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Ionic Valence Change of Metal ions in Solution by Femtosecond Laser
Excitation Accompanied by White-Light Laser

Nobuaki NAKASHIMA*

Abstract

Three lanthanide ions (Ln*), Ln=Eu, Sm, and Yb, and two transition metals, Fe'* and Ag",
were found to be reduced to the corresponding Ln**, Fe’, and Ag, in methanol or aqueous
solution upon irradiation with intense femtosecond laser pulses. The major excitation
wavelength was 800 nm and single-photon-non-resonant with the electronic transitions of
metal ion solutions. Laser pulses with wavelengths of 970, 1190, and 1930 nm were used for
particular cases. Whenever the white-light laser was generated, the reductions were observed.
The reduction mechanisms would be explained in terms of self-focusing, solvated electron
formation followed by the reduction. The electron ejection under focused beam conditions in
solution has been known to be accompanied by white-light laser. In an exceptional case of Fe’*
at 800 nm, two-photon excitation of the charge transfer state followed by the reduction would
be operative. Fe’* was detected even with an intensity lower than the threshold of the white-

light laser generation.
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Fig. 1. Energy levels and excitation wavelengths of the lanthanide
Ln** systems. The major excitation wavelength 800 nm is
single-photon-non-resonant with the electronic levels, as shown
by the longest vertical arrows. For the Yb* system, 970 nm
and 1930 nm are the resonant wavelengths. The photoreactive
charge transfer (CT) levels are indicated with the gray areas
in the UV region. The emission lifetimes in methanol are
indicated.
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Fig. 2. Yb* absorption spectra appear around 367 nm by irradiating
an Yb* system of 0.1 M of YbCL 6H,0 with 0.5M of
15-crown-5-ether in methanol with 1.8 X10° shots of 800-nm
and 43-fs pulses. The pulse energies are indicated.
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Fig. 3. a) Yb* formation as absorbance at 367 nm for a 0.4 cm cell
length after 1.8 X10° shots of irradiation of 0.1 M of YbCl, *
6H,0 with 0.5 M of 15-crown-5-ether in methanol.

(O At a wavelength of 800 nm with a duration of 43 fs

M : At a wavelength of 970 nm with a duration of 130 fs.
The arrow indicates the range where white-light laser was
visually seen with a 43-fs pulse at 800 nm.
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Fig. 4. The solid line is the absorption spectrum of Fe**(C,0,)} in
acidic water in the UV region with a light yellow color, and
the broken line represents Fe’*(0-phen)” in the Vis region.
Femtosecond pulse irradiation of the 0.1 M K3Fe3+(CZO4)3
solution turns the yellow color to red. The dotted square is a
guide for the sample cell. The vertical arrow with a dotted line
is a wavelength of two-photon of 800-nm pulse.



7 x5 ML, HEtE ) SEA A 2 oI 5

—_~ 1 0 4
3+ 2+ <
g ] Fed3*—Fe ©
o
o
-la 0.1 $
§ 0.01 &é} = BD
< L———P>WL
& 0.001 += }
= 0.1 1 10 100

0.8 um Laser energy/uJ

Fig. 5. Fe*—Fe’* conversion on irradiation with 800-nm, 100-fs laser
pulses of 0.1 M K,Fe**(C,0,), aqueous solution. The vertical
scale represents log (absorbance) at 520 nm for 1 cm cell length
per 1 min of Fe**-0-phenanthroline complex and the horizontal
scale is log (laser energy in a unit of ¢J/pulse ). An arrow with
WL is aregion of energy where white-light laser was visually
seen and an arrow with BD shows an energy region where
bright spots were occasionally observed visually.
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Fig. 6. Fe**—Fe** conversion on irradiation with 1190-nm, 100-fs laser
pulses of 0.1M K3Fe3*(CZO )3 aqueous solution. An arrow with
WL is aregion of energy where white-light laser visually seen.
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Fig. 7. A spectral change due to Ag*—=—Ag * formation on irradiation
with 800-nm femtosecond laser pulses.
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Raman spectroscopy of dimer-Mott insulator x-(BEDT-TTF),Cu,(CN);

Kyuya YAKUSHI*

ABSTRACT

Raman spectroscopy is a powerful tool to analyze the electronic state of organic conductors which show
ferroelectric behavior. In this report, we present brief introduction of organic conductors, ferroelectrics,
electronic ferroelectrics, and x-type BEDT-TTF salts involving dimer-Mott insulator x-(BEDT-
TTF),Cu,(CN);. The polarized Raman spectrum of x-(BEDT-TTF),Cu,(CN); in the frequency region of
C=C stretching showed two v, modes which are degenerate and two v; modes which are split by EMV
interaction. The temperature dependence of the full width at half maximum (FWHM) of v, mode below 60
K showed two cases which may be ascribed to thermal history. FWHM of v, has a strong correlation with
the splitting of v; mode. Through the model calculation based on EMV theory, the splitting of v; was
connected with to the inter-dimer transfer integrals. FWHM of v, was analyzed by two-state-jump model,
which provided 0.07-0.1 for the amplitude of valence fluctuation and about 5 cm ™' for jumping rate of
dynamic fluctuation. The average fluctuation rate suggests the collective motion of the valence fluctuation.
These values are related to the average size and the fluctuation rate of the dipole moment. In the framework
of two-state-jump model, the fluctuation of the dipole moment observed by Raman spectroscopy is not
frozen down to 7 K, which is different from the result obtained through the frequency and temperature

dependent dielectric permeability. These results suggest a wide size distribution of dipole cluster.
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FHWEBSZINTAZ Ik TI ORI mOA X %
R &g ENTESL. ZOLE, BEMAK L FEEC
HEESMOSEEMR (e A7) Y A) 26,

BB N AL LT Y BesmEs e L
INIERBEORME Y S I v 7 Fv/8v % (BaTiO,), &
BREZFALZER 7 4 VY — (LiTaOs), EE T
¥ A (Pb(Zr,Ti)O5(PZT)), M#JEt >+ — (PZT),
HHE—F —, EEHLLA LR o — (B
r) ) >y (TGS)) ZEDETRTHFMENTY
5. ZOEH, HWFHEROERSWO B E R L
TeTNA AL LT, MiFEEAHE AT ) 0B SNT
W5, S5, BWEBEROLERIRE AN LB E
e (LINDOy), K v 7V 2+t (KH,PO,KDP)),
R OGIERRIE R R A R 3 2 MRk Rk A R T
(8-BaB,0,(BBO)) 5N T3,

SRAEEMEA WL SR, R, AR RYD
5. BT ELTIE, -(CHCE), TEENEE) 7 v
AE¥=9UF> (PVDF) #7vH#¥ =1 5> (VDF) &
=7 vtz F L ¥ (TrFE) @ # & 4 & (CH,CF,),-
(CHFCF,),-(P(VDF/TTFE)) & W& hTw 53
PVDF I3 AWM G2 RKREVDT, AY—H—%
AU T F R EOFERGEICHH I TN S, TRk
BRI BELA W2 R/ TE S5 & X DORENH
0us L EHETH D720, WhT1 AT LA RASN
7. WEHEEMARERE L TIIKREREZ O OWEIEE A
ET, Tu OBl ERESBEHS TWA. R
V7)Y (TGS) R NI L LT S hTw
Y,

23 BFEFEHR

PR O REHTERIL Z DI BIERE A & 208 & B ek
BRI A2 LD TE S, HiE DO #E)BaTiO; TH
D, O BaA * v HRHHLOMEDNSEMNT S &
W&o T, HKTFICEKIMT23%43 5. ZOEXR

RUREF- A5 S AR TR U 202D 2 21 X - TH%S
WOFET 5. HEOMRFEDSNaNO, TH ), MFkFIC
BLlf) LT 72 NO, £ F ¥ 2SS R IR IEE TR Ul & (2T
T 5. NO, A F V12 & 5 TT &7 BAIMTAH: 4tk
TR XD 2210k > THRMBIRET 2. W
ThoBE b HRMEEH-TVWIDIREL LTS+~
SRTH D, DA F b o TERF DA AT
ICEABURTAMED, ZNd%E a2k TRl T B3
ARBT 0N BFRBBEGHTH L. ETmAEMATIE
A BRI b b ARD WO TN ST DML
L BHICEbo TS, MBEIELZ M 2ELAMN
WEE LT, (1) MERLETOFERORE (2) H
FOMOME, (3) BRSO RKIEIC L b %D BERSE
*EIFBZ LN TEL. BTBSHRSHEHES BT
BRI AR OB RIEHIARE L TV 2 2 m ) AA S,
(2) £ 3) TRABICHERZMNT 2LERD 57
%, EVRFERTOERIIEE LB EHE .
ETHMFEAREEZ SN TVLWHE % M ISR
5. TTE-CAdH—A F v Uiz 2w e L
THL LML T VDY, CoWE ciMERRET
TTF OMli%7450.32 45 0.52~ % ¥ 73 5. TTF-CA
FHBHELII S W20, (D-G) OFxTo
EBATONTEY, ENHOMBEAREEZLONTE
Pz B, RENE T 72 IREET O XS X B
WX OWIFEN AT bz, ZOME, BRSWO A
F VRIS & B & BRI CH B 2 & A S A
ZEN, BEOBOESSKRE BT REBMKRTHL 2
Eh4 o 72", (TMTTF),X (X=PF,, AsFq, SbF,) |34
BREEAE BERT 2 BB CERSNEWETH 27,
ZOWEOMEB DT v MK S BT IRE~D
MR TH D LW L2 ho7". ZOWETHH
Z XX =AsF; TIZ TMTTF O1li $280.5 25 0.4 £ 0.6 1
AL TVE"Y. ZOMERIRECHERIKLT S
ZENRWESK, mEEhThLEshTwa". £
72, BOL TS A HE ShTwT, BERMAA
S BOF AR S 7", a-(BEDT-TTF),L; b Ak
BIZEARO BB CAR SN WETH Y 135 KEE
Motk 4R35, 2 OMERIRHRICEE D S BRI
FERBE~OMIER TH 5 = LA WE S h""Y. Zow
B O BEREAR RS T Slse Bk A3 L C s Bk~
BT MEshcwns"”. o (BEDT-TTF),IBr,
FAREFIR TSN TS ) AL TS, 210
K CREAIRHEMIC R T 2 M3 H 0, £7230K
CHESE 2L R D AR S 5. —F, mFEk
Mz 160 K TRWZ SR 2 ol CHALK T4
2RAET A e RwEsnzY. 283 S
Mo TWZRWhS, 210 KLLEIEARHIL L 2B hdli
IR, 160 K—210 K13 S % Bk, 30—160K 13 30 % 7
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R, 30K LLFIZIEREED A ¥ v 784 TV A WBREFF B L
EiZbRTwW5h.

3. 44~¥—% v FRIBEDT-TTFiE

BEDT-TTF & B B &) 5 1213 40 F A8 u [ 7 =R
R L MEE % S oW ES M S Tw5h. BEDT-TTF
O FIGMi % A0.5 0%’ E (BEDT-TTF),X i3 #% N > F
FEWEHA3/4T, N FEEO L TIRERICR 52 &N
WMEahs, LaL, Eiok) 2 BEHEEZ LOW
B TRENWI T RAEEZ —DD0F & B3 Y
VD7D, ZEAP—HOELE D OIROTEE D
ONY FRiEAZ DL RLTILNTES. ZDLH 7%
WETIE, “REMONI VA7 7 —EOVEFEO
7 =0 YT ANVF IR TMNSWEAIZIEILA T mA
WIZH LA SNTREAT S, ZORBEF A ~—
Ey MR E LI Tw5b. ¥4 v —F v MR
B2 BAENOTFLZIAE y OAMERZH TV,
—%, ZBREO N v A7y —RigaETHO s —1
VIRV F—ICHARTRECYA, B SERICIE
BAL L CTEBIREZ L 5. b LRI TwES
4 < —%Fv NMBEDT-TTF#i i3 x-(BEDT-TTF),X ® #i
K% b OWE T, X=Cu[N(CN),]Br% X=Cu(NCS), &
ERBRNTH Y, BlEiEEL2RT. 72 X=Cu[N(CN),ICI
2 X=Cuwy(CN); 1Z 5 4 = —F v MlsEATH 225, IE
FT2HEICE->TEEILL, BB yaZedmoh
T2, - BEDT-TTF#i Tl kA= Mg 7 % #il
ATHESI L TWB A, X=Cul[N(CN),ICl1® = Mi%&T- 1%
TESIEMBTH D, X=Cuy(CN)3 I IE =M.
D& R R L THIE O A Y 38 L C R
BRI 7 5, BE I mRBMRTEIE 7 5 A b
L—3a ry&RIT7:-010, BHTEXFRAY VikiRE
AWBEEZONTVEY, ZoDy 4 <—EFy Mi
BikE LT “mAPNMAKTEZMHATERYT S
B-BEDT-TTR)LICL 23S Tw b, WAL, 2o
HLMET S L& - THBYREOEBRELZ D
(LRI TINON 7 2 a

31 HA47v—Fv MEFE-(BEDT-TTF),Cux(CN);

¥4 <=y bMEAE-(BEDT-TTF),Cu,(CN); & #fi
BHEOWE T, 20mKICEL T TAE U2 BFALL %
W RO ANIE S AT W 2 0 720,
BWAFTITARNL—3 9 YICEoT, AYUiffiRiE
IR TV EWVI DD Y, TOFHE DS DFFIEIFE
hATbhTws, 4, EIR X > TE&EL LBE
Wi &R, —%, X=Cu,(CN); TIZ60 KLLF ®
HEBIZY) 7 7Y - RFEEN SRR E ST
27 ZOFBREORELFNT L2012, SREC
BAOMD (KAL) AT B & G 2 BEe 23
BEINTLEY 9%, ¥4 <3—Fv MGEKIC

BWOHHEDFIHETELEVIEZ T THAS, 1tk ¥
4= —Fvy MBKRICIZAY O HHEDORIFET S
EEZOLNTW/EOT, b LEWOHMHE L LT
WERELEHRICR D, ZOWMIETIRT A ~—T v Mfg
WIZRHEDR D L DD, b TN EOREDIR
B2 TWwbO0E T~ Vi EIC L > THRETT 5.
3.2 ERFE
k-(BEDT-TTF),Cu,(CN); ® B 3 Eikic b O &,
BRSAEC L o THRLE™. 05 IS
PR DBLEHNDH > T, ©-(BEDT-TTF),Cu,(CN); &
ks hTwa?, cBEHIETY 4 < —F v MRk
THY, MEICL > TEELLBRERET L. 2O
YT MENEET L. —), -BIEHEETT T
EBENTHY, 38K THRIZERBEZ/RT. ZOLED
HEWIEEA A+ VR —DHEOENTH Y, B+
OC = NHEIRB 2B 2 LIk > TRk 5 2 &
BNCTE2Y B TIE2ARDC = NMFIEB 2 H b 2
DI L, - FTIE214 em AEIZ D 5 — KO EE3
AOC=NMHHRBABE DN L, R1IZ I 0HEHD
(b, b+c) DI AT FVTHHH, 2110cm™
L2134 em 2 A LB SR TE ST, BIShIc-—H
ThHhbHIEERMRTHILNTE.

2110

514 nm

(b, b+c) 2134
297 K

LI L B L I L L L B |
2000 2050 2100 2150 2200 2250 2300
Raman shift (cm™)

®1 x-(BEDT-TTF),Cu,(CN); D F& £ F > C = N i 41 B 56 35 »
FIUANRY M.,
K-HCHNS 2214 cm HSEO S Y FABH X v o T,
CORERDRTH D ERHIFEIRLTWA.

TRVANRY ML =Y a —HOBM T < vtk
BiZJannistk D7 S A4 F A% v P ERY AT L
7o, IR UVHELOBEET VT A F Y L= =D
5145nm &Y 7 Akt v L —H—?632.8 nm % fii
L7z, V=¥ =38 (100) 1ZHEBEIZH T,
Koo < U HEDEEFHI L 72 (5 EScEL L E ) .
L — % — DRt )i mE 551 oM i 7% BEDT-TTF
Dv,ET— FPR LML B bE M ERAZ. BELEIX
bilifm e (b, b), cHlilimt (b, c), ARG (b, b+c) %
L7z, Mitsutoyo tE O 10500 L > X (M Plan
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Apo 10x) ZMH LT, L —W—o e % e
10umDFIR (H2DHNOH) 128 o TwWab. Ko
HVE SRS A 2 IR L7z, #S oM X =R 5
BANRE £ THO04 K/min THEI L, REZ LT 225
ART I VO EARAE 2 W E L7z

2 x-(BEDT-TTF),Cu, (CN); Hiiff fh O #G A & 5 i .
HWALEIDS L — 4 — % B g L T 2 FEI

33 RHXITLANT ML

k-(BEDT-TTF),Cu,(CN)3 4 i @ 22 [ B 13 P2,/c T &
D, HAAETFIZIEE2IZRT X9 1245 F D BEDT-TTF
BEINTWDE (K219 5405 F). Lo T,
S IRENCAHEAER A 20, 4EICHBL T 5.
A TR DT, 55 L, Hik$ 2 EMVAH
HAEHDRD 5 L v KRELKHET L. HHMEEZH V5
L, INSDE—FREIOIHIICHEHTAIENTE
L. ZMBEP2/cTH B0, TEIZBT 55 TR
OB RININTHCy, THRT LN TE L. LD
T, 42005 FIRENIE 1 OBIZ, v(A,), v(B,), v(A,),
v(B) E BT A ENTE S, EIRAID S, A & B¢
S M, (100) wWT, v(A)E (b, b) R v
Bk (b, c) WHTBHT L LDBTES.

F1HTEEC, 2B 2 B 23 &R

molecule site Can (b) selection rule
A, Qaa A by
Ao, X ca
4a, 4A Ay Eljb
x B, Qlab, Ave
B, Ella, Ellc

WA, A, By, Al B, OXFRIE % #5055 IR B 1 HLAY
WP CR3D L) RUMHBERE D> TwaE. ZORTIE
SFOFEHELNTERALTEY, WKIIEDD BH5F
EHIICRDD BT L RHMAMTIREI L TWwWA 2 L &
FLTwb. /2, HMHIEIBEDT-TTF ~#MAZFRHL
TW5.

X 413 x-(BEDT-TTF),Cu,(CN); ®» (b, b), (b,c), (b,
b+c) DRI~ AXZ MV TH D, X3ald A5G

3 Z2M#EP2/c % b 2 k-(BEDT-TTF),Cu, (CN); 12 B} 5 4+ Fik
B OB & Bt o B4
&M BEDT-TTF &k a £ L, WMMiCKDD 5551 &g
WCRDD B 5T LGS MATIRE L Tnw b 2 & 2K

DIRICASbFNZ AT T, WELCORIGA b il AT,
3b X AFIEDO A b ENIZ AT T, HRELG DR IEDS ¢ il
AT E W) TRl sz 8 BT 3Lt
CRETEH G WTHELIZARS PV THD. EK1
EHETAZEIZE S TRIAVEDDNY R ZOMD
YICRBT AL TELY. ZORKEISSND T
&1, va(A) Lva(B) 5B LTV A DITH L, vi(A)

514.5 nm Vs(Ag)
(b, b)
75.6 K

514.5 nm
(b, c)
75.7K

i VQ(BQ)

V,(Ag)*V,(Bo)

1300 1350 1400 1450 1500 1550 1600
Raman shift (cm™)
4 x-(BEDT-TTF),Cu,(CN); ® < ¥ <2 L.
(b, b), (b, ) I A DR MDD FATTH D, HLHEL
HeDARNS M ASHIE T D, HETIEcMIFITThsrI e
BHWRLTW5.
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EviB) K ELBRELTWBIETHS. BBEOHE
XETHHEIRE E OEMVMHE/EHICE S DTH S
VOSEBREOBMINTOHSREHBRICBNT, v,
E—FFGELTVEY, 2F ), AL TVwAVE
ATHAH. 72721, vs(A,) & HRTHBIEAIE NS 2
RYEBHEEL T DD0E L. &5 WIZRRT
W HENWTWADO0S LMLk, IRO34FTIEINS
Dvy NV R RN 5 7201250 F DA% & IERB R o B4R
WZOWTHHL, 358 TIEv; Ny FEEITT 572012
REMEAEHIZOWTIRRS,

34 PFOMBE(LEREES T b

COGTOMBERET 59 2T, WESIEEITHET
RBHETH L. HTOBALRERICICE > TRE KA
HEAZALS 50T CTld, CORGICHES LR E— K
MWRE KRB EE S 7 b5 HTEACHC SR
£ 45T THHBEDT-TTF i ST (0=0) & B
ATV (p=1+) OHFTREEERKT S &, %
HOC=CHEVPRELMETV S, ZOHIHA 4~
7 I H VTR C=CHHIREI DN DEBEA/NEL BB T
EEBRLTWADOT, C=CMEIRD) DR AL
WHM~KEL Y7 v 95, BEDT-TTEA i3 =2
DC=CHENRHHDT, Z"OoDI<ViHHE—F (v,
Evy) E—OOFRINEETE—F (vay) ZFHTHZ &S
TE5., I EUGv, E— Fld—ETHBILICHES T
120 e P EMNIZ S 7 L, ST offif (p) LIES)
¥ (va) EORMICIEv,(p) =1447+120 (1—p) OHEFRH
Brd 2. ZoOWEEHVDE, BB RS
E— F25TOMBERIT 2720088 LTAT
&5, FRTESTOMEFIEINY FEEKT 50T,
BT ~NSIEB-TWAE. T XD s, KT
NOjFEH OG- OMEBIEKORXTEHRSIND.

py = 33 ol [} e g

ka,kb m

22EL, km)EmFEHONY FOT0 v R nyld
WA TALET 50T 0K nld A% RO jEH
DT OEAHEET, fle)ZIELD 7 2 v I 54T
H5b.

3.5 IREMHEERA (EMVAHEER)

T < ViR C=CMHFHREIE— FOW, viE— Fik
SFOMBUCHKH LTRELRSLEDLFTVET S, ZOE—F
13320 C=CiEEAFAMATHOH AT ZIRE) T, 7
SV O B FIhRSIRAE & S AHEAER (IREAEAEH) L
T, WhWwiNf7u=y 7E—F2BERT 5. 5T E
RCTIEAINEITCE TR IRE2SH ), (BEDT-TTF),X
(XWEPFD L) REAF V) XD B TEETIE, v
E— FPRVIRBHEEHZZT T30, 20

E— FOWRBBUI T O EU3 L THIZEOBIRD 5K
EL¥FND. - B OBEDT-TTFZ B ) 5 IREAM AAE
HICX BRI 7 M2 BT 57201213450 F2520
D2 ELREERZTLLEND L. REHEEHO
JEH 2 S 5 72020 A ESLE L& SR E2E
25 LGN B\, TR ST AALAH CTHRE L T
WbETEH INLHDOGTFOREESHEN (HOMO)
EETHLVIEANEALTVED, KSOXHIC
HOMO 23> THRE) TZ#M (A()) 2% T 5 &, EHO
FHEIEEMIZ 2 2 DT, DFEICEMBIHIE S
D, EADGTOET (EIL) BoNT v 2080, 5T
FICEAAEE— X b2VAET S, ZOEKINET
E—X Y MO TR LT > F UBEERTIRE T 50
T, B FRAIMCREE L2 RINT A2 E10% 5. 2
OMEAEROKR E 135 FIREIC X Y 5 FHE N1
RKEGEREZZTDPIMEAEL TR BHDT, LUFIZHM
F5 X102, W ROV — % 4 THRE) 0 3 e RS T i
FL7emTREINS. ZOREMAIEMIZEMYV (electron-
molecular vibration) Ak & i, FAEARZ FLiC
B Z L3 EA S ST >

PR

S |
« @ ______ ,"2 t2+A(t)21,"I"'—"T' A(t)

_—
l .
/

MO-5+3() \JO-5-5()

R5 RSB 2 IREAN A o5,

MO F2EL, MVEENZ S FIRE O MR EZ £
TORIZGTHETH B, FEHRTRT O THE 5 TIRE)
Lo TAWOD L) IIRENCFAM LTtz s E T3 5.
HIGTHEO N v A7 7 =5 (GLEHRsG) Thab. Zhic
o T, BT OMED0.5 %A 223 EEHT 5. 20
72 DI T ISRV TR RN ARAE 3 5 B 1A%
FHEEIND.

k- OBEDT-TTF¥IZ B 2 IREMHEAEIC X 5 vy
OIREFL Y 7 b EFBET HIEMOIIRT 7 5 A5 —
Bz 2872, MIEBEDT-TTFF %% L, /AL 5
VAT 7RG TH DY Z0r 5 A Y —1EbC AT
20l & pENICEE 28T A D H, O-QLB-DDK
FATR B % & D JHRECo DR FRER & D & ) IR ANL
TTHb. IhS5DTF A7 7 —RoohT, —HiE
WDt g I D K E WV, KBITRT L) ICTEAERDA,
BAWBZMBRTZERLTBY, “RAEMIZIZALB
P2 TIE %R, AL A ORI H BRI EIAHEAEHAE
Twa. LaLl, 77 ViM% B,E— FOREIIN3
NHWHOENR XS, BWBEOFRET 5 DIE A
TIRETH5ALBOARIH . Lzh> T, ZORHE
TRAEADOHED T VA7 7 =R 3B L7



14 ¥ A< —%Ev MR k-(BEDT-TTF),Cu,(CN); ® 5 < >4

6 450F2 T A% —Hikl,
P%a;tBEDTTTF SFEEL, FHIEN2BXURIOHTFD
FSIHIBT S, NG UATr—EOOMEELTUTOLD
LY. 1,=2-0.22, 1,;=0.03, £,,=-0.08, 1,;=—0.08t,
14=0.03, 13,=—-0.22 V.

COBRNZBIFAENI NPT VIZRATEREINS.

H=H,+H +H,,

H, =Z {112 (Clo Coot Cop Cio) + 113 (Cly Cip+ Cho C1i)
o
+ 114(Clo Cao+ Cip 1) + 13 (€ 3o+ Cog C2)

+ 1y (Chg Cag + Cig C20) + 14 (Chy Cap + Cip C30) )

CIT, HIZETONINV =T THY, t;iEb5
27 7—8m, U4 r7—a vy V¥—, o
lixlf‘/@up}:downf“db@ CZTIRAY Y —HIEIR
BIZOVWTHWTWS, HIFRHBONI V=T 2T
&b,Qi%EE%,Pmﬂmiééﬁi,wi%@m
AR % 200 2 00 O FEAEIRB) O IR L, (35T O WP
%%T%%T@%Iﬁi%%ﬁﬁﬁﬁ@ﬂi»b“?
YTHY, nFiFHOGTFOLEAHKFTHY,
cz%fmﬁéné ifguﬁﬁﬁmmﬁf%

[

A [ Oe
n, g,—J (aQ)’Cﬂz%éh I AN —DHAL %

0. 7270, eFiFHOGFTELNEHAELTWS

SFBETH S, EONI V=7 ¥ R IREH IV E
REBIEHE LCTRD IS Z L1k o THRIERED = 2V
F—ZalE L, LM X 5 2RMOICE ) HOER
RIS AN TE L. ZOTHOEAMED S vs
DRI, %G L, FANZ NIV S 72 0 He e g
R %55 L7z, IREHM AN T o BT B AR HLAE

JHIZESWTWABDT, 42005 F AR IE H I

RIDEH. TNUHPROERTHY, TOXNTHFILS
n5.

RiA)=5(0+ 0.+ 0+ 0)

RiB)=7(01+ Q.- 0:- 0

RiA) =5 (01~ 0:+ 0s- 0

R(B) =~ (01~ 0:- 0+ Q)
E3k%ﬁ¢%:kti@,&k&#?77ﬁﬁ%—
NIZHIB T 5 2 & 2350 H %
;@&i%mwf%%—b#tﬁio BT B E
BAERIIZRD 72, BOMBm CTLEICRSLDT, TI Tk
ZRARNOBMBEHEIER (1= |t=|6)) ZEEL,
“EARM NS VAT 7 =5 % t(1+x) (-0.3<x<0.3)
@io IZZELESET, vi(A) & vi(B) DIRENEATE D &
AT 0% L7, FRERTIORT

1460 L

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

1440 -
14204 F

1400

frequency (cm™")

1380

1360 F

7 A5TT RS —HRIZ X Bvsi(A,) & vi(B,) DRI
REENE ZRBAM b T VA7 7 —HOORE SN L, &
RN O Et,=1,=-022 eV, KB DflE1;=1,=0.03
(1+x) eV, ty=t,=—0.08 (1+x) eV TH 5.

3.6 v, E— NOEMEEE vsE— NOSRIFDOIERS
KAR L7725 v ART M IVOD v, DR 5 Ak
PEABICRT. 72721, #ilEidv, % Voigt %k, vs%
Lorentz B 4 T & T3 & % 17\, Voigt B 5 o i i
(FWHM) T» 5.
REDKNIRT & 9 1P EIEIZF 60 K F CHAR I
VI 5. EIEEIC BT B PEIEOH KT v, —vi+2v, @
X9%374 7 VEBIZI S THIEL, v, E— O
DL b v 2N RHENE T 5 2 LIZWRETD
2% Lar LR § % & 5 (A TR IR i o w
5XDFENPEINT WA, ERNLHERTIHET
H5.

F60 KLLF O Tl Uk s o[ Uigar Tllle L
TWVAHIZH b 5T, 60 KLLT TREIEAHMT %
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18 L
16+ i r
1
14 L L
E .
%, case A =
S 124 % - L
.I
I E [ ]
: s - ,
=10 -..ll
]
8, |-
case B
6 L
T T T T T T T
0 50 100 150 200 250 300
T(K)

K8 v,»LfiilE (FWHM) O
PRI 60 KEUF THIINT 2 %54 (case A) L 2D F F HigH
WIS B854 (case B) ASRWZEE 7z,

Vit (caseA) 20 F FHFIIHAT LG (case
B) O @) ABII SN2 S0 T Y) O HIG %I
BEZHHAFEL 2T, HERETREL LAELE L 2
WHMcETwiRwv, LaLl, WIFRogdbv, Y F
DORMEIL V(A IZHRTH IR, DAV S Y Ry,
(B,) TH 525, IREIDKE CKBEH T 7 P LT3,
CHIERERIBEMEMEHEZT T E05THL. —
B, vy OIREAHEAEHITNE L, K4ITRLIZEH 1Ty,
(A) EvaB) DB L TWA. L7255 T, v, D lilig
{ZBEDT-TTF O Ali #230.5+ D D THEDIZW 5\ T
HEMRTHIELINTE D,

vy DAlNE & vy (B,) D ¥ — 7 IREN L & 0 12 BHEE 7 A
MR WZE N 60 KELT Tv, D PEIRAL A5
& (case A), ZTOMMELLT Tvi(B,) O ¥ — 7 KRB AR
FAAIE AN 7 M T 5. —T, v OBflEIEAIE AT S
ZmWiih (case B) 13vs(B,) @ ¥ — 7 IRENE DARB KL >
7 NI N TH D, 3SHTHPLAE L I1Z, vi(B,)
TIREAH AAEH O % 21T Trs(AJ ITHRTRE (K
W7 M55, —F, vi(A) ZIREMEAEHOEE .
ZA v, W e QIREREFICE b % T IGHEH O
FZTEDT, TNERLZDIZY T MEAvs=vs(A,)-
viB) w7z, ZOY T bmAv; IR L.
3SHEITHMLZZ X 512, THEEBA; - B2ARHO -5
VI 7 —HMAORESERBL TS, KIIRT LD

60 case A
_ 55 gt
E 34é
%50— L] EE
$ s %ﬁif
e NNy
g 40 1 caseB an RLLIT s
[]
35 4 i

0 50 100 150 200 250 300
T (K)
9 Avy=v3(A,)-v3(B,) DIRBEARLEE.
Vo OABNRE O il BEARAEE & B 2 MBI AR B .

WAL TAvs IZBR T 575, 60 KA T LT oK fd ¢
case A & case B & TIZWIMOBE T2 IC®R 22 > TH
0, case ADF X NIIMOBEI KR E V. WHDOEIL
DEPLRERHEEOEIEDS T VAT 7 —Fi50E
WIS L TWATHAI) EEZTWDE. ZOWHICE
WCTIRZE R TBEDT-TTF 7O T F L ¥ IO Bl JEE I FEL
L (eclipsed conformation & staggered conformation)
2557 ARRTIOENSHIFLT 2 BB T o0 R
% BENEMBDTHAI). VTV RT 7 —FRGHE
DEICEAAT L0535 THA L2451 27 5 A
F— B WTERLZ 3L VWS % LI,
v(B) DY 7 rEIEEEL LTHMMTRE L Tnb &
RAEBORIZE < EWBEAHTAER (¢ =|h+]til=
|t23| +|t2a]) DK E ZNTHAFT B, AR O BB AH
HAEH (4= tol=lt.) ZEEL, Z8&AER NS V2
77 —Fnxt(1+x) (03<x<03) O LHITELSE
T, vi(A,) & vi(By) DIRBN AT D X H IZZALT 2 0%
RHELAKTZ 5.

COBRIZRT I, v(A)IE T VX7 7 —FE5D
RESIKELZVOIIH L, viB)xg&EMo 5
VAT 7 —RAHRT B TIREEMA~Y 7 + T
b, L7ehoT, ZRBEMO N5 v A7 7 =5 %8
EELE, viB)REDKEEHA~T T TS, DFD,
7 bREAV T 5. K825 Avs idIERE TIPS
THRAICHRKLTWEOT, g TolGEICkE-> T2
BB N VA7 7 —BOPHMLCwbbDEEZS
N5, HiZcase ADHHldcase BIZlE_TX higmL
TWh, “REND T VA7 7 =T 5 Rk
Mo b7 v A7 7 =R o/, h /NS T UM S W,
CEAEANOIEILIE o5 FIIHEII ST 5720,
BANTOEMORMYITLI VNS RDEEZON
2% 8 LA & X DRI case A D i Hicase B
WCHRTREVWEHEETE S GIHORIZBH).
S hidcase ADt/t, Hcase BOt, X ) H KEwEwy
HWREAEHL TS,

3.7 v, E— NOEEROHENR

B8 O V-l % E B IYICFE T 2 72 DIZ 2 Y % ~
TR % TR O AT 24T 5 72 li%0.5+ D JH
D THFOMEAp (DRI H VT VB EEX, WH X
D24, =2/ap) TEK ST D, AL, 4p(D)=p
N-12CTh b, F7 flike s> EOMBIEMZr=]
(Ap(O)MAp(D)/A;dt THEEN D, 34 THR72 X 9 12,
vo DIREY UL & I DOBIRICH B DT, vu E— FD
IREYEUIAMEEL 0.5+ DB B0, DD T A0 () =0 (1) —
0, DEHIITOENTWVWD, Lo T, RO
XOFEIE2, =2/ L EESND. O, RS
Bow s EoMEEEIET =], (Ao0)Uo())/Aldr T3
Eh, i S XoMBR-IC—%T 5. AT MUk
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L) (@) 3 A, ETTHBOIT A ENRTE, TRATH
xhz.

a

. 1,T 1
o =y, A N+ —+ = S
Re ( 11 ) : ar 2 2r - [ 1 ]
= i — (o, 4+ & 4+ =
2r o G T80 2r 2

1

COBRITIE, Lg ()37 <24, DIZ0=0, * A, DL
BICOARICSAELTHDLN, 7'524,08 21 wo=0,,12
BETs. COWETIINAITRLEZE ) IC—KRICHE
LTWBDT, 7'>U,085 LT 5. 2%, w
LEOHBRMOME (Y v 7HE) SRR OW S
EORIFLDDREVWZIELEZERL TS, OO
NG A= —A, 1% RKDBIZDIZ, PADANRT b
L ThTIEDETo7. EF VKL & LTI
VK L CED2MEN Y v FHRZ — oDy ixt L
TRe -V YB#HE NV ((0)=hyg)+I(0)+
In). F72, I Ut ONREN TR RnE
EREBLTAY) y NP EEF VDT VKR 22—
YarvEWo B L (0) EENOS < ARy MLk
B—FTHEINNTA—F —Zwi#EibL 70 L(w) &
Iy(0) DEFRIZKR TR SN S,

L/(w) = fl,n(w’) S(w —w)dw’

2y MBI, V-2 EESEEANAR L TES
NIZAXRT M VvEF A TRELLZ. TV T >
L —H#—=5145mmD XY v FEBEOFEMEIRIZ A =24
em'THY, NYTARF UL —F— 633.4nm DLl
MEiZAp=1.8cm” Thor B (0) DHOMIZIES)
BoOWsHERR0E EORMEIRTHY, '=00KD 2
R7 M VOPEIICHIE T 5. SHIEEMIIZ r=0 DR
DORG LI2AXRZ PUVOPHEIFIZEFELW. 22TIE, ¢
LT, AUy MBS ETFIYER) 2 - FLTHELR
728 -(BEDT-TTF),IBr, ® - i 1§ 4.4 cm™ % $R I L 72.
COWHIEHRESE Y MugEE LTmsh T
FEBSZ OWE D v, DEBEIRIZIER I, ZoxHicL
THEBO R L TR#EILEZIT> TR Sz OHK
10DFERTH 5.
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71K
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10 ZHEL Y v v AL L o — L O B A w20 H T
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LTRD 34HITHBRRA,=4,/120 DR ZEH L
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11 i & EOIRIE (PP HM) OMmBEARLEE.
case A & case B1Z X 7 O PEIRD#E I IET 5.

CORNIRT L HI, i 5 XowRE i —5F
FM) ldcase ATIZ60 KL ET#H0.07, 60KLLT T
0.1~~Jij 2. — Jicase BTIE100 KEL F T#0.07C
Hotr. Vx v TBEERS5cm LEELEY, ol
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L, f5em I EORGEAEIEE L O—AKDOE TR D
DTGB L TELETI-14em BEDIEL 78
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ZPVTRL LY LS THL. LihoT, 28hr
Vx VIBREHGVARY, ©'~5em THTFHIER S
T, OF DL XEFBR LAV E VI ERIESNS.
38 FBEEEZTOMDEERE DR

Hifi©, #RIE0.07-0.1 DMliEwWw & X5 em™ (1.5
10" Hz) EWHHETOSLNTWD &V RIS
N7z ZOBEIZ2RNTHBAEA 120 5VWTWED
TE% L, AVWICHBAZ L LR HWTWALEZ L%
BT 5. WAL HVD S, 2RIENICEET 2E
KB TFDEFIIZ0 S ST, k&R BRIMETF )55
em ' EVIHHETHEZRKESETWS, OEH)) K
RIRECTHA L, b LEWHRTREZEKT 2 44
cm OPEIEE B Ov, E— FIZSEL TS E S %
W, LAY, KISITRT L) I27.1 K TIEWw PHtilg
RborE ISR LAV, Lz T, S Xk
IR F CTh o T b2, Z2 1912 A3 — 7 dipolar
glassIRKEEZ L 2 0w IFhh Lt Wy EmsEon s, M
FORREERIZIORTHEROERSE R L KL T
B,

f(Hz)
- 0.5k

Vosc=0.1V
E /I cross-plane

2 : o | : | : } ‘
0 20 40 60 80
Temperature (K)
12 RN T 2 1 CHIE L 72 B AR ORI - JE M Bk A
M. Abdel-Jaward et al., Phys. Rev. B 82, 125119 (2010). X 1
T L7

FORNIRT 512, FHEREOILOE AR EIAR
FLTBY, KEERE oM EMEERM~NY 7 b T
5., TOEMIAY YT AR) T 7= Lilhe &
BREBVTBHSATY2Y. Zhs0RTEM S
N % Vogel-Fulcher D313 Z OWEIZB VT O LT
BV, Abdel-Jaward i

f=f exp{_EO/kB(Tmax - Tf)}

TN L, fy=25%10°Hz, Ey/k;=250K, T;=6
Kx57z, T 3FEROINOWEE, TA%5E5OBUHR 1A%
HRET BRI, Eo (T BB T % S X & 2 OB xR
WS AN F—, fIFIREBERKICBITS (DF )
—0) BERPBFBEST DINET HHEE (e

MO THhbH ZOBRTIE, FEKEYTOmET
FEEOLORENST=6 KIZ—KT 5. SRR J
s #—Td % PMN (Pb(Mg,sNb,;)05) Tldfy=1.0x10"
Hz EJk;=472K, T=2915KT& 2. V)5 7% —
PMN (25 Ti2400 K P EOIRETIZ2-3 nm ¥4 X0
k2 7 A % — (polar cluster) 23574 L T\ 575, i
BEEaTT5L75A5 =L AFKELARDVHSKT
10 nmBEEICRET 2 L E2ohTws". Bz s
HWIRIECTHHIT 5 (Zero-Field Cooling), T 6D
WEr 9 A5 —0wsH EET, THE TS, £2A5T, &
OWEDISEREIZPMNIZ RT3 HEVDT, F
YWDr 525 =% 4L ZHLPMNOLERTREVWLDEE
Zbihb.

B2 R L2 R BIARAE T 2B EERIZY 5 79—
VARG -7 5 A (dipolar glass) Th RwWZ&8hT
W ZoYs, ks 5 AY — BRI, A
DOMIEFHELHE Y O THEAEH LT 7 ARKEEZ TP
WL Twb. Hotta DBz 2#.2§ % >, k-(BEDT-
TTF),Cu(CN); T ELEL D H Y HHDT, T2 TILY
SOY =BT 5 A5 —DHEEFIE L THE
ZHED D, B BUR R IRE)E — F O PAllRA O g S
NEZBEBEBTOW S XD O R findEIT#1.5x%
10" HzCTHh h, FEEICBIT L EBICHT 5 I0EHE
GRRALREE) ICH_T3HT#. CoHErS, ZoWy
WZBWTH Y T 7% — L RBRISEAGEEEC A4 ) v
FRHLLDEEZ NS, T VL TIEE W RFLE
FELPRZ TR WOT, #HOWEHEEZ b ot 5
A — DRREDHRDP IR 5. BORAEE 2 b Dt
W7 92X —DORBBEIINSVD, 7 FAF—F 4R
BREVZDICERGEOD 5 X<5P>HRE . L7
Do T, <P>IZHBIT 2 FEHRIILE BT D 2
TR —DIREDPBINEINT VDL EEZ L. BOIRME
ExLOMES TAY—DWw S XIXT, THEET 2 DITH
L., It T L Tw 2 AL E ok~
SAZ =W 5 XIXTK T TR LA & v ) iR
%5,

ULEoOEmTIIZ2RNOEBMOMY) O BETLE
RAAD7 7 A5 —NTHEMERZ L TWwbLI L 2R
WL CTwa, BEUOEREHEIET 7~V SR B W T
B X <Tw2®. #30 cm {3 ICHER S BRI
cl 7 O ELA M T (dipole cluster) # K i & & % 4
BUHETH 2 LRI N TWS, COmLEs 5 A5 —»8
EHN A ZCETRET S L, BT ArF—133f
MRE6 KIZIA > TY 7 MET 5 2 L HGmMNICTS
ShTwa Y, FoAryHkIcBeT, V7 ML
BHlE TR, T2 ZOETHHEOIRE)T-5E A
FEFITNE VW EB TR =T XDP/NEWZ L EY
FEoTWnWAh,
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dipole cluster 254" 7 A IR (dipole glass) TdH 5 Z & IR
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(CNZIZBWTIECu(CN); £ F Y DZDDCND I 5
—DIZENDDH S, CNOHFL SRR EICALE LT
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BFO2EAEMONEEIZ6.93A, b T O b DI135.67
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PR O TR TS, EEE, SHBHEBI &
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DWTITE G o TV,
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7o, WIEER ZEMEAY IR TS L, BEELF
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5.

C OFEBTH W72 B INIFIRRFH O INAR &
HEHIZ & ALMEE R F O ARFE R EAZ IR L Tz 72w

7o MILEBIRYOIA  BEAEHIZ &L FIL R YOS
FA—BRBIZ I BT RB BRSOV TOEF I 425k
ZLTWiEWwe wEIZ, «MBEDT-TTF O FEEkIC
DWTIE, BN O R, & =mKo I3
rwiciiwic, EHOBEERLIZW,

X (79
' J. Wosnitza, “Fermi surfaces of low-dimentional organic
metals and superconductors”, Springer-Verlag Berlin

Heidelberg (1996).
P [EEE AR OIS BN i L B, YT Al
— i (2001)

P BRFEAR TS A NEAE ., FRILHRR (2005)

*S. Horiuchi, Y. Tokunaga, G. Giovannetti, S. Picozzi, H.
Itoh, R. Shimano, R. Kumai, and Y. Tokura, Nature 463,
789 (2010).

5 J.B. Torrance, J.E. Vazquez, J.J. Mayerle, and V.Y. Lee,
Phys. Rev. Lett. 46, 253 (1981).

¢ S. Horiuchi, R. Kumai, Y. Okimoto, and Y. Tokura, Chem.
Phys. 325, 78 (2006).

" K. Kobayashi, S. Horiuchi, R. Kumai, F. Kagawa, Y.
Murakami, and Y. Tokura, Phys. Rev. Lett. 108, 237601
(2012).

8 P. Delhaes, C. Coulon, J. Amiell, S. Flandrois, E. Toreilles,
J.M. Fabre, and L. Giral, Mol. Cryst. Lig. Cryst. 50, 43
(1979).

°D.S. Chow, F. Zamborszky, B. Alavi, D.J. Tantillo, A.
Bauer, C.A. Merlic, and S.E. Brown, Phys. Rev. Lett. 85
1698 (2000).

1 M. Dressel, M. Dumm, T. Knoblauch, and M. Masino,
Crystals 2, 528 (2012).

' P. Monceau, FY. Nad, and S. Brazovskii, Phys. Rev. Lett.
86, 4080 (2001).

'2 K. Yamamoto, et al., private communication

13 K. Bender, I. Henning, D. Schweitzer, K. Dietz, H. Endres,
and H.J. Keller, Mol. Cryst. Lig. Cryst. 108, 359 (1984)

14Y. Takano, K. Hiraki, H.M. Yamamoto, T. Nakamura, and
T. Takahashi, Synth. Met. 120, 1081 (2001).

'3 R. Wojciechowski, K. Yamamoto, K. Yakushi, M. Inokuchi,
and A. Kawamoto, Phys. Rev. B 67, 224105 (2003).

16 K. Yamamoto, S. Iwai, S. Boyko, A. Kashiwazaki, F.
Hiramatsu, C. Okabe, N. Nishi, and K. Yakushi, J. Phys.
Soc. Jpn. 77, 074709 (2008).

Y. Yue, C. Nakano, K. Yamamoto, M. Uruichi, R.
Wojciechowski, M. Inokuchi, K. Yakushi, and A.
Kawamoto, J. Phys. Soc. Jpn. 78, 044701 (2009).

'8 A.A. Kowalska, K. Yamamoto, and K. Yakushi, J. Phys.
Conf. Ser. 132, 012006 (2008).

1 A. Yamashita, M. Watanabe, K. Kobayashi, R. Kumai, K.
Yamamoto, K. Yakushi, and Y. Noda, Meeting Abstr. Phys.
Soc. Jpn. 67,907 (2012).



¥ A< —Ev Mtk x-(BEDT-TTF),Cu,(CN); ® T < ¥ 4 19

20 K. Kanoda, Hyperfine Interactions 104, 235 (1997).

2l K. Kanoda, Physica C 282-287, 299 (1997).

22'Y. Shimizu, K. Miyagawa, K. Kanoda, M. Maesato, and
G. Saito, Phys. Rev. Lett. 91, 107001 (2003).

# H. Taniguchi, M. Miyashita, K. Uchiyama, K. Satoh, N.
Mori, H. Okamoto, K. Miyagawa, K. Kanoda, M. Hedo,
and Y. Uwatoko, J. Phys. Soc. Jpn. 72, 468 (2003).

Y. Kurosaki, Y. Shimizu, K. Miyagawa, K. Kanoda, and
G. Saito, Phys. Rev. Lett. 95, 177001 (2005).

» M. Abdel-Jawad, I. Terasaki, T. Sasaki, N. Yoneyama, N.
Kobayashi, Y. Uesu, and C. Hotta, Phys. Rev. B 82, 125119
(2010).

% M. Naka, and S. Ishihara, J. Phys. Soc. Jpn. 79, 063707
(2010).

1 C. Hotta, Phys. Rev. B 82, 241104 (2010).

2 U. Geiser, H.H. Wang, K.D. Carlson, J.M. Williams, H.A.
Charlier, J.E. Heindl, G.A. Yaconi, B.J. Love, M.W.
Lathrop, J.E. Schirber, D.L. Overmyer, J. Ren, and M.-H.
Wangbo, Inorg. Chem. 30, 2587 (1991).

2 T. Komatsu, T. Nakamura, N. Matsukawa, H. Yamochi,
G. Saito, H. Tto, T. Ishiguro, M. Kusunoki, and K.
Sakaguchi, Solid State Commun. 80, 843 (1991).

30°0. Drozdova, G. Saito, H. Yamochi, K. Ookubo, K.
Yakushi, M. Uruichi, and L. Ouahab, Inorg. Chem. 40,
3265 (2001).

N ZDOZARONY FOREIZDOWTIZPCZBEDT-TTRS -H
RDOC=CIZHEI L 7B E T im0 5.

M. Maksimuk, K. Yakushi, H. Taniguchi, K. Kanoda, and
A. Kawamoto, J. Phys. Soc. Jpn. 70, 3728 (2001).

32 T. Yamamoto, M. Uruichi, K. Yamamoto, K. Yakushi, A.
Kawamoto, and H. Taniguchi, J. Phys. Chem. B 109, 15226-
15235 (2005).

3 ML.J. Rice, Solid State Commun. 31, 93 (1979).

** A.Paineli and A. Girlando, J. Chem. Phys. 84, 5655 (1986).

* T. Komatsu, N. Matsukawa, T. Inoue, and G. Saito, J. Phys.
Soc. Jpn. 65, 1340 (1996).

% L.A. Hess and P.N. Prasad, J. Chem. Phys. 72,573 (1980).

STH.O. Jesche, M. de Souza, R. Valenti, R.S. Manna, M.
Lang, and J.A. Schlueter, Phys. Rev. B 85, 035125 (2012).

¥ R. Kubo, Adv. Chem. Phys. 15, 101 (1969).

¥ 520 ARG MVOBREEIZOW MG A R R IE %
ToTVRRVDTiEM TERV. - THEE— 7 DOIREEICH
FHI8TA—F —|ZONTOHERIAITh R

40 G.A. Samara, Solid State Phys. 56, 260 (2001).

‘I R. Blinc, International series of monographs on physics,
151, “Advanced Ferroelectricity”, pl45 (2011).

“2 D. Viehland, S.J. Lang, L.E. Cross, and M. Wuttig, J. Appl.
Phys. 68, 2916 (1990).

# K. Itoh, H. Itoh, M. Naka, S. Saito, I. Hosako, N. Yoneyama,
S. Ishihara, T. Sasaki, and S. Iwai, Phys. Rev. Lett. 110,
106401 (2013).

“ M. Naka and S. Ishihara, J. Phys. Soc. Jpn. 82, 023701
(1923).






H—RyF ) Fa—THEEROMEL AV F—H) 21

A—MRYF/Fa1—TEEGRORBEIRILF—BE

SANNE T T
(EN 1 I T

%**
ﬂi**

Al
JEER

Excitation Energy Transfer in Single-Walled Carbon Nanotube Composites

Arao NAKAMURA * Takeshi KOYAMA **
Takuya TSUNEKAWA,** and Hideo KISHIDA**

Single-walled carbon nanotubes (SWNTSs) are hollow cylinders of graphene sheets with diameters of
1-2 nm and a length of ~lum. SWNTs form various kinds of nanotube composite systems. Coaxial
double cylinders are double-walled carbon nanotubes (DWNTs) and ensemble of as-grown SWNTs
with various diameters form self-organized crystalline bundles with a two-dimensional triangular lattice.
By making use of the hollow space within SWNTSs, a new composite system consisting of molecules
and SWNTs can be produced. In this study, we report excitation energy transfer (EET) in DWNTs,
SWNT-bundles and encapsulated-quaterrylene/SWNTs. In DWNTs, EET from the inner to outer
nanotubes takes place with the transfer rate of 6.5 x 10%s™. In SWNT bundles, the transfer rates
between adjacent semiconducting SWNTs at the wall-to-wall distances of 0.34 and 0.9 nm are 1.9 x 10"
and 2.7x 10" s, respectively. The observed transfer rates are three orders of magnitude lower than
those predicted by the Forster model, indicating the failure of the conventional Forster model
calculations. We successfully synthesized quaterrylene molecules inside SWNTs from perylene.
Encapsulation of quaterrylene molecules is confirmed by absorption and Raman scattering
measurements and transmission electron microscopy. The observed EET rates from encapsulated
quaterrylene molecules to SWNTs are 7.1 X 10"-2.4 x 10”5, depending on the diameter of SWNTs
encapsulating molecules. The observed values are discussed comparing to those of 3-carotene and

squarylium molecules in literature.
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Frequency
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ser ﬂﬂmwﬂmﬁm=”£
0 b boili
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Tube Diameter (nm)

K 2: HiPcoF /F2—7 (a) & CoMoCATF+ /F2—7 (b) ®
FWETHMBURE BREDO A 7T A,

IREND LI LNV () 2BKLTwS. F/
F 2 — 72 < van der Waals 7T D 729128~ RV i
TR T OMEICRY, ;) F - T H oKX
BLEZF034mmic s, TOXALHEF ) F 2 —TD
NY FVEBEERFEYFAF—IEoTIELLT, &
SICHRIEEARE S TR EICE o TIy 75 LI
Lo THIEF / F 2 — 7 AN L THAET % ik & 1R
THIENTESDL., NYFVHOREF ) Fa—T
JEF /) Fa—TIIBITAHEY G/ 2KDF ) Fa—7T
MoOFHEHEIZ034~038mmEEHFELTWLDT, F/
Fa—TH TR ANVF—BEHPESH IR S5 Z L8
TIN5,

BRENTZHIEF ) F 2 — 7O H AR E SN EBR
PoRBEFry FICEoTHELRTWASDS, B
ETLIEICEINF IR —NDY) Y F =R, 4y
FhRERFEOALILDNETHS. CoEDT T —
LU BEORATZHEBF ) Fa2—71F “E—FKvy ¥ &
EN, % offgriibhTwnz?. Co¥—FKy F
PHMHT L LICL o T EF ) Fa—TE2EKT S
TENTERY. X510, S/ F2—TE—RIEDOKIE
WELTHHHTAZLIZEY, "YUV Y, auty, T
NIFTINNL VGTHF )R 2 EKT BHI5E
LMES TV, BHEOKEH TRART LI
PR TE2AKTED L 0E, S/ Fa—713HL
W T OB T 2 H 5 % OS5 5.

BRFEA A Tp E OJEHDBBEC X o TREEI % HHERS
Tx2F/F2—70 B 1CWHHE (NLT5) 2Ll
ToTunztZMBrEs N ALGT LS/
F =TT LI LI Lo THEERE EOF L

BRSBTS A 2 L2l sh s Mg ) Fa—
TWHNEENZBHIOF YR A7 T YY) 7 MEEED)
BRI ANVF—BEZRT. NEBITF VT F/
Fa—T O AN F—-BE ORI, 50fs& 6.6
ps'. RZ T U Y AOBEOBEIERIZ190 fs TP
ThbHIEDPRESNTVSE. NEST ORHRIRED
W AN F—Z AR TH DI LT, 5T %W
AT bHF ) Fa—TONY F¥ vy FIERIDGHERIC
h, AZTIVIVTLANEF ) Fa—TOWeE T/
F 2 — 7 OWIURE AV S VARG (~730 nm) O
BWIRIZR > T a, i AV F—BEIER (L—1)
X, FF—=,72% 75 =001/ Fa—7H
DOWHE, 75T OREE, B & D ARZ PVOELRD
IREFHEOKRE S LM T 5. MOl &
WE—BENIZ L 05T 2RI L Tl 2 5 BEA T
RENTVDED, A—KrF ) Fa—THRERT 5
IANF—BEHOMRITRZT5IITTbN TRy, K
WTiE, ChETIAT-CELA =KV F ) F2— T
DT AN F—BBHO/REMHTL L LB, F/
Fa—TIWHNEBENLZ TTF UL UHTOEEREZFD))
T AN F—BENCET 2 L0 EERET 5.

2. h—K>F/F1—THD
FhETL RIVX —F5E)
21 ZBH—K>oF/Fa—-7T
ARG CHW g F ) F 2 — T EER L T2 NE
LHVET 2 — T OBERIZRR O EBRI R A D 517

D,=1.02D; + 0.76 (nm) (1)

2T, D, D, TNENINEENET 2 — T DK
BTHY, nmmEHMET S, B2, WEF2—T0
EEN08nmOYE, WEF 2 —7OEEIX1.6nm T
HbH. INHOERIET BT R L F— DN
MZR3IZRT. WEPFEERS 2 — 7 DE, ikEF T 5
VE— (~1.1eV) PNEF 2 — 7 DELE T T %V

E22

~150 fs

7N

En——x— ~11ev——— Ex
1

\I

hite ~0.6eV —1— En

T
G —— —Y—

NEFa1—7T NEF1—T
X3: W@, SAEREAF ) T 2— T olR ML F 2 — T D
I AV F—BE ORI,




H—RrF ) Fa—THEROMEL AV F—H) 23

F—ITIZIEMIEL, ZOE T AV F—13~0.6
eVTh5.

ZRF ) F =T O T ORI E WD 720
12, 7z MRHEBORNET A FI 7 X &2E L.
M4k, WEF2—70E, T (1.1,1.2eV) &4t
JEgF 22— 7 OB T (0.6,0.7eV) IO MIEET)
TH27. HEEOZIVF—I1E155eVTHY, Th
B EAE T 2 — T ORI AR R S h
BEMTHL. WEF ) F2—TDEHRTFICEB%
JIF 160~ 170 fs TWET 5. WEF ) F2—TDE,,
AR - FE 6 D K E R X, 400 fs (0.7eV) & 770 fs
(0.6eV) TH2H, 0psfHiEDVH LAY BENIEN
P S hE. 22T, BEKA150fs (0.7eV), 160
fs (0.6eV) OVH LAY %R L -fi (— 8
B OEALh B SO v iiE (5 10k o TE
BRI Bl S N R E 2 BT Lo e 2 A, BT
REND L) ICEBBREZFHT LI LS TEL 2
DB LY REEDNIE S 2 F 22— T D E, BT O
FERFMICIL—HTEH2 L0, ZORET»)E T
/) F2a—=TDOEEFIRENT AV F—RBEH) L7274,
E R T235% ks E2 605 (K30BAX). 7
HIEER R ETT y TENLMVEEF ) F2—TD
bk F D FaIE10~100psTH 50T, WEF 2
F 2 =T ORRTOREMENEF ) F 2 —T DI H
VE—BHTIZIZLM IR TWEEER A, fEoT,
COIFNVE—BHOL— ML, 65x10%s 1R B2
Ebh ol 2ARDF ) F o — T DR DI HEEEX
038nmTdH 5D, @/ Fa—7XMETF 2 —77%
DT, ZOWERFF——7 7% 75— OWEEICH Y
T AHPITEHMHTIEZ .

S
V)
)
<

Normalized Intensity (arb. units)

4: TRV T a— T ORET IO RS
Bk 74 v T4 Y TRATRCR, AR LB A0 %
VIREEINRE, — AR B LAY IR0 & B I

22 HEH—KFI/Fa—TNCRIL

REEER 2 ETT v T7ENTOWRVWEES ) F 2 —
TUE, SR EARTORAEE S o 72Ny VR
5% MAREND LD HEES A E b OWE S/
Fa—TRHEEHNT, F/Fa—THORRT RNV
F—RBHOF¥ AL F3I 7 A% HFH~X7 K5, HiPco
F 2 —7OE, IEFHEEOMEMBTH L. M3k
BIRUC X A3t E 2R L, MIPICRENS &9 12588
I ANVF =DM 7 B ITHE > THERCRIZ35 95
380fsFTEL 5%, F/Fa—THEMAKTEBKL
TWAYA, FFr—t%2F/Fa—T7»0 0 CTHHET
5F ) F2—TR6EKRTHY, &FEF 22— 7 &Pk
Fa—TOEENRL:2THILIEEEEBTIHE, 64KAD
D B2RNERE, ARDPPERF 2 - TR D. FF—
kb F /7 Fa—TE)dMVT 2 =T NI AN F—
BEkEx2we L, ARICEETNIHEESF ) Fa—
WADNERE 3 TR (U 5§ oS BP4Y /) e e I 2 S % )
REELRNNADS, I/ Fa—TH) 0TI F—
BEL - 2RODDLIENTEL. TOMKE, PEHAE
Fa—TANDZALVF—BEL — ME1.9x10%s", &
BT 2—T~OBHL— MILIx10"s ' THH I LS
ooz,

7

1.2eV (7=35fs)
6 AAAr'v WISV RON Y e Loy w
5 1.1eV (7= 100 fs)

1.0 eV (7= 120 fs)

4 P\
/\\N‘ggeV(T=180%)
3
) Md/\hM\QSeV(T=240%)
}P\guékzeV(T=28Of$
A v VA dennst

AA,
WAnMepaty o

Normalized Intensity (arb. units)

Time (ps)
®5: Wlgh—FK Y F ) Fa—T Ny FVORIRTIIEORFERE).
BRIET 4 0 T4 ¥ ISR, R E R R

23 PFOBRFCoIyvrTehi-BEHA—KF/
Fa1—7
H—KRrF /) Fa—T7 % FRHEERRPE S TTT v 7
THIEWLEY, N PFUMLEHZTH ) F2a—T7%N
VERLIENTELY, ZOL)RAFITBVTIE
KDF ) F2a—=ThoRhB/NSHENY PR ENS
LBand b H6OTEMMBRIZ/R SN S X9 IZ, PFO



24 H—=RYF ) Fa—THERORET AL F—BE)

6 :PFO T v 7HIGH — K v F /) F 12— 7 OEMEF M.

(poly (9,9-dioctylfluorenyl-2,7-diyl) T35 v 7 &7z
) Fa—=T e R= =R L7 T, 2R F 72138k
DF I Fa—THRBEHELTAY FLEEKELTWS",
Z OTEM {455 PFO %4 L7z F / F 2 — 7TREE o B
1Z~09nmTHh 5.

K7 EPFOTT v 7E3NIHgGh—K Y F ) F2—7
OWNARZ MV THE” . ZhZhOHAL T T4 %
bOF ) Fa =TT B HLCII DB S L Twn
%. PFODOYiE, PEARF 2 — T8RN T v 78N
50T, GFRF2—TIZHRKTBHM, BREOWIULIZ L
ALBIIS v, K8IZ, 1.55eVDI/NV AL —H—
TR LA B 2 b0 mERE) 2R3
WREEMARZ 2R OIRBA BTN 5 &, O IFERL
SOBERIECTRORE LI psThH S, EORE
B, BT ANVF—OFE (1,5) F2—T70%4E
32 ps, TANF—=HMEL 4 D DITHE o T ERMHIZ
E<7Y, (109) F2—7TEBEIZ10pskisn. N
YEVF ) Fa—TOMPERET S L, BHOMFER
I THFPL B R,

T AV F—BEEERE Lz — bR E AW
T, BNOMEBRB 2T 2", 7OV ZGhEZ O
FoL— iR, UToXcHErhs.

dxg) =, X(0) — jy X() (2)

CIT, Yuld Tt Fa—THIZBITBHEFOMEL —
b p3F 2 Fa—THOBREIAVFEF-BHL— T
Hb. jR (j=1~6) OBET LT 72T ¥ —F2—7
#b2 (n,m) FF—Fa2a—70PRVEZINDHHERITR
T YR EIRET B, Toe TSR bHT)
Fa2—TORKjOVHEENET D E, KTV Y554
B ToXTHrNS.

Py(j) = (N'/jl)exp(~N) (3)

WoT, (nom) F2—7OFEHREDORBZbIZ RN
THZoN5.

(a) 0-8 LI l 1 L l L L I Y 5 % 3 I T | T
L. Bm . E@m Mis

L1 1 I L1 1 1 I | W
1.0 15 2.0 25 3.0
Photon Energy (eV)

R7: PFOS v 7HGH —K v F /) F2—TDORNANXY bL,
(n,m) : A4 FNVEH, By BB ) Fa—To%1N Y
Kbk, Eyp: P8RS ) F a2 —TOHE2N Y KRS,
M, &RF ) Fa—T 0Ny FHER.

o

N W A~ OO0 O N ©

Normalized Intensity (arb. units)

-5 0 5 10 15 20 25 30
Time (ps)
8: PFO 7 v THIGH — KV F /) F 2 — 7 DRI 6O W EZRE).
ORI & FHUZ, EELMIERETH 2. H 4 TR L WIS
T AR T A F— 2 IR,

Ly (1) “ZPN (exp (i + jy)t]
= exp{—yat - N[1 - exp(yn)] } (4)

Y= 11x10"s", y,=27x10"s'E Lz & K7D
FRTRENS L) B SN EEBOETE XL
WY 5. 5, '=91psTHY, TOMIWESIA TV
LENOF@ICIFIF—HTEH. I THLhBHL —
& (BEIEER © 3.7 ps) 1k, Y KVF ) Fa—T0fH
DT TH 5.

24 % =

T AV F—RBE L — b &F 2 — THEEE O R
ST AV F—BHO XS Z A AIZONWTEET 5.
bk SRk 2 — THOBHL — oz F ]



H—=RYF ) Fa—TEEROMRT AV F — 1B

25

K1) Fa— TRERMEE L hiE T AV F —RBE) L —  OJEERE & BlEE A, BE RIS 1712 X 5.

L Fa—T N2 R PFOS v 7 A UAEFT B Distributed transition
- - F/Fa—7 F/Fa—7 Forster €7 )L monopole 3l
REMBAE (nm) 0.38 0.34 0.9 0.57 0.57
BHL— (s 6.5%10" 1.9x10" 2.7%10" 4.0x10" 9.7%10"
KELOTRYT. Z@F ) Fa—TEeN V) ===
Foae TREET DL, REEHEAD LA S NI b A gg Q.Q...‘
bbF R ) F 2 TOBHL — b A3 E il OO0
ThHbH ZJEF ) Fa—ToOHE WEF2—TDE, Sy Ly 7Y LY

¥ RV F— LB, ) F 2 — T DE, i T &
VFEF=BEFIEFT—HLTNDLDT, =727t 7T¥—
OREFEEOELZ DR E V., TN LT FLo
BAEIZIZWA WA L TRV F — OIREAGREF BT
LT, REFBEOEL )R E LTINS L0
WCBEL— MR R2EEZONS. 61T, )
JFa—7TI&, FENI2ADF ) Fa2—THhiE LT
WLZEDEBRLTCwELEEDbNSL. PFOT v 7/
Fa— T TRENY FIVOEIT A TRERBEREDH 2.6
BREVOT, BEL— M V/TREOEICE L EEZ
LMb. L%, 2RO (15) Fa—71287 5
BE L — P OMRAEOLE T KT 5. HEN
0.827nm® (7,5) F2— 7 ORERFFE#EE %057 nm & L
72t & H S 7 mOBURR - N 25D < Forster &
FIZ X BEHEMIZ4.0x 107 s 124 D, FEEE I
RT3 EDRERMEIFONL. ZORE LA
X, 7/ F =T ORETOIER) K 2amTH LD
R L TSR nm T THh b0, FF—&T72
75 — B O EANER % HAl 2 OB F- R o 7 — v VA
HERSEPTE R WS 22X B EE25N5. —,
BEE K= (BW) »F/F 22— T ORTHIZH5H
LT3 &4l L 7= distributed transition monopole 7248,
X 2R TR, EROEMFOBH L — ME9.7x10"
sTSR D, EBROMIESL. FEER—-AA4 5 T4
DF ) Fa2—T2WNRIILTWVWELEDT, FF—,T7r%
7Y —DIREREENEEICE L > TSI & LR D
HEDE WA ZFE 3 5 &, distributed transition monopole
PN L BEMENERZIZIZHIELTCwEEE2 5. |l
5, EREDIL2Y & N F——7 7 &7 & — gk
MRS 2 2 WA, AU T 3D < Bt
Forster E 7V TE LW &b o7z,

3. V977V FREBH—KR>F/Fa—-T
DERE TDHEL RIVX —FBE)
31 PFREBH—RKRLF/Fa1—-TDEK
H—RyF ) Fa—TERIeEEE LTHWT, @
DEMETTIIIEPTR I DI WHF2ERTH I LN
T&%. MR ENE LI, 77TV L VEIED

K9 :xYLY, 2779 L O

NYEVRPOLRBTFTHY, XYL IypfiiRrE
VBRI G S 2o T0h. RY LY
L T7TI)LYaTFOREEE, ERENF0.68 nm x
0.82nm, 0.68nmx1.90nmT&H 2 DT, OV A XX
DBKREVEHEE (1.0~1.8nm) % O3S
JFa—TEBERCTER T/ ZhTho
Fa— 7 EYEES1.0+£02mm D HiPcoF 2 — 7
(high pressure carbon monoxide process), 1.4+0.12
nm®» SOF 2 — 7 (Meijo Nanocarbon), 1.8+0.2 nm
D DIPS - 2. — 7 (enhanced direct inject process) Tb
. BROFMELFICRTY. 1) HEEAICLY
SWNTE A2 /8 L, CaF,MICHE 3 5. 2) CaF,%%
W EDOSWNTRLE R L vk e 77T A B4
L¥% (3x107 Torr). 3) 400C DELIFAH F R %
ANT, BIRMOBNAEEZ TS, ORI L 5T,
H=RYF ) Fa—=TORTRY L YRS LTY
TTVVYDPERT B, 4) MV ER T CaF, 244K
LSWNTE# i L C, F /7 F 22— 7O BER &2
HLIRER) VYT EBRET L. LioERFIHIC
BOTRY L UBHROAZRCIZRABZERL, Zht
FTWEF ) F 2 —TEBOMRL KT 5700
AEE L7

32 SFRTF/ F1—TEOFF

SOF a—7%FEHE L THWTERL S THYT
JF2—7OTEME# 101273, 1.3 nm O RKT
BN D 2RORKAEIE I =KV F ) F 2 — T OHEE

- Wall *©

v‘\VMwme

e

10 : 27779V yWESOT /) F 2— 7 OFBEFHMGHE.



26 H—=RyF ) Fa—THEERORRT XV F—BH)

WHET 5. ZOBRONMICKWESBNSh, 20k
XEBLE2mTHL. COESHEZTTFYL VDL
FTRIZBEZ-HTHENL, FHIHTTHELEITTY
Ly ERBENPS BRSNS L, S/ F2—70h
Dl 2 SANTMEITGFANEL L TWDE Z by
%.

IR UVHEOBH»SNU SN2 HET A L
NTE%. HiPcoF 2 — 7% TR L 7255 TWNEF
) F2—T DI HEHOBREENINGETY. AS
HDWEHN632.8 nm DA (K 1la), 5 FE2HNELLT
WRWEBRREUE (B T2 1322, 1541, 1590 cm™ 2
S vE—UaElsh, ThbiEh—KrF ) Fa—
TODNY K, GNNVE, GV FICHEEIND. 4
FTHNEF 2 F2—73 B GR#) T, 1255, 1286,
1361, 1547 cm™  (ZBHEE TIEBIN W E — 27 235
ENz. INHOWEKIE, 2T TILIDTITLARY
MoV @R Tk o B 7 B 1256, 1291, 1363,
1549 cm™ I2—& T 5. ZOMEIS, ORI
27TV YT ENULEF ) Fa—TERINT
Wb I ENbhol. —7, A0 EZ 488.0 nm
L7284 (K11b), 5 FWEF /2 F2—7#8 OR
M) TIE, 1294, 1369, 1572 cm B ¥ — 7 A
WEhs Zhoso¥—27¥EKiE, CSEiHMo~Y) L
Y CEI S N %1297, 1367, 1570 cm ™ I2I3 T —
BT 5, ZomER ZoRBHIERYLYSTEA

(a)

':g lszlzssl 1361 |

g 1234

: A i

[ N\
& s —
g;l%OO 1300 1400 1500
[72] T T

8 1547

RS !l

g

g 1

~ 1%00 1600 1700 1800

Raman Shift (cm _l)

~

Raman Intensity (arb. units) &
€S

«— 1369
1294 —

00 1300 1400 1500

1572 =

1%00 16b0 1700 1800
Raman Shift (cm _l)
K11 : 5 FNEHPcoF / F 2 —7 (R &SHRE (B
DI VWELA R V.
(a) Jibket : 632.8 nm, (b) Jihik2t : 488.0 nm.

WLIeF ) F2a—=TbHETEHIEERLTVS. A4
HDOWRIZL > TRRD5TO T~ YHELBI S b
DR ToXHIZHHEINE, XY L ¥ DHOMO-
LUMOZE T AV F— (So20 &S HRE~D0-0E)
132.83eV, 77T L yOZFNIZ1.85eVThHL. I
$488.0nm (2.54¢eV) &%V L ¥ ®»HOMO-LUMO &
BIZIZIEHEE L, %E632.8nm (1.96eV) &7 77
L ¥ ®HOMO-LUMO EZ#IZIZITHET 572012, Zh
ZFROLGFTAIIE L 72T <V EEUE 5 H50 < B S e
LEZOND. I YHELANRY MVORIBOIRS W
X, SOF2—7, DIPSFa—TICHNEL7=2TFY L
Y, RYLYSTICHLTHABI S hTws"Y,

WIZ, WILA T P VORED b WNEIF OETFIRE
WZOWTHINZZ, M12ald2 75V Yy, XYL UHT
W@ L 772HiPco T 2 — 7 &£ I OWLILA X7 v
TH5Y. BRABOBINA~Z bV (B 121,
~0.9, ~1.6eVIZE =7 % H DU LI 2SR
n, TNEFNPERF 2 —TOEINYF, FE2NF
BT AHE), Exile FRIGiE CTHh b, ~44eVIZE—
7 & LOWMIHIZF ) Fa—T D ERIZE D, 5T
WEF /Fa—7 GRE) O%4, E, eI o
BIANVFE—NCE L > 72N E -2 (~1.7eV) &£2.8
eV 7 a0 — FRWNABN SN, Z OGO
IANVF=RBREFLLFARDL 20D1Z, 220K
ANRY MIVDFEGFARY M VERD, TOREEX12b
ICRT. ~1.7eVICE =27 %2 b OB T A VX —HIC)A

qu'at@lHIP'
& ref(400)-HIP
()

—
S

=
(94
1

=)

qulat@HIPl —ref : .
= quat (1,2,4-trichlorobenzene)
75—pﬂyﬂHﬂ

OD (arb. units)
<
N

| I |

1 2 3 4
Photon Energy (eV)

12 : (a) ZrFWEHiPcoF / F 2 — 7&K GRE) & SHEE
() OWIRARZ M, (b) ZEGWIRLARZ v Gk
B 124 M) 2 0ORYEVEETOZ T L Y OW
WARZ MO BE), FRIE RO 7T o~
Ly OWILA R R v (G .

|



H—RyF ) Fa—THEEROMEL AV F—H) 27

Ao WL B X UF~2.7, 2.9 eV IZHERE % & DWRIUH; &
~4.8 eVOWNGHEAR BN, 2617, 1,24 b)Y 7 oux
vEVERRO sz TFIL VeSS kR T T VE
WHORY) LY DARY M EZERENEMG L FEOFE
WTRYT. 777U L YyDARY FIVIZIZ1.85, 2.02,
220eVICE =7 3Bl S, 1.85eVIdSeH 5 S, IRiE
ANDO0-0EH, 202L220eVO Y — 7 i35 T iRkE) %
o 720-1:8%, 02BBICHIST 5. 215 OWIGH
OIEZIEF T AN F =2 T AV F—M{IZHK0.1eV ¥
T hEEBE, EHPRINARY FIVIZE SN S ~1.7 eV
W ICIEE—% 35, /2, RYLYDOARZ FVT
12, 2.83, 3.01eVOWILE — 27 25So % 5 S IREE~ D
0-07%%, 0-1BRICHIEL, 484eVOY—213S,H 5
SIREANDO-0ZERTH D, INOLDWPYE —27 4
0.1 V72T AV F—HIZY 7 b &85 &SI
R MV SN =7 T ANVF 12—+ 5. Z
DWW — 27 ZFANVF—DT 7 ML, WESFEF 7
F 2 — 7 HEOMIVEH B L O0F D EDBBEDET & 12X
Rp2FEEEDIOILICENT A EEZONS. Dbk
ORERPS, 77TV VLV EREIRY L UG TOHE T
JFa—TIZHEENTWAEZ b ol
BEEDOKRKXWSOF 2 — 7 RDIPSF 2 — T D4,
N LY GFICHERT BRI IS W &
5, HiPcoF 2 —7TldF /Fa2a—7TNTZT7FI L
DTREVEBCRETHRT LI EPRBING. F
72, SOF 2 —7%FERELTHERLEZ2TTILUN
WF ) Fa— 7RO TEM G2 55 MICIR7- L 25, 2
W2 T757) VL yaThF ) Fa— TR TETIC
BAZREOSTFABN S, ChizHEO 2 757
JLyFA<w—EZ2oN, WNNARZ M2 T T
VL YT RIROE T AV F— I Y -2 (1.90

eV) BEND I Ehbdo 72,

33 I7FULCRAF/ Fa1—TORHEBKREDE

MELFIVR

BESI~2mmOF /) F2—THIZH LRAD L7z
T FI VYt EF ) Fa—THOMESEN ZHND
202, 7xh VEBORY T - Ta—T5%Il ko
TIHRIREOEM T A FI 7 A FME L. R 7o
IR NFE—121.86eV, SV AIEIZI120fsTH 5.
132 £ X 13b13SOF 2 — 72 MEk L2 7TV L VN
WSOF 22— T DOWINANRZ bV (LK) & ZEGWINA
~7 MV (FR) TH2"W. EHWIARZ MVid,
V7RO L BB OWRINARZ PVDOEGTH
5. 15~28eVO IR NVF—HIRIZBIT 2B HARD
WL A X2 P VICE, &8F 22— 7 OM BRI (~1.7
eV) &R T 2 — T DIRDIL By BRI (~2.4eV)
BB EINTWE, Ry 7HoOT ANV F—186eVIiT,
EniiiE i e 7 757 L v 5T oIl o/ v
F—[OBWIHIELTVWEDT, F I/ Fa—TErTF
VLY OME RS S ENTE L. BHRAFO
S A 7 M v, My W & Bas AT 3T £ 12
BOWTHINOWAL 2R3, 2O L) BIRLEENE, K
TNV AL Ta—=T OV APIIITE R LRER D02 ps T
ALY, BERH OIS THRAT 5. —7,
ITTF)VYNAF ) Fa—TOWE, ~2eVU T
FUF—FIRTIZF /) F2—TICHET B AT LD
TALICEBE LT 77U L VRIGED 7)) —F v 73
WEND, ZOLIBRARZ MVOTY) —F ¥ 71382
psUUA TR E <A L 10 ps DL ETIHIFIZTRAEISHW L
TWa5.
1.65eVTHllE SN2 7Y —F ¥ V55 O ZE L%
K 13ci2mT Y. /7 F 22— 712 & 255 WIUK S % %

{
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Curious Vortex Cores of High-temperature superconductor Bi,Sr,CaCu,0,
probed by Scanning Tunneling Spectroscopy and Microscopy

Nobuhiko NISHIDA

In cuprate superconductor Bi,Sr,CaCu,O, scanning tunneling spectroscopy and microscopy (STS/
STM) have probed a modulation with about 4a, periodicity in the vortex core. The nature of this
modulation has not been understood. In Bi,Sr,CaCu,0, STS/STM have also revealed an inhomogeneous
distribution of energy gap A which varies by about 3 times in magnitude on a length scale of about 2nm.
As a size of the vortex core is in the same length scale of the inhomogeneity, it is necessary to measure
vortex cores individually in real space with a high spatial resolution. We have studied vortex cores in
slightly over-doped Bi,Sr,CaCu,0, (T.=86K) with a spatial resolution of 0.047nm by STS/STM at 4.2 K
in magnetic field 14.5 T. Vortex cores are found to be composed of several stripes with 4a, width
extending along the Cu-O bond direction. Along the stripe the electron-like state and the hole-like state
exhibit an incommensurate modulation in anti-phase with each other. We propose that the vortex core
states are formed by Bogoliubov quasi-particles. A maze-like short-range order locally breaking the
equivalence of the two Cu-O directions have been also found all over the sample both inside and outside
the vortex core, coexisting with superconductivity. The direction of stripes in the vortex core are
determined by the maze-like pattern of the short-range order. The short-range order has an energy gap A
with the same magnitude as the superconducting energy gap. As the superconductivity and the observed
short-range order are closely related with each other, it is important to study whether the short-range
order is only on the surface or in the bulk. If it is of a magnetic origin, ultra-slow muon spin rotation
and relaxation method will clarify the short-range order.

1.1 C & (&

X, METOBTOEHO LI THRELDT,

—EE M RIVIEBEEBERI 2 4 > 2 AV OHERE
EA N VAV G E i 8 (Scanning Tunneling
Spectroscopy and Microscopy : STM/STS) & 8 X
I 2k Y RYE VR R, WEBFIRED 74
F 37 AWRGE, IS BRSO MR IRED &1 S
I AMREAT)EIEZ 72T Twa. £, ThZho
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v HRFERR & A G DR L FIEIZOWTHAT 5.
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OFMEBLZ ENTEL, TRE T 2 6(a) iz
RF. 2T DRy 0.46K O HAZ K YNILB,C D il T
HLH. EHHETPEN SR TWS, BmERICR G
T 5 EMABTEENME LS. X6(b) 12 EILiEB
{2384k Bi,Sr,CaCu,0, D 15T, 42K F O ik KM% L 0
T BRI EMEOFETEE S I X » TREENAY
=I5 TWVB 2 L5 MAMNENIZIRIELZ > T
%. ZAHIESTS/STMEIC L VBH L7 bDTH 2.

(a) (b)

-
L
L]
L
W
L
L]
-
-

T EE R E R B

300nm 380nm

6 STM/STS Tl L 7= 48 FiiB {8k o i 4.

(a) YNi,B,C @ IE J5 il 5= 4% T (0.46K 2T) 300nm X 300nm o
FEIFAZH SO DAL BMEN TV D, V=0IZBITF 5
SR dI/dV IR (NILATE, Tdase GRTR, 2007).

(b) Bi,Sr,CaCu,O, D ik (15T, 4.2K). $HI%380nm x 380nm
WCETIREOBIIC X 0 BT %2 1755 FELA 72 IRED
R AH LO0O A B K T w b (BHHhif, 151,
LA (2004)). /N4 7 AEE15mV @ % EHE STM 14
Thas.

22 BCEEOEENRILDKE

RBEARE, BTN EEo TEML B Y NEZBL
TRTEEPRE A ES ICIEBEEI A LT —F v 74
WKCHL T2 ANVF—DRETHY, 7z VIT RN
F— Epili AR AN F—hliRED % o T 5.
STM/STS Tix, K7® X 9 IZSTM & )s #8173k Rl
2o Inm DA —F—IZEDF, A, S BRI L AN
TWAETO IR TFIRBEEE S & SEHES O 1R T-IR
R ENERDLLIICTH. N TABEVEH»
FAHE, HZER NV AOVEEREE L CEEES L AR O
IBTON Y AVRIFICED P Y RAVERLPTENS.

g o J:?;)IA‘-”— I

7 GEAR b VA VRo L

(a) 1

(b) d1/dv

8 BmifRB L WBEERR LD b v R Vah
(a) I'VH . BEET A VF—Fx v FH-Ale <V<ale T
IEERATEA R .
(b) o153 B dI/dV 3 AR AR O 1RE TR A8 %3 B e 5
5. ERIIEBEERSR AL b YRVt

BEVAZASETIVERNET 22 LX)k HhE
TOIANVF =50 (MY AIVGk) 2179 2 LHTE
5. HSICREIBIZEARD & & D LV & o5
FEdI/dV &2 ERIR T, R SBREAD & 2T %
NF =D IR A LD R o TWDHD TN, 7 AEE
VHidle (A: BEIANVF—F v v 7, e KEM) D
TTIE by AVERITKENL R, F2dl/dVIGAEO—
RFIRREE T 5.

STSIZX % b ¥ AN HD T RV F— 3 ifE % RS 72
DI, 4 ORI L 2B STS/STM Tl 2 L 72 Al
(T.=1.2K) D O0.19K DRI E TD b ¥ F VG0
BE2RT (X9). BCSHFmOMDAMBM S K %
NE— IR TRENRZW LD L. TRV E 4
BEI1Z30ueV T, ZDF —F —DEHHEEHLDOSTS THf
B T ANV F—REETH 5.

2.3 BERRREIKEE & Bogoliubov-de Gennes /5

2

AR, BT ORI, AHY SO KL,
KL BV TEOMEII =ML T 5, ZoIR
B % SRk 9 % 12 13 Bogoliubov-de Gennes 77 #2X. (BdG
FRNX) Wb L, EmEAR TR o 1R 7k Ik E
(Bogoliubov #Fi 7 L IFIEN %) XET L H—IVDOEAQ
bbbl LY, ZoEREZWw,vilr), (@ &T
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o

e o 2 A 1.20K

4 prwenas et 1.10K

1.02K

di/dv

\ 0.54K
w\ 0.33K
‘ 20
3% 'H
0% 2
1 3% ;’: 185mK

o2 — 0 0.5
E [ meV]

M9 WZEAlO VR TIREERE. STSHlE, =4
VX = fRREIE30ueV TH L. (ETH—K
I N
8 (drlluPP+ =D &L, UW%—
Y B AMP R KR ELRHNRT YTy, A(r) xF
EBHRT v, ANEXRT PVRT YT v,
i % 1R FIREBOETFHE LTBIG I

[L [p—eAr)]* + U(r)—EF]
2m

u,(r)+A(r)vi(r)= Eu(r) (1)

1 2
—[% [p—eA)]" +U(r)— EF:|
vilr)+ A% (P u,(r)= Ev.(r) (1)

EETL. AN, BEEX Yy 7THERN TR X HIC
HzoNha, gixBETHOTIoMEGER f(E)IZ7 =
VIR E LT

Ar)= gZiui(r)Vi* (rnl1- Zf(Ex)]
(FEE<hop)  (2)

AR I I (r) (SR T O IR, (r), vi(r) 2 v

<,

Jjr= [f(E) u;*(r) [ %A(r)}u,»(r)

2m1
ie
+ 1= fE) W[V - FAD v () ~HC. (3)

LRt s, WRHEE(r) EXZ MUVRT VY IVA(r)

Lid, 7 A 2 VARROT v o R—= VoK TERD

Fohs.

VX (VXA(r)=jr) (4)

Iho4-o0 RN E HOMEEAICH 2 EICX Dk
MOBETIRE Y, WZER DA B O TR B S
MEIHRTE 5.

AN AV, BEARRENIC BV RS
Znmt — ¥ —CTHE L TEEL, KETLVEMERM
AR B EAY/AV (V) & W E T 5. AR R BB T
0.05nm T STM#ESHMLE 2 HIHTE 20 Tdl/dV (e, V) %
BV REECNETE 5. STS Tl % Moz
B

AL ) o3 [ ()P f (E = V)
+ W PF(E+eV)] (s)

LETL. fE +eV)IZ7 VI EBOMSTH Y
WEETIEISE-eV)ERD, eVS>EDE ET AN
F—eVIZBI BT KT RITRERESu()]
(E;=eV), eV<ED L EIFR— VD 1RTRATIRER
EX V(D (E=eV) 2MET S LIk 5.

AR A TR ERESE S T, KI10IRT

I LT AV F — @ VR PR IRE .S, BimEa e —
LAREBEDORE SOMAKEICHUAD S THE
REEMES TV A, W5RIFAT 2 NI HENSES) T
& B A%, T IR BEAYE: (4 B EE
Fryv 7, E: 7z VIZANVT—) OF—¥—D#Ek
M ANVF—HNZE D, ZOIREIZS0EDFI, 5B
RCHAENTRENT WY, WET 2 ER b 7.
254E1F LRI B E R 2H-NbSe, it 5 8 R AR B 256 4
b ¥ ROV SRR (Scanning tunneling spectroscopy
and microscopy : STM/STS) 12 & - Cill s 1", STM
2 & BREEIFRAME S - 72, RO F oV F -
%_H(ﬁ“ﬁ i ORUSER O % 9D 5 DT, ki
BETREBOWIRIIEZETH Y, TR AR % 5
N3 ERBRERBIEM T 2825252 L1
%, WSRAEARE D E S T A B mERIE T
AYBL T RE 7 1 2 2 S % o AEE L < BUHIBIE S
WS, R EEFREONEERT — ¥ — D
L3080 2 DB K O PR ORI % 5 T
Wb,

Ci==n E>E,
Vb S £ A
o r F
CEi===IE
M3 (n=1/2,3/2,5/2quucc.... )
K E
: (Ez= (hk)?/2m)
A==IB E<E,

10 B {RER RALRE OB &R
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AR EAR YNILB,C O i 5 IRBE 0 Ik &  STS 2B
Wr2Rd. K1LIZETS, A=V 1 IREEE2 T 4
V¥R 7Tay FLTHALEZWEILLZ2bDTH
L. WREHMIRBII I ANVF =K EL 2512 EZD
MAEEEDK X B O THLD S < \HER XA
T2E910%%. 222meVEBICH L b 45D
=27 3 2 ORBEERIZ ) - F23HEHILERLTY
A, 121355 SN O RPrRESE 2 .05 5 (110177
12 0.1 Inm 22 B A ClE L 72 B RTHh 2. i
HROHACRE OB 2B SN TWD, Thoo
EEAERC TN Y FHRFEA O BIEMN A 7 = v 1
A¥ 2 EHRE Y CERT -5 — 13 HREER S
NTns.

ZOXHIZBCSHGGTHATE 2 BmEMARIZ NV
W oMGEHEE VORI TEY e E 15N 5.

0.46 K, 0.30.T
a\/%

30_nm

K11 YNi,B,C D,
BT, A= VKT RFTIREES A (=38 dI/dV (1,V)
DTy MZXYRENTWA, HEME B3 (2005,
FIK)

LDOS A(E, ) [arb.units]

Differential conductance [arb. unita]

—
=}

)
Sample bias [mV]
12 BHZEA YNLB.C Ol U TRk,
(a) STS TR 02 5 0. 1nm M & < [110] J5 a2l L 72
dlidv(cV).
(b) Bogoliubov-de Gennes /i #1 & 2 7t5afH 7.

LA L, s makoitiid, wIZkc D5
F— % —%RTA, dikBCSBIEEARDBZFH TIEFHIT
&9, F MBS RO & O b SHIK
DL TR WRFROMELE L TR-> T2,

24 FEEMFRIVAIETEA X h BBi,Sr,CaCu,0,

DB

Bi,Sr,CaCu,0, ® 15T, 4.2K CHll5E L 7=#% % ¥ 13 (a),
(b) 127”7, Hifh b BiSr,CaCu,O, # ik 4.2K 12 B W
THERT A Z L2 & » THEF-BUHNTTRE 23 1% Bi-O i
% ¥ fiii 9 5. 50nm X 50nm 8 3 D256 X256 55 & V=
OmV 2 BT B WA EEE dI/dV 1,V =9mV) % I 5E L T
HEEL72bDTH 5. WAk NITKE S 5-6nm o #HK
THL %> TWVbEZATH D, HWARITHAK T2
57, BNEEIZH L EbRrs. F7z, WA
AT B X A, X1112R L 72 BCSHBIRE
k3L Bho72bDThHs. (b)ICIFID2RTT
7 =) T EIRT

) 0], o) o womm s
A, T b BRSO ISR da 1 o 22 92 R AT
T35, 7—0) ZEWOKEED S 2KICIH 72 EAT DL
DAAET B LN S N7z, IR CIIEBIEE )Y
DOHNDLDOTHET HMOPFIREDI IS 2 WA
HY, BOREEMER A Y VS ORRN 2 iR IR EE
2RE NS LaL, BibSnCaCu,0, D& ik
2-3nm D AT — VCENT= S DTH 5 2 L HSTS/STM
THISHN TS O e O K — 7 O &8 (5w
K Bi,Sr,CaCu,0, A K % STSHl & L T 5 &, Hifzi
Fr vy TADOKE Z1E2-3nm A7 —)VT20-55meV & 3
R K BMZL T AN b TH D, 7)) TELHE
AT L BREIHTH IR, Bk E THENED
23T THL. WMHEALEOKEEP5-6nmTHDLHI L%
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- -"i
¢ (%j
E13 4.2K, 15T ® Bi,Sr,CaCu,O, Dl ts .

(a) dI/dV (x,V=9mV) BW{§ft ST 5.

(b) B (a)D2&IL7 — 1) T2, Cu-OFA I

w5 (L) oxmzmsns.

Ex DL, e DiREE —D T DOEEW S RRE Tz
MBI 2 EEALETH B, 4 DR E mkE T
WoEk L72Fk 2 ORI TIRR S

1412 % 5 % 0.094nm 22 [ 45 ik Tl L 72 STS
FEEAE R A2 RS, 12nm X 12nm D FHIK T 128 X 128 D
-V % HUY Bl THOMREdI/dV (V) % K,
WL OPDIFINF— eVIZOW Tk % mifgft L7
LOTHD., MR UNETIREEE, Eda, DA DKM E
THHIER IO ZOoD%li% Cu-Of & HID
IH = HAIHI TS, HRIZL-TEELHD
Cu-OHMASEIEN . oD HANRES - 72 i%5 D
HAET S (K17). FWERIC IR I T & FREA o
¥da M OZR BN S N, CoRMMZERIE, &
T (eV>Ep) &F— (eV>ER) & CTHfiMIZR T
WA 14(h) (1), TAVF=AREWITERITPL2S
AEBICRBET 5. CoMREESOICHLCAET 572
BHIZ, FOWNEE 0.047nm [ FE CROMEERE % g L7z
WEAHISTH . #ADIREEL AV EF—-—Fry
THIZEACH L TR EICET L - VoY -2
ELTHEE N, ZIIEH WIS A CEMZER L T
5. K15(c) Da,BOMTHETH D, ZOZRMERT
LR EIREBIZAD23nm A — VORI — DB E

e

(a) G{r, 0 mV)

E14 5450 STS WIMEEEE dI/dR (r,V) D%
12nm X 12nm 3%, 94pm Z2 [ fiR (R B W E. —> D Cu-0
FEA NS 4a ORI B HEHEEZ LT b, TALF—
L BB LAIIMI OB Z D, RO HIRK T & R
BB oA R»4-6nmDES THAEL, ET & F—
VTIIEMISMAMTH 5. ALK Hio, BOET, F—N
DZEMERPHMHTH D Z LAVREINT VS,

ZF W TR DM O S 51 4—6nm O FHIRIIE AT > T W
5.

TN Z DR EIRESMICHET 20 E2HRL 720
W2, WARADPHEAETHEEZEHFELLENWEE LD M AV
AR MERE—GIT TR L7, 42K Tl % 14.5T
56T F TS, BIRERLIEFEIRREICL TR
BB ) =TT EREEDOLD, brAVGHMEE
To7z. ks o STM 2 IIMARE FIFFICRZE Txy F
V7 M1 H®7200.InmMEETH S Z &2 5T HEIC
GolzlIETH S, MAREHALDO D % 1 Tdl/dV % Hix
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(a) G(r, +8 mV)
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—

Differential Conductance (nS)
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Sample Bias (mV)
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e
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Sample Bias (mV)
16 Bi,Sr,CaCu,0, DI T a4k STS Ml .
W% 42KICBWTI45T 2 5 6TICEL S 2% b v &
Vot =% CRSRAFAE, BAEDORED dl/dV 230 7% 1T hE
Lot
LTHET 2L AR MVidTolcps 7z (K16).
CHRIADPHFAETLEELHFAELEVEED NV AL
AR MVERTE, WSRO EIZRAZES &R
FEBECHUMEICRE>TL I E2ERLTWS
AH30meV, 37meV, 499meV D% F>3 1A, B,C T {HU
ExRITo7. FEREPMIGIRT. WAPHEAT S eV
—+A®E~—7?"%?§75W)ﬁ’)‘b IANF—=F v v TNIC
[l SR PR i/ VA= e A 2 *—leﬂiﬁ;ﬁ.@ E— 27 2T
%“Clnza B4R L2k 912, Fryvy THOZ DR
BITEF LA -V CHMATRERZERL 5. BCS

100

HAREAR O i 5 HAIREE 12D T D BAG T #E s D i 13
HWf, F—IVTER E@L“Ciﬁfrtcu% «lk"ﬂ??b‘%@

WA TREMERNT LI EARENTVWE Y. ZoZt
MHEZBEIANF—F vy THIZE =2 2o T
% i 5 VIR 78 12 Bogoliubov-de Gennes 5 #2 2 TRtk &

—60—40 —20 0 20 40 60 50—4t} 2[1 o 20 40 B0 —B0—40-20 D 20 40 60—60—40—20 D 20 40 aD
Sample Bias (mV)

Sample Bias (mV) Sample Bias (mV)

SMRRETIIE L 72 BMBE B dl/dV (1,V) EBIREF v v TWNITATET 2R RO — 7 i L A D

NBMER LRI ONDE. E=ABEZEEY Y v 7
DI DL EFERL, AENTZORE 21320-
55meV &G AR LTWAZ L2 b. il OBCSHBIRE
RCHALETRE=AADRBEI R 2D A NVF—F
Ty FIFEER FIRE TR 231 5. B LY izEAg
Bi,S1r,CaCu,0, DHHEIZIX E=A DY — 7 I 5 2125k -
Twa (H16(a)).
E=ADIKBIZONWTEILIZELZLTASL. dl/AVD A
N7 MNVTE=xADOBTIRE, FA—IVIREBOY -7 D5
XOWIFRMWITZALT 5. M16@ICR5NDE K H I
dl/dVDOEIZADR/NEWE EE=—AD Y — 7 fliIZE=+A
DE—=ZHI D KEVH, ADVKEL b L ZOBRIE
WHES 5. HRTHADE E=xA BT B 58 E Y
dVORIZAITH LR ZEZ R LT 5

(dl/dV(t,E=+A(r)))/

(dI/dV(t,E=—A(r))) =R (r) (6)

LLTR(NEELET .
E17(a)—(c) 12, H14oikiie
BiERERT. ZoifkTizz O@CuOfﬁ T D
DMEPRIELTVE. ZOWHKIZONWTO)RDE=
B DB E dI/dV DR (r) 8 L7z D 25X
17(d) TH 5. BWRITRE N5 2—-3nm D22 AL & JET-
HfEa, DA — ¥ — DEMEL»HFET 52 Db Db
2% 7 =) TEBOXE 17 (e) ISR THAI N EFIH
LT, #7—Y W TEBMIZWw- <) LA (K
17(6) LR T BB DA 75 — v o w224t (K17
(@)EHEET AN TE S, 2T RB SN
720 K17(6)iE, 2-3nm A7 — VDA (r) DZERH) 72 433
— (17(b)) ERMUNY =V FZRLTWVD. TR

VIR EAINDES
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New Developments of Superconducting Mechanism:
Valence Skipping and Charge-Transfer Fluctuations

Kazumasa MIYAKE*

As a possible superconducting mechanism with higher transition temperature, the valence skipping

mechanism and that due to charge transfer fluctuations are attracted renewal attention. In this report, I

review a recent development concerning a microscopic origin of valence skipping phenomenon

observed in ions with high principal quantum number, such as Tl and Bi, in relation to the so-called
charge Kondo effect and superconductivity, and briefly describe quite recent results on a possibility of
charge transfer order in the d-p model with the Coulomb repulsion between electrons on d-orbital at Cu-

site and p-orbital at O-site.

1.1 C & [

SRR 25 SR FEEOWFFEET I [T B A B AR o B
W] TH oz, TNIZMTT, WL Do iet % #at
L7225, S2TlE, NLYRAAF ¥ U 78l (A7 T4
T UREERRE) %20 CHBHmoBIREY, Smtw s
B {RERIC BT 2 B EN & XEEOWREEIZO W
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Atomization Energy Expression of the Chemical Bond between Atoms in Hydrides and Oxides

Masahiko MORINAGA®

Using energy density analysis, total energy is partitioned into the atomic energy densities of constituent
elements. The atomization energy of each element is then evaluated by subtracting the atomic energy
density from the energy of the isolated neutral atom. For various hydrides, the atomization energies, AEj,

for H atom and AE), for metal atom, are evaluated and the AEy, vs. AE), diagram called atomization energy

diagram is made. All the hydrides including complex hydrides and metal hydrides can be located on this

diagram, although there are significant differences in the nature of the chemical bond among them. Also,
for hydrocarbons, C, H,, the atomization energy for carbon, AE increases linearly with the ratio of carbon
number to hydrogen number, m/n, while keeping AE}; constant. The cohesive energy of C,H, is dependent
only on m and n. For metal oxides, the atomization energies, AE,, for metal atom and AE, for O atom,

reflect the average structure as well as the local structure. As a result, their values correlate with the overall

density of binary metal oxides. One of the applications of this approach is the quantitative evaluation for

the catalytic activities of metal oxides (e.g., Nb,Os) on the dehydrogenation reaction of magnesium
hydride (MgH,), MgH, = Mg+ H,. The atomization energy concept will provide us a new clue to materials

design, for example, catalysts design.

1. 13 U & I(C
WL OMEEREO ST, &RV F—
WD L HIHTFPR TV, L#L AT AV F -
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F72, S THERREO S
Yol —3a VT2 & v,
D &9 RIITILARE

AHA T <

BWTIX, Mulliken ® R
4+ UREER AR E
EHEL TS, LaL, &
PRI HEE, WREAESRELTWD720, 2 OFHH
5% OWEOLFRBEOMES 2 ERmMICIIKT 5 2 &
FEEL V. COMEERRRT L2012, [bFEEEE T

ANF =2 — L Tis CCEQTQMM%T%%
WAL, TARNVF—RERE[B4 EZHCT, &%
N —ZWE P ORBRE AR LT, HERE O ET

2014433)51 1H =8
ﬂﬂﬂfﬂ'ft%m Fﬁ‘7 =~ O —
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X M-EBTHIIIAVF—%E BTHZ—
ORI ANT—FE, BB AL F—
BETHLH., TNHKIEE, Mulliken®RE 2L —3 3
YIRAT LR IZEM O i TERME S 1B [3.4].

22, EFHEIxILF¥—

P T ANF—HEIP ST AV F -2 kD 5.
Bl 21X, 25 ROEEAKFEMHMHTIE, &EM, K
FHOJFE AL A VX — AE,, AE E, PR

M, HO T X V¥ — Ey", Ef"%#HWT, kA TERS
s [5].
AEM — E;z/lmm_ EAZ)'dridf’ (2)
AEH — E[r;/am_ E[{[Iydr[de' (3)

I EfMEERTT R EhEN, AR OM &
HOFEFIANVF—HETHL. D XHIZ, EDAG
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D225, WAL ANV F — AE,, AE, %KD 5.
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¥—AE;, AE, % XX CTEHT 5.
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DIFNF—Ey" ES"ZHWT, M,0DE It %
V¥ — AEy, AE, % RN TEHRT S

AEM — (Eamm_ wade) X (x/y) (7)
AE() =E(a)tom_ E((;def. (8)
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3. KREYMEREKFZOREFEIRILX—
FHLOBEMEART 72010, BT RV — E,, 0
S & EBE % Table 1R, WH D&V IE, (a) DK
FALWTIE05eVILT, (b) ®jifbAKFETIZ02eVELT
THs.
Table 1 Comparison between the calculated and the experimental

values of cohesive energy, E( o TOr (a) binary metal hydrides
and (b) hydrocarbons (unit: eV).

(a)

E.,(Cal) | E.,(Exp.) E..(Cal) | E.,(Exp.)
NaH 4.39 3.96 TiH, 5.52 5.38
MgH, 3.34 3.41 VH, 5.08 5.13
AlH; 322 3.56 NiH 7.20 7.32
KH 3.38 3.78 ZrH, 6.13 6.29
CaH, 4.27 4.12 NbH, 6.48 6.20
RbH 3.34 3.04 PdH 6.17 6.58
SrH, 3.76 4.04

(b)

E..(Cal) | E,_, (Exp.) E..(Cal) | E.,(Exp.)
C,H, 4.95 4.86 CeHs 9.68 9.49
C,H, 5.93 5.81 C;H; 8.80 8.64
C,H, 8.45 8.54 CsHyo 8.26 8.14
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Fig. 1 (b) O BB IR T £ 512, TiFeH, TiE, M2
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(AlH,),<LiAIH,<NaAIH,<KAIH, D {12 Z b 1), Mg
(AIH,), TRZDRBIEIRIALETHS. 2O LI
FEBE 3T 5 [11].
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Fig. 4 Atomization energy for carbon and hydrogen in (a) C,H,, C,H,, , C,H, and (b) arene.
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Fig.5 Atomization energy for carbon and hydrogen for alkane, cycloalkane, alkene, alkine and arene.
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Fig. 6 Atomization energy diagram for hydrides and hydrocarbons,
where E_, is the cohesive energy per hydrogen atom. All the
hydrides and hydrocarbons are located on this diagram, despite
significant differences in the nature of the chemical bond
between atoms among them.
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%. Table 212 (a) Crift¥, (b) FeBzit¥, (¢) Ti
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Fig.7 Atomization energy diagram (a) for binary Cr oxides and (b) for binary Fe oxides.

Table 2 Local structure in (a) Cr oxides, (b) Fe oxides and (¢) Ti oxides.

(a)

CrO; CrO, Cr,0; CrO
dcro (nm) 0.166 0.188 0.195 0.206
CN (Cr) 4 6 6 6
CN (0) 1,2 3 4 6
(b)
Fe;0, Fe,0; FeO
dge.o (nm) 0.185 0.188 0.204
CN (Fe) 4,6 6 6
CN (0) 4 4 6
(©)
TiO, TiO, . .
(anatase) (rutile) Ti;0; Tio
dri.o (nm) 0.196 0.197 0.204 0.214
CN (Ti) 6 6 6 6
CN (0) 3 3 4 6
Bl 213, Fig.7(a) O CriR LW T, AE AT %

&, AE IS A EINDH 5. AE, DK E S1F, CrOs>
CrO,>Cr,0;>CrODIEIZZEH 5. Z Nid Table 2(a) IZ
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CrODKKNTH5B. ZTD LI, OFFDIREIXCr-O i
T deo 2L B I3 ERELLTHSE. ZORD
D Crlfi oIk, REEfblTwa. 2512, CrlET
DY OO T OENFCN(Cr) 1E, CrO; Tid4, CrO,,
Cr,0;, CrOTIZ6TH 5. ENEA4DCrO; Tk d AE,
BREVOIF, BMEBROKT L L IR T B ofbEisE
MR B THAH. LrL, OLET Y472 ok
IANVF—IL, Crib O TIECrO; 25 b /M S,
Fig.7(b) 3 Fe LW O F T ANV F—TH 5.
AE, DK & 2%, Fe;0,>Fe,0;>FeODNHIZE DL L. =

D 7EAL1Z, Table 2(b) I2 7R L 72 Fe-O J5 - [ B drpe.o X2
FeD ) DO DEALELCN (Fe) I & - T, Crigftiy L
FRRICHATE 2. 2o X912, RFEEIC L - THEER
DR FMAHEAERAZE LY, FHFALT AL F — DY UE
ALY 5.
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Fig. 8 Atomization energy diagram for binary Ti oxides.
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Fig.9 Correlation between atomization energy and density of (a) binary Ti oxides, (b) binary Cr oxides, (c¢) binary Fe oxides and (d) zirconia
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i, B, VO3 OOMENSH D, 1300K THAE
A S IEH N, F 722600K TIE 5 &2 5 375 S~
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Lo TEEPIHFTHML, Tt wE b &L
F—HFig9(a~c) L MMICEMLLTWVD. BELRD
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N

% &9 R B FE TR B2, H LT v ¥ —
DEICEKMEINT WL DI TH 5.

43. BFHEIRIX—EHEERE

FEROIHIC, MHERIZE > TREMEEIZEDL Y,
BET DR FALT AN F—DEIENT 5. R T A
A MRIERALY OAETES, BT AL F—I12 X > T
Db TS [6].

Zohh, WERO< Y Y VodICHEET A EEbhTw
LARAIRTTAHA + MgSiO; DB E, BEET To
HHEROME[15]112d, FFAbT 5V F — OfFHT A%
ENTWA[16]. Fig. 1012773 & 912, MgSiO;i£120
GPa, 2000K TRE 7T AH A4 P LRA MRTT A A
A MANCHIZERET 5. SiO NIIAEATEE DA% A LT
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Fig. 10 Crystal structure of (a) perovskite and (b) post-perovskite MgSiO.,.
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Fig. 11 Atomization energy diagram for binary metal oxides, M O .
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—Ji, RAMRT7T2H A4 MHTIE, SiOs AL TE
HOARELTREIALALTWD. Fig. 10(b) ISR T &9
2, BB OMFETIIAE,=10.94 eV, THMILH OEEE
TIZAE,=9.38 eV, F7/24E,,=-3.36¢eV, AE;=-3.93 eV
THhb WMEERORTTZAH 4 FOMg, SiETO
IANF—DRPD, HEEROKRA T TAAA b
MOMERFI2BITL TWa. AE,=(-3.36-3.93)/3
=243eV% DT, ZTOFRFALZANF - EORE
1%, Fig. 11 ONb,Os 1232 <, BREEERLY & HEOL
FREAREBICH S,

5. BAFEREHEANDEHA

BT ANV F—DInH & LT, BARELEOG o fiftft
ThHbERBALY BN T 5. <757 AKFELY
(MgH,) 1%, KEREDT.6 wth & B\ 720 KEIFH O
TR E L LCEH SR Twa. L L, MgH, ®AER
B 74 KJ/molH, & & <, BN ZE L KEILHTH %
72, BEOLEMT T, ZoRAKFRILEKE (MgH,—
Mg+H,) BIHFIIW-L N ThHE. LhLird, &
BB (B Nb,Os) Zd$ 5 &, Zihyfil
LTl E, BIKRILRIGZ 3 L ik S5 [17-20].
Z OWRAL IO B8 %2 AL AV F — D 5%
25,

51. ZERAPEEBRItYOBEFLEIRILX—E

Fig. 111%, ETBIH LRGSR o5 b
ANF—RTHD BREZAVF—E,L Hl2E
NbO, (10.1eV) & ALO; (10.7eV) Tid, (EIZFR LK
EETHLHY, INLDFETFALT AN F—K EofriEiE
KEES>TWD. Thbb, NbOUIAE R K & <,
AEG /N & W, 2o Z Lid, NbO, TIROE T D&k

ANEF—~NDFGHRRKENIEEZERLTVS. —T5,
ALOD 13, AE,DIZIFIEHETHY, KboT
AEyDIER R E W, S0z U, ALO;TlE, OFT
L0 L BEEFM(=AD O DEEZ AN F—~DFH G
AREV. 2D LI, NbO,D X ) ZEREEOMAL
W CTIZAESAEy T % 75, ALO; TIEAE,<AEy T &
5. BT AL, ZoEVHAEESICHNS.
5.2. fREEEMOTE R L ET

AL fil# % 45 1 mol% ¥ L 72 > MgH, # 573K T
D WA AL DS B 0> 92 B Al % Table 312 F & % [20].
WA WA BB O T, Nb,Os A3t b il iR AE AT

Table 3 Hydrogen desorption rate measured at 573K for MgH, with
oxide catalyst.

Desorption rate Desorption rate
Catalyst 5 Catalyst L
[10™ wt%/sec] [107" wt%/sec]
Nb,Os 10.2 Cr,04 1.9
V,0s 6.0 TiO, 1.9
NbO, 35 ALO; 0.7
NbO 2.0 SiO, 0.2

KT, @)L HEIrD L5, FHIALZ AN F—1Z
Ol Y- ofil LTEHRLTWAS. LaL, filil
OMO,iF, FEETEmol L THRMEN TS, €2
T, FETb &V F — Ol % mol AL DI 3 LE A
Hb. TDD, AE, L AEyD ZENZENIIMO, D05
TORyZ#IT T, yXAE(=(Es" - E5™) xy) Lyx
AE,(=(Ey" - Ey™) xx) LT,

Fig. 12(a) 8 £ 0% (b) i, WK FE AL BOIG 2 BE o> 5 B i
(Table 3) %, yXAE,BLX Uy XAE X LTTH Y b
L7zMTdH%. Fig.12(a) TlX, K& %y X AEfli% DO
AL & MgH, D BKFILHE 2 oo 5 2 & 255 H
5. —7J5, Fig.12(b) TiZ, 70 v MZIEZ52&0H 5
LO?D, Fig.12(a) L1312, NSy xAE, iz b Ok
b3 EBIRFACHEE % 5D M A L S .

BLICBWTEEICHM L7z & 512, TiFe, MgNi DK
FAB\BBRIIBVC, Bz AVF -2 RE T
(Fe,Ni) Z&, MNE%IEF (Ti, Mg) (ZHA~KRFEETF
Em BN T 5. ToRE, KFELHE KEETF
TiFeH, 1 Tld Fe Ji ¥, Mg,NiH, ' CIZ NiJi 7D < 12
WAL 5. TRERBRICEBRILDICBVTYH, K&k
FRPAb= AV F—% & OFFDFH5, MgH, HOKFEER
F LM MHEMERTLEEZONS.

BRIz X512, BREIEOMALY TIEIREDET
Lz ANF—=2KE V. L72d->T, Fig. 12(@) 12/ 5
N5 L)1, SRR CTRE Ry xAEMi%E b O
FIEFH, MgH, HOKFEEF &l < HHEAEH 3 % W g
A —h, ALO;D X ) ITEFE DK Fb= & L
F =AU S CIALY O i EEE AR, S0 X9,
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Fig. 12 Measured desorption rate plotted against the atomization
energy for (a) O atoms, y X AE, and (b) metal atoms, y X AE .
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LTwb. L7225- 7T, Fig.13(d), (e) »/N ¥ KoL
KX, MgOFKIICHEAF T 5 O-HIRBE— M2 X 50
2D 5. LaL, il OWTIIAHTH 5.

non-
released

2.3wt%
released

5.6Wwt%
released

absorbance [arbitrary unit]

2600 2800 3000 3200 3400 3600 3800 4000
Wavenumber [cm™!]

Fig. 13 FT-IR spectra measured during the course of dehydrogenation
of MgH, with 1 mol% Nb,O;.
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ZDEHIE, BAKRZEER Tl ND,Os & MgH, M2
WFXO-HHHEAEHBNT WD Z &2 BN SHERL T
Wh, L72hoT, OFEFBH DI ANF—yxAE, I3,
ALY O G % 5l % ) A TRWIRETH 5 &
25,

Barkhordarian & [20]1%, MgH, D iR FEIL KIS IZD W
TEBBILMOMBEE TV EREL TS, HLOET
VTIE, B ot oEREREE A MgH, h o KFEE
TEmdMEEMNZ L TR E %o LTw
5. Lo L, INTIEFe;O, 2 B iliimt 2 R4 & v
I A [18] 3 T & v, Fe-HRICBW T, Fe-H
- OMEAERIZTEC 2 5 TH D, —J7, Fe;0,Dy X
AE,ME 13458eVT H 0, Z i3 V,05 (389eV) &
Nb,Os (55.0eV) OHFRDMETH Y, Fe;O4 D F Bk R
ERHIBLTWAS[7,21].

Z DA, AR FEAL YW NaAIH, O 5018 s (NaAlH,
— 1/3 Na;AlHg+2/3 Al+H,) &, &Jm3ktd (# : TiCly)
RIRINT 22 EICE ) RIBHAMES 5 Z &b T»
%[26]. TOWHEL, HTALZ A VX =12 X BT I3A
B;TH D [27].

6. 5 H U (T

IANF—BEMRITEE VT, B bzt v ¥—%
AETAZEICEY, BT AVF—HEOATEGHS
Teroz [HEBRT-OBE] HA A, AbZERIS I3 2 8
AL, HIALZ ANV F -7z T, ZICH
LB THE O S iU, bk A o @)
—JEEt b D LW E NS,

RFAL R DA% 53, SEALEWIE, Wik
PE, RFAEE, BISE, Su b ASE, RERE L S
WCETYELZ R TERECERECH L. Bz &
bz, BfmE % 7R3 MgB, % i )84 @ Nd,Fe ,B
BdH5bH. Fi, PREEEYE LaFeAsOF 121, t
#, BE TvHEOFESELEITEINTVE. TOX
I, TIEEBILFE L, FkERBlO#LIES TWn5.
o EEALEY ORFALY, w1l kb, &1t
W, Bth, 7 oAt oS E, H—oE L
IANVF—oBEroRZEL, £HE&ETE (H, B,
C, N, O, F%) O b AWML~ O H & f—191C
HES 22 B 5HBOMETH L. LT, FEEEITHE
W25 BB TA R RO B E LT L 2 EHLET
H5b.

E i3

AWEgEIE, HERZEOHN REA, HEIEASL
A&, BRRHRZOHIHEEEAEO ZH 25 TfTbh X
L7z, GEEAERIESBILZH L LT
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Artificial Cell Constructed as a Molecuar System

Tadashi SUGAWARA*, Kentaro SUZUKI** Kensuke KURIHAR A***

and Taro TOYOTA***
¥ 8

A dynamic giant vesicle (GV) system in which the membrane-formation reaction is compatible with
the replication of DNA was realized. The replicated DNA, which is the product of an enzymatic reaction
in the GVs, accelerated the division of DNA-rich GVs induced by the addition of a precursor of the
membrane lipid to the exterior water phase. It was found that a complex composed of amplified DNA
and the cationic membrane lipid, including an amphiphilic catalyst, plays a crucial role for the chemical
linkage between DNA-amplification and GV self-reproduction. We also discuss how the newly formed
GV can be replenished with depleted deoxyribonucleotides through the vesicular fusion with conveyer
vesicles containing deoxyribonucleotides. Once deficient components can be transferred to the protocell
through a molecular transportation system, the linked self-production will occur repeatedly. Moreover,
if a genotype of the replicated DNA affects a phenotype of GV, the resulting protocell could be regarded
as an evolving protocell to which the natural selection is applicable. Such constructive approach will

give a clue to reveal the mystery of the origin of life.

1. BRO770-F &

[ ARl 372222 | L) BIE W ICE 2
52 b, 21O HARFFEORM Y iR E R KDOHR
BO—2b W25, T XTOEYIIHIED SRR I N T
WHNE, b ULFONEN O NTHIRRZIEY T2 &
WHRIE, AaEADORICHELRERE— LR 5.
ZOOIIFERZBBNTFELZHVWSOTIE R, &L

5 [MileE LTOREZKRL 255 gz KIHCET

MEL, FOREWNT A F I 7 A2 Z MmNz EEN
DOMEAEHT, BHETL] L) “BRNT 7 a—
FrEE %D (K1), FH 51320004FEED S,
Mz R ets MEogCAER] &, fMliciE
SN E TRIAEZ S [TERGTOHCHER| &
WET 2 R EFEMBOETVEREEL, XY 7 IVED
HOAEERZILFIIHEST L2 00 20T —<IZHL
DA 722 BERITIZE UL (20014F) LT, Szostak,
Luisi 5 1%, A4 (prebiotic) 75 1-# % v T ATl
Mty By ewd Frtkaigge Lz ok, Bk
HNICAN R 3ODFEFEE LT, I /=AY &
201443 H 1 H =3

* o LR e 7 = 0 —

CANZRNIR 3 - BORBEAR OB R A iy v A 7 Mg >~ 4 —)
LKL KBS AR A Y A T MRS v 8 —
OB - KBRS MR E G Y AT A v & —

LCo W, fillit (%) 2532 “R#7, BXUOT
FRICHLORMEEIRZ 5 “HHRWE 2B FTwb. 2
NETVLOPOEN AN THILE T VA#HE SN TE
7eHs A= LAy b () o ECAERE SRS
DHCHEBO YA F I 7 A0HHIWETH Y, K
DHEEL ENTE, LIATREELLZ, BoHC
M LGS Td 5 DNA O H CHEEANERE L 72N
7 VA THOBECE LY AR, 2hi
THEZOIMEL TERY 7 VEDHCAEFERIZOW
TR L7z, XY 7 IVNTODNA O H CHEB LT
TAHEMEEZD LI, WAL TDNADHOHE
Ry 7 NVOHCEREEPBEEE L 20ICOoWTiIT 5. &
52, MEEOELEETH L, %5 (DNADKET
HHZXZVFFF) PG LE I ORY 7 VI
BHEMGL, MOELMMET A2y 7 VEIHCOEERE
FHLBEICOVTBERD., &R, XY 7 VICHE
XN7DNAA, ANTHIAOHCAEEICEEL 5 2 50
ROV T, BT YATLALELTONENSHm L
Wy,

2. ANITHREx
AN ALHENC T AR &2 ] i2onwTEE S
DAY Y ZNZDOWTIHRRS ., WINTIZHATYH AL
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Replication cycles
must be coupled !!

Lipid World

Modeling

O

Mpdeling

Compartment constructed by molecular assembly

Catalyst to catalyze chemical tranformation

Information to be delivered to descendant

RNA World

1 BT e —F12 B0 /o €7 VAL

Rl 47- % HEEE LC, Artificial Cell, Minimum Cell,
Protocell £\ o 72 KHAH Y, T D3200Hh 7% Y B
MBI HRTWS L) Th .Y Artificial Cell &9
&, XFEY NTIICHESE LML W) 2Ll h 5.
Bz, BEO REMEEETVEL T, FEERF Y T
T [AWGHTEH] Z2MERLAZELE). ZOFNAA
X, MO HZEEE ATWICHBERE LW 50D
T, Artificial Cell DEFIZ N T E 5. 7z, Mlgh o
DNA, ¥ Y8 H 7 EOREFZWO ML, BRLTAL
2B L, AROERTHIS L ko72t T
AL, ZNiEMinimum Cell L WHIZHSbLW, 2D
X9 T 7Tu—F1L, BHESEOWIEE DR TiX Semi-
synthetic Approach & I (£ 11 T\ %. — J5 Protocell &
&, BRI WE (AR T TIAETEL 2 TH
HIWE) DHREHCTHES NI, EDLOTHIBEHT
3H 50N & L TORIKKEIEZ A 720 0%k
T. DFICHBAT2EEOSFHIBL TV ERY 7 VA
THIE, DEoEHRrLESH & [7Tarkil] Ln)
O S - & FERITE. 72720, FEZXLIETT
EAIAEWNWETHEB S L35 L, BRI & B
AL ADDLEE L % 2546 (B 2 IEDNA O HOHER &
Ny 7 VHCAEEERRE) 2, [YAT AR T 2%
FWEBEIEE %2551 (ad hoc molecule) %, =5
SH (FEEE) THRLEMT 22T, Y AT 104
{LDORER A r — V2 KIFIZ#HD 5 | L) B O k%
MERL T 5.

3. AT UM ILOBECEESR
EHSOIN—T1E, MO R oaCEERE
LT, MBS T 259K P OS2 ERRICH L -HE

HBHEKRTHEI X ATV IRV 2V (GV:; w471
A= PVHAZDOXRY 7)) IZEHL, THCEET S
GV] s e Lz, Ry VEACEERD
FE, 1) MR SIS T OFE 2B A&, BENT
iy 7 & T TN BT 2, 2) BoT255
25 EWEEANFRIN, BRI ZVICHLEDLT,
HO S IZIFRCREZ D 0N Y 2 VEAET D, &
Wo el ZAIHLH. BB, NV IVORERIIWINE
WCTHkFED. Thbbh, KESMEINLRDILVDIED,
SPGB S T 08y F 0 78T 2 5 — (i
BV T OEMBFEOMME,»SOFh) T, KI,KiE
TRENDZEVWbRTVS” ThETHEELLIE, LT
DO3MOHCAEREHEL TE /.

(1) Birthing® (42) @ N3 Z VI [T RE
WAHY T 2 B0 5 72 B3 (7 =) Y EFEARB) AN
BHahTBh, BKESKICOBUKYZRET 5. 20
W RE T, XY 7 VONKM» SFIMmS iz, (B
T O] 124722 BUKMES T CRIBISAL I V% 5
ONET V=T LEA) & OBKHEA BOGAHEST
B, R L7ZBST (V) 13, HEEARLLTRY 271
), BT 7 VoI ES) & EE) L CHRBICH LI
hz?

(2) Budding®! ([43) : Z»HCEMERIE, WK
PUOKEZ B OB TSR (ad hoc molecule, V) 73,
Ny 7 VIS B B Rl o 1 H ¢ K 55 % %
ZUF, AR LS T (V) OB wX Y 7 L asE
KL% (Budding & Division) $5bDTHs. A6
SIS TRIBRAZ RIS 2 DT, XY 27 V25 TED
ML (Outer leaflet) @418 L 24 23, WL (Inner
leaflet) DS OHMNZIZ, HMEP D510 B iz
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Chemical transformation of (i)

o Br® ¢ o BF
[}< }-0(CHzhg-NMe H $-0(CHzlNMe;
: hydrolysis o

Al A

condensation
CHa(CHr{_ SN, —

Chemical transformation of (ii)

A

c o BF
oo~ CHaCHr{-t=cr={-0cHy) o ey

g§{h?mﬁ$ ]

X2 FERARKOSROBEM. FEAIIB T M X 2 3 CA B OB
TERIZHCEREICHEG T 550 F O & B A M BUE A F— A,

v g @Ot O B0

Membrane Molecule Water-soluble Electrolyte

s:‘\@/\/\/\/\/\/% >"‘ g

v @O g

Dual-head Amphiphile

E 3 Budding #H1C & > TS XY 7 VA CHAESR

g (7Vy7-7uvyy) 2LELTHETFREINS.
kB, 7V v 7 7ay TR, RESTOBUKE
ANIE A TUE S LT B BUKBRBE O v & BUKEBASE D k1T
LMBENRD Y, FEFITEI DI CRENIZ R A
SHOHA). LaL, BEEEOWBEYES o856
FIAF GOV el
COROFEHIDTOIICFLEDONS. a) B
WPk O W BB S 7 & [ FRilkik] & LCTiRs %
e, FRHETRY 2 VERRT A &%, BET
ARV ZVNIZEITALZ EHERS (M4). b) &b

B4 BB R R AR 1 DL D SA A & B FIEREIS X BN Y
7V 25 TN OIS TR o,
T BR A 53 T- DWEAN DR ATT O L ), RN TERT
BWRG T % 2 T IO VI, ARSI % & & Hv]
B2 5.

5OBKED SBIHET 20 (THIHITIFEHELWHERT
K2 H1ET) WK, T TR R & S TR
T LB F DM E AR Y, ER LB F AR I
ikt A, PEEICET AL 2T S, oF 0, Bk
DINZD W BKER A 5 25 THIE T AL A1, B
KAV EEEshz e, ZOFINBEOESFE%5.
—77, RROBUKID SWETF AL AL, WK T THEG
AF, JBIBOBKIBOE) Y BES N D DT, AR LB
TIEHBICINE 5. o) SO X9 R T-RiBRE O 28
LD, REDPZRYVBVS A FIZATHLT) YT -
70y IR S %L TS, Z ORERKIZAE L SO
WG T 2R TE D, EE, XY 7 VoLE -5
FUIBES T IRINE, 2055 S HVTEMHT 5. d) BEST
AT A BT R 2 VO ACAEETIE, WE
VRO 53 F BT RO T 5. L L2, 30
Ny 7 UHGFEUTT, FRARH A & T B il i 451
ZWML, LIES EE LT o a1 RiBRIR 2 7+
bE, RV NVHGHEDBFHEHIN, XV 7 VOBIILol
100 512 BE S 5 = & Asbhr o 72,

(3) Peelinig® (I05) : V) YEEZBABELTHD
WS T (BST) oK shixy7vaey v
WA L, BT o R BRAR & ALK RSN § %
LD VBETEDLDN R Z VORI T T N M
MY Lo T, WEBICAMEABINL ZWVwTh, R
ST EEAH ORI EIT L, N7 VoK e iz
E—1 7 WEBHBNTH LR Z VPR TES)
BTN 2 VT HAERESNS .

Ny 7 IVHCHEEROHM AL T MATH 5725, K
HCBESTAHCERILL THRAERY 2 VEZDH D
A, HOoHBEAET 082 L, Zo/BYT
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o AE! é

v i
autocatalytic ; P

hydroly5|s Vo

vesicular

k amplification J

ﬁexmgez;amgz;@é -

B5 Peeling M & - THIGET 2N 7 v [ CATE R

HBEXRY ZNVENIEE)BED LR L THRL, ¥
RIS EO T E W) A4 F I 7 A BRI
LT LT, RV IZNVOEBHWEIMLTWS., b Iy
DBEKFA BOG & ZF DIKG R S, W LIS
FEL, BERMCEKE»EIELTLE )DL, AR
WTH D05 T 2GS T EEO RIS 2Rt 55 2 &
T, HOAEESHYEINDL EZHIZ, ZORISRDOL
BhD 5.

4. NI Y7IVATOHODNABER

WEBIZKA 2 & DRRREAH CAE T 5 ROMSEIL, Z
OPIFRICTE B R 2 AR T 2 & T, G 2s H3H
TAUREMNZ FIKEES. 22T, FHOIZ, HOCLERE
FTERYIZIVRTIERL, XVRER) VIRE» S5
N7 VR CIE#S T O H BB Z 178 2 FEERIZHL
DHAZZ KETHIL BHRST-DEEANTH T T
I HIENEFT LV, SITIERYXZLAF
(VDNA) 3T TICHRTW 2 EIREL, ZOHA%
PHAIDNA & LTARY Z VHIZIY Ak, XY 7 VNT
DNAZMIRCE 2 %232kt LA (DNADLYH

WCHOCHBE L2OE#RZ I ORG TE 2O KT 5 L
‘/")Tﬂfn I, REBMIOMNRREESE LTSN TYWS.)
2NV 7 DT, BUZ X o THE S E7-—A8DNA

5, BERISEHWTIAMDNA 2 451§ % HARE
FHHIE (PCR) OFE, TTIMILTWS. L
PLBAS, LRAEY VIEEZHWZERVWZ, XYY
VA TPCR R HESTT B12I1ZV L O DD D - 72
ZFIT, TH5MT, KEICDNA & OMEAEH % HE
FTAHPEGZERH LY (ZONY 7 VIEO AKX
POPC, DSPE-PEG5000, Z L A5 a2 —L [19:1:2] T
%), NYZIVNERZ, $DNA, EAREE, X7 LA F
FE&ZRIR I B AT B 720 I HFEREIC L ARy 2
Wi E T o720 &, FEE%E 27

PCRAEH O W Tl b I EAMR WA DNA I D W T,
HBWPRLIZF ATV 7 VEREL, “bHRAR"
DREREFFIICFIR L TA S L, OII‘IM@?E:E’#(
HOR1001E) OHEIDNADER W& TDH,
BEER L um DY 7 V| %HDNA#Wﬁéhé% FH

EA0.03 M, BEA3Ium TIEA 1M, EAEL10um TIEH
30ff & 22 %. %8B, PCRIEWIZIZ2ASDNA Z Ml §
% 72912, DNA ZHEBEE SIS T 5 #tfFE (SYBR
Greenl) ZWIN$5. F72, HKMICIZDNA /R
ZHRML, POSHBEDNAR T I/ ~—% 0L THL.
WSR2 2T BHNE, XY 7 VKM » S D
HHFIEE A LB ENR VD (R6ETF), 94-68°C
DOMMEARET A4 7V E2200 T &, NXT 7 VAT
DNA 25200513 L I1cgig L7 (K647 F)."”” 7a—44
P X MY EHGIZNRY 7 VR OEHET S, ik
BICERY 7 VOW, $15% DY 7 VA, ZDONEL
TDNAZMIES S22 L0557 RV 7 VEWIH X
Wb I N/ANFBTOHCHEERIE, SARAARDOBIZAL
LM ODNABBE RO GEA RIS, HOBREIEICE
EHELDLZ LR D, THERMALIC X A0 &
wx k9 (H7).

DNA
Amplification

ERBEYALIIL

X 6 mrh“*ﬁﬁ"hwam_;z) N 7 VNTODNA H g
M OB, SRR O SOEBMEE SR Ny 2 VNI
M3 L 72 DNA-SYBR Green I# A 1K H 3k 0 it 6 0 B EEHE KIS
X0, XY 2 I)VINERTODNABIEDSHER S /.

o©o©@ OC
‘ 800% @

100 100 10?2 10° 10*
R LK (R

X7 (a) 79—%4 b A M)ICX BIEABEY A 20 (2008) §Hi
BIZBIT B XRY 7 VKRR T XD 7 VNEREOGIREE D4R
[T 5 2.

(b) N¥ 7 WA XEZDONEDOE AR 3 5 B
P A ZDBHHITRKREVARY 7 )V Tld, DNA H ORI 05 7%
W5 % GUMERNT VDS, A AWM S L, TXTOWS
BEFINDHERIFMNT T 5.

—
o
R

(@) .

-
o
T

H TR (TE X E)
S

finy
Q

5. ¥ A7 MR IIOBECEERE
DNA R OEE)

BENHEIZ, XY 7 VNI TOMEHRS T (DNA)
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DOBHERE BTHDINY 7 VO HCHE LIS
KRB EEhozh, TR EharHEEREETH
%, EREOMILTIX, ¥yl v BELRS T
MHEL 5352 LT, BETOBERBEMBIRLIESY
43IV T REDETEITL, FNIC XD L Kt~
HEHEEZ DR L L ATo T D, L LHiEWIIC
D& HEECHY AN AYRH o2 3RO NE
W, Z2C, EHLRFITHOCEET AGVOHT,
DNADBREZ4TH) 2L & Lz, 0 LIZESLE L)
BEELNY 7 VO HBAERE, A5+ o HEE%H
WTW5h, DNAIZRY 7=2F Y THAHDT, MHILHH
BANHIEIEH L, DNA LD 7 4 F 3 7 ZAHS a5
HUHEMEAH B, L L, mAPSDNAE ST+ Pk
WG E 25354 5 &, DNA % FF Y HEIRE A Y &
WA RSk, DNA A B BB 5B S vz i)
RV H 5. 512, ZhEFTHTWhF+ v Wik
BEHohbGVIE, ZEBEICRD LT L, BERIDE
19 2 NARMHOBEA/NES W, 2w ) MEE D H - 7.
FIT, BB TS MEA A+ oY VRE
(POPC) &L, #F+ v HREB LY, ZThiSEroT
=+ ) VIR (POPG) #RoFKifi#Em = hild 5

WA 72NA 70y FGVEMBE L. Roms
&, POPC: 154 v W& : POPG : T H# 4 filt
=6:2:2:1&L7.

WHEIZPCRICHELRREZ WA ZAIZGVIZ, FO2
AP DNA % ik 40671 — 7%WﬁLTb§ i
JEH 4 7V (94-68°C) #2010 HE L, SiIZHEL72#%

m\¥m%¢%ﬁMLtk %, SRR A G LT

3 LIRICGV AR L, 3,410 0> %d % 4 b kK L
L#é GELZGVICHDNAR SR ENTWE 2k
A%, HOLBMEREIZHC X R Sz (8). X 5T
WEBEZITV, UToMEZHZ. 1) PCREI TR -7
%, B TREMERERIN L v 5IRI S wn, 2)
PCR % 477 b 72 25 72 GV AR5 TR BRAR 2 30 L 7235
ik, EEROGV O 1E LT 232K TH v v 1[4

1) 154 (DNA) E5
dNTP

“*

T Y Omln

" o

Template DNA

RL7-0ATHS. 3) $HMDNAZ ANTIZPCR % AT
W, ORISR EIMZ 72 E b, GVOER -
SRR LRI S, PLEOERRE R, [DNAOH
M2s, N7 IVHCAEEZRESE TS ] 2 L2 EK
T4, TNRERZBODLENCIEECHEEL T2
HRETHY, NI VO THERII2ODT A F
37 ADSEBT A AA R LA 5722 L1 )

ZORME MRS AL LT, wr & U25EH
DNA % i3 2 #6710 — 7 % F\vCTGVINTODNA
DBEAFIREZ R, ToHE, AF+ U WIREE AN
WGV OHE, OB IEHNARMO PR TR KE W

DL, AFF WREEANZGV T, WEER
THOLHREDSKE , DNADRZZIZRELTWDE I &
R broTz.

& Z AT Angelova 5%, DNA ORI Z AR S <
£ 270¥Xy VT, AFF YHEOGVICES T2 &,
GV KA M LN TAN TGV A kS & & % Wil
LTwa. V%50 R1E, Angelova b O FEER & (2l
2, XY VOWNMD?SRERIEE 5722 & 2 BRT
LOTIEZRVH. Thbb, GVNTHIEL 72 DNA
2, WBENZBILR L CW b FF+ 2 Hols (154
YHBRE B X OV F & 2 M BUKER & FEO T  fid
B W &N, BARERELLZEEZLND. Z
DO, WO 5T H EIMED 5 T BAABEIC R Y, K
JEOBRHICF DAL, 2o [DNA-H F+ R E 8
8] RFY BTV v 2 2) 25 PR ESED R
oAt (K9c). 32 &, BoyTRilkikd »F4 1%
BRI 2 LODT, ZO¥ A4 N THH S LIS 5 fil
WO TR G E Z T, BTN RIND. L
7o o T, BENICEE D A A AR, ﬁ*?&#@@
P4 M2 % &I, budding BEOZETE S 5121353
@E%&&of,:n6®ﬁ4%37x%%ﬁttkﬁ
EENS (M9d). &b, ZOREZ, SOGEBN & /A
A A 7ZDNA & SO T & O T o = 4 v ¥ —
BEIOFER: ETHFE IR

A/7»§E$F

5 min 7 min ,,J:

' B -
\)‘ 5. S
. N . 4

» el |
e —

8 NIV IWVHNTODNADHEHEE XY 7 IVHCARE L ANHE) L 72Xy 7 VR THI



68 DFVATAELTOL 2 ANTHE

(d) %003?0030 in *oui (C)
00% m 5 Wmm
00% 0000 {"Pooﬁc
ML, 0 £88 4 @m@o
g .0

‘\Oooooof

9 ~N 7 )VHERTHGE L 72 DNA DA FF ¥ VRN R i
A+ 2T BB,

(a) XY 7 WINEBODNAK D LT % &, DNADLET
DI 7 FEAERE R 2SN $ % .

(b) BEIZHA L72RY 7 =4 »ThHHDNAIE, N7 VEEHEK
1855 Cdb B A1 T v VNG Re W B kB A SR AR A
TH&2 5.

(c) DNA %Y %\ 7255 T-BUK SR A IC B 2 IR I A & 58
7 DT, DNA-RG T A HRIIIEE 2 5 TR ERICBAT 5.

(d) DNA% B9 # T4 VWG TIEWNE» S G S b 70
FHEDOIEST-H345 0, BIIAMINCER T 5. F 72, BEATERA
GTb AT A BRI EE T B2, 0 XD REAEN
W, B FAEERS DR & HEs.

JEPNICHL Y A N72DNA X, —FEDOEEFED X 5 2
ExRTHENETA &, BN E IAED IR LT 2
ZEEhDH, wWhbWLREY NIRRT TIX, DNAD
FOEMmaEfio Ty YRV EHAMEL N, TN HREE I
HLTWS, L2ALIDL) REERMIMAZ, WIHE
BDEGEMD, S o T idZE Izl v L
b, KREMRSTLEEZOLNTWIZDNAR, Emo
SO OBRETIE, (s F e BEREZTBET 52 k
T) WD LD & E o Tz e T, AdrtEil
2E 25T, EbhOTHIRREN. 2B, Z0XH)%%
2J71%, RNAIZOWTIZTTIZELSLTWD

6. EEMEESH O AL

LBz X2, XY 7 VM A THNETIZ, DNA
DOMWIFE L XY 7V OFAEFEHESE LODOWIET 5 2 &8
oSN kol LALI I CTHMBEICR DX, #HizlC
R L7282 Ry 2 v (IRNRY 7 V) WETIE
DNADER %5 X 7 L F FPMELTWS Z &,
T/, BESTFREBRORMTHRL 72T 7 VOKIEE
fifid, bR TEIRL ATFF L RoTWRBE I E
Thb. 2F DPRGVIZ, DNA OBEINIZA B 2 IR
RLoTnh, 2T, Ny 7 VA THIAY: Y K
LECAET A2, X7 VLFF FoRmb LU, FHE
M OWHAVEE 2L, NLHIICE 5T, FHUDNA
BB LY, N7 VGRS REGIREBIIRS 2 & 13,
“BEE DR R ERT 5.

HFOIEAR Y 7 VI TR BRI % b 72 5 1B

LChH, HARTEZI DV BAFNRHL LTS 2
WXL 7: Ry VIRORMEMN &, B2 2 IRE
ST OBOKIEOER, FHZ, ) VAR O A 1
DEEZRLTAL). TTHCAEIZL AR LR
VU IVOBEREBNTH DA, T+ 2 MO T-HibR
REWY AR, KT+ HREZHEL L THRLZD
T, IhEAFF M THAHH. £2IT, X7 VEFF
OARENF LGV (ZNEWMBENRT 7V EER) 205
27 VF FEMHEIELUERDHLDT, TOGVHE
HEME, 724 UTHELERH L. Z 2 Tk~
v 7 VoOEMEE, PC (POPC) & Y PG (POPG) @
GHBEDPLWRY I Ve [ET A PG ERT LTS
kN 7V (X7 LFF K2 NE) OBRERIET7 =%
YEBOT, BRRT 7V EERENRY 7V, BlIERHTA
IETTHD (K10). EBEIZZORNEFIHT XL,
QHDEF AR 7 )V (IR Z VOREK 5 PC:
PG:aLA7u—)L=8:1:1, gk~ 7))V, PG: 2
LVATa—)=9:1) P Ihsz. —J, WExI s
V2, HCHEGT 2 REICRVWREIOLGEHE 7 V4 O
A COBHERNE L. 512, BRI VET 4
VF— (Av¥a2¢=02um) I2F, BT 7 LE
YA ZATRWTELIHIC L ETHEZRAL, RE
SHAEOpH % 3 & L CISKHIHE L7z, Z O#¥fE%
FTE, AAZ7x—EOTT b AL XY R E
Ko 72PGH T4, B LA LOMGELFHRT 5.
%%,%E%KA/7W%mtﬁﬁﬁfﬁMLtkb
R 10 um DEER R Y 7V DR D O &
Té LR L7z, DLRASRE, st (REmE
) ORBEDZNXINV 7 PHENHFERELTHEEL
pHY ¥ v 7L )M A ZIT 5 2 E TRALZIERD
THLE, WEWRRNY 7 VIR L7222 HEIRL T
V‘Z).B)
FROEFVEROKREE S, Zo5MxHCARE
NY 7 VIHEIS L7z, FTRARY 70 e LT, B

1%t Generation

dNTF‘ PCR Active

PCR Inacitve

Temp\ateDNT }
LT ) @

Membrane ( ®+©)

2" Generation

54 V(@) Rich Membrane _.-""'!ai,_
IEH loo G

‘qbsea1mm Cé%>

10 451100 H O DNARIIRIZ X o THIB L 72X 3 2 VN &
V7 OVREIZ X0 a5 2 B
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POPC
\/\/\/\/-\/\/\/\)L
(j/\
WO

pK,~ 1
o _0o | a %0 _0 |
gP:Q/\/’IP_ — HO'P:O/\/O?_
Zwitter ionic Cationic

Target
PC > PG

Anionic

Conveyer
PC< PG

Anionic

Anionic

pH~7

PC:PG: a2l A5u—)V=8:1:17T, A DNA, 7
94 ~—, DNAGKEEH, Mg™ A0 giig, K oF
Ly Zya—), @ 7a—7 (SYBR Greenl) %M
HLAXRYZVERET L., —F, @i 7 LEL
T, BEHEIEPG: 2L AT —)b=9:17T, WHIZX
JUFF FEMSAYBEERE SN 7 VENEL
72, MHFZERALpH=3TIH S WFE L%, Hik
WOpH % FPEICRE L CPCRE#1T R 72 24, AL
TGV TDNAYHER L /22 212fk), WAy 7 v
W L D ods b MR L7z (K11). L7224,
2fHXY 7V DNAOH ML G L2 LIk 5.
ERRONRY 7 VLTINS 4 S 8 2 34
i, 2RO ANTHICEZ A2 Lk, LML, 22
TREOHMERZRGL TAH LS. F21213 F 7ZRNA,
DNA D X 9 ZIEHGT°, MELRVEZ Y VX0 H
DEHITHEIIEEL2Em ST, FELTWEro7:
ThHsA9H, TNTOHIRIMO X 912, HEm A 2%
% b OMBEELE S B L TB Y, WREOERD
F LN/ TAHILHEREEZRE LT/ 2THAHH. £
DEYEBE LB EGUHIAIED &, BTN
Bea 2 3 VRBIRONY Z VT SN, il LI
THAH). FEDOLITLTRAELERY Z VORGT-
DEFEEHTHY, T2, NEHESREESTONOH
HL01E, TTICMEEE LToMEEMA TV zh b
N, RYZVOHRT, X7 L3 FFEFTEL,
R d ) TR 2 LFF KR, X7 LFF FeBfi
WEZ LOEDTE2HEARRY 7 VONDOE L D DLl
WA L, VIR O SO KFLO A O3t el 3 0
DEATHEVSTBG A IV EREBR LD Lk
W, ZORT, DNAZBEE L, BRLISRLINY Y
VORRPIZIE, X7 LA F FZNHELTWw52, $HRlk
HAHFVIXZLAF R, FRIMBNEEOD B mEST

pH~3

POPG .
\/\/\/\/-\/\/\/\)L OH pKa ~3 OH
o_0o — ¥ Oo°
/\/\/\/\/\/\/\/1,'?/\2'P:()JioH HOIP:O_):OH
Anionic Non-ionic

pH~7
11 27 LdF FEFewz 0 DNABREED 2 WAL Y 7 VI, X¥ 7 VEIHER O pHISEM 2 FIH L2k Xy 7 v aiimL, pH
AL RNEL L LR 2 VERIE TR 2 LA F FEBHET 5. T OHPCR %477\ DNA 2SR L 72 2 & 2 306mE o B X b w2

BHELTWRWRY Z VR, bFLFELTBY, £
NOOBOME S EHTHY, HF+ LT =4 %
THEEGIRY I VDOHAEDLELH 72 THAHH. &
AT, KEOKRKITIE, ZWbr#E I a + v,
HEREEGATBVBEOFHATH - 2 WHEED D
B, Lho THHEMNEDHKIZBETH-7-ThA
I. LaL, RIIHLERELIA4 VB LTED,
TUAVERALT Y Na" " K'RE) 7V h) L1488
44y Mg”, Ca* &) MHEFHLTEY, T
AVEETH SO TRV, TOL) REEO T Txf
TS 72X 7 VORENIE, pHOHRIZD E 53N
MG END., LD oT, FELOMELTVWAEN
T VEI N T OERGFOHTCEEDRY 7 VO
HFE, HEHVERY 7 VEGEFIH L72EE oD H
BhH, BERLITARVOTIE RV,

7. DNASRICKET 2N ZILOFREZE(L
WBIZ, XY 7 VR AN THIRBIZB T, W L7-DNA
M OFIAEN e A TMBBOE (B 2 X H CmE) 12
M SPDFEBEE L2 THWENIZOVWT, fiHICHih:
W, ZOXRYZ VO HCAEBFETIX, BIEL72DNA,
HF & VNG & B R & AEA R E T 5 2
ETEHEREOLI) RBE R L, NV VOEK - HEEH
BLTwW2EdR7 LY, NET28EDNAOE
X (BTFHlYVDTF AT = T F V) DV
XD, HOHBEBEBICEAEN ETIIE DNAORS (#
fmFi) &, XY IZNVBATHEO S A F I 7 AOHE
RWEEALORM (FIB) EoMBEERET LI &1
Hh. TOZEIE, NYZAVRATHBEOM#LEE 2
FTORELTEPVERD .
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8. & B

AR, WERE & AR & R WA o 2 SR AT
THHEN TV 225, ERNELEDLRVWEEL LWL DI
ZHND. ZHVIHRIE—EHTOESICRUAA
TZOMROPBIZFANTHLITIIRLESHVDZ L%
Lawe, Zoh2BuaRRAREeni) 50T 5.
ZLWRERTIEH Z05, WHOMRAEZHBAL TV b
2, WEREEEGR YRR CRE LR ZWEL, VT b
< F—TRZVhrE, FEHEIE) XSk THM
DEHTVTIRI=LE, BRTR0Tr%HE->TTE
7ol HREMM AR (RS, SHE Bk l)
B, RIS AZ E THR SR TV AWET
HAH. VT —ITIE, T X)) RO R I
Wel, AESRIEICKTT 2 IS D5 4+ 3 7 AT b RERE I
BROENL. Thbb, IrunzkER EF - 5F)
TOMRERIGED, LA OREREIAZRE L~ 7 u gL
b2 FH5T MBI D> TV DS, TR, B FY AT
LAOWE & LD, V7 b~y —%2 VT, S
WIhglaEcshasIzunMBETHny4+3I A
B, FOBBIEEIN Y AT AR08 X 2H58T
LB% (RIFEMN) 2RIATIVATARFEHTL I LI
TERVTHALIN? ZO—BID, EHELORELT
WHLANTHIBET IV EVWZ L7259, FEEHELIE, X
¥ 7 VIR N TR 2SR A I R AR L 72 A 72 &
FLTWARTIEE RV, L LAZAREHMAR Y AT AT
HoThH, ERMCHIHEERAE & B, &
B EEMTHLIPDE I BT A FI 7 ABHBELY
HIEEBEMLIV. ORI, 4% WHEBF L&
R EZ B RO - R UEENTH 5.
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Biological Science Textbook for The Fundamental Problem of Biology

Shigeki Mitaku™

?’}ﬁ /Synopsis

HEWix, 7/ & (DNAMEIERES)) %

PR E LTES N~ TH D, DNAMEILE ]2

%E%%%W%Z%ﬁ@7mtx&m@%ﬁmﬂ%7/9A*%Tiémx%ﬁ%ﬁ®7nkx
Wk oT, &AFh, BOEHERL, ROWBREMED, WRIFAETH L. ABFZETIE, [HW L 3T

27 ORARME (MO |

IOWVWTEHL, ZNITHEDSCEHRHELHERMT 52 LT,

FLVAEYRZHOPIED AMEZFTR L TS ZEZHWELTWS

A biological organism is a machine designed by genomic information (i.e., the nucleotide sequence
of DNA). Life is a product of two processes: the deterministic process that constructs an organism from
the DNA sequence, and the stochastic process that rewrites DNA sequences. In this work, I address a

fundamental problem in biological science, “What is a biological organism?”, and I intend to publish a

textbook of new biological science.

BRoAWFEE, FTEVORD/NSVHELTD
BHEAREG T OIS A% — ML, AW tho g
I C & ) BRI 2R LT CEFRICIN T
TU—F%LoT, REGKDYEZWDTE 2. 204
KigE LT, 7/ 204 DNAKIERSY % @i L, &
KFTHTTHDY VN2 HOET I BEY Z T2
ANLZEPNREE oz, ZNIZE > TRZBIFAE
Wa RS A 7-D0WMMmOEFHE FICANR, XOH
MR AW G S SRS R % AT 3 5 RIS
Aok FZ5h. LAL, WELLTOY YNV ED
FESRDICDE L, EREITLHT 70 —F 1T
BRZTETWD. 20X RFEMEREOHR T, 4
Wk e BT 572013 LT 7 u—F & A A
LTW ZEDBBEREEEZLNL., £2T, fiddE
WZOWTDF—F V7T AF 3 Y ORERIZTHRES
THEZTHI. [HEYEEREHET 5 720 O FEARME
M ? ] [ZNO2FRT L7200, L wE 2 HiE
EDXIBRIDIIHLDESL) ] HIE, KETIE
TR OBFEIZONWTO@RLEHL I LIHEFH T
7275, BHPALEIIET T, PR AR E
ERLTERLTEBY, ZRUIDOWTUT L«é

2014 4E2H 250 B

IR E H 7 -0 —
(Toyota Physical and Chemical Research Institute, Visiting
Fellow)

1. EMRFOEAREE"?

AW EAEOMEMZ BT, ETOEWIIEKD 7o
[EMORM] 235 5 &3, 233> oM
BHHEAHH. OEYOIMNIZ, EI)EFFshTw
BHh? @ﬁiﬁguﬁuu@iﬂnf%ﬁﬁﬂﬁ \-ﬁEL n
) FLARIEESE LR L, oI TY
L QLRI E Y AT DAY TS Bk,
FZOYAT AEREJAHNIITI RN HiE, EHE
BALINTWEH? APRTIEED L) ITMEE
AT TV LS L) HED H 505, il
DOWRELZ LT 5.

3ODIERREDON, D BEIE AL ET I — S

XA
U (T) C A G
o T
U Phe Sar Lyr Cys =
T Sty A
%.. (M Leu Stop T:: P %
1 His - 3
j( C Leu Pro Arg jC
e A I
5 Gin — 1
H <1 H
Asn Ser
A e Thr -
Met Lys Arg G
=
Asp =
G Val Ala Gly y
Glu (;

1. Wfnl 5%
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DFRERTCVDE, a—F4 v 7HE (73 7 BE
FINCHI S 2 4H) o DNASIERIE, 3 X Fol
Kp—o0a by, £AFYET I RICH
MEND. DNA (HROZFHizxtind 5 RMA) 1213,
AR O (DNATIZA,T.G, C;RNATIZA, U,
G,C) BHBHDT, 64D FUHHY, FNAT20H
HO7I/WBE2a—FT5ZEI2h5. TODNAD
L7 I/ BAoInR (BIEESE) LXoT, &
F LRV TOERFREFMOMRBRO SN TED,
PO MBI IEF ICHMIC > Twd (K1), L
L, COHMIEE»MTI0db0T, 73 8BAEYZ
JTIRS v EoRERIZET W, 7T I BE
FIASEYN N7 5 280k o T (FEARMED
@), ARBIEARIRHHEEST 5. R THEWT 575
W otEreft GEARRMER) 22 A7 AR OEE
b GERME®R) % oM, BERTRICB
57 I/ MOBENELEboTL 20T, EARRM
O AT ISR D 5 ZMETR VWD TH 5.
2% H ORI Z &) b5 50 & v [E
SF 0TI REYIDS Y VN E OB ICE
g 520 HoE#EE, BREOHEICHEDST
KGR E LT, HHO Y 87 HIZDOWT
W, X R 5 AT R NMIR A i 8 AT H Al 22 &1
Lo CUVREEZANINTT A LIITETEBY, Th
5137 Y87 B OBEREDBRIT R WITHRIZT - T
. oL, U7 B3iEnmiEs R REna
L AU HICE o TIZ =7 &R IS 72
WIEED L Ll hnwZ b s, ¥R EHDAL
RREETE A E D L D 2V — W2 & » CTRE#EfL X
TWaME, TP TVHRVwDOTHD. FARRM
HOIZEL ) =20 L uWE ETh TS,
DT U L ATEL L OERPEAINT I WIS
BED STV DD, —BIZEH LT I BE
FIDSH w2 AL RS 2T T 5 PRaEIE v, L
L, COHBMZRFIEEICH L THHEEE i
WiEd 5 & 9 BREEL SN ZEROEMADND DD
T RWhEVWHIETH L. ¥ 7 HOWER
Kix, WHOMETHL., T0LH) P Tat 2
ZHET DL T v T AEROMAMADN DD T
X, ZIIEWBEROBEMN L 257259,
3THHOEARY AT 2 OBEMELOREIL, 7/ LK
RICHBoTEIRKHERTAHILENTEL LI
oT&7. LaL, &7/ 29005 KEG0M
BARDITDE L, FhMICE-oTIR7 I 7 MR
T Lrbrb3TERY XA T L ORTOMBER T
BELGDRLHRVD DL LR v, Zoizn, %
FRILW T 70 —F I, EREA I OBERD S ¥ X
TARERT A LRI EAERTRTHS. Ly

L, EWrEiEfLENY AT 2RO HME A%
FoTwiuX, Moo no2wnilmhad > T
HEWEEROR % E2 R T LI LB TEL LI
5712595, BRARMEOIZBIIZRAL Y M, o
IR ATOEWMBEDL SVHENEVD LI
IR O Z WAL T D K ) BRAHADD b ?
LWwHZETHDH, INITEHL TR, EEEYH,S
BEAEY), SHICEREET, HEfFohToEs
YT DEEN B TWHLHEENEDY, ¥
AT DERORERAE L TEEHEAL T 5 A A % R
LTWABIZLEHERHLTBE 2\,

2. EYOEEBA~NOEZS !
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High resolution imaging of inner chromosome structure using FIB/SEM

Hideaki Takata™

Attempts to elucidate chromosome structure have long remained elusive. Electron
microscopy is useful for chromosome structure research because of its high resolution and
magnification. To reveal the chromosome interior, concurrently, Focused ion beam/Scanning
electron microscopy (FIB/SEM) has been developed, allowing investigation and direct
analysis of chromosome interiors. In this study, we investigated the chromosome interior by
FIB/SEM wusing human chromosomes. As a result, cavities were visualized in the
chromosomes prepared by critical point drying (CPD). Furthermore, we find small dot-like
structures within the chromosomes in conjunction with ionic liquid technique and platinum
blue staining. The average diameter distribution of the structures suggested that they are
nucleosomes. Thus, we demonstrated that FIB/SEM is a promising tool to observe inner
chromosome structure at high resolution.
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Development of multi-channel biosensor using reduced graphene oxide films
prepared by thermal treatment in ethanol vapor

Ryota Negishi*

In this work, we develop the multi-channel biosensor using the field effect transistor with the reduction
and restoration of graphene oxide (rGO) films as a channel material. To improve sensitivity of the biosensor,
we examine the adsorption of nanoparticles on the rGO films, and reveal that it is a key process to recover
graphitic structure like a sp” C=C bonds on rGO films during reduction for high-density adsorption. Moreover
we find that the thermal treatment in ethanol vapor used as a reduction process leads to the efficient
restoration of graphitic structure in rGO films. This technique enables us to fabricate the large area synthesis
of rGO film. We also demonstrate that the sensing properties of the multiple rGO-FETs fabricated on the
same substrate show a high-uniformity.
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Spheroid Array Formation in Microchannel Based on the Magneto-Archimedes Effect

Akiyama Yoshitake*

This paper demonstrates a method to form and fuse spheroids on a microfluidic chip without cell labeling
nor specific pattern of a microchannel. Cell assembly method based Magneto-Archimedes effect became
possible by adding a paramagnetic salt into culturing medium to enhance the diamagnetic property of the
cells. First, we confirmed that spheroids formed by this method produced albumin as effectively as the ones
by a conventional method. Cells in the paramagnetic medium were aggregated ultrarapidly in a microchannel
by applying a magnetic field. The spheroids were manipulated by changing the magnetic field. Finally, we
also succeeded in fusing two different spheroids into a Janus spheroid on the same chip.
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High-Resolution Calorimetry for an Orientational Transition in a Nematic Liquid Crystal
Induced by Surface

Yuji Sasaki™

Nematic liquid crystals (NLCs) are orientationally ordered liquids exhibited by elongated organic
molecules. The alignment of the NLC molecules is quite sensitive to the contacting surfaces. Here a
surface-induced orientational transition of an NLC was studied using a high-resolution differential scanning
calorimetry (DSC). It was found that the DSC curve shows a stepwise change at the transition, indicating the
disordering of the system. On the other hand, the latent heat is negligible regardless of the distinct first-order
nature of the transition that accompanies a large thermal hysteresis.
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Design of self-assembled polymers based on dipole-dipole interaction for protein stabilization

Nobuyuki Morimoto ™

Self-assembled nano-microspheres are useful materials those can be applied in nano-biotechnology. In
this study, we designed sulfobetaine block copolymer, poly(ethylene glycol)-b-poly(4-vinyl pyridinium
propane sulfonate), (PEG-b-PVPPS) to use dipole-dipole interaction as a driving force for self-assembly
even in physiological salt conditions. = The PEG-b-PVPPS formed monodispersive nanospheres
self-assembly in phosphate buffered saline.  With increasing the molecular weight of PEG, the
nanoparticles were stably dispersed at least 4 days. Moreover, the nanospheres were confirmed
encapsulation of proteins. The PEG-b-PVPPS nanospheres can be expected to apply as a protein carrier.
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Enhancement of light emission from suspended carbon nanotubes
by silicon nanobeam optical resonators

Yuichiro Kato™

Advances in silicon photonics have enabled on-chip integration of various devices, expanding the
capabilities of monolithic photonic circuits. For further scaling and increased functionality, however,
integration of nanoscale emitters is desirable. In this regard, carbon nanotubes are promising because they are
room-temperature telecom-band emitters that can be directly synthesized on silicon and be electrically driven.
In particular, as-grown air-suspended carbon nanotubes show excellent optical properties, making them ideal
for use as individual emitters. Here we demonstrate integration of individual light-emitting carbon nanotubes
with silicon nanobeam optical resonators. In order to achieve efficient coupling, we utilize photonic crystal
cavity structures that have high quality factors. We fabricate the devices from silicon-on-insulator substrates
by using electron beam lithography and dry etching to form the nanobeam structure. The buried oxide layer is
removed by wet etching, and carbon nanotubes are grown onto the cavities by chemical vapor deposition. We
perform photoluminescence imaging and excitation spectroscopy to characterize the optical properties of

individual nanotubes coupled to nanobeam resonators.
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Probing local electronic states in semiconductor micro structures
utilizing single-lead quantum dots

Tomohiro Otsuka*

We probed local electronic states and local phenomena in semiconductor micro devices utilizing quantum
dots and quantum point contacts. The measurement of the local electronic states in the quantum Hall regime
with quantum point contacts was demonstrated. We confirmed the validity of the new probes and revealed a
possible mechanism of the energy relaxation around a hot spot. We also improved the operation speed of the
local probes utilizing the technique of radio frequency reflectometry and demonstrated the fast spin readout.
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Development of pressure measurement technique for micro-gas flows and its application

Yu Matsuda ™

In micro gas flows, some specific phenomena on/near a wall, such as velocity slip,
temperature jump, and thermal transpiration, play an important role; thus, the measurement of
a physical quantity on a wall is very important. The authors developed a micro channel by the
PDMS micro-molding technique with mixing a pressure-sensitive dye into PDMS: i.e., a micro
channel fabricated by PSP, which is named PSCC (pressure-sensitive channel chip). In PSCC,
phosphorescence dye is used as an oxygen probe. The micro-channel (PSCC) with 200 um
x100 um cross section and 2.0 mm long was fabricated. The pressure distribution with the
inlet and outlet pressures of 101 kPa and 30 kPa was successfully measured by PSCC. The
measured pressure distribution indicates that the gas flow near the exit of the channel is
compressible flow and the flow is choked at the end of the channel.
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Development of DNA pathological examination chip
for microscopic single-molecule cancer diagnosis

Daisuke Onoshima™

Image analysis of methylated DNA has a great potential for exploring epigenomic change in cancer cells.
In order to visualize signal variation caused by DNA methylation, it is crucial that the DNA molecules are
arrayed in parallel direction inside the narrow microscopic field. Here we show that methylated DNA
molecules can be trapped and stretched at the patterned grooves on the surface of microfluidic channel by
flow. The demonstrated DNA aligning technique enables simultaneous molecular imaging and detection for
cancer diagnosis at the single molecule level.
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Large polarization effects in GaInN/AlInN heterostructures
towards monopolar light emitting diodes

Tetsuya Takeuchi™

A novel light emitting device, the so-called monopolar LED, is proposed and investigated.
Here monopolar means that the device contains only n-layers. At the same time, holes could be
directly injected into an active region as a tunnel current by utilizing large polarization field in
an Al(In)N layer. A simulation result indicated that the energy levels between the valence band
maxima of an active region and the conduction band minima of an electron capture layer were
well-aligned, implying that holes could be generated at the active region. On the contrary, the
result also suggested that a lack of hole accumulation in the active region could be a serious
issue. So far the fabricated devices have not emitted light under the bias.
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A basic study on the formation of nanocomposites based on hollow spherical allophene particles

Shuichi Arakawa™, Masami Okamoto ™™

Allophane is a short-range order clay mineral which occurs in some soils derived from volcanic ejecta.
The chemical composition is expressed as (1-2)Si0,°Al,052(5-6)H,0. The primary particles of the allophane
are hollow spherules with an outer diameter of 3.5-5.0 nm and perforations with a diameter of ~0.3 nm. The
allophone with such a peculiar nanostructure is promising as novel supports for catalyses and drug or gene
delivery systems. The nanocomposites of DNA/allophane and Pt/allophane were successfully prepared and
their formation processes were investigated with deep insights by the zeta-potential measurement of the
allophane particles and MO simulation.
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Cobalt-Catalyzed Carboxylation of Propargyl Acetes Employing Carbon Dioxide

Tetsuaki Fujihara ™

The cobalt-catalyzed carboxylation of propargyl acetates was developed. The reactions
proceeded under CO, (1 atm) at room temperature with manganese powder as a reducing
reagent. Various propargyl acetates especially bearing trimethylsilyl group on terminal alkyne
carbon were converted to the corresponding carboxylic acids in good to high yields with
perfect regioselectivity.
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“ Reaction conditions; 1 (0.50 mmol), Coly(phen) (0.025 mmol, 5.0 mol %), Mn
powder (1.5 mmol, 3.0 equiv), in DMA (0.5 mL), at room temperature for 20 h. *
Isolated yield of 2. © Col,(bpy) (0.025 mmol, 5.0 mol %)
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Development of fast ion beam analysis for biomolecules in isolated micro droplets
Takuya Majima *

A technique that allowed us to irradiate liquid droplets with MeV-energy ion beams under a vacuum
condition to reveal radiation reaction mechanism of biomolecules in liquid water. As the first demonstration
of the experiment, micro droplets of water and ethanol are irradiated with 1.5 MeV H* and 2.0 MeV C** ions.
The droplet diameter is estimated to be about a few um from the energy loss spectra of ions penetrating
through droplets. Mass spectra of secondary negative ions from the water droplets and ethanol droplets
induced by collisions of 2.0 MeV C?' ions exhibit emission of cluster ions of (H,0),OH" (7 = 1 — 15) and
(C,He0),CoHsO™ (n = 1 — 8), respectively.
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Regenerating Capillary Network in a Microfluidic Device for Understanding Morphogenesis

Ryuji Yokokawa ™

Conventional method to understand morphogenesis has relied on in vitro short-term culture duration, which
was prepared by retrieving in vivo samples to a Petri dish. To elongate the culture time in vitro, delivering
nutrients and oxygen to the target tissue is critical. Here, we propose a microfluidic device to create a capillary
network to support such a delivery, which elongate the tissue culture duration for understanding morphogenesis
in vitro. Key achievements of this project are design and fabrication of the microfluidic device, optimization of
Human Umbilical Vein Endothelial Cell (HUVEC) culture condition, and the network (angiogenesis) assay. We
will introduce tissues to the device and evaluate how their culture duration is elongated by our method. Analysis
of morphogenesis will follow these fundamental studies.
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Control and design of electro-mechanical systems based on Hamiltonian systems
Fujimoto Kenji*

This paper is focused on obstacle avoidance control and trajectory tracking control of port-Hamiltonian systems with
quaternions. We propose a new port-Hamiltonian model for quaternion systems which enables us to obtain several control
strategies including obstacle avoidance and trajectory tracking control for them. Although partial differential equations are
required to be solved in designing global nonlinear controllers in general, the proposed method does not require any
differential equations in its procedure. The proposed methods are applied to an artificial satellite model to confirm their

validity. Both theoretical development and numerical simulations show the effectiveness.
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Expansion of temperature ranges of LC phases of all-organic paramagnetic LC materials

Yoshiaki Uchida™

All-organic paramagnetic liquid crystalline (PLC) materials attract a great deal of attention
because of their fascinating properties in externally applied magnetic fields. The motion of
PLC droplets at high temperature in a magnetic-field gradient has been reported. However, to
use as a carrier in aqueous phase, PLC phases are desired to be stable at room temperature
range. We focus on the temperature ranges of the PLC phases, which usually depend on lateral
substituents and terminal groups. Here, we report the synthesis of novel PLC nitroxide radical
compounds, which are analogues of the previously reported compounds, and the substituent
effects on the temperature ranges of the LC phases. They have fluorine and/or hydrogen atoms
as the lateral substituents, and alkoxy, alkyl, or cyano groups as the terminal groups. The phase
transition behaviors were determined by polarizing microscopy and DSC analysis. To explain
the difference of the stability of the PLC phases in terms of the stable conformations,
DFT-optimization at B3LYP/6-31G* level was carried out.
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Aldehyde Synthesis from Esters Using Specific Feature of Ethanolamine

Yusuke Kita™

The development of efficient synthetic method of aldehyde is attracting much attention in synthetic
organic chemistry. Among the existing synthetic method of aldehyde, reduction of esters is one of the most
attractive methods because of the availability of esters. Based on our previous report, in which zinc cluster
catalyzed direct oxazoline formation from ester and ethanolamine, we developed that esters were reduced by
sodium borohydride in the presence of stoichiometric amount of ethanolamine to afford corresponding

aldehydes via oxazoline hydrolysis.

1. XCHIC
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Working hypothesis

0 cat. o) H o H* o
)]\ + HO/\/NHZ—’R/A\} L R/LTN}_, )J\

R” “OR R™ “H

Previous work: Direct conversion of esters to oxazolines catalyzed by zinc cluster

0 cat. Zn, (OCOCF3)60
J o+ o > ;zf>
R "OR' chlorobenzene R =N

B 1. Working Hypothesis for Direct Synthesis of Aldehydes from Esters via Oxazoline Hydrolysis
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bihvbiud, "ar UG A U DU A TSR BICAE R L TR Y | AR« ORI ERILEM O REFKREL
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20144E3 17 H =23
FEHEEA A T — (KRB KRB TR 5e R A
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[{Ir(H)((S)-binap)}>(11-Cl)3]CI (2 mol%)

0 H, (30 bar) 0
> HO PN
>—Ph [ Ph + N ™)
[N>_ 1,4-dioxane, 100 °C, 16 h N>_ N Ph
H
not detected 73% yield
cat. Ir
t |
H2 O>_ OH CaH2 r
Cm e (|
N N
H

3. KFIRIFRFFIDALIZKBET
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- B O,
-7 o TpiE T VORI R AT o 2 FAbAR T F 0
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U ACEDAXRY YU UNBTLENEZ ERHLNE T (K2), N THF, r.t. ”
TAUEY . R ITOETT LT AT E 72 <G bR o T, Licido 83%

T, DO HRE LTS HEHIUE Y 7 A X — il X o4 %4> v

B EMABEDLEDLZ EICX Y, BTG AN AT IUNSLTILT e RESRT A2 ENTREIL -T2 E 2 D,
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MKSIRSTHZ IO T AT e RBNERTLZE BHERL TV D,

0 CuCl (5 mol%) O/> o

NaBH, (2 equiv.) HCl a
OMe *+ pern~~°H N % e
1,4-dioxane, 100 °C Me
Cl cl al

detected by GC-MS

4. FEO

ARFZETIE, T AT NS DEHZET AT AARMIGICH L TCEY ) — LT IV EHFRNTH2 1k @& 2z s
TLEMTEHEEZWSNE Lz, ZHIE, ZATILEZ Y )= LT I URNRIGTHZ L THIY Y ) VBT 5 2 &
DEELE 2> TN D, A%, TRy MAROSERBELEZITV, KO RORZBOEREITH, £l AV U a2
B 25720, REREAZFEASELZLICEVZATANLDT F AR~ BT TETH S,
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