (d) L = 50, 8 = 1073.
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Fig. 8. Difference between V® and V() by Lat-Vec
(LV), Lat-Mat (LM), Dir-Vec (DV) and Dir-Mat (DM) for
(@ L =25 8 =102 (b) L = 25, B = 1073, (c)
L=50, 3=10"2and (d) L =50, 3=10"3

Comparison of our four optimization methods was
conducted by varying L, G and §, while all other
parameters were fixed.

First, we compared the convergence of cost J(U, V)
in (8) under four typical settings. Fig. 7 shows the
learning curves, i.e. J(U, V') at each iteration, of Lat-
Vec (LV) and Lat-Mat (LM), showing that LV always
achieved lower errors under all settings.

Second, we computed HV(“ — V(°°)||2, ie. the /5
norm of the difference between V) and V(**) (matrix
obtained at a stationary point), where V® and V(>
were V after the ¢-th and 5000-th iterations. Fig. 8
shows the result of ||[V() — V(> ||,. Similar to Fig. 7,
Fig. 8 shows that the error obtained by vector blocks
was clearly different from that by matrix blocks.
For all four parameter settings, significantly smaller
differences were obtained by Lat-Vec or Dir-Vec, i.e.
vector blocks. So from Figs. 7 and 8, we can conclude
that Lat-Vec achieved the best performance.

Third, we evaluated the average computational
time and the average number of iterations until con-
vergence (e < 1078 or Itr,ee = 5,000) over 20 runs,
by changing L, G and (. Tables 1 and 2 show the
summary over this experiment. These tables show
that, in all cases, the computational time of latent
matrix-based approaches was much lower than that
of direct approaches, while the number of iterations
was comparable. The slowness of the direct approach
is due to the projection operators, which require se-
quential optimization. Thus from a real computational
complexity viewpoint, latent matrices-based methods
were better than the direct methods. Another finding
was that the number of iterations of vector blocks
could be smaller than that of matrix blocks, probably
because an exact analytic solution can be obtained at

8
TABLE 1
Real computational time.

A)

L Lat-Vec Lat-Mat Dir-Vec Dir-Mat

0 14+08 64+26 61.0+£39.1 256.8 £+ 106.0
25 1l6+12 41421 756+ 665 279.5 £+ 118.3
50 15409 46+22 647 +44.1 310.8 + 114.0
(B)

G Lat-Vec Lat-Mat Dir-Vec Dir-Mat

5 144+08 52425 573 +357 245.1 + 649
10 26+15 64+30 1127 £71.8 4494 + 189.6
20 41+20 78+44 186.6 &+ 128.8 8953 + 371.3
©

B Lat-Vec Lat-Mat Dir-Vec Dir-Mat

10T 1.1£08 36+15 11.5+9.0 153.5 + 78.0
1072 1.5+08 44+22 31.7+194 415.6 + 172.0
1073 1.24+05 43+19 519 + 266 303.9 + 104.3

TABLE 2
The number of updates until convergence.

A)

L Lat-Vec Lat-Mat Dir-Vec Dir-Mat
0 473 £271 3389 + 1358 473 £ 271 3389 £ 1358
25 495 + 384 2165 + 1134 577 £ 500 2665 4+ 980
50 430 + 249 2391 £+ 1179 469 + 310 2663 + 959
(B)

G Lat-Vec Lat-Mat Dir-Vec Dir-Mat

5 419 £ 252 2752 4+ 1309 433 + 272 2387 4+ 697
10 523 + 315 2245 + 1039 563 + 380 3103 + 1308
20 501 + 244 1657 £ 932 602 + 383 2605 + 1002
©

B Lat-Vec Lat-Mat Dir-Vec Dir-Mat
10~T 334 £ 234 1906 + 781 344 + 266 2045 4+ 994
1072 472 + 252 2341 + 1162 517 + 304 2618 + 1058
103 382 4+ 170 2270 + 1013 401 + 208 2974 + 1059

each iteration of the vector-based approaches. Overall
we decided to select Lat-Vec as our proposed opti-
mization algorithm for MFOG.

5.1.2 Comparing Performance of MFOG with Com-
peting Methods

We first checked the values of cluster assignment ma-
trix V' of MFOG, comparing with competing methods,
using a certain synthetic dataset (N = 100, M = 20,
K =4, L =10, 0%,=0.01 and N, = 75). Fig. 9 shows
(a) given groups (auxiliary information on groups),
(b) true low-rank matrices V*, and (c-e) matrices V,
which are optimized by MFOG, MFGL and MFBS.
We note that given information on groups cover a
larger number of instances in V'*, meaning that input
groups are overlapped with each other. We further
note that V' of MFGC is a binary matrix, by which
MFGC could not be compared in this experiment.
The shown results of MFOG, MFGL and MFBS are
the best cases in terms of NMI. This figure indicates
that V' obtained by MFOG has the largest number of
zero and the smallest number of non-zero, where the
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Fig. 9. (a1) — (a4) show given information on groups,
which are overlapped with each other, (b1) — (b4) show
the columns of true matrices V'*, (c1) — (c4), (d1) — (d4)
and (e1)—(e4) show the matrices optimized by MFOG,
MFGL and MFBS, respectively.

points with non-zero are well consistent with the true
cluster structure. On the other hand, the values of the
corresponding part of MFGL and MFBS were likely
to be larger than zero, which blurs cluster estimation.

We then used four different types of datasets, ob-
tained by changing L and N, while keeping o2 = 0.08
to check NMI values. Fig. 10 shows NMI values
of five competing methods, changing regularization
parameter . We note that the performance can be
changed by varying the regularization parameter, and
so the highest NMI in the range of all values of 3
should be checked. The first finding was that for all
datasets, MFOG, MFGL, and MFGC outperformed
MFBS and KM in the best NMI. Secondly, for disjoint
groups (L = 0: A and C), MFOG, MFGL and MFGC
achieved almost the same performance in terms of the
highest value, while for overlapping groups (L = 10:
B and D), MFOG clearly outperformed MFGL and
MFGC.

Figs. 11 and 12 show that the norm and variance,
respectively, of one block (corresponding to a given
auxiliary group) of V, when / was changed, under
two typical experimental settings. From these figures,

9
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Fig. 10. Performance results on synthetic datasets
under ¢2 = 0.01, and (A) L = 0, N, = 50, (B)
L = 10, Ny = 50, (C) L = 0, N, = 75, (D)
L = 10, Ny = 75. left: MFOG, middle: MFGL, right:
MFGC, solid line: MFBS, and dotted line: KM

for MFOG and larger 3, the variance decreased to
almost zero, and the norm was all reduced to zero
except a few cases. This result indicates that group-
wise sparse patterns in optimized V' are generated
by the regularization of MFOG. On the other hand,
for MFGL and MFGC, the norm was always positive
even if the variance was reduced to zero for larger 3.
This result indicates that, for larger 3, elements in V'
were almost the same non-zero values in each block,
implying no group-wise sparsity.

These difference on the performance and optimized
V are caused by the difference in regularization terms.
MFOG uses a group norm, which regularizes V' rather
loosely, keeping group-wise sparsity (elements in op-
timized V can be either zero or non-zero values).
On the other hand, MFGL and MFGC provide the
same non-zero values to the instances within a group
in optimized V. Then, if one instance is in multiple
groups, the element value (in V) of this instance is
like an average value over the groups containing this
instance, finally the optimized V' being likely to be
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Fig. 11. The norm of each block of V' corresponding to
given groups under o2 = 0.01, and (A) L = 0, N, = 75,
(B) L =10, N, = 75. left: MFOG, middle: MFGL, right:
MFGC
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Fig. 12. The variance of each block of V' corre-
sponding to given groups under o2 = 0.01, and (A)
L =0, N, =75, (B) L =10, N, = 75. left: MFOG,
middle: MFGL, right: MFGC

inconsistent with the true cluster structure. This differ-
ence makes MFOG detect essential cluster structures
more precisely than MFGL and MFGC, resulting in
that MFOG could outperform MFGL and MFGC.

5.2 Real Document Datasets

We examined the performance of MFOG by using
three different real text datasets: 20NewsGroups®,
Reuters-21758*, and TDT2°, again comparing with
MFGL, MFGC, MFBS and KM.

For the three datasets, we first discarded all doc-
uments that are in multiple categories, to clarify the
true clusters and then randomly selected 1,000 doc-
uments uniformly, which can be in the four largest

3. Available from http://qwone.com/ jason/20Newsgroups/

4. Available from http://www.daviddlewis.com/resources/ testcolle

ctions/reuters21578/
5. Nist Topic Detection and Tracking corpus
http:/ /www.nist.gov/speech/tests/tdt/tdt98/index.htm

at

10
TABLE 3
The number of documents in the nine largest topics.
20NewsGroups  Reuters-21758 TDT2
N 8932 7195 7289
1S1 999 3713 1844
|G2 997 2055 1828
|93 996 321 1222
2 994 298 811
195 991 245 441
|96 990 197 407
|S7 990 142 272
|9s 988 114 238
1S9 987 110 226

? 3
2 05 [ MFOG 'S 05 [SmroG 2 05 [ MFOG
-A-MFGL —A-MFGL -A-MFGL
-B-MFGC ~B-MFGC -B-MFGC
4~ MFBS —#—MFBS —#-MFBS
<KM ~<KM ~<KM
%0 200 400 %9 200 400 %o 200 400

L add L add L add

Fig. 13. NMI on 20Newsgroups. The rate of labeled
documents, R,, was (a) 0.9, (b) 0.8 and (c) 0.7.

categories (corresponding to the four true clusters)
and the 500 most frequent words, to generate the
input document-term matrix. We computed TF-IDF
values from the input matrix and normalized each
column. By repeating the above manner, we gener-
ated 20 datasets for each of the above three datasets,
meaning that the results were averaged over 20 runs.
We generated overlapping groups by assigning group
labels to Lg,qq pairs of group—document randomly,
meaning that for larger L.qq4, groups are overlapped
more heavily. We tested L,qq = 0,100,... and 500.
We finally generated unlabeled documents by discard-
ing all group labels of randomly chosen documents,
where the parameter we used was R, which was
the rate of labeled documents in any groups, and
R =0.9,0.8 and 0.7 were tested. Under each setting,
we fixed o = 0.05 while for 3, twenty values between
1073 and 10 were examined at an equal interval in
the logarithmic scale to have the best average NML
We initialized V' using auxiliary group information as
follows: for labeled instance n, V,, = ¢; if n € Gy,
otherwise V,,; = %, and for unlabeled instance
n € 9 Var = 3 (k= 1,...,K), where ¢, is a
constant value for normalizing each column of V. We
note that we need to initialize only V', because for the
t-th iteration, U is updated, depending on V {*}.
Figs. 13, 14 and 15 show the averaged NMI of
five competing methods for 20NewsGroups, Reuters-
21758 and TDT2, respectively. MFOG, MFGL, and
MEFGC outperformed MFBS and KM, for all cases,
confirming the effectiveness of auxiliary group in-
formation. When L,4q = 0, where groups do not
overlap, MFOG, MFGL and MFGC were comparable
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Fig. 14. NMI on Reuters-21758. The rate of labeled
documents, R, was (a) 0.9, (b) 0.8 and (c) 0.7.
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Fig. 15. NMI on TDT2. The rate of labeled documents,
R, was (a) 0.9, (b) 0.8 and (c) 0.7.
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in performance with each other for 20Newsgroups
and TDT2, while MFGC and MFGL were better than
MFOG for Reuters-21758. On the other hand, when
Laqqa > 0 where groups overlapped with each other,
MFOG clearly outperformed MFGC and MFGL, par-
ticularly being significant for 20Newsgroups. In fact
the performance of MFOG was kept very high for
20Newsgroups and TDT2, even for large Lgqq, i.e.
a larger number of overlapping groups. This result
indicates the robustness of MFOG against overlapping
groups. The weakness of MFGL and MFGC regard-
ing this point is caused by the strict regularization
of graph Laplacian. This strong restriction of graph
Laplacian causes hard to find the optimum weight
(in fact 8 is unstable), by which the curve of MFGC
was fluctuating a lot.

We finally checked the NMI of five competing meth-
ods by changing the number of clusters under one
typical setting. We note that this is a semi-supervised
setting with heavily overlapped groups, which can be
real world settings. Table 4 shows the averaged NMI
over twenty runs for (a) 20NewsGroups, (b) Reuters-
21758 and (c) TDT2. The largest NMI value for each
column is indicated by boldface. This figure clearly
shows that MFOG achieved the best performance for
all 27 cases except seven cases, confirming the perfor-
mance advantage of MFOG over the four competitive
methods.

5.3 Real Gene Expression Datasets

We used two gene expression datasets: 1) Human
tumor [30] and 2) Yeast cell cycle [31]. Human has
expression values of 7129 genes from 42 human cells,
and Yeast has those of 696 genes from 18 cells. We
used Gene Ontology (GO) [11] to generate true clus-
ters (each true set has three clusters) by the following

11

TABLE 4
Performance results with R, = 0.7 and L,4q = 500 on
(a) 20Newsgroups, (b) Reuters-21758, (c) TDT2.

(@)

G MFOG MFGL MFEGC  MEFBS KM
2 09457 09122 09488 09115 0.9246
3 09393 0.8773  0.7353  0.8747  0.8690
4 0.8925 0.7020 0.5829 0.6221  0.7570
5 0.8773  0.7157  0.6055 0.6783  0.6789
6 0.8732 0.6814 0.6136 0.6449  0.6410
7 0.8374 0.6506 0.6106 0.6090  0.6006
8 0.8507 0.6475 0.6416 0.6027  0.5956
9 0.8012 0.6002  0.6450 0.5405 0.6156
(b)

G MFOG MFGL MFGC MEFBS KM
2 0.3588  0.4972  0.2399 0.3477 0.3377
3 0.4172  0.4219 0.3881 0.3810 0.3615
4 0.5180 0.4526  0.4232 0.3607 0.3479
5 0.5423 04554 0.5260 0.3793 0.3570
6 0.5956 04590 0.6113 0.3453  0.3824
7 0.5855 0.4514 0.5678 0.3480  0.3958
8 0.6028 0.4465 0.5750 0.3283  0.4011
9 0.6225 0.4503 0.6180 0.3542  0.3833
©

G MFOG MFGL MFEGC  MEFBS KM
2 0.3588  0.4972  0.2399  0.3477 0.3377
3 0.4172  0.4219 0.3881 0.3810 0.3615
4 0.5180 0.4526  0.4232 0.3607 0.3479
5 0.5423 04554 0.5260 0.3793 0.3570
6 0.5956  0.4590 0.6113 0.3453  0.3824
7 0.5855 0.4514 0.5678 0.3480  0.3958
8 0.6028 0.4465 0.5750 0.3283 0.4011
9 0.6225 04503 0.6180 0.3542 0.3833

procedure: We first chose the adequate size of GO
terms: 50 < |G| < 200 for Human and 10 < |§| < 50 for
Yeast and then discarded the GO terms with heavily
overlapped with each other (Jaccard coefficient is over
0.75). We then computed the ratio of inter- and intra-
cluster variance for all possible sets of three GO terms
and chose the top 20 sets in terms of the largest ratios
as the true cluster sets, removing the sets with genes,
to which multiple true clusters are assigned. We
then randomly generated additional groups, where
the cluster size is the mean of the true clusters and
randomly discarded group information of (1 — Ry)N
nodes for a semi-supervised setting.

Figs. 16 and 17 show the performance results on
Human and Yeast, respectively, under the same pa-
rameter setting as the document clustering experi-
ments. From these figures, the performance advantage
of MFOG over the other methods is clear, particularly
for a larger number of additional groups. This result
indicates the high performance of MFOG for the
setting of choosing correct clusters out of possible
candidates.

6 CONCLUDING REMARKS

We have proposed a new model of non-negative
matrix factorization, MFOG, and efficient algorithms
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Fig. 16. NMI on Human. The rate of labeled genes R,
was (a) 0.9, (b) 0.8 and (c) 0.7
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Fig. 17. NMI on Yeast. The rate of labeled genes R,
was(a) 1.0, (b) 0.9, (c) 0.8 and (d) 0.7

for learning the model, to use auxiliary information
on overlapping groups. Two key features of MFOG
are a mixed norm with latent matrices, which allow to
detect the true clusters, relaxing the excessive sparsity,
and the efficient factorization algorithm based on a
vector block coordinate descent method (vector-BCD).
MFOG combines these two points cooperatively in
terms that latent matrices allow to use vector-BCD.
Experimental results with both synthetic and real
dataset clearly showed the performance advantage of
MFOG over four competing methods.

One issue is to find the optimal S (or best ), in
terms of the highest performance. We checked the
distribution of the best 3 obtained for all settings in
experiments of each real dataset. Table 5 shows the
variance of the best log(8) of three methods (MFOG,
MFGL and MFGC), indicating that the variance of
MFOG is the smallest and the best 3 was obtained
most stably by MFOG. This result reveals that MFOG
is easiest in terms of choosing § among the three
competing methods.

Possible future work is to optimize the number of
clusters, which might be possible by using another
regularization term, such as [32]. Missing value es-
timation (or matrix completion) [33] would be also
possible future work. We think that our framework
with auxiliary information would be useful under
these two issues.

APPENDIX

Proof of Theorem 1
By some algebra, optimization of Z'9 (g =
.,G") under fixed U and Z(C) (j#£k, c 7é g) can

12
TABLE 5
The variance of best log(3).

MFOG MFGL MFGC

News20 0.0705 1.7495  0.7043

Reuters 0.0593  1.2211 1.1187

TDT2 0.0802 1.5348  2.2973

Human 0.0519  0.9256 0.8909

Yeast 0.1009  2.5736 1.0980

be transformed from (7) to
min ‘Z(Q) (ka) H + /\(9) Hz(g) H . (22)
29 >0 2 "2

Taking Fenchel duality with dual variable s > 0, the
dual problem of (22) is given as follows:

max

1
— sup 29 T(=s)— =
lsll2 <AL 2

(9)
|2 -
z9>0

2
sk H
Lv ||,

The minimum for Z,(]f ) is given by the first derivative,
and then we have Z,(kg) = sf‘}k) — s. Using this

equation, the dual problem can be transformed to

min - H s ’“>H (23)
lsll2<A) 2
Using the solution of (23), which is given by
) )\(9)
T (1 ) [1 R ] ) W
s

and 7\ = s(@F

s*, then we have (12).
Proof of Theorem 2

Each group G, (9 = G' +1,...,G) has only one
instance and does not overlap with another group, ob-
viously meaning V9 = 2 (3 = G’+1,...,G). Thus
we can directly optimize V(*), which corresponds to

G0 = UgGZG, +194- By the same manner as the proof of
Theorem 1, we can have (14).

Proof of Theorem 3
Here we define a matrix for all latent matrices as

z= (207, 207, 77

Fixing U, the optimization for Z is as follows:

min f7(Z) + 07 ,(2),
where
1 ) e
o) - flx-u($2) [

By a proximal gradient approach, updating Z from
the current matrix after ¢-th update Z") is given by

ZH < win [2(21) + V [2(21)(2 - 217)

L
+6-07,(2) + 112 - 293,
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where L;, is the Lipchitz constant which is obtained
by multiplying K by the maximum eigen values of
UTU. Calculating f(Z"}) and Vf7(Z"), the right
side can be transformed as follows:

B

in 512 — Searl + 10,(2),

Z>02
where the sub-matrix of Sy, related to group g (g =
1,...,@), is described as 8§\, € RI%I*K We analyti-
cally derive the update via the dual problem. Here we
define a dual matrix S where the size of S is equal to
that of Z. Then the dual problem is given as follows:

wge{ - p [z 9) - Y- 5]}

such that Q*(S) < )\(L%7 g=1,...,G,

where Q*(-) is the dual norm of Q?Q() When ¢ =
2, then Q*(-) is the ¢2 norm. We note that function
Tr(ZT(fS)) -3llZz- SLMH?: is convex, by which the
solution satisfies that the derivation of the above cost
respect to Z is zero. Thus we have Z = Sy — S as
the solution. By substituting Z into the equation of the
dual problem, the dual problem can be transformed
to
. 2 . (9)

m,S‘lniHS — SL]WHF st. Q (S) < >\LM7 g= 1,. .. 7G.
Then the optimal S related to each group g =
1,...,G can be given as follows:

1- l1 - A(Lgf)”} s .
IS5l

Substituting the above equation into Z = Sy — S¥,
we have (15).

S*9) —

Proof of Theorem 4

Because of equation V9 = Z9) (g = G'+1,...,Q),
we can update v©® simultaneously. Using the same
manner of the proof of Theorem 3, we have (17).

Proof of Theorem 5
From (7), the optimization for V., can be trans-
formed into the following equation:

min

2 v “”VW
V20, V=3, 29 2

(k)
k_st

The dual problem of the above optimization is given
as follows:

mp{-up [V -5V )

where s is a dual vector, which has the same size as
V ., and K¢ is the dual norm of Z
which is the intersection of convex sets (or cylmders

13

specifically) K¢ By some algebra, the dual problem
can be transformed to the projection as follows:

) = arg min

. k
PrO]:KE (353) oin,

By using Moreau’s decomposition [34], the optimiza-
tion for V., can be performed by the following up-
dating rule:

Vi e s, — Projyee (s5).

We note that the projection can be performed more
easily by checking only active groups § because of
the following equation

: (k) ) _ : (k)
Pro]xg;k (st) = Pro]gcﬁk (st).
Thus we have (18).

Proof of Theorem 6
In (8), the cost related to V is as follows:

G
(V) +B-975(2), st V=) 29,
=1

where

_ 1 alls

FW) = lx-ovi,

By using a proximal gradient approach, updating V'
from the current matrix V{* is given by

Vit min VI v vy v - vith

Lp 2
+5-Q7,(2) + THV - V{t}”Q'
where Lp is the Lipchitz constant which is obtained
by the maximum eigen values of U’ U. Dividing
this by constant Lp, the above optimization can be
transformed to

B

1
min fHV — SDMH; + EQ?Q(Z)

V>0 2
Similar to the derivation of Dir-Vec, the dual problem
of the above optimization with dual matrix S is given
as follows:

. ‘ )
Proj,.c (Spym) = argslg?GHS_SDMHQ

where K¢ is the dual norm of norm %Q?Z(Z) By
using Moreau’s decomposition [34], we have update
rule (19).
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Synonyms

Functional potential evaluator

Definition

Although one of the main goals of genomic anal-
ysis is to elucidate the comprehensive functions
(functionome) in individual organisms or a whole
community in various environments, a standard
evaluation method for discerning the functional

potentials harbored within the genome or
metagenome has not yet been established. Thus,
a new evaluation method for the potential
functionome, based on the completion ratio of
Kyoto Encyclopedia of Genes and Genomes
(KEGG) functional modules, was developed.
Basic methodology and application of this
method for comparative functional genomics
and metagenomics are expounded in this entry.

Introduction

One of the main goals of genomic and
metagenomic analyses is to extract the compre-
hensive functions (functionome) harbored in an
individual organism or a whole community in
various environments. However, evaluating the
potential functionome is still difficult when com-
pared with the functional annotation of individual
genes or proteins, i.e., based on a similarity
search against a reference database such as the
NCBI-NR database of non-redundant protein
sequences, usually employing a variant of the
BLAST program, or on the protein domain search
against a protein family database such as PFAM.
This is mainly because a standard methodology
for extracting functional category information,
such as individual metabolism, energy genera-
tion, and transportation systems, has not yet
been fully established. Traditionally, clusters of
orthologous groups (COGs) have been used for
functional classification of proteins, particularly
in microbial genome sequencing projects. The
COG database provides 17 functional categories
for orthologous groups in order to facilitate func-
tional studies and serves as a platform for func-
tional annotation of newly sequenced genomes
and studies on genome evolution. Although
the COG functional categories are often used
within Standards in Genomic Sciences (http://
standardsingenomics.org/index.php/sigen) as a
standard analysis, through combination with
the Integrated Microbial Genomes (IMG) system
(Markowitz et al. 2012), no large functional
differences are usually observed in such broad
categories, even between phenotypically dif-
ferent organisms and also whole microbial
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New Method for Comparative Functional Genomics
and Metagenomics Using KEGG MODULE,
Fig. 1 Outline of the methodology. (a) Workflow from
sequencing to evaluation of the potential functionomes.
(b) Detailed workflow of the three annotation servers,
KAAS, MG-RAST, and MEGAN4, using query
sequences after gene finding process of sequenced data;
KAAS and MEGAN4 use BLASTP and BLASTX for
amino acid and nucleotide query sequences, respectively,
and MG-RAST uses only BLASTX. All use different

communities in different environments. Thus,
it is difficult to differentiate the functional
potentials between different genomes and
metagenomes by analysis based on COG
classification.

Recently, more detailed and comprehensive
functional categories facilitated in KEGG
(Kanehisa and Goto 2000) and SEED (Overbeek
et al. 2005) have been used for comparative geno-
mics and as metagenomics tools to highlight
functional features represented by KAAS
(KEGG Automatic Annotation Server) (Moriya
et al. 2007), MG-RAST (Meyer et al. 2008), and
MEGAN (Huson et al. 2011) (Fig. 1). They all
employ a similarity-based method for functional
annotations, but utilize different databases for
protein sequences, default threshold values, and

databases, i.e., KEGG GENES for KAAS, M5nr (Willke
et al. 2012) for MG-RAST (M5nr includes the SEED as
a subset), and NCBI-NR for MEGAN4, and different
default threshold values for the BLAST hits. Each server
converts the hit entries to the corresponding orthology IDs
for functional annotation and pathway/module/subsystem
mapping. Red-colored texts of KAAS indicate its
improvements in the current study. This figure has been
modified from the previous one (Takami et al. 2012)

orthology IDs for mapping annotated sequences
to functional categories depending on their
desired outputs, namely, pathways in KEGG or
subsystems in SEED. Notably, KAAS has been
applied to protein-coding sequences from several
metagenomic samples, and their annotated
KEGG pathways and other classifications are
already available. The outputs of these systems
include functional distributions of each sample
by hierarchical classification using KEGG and/or
SEED and comparisons between several samples
when necessary. However, it is still difficult to
evaluate the functional potentials via the current
classification systems (such as pathway
map-based analysis) because the functional infor-
mation from different organisms such as
microbes, plants, and animals has been mixed up.
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On the other hand, KEGG MODULE, a newly
defined database that collects pathway modules
and other functional units, presents a promising
tool for functional classification (Kanehisa
et al. 2008). Because the KEGG modules cover
major metabolisms and physiological processes
necessary for functional characterization of each
categorized organisms such as plants, animals,
and microbes, a new evaluation method using
the KEGG MODULE database was developed
to resolve the difficulties for evaluation of poten-
tial functionome and it was employed for com-
parative functional genomics and metagenomics
(Takami et al. 2012). Based on this result, we also
developed metabolic and physiological potential
evaluator (MAPLE) system. The MAPLE pro-
vides a user-friendly Web interface not only for
characterization of potential functionome har-
bored in the genomic and metagenomic
sequences but also for comparative analyses for
the module completion ratio (MCR) and mapping
patterns to the KEGG modules (http://www.
genome.jp/tools/maple/).

Development of New Evaluation
Method for Potential Functionome

Kegg Module

KEGG MODULE (Kanehisa et al. 2008) is
a collection of pathway modules and other func-
tional units designed for automatic functional
annotation or pathway enrichment analysis. Path-
way modules such as the TCA cycle core module
(Fig. 2a) are tighter functional units than KEGG
pathway maps and are defined as consecutive
reaction steps, operon or other regulatory units,
and phylogenetic units obtained by genome com-
parisons. Other functional units include (1) struc-
tural complexes representing sets of protein
subunits for molecular machineries such as pho-
tosystems (Fig. 2b), (2) functional sets
representing other types of essential sets such as
aminoacyl-tRNA synthetases, and (3) signature
modules representing markers of phenotypes
such as enterohemorrhagic E. coli pathogenicity
signature for Shiga toxin. The KEGG MODULE
falls into 56 small functional categories (Table 1),

and the latest version is available from the KEGG
FTP site (http://www.kegg.jp/kegg/download).
Each module is defined by the combination of
KO identifiers so that it can be used for annota-
tion and interpretation purposes in individual
genomes or metagenomes. Notations of the Bool-
ean algebra-like equation for this definition
include space-delimited items for pathway ele-
ments, comma-separated items in parentheses for
alternatives, a plus sign to define a complex, and
a minus sign for an optional item. Some modules
have branching points in their reaction cascades,
leading to different products or alternative reac-
tion pathways. These modules are divided into
several parts depending on the branching patterns
and are redefined as submodules for accurate
calculation of the completion ratio. The module
completion ratio was calculated for each
submodule to examine fine-grained functional
categories (Takami et al. 2012).

Calculation of the Module Completion Ratio
Based on a Boolean Algebra-Like Equation
The completion ratio of all KEGG functional
modules in each organism was calculated based
on a Boolean algebra-like equation. For this anal-
ysis, one genome was selected from each of the
1,041 available prokaryotic species as of March
2013. As one of the examples, M00009_1 is
a core pathway module for the TCA cycle com-
prising eight components (Fig. 2a). In each KO
number set, vertically connected KO identifiers
indicate a complex and therefore represent “And”
or “4+” in the Boolean algebra-like equation,
whereas horizontally located K numbers indicate
alternatives and represent “Or” or “,” in the equa-
tion. When genes are assigned to all KO identi-
fiers in each reaction according to the Boolean
algebra-like equation, the module completion
ratio (MCR) becomes 100 %. If genes are not
assigned to KO identifiers in two components,

the MCR is calculated as 75 %
(6/8 x 100 =75). On the other hand,
MO0163_1 comprising six components in

cyanobacteria represents a complex module for
photosystem I. If genes assigned to KO identifiers
in two of those components are missing, the MCR
is calculated as 66.7 % (Fig. 2b).
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New Method for Comparative Functional Genomics
and Metagenomics Using KEGG MODULE,
Fig. 2 KEGG functional modules. (a) A pathway mod-
ule. The module M0OO009 comprising eight components is
defined for the citrate cycle (TCA cycle) core module and
represented as a Boolean algebra-like equation of KO

identifiers or K numbers for computational applications.
The relationship between this module and the
corresponding KEGG pathway map is also shown by
indicating corresponding K number sets in the module
and EC numbers in the pathway map using the same
index. In each K number set, vertically connected
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Assignment of the Query Sequences to KO
Identifiers

Because KAAS is an efficient tool for assigning
KO identifiers to genes from complete genomes
based on a BLAST search of the KEGG GENES
database combined with a bidirectional best-hit
method (Moriya et al. 2007), the KAAS system is
used to assign KO identifiers to protein sequences
from metagenome projects and to users’ own data
from other genome and metagenome projects.
Recently the KAAS system has just been slightly
modified to improve the accuracy of KO assign-
ments by (i) using a variable bit-score threshold
instead of a fixed one (60 in the original KAAS
system) to avoid missed annotations when there
are sufficient high-scoring hits for KO assign-
ment and (ii) considering taxonomic information
of each KO when more than one candidate KO is
obtained (Fig. 1) (Takami et al. 2012). This mod-
ification resulted in improved positive predictive
value (#true positives/#all positives) by 2-5 % in
the KO reassignment tests for 30 selected species.
The latest stand-alone KAAS system for Linux
and Mac OS X is available from the Web site of
KAAS HELP (http://www.genome.jp/tools/kaas/
help.html). This new KAAS was used for estima-
tion of database dependency on the accuracy of
the KO assignment (Fig. 3). Escherichia coli was
selected as a representative of prokaryotic species
and constructed four different types of data sets:
without E. coli and closely related species (1,239
species), without all species within family
Enterobacteriales (1,200 species), without all
species within class Gammaproteobacteria
(1,040 species), and without all species within
phylum Proteobacteria (755 species). The draft
genome of E. coli from infants in Trondheim,
Norway, (accession, ERX127960) was used for
this analysis because the assembled genome from
the short-read sequences produced by a 454 GS

<l

FLX Titanium sequencer contains several
sequencing errors. The amino acid sequences of
complete CDSs identified from the draft genome
were randomly fragmented to 50, 60, 80, 100,
120, 150, and 200 residues in length, and each
fragment was subjected to verification of data-
base dependency based on the accuracy of KO
identifier assignment (Fig. 3). In general, because
most microbes thriving in natural environments
are uncultivable, many genes in environmental
metagenomes do not show significant similarity
to those from known species in the public genome
database. Especially when microbial genomes
belonging to the same phylum as the query
microbe are missing in the genome database, the
accuracy rate of KO assignment to proteins phy-
logenetically distant from known phyla is
expected to be low. In fact, when all species
within phylum Proteobacteria were not included
in the data set, the accuracy rate of KO assign-
ment to full proteins of E. coli decreased to 80 %,
but the accuracy rate of approximately 70 % was
maintained even in the proteins fragmented to
about 100 residues (Fig. 3). Considering these
results, even if the genes from unidentified
phyla of the so-called candidate division are
included in the metagenomes, the KAAS system
can presumably assign KO identifiers to genes
longer than 300 bp (100 amino acids) with an
accuracy rate of approximately 70 %.

Distribution Patterns of the Module
Completion Ratio in 1,256 Prokaryotic
Species

KEGG modules are modular functional units
derived from the KEGG pathways and are cate-
gorized into pathway modules, structural com-
plexes, functional sets, and genotypic

Y

New Method for Comparative Functional Genomics
and Metagenomics Using KEGG MODULE, Fig. 2

(continued) K numbers indicate a complex and therefore
represent “And” or “+” in the Boolean algebra-like equa-
tion, whereas horizontally located K numbers indicate
alternatives and represent “Or” or “,” in the equation. (b)

A structural complex module. The structural complex

module M00163 comprising six components is defined
for the type I photosystem. The Boolean algebra-like
equation and the corresponding KEGG pathway map are
also shown. This figure has been redrawn with the updated
KEGG module database from the previous one (Takami
et al. 2012)
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Table 1 Breakdown of small functional categories of

the KEGG modules

Pathway modules
Cofactor and vitamin
biosynthesis

Central carbohydrate
metabolism

Aromatics degradation
Lipid metabolism

Aromatic amino acid
metabolism

Carbon fixation

Methane metabolism
Glycan metabolism

Sterol biosynthesis
Fatty acid metabolism
Lysine metabolism
Other carbohydrate
metabolism
Glycosaminoglycan
metabolism

Terpenoid backbone
biosynthesis

Cysteine and methionine
metabolism
Nitrogen metabolism

Branched-chain amino acid

metabolism
Lipopolysaccharide
metabolism

Purine metabolism
Pyrimidine metabolism
Polyamine biosynthesis
Alkaloid and other
secondary metabolite
biosynthesis

Sugar metabolism
Other terpenoid
biosynthesis

Serine and threonine
metabolism

Arginine and proline
metabolism

Phenylpropanoid and
flavonoid biosynthesis

Sulfur metabolism
Histidine metabolism

Other amino acid
metabolism

Structural complex modules
Saccharide and polyol transport
system

Phosphotransferase system
(PTS)

ATP synthesis

Phosphate and amino acid
transport system

Mineral and organic ion
transport system

ABC-2 type and other transport
systems

Bacterial secretion system

Metallic cation, iron-
siderophore, and vitamin B12
transport system

RNA processing

Ubiquitin system
Spliceosome

Protein processing

Repair system

DNA polymerase

Peptide and nickel transport
system

Replication system

RNA polymerase

Proteasome

Photosynthesis
Carbohydrate metabolism
Ribosome

Glycan metabolism

Functional set modules
Two-component regulatory
system

Aminoacyl-tRNA

Nucleotide sugar

Signature modules
Pathogenicity

signatures. Each KEGG module is designed for
automatic functional annotation by a Boolean
algebra-like equation of KEGG Orthology IDs.
However, it remains uncataloged as to which
species possess common modules or if certain
modules demonstrate universality or rareness
between specific species, phyla, etc. Specific
information regarding the phylogenetic profiles
of each module holder would be especially useful
for annotating metagenomes. Thus, the distribu-
tion patterns of the completion ratios of the
KEGG modules were examined in the 1,256 pro-
karyotic species whose genomic sequences have
been completed. Although distribution of the
module completion ratios in the 1,256 species
varied greatly depending on the kind of module,
it could be categorized into four patterns
(universal, restricted, diversified, and
nonprokaryotic) regardless of the module type
(pathway, structural complex, signature, or func-
tional set), when considering 70 % of all species
to represent a majority measurement for the pat-
ters (Table 2 and Fig. 4).

Pattern A defined as “universal” comprised
modules completed by more than 70 % of the
1,256 species (Fig. 4a). Of 226 pathway modules
containing submodules, modules grouped into
pattern A account for only 7.5 % (Table 2) and
mainly belong to the categories of central carbo-
hydrate metabolism and cofactor and vitamin
biosynthesis. Pattern B defined as “restricted”
comprised modules completed by less than
30 % of the species (Fig. 4b) and accounted for
17.3 % of all the pathway modules, and 37 mod-
ules were rare modules completed by less than
10 % of the 1,256 species (Table 2). Pattern
C defined as “diversified” accounted for 40.3 %
of all the pathway modules and comprised mod-
ules ranging widely in completion ratios.
MO00012_1 (the glyoxylate cycle comprising
five components) is one of the representatives of
pattern C (Fig. 4c¢). One or several KO identifiers
were assigned to each reaction in this module;
however, KO identifiers, except for KO1637 and
KO01638 assigned to the third and fourth compo-
nents, were also assigned to other pathway mod-
ules such as the TCA (Krebs) cycle (M00009_1),
first carbon oxidation (M00010_1), reductive
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New Method for Comparative Functional Genomics
and Metagenomics Using KEGG MODULE,
Fig. 3 Effect of database dependency on accuracy of
the KO assignment. Purple triangles show the results
using the data set without proteins from the genera
Escherichia, Salmonella, Shigella, and Yersinia (1,239
species). Similarly, green squares, brown diamonds, and
blue dots show the results without proteins from the order
Enterobacteriales (1,200 species), class Gammaproteo-
bacteria (1,040 species), and phylum Proteobacteria
(755 species), respectively. KO identifiers specific to the

(amino acid)

genera Escherichia, Salmonella, Shigella, and Yersinia
(16 KO identifiers), order Enterobacteriales (90), class
Gammaproteobacteria (203), or phylum Proteobacteria
(370) were removed in advance from the protein
data set. Here, the accuracy is defined by the sensitivity
TP/(TP + FN), where TP and FN are the numbers of true
positives and false negatives, respectively. The truncated
proteins were also used to confirm the effect of amino acid
(a.a.) sequence lengths on the accuracy of KO assignments
as described in the text. This figure has been slightly
modified from the previous one (Takami et al. 2012)

New Method for Comparative Functional Genomics and Metagenomics Using KEGG MODULE,
Table 2 Classification of the KEGG modules based on the module completion ratio of 1,256 prokaryotes

Pathways [226]
No. of modules

Completion Definition of module (%)

pattern type Total rare

A Universal 17(7.5) 0(0)

B Restricted 39 37
(17.3) (474

& Diversified 91 41
(40.3) (52.6)

D Nonprokaryotic 79 0 (0)
(35.0)

Structural Functional sets

complexes [331] [86] Signatures [9]
No. of modules No. of modules  No. of modules
(%) (%) (%)

Total rare Total rare Total rare

927 0 1(1.2) 0(0) 0@ 00
133 99 77 67 8 (88.9) 8(88.9)
(40.2) (81.1) (89.5) (97.1)

70 23 5(5.8) 2(29 1(11.1) 1(1L.1)
(21.1) (18.9)

119 0 (0) 3(3.5 0 0 (0) 0(0)
(36.0)

[1 shows total number of the KEGG modules containing branched modules. “Rare” indicates the modules completed by
less than 10 % of 1,256 prokaryotic species. Universal, the modules completed by more than 70 % of 1,256 prokaryotic
species. Restricted, the modules completed by less than 30 % of 1,256 prokaryotic species. Diversified, the modules that
varies in the module completion ratio among 1,256 prokaryotic species. Nonprokaryotic, the modules not to be

completed by any prokaryotic species
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and Metagenomics Using KEGG MODULE,
Fig. 4 Typical completion patterns to the KEGG
modules by 1,256 prokaryotic species. (a) Universal
modules. The modules completed by more than 70 % of
768 prokaryotic species. M00018_1, which is threonine
biosynthesis (aspartate-homoserine-threonine), is one of
the examples of the pattern A-1. (b) Restricted modules
completed by less than 30 % of 768 prokaryotic species.
MO00038_1, which is tryptophan metabolism, is one of the
examples of the pattern B. C: Diversified modules. These

TCA cycle (M00173_1), and C4-dicarboxylate
cycle (nicotinamide adenine dinucleotide
(NAD)*-malic enzyme type) (MO00171_1).
Some KO IDs assigned to many of the modules,
categorized into pattern C, were also assigned to
several other independent modules. Thus, when

w=profeobacteria [l d-proteobacteria
Chlorobi  W:Ignavibacteria  E05:FPlanctomycetes 7 :Verrucomicrobia WR:Chlamydiae
B:Gemmatimonadetes W0 :Acidobacteria  W:Nitrospirae W :Firmicutes W:Tenericutes
B0 :Elusimicrobia  B:Caldiserica EW:Dictyoglomi  B:Thermotogae

0 :Thaumarchacota W0 :Crenarchacota Wl :Korarchacota

M00038_1 |

0 20 40 60 80 100
Module completion ratio (%)

L Fusobacteria iSpirochactes
W:Deferribacteres T :Chrysiogenetes
Actinobacteria  WR:Thermobaculum  7:Chloroflexi

tAguificae

:Unclassified bacteria

are the modules that vary in the module completion ratio
among 1,256 prokaryotic species. M00012_1, which is
glyoxylate cycle, is one of the examples of the pattern
C. D: Nonprokaryotic modules completed by no prokary-
otic species. MO0014_1, which is glucuronate pathway, is
one of the examples of the pattern D. Breakdown of
taxonomic variations that complete each KEGG module
is summarized in Table 3. This figure has been redrawn
with the updated KEGG module and genome databases
from the previous one (Takami et al. 2012)

the module completion ratio is low, the relation-
ship between the module completion ratio of the
targeted module and others to which the same KO
identifiers are assigned should be considered.
Pattern D, which accounted for 35.0 % of all
pathway modules, comprised nonprokaryotic
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modules that are not completed by prokaryotic
species (Fig. 4d).

Of the 331 structural complex modules
containing submodules redefined from modules
with various complex patterns, 133 modules were
categorized into pattern B (47.4 %) and 99 were
rare modules (Table 1). Pattern C accounted for
only 21.1 % in the structural modules compared
with 40.3 % in the pathway modules. Thus, it was
hypothesized that most of the structural complex
modules, except for pattern D, are shared only in
limited prokaryotic species.

Nonprokaryotic modules account for 35 % of
pathway and 36 % of structural complex mod-
ules, respectively, and other modules were clas-
sified into various taxonomic patterns such as
prokaryotic, Bacteria specific, and Archaea spe-
cific based on the MCR profiles (Table 3). These
four patterns indicate the universal and unique
nature of each module and also the versatility of
the KO identifiers mapped to each module. Thus,
the four criteria and taxonomic classification for
each module should be helpful for the interpreta-
tion of results based on module completion
profile.

Application of the Evaluation Method
for Potential Functionome to Genomic
and Metagenomic Analyses

Comparative Functionome Analysis of Bacilli
Based on the KEGG Modules

Bacillus and its related species in genera such as
Oceanobacillus and Geobacillus reclassified
from genus Bacillus (Bacillus-related species)
are known to thrive in a wide range of environ-
mental conditions: pH 2-12, temperatures
between 5 and 78 °C, salinity from 0 % to 30 %
NaCl, and pressures from 0.1 Mpa (atmospheric
pressure) to at least 30 MPa (pressure at a depth
of 3,000 m) (Takami 2006). The genome struc-
ture of these species within family Bacillaceae is
comparatively similar, and the core structure
comprising more than 1,400 orthologous groups
is well conserved among Bacillaceae (Uchiyama
2008). Therefore, moderately related bacillar
genomes from eight species with different

phenotypic properties were selected to test our
evaluation method for potential functionome
using KEGG modules, in order to differentiate

the functional potentials harbored in their
genomes.
The gene products from eight bacillar

genomes were assigned to KO identifiers
constructing each module in 139 pathway,
112 structural complex, and 25 functional set
modules. There was a significant difference in
the module completion ratio by eight bacilli in
terms of at least 25 pathway, 40 structural com-
plex, and 15 functional set modules (Fig. 5a, b).
In particular, the completion ratio in
Oceanobacillus  iheyensis, a mesophilic,
extremely halotolerant alkaliphile, was very low
in three modules for NAD biosynthesis, phospha-
tidylethanolamine biosynthesis, and biotin bio-
synthesis. These three modules were completed
by all bacilli except for O. iheyensis although
they are categorized into one of the diversified
modules (pattern C). Conversely, the module for
tryptophan biosynthesis belonging to pattern
C was completed by only O. iheyensis, although
other species partially completed them. Through
these results it was evident that O. iheyensis dif-
fers from other bacilli in its metabolic potentials.

Some of the completed structural complex
modules were found to be shared in bacilli with
the same phenotypic properties or to be indepen-
dently species specific (Fig. 5b). For example,
the Firmicutes-specific modules for the teichoic
acid transport system were shared only among
three mesophilic neutrophiles (B. subtilis,
B. amyloliquefaciens, and B. licheniformis),
although this module is widely shared in other
genera such as Staphylococcus, Clostridium, and
Listeria within phylum Firmicutes. On the other
hand, two other modules, the iron (III) transport
system and phosphonate transport system which
are shared in many prokaryotic species within
various phyla and belonged to pattern C, were
shared only among three mesophilic alkaliphiles
(B.  halodurans, B. pseudofirmus, and
O. iheyensis). Although it has been previously
reported that the orthologous genes for the
phosphonate transport system were shared
between O. iheyensis and B. halodurans
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Table 3 Breakdown of taxonomic patterns of the KEGG modules

Pathway [226] Structural complex [331]
Major taxonomic pattern Number Major taxonomic pattern Number
(%) (%)
Nonprokaryote 79 (35.0) Nonprokaryote 119 (36.0)
Prokaryote 50(22.1) Bacteria 55 (16.6)
Bacteria 30(13.3)  Prokaryote 51(15.4)
Proteobacteria 27(11.9)  Proteobacteria 36 (10.9)
Euryarchaeota 10 (4.4) Firmicutes 17 (5.1)
Proteobacteria/Actinobacteria 5(22.2) Actinobacteria 5(1.5)
Firmicutes 4(1.8) Cyanobacteria 5(1.5)
ProteobacteriafFirmicutes/Actinobacteria 3 (1.3) Archaea 4(1.2)
Chloroflexi 2(0.9) ProteobacterialFirmicutes 4(1.2)
Crenarchaeota 2(0.9) Euryarchaeota/Crenarchaeota 3(0.9)
Cyanobacteria 2 (0.9) Euryarchaeota/Crenarchaeota/Nanoarchaeota 3 (0.9)
Actinobacteria/Crenarchaeota 1(0.4) Proteobacteria/Firmicutes/Fusobacteria 3(0.9)
Chlamydiae[Cyanobacteria 1(0.4) Euryarchaeota 2(0.6)
Chlorofiexi/Deinococcus-Thermus/ 1(0.4) Firmicutes/Tenericutes/Actinobacteria 2 (0.6)
Euryarchaeota
Euryarchaeota/Crenarchaeota 1(0.4) Proteobacteria/Actinobacteria 2 (0.6)
Firmicutes/Euryarchaeota 1(0.4) ProteobacteriafAquificae 2 (0.6)
ProteobacteriafAcidobacteria 1(0.4) ProteobacterialFirmicutesfActinobacteria 2(0.6)
ProteobacteriafActinobacterial 1(0.4) Actinobacteria/Cyanobacteria 1(0.3)
Acidobacteria
Proteobacteria/Actinobacterial 1(0.4) Actinobacteria/Verrucomicrobia/Nitrospirae 1 (0.3)
Bacteroidetes
ProteobacteriafActinobacterial 1 (0.4) Firmicutes/Fusobacteria 1(0.3)
Cyanobacteria
Proteobacteria/Cyanobacteria 1(0.4) Firmicutes/Spirochaetes 1 (0.3)
ProteobacteriafFirmicutes 1(0.4) ProteobacteriafActinobacteria/Deinococcus- 1(0.3)
Thermus
Proteobacteria/Verrucomicrobia 1(0.4) Proteobacterial/Actinobacteriaf 1(0.3)
Verrucomicrobia
Functional set [86] ProteobacteriafBacteroidetes/Aquificae 1(0.3)
Major taxonomic pattern Number  Proteobacteria/Chlamydiae 1(0.3)
(%)
Proteobacteria 26 (30.2)  Proteobacterial/Chlorobi 1(0.3)
Firmicutes 19(22.1)  Proteobacteria/Chlorobi/Deferribacteres 1(0.3)
Bacteria 11 (12.8)  Proteobacteria/Cyanobacteria 1(0.3)
Actinobacteria 6(7.0) Proteobacteria/Cyanobacteria/Chlorobi 1(0.3)
Cyanobacteria 6 (7.0) ProteobacteriafFirmicutes/Deferribacteres 1(0.3)
Nonprokaryote 3(3.5) ProteobacteriafFirmicutes/Spirochaetes 1(0.3)
Prokaryote 3(3.5) Proteobacteria/Tenericutes 1(0.3)
Firmicutes/Fusobacteria 2(2.3) Proteobacterial/Thermodesulfobacteria 1(0.3)
ProteobacteriafNitrospirae 2(2.3) Signature [9]
Firmicutes/Tenericutes/Thermotogae 1(1.2) Major taxonomic pattern Number
(%)
ProteobacteriafAcidobacteria/ 1(1.2) Proteobacteria 5(55.6)
Deferribacteres
Proteobacterial/Acidobacteriaf 1(1.2) Euryarchaeota 1(11.1)
Planctomycetes
(continued)
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(continued)

Pathway [226]

Proteobacteria/Chrysiogenetes/Firmicutes 1 (1.2)
1(1.2)
ProteobacterialFirmicutes/Chlamydiae 1(1.2)
Proteobacteria/Nitrospirae/Deferribacteres 1 (1.2)

1(1.2)

Proteobacterial/Cyanobacteria

Proteobacteria/Spirochaetes/
Verrucomicrobia

ProteobacteriafActinobacteria
Proteobacteria/Thaumarchaeota
Proteobacteria/Verrucomicrobia/Nitrospirae

Structural complex [331]

1(11.1)
1(11.1)
1(11.1)

[1 shows total number of the KEGG modules containing branched modules

(Takami et al. 2012), it could be easily visualized
using our new evaluation method that this system
was also shared in other mesophilic and
alkaliphilic B. pseudofirmus, whose genome
sequence has been completed recently. Although
how the differentiated functional modules confer
phenotypic properties directly or indirectly is still
unclear, a series of the above results should be
helpful in better understanding of the physiolog-
ical properties.

Comparative Functionome Analysis of
Humans and Human Gut Microbiomes

The completion ratio of each KEGG module was
compared between humans and human gut
microbiomes to illustrate their metabolic linkage.
The metagenomic data of gut microbiomes from
13 healthy Japanese individuals, previously
reported on, was used (Kurokawa et al. 2007).
There was a significant difference in the module
completion ratios of 13 individuals in terms of at
least 33 pathway modules (Fig. 6a).

The most complete 16S rRNA gene sequence-
based enumerations available in human gut
microbiomes indicate that more than 90 % of
phylotypes belong to just two of the 70 known
divisions of Bacteria, the Bacteroidetes and
the Firmicutes, with the remaining phylotypes
distributed among eight other phyla (Eckburg
et al. 2005). Pairwise comparison of the
completion ratio of the KEGG module clearly
demonstrated the well-recognized functional
complementation of the gut microbiome to the
human host, which includes essential amino acid
and vitamin biosynthesis. The contributors com-
pleting the modules for vitamin production are
Firmicutes, Bacteroidetes, Actinobacteria, and

Gammaproteobacteria. Completion patterns of
the KEGG module for these amino acids and
vitamins mainly fall into patterns C and
D except for riboflavin biosynthesis belonging
to one of the universal modules A, indicating
that these modules are involved in the nutritional
supply for the gut microbiome as well as for the
host (Fig. 6b). Interindividual variation was also
evident in the completion ratio of the module for
vitamins. For example, the module belonging to
pattern C for pyridoxal (vitamin B6) biosynthesis
was mainly attributable to Bacteroidetes in
adults and Gammaproteobacteria in infants;
however, its completion ratio in two male infants
(In-B and In-E) was extremely low (33.33 %)
(Fig. 6a). Interindividual variations in comple-
tion ratios were also observed in modules for
polyamine biosynthesis, for example, putrescine,
spermidine, and spermine (Takami et al. 2012).
Similarly, the completion ratio of the KEGG
modules for y-aminobutyric acid (GABA) varied
among individuals, and Gammaproteobacteria
mainly contributed to GABA production
(Fig. 6a). Because these polyamines and GABA
are essential biological substances that act as cell
growth promoters and inhibitory neurotransmit-
ters, respectively, in humans, these variations
may be linked to susceptibilities to certain dis-
eases. Indeed, a recent report on metabolic
changes in gut microbiomes after bariatric sur-
gery for obese patients demonstrated their poten-
tial for polyamine production in the gut; elevated
protein putrefaction because of the bypassed food
passage promoted putrescine and GABA produc-
tion from gut microbiota (Li et al. 2011).
Interestingly, gut microbiomes showed pref-
erence for amino acid catabolism. The gut
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microbiome did not seem to utilize exogenous
lysine, leucine, and aromatic amino acids such
as tryptophan and tyrosine (Fig. 6¢). To our
knowledge, this is a novel finding on the nutri-
tional preference of gut microbes. This may be
one of the mutualistic representations of gut
microbiomes to avoid nutritional competition
with the host because these aromatic amino
acids are precursors of various biological sub-
stances such as catecholamines, melatonin, sero-
tonin, thyroid hormones, and NAD. Thus, the
new evaluation method based on the KEGG mod-
ules is expected not only to highlight the meta-
bolic linkage between host and commensal
microbes but also to identify microbiome-based
biomarkers for particular diseases.

Summary

A new evaluation method for potential
functionomes based on the KEGG modules was
developed. Using this new method, significant
difference in module completion ratio by eight
bacilli in terms of at least 25 pathway, 40 struc-
tural complex, and 15 functional set modules was
highlighted, although how the differentiated
functional modules confer phenotypic properties
directly or indirectly is unclear thus far. Because
the coverage of KEGG modules over whole met-
abolic and signaling networks is continuously
increasing, differences in module completion
ratio will provide some important clues to the
understanding of phenotypic properties. Further-
more, variations in the functional potential of
human gut microbiomes from 13 healthy individ-
uals could be characterized by the pathway and
structural complex module units, and the comple-
mentarity between biochemical functions in
human hosts and nutritional preferences in
human gut microbiomes identified.

Functional annotations to metagenomic
sequences remain difficult because metagenomic
data targeting various environments still contains
incomplete genes from various unidentified spe-
cies, absent in a reference database. In this entry,
the KAAS system was used for functional anno-
tation to the human metagenomes and also

applied to estimate database dependency on the
accuracy of the KO assignment using the E. coli
draft genome. As a result, the KAAS system
could correctly assign to KO groups with an
accuracy rate of approximately 80 %, even if
the gene hosts were not classified into known
phyla within the reference database. Thus, this
method will work well for comparative func-
tional analysis in metagenomics, able to target
unknown environments containing various
uncultivable microbes within unidentified phyla,
although further verification studies on database
dependency for metagenomics should be
performed. Based on this method, we developed
the metabolic and physiological potential evalu-
ator (MAPLE) and provided a user-friendly Web
interface not only for the characterization of
potential functionome harbored in the genomic
and metagenomic sequences but also for compar-
ative analyses for the MCR and mapping patterns
to the KEGG modules (http://www.genome.jp/
tools/maple/).
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http://inter3. kuicr. kyoto-u. ac
. jp/instruments/instruments_dJ.
html

Optima 2000 DV, Perkin Elmer
BHERAHEZREOT7ILILOTISXTHICEEZEL, BNTREDHE
DEFPAFEL, SHICHETS. MESNIZFEFOA4Y

http://inter3. kuicr. kyoto-u. ac

LA LA KERERFEE | I BOIRLF—ELHICRDEEIHRALT D TORRMDT L .
1P RAEAXAE GRE BE) | REREL, TORENSRROSHBERDS. AEEEpy | 0 UM Inetrumente.d
FRBHBCTREBARY FLL2EAZHAITES. ppb (10°) LA
LETOREILEVT, BARRAREEERBRETITSENT
5.
600MHz NMR. 5mm¢ 1H/109Ag~31P-19F £#%FEFa—7J, 1.7m¢ . .
AR NIR DFHEMEE /136, 15N R FIbdg wri—R T O— T AR AT, BERE h‘Ftp-//moImat. kuicr. kyoto-u. ac
(# Bh32) . -dp/
™ g s 400MHz NMR. 4mm % CP/MAS Y0 — 7, 7. 5mm #% CP/MAS 0 —J, & . . g
LB 2 I EA NUR n(?gﬁgﬂz\#ét)?— BT 0— IAFI AT, BETETE SULRIEE, dus 850 hiftr/J.//moImat. kuicr. kyoto-u. ac
FEHLTF. P
A A URERDN, W5 - EEICBRINIBRE_ERREE
ENWMEHT, 414UEEELT, FAB 8LV El ZHWVSH LN
“ERREESTEE BEAMAHILE | TESH. &ASMEREL 60,000 (10%8) T, SHEMRBIEICEY | http://fos. kuicr. kyoto-u. ac. jp

MStation JMS-700

Ok E=X)

AKX LPALSNCTED. RRIMEFICESHEELE LT 2,400 ¥
WEETRERNRE AFVESLURENSTA—2—DF—
Fa——UUBEEEEHL TV,

/

BEFEALKE

ANYDLARDEAITEYEPE VT AT v OMIMLF % INE

Biolistic Particle HERDFIER L, #FhofiFLEica—bEht- DNA ZHBERIZEATS. HEY http: //molbio. kuicr. kyoto-u. ac
Delivery System, (Fl £5) S, EDWIEEME, EYEER BAREZENETEHIENT . ) ’ ’ '
Mode! PDS-1000/He £%. - Jp/mb/index. him!
TALUT m/z 30-3000. %NS EEEBAFILANOER
~J TV EE S, BELEDOEENH, FVTLOEBICKEZ TSI A
LC/NS/NS & R 5 s e e | FAAUBARREICELTNG. _ L
(Aoplied Biosystems | 2 ;"éﬁ;@* NSNS BRHFTlE, TOXY A AV REYVDER, TLH— I:;z?cf fﬁﬁlﬁf;ﬁiﬁﬁiﬁfﬁtﬁ/

APT 3000 LC/MS/MS <X
TL))

HY—A AU XFrYY, Za—bIILARRXFr UHEEE. HPLC &
EHLTEY, LC/MS, LC/MS/NS £ AIRE. / —<ILAA VR T
L—DIEFEH, 2—RAF VAT L—DFERAMNTEE.
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REpRRART BT E, ThTREEENR (e £BH) | XB Mg akH)
SRR - X1 DEFEEREIT #=RiR & L'%%ﬁﬁﬂ’!é’%_?l?)b#—%‘*ﬁ%ﬁ"éﬁﬁif:i‘t’%%%‘i‘t http://www. kuicr. kyoto-u. ac. jp
KRBT HEE (& B RICKYEBAT HEE. EKHEE]%%E'CEE;—?“% LI-EENZ DG | /labos/is2/scope_dJ. html
(BSE ) BIEL, EARLBFARECOVTRIALF—SITBLEEML
TOAENMERAE L TEE.
BERZH. MESRH. KEALIRY. SEMEET, 2ESHK
BEATEMERXRERE | REEREREE | 4 - BRRBICTERE XRD 24, FE. 2. BEA. R b | http://www. scl. kyoto-u. ac. jp/~
B (FEFIE) LR, #uhih, BETE. 8nBATETHOWNS7 T4 — 3 | teranisi/apparatus. html
Izt
IRLY—  BREMECEELCERIELEYORBERKIZL2EH
BERs s PFREMTILE | PEL - BESLERIEE SFLALTEERET 5-OICHKES | http://www. scl. kyoto-u. ac. jp/~
HSHAREE (BB @) NF=500Mz#. 400°CETDHE - ¥4 F IV R - RISOBHR | yoeki/
MEgEL o> T 5. AREFHRX S E ECAS00W.
HEgD S "NEETICHARSBRECTHIEL, ZROBKIEET
. = ; SFRERTIESE STEMNTESH600M 24 AAREMELREDF / R —)LE | http://www. scl. kyoto-u. ac. jp/~
RARHILREE T~ " N - £ s = s b .
(Ball & EROILERST ATV RAENTRETHD. BAEFHRASHE | yoeki/
ECA600.
B2 BREN XRAAEKL, BEILEEORE X BIOE
EALEDLLEVD, XPSEFEREOATEITS> LN TZ
5. frFRMN2 ff-ﬁsﬁ'a?:‘i‘l'?%%t E_\ 5 ﬁﬁ@%% X ﬁ%‘ﬁ'@lﬁﬁ (AT htto: //www. spr ing8. or. ip/ext/]
SN fREE 2 $E& BESFEYRE h&i:?’rj—ﬂ‘i,fﬁéﬁ\' ﬁ%E%%bﬁ%?%&&E$ﬁ?fﬁ a/iuss/htm/text/06file/safety_
B X EAIEE (FEER) b, BAXBAXEZRAVD LRBEOEARANTLER IR security_anal_eval-1/ito_kyoto
" RAEETSIENARERTHIOT, AAKEBITEETHS. odf - -
4 BFSKN, WERhDAE—4y b, Bk BkHAMEED |
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F /7 #LR YAG L—H— (&K 1064 nm, 532 nm, 355 nm, tHA
450mJ/pulse (1064 nm), /%)L RHE 20 nsec, #ER LEHACIO Hz) +
= .. - FIBNRLRAIFST—L—H— (KE 308 nm, H A 200
?T/Z_I;/_%ﬂ% \‘(E:SR) 'E]_;;f{:ﬁ* md/pulse, 7%JLRME 20 nsec, #FiR LEHAKI00HZ) +EF R E 4 | http://www. cpm. kuicr. kyoto-u. a
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= BIER) +ANBREB CEMRA =9 RE PMA-50/BT-CCD R
T L BEEKEREEE 200-1100 nm, FERESRBIER) OMAEDHE
AERE. FRENMILICHERT S LA
F/REV A | BFE—LBREBEHESI LITKY, LR MEER LAY http: /. cpm. kuicr. kyoto-u. a
BFE—LBAEE 9 R ICBFE—LTHETESIZLET, T/ A—F—R5—)LD/IRXF— c. io/ T ’ ’
(NEF $ER) — 9N TED. )
s s | O PRE 20000CLLE FTHRAARGREBERELE FHHEM . ~ e
BEAMER REFMIELT | 100 1= 15 SREF THETMGREE GHSHE 0. 0doc) xﬁggﬁ£$f$?“‘°”/
1hY. BRESCOFEVERKEET>TLS. ’
KrF ¥ 22 L—4— (1:248nm) Z/8LRRICEETT B2 &2k
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