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Optical Responses in Carbon Nanotube-Based Composites
— Charge Transfer and Energy Transfer —

Arao NAKAMURA*

By utilizing the hollow space within single-walled carbon nanotubes (SWNTSs), various molecules
are accommodated and new nanocomposites based on carbon nanotubes can be created. In this study,
we investigate charge transfer for polymer-encapsulated SWNTs by means of photocurrent excitation
spectroscopy and femtosecond pump-probe spectroscopy. Polythiophene is synthesized from sexythio-
phene inside SWNTSs. Photocurrent excitation spectra measured for a thin film of polythiophene-
encapsulated SWNTs show a large peak corresponding to the absorption band due to the encapsulated
polythiophene, which suggest carrier generation by photoexcitaion of polythiophene. The decay time of
the transient absorption yields a charge transfer rate of 2.0 x 107 s™" from encapsulated polythiophene to
SWNTs. Photoconductive properties are also investigated for grapheme nanoribon (GNR)-encapsulated
SWNTs. GNRs are synthesized from coronene monomers by thermal annealing. Photocurrent signal
peaks are observed at the photon energies corresponding to the absorption bands above 3 eV due to
GNRs and coronene dimers, in addition to the excitation of E,; and E,, excitons in SWNTs. This result
suggests charge transfer from higher excited states of GNRs and dimers to SWNTs. We discuss the
observed rates of charge transfer and excitation energy transfer considering the distance between
polymer/molecule and SWNT for encapsulated- and wrapped-SWNT composites.
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FFNEF ) F2—TTRIELDOEE, 471 0M%
2o TWwW5h.

RV =TTy TENZT /) F2a—-TOHEEFRTIE,
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PRt SN Tw . PFO (poly(9,9-dioctylfluorenyl-2,7-
diyl)) TZ v 7ENPEAEKS ) F 2 — T D4, PFO
MHEF ) F =T NODIZANVTF—=BEIRZY, Z0
L— Mid2.6%x10%s' Th o I L 2MERSE LY. [
Lk %70Vt L ¥yE)~—Td5PIF (poly(indeno-
fluorene)), F8T2 (polyl[(9,9-dioctylfluorenyl-2,7-diyl)-
co-(bithiophene9)]) Td % 4 7 1 O AV F—FBH)IC
%% wbhTwa*”. —J, P3HT (poly(3-hexylthio-
phene-2,5-diyl) ), MehPPV (poly[2-methoxy-5-(2’-ethyl-
hexyloxy)-1,4-phenylene vinylene]) Tl, /N> F¥ v v
TONEY, ThbbEEDKEVF ) F 2 —TOYHE
TRV F—BE), BEEO/NSVIEEIIEEMBENIC A
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ZIRETEFVF 472 vANELTWDEA, 350~
400CIZT 2 20 LR EOR) F4 7 = V5
K3 5. K312400C TR L 72N F ) F2—TD
BME WM (TEM) %273, M3aliRksns
X912, 1mmOBEEDF /) F 22— T 1L AD BN
Bsh, HGOEFVHOL) ZEETRYFF 72>
AR ENTWD, BEEN LS nmOBAITIE, 2B ICH
BLZR)FA 72 HllEhTnd (M3b). &5
WCRWF 2 F2—=71213, 3BOR) F4 7 = v HE
ENBEDT, ZOEBTHWZSOF 2— 716 LT,
BERZIBLTI~3BOR)F T 72 HNELT ST &
RbhroTn5b.
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22 KRUFFT71>ARBF/Fa1—-TORINERIE
BEANYT IV

250 ~400°C O HiPH THMLIRE 2 2 TER L 72N
WS F 2 —T OEMAROWINA RS MV & F412R
T FA T ERNEBLTOAVERTOSOF 2 —
TOWMLARZ by (Bfa) T, 9K 1000 nm (28
BF ) F2—TDHE23 FiEF (Eyp), #%E700 nm
&R T/ F 2 — T ORI X 2, B X 0V500
nm AV HEARF ) F 2 — T D3N Y FiBETF (Esy)
WX/ E W=7 BEFB S5, 250C THLH
L7=WaF ) F2a—T DAY MV (Kf) 1213450~
500 nm A2 EF W IINAS N, O i ¥ 2T
T 72V OWIRARY bV (Ffh) O¥—27EE (420
nm) X0 HRERMICMEL WA, HAWUHEE %
300C (&), 350C (Ffa), 400C GRfa) & EF53
L, 450~550 nm 2 BT HWMINAHIIML, TDOE—2
MEREENCY 7 V35, Zhid, BIBEREO 512
Lo TEFVF A7V OELEVEMALT, KEROK
WR—=PERLTWDLZEZRLTWES.

Absorbance / a. u.

400 600 800 1000 1200
Wavelength / nm

K4 :tFvFF 72 NEF ) Fa—TLeX o547 VB
KB ORI A~Z b
BULPNRE & AT PVORRERT. AR 400C, B
350C, 4t :300T, Jkfh:250C, B A SOF = —
7, Ho kX v FA T

400CTHMA L /2R F A 72 v NAF ) Fa—T

DM SVEE L 72 B OWIN AR R v % X
5087, BIKOBE SR 150nmTH 5. MS5aD S
HSOF 2 =T DOWINARZ bv (Bf) 12iF, 84
F 7 F2—TDE, (0.67eV), Ey (1.21eV) i1k
P& &/ >/ F 2 =7 DMy, (1.78 eV) W 2381
b, KVFF 72 vNEF ) Fa—TORINARY
PV GRfs) #SOF 2 — T DELWRILYE — 7 THEEAL
LTRY. SOF2—TDFENZFNOWINE — 7128 L
TH0.02 eVIRZ AV F—HIZHINE — 7 23Sl 2 1 B
N5, FNHITMATR24eVICE =2 % b DWIGT A3
n, ThiENUINR)F47 = VICRRT 5.
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—_
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O
Photon Energy (eV)
K5 : (a) FVFA 72V NEF /) Fa—7 (), SOF2—7
WREEUE QWA R 7 bV (Hifn),
(b) 25 WA } v
WAL 3K DT ABD T 4 v 714 ¥ TR ERT.

SOF 2 —TDAXRZ b IVEOO2eVZEITY 7 &
TRODLEFWINARZ bV () %2 KSbIZRT.
FEGMINANRZ S VIEF2.5eVIcE—2 %2 b h, JExHFR
BRKEL TS, TOEFART MVEIRGTDON Y
AT T 4 v T4 ¥ TR LR DR TR L7z A
R MNVTHE. I ARBOE -7 T F NV F— (Pl
4E) 1%, 2.35eV (0.43eV), 2.67eV (0.67eV), 3.28
eV (0.75eV) ThbH. DX %=IWHRIDBNA k
T4 T4 TOM—DRTHLEIXTE RV, N
RYFF 7 2V OWILA R N IVABELD K557 S
ENTWwWBEEZLNSL., TEMBIEORRIZLI LS
JFa—T7OEHAZAZISLTIE2L3BOR) F4+7 =
YHENELTWAS. 28, 3BOYAIIER) v —Ho
MHAERIZE ) 2 AV F PR THDT, BT
ANF—ORLLZWINSHNLZ IR 5. T2, K4
WRENL LI, HBEECLI->THIBERBI AL F =98
EbbHDOT, IERORBLR)FF 725 LT
WAHTMRELED B 5.

HFERIZE B2F X ) Y FEEZRRD 72D, T/ ¥
Ty TEA=N—a T 4 = ARBREE v TR
BORRARZ MVEREL:. A== T 12
A AEOEIR O BB O N E R LB L Z 500 nm T
HDHOT, ¥/ 7y THIEEHT350~550 nm
DARY MV ZERE LT, PERL = =12 X 5
EXEE (W) I2XoT2o00ARY MV EOL XS
TAERH 6 DRIEEARY bV (Ft) THbH. Nz
EEDOFHIES X 15 Viem TH 5. PEEF ) F 2 —
TDE;, EplEFUIUcsii LT, 0.7eVE12eVIC
HEEOE -7 BBMWENLH, &FF /) F2—-70
M, BRAITHIG L2 BREF S TW v, 2eV
LEIANF—HIZBVOMRBEE 53 MmL, 3.5eV
5 TR E I3 265708 1065 £ TH AT
5, RK)FF 72 NLF ) Fa—TOWILARY M
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Photocurrent (arb. units)
o
Absorbance (arb. units)

-

Photon Energy (eV)

6 : RUVFF+ 7z rWaF /) F2—7 (), SOF2—7 D
NAXRZ by (Bfa) LRV FF T2 v NEF ) F2—T
FH) ONREARZ M.
WKL —F =12 X BRI 2 R T

GRfa) B3 2E, MKELZLZIALVF—IIEmT
VE—MNZT 7 PLTWAED, NER)FF 70X
BhRICE 2 F v VY HEENREBEINS. 512, K50
WA N PV OFFENTHER E T 5 &, 2.67eV
£328eVICE =27 % DM HEEART P LD?2
DO =7 IZFITHI LT 5,

23 BRBEOFAFIVR

WNUARY FF 7 =~ OJERIRE ORI #2572
DI, RU7 - 7u—=T50IL > THRMF A FI 7 A
ERE L. Ry 7oA v F—133.14eV, 7SV R
ME120 fs T 5. K ¥ TIGHGHT & S EROWBINA R >
FVDOFEEEGIINAOD & L, Ry 7ee 7u—7%
M EAEIE 42 A0D A X2 b L& KTISRT.

(arb. units)

Absorbance

Photon Energy (eV)

7 :(a) RVFA7x2yNEF/F2—TOWPRARZ Lk
(b) R¥7 - Fu—7385WIL (AOD) A7 bv.
RY e 70— T HORBIERHIZBT 5 A7 P eZh
Zhofa TRy, B —1ps, Mt 0.1ps, #kfh; 0.3 ps,
Kt ;05ps, FHtaslps, ¥ 7th;3ps. K 7Hox
ANF—133.14eVTH 5.

E JilE F WG TR WA (7)) —F > 7)), M, %
WA TR N & A S B DIz T, 2
~3eVD AR FMIVHEIPHIIZBWT L Y KX 2 IIILERAD
(FT)—=F 7)) BB EIN. ZOTY—F ¥ 7T
EHI3ps TRELWAL, HHOBEMEZREL TW5.

X 8cix0.1 psiZBIFBHA0D A X7 bV (fifs) TH
5. RSbOHNARY) FF 72 ryDAXRYT bV ()
WIEIEIE LTI Y —=F Y 7R ETWEY, E—2iF
DIPTHRZANVF-ICHEL TS —F, SO
Fa2—TDAODZARY v (Bfn) 1%, 2~3eVOis
PICBWTHEED 7)) —F Y 7P Bl sh, 2hbidh
AT T4 DRLLPEARF ) F 12— T OE; k12
BOT)—F U 7IRRTEEZBNSL. TOARY
FPVEBHICBIF AR FF 72V NUF ) Fa—TDA
~R7 MVIEIRDS, SOF 2 —T L&l Reb0T, 0
HHDOAOD AX2Z PVIERYF 7 2 VDRI TN %
KL TWwb EEzTLw T/ SOF2—7I2BT
% 1.4~22 eVAFEOWIEEM & P O Z FVx, &
BF ) Fa—TOM RIGFED T — = ZFEREL
TW5,

Absorbance
(arb. units)
T

o

o

Diff. Abs.
(arb. units) (arb. units)

AOD
=)

—
N
w

Photon Energy (eV)
B8 : (a) KV F4 7=y WEF/Fa—7 (ffs) &£SOF2—
7 () WEREOWILARS B,
(b) ZGWIXA T P,
(c) SEEEWFMO.1 ps |23 B KY 54 7 = Y WEF ) F 2 —
7 () £SO0F2—7 (Bfs) oRY 7 - Tu—7
FEWILA R 27 b,

230eVTHESI N7 —F ¥ 55 ORR L%
BOIRY. K)F+ 72 ryNUF ) F2— 70wl
MOGRFY M) 33psANTRELLMDT 5. 25D
BEBEBTT 4 v T4 v 7 L7ER (FR), dvigsE
o & IR OREE UL, ZZE0.50 ps, 12
psTH D, HWETDOEAH0% L TH 5. SO
F 2 — T OWFEEEN, 0.5 ps DIEHIZ 3B THRILK
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Time (ps)

9 :230eVICBIFAEYT - Ta— 750U (AOD) DI
ZAL.
FEy M RIVFFAT72VRNEF /) Fa—7, By s
SOF 2—7, Hh: 2 ORBEET 4 v 74 ¥ 7RO
.

A SINCEALT 5. ST R Y RIS L BRI A~
7 MDY T SRR LB OER D RO
ANVF—ERTHEELTVWLILEEZRLTVWEDT, TD
IRFEZ B I FHAZIRIE O & 4 F 3 7 A % EHEAY IS S
LTwZiw, AODAXRYZ P VOIER»S FHI S5 X
12, 230eVICBIT B2 MEMBIINARY F4+7 = v
DHFHERLMLTWDE EEZTEIWV., ERBERSTH
LMW EREHE, WERYF+7 =V IZiesh/:
BV LI —Ji03F 7 F 2 —7I2BE§ 5 RIS s
K5 &, EWBEKEIZ050ps, TDL — MX2.0x
10%s7 &2 5.

24 % =
R)VFAT2vbF ) Fa—TDIRNE—HEMNDOM
BALEMBHRICOVWTELR LW, £HIRY 74
T YDONY R EEBRTHE STV AR T &
fZETDIANF—ThHbH. EEEMNEZOLLIEX,
WEEILBEE (DFT) CEHE L 7l & 15 vt O = v
F—E3426eVTH2Y. ;) F2—TOHFEK
H-45eVThY, ZOEBTHWAZSOF 2 —TDON
YF¥x v 7 BRERTZAVFE—) 570.6~0.8eV i
PHICHBZLE2EETLE, RUFF 72 HNEF/
Fa—TZH LTI A4 70O R F—HA LRI
%o TWwh. LH»L, Bethe-Salpeter Ji #2 5 & fii 5 72
GoWo BT X 2 M v gebpfit™ 1o LTIz, ¥4 7
IO ANVF ORI TSN, TAVF—BH)
PRI BZEIRD, FVFF 7RI N-E

F£1:RK)VFF 7 = VOMEFWHE, (ZEWHE, N FFyv 7
E, DT %)V ¥ — OFHEAH & FEERAH.

E, (eV) E. (eV) E, (eV)
DFT#H5 —4.26 -3.26 1.05
GoWoal -5.35 -2.25 3.10
£ OB -5.20 -2.96 2.24

DFT &1 454l & GoWo it 513 STk 14, FEBRMEIE Ik 1512 & 5.

F—IEfLE 7 —a YAHEAERIC X - TR F 2R3
DT, HFEBOIANT =IO WS
DAY FHEBR LR B 2", ’5SbOESH
IWANRZ MR L BMILE Z 2 D LENH Y,
COIANF =NV XYy 7O RNTF— LRSS
5T EETERV, BT RIREEBE LA F—
AEbibhCcwa Y, FIFa—TONY FEDT
FF R ERT S LA TIE R,

o, FTRFVI—FNELEF/ Fa—-T T,
MEOMEAERICE DNy RAREALT 25605 5.
(10,0), (16,0) ¥/ Fa—TIZEYVFF 7z %2N
LB RODFT N Y FEHEA#E ShTwa'Y, i
BoH0.79nmd (10,0) F/ Fa—7ORE12EF )
F 2 =T DNV PSP T 55, (16,00 5/
Fa—TOHEITIEI N Y FEENIZE A EZLL v
ENTWVD., ZHUINY FEHEOFERREICRE K
£ 50T, XYFFMAENEILETHL LEEZ LN
5.

w2, BWMBEHL— MIOWTRYY—=F v TF )/
Fa—THEEROHR LKL TEL L2, P3HT
Sy TF ) Fa—TORE, BMEBHL— MF2.3X
10°s'cH ", KVFEr T NEF ) Fa—T
(2.0x 10%s™") LIZIZFHELWETH L. Ty TLTWD
P3HT 3/ F 2 — 7 D jr FE T & van der Waals i o
2REREFTHEELTWS EEZ BN, ToOHiEEX0.68
nmT»h5b. —FhH WEEhIR)FF 728 F)
Fa—TREL OWEEE, K3OTEME2 5 R 5 &
#04nmmTH5H. Zhoofiz, BEL— b EHEED
F£RIK (K10) 12RT. ENFNOHEEEOMICIITE
DD o THERETIE 2 VA%, 04~0.7 nm DO FEEICH %

N
o
T
>
1

-
o
T
|

I ]
% | |
L %9
04 05 06 0.7
Distance (nm)

Transfer Rate x 1012 (s7")

o

H10: BEL— & FF——T 777 — MO B4R,
WE RV FF 7 vNEF ) Fa—7, WA P3HT S v
75/ F2—7" @M :PFOT v TF/F2—7" O
H:z750LyWaF/ Fa—7Y aighasr?,
O ArTYY LY



6 H—=RYF ) Fa—ThN=AL LBEEROIWVERISE —EAEE) & T4 F—BH)—

R)—=h5F /) Fa—TNFEFAREDL — FTEH
BETHESZA. EHI12, O REMBHL— b
ZPFO 7 v 7HAERDIEL AV F—RBE L — b 2.6
10%s" el T L™, CoMLFAMETHL I Lo
NA. BRBENIARY v —IZhiEE S - B F—IESLR
(he¥1) 2l C, —HOBMA b Y ANVHRL L
WKCEoTH /) Fa—TIIRBBTHI LI TR 5.
ZIZH LT, iR ANVF-BEHO X 5= X A2,
BB EAEHIC X % Forster & 7 )V & 8148112
L b DexterET VS A, BTEZOELZDIZLLET
THOWE, FF—T7 2727y —1CH4T 200
BHIREMOHEEZSFHBEETHILUE, ZOXAAT=ALITE
HIANF—BEHL — MIEMBEL — b & ITIZHE UMHE
WChoThlwnweEzohns,

—%, WaSTH»LF ) Fa—T DI F—KH)
L— i, B10WR S5 &5 ICHEEC i KET 5.
20144E I CHE L22NE 2 77U L vy O34, k)
0.51 nm#*5 039 nm 2P 5L L— ME7.1x10" s
2524x107 s ICM KT Y. phruFr? 2o 7
VU AT OREIE, XHICKEAMH (20%x10% s
>53%x10%s") 1Ko THBY, ThHOHIEZ 75
LY OYA LR DB TREINLMEHEETIIRW. Th
IE, TAVEF—RBEL— FOSHEEZ T TR 5T O
HIZHEIFLTVWABI L EZRBLTVA.

RV —=RF /) F2—TOBEBTIREIZ N P % IRE
THY, BHERREBEIBEamOILE2Y % H D)k 7IRET
H5H. FERRKEDOILNS YN RF—ET7 77y — Rk
XD BREVEGAITE, HEMICK2EBIMT-ET WV
WEVIEP TR L %5 DT, HifikForster € 7 )V T
MCERVIEPMONTBY Y, F I F2—T%K
VX —OBARIIINIHYET S, Z0X) LRIIBIT
L EMBE) & LAV X —-RBE) X HET 5 720121%, 5T
R 7 — OREEIZBFR L 72 EIREE & iR o P B
BB AZEZRLCHEBNBPLETHLEEZLN
5.

3. J27zx>F/URCRBH—K>F/
F1—TDOHXGE
31 927z F/URCREGF/Fa—-—TDERK
LS

H1licrahsnriiExsdboaatratitt )
Fa2—THHTEERIET, F'95720F VKRV %E
BT BT ENTEDL., REBRTH MR 0 JFUE &
% 5 AR A MRS 2 T & &I D W T Lim S Ofn
XESALCORHET 2. 1) WoBELEL L7z S0
Fa—TlautkvBEELTT AFICHALT, BZEF
IZBWT450C, 48 OB E 5. Z O
FoTauprrydF /) Fa—TIEAShTaar vy
A —=F ) I =K T S (K12a(i)). 2) &K
WCE L7304k v % MV VTR 5. BULEE L Bk
HhONLF ) F 12— 7DOTEMIEAX12b() TH 5.
a0 A VTN o RSB S NG, Z2FTO
A5y TR LWL F /) F2—7%S-GNRWNE F
I Fa—=TLIFRZ LTS, 4) ¥4~—, )T
R=DWNEENTZF ) Fa— T EEEHTTONT, 480
MoOBIEAZ L TR~ —{bd 5 (K12a(i)). XK12b
(i) OTEMIRISREND £ H 1T, Tat yHF) <v—1k
L7279 72y F 7 VRUPENENS. ZOHUHT
ERLL72NEF /) F2—7%L-GNRWEF / Fa2—7
IR, 5) FAFYA— VB THNEF ) F2—T0H
TR A L, BEAREECHEC L )RR L
%, WL HUARGAE 2 5. S HICRMBH L-NY
FIFa—TEEHT 503U TOMMET S, 6)
4-TUHERYE Y I TIVZILT VT 7NVFERL— |
FAKBRENE T / F 2 — 70 a2 <, Kims
fiz3 5 (K12ai)). RELILS NN F ) F 22—
7' O TEM %75 12b (i) Td %

®i12: (a) a0ty horI3 72+ )Ry 2E5KT 5 FIHOR,
(b) BEWAT v FICBIFHNEF ) F 2 — 7 OFEBETHMSESER (X7 —)3—; 2nm),
(c) AFELM (1) &BEERANCBIT 5 B0 FREE B EFHEMEHE (A7 —V3— 1 1nm). CHEK10 X D TR



H—=RYF ) Fa—TENR=RL LIBEAROGWIERE —EGEE) & ¥ —BH)— 7

BOMETEMG 2 K 12ci2R" 3. K12c() 7 5
7z vF ) RYOWEIIH L CERE A 5 RARICH
BL, VRVROMEPRZ Twb, H12c (i) 1Tz
MLUTH TR AA»o /A& THY, 2OF /)Ry
PR LTV EDNbh 5.

32 U571 F/ VKRGS Fa—T DRI

ERGEINY BV

X 13ald, KiEEH L72SRHSOF 2 —7 (Bf),
S-GNRHW W+ / F 2 —7 (Ft), L-GNRNEL F /
Fa—7 (Ffn) OWRNARZ PLTH2'Y. Zhdo
WAL A R 27 P ViZix, M5aTRSN77ZE, (0.7eV),
Ey (1.2eV) B TFRING &S| T/ F 2 — T DMy,
(1.8 eV) WLAifX, F/ F 22— THMEREFRm A MG S
TWh7=wIBillsniw. LrLl, F/F2—7ICH
WENTWAET I Ty F )RR F A3 —13F/
Fa— T TREENTHWLDT, FREHICE DN
BANRZ PIVTHRHBZENTESL. SOF2—T Lk
S-GNRNAF /J F 2 =T OWRINAXRTZ F VD FEHIZ
Lo TROLARYZ PV EH13bDOHFRTRT. 24eV
E3.6eVAREITHINABN S, Fhoidaa sy 4
< — O (2.48, 2.68, 3.47 eV) ZHIEG LT 5™,
ZORFIITEMIETY A =4 ) I =2l s
S I LTwA. SOF2—7 L L-GNRWNAT /
F 2= T DOEFRINANRZ FIVIZiE, 1.5eVE34eV
W=7 S D, ST o % B LB Bk
~ F#t# (DFT-LDA) 2k 5 &', s oz s
STy F I URVOFEINY FHOEREFE2NVF
MOEBEBTHLEHNEINTVES.

(a)

08 r
06
0.4

02r

AA x 10" / arb. unit Absorbance / arb. unit

jun-‘que /.0l X ¥V

05 10 15 20 25 30 35 40
Photon energy / eV
R13: (a) EMiBHi L2572+ 2 VRV NELF ) F2a—TD
WA X7 bV
(b) ZEHWINA R bV,
Bt ; SOF 2—7, H:S-GNRHNEF / F2—7, ik
fi : L-GNRW@F 2 F2— 7. SCHk10 & #2ig.

T T

(@)

Absorbance

(arb. units) (arb. units)

o

Diff. Abs.
o o

(arb. units)

o O o

Photocurrent

L L Il L Il

Photon Energy (eV)

14 : (a)SOF 2—7 (Bf), S-GNRWEF/ F2—7 (Ffh),

L-GNRWEF / F2—7 () EEEOWITA X
7 b,

(b) FEREEE D ZESWIN AR bV (FER) & RMMEHINE
F ) F =T DEGWINARZ b (R,

(c)SOF 2—7 (Bfs), SSGNRWEF / Fa—7 (Fth),
L-GNRWAF / F2—7 (Fta) HEEHE 0 G5E 2
N7 M.

WED S WENEEEAR L — =12 X AR R E R T,

M 14aix, SOF = — 7 (Hf), SSGNRHNE T /
Fa2—7 (Ff), L-GNRWNEF / F2—7 (FRfn) @
MR OWINA R Y MVTH B, FKEMEHILELE LT
WRWHE T T2 — T O EREE SVEE L 7 G
BTHbDT, F/)F2—TI2LBE,, En M, RIGH
BB SN TWD. SOF o — TR 5 #4550
WWARZ P& 14bICR T, By W THARAL L T
AR MVEEHELTVLEY, BEDZDIZE,,
En WU 2 EAET 5. S-GNRHEF / F2—7 (FHfa
FH) DY, 24eV E3S5 e VAR s, F
iR TR L 22 R 5 i S-GNR W W F / F 2 — 73k
DARY MVERETLE, ThHEFA~v—I2L 5]
NTHEZENb2D. L-GNRHNELF / F2—7 (F
g DY, 1.4~1.8eV & 3.4 eVATITIZWRIAEE
WEh, ThoiZrs7orF /)Ry ONy FRER
WX BMINTH B EHERENT VS,

K 14ciE, SOF 2 —7 (Hift), S-GNRHNEF/ F 2 —
7 (Ffs), L-GNRHNWLF/ F2—7 (Ffs) ONEE
AR MNVTH D, JCZEREIZB T 2 ENES L9~
12V/icmT®» 5. S-GNRWEZF /J F 2. — 7 O HARE A
~Z7 MV (F) 13 B ExiiRFBRIGEETY—2 %
AL, TARVEF—OBNNIx L TR IE T A s
5. ZOWHIENL, SOF2—TDARYZ b (Hif)
WZIEE—%$5. —F, 32eVAErSEmI AV F—H
WTETPMAT S, L-GNRNEF / F2—7 ()



8 HN—=RYF /) Fa—T2R=AL LEEROSWERH —HHEE &AL F-BH—

DA, 25eVUTFIZBIT B BInEARY MVOIRD
Wwit, SOF=2—7, S-GNRHNEF / F 2 —7 L IZITHH
PTHBHH, 35eVHETE—2ZRLTWA. Ihb
DRERENPS, 3eVUEDOT ANV F—HIICBVTNG
ENTWELT T 72 F 7 )RCEDLF v ) YIREN
REEN5.

33 £ =

NEENTWEFA < — - F) I =TI 7
VRV E L TV B EGPINARY MV E KL 7%
W, HEEART MVORKREEE%ET S, S-GNRW
Wr ) Fa—TOE, FTA<—IZLA2WNHIHNS
~2.5eV LDV AV F—HHIRICBWT, SOF2—7
EFIFHEMONMEEARS PUFBIHIE TS, Th
X, ¥4 ~—0helc X o THEE I NEF—IELx) 28
fREEL 2y, HHVIEFHELTHRAELF Y U T
B, F/Fa—TOEEMRICLLF v ) XIHTT
N EWZ ERLTWS. Jlb, ~25eVThiEsh
72E—IELRIE, FECZANVTF-BE#ICE-TH
Fa—TIHEMLTWAI LA RBENSL. —), 32
eVAHED SR E ST 2K HwiE, Tox
ANF—FITH LN Z5WINAXZ MV (X13bF
) OBWMCHIELTBY, ¥4~ —0E3WILHE
(347eV) 2LOEMBIZREL Twb. L-GNRK
W) Fa—TORE, EHBINART PVIZiE1.5eV
27972 F 7 VRYDEIN Y FRERIC L 5L
DR ENED, TOZANLVF—IZBVWTHIREREFD
BREIEONAZV. ZoRED, FINY FpEEh
BT —EIRIE ST ) F 2 =TI A NEF -T2 T
UL ANRLRNTHLEEZOLND. 3.5eV THERIZ
SNBMGEEY — 71382 FIEOWIRY — 7 L 131T
—HLTVWAHDT, ZORICHES TEMBEIES T
Wb ZEDIRIBEINS.

G T A F— IARAF L CTEMBE & = A L F—
BEHPEHNL I 2T 5720121, WL 3hz5 A
R— - F)I~x—, 79572/ F )R/ DL INVF—
BT« N REF I F 2 =T DNy FLRVF— DR
EHAHZENLETHL. LrL, TR YDPLEKRS
NB75720F 7 )Ry O FNF—HEEOFMTE
Pt hoTuiw?, 72 F4<— - F
VIR—=RT T T2V F I VRV EF ) Fa—TOET
RESRBAL L 2G0T AV F —fEEOME b BT
HbH. TANF-BHOEBRWHERRLEDOTAFI 7 A
% EEBREAROWMEIIBNT, SENEIFEDIDIC
X E724 L DFEDIR - T 5.

4. % & )
H—FRrF ) Fa—TLR)—RHFLOBELHR
&, F AT = VoORESTIE SR E LT 2

K - B Z RS, AfTlR, S/ F2—-T%K
WYY F = LTHHLTAR LRI = F )
Fa—=TIBT 5, RIS 2B BE) L = &L
F—BEIZONWTEEL .

¥ F AT ENE LR F ) Fa—T %
BIHST L EICE TR F I 72 VD8I T 5. K
VFF 72 NEF ) F2a—TORINARY b VI,
450 ~ 600 nm O P F I BRI Z 7R L7z, B
ZEDPFE AT FVIZIE, ZOWRIGEE ) bF2ICE
VLA F — I TR 5 O KR & BB EI S
n, R)VFF 72 0RIZE>THF Y ) YRRAET S
ZEbhrol. KRy T - Fu—T75KTHIE LR
F 7 = OREIRE (ihET) OWERRMIZ0.5 psT
HY, oM L CTET £ 23R
Fa—TIIBETLRMICTIET A EEZOND. WE
B 5 & AR D SN BMBE L — M32.0x10% s
ThHs.

COBMBHL — NMIPIHT S v 7+ /) F2—7 D%
WMBEBLUOPFOTS v 7&3 N7 F /) Fa—THAER
O ANVEF BB L - ML IFIEZELMHETHL. F
72, 77 TIV Iy EDRGTFENALICT ) Fa—T
D= AN F—BB L — &1 —F ) Fa—THE
B & ORI IR VBRI E 2 R T oI L, R~ —
EF ) Fa—THAEROEMBEH L ALV F—-BH)I,
0.4~0.7 nm O FEEIZ B W TITIZM UAHIC % 2 558055
5 ENbhroTz.

RY)FF T2 EF ) Fa—TDODIZANFTF—NNVFKD
BRI Y A4 T 12 d A4 T U5 O0nTIEAH
BENLV. T, WHEOBETIREORBALIC X 2HE
RONY FEEDEET AVLENDHSH. RVFF 7
DOWIYE — 7 T AN F—EMREART MDY -7 T
ANVF—DFNERRT 5720120 TRV F -0
BBLETHY, GHOPETH 5.

a0 AEANG LS ) Fa—TOHMILI L 5 TH
BlL7zaut ¥y 4<x—-F)I3—-BINrI772r
F 2RI NAF ) F 2 — T OISR DN TR
7. WaFH/ F2—TOWILANRT PIVITIENERS
X WIS (<3 eV) LEIDEHEE (>3 eV)
B S N B A8, WEEANRY PV TIREIDEHER T
AIGAZEAZ B OHRHEI S 7z, TG o Bh IR
B HIE T AV F—RE), FIOLHEIED S TEMBE) A
HETWLILEPWRIESNED, TNHDAHZALD
HRICIZIT A A=) IX—, FFTF
JUVRYDIANF—EERF ) T2 —T L OEERD
NV MR EOFER R M AP LETH 5.

H—FRoF ) Fa—TeR—2L L-HERTIE #
AEDLELGTRR) Y —DIT AN - OEGREE
252 LT o Ottt 2B e = AL F—
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E
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STM observation of edge-dislocations in the vortex lattice of
type-1I superconductor YNi,B,C and H-T phase diagram

Nobuhiko NISHIDA*
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CAE & H-THEE

*EEH{%TZE 7 ua—

The square vortex lattice of clean type-II superconductor YNi,B,C has been studied at 0.46K in
magnetic fields up to 6T by scanning tunneling microscopy and spectroscopy. Single edge-dislocations
have been observed in magnetic fields from about 1T to 4T, where it is below the peak effect region and
the pinning force is very weak. Small angle grain boundaries due to the orientation of single-edge-
dislocations has also been observed. The vortex state in magnetic fields below the peak effect region has

been found to be single-dislocation and small angle boundary glass state.

1. BUHII—BRPE

T b O RAZEARTIE, WHE NS WwE & (H<H,
(M), WHIWIBIZAS VDY (B=0, ¥4 AF—Ik
), SOUCHBEMASED L (H,(T)<H<H,(T))
W IBIREAR I — RIS A B DT R L, BEERICE
F2HADKESOREAe (=2.07x10"° T-m®) 12
BT LENTRAT S, CORTHHROPLIZ2EDHE
WAZ b 72 D EBAEA IR X, ) 24 O FIR & A5 E
IWERPN SR EE o TWAD. BHIZEINL Z L
DBHEVOTEERITLRICOS 5> TWTi% (vortex
line) &MIEN G, WARBIRIANE 72 5 E R 1EHH]
T 2lEh. ZOIREZRHRIKE (the vortex state) F 72
13 AIREE (the mixed state) & X 5. Abrikosov 12 X -
TI957T4EHo (M EH CHHAM TS s b0 TH
L. TSRS T I RAE TR PR T & R BB A SR R
WA SEHE v ¥ —i (A% CTPbln, NbT
1964412 U TEBRTHM S 7z Bl T o)
WiZ, BROXNHMEL KL L7727 =)V I THOMNEME B
L OBE OIS X - T, Fidbdax LTh LR %
OZMKET, ERET, LT ORIRE 5. Wi
TRETIREZTARDL Z LIk o> TRIEEOEZ IZOW
TOMRPBONDLZ LIk 5.

BCS ¥ CRAIZEOMBIF A 2 S 7z, Caroli,
de Gennes, Matricon (X% 1213 7 —/8—=3F252 b

201643 H17H =
F LRI 7 2 a—
WU LSRR8 %, Blepidil:
FRAE Rin B, BOEE, I a4 vk

TTELMRFHT ¥ FL—7 & w9 B O
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Odd-frequency superconductivity attracted much attention for the past decade. In this report, I discuss

the properties of the odd-frequency superconductivity from a fundamental level and show the results of
our recent research activities. In particular, it is stressed that the odd-frequency superconductivity is not
a rare phenomenon but is rather ubiquitous in the sense that it seems to have been realized in plural numbers

of strongly correlated electron systems exhibiting coexistence of itinerant antiferromagnetism and super-

conductivity.
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Local Lattice Strains around Alloying Elements in Magnesium
and Analysis of the Chemical Bond Using Atomization Energy

Masahiko MORINAGA™ BALE 7x0-—

Local lattice strains introduced by a variety of substitutional alloying elements, M, in hcp Mg metal,
are calculated using the pseudopotential method. The calculated local strains of the Mg lattice are found
to vary significantly with M. The strains are large when M’s are the 3d transition elements, but small
when M’s are the rare earth elements. Such local lattice strains around M are first analyzed using the
atomization energies of M, AE), and the neighboring Mg, AE,,,. There is a general trend that AE), is
negative for those M atoms (e.g., Ca, Sr) which expand the local Mg lattice, whereas AE,,is positive for
those M atoms (e.g., Fe, Mn) which contract the local Mg lattice. This trend is understood by the
electron density change around M as a result of the charge transfer between M and Mg atoms. The
atomization energy, AE,,, of the first-nearest-neighbor Mg atoms from M is about 1.1 eV, and scarcely
changes with M, despite the charge transfer between M and Mg atoms. The value is, however, still
larger than the AE,,, value of about 0.8 eV for the rest of Mg atoms locating in the region beyond the
second-nearest-neighbors from M. This means that the electron density is higher near the first-nearest-
neighbor Mg atoms, as compared with the rest of Mg atoms. As a whole, these results are probably
interpreted as due to the electron screening which works to modify the electron density distribution over
the Mg lattice so as to moderate the influence of the M atom doped in a nearly free electron-like Mg
metal.
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Fig.1 Supercell used for the calculation, where the positions of only
the 12 first-nearest-neighbor Mg atoms from a central alloying
element M are optimized, while leaving the positions of the other
Mg atoms unchanged.
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Fig.2 Calculated local lattice strains around alloying element,
(@) Mn and (b) Ca.
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Table 1 Calculated local strains of the first-nearest-neighbor Mg atoms from alloying element M, and the M-Mg bond distances, d,

and d,, in a distorted lattice.

M Aa/a(%) Aa/a(%) Ac/e(%) di(A)  dy(A)|| M Aa,/a(%) Aay/a(%) Acs/e(%) di(A)  dy(A)
Li -053 -105 -059 3197 3.143| La 2.06 2.62 162 3280 3275
Be -230 -344 -160 3.140 3.074| Ce 1.40 1.79 149 3259  3.263
Al -0.76 -188 -1.11 3189  3.112| Pr 1.46 1.61 1.01 3261  3.239
Si -126 -280 -1.34 3173  3.092| Nd 1.58 1.67 100 3264  3.239
Ca 1.50 2.22 136 3262 3260| Pm 1.38 1.59 120 3258  3.244
Sc -015 -035 -0.10 3209 3.171| Sm 1.52 1.46 097 3263 3236
Ti -176 -252 -128 3157 3.098| Eu 1.36 1.42 123 3257  3.246
A4 -309 -369 -167 3114 3.069| Gd 1.41 2.41 137 3259  3.262
Cr -401 -458 -198 3085 3.047| Tb 0.97 2.61 132 3245  3.263
Mn -474  -511  -247 3061  3.033|| Dy 1.05 1.34 129 3247  3.247
Fe -524  -541 -229 3045 3.025| Ho 0.99 1.53 123 3246  3.247
Co -490 -501 -210 3056 3.037| Er 1.62 2.61 126 3266  3.260
Ni -411  -445 -188 3082 3052| Tm 1.08 1.25 066 3248 3220
Cu -2.55 353 -156  3.132 3076| Yb 1.14 1.47 102 3250  3.238
Zn -118 -235 -121 3176  3.103| Lu 0.40 0.48 080 3227 3217
Ga -067 -194 -031 3192  3.111| Hg -051 -1.11  -064 3198  3.140
Ge -074 -217  -113 3190  3.108| TI 0.46 0.81 064 3228 3215
Sr 2.48 3.38 177 3293 329 Pb 1.02 1.60 102 3246 3239
Y 0.96 1.43 104 3245 3238 Bi 1.03 0.98 106 3247 3234
Zr -0.76  -0.87 -053  3.189  3.147| Ac 1.27 1.49 130 3255  3.250
Ag -163 -244 -123 3161  3.101| Th 1.60 2.08 112 3265  3.249
cd -029 -051 -036 3204 3159 Pa 0.06 0.41 067 3216 3212
In 0.21 0.05 008 3220 3183 U 0.58 0.66 1.06 3232  3.231
Sn 0.33 0.14 016 3224  3.187| Np 0.62 0.48 107 3234 3234
Sb 0.34 0.01 075 3225 3210 Pu 0.72 0.38 056 3237 3207
Ba 3.18 3.99 212 3316 3311
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Fig.3 Local lattice strains, (Aa /a) + (Ac /c), around a variety of alloying elements in Mg metal.
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Fig.4 Comparison of calculated local strains with the experimental valuesof lattice parameters for Mg-1 mol%M alloys,

(a) Aa/a and (b) Ac/c.

0.016 1T

[ —

3d transition eldments

0.014 |

0.012 |

: 0.010 | -

Rare earthielements Rare_ earth elements]

(eV/atom)

(Lapthgnides) (Actinides) ]

©c ©

o o

S o

o ©
|

all it

ol 111 1ok voees Hi

Energy gain by local strains around M

o:ooz ~ ﬂ{

Li Al CaTi Cr Fe Ni ZnGe Y Ag In Sb La PrPmEuTbHo TmLu Tl Bi Th U Pu

Be Si Sc VMn Co CuGa Sr Zr Cd Sn Ba Ce Nd Sm Gd Dy Er Yb Hg Pb Ac Pa Np

M

Fig.5 Energy gain by local strains around M.
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Fig.7 Atomization energy change before and after lattice relaxation around (a) Ca and (b) Fe.
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Pressure-induced electronic phase transitions in
strongly correlated electron systems

Yutaka UEDA™ and Touru YAMAUCHT**

Strongly correlated electron systems exhibit various fascinating electronic phase transitions as
functions of temperature and pressure. In this report we present pressure-induced electronic phase
transitions in two correlated systems. One system is chromium hollandite, K,CrgO ¢ which shows very
rare ferromagnetic metal-insulator transition (ferromagnetic Peierls transition) under ambient pressure.
On applying pressure, the ferromagnetic metal phase is suppressed very rapidly, while the ferromagnetic
Peierls phase is considerably robust. As the results, Curie temperature meets metal-insulator transition
temperature at the critical point where the ferromagnetism disappears. An intermediate ferromagnetic
insulator phase seems to exist between the ferromagnetic insulator and the paramagnetic (or antiferro-
magnetic) insulator phases. These observations might realize the ground states theoretically predicted in
one dimensional double-exchange system. The other system is an iron-based ladder compound,
BaFe,S;, a Mott insulator. All the iron-based superconductors share a square lattice composed of Fe
atoms tetrahedrally coordinated by pnictogen or chalcogen atoms as a common feature. New iron-based
superconductors without a square lattice motif have been actively sought out, but not yet discovered. On
the application of pressure, this compound was found to exhibit an insulator-metal transition around 10
GPa, followed by the appearance of superconductivity with the optimum 7,.=24 K just after entering the
metallic phase. The insulator-metal transition boundary terminates at a critical point around 11 GPa and
75K. BaFe,S; is the first inorganic Mott insulator in which pressure (bandwidth tuning) can suppress
the Mott gap and make the ground state a superconducting phase.
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Reaction of Glass with Gas: Valence-Control of Eu Ions in

Na,0-Al,0,;-Si0, Glasses Reacted with H, Gas
|

Masayuki NOGAMI™®

Reaction of glass with gas is proceeded by the gas permeation in glass, followed by reacting between
the glass constituent ions and gas. Among the gas compounds, H, shows large permeation rate and
possibly react with some metal ions, which can be expected to function the novel properties of glasses.
In this study, the reaction of hydrogen with europium ion doped in silicate glasses was investigated and
discussed how the glass components act to reduce the Eu’ ions. Glasses were prepared to dope Eu’
ions in a Na,0-Al,0;-Si0, system, and the changes in the valence state of Eu’" ions and the glass
structure surrounding the Eu atoms during heating under H, atmosphere were investigated using
fluorescence spectroscopy, X-ray absorption fine structure spectroscopy, and ~’Al magic-angle spinning
solid state nuclear magnetic resonance spectroscopy. The reduction behavior of Eu”" ions was dependent
on the Al/Na molar ratio of the glass. For Al/Na<1, the A1” ions formed the AlO, network structure
accompanied by the Na' ions as charge compensators of AlO, network formers; the Eu™ ions occupied
the interstitial positions in the SiO, network structure and were not reduced even under heating in H,
gas. On the other hand, in the glasses containing Al,O; with the Al/Na ratio exceeding unity, the Eu™*
ions commenced to be coordinated by the AlO, units in addition to the SiO, network structure. When
heated in H, gas, H, gas molecules reacted with the AlO, units surrounding Eu’" ions to form AlOj units

A

W IR 7 xu—

terminated with OH bonds and reduced Eu’" ions to Eu”" via the extracted electrons.
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Fig.1. Glass compositions prepared in this study and oxidation state of
europium atom in glasses prepared in air atmosphere and after
heating in H, gas. Marks triangle and circle show the compositions
exhibiting fluorescence from only Eu** and both Eu** and Eu™,
respectively, before heating in H, gas. Red and blue colors show
the Eu** and Eu* in glasses after heating in H, gas. Dotted red
lines are the counter lines of the optical basicity.
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Fig.2 *’AIMAS NMR spectra of Eu-doped (25-x)Na,0-xAlL0,75Si0,
(x =8 and 15) glasses prepared by melting in air.

LETOA A F V IBEARMIKREICH S L E 2T

V. ZHIZAPTA o Y iENaT A+ R BRI E LT

AlO,UTHARZTEK T 2 L VI EZZBIETLHDTH

%. —7, 10Na,O - 15AL,05 * 75510, 7 5 A D A X7

FOVOBEIRIE <, 15 ppmAHEIC S IREIA SV DD
YTFUBBMENTVEZ RS, HEOH T A2
RCIEFESEAL D B\ IF ORI L 72 A A o V AEAE L
TWaEEZTIvoRd Lizwv. B 7AINMRIl
SETIRIUBTFHEREHR F—7ShTwaE 0 k)12
TWREA & v OEEEE T Ty 7 F IV ORI < B
ENLEIEDLDHLOTRIEHELKmENTICES T,
S % OFEM B & 2R S v,

Eu" 4 F Y iENa" lClk_H 4 ZH KE VDT, AlO,
WHATEK O 720 OEMHHEE LTl L idEz ok
WS, FOREERIEIZNA R A A + > OB BEZITT
AT HZ LI FMTES. Eu' A F v OfaREZ
X5 722 XAFS & % 47 - 7. Bu® Ly Wi % 1
L EXAFS O#kEIHiE (Ky(0) %Ko, k<12A T
OHPTT7 =) TEWE T VEuE ) OB RS B E
WAL BRE3ITRT. 25Na,0 - 75810, 8 &
F17Na0 « 8ALO; * 75Si0, 7T A D A7 b VIZIE
Eu—0 8 X UEu—Euf#i &2 6N Twb ¥ 7
NA2AE3~4 A BB A —2 L LTH D
bHTWwa, Leb A A+ YO EHb STV 7
VBRIGEVA RSN NI Eh S, Eut 4 F VK
120 L TwbEEZTEWn, ZOZEiENa™ %
AP A+ U B AoTWTH, TN5OMEHADEEE
252 L% L SIOMEARTHEENSE Ay bT—7
MEZYUM T AMBICA>TWEZ EIZLLIDEA
3. —J. AI"/Na'=1 % 9 ALO; %% < & 12.5Na,0 -
12.5A1,05 - 75810, 3 X UF10Na,0 - 15AL,0; - 75Si0, #
FTADANRYZ MIVOTBIRIZT DO D DIZHRTRKE A



46 B ADH AL DG : Bu:Na,O—ALOs—SiO, 245 A DKFEE DIUSIZ X 5 Eu 4 * > Ot il

/'/ \ (e) 30A1,0; 70Si0,
_/v

V'V e N

= 9

(d) 10Na,0 154,05 75Si0,

(¢) 12.5Na,0 12.5A1,05 758i0,

—

— 5%
(z

AR

S

Qﬁmazo 8A1,05 75Si0,
\ _‘/'\,\

A/ (a) 25Na,0 755!02
|
L NAD o~

2 3 4 5 6
r (A)

—

(=3

Fig.3 Fourier-transformed k’y(k) data at Eu L -edge of Eu-doped
(25-x)Na,0 - xALO;, - 755i0, (x =0, 8, 12.5 and 15) and
30A1,0,-70Si0, glasses prepared by melting in air.
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Fig.4 Fluorescence spectra of Eu-doped (25-x)Na,O - xALO, - 75Si0,
(x=0,8,12.5,15) and 30Al,0, - 70SiO, glasses prepared by
melting in air. Numbers shown in figure are the intensity ratio of
°D, —’F, to °D,~F, transitions.
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Fig.5 XANES spectra of Eu-doped (25-x)Na,O - xAl,0, - 75Si0, (x =
0, 8, 12.5 and 15) and 30Al,0, - 70SiO, glasses prepared by
melting in air. Numbers shown in figure are the ratio of Eu** and
Eu** content.
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Fig.6 Fluorescence spectra of Eu-doped (25—-x)Na,O - xAlL,0, 75810,
(x=0,8,12.5,15) and 30A1,0,-70SiO, glasses after heating in
H, gas. Heat treatment conditions in H, are follows; (a): 550°C,
20 hr, (b): 600°C, 2 hr, (c): 700°C, 10 hr, (d): 800°C, 30 hr, and
(e): 800°C, 25 hr.
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Fig.7 FT-IR spectra of glasses before and after heating in H, gas.
The heat treatment conditions were the same as those shown in
Fig. 6.
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Fig.8 FTIR spectra of Eu-doped 10Na,O-15A1,0,-75Si0, glass before
(a) and after (b) heating in H, gas.
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Inorganic/Organic Hybrid Superlattices for
Thermoelectric Materials

AR 7xu— YW N BikHE

Kunihito KOUMOTO* and Ruoming TIAN**

Inorganic/organic hybridization should be a promising concept for the future thermoelectric materials

design. 2D-superlattice structure greatly reduces lattice (phonon) thermal conductivity, while polar

molecules with the larger static dielectric constant in the organic layer give rise to the higher in-plane
mobility of electrons within the TiS, layers through a charge screening effect. Phonon thermal
conductivity can also be reduced by long-range interactions with the dipole moment of polar molecules;

namely it decreases with increasing static dielectric constant of polar molecules. Accordingly, the hybrid
superlattice of TiS,(HA),(H,0),(DMSO), (HA: hexylammonium, DMSO: dimethyl sulfoxide)
demonstrated rather high power factor and ultralow thermal conductivity, both leading to high ZT
(0.21@300K and 0.28@373K). Optimization of carrier concentration further enhanced ZT to
0.24@300K and 0.33@413K. We have proposed such TiS,-based inorganic/organic hybrid superlattices
as promising n-type thermoelectric materials for the new applications of flexible thermoelectric devices.
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Study on the Dynamics of Charge Transfer Phase Transition
in Iron Mixed-Valence Complexes

Norimichi KOJIMA*

In the case of mixed-valence system whose spin states are situated in the spin crossover region, conjugated
phenomena coupled with spin and charge are expected. Based on this viewpoint, we have developed a

ferromagnetic mixed-valence system, A[FeHFem(dto)3] (A=n-CH,, )N, spiropyran, etc,; dto=C,0,S,),

2n+1
and investigated the charge transfer phase transition (CTPT) induced by the synergetic effect between spin
»ne1):N[Fe'"Fe"(dto).] (n = 3 and 4), the CTPT takes place for n =3 and
4. At the CTPT, the iron valence state is dynamically fluctuated with a frequency of about 0.1 MHz from
the analysis of uSR. Considering that the CTPT in this system is the first order phase transition, the
dynamically fluctuated valence state of iron is regarded as the fluctuation of chemical potential between

the high-temperature phase and the low-temperature one. Moreover, an anomalous enhancement of dielectric

and charge. In the cases of (n-C H

constant with thermal hysteresis appears at the CTPT across the whole measuring frequency range between
1 Hz and 1 MHz, which is attributed to the valence fluctuation between the Fe' and Fe™ sites associated
with the CTPT. This anomaly becomes apparent as the frequency is lowered, which is quite similar to the

dielectric relaxation in relaxor ferroelectrics.

1. INTRODUCTION

One of the most important targets in current research in
the field of molecular solids is investigating the multifunc-
tional properties coupled with transport, optical or magnetic
properties. Among various multifunctional materials, in the
case of mixed-valence system whose spin states are situated
in the spin crossover region, it is expected that new types of
conjugated phenomena coupled with spin and charge take
place between different metal ions in order to minimize the
Gibbs energy in the whole system. Based on this viewpoint,
we have developed ferromagnetic organic-inorganic hybrid
systems, A[Fe"Fe"(dto),] (A = (n-C H
etc.), and discovered the charge transfer phase transition
(CTPT) for (n-C H,, ) 4NFeHFem(dto)3] (n =3 and 4), where
the thermally induced charge transfer between Fe" and Fe™

)N, spiropyran,

2n+1

occurs reversibly. D Moreover, at the CTPT, we found the iron
valence fluctuation with a frequency of about 0.1 MHz by
means of muon spin relaxation (#SR).? The CTPT and the
N[Fe'Fe!

ferromagnetic transition temperature in (n-C H,, , ),

20164F2 H23 0 =H#
* LA T 7 = 0 —
WK BBz, Bl

EMSE | SRS EOWMAL, SHRLY, ML

(dto),] remarkably depend on the size of intercalated cation.
Since this discovery, experimental approaches for understand-
ing the mechanism and controlling of the CTPT for AIM"M ™"
(dto),] have energetically been carried out.” In this report,
the detailed dynamical behavior of the CTPT for (n-C,H,),N
[Fe"Fem(dto)a] by means of ySR and dielectric constant
measurement techniques is presented.”

2. EXPERIMENTAL PROCEDURE

(n-C,H,) N[Fe"Fe"(dto),] was synthesized by the follow-
ing way."” Fe(NO,),* 10H,0 was treated with K,C,0,S, in
cold water, and the solution was filtered to remove iron sulfide.
Then BaBr,-2H,0 was added to the dark purple solution and
KBa[Fe"(dto),]-3H,0 precipitated. The salt was recrystallized
from water and dried. A solution of KBa[Fem(dt0)3] *3H,0
in a 3:2 methanol/water mixture was stirred. To this was
added a solution of FeCl,*4H,0 and (n-C H,,, ), NBr in a
3:2 methanol/water mixture, then a black powdered crystal
precipitated. The compound (n-C,H,),N[Fe"Fe"(dto),] was
separated as powdered crystals by suction filtration and
washed first with a 1: 1 methanol/water mixture and then with
methanol and diethyl ether. These samples were characterized

by chemical analysis, powder X-ray diffraction analysis. From
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the analysis of single-crystal X-ray diffraction, (n-C;H,),N
[Fe“Fem(dt0)3] has a two-dimensional honeycomb network
structure of [Fe"Fe"(dto),], and the (n-C,H,),N cation layer
is intercalated between two adjacent [Fe"Fe"(dto),] layers.
Judging from the bond lengths, the Fe” sites are coordinated
by six oxygen atoms, while the Fe™ sites are coordinated by
six sulfur atoms under ambient pressure.”

The temperature dependence of dielectric constant was
measured by two-probe method with a pellet sample. A Hewlett
Packard (Keysight) 4284A Precision LCR Meter with the
frequency of 1 kHz — 1 MHz and a Solartron 1260 impedance
gain phase analyzer equipped with a Solartron 1269 dielectric
interface with the frequency of 1 Hz — 10 MHz were employed
to measure the dielectric constant. The former is suitable for
high frequency range and the latter has the advantage in wide
frequency region, especially in the low frequency. The measure-
ment temperature range was between 2 and 300 K.

The 1SR experiments were carried out at the RIKEN-RAL
Muon Facility at the Rutherford-Appleton Laboratory in the
UK and PSI Laboratory for Muon Spin Spectroscopy at the
Paul Scherrer Institut in Switzerland. Polycrystalline samples
of about 200 mg were wrapped in silver foils and stuck to a
silver plate. We used He-flow cryostats in the temperature
range between 2 and 200 K.® The time dependence of the
asymmetry parameter of muon-spin polarization (#SR time
spectrum) was measured in zero field (ZF) and longitudinal
field (LF). The asymmetry parameter is defined as A(f) =
[Ng(1) = NL(OV/[Ny(t) + N(1)], where N (f) and N(7) are total
muon events of the forward and backward counters aligned
in the beam line, respectively. The initial asymmetry, A(0),
is defined as the asymmetry at ¢ = 0. The initial muon-spin
polarization was parallel to the beam line and the direction
of LF was parallel to the muon-spin polarization.

3. PHYSICAL PROPERTIES OF

(n-C H,,.,) ,N[Fe"Fe"(dto),]
The most important physical properties in the series of
(n-CnH2n+1)4
transition (CTPT) and the ferromagnetic phase transition.”

2n+1

N[Fe"Fe"(dto),] are the charge transfer phase

Figure 1 shows the schematic representation of the CTPT for
n = 3. The magnetic susceptibilities for all the complexes
obey the Curie-Weiss law, y,,T= CT/ (T — 6) in the range of
150-300 K." In the cases of n = 3 and 4, reflecting the CTPT,
a small hump appears in y,,T at around 120 K and 140 K for
n =3 and 4, respectively.” The magnetic susceptibility and
electron spin resonance measurements reveal that a thermal
hysteresis loop appears between 60 K and 130 K for n = 3,
between 50 K and 145 K for n = 4, respectively. All the
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Figure 1. Schematic representation of the charge transfer phase
transition (CTPT) in (n-C,H,) N[Fe"Fe" (dto),].

samples of n = 3—6 undergo the ferromagnetic phase transition
in the low temperature region. For the as-prepared sample of
(n-C H,,,,),N[Fe"Fe"(dto),], the Fe" site surrounded by six
oxygen atoms is situated in the high spin state (Fe" (S = 2)),
while the Fe™ site surrounded by six sulfur atoms is situated
in the low spin state (Fe™ (S = 1/2)). The spin state with the
combination between Fe"O, (S = 2)-Fe"S, (S = 1/2) is named
as high temperature phase (HTP). In the cases of n = 3 and
4, judging from the heat capacity measurement, the CTPT
takes place at 122.4 K and 142.8 K for n = 3 and 4, respec-
tively, where an electron transfers reversibly between the z,,
orbitals in the Fe" and Fe" sites. As a result of this CTPT, the
coordination environment of Fe" and Fe™ are exchanged with
each other as like Fe"S, and Fe"O,. Additionally, the spin
state of these two sites are changed as the low spin state of
Fe" (S = 0) and the high spin state of Fe™ (S = 5/2). The spin
state with Fe"S, (S = 0)-Fe"O, (S = 5/2) is denoted as low
temperature phase (LTP), which was elucidated by means of
5"Fe Mossbauer spectroscopy.”? In the cases of n = 5 and 6,
on the other hand, the CTPT does not take place in the whole
measuring temperature range between 300 K and 2 K under
ambient pressure. According to the temperature dependence
of the field cooled magnetization (FCM), the zero-field cooled
magnetization (ZFCM) and the remnant magnetization (RM)
for (n-C H,,,,) ,N[Fe"Fe"(dto),] (n = 3 ~ 6), the LTP with
Fe'S, (S = 0)-Fe"O, (S = 5/2) configuration for n = 3 under-
goes the ferromagnetic transition at 7 K, while the HTP with
Fe'"O, (S = 2)-Fe"S, (S = 1/2) configuration for n =5 and 6
undergoes the ferromagnetic transition at 19.5 and 22 K,

respectively.”
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4. MUON SPIN RELAXATION

Muon is a very useful elemental particle for sensing the
magnitude, distribution and fluctuation of internal field.
Therefore, the #SR technique has been applied to the study
of magnetic phase transitions, various kinds of spin frustra-
tions, superconducting phenomena and so forth. The asymme-
try parameter is defined as A(f) = [N,(f) — N.(OV[Ny(®) +
N ()], where N(r) and N(7) are total muon events of the
forward and backward counters aligned in the beam line,
respectively. The initial asymmetry, A(0), is defined as the
asymmetry at 7 = 0. To analyze the time spectra, the following

function with two components was used,
A1) = A G,(A, H g, Dexp(=Ayt) + A, exp(=4,1) (1)

where A and A| are the initial asymmetries of the slow and
fast relaxation components and A, and A, are the respective
& 1) is the static
Kubo-Toyabe function.” A/, is the distribution width of the

muon spin depolarization rates. G,(A, H,,

nuclear-dipole fields at the muon sites, and y, is the gyromag-
netic ratio of muon spin. The H, . is the longitudinal field. In
the case of zero-field, H| . is set to zero. Figure 2 shows the
time scale and the schematic representation of muon spectros-
copy.

Figure 3 shows the initial asymmetries and the depolariza-
tion rates as a function of temperature from 1.9 to 40 K for
n =3 - 5% As shown in Fig.3(a), when the temperature
decreases from 40 K to the Curie temperature, the initial
asymmetry shows a remarkable drop and reaches about 1/3
of that at 40 K, then it remains unchanged below the Curie
temperature. The remarkable drop in the initial asymmetry

between 30 K and the Curie temperature is attributed to the

positron (e*) Ne(@) — Ne(r)

AD = T+ Ne®)
muon(m®) At)
< ‘ Ng(t)
sample Ne(t
, N

Forward
counter for e*

Backward
counter for e*

Figure 2. Time scale and the schematic representation of muon
spectroscopy. N.(f) and Ny(#) are the total muon events of the
forward and backward counters aligned in the beam line,
respectively.

development of 2D ferromagnetic short-range order, which
is explained by the mechanism that the time scale of fast
relaxation caused by the ferromagnetic ordering crosses the
time window of #SR measurement. As shown in Fig.3(b),
the depolarization rate of the ZF-uSR exhibits an anomalous
peak at around the inflection point in the drop of initial
asymmetry as a function of temperature, which is due to the
critical slowing down of the Fe spin fluctuation toward the
ferromagnetic transition. In the case of n = 4, there is only
one peak in the temperature dependence of the depolarization
rate, while the ferromagnetic transition shows two peaks in
the ZFCM. This inconsistency is caused by the difficulty to
detect the muon spin depolarization rate of LTP, because the
internal field of HTP accelerate the decay of spin-polarized
muon which interacts with LTP ordering state.

In addition to the ferromagnetic transition for
(n-CH,,.) 4N[FeHFem(dto)S] (n=3-15), the CTPT was also
detected by uSR in (n-C,H,), N[Fe"Fe"(dto),]. Figure 4 shows
the time spectra of uSR for (n-C,H,),N[Fe"Fe"(dto),] at
several temperatures under zero-field.** In this figure, we can
observe a difference between the time spectra of heating and
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Figure 4. Time spectra of SR for (n-C,;H.) N [Fe"Fem(dto)3J at several temperatures under zero-field.
There are differences between the spectra under heating and cooling process only at 80 and 110 K.

cooling processes at 80 and 110 K, while no such difference
is detected for the spectra above 200 K or below 30 K.
From the analysis of these spectra by using eq. (1), we
can obtain the temperature dependence of the depolarization
rate for (n-C,H,),N[Fe"Fe"(dto),] (see Fig.5). The same
analysis as n = 3 can be applied to the time spectra forn =5,
and the corresponding data for n =5 is shown in Fig. 5. These
depolarization rates as a function of temperature show the
peaks at 15 and 22 K for n = 3 and 5, respectively, due to the
critical slowing down of the fluctuations of Fe spins toward
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Figure 5. Temperature dependence of the dynamic muon spin
depolarization rate, A, for (n-C,H,),N[Fe"Fe"(dto),] in
cooling and heating processes and (n-C;H,,) 4N[Fe”Fe'“(dto)3].
The inset shows the temperature dependence of molar
magnetic susceptibility multiplied by temperature for
(n-C,H,) N[Fe"Fe"(dto),]. Arrows denote the direction of

the temperature change.

the ferromagnetic transition.” Moreover, in the case of n =3,
an anomalous enhancement of depolarization rate with
thermal hysteresis between 60 and 140 K appears, while n =
5 shows no such anomaly. The temperature range where the
anomalous enhancement of depolarization rate appears corre-
sponds to the hysteresis loop of the CTPT for n = 3. Therefore,
the anomalous enhancement of depolarization rate with
thermal hysteresis around 80 K for n =3 obviously originates
from the CTPT. Taking into account that the CTPT is accom-
panied by the electron transfer and the HTP state is mixed
with the LTP state around 80 K, it is concluded that the
electron transfer between the Fe" and Fe™ sites induces the
fluctuating internal fields at the muon site, which enhances
the depolarization rate. Therefore, the oscillation of electrons
between the Fe" and Fe" sites is responsible for the dynami-
cal nature of the CTPT.

Figure 6 shows the depolarization rate of muon spin as a
function of temperature under various longitudinal magnetic
field. In the case of n = 3, the anomalous peak around 80 K
attributed to the CTPT decreases and disappears with increas-
ing the longitudinal field. In the case of n =5, on the other
hand, no peak is observed between 200 and 40 K.

As shown in Fig.6, the depolarization rates for both
complexes decrease with increasing longitudinal field up to
about 100 Oe and become constant above that field. The
constant values increase with decreasing temperature. This
behavior suggests the existence of two components. One

component is easily suppressed by the weak longitudinal field
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Figure 6. (a) Temperature and longitudinal-field dependence of the dynamic muon spin depolarization rate, A, for (n-C,H,) ,N[Fe"Fe"(dto),].
(b) Temperature and longitudinal-field dependence of 4, for (n—CSHII)4N[Fe”Fem(dto)3]. The solid lines are guides for the eye.

of 100 Oe, and the other one remains under the longitudinal
field up to 4 kOe. The former component implies that there
is a weak and slowly fluctuating internal field at the muon
site, which is easily masked by the weak longitudinal field of
100 Oe. The origin of the former component is due to the
fluctuating component of nuclear dipoles as has been observed
in MnSi.'” On the other hand, considering that the latter
component increases with decreasing temperature and similar
values of the depolarization rate are observed in both cases
of n =3 and 5 at the same temperature, it is suggested that
the latter component originates from the dipole field of
dynamically fluctuating Fe spins.

Turning to the anomalous enhancement of the depolariza-
tion rate of muon spin due to the CTPT, we extract the differ-
ence of depolarization rate between those of n = 3 and 5 to
analyze the fluctuation of electrons between the Fe" and Fe™
sites at the CTPT. The field dependence of this subtracted
depolarization rate at 80 K is plotted in Fig. 7. Applying the
Redfield’s equation''™"? to the longitudinal field (H, ) depen-
dence of the subtracted depolarization rate (4.,) between n
=3 and 5, we can evaluate the correlation time of muon spins
(7) and the amplitude of the fluctuating internal field (H, )
at the muon site, respectively. The formula of this equation
is expressed as follows,

2
2}//24HIOCTC

= F T (2)
1+ ylefFrzc

A’C T

where % is the gyromagnetic ratio of muon spin. These param-

eters at several temperatures are summarized in Table 1.

Table 1. Parameters obtained by fitting with Redfield equation to the
subtracted depolarization rate.

T (K) 7o (us) H, (G)
60 — 0
80 57 4.0
110 10.6 19
4_
- 34
Tm
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Figure 7. Longitudinal-field dependence of the dynamic muon spin
depolarization rate, A, corresponding to the charge transfer
phase transition for (n-C,H,),N[Fe"Fe"(dto),] at 80 K in the
cooling process.>* The solid line shows the best fit of eq. (2).
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Figure 8. Schematic representation of the valence fluctuation between the Fe" and Fe™ sites at the charge transfer phase transition

(CTPT) for (n-C,H,) ,N[Fe"Fe" (dto),].

The frequency of the additional internal field at the muon
site, which is given as v=1/7,, is the order of 0.1 MHz as the
maximum at 80 K and zero at 60 K.*>*¥ The magnitude of H,
is between 1.9 and 4.0 G, which is larger than that of nucle-
ar dipole field (~1 G). These results of SR measurement
suggest the existence of dynamic electron fluctuation between
Fe" and Fe™ sites with its frequency of 0.1 MHz at 80 K,
which is schematically shown in Fig. 8. The time scale of 7,
is consistent with the result of the *’Fe Mossbauer measure-
ment which implies that the fluctuation between the HTP and
LTP is slower than 107 s.” Considering the dynamic electron
fluctuation between the Fe" and Fe" sites in [Fe"Fe"(dto),]
layer, the electron hopping conduction is induced by the
CTPT. This behavior is consistent with the anomalous drop
with thermal hysteresis in the electrical resistivity at the
CTPT.” Considering that the CTPT in this system is the first
order phase transition, the dynamically fluctuated valence
state of iron is regarded as the fluctuation of chemical poten-
tial between the high-temperature phase (HTP) and the

low-temperature one (LTP).

5. DIELECTRIC RESPONSE AT THE CTPT

Dielectric constant measurement is one of the most power-
ful methods to investigate dielectric materials. Recently,
charge order driven ferroelectrics have been developed to
realize a large dielectric constant, fast response to polarization
inversion and high density of polarization domains.'”
Moreover, dielectric constant measurement is also useful for
the investigation of characteristic properties of charge-
transfer or proton-transfer molecular materials. For example,
neutral-ionic transition between donor and accepter molecules
is responsible for the large dielectric response.'” These results
suggest that the dielectric constant measurement is valuable
for its application to electron transfer phenomena. In the case
of (n-C;H,),
enhancement of the dielectric constant is associated with the
CTPT.

N[Fe"Fe"(dto),], it is expected that an anomalous
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Figure 9. Temperature dependence of the in-phase (upper) and the out
of phase (lower) parts of the dielectric constant with the
frequency of 10 kHz for (n—CnH2n+])4N[FeHFem(dto)B] (n=3
-5).
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From the viewpoint of the characteristics of dielectric
constant, we measured the temperature dependence of the
dielectric constant to directly observe the CTPT in (n-C H, ,),N
[Fe"Fe"(dto),] (n = 3 — 5). As shown in Fig.9, anomalous
enhancements in the real and imaginary components of dielec-
tric constants for n = 3 and 4 were observed in the same
temperature range of CTPT, while no anomaly was observed
for n=5. The increments of € and £ above 150 K are attrib-
),N*. The temper-

ature range of the hysteresis loop is independent of the applied

uted to the dynamical motion of (n-C H, .,
frequency. Judging from the results of uSR and dielectric
constant measurements, the anomalous enhancement of
dielectric constant is attributed to the dynamical fluctuation
of electrons between the Fe" and Fe" sites. As shown in Fig.
10, the anomalous enhancement of the dielectric constant
induced by the CTPT remarkably depends on the frequency
of electric field and it becomes apparent as the frequency of
electric field is lowered to 1 Hz, which is quite similar to the
dielectric relaxation in relaxor ferroelectrics. Such frequency
dependence is considered to be caused by the slow relaxation
of the electrons, due to the barrier of the electron hopping on

the grain boundary of domains.
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Figure 10. Temperature- and frequency-dependent dielectric constant
under heating process for (n-C,H,) ,N[Fe"Fe" (dto),]. Inset
shows the magnified view in the vicinity of the CTPT.

6. CONCLUSION
We have developed a ferromagnetic organic-inorganic
hybrid system, A[Fe"Fe"(dto),] (A = (n-C H,, ,),N, spiropy-
ran, etc.), and discovered the charge transfer phase transition
(CTPT) for (n-C H,,,,) ,NFe"Fe"(dto),] (n = 3 and 4), where
the thermally induced charge transfer between the Fe" and

2n+1

Fe™ sites occurs reversibly. In order to detect the dynamic

process of CTPT, we carried out the SR and dielectric
constant measurement techniques for these complexes. From
the analysis of uSR, we revealed the dynamics of CTPT for
(n-C,H,) N[Fe"Fe"(dto),]. In particular, it is notable that the
hopping rate of electrons between the Fe" and Fe" sites at the
CTPT is evaluated at 0.1 MHz by the analysis of the SR
under longitudinal magnetic field. On the other hand, the
dielectric constant measurement is very sensitive for detect-
ing the existence of CTPT. In the cases of (n-C H,,,,),N[Fe"Fe"
(dto),], an anomalous enhancement of dielectric constant with
thermal hysteresis appears at the CTPT across the whole
measuring frequency range between 1 Hz and 1 MHz, which
is attributed to the valence fluctuation between Fe" and Fe™
sites associated with the CTPT. This anomaly becomes
enhanced as the frequency is lowered, which is quite similar
to the dielectric relaxation in relaxor ferroelectrics. Consider-
ing that the CTPT in this system is the first order phase transi-
tion, the dynamically fluctuated valence state of iron is
regarded as the fluctuation of chemical potential between the

high-temperature phase and the low-temperature one.
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Phototactic Self-driven Qil Droplet
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Active soft matters, including energy dissipative self-propelled particles, have drawn recent concern of

researchers in wide fields. In this report, we prepared oil-droplets with a diameter around 100 4m composed

of a caged oleic acid, 2-nitrobenzyl oleate (NBO), a surface of which was covered with oleic acid/oleate
as surfactants in a basic water solution (pH =9.2). When UV light irradiated a fresh NBO droplet, the
droplet started to move toward a light source, and a velocity of its one-dimensional movement was

accelerated in a non-linear manner through still standing, induction, active stages. Accompanied with this

macroscopic movement, the inner dynamic structure of the photo-irradiated droplet changes as visualized

by the on-time optical microscopy. It means that the macroscopic movement is tightly linked with the inner

dynamic structures created by UV irradiation. This characteristic movements of photo-irradiated NBO
droplet would give a hint to reveal the mechanism of the taxis of a living system.
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I O A L > TZORBNEIT 5T L2 EKL
TBY, RIS ORBREZZLZ TV 00 X)) 2ikb
WNTH 5.
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UV Irradiation

x/um
1500

1000

B - 500

0 min 3 min 5 min 6 min 8 min

X5 SIS & fel ) 72 K5, NBO M 024 H).
(a-e) AHEAVHIGTIE I 50 2 iy, () wiio
friE &, SRALBEGIRE I & OB MibhDa-eld, HHOE
HAMRE SN E R T

DX IIFIEN AL KUY, WIS IR &
TR O EEREDEVE 5 2 B E LT, kb
ML, TS 20BN X 0 LGOS DOREFEIZEAL L
P22 ENBITONG. LeLehis, SeufEin ot
MR G R BARAEYE 2, NBOD UV A X2 b VAR DRy

AL ST L72AS R, NBO O BB A LRI
WRFEICHBLCB Y, IR EEELOER L 2 5
&9 B R RO IZ R S e o 7.

Z 2 CTHA L, IR T B0 B O BRI %
HEELE, WEONIREOLELEESITSh s &
e L7z (X6). IS E A5 &, KITRL
ToBEREIC & o T, SIS S N7 2T IS S TS PR A
THHEFTVLAVEE/ T L= DMESLNR, ZOAY—LR

TG YEA] A5 2 BRB DRI 22 5 (KI6b). Z DB,
SO TR L2z A mas kA, sk Lo Liio

BN X ) IRHRGHENC B IEAH T, iR L oF Y
B RMRDZZZNIEREL 20T, BEEED R
BNMEICE TS (M6c). & SIZERIMRIBS % %
&, MEETH TOMHEND SH~DOF L A VBRI
7= b—J, WMEOBS T, WEEIC X VAT X b %
LNTE 7RG A OWESE R TS, Z LTI DR
JENERFUEZ 2 5 &, B O FUR G HEHNE A KA DK
ZBEOW TR L 72K L 1S, Il ETAD X

A2 B (F6d). ZHIZE - T, JEMYHEH O FREmG
PEANREAMET 5 50T, FEHE & ORMER I ZTHE
BRL, MERECE~s y ITZliaEE L, KHAT
DIKDFANN K Y iE OREHE I AT L L EZON
% (R6e). ZOWMFHNE O, WFEE LD~
Sy IZRMERNO TN Z =T HDT, MiFHOENE
BrREltT 2@ENHLLEZLND.

BRIVRIBS 2R 5 &, KD - 72 KRR 24
IHEIEEIC & o TH b s, ERREBNI T 5 &
&L, IMHNEORE S EIET 5 (K6f). L2 L,
C DL E ORI O TG VERIREE L, S/VR IR wi
DOFEEBEHOMTH & ) KE GEPIHMMEIEY. 20
7odh, SO E FIRGS 5 &, HR A ISl F I o Rk
IR I BANEL, BULEHERLI e, #
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6 SRILBLHGT T @ NBOMRH A A 5 IERIENED & % BREIBIG ©
HEFE R

WIEBIZH S EEZONS (K6f—>d—e). Zh
Wxh L, SIS I D o & B2
YBx, IR ICRECEB S EE T A, Jhud, R
ZELZETMBEMIDo72F LA VBIW-L Y &
A B I L, T 210 o F I s ) i
HHIRE (K6a) ISEDL72DTHAY).

8. ¥ & 1)

NBO 5 7% A{liE, ¥ 2062 m - 72—l 2
EE 2RI 723 TRE, HOOWNEIREBIEE) L7z, 4F
Wd LI R HEZAL DT X EINE Z LW 005
7. BHEHTRLAE)IE, EBEMIERWEGOTEO
g, Y S oflEo T AN F— 2 EEANHT 0
TR, MMICADLDETHLOREXLZ D LI
Lo THEEIM &), MEE2525L2AIhb. &

WA L 723K 4 O OB O B 2 H R, RS
N7EIPRIC X 0 FHE VA AR C 2 0L # UG Tdh
D, ETNZTERE oz AV F— % EEERT
WEF—IZEBLTVWERERZTIEOMEKS. Lol
S, L VY RE S B R AITRR T 5 I
KRR RIS OHEAT R, IMH ORI RN OB X & B L
7oEEE— FOZIMIL, WAL FEROS 72T DR K
BT AHZEITERV. & LA REGEER OWREL K
PREGEEZH-TBY, TOREARIMEY BT~
T IZRREBL T, HENIBIRE & AKH T OO
<7 R ERANEE LT A EEE IS, o T, A
W, G ORTEMEEEIE T E R o TWw b
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Design Principles of Biological Organisms

Shigeki MITAKU*

e

HEWM FH7zu—

The central dogma of amino acid sequence synthesis from DNA nucleotide sequence was elucidated

more than a half century ago, but the principles of the structure formation of biological systems are not
yet clear. I have published a text book, “Modern Approach to Biological Science” (Kyoritsu Shuppan,
Tokyo) in November, 2015, in which the novel approach to big data analyses and the new concept of
biological science were discussed for elucidating the principles of higher order structure of biological
organisms. In this report, I briefly explain the essential part of the text book.

P DL BRI DNAREE S22 6 7 I BEV 2SR T 52 P IV R 7B WSk o7, L
L, EWoEELRBFEHEEROBEMZ2FHH$T L2 L3 T2 TETHIETA. AH20154E11 BICHRL
THEE (2507 7u—Fo4WES] GBI, 8150 T, AWRE Y 77— 7 o8 LW IgiF
WP EYHZEOFH L a7 2B L, EWOBRBRFEREOEMIZOVWTHERL T Lz, K
WEHTIE, ZOBREOREN RS2 MHHICHIAL 5.

1,13 U & I

(AW ORRETEIICOVWTELEL, Zhxlhs L7z
LWARRF BB EL NS 5] &A%, RO
T, BH7ou—ol3izaWE G4ER) 2000 T
HELCELEUHE (£ 7 T —F O4YFE]
(GEZHRRD &, 20154E 11 AIC s h, ROz —
BT LELE (UF, HigemsazricLizd)’. #
HZOWBEEOMEIVEFEOREFICHALF LD
T, ZZTIIHENERDEWRFOHREE ED X
WES TSP HMIHH L2 E B vwE
BETHRRI XIS, AV Ok EHFE I B HH
T, BAEOEME4OFE#RI S PR IR THTT.
2 NZBAEDEMREOFRE LT LI KT 5D
TlEdh) A EWROE Y 77— PRI
&, EWIIHRICEME R TE S L) RALETIED D
FHATLE. ZLTC LhnrF— 05475 En%
ETEBLRFELEDL0Z, G056 RS- 721
A PEEZHVTWE L LA L, EWRoey r
F=IHESND LIk 2BE, MR ROERO
WO 2L, LY ERIYSH LwvT— & FHET o
FHExEEL, EWOREEEE R T X ERRICA -
T LHnEd. 2F ), EROEEIEDLHIC
HoTWENa2 Ly 7 TF—=%12X->THLNIZL, Fh
20164E2 122 H =8
PR E H 7 x 1 —

LB RFAERIR, A

HMDE AWM, N A VT AT AT R

EHLWEZHTORIZIELMEDITS 2 EBNERD
T7.

DT, BEOEMRFIIBITL5200%#B0OR %
FIZZL, SHBOMIEDOHIEERLIzWEBVE T,

2. REAY —EIROIAE

AW OFEEHXNIE DNA SRR 22 O T, JG4 O DNAE
HKEFB LI PZZ ORI NT I BEY 2 v
T, TERRTLZL0EYNE®REINT 2 2 &85, &
WRFEIC L 5> CIHERICEERRETT. LVEKRTOR
Tuy— (AW BFE ZoRBH»S R THERD
BNRBHRE o TS, Lo, EMREY 7
F—F DRIZ A>T, ZOBFHMIHELELTNWDE S
&AS, EWIRORMEIIN T HHERERICR>Twa L
VI AT ETE R VDT,

WAAC O W B4R A3 § 2 By, DNAFEIERLS 12 1%
HELMHETT VT LABRERPBASNET. T,
REREZHEYELTWL L, BHI AR RIITKE L
ZALLTWEEY. BRI, HBF NI HOT IR
Bis %2, 2004 THIERT 5 L, ORI ITLEH
Jer & OMREUHE > TRBIETLTCWEFT. 22
THEA OB X > TEY B OB A HEET 2
TENTEFY. F7z, EHIHICHEMEORAW 25D
nE, ZhEBBERY v 82 E ORI EE 4 B C
ME LTI, HICE 5T 37 Horie 7l A bk
ERD T ZRM LTINS ¥ 4 TORFIOFI S E
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BEREHRE S 2 TN TS, WA o4 g oI 25
HULOEROBEENEWE &, TSR L FF
3. ZFLT, SR WAORIE MBS NIE, EIE
WO AT OBWIZO%DBY . TO L) ITJRVER
TORET Y =TI, BHI2SEWITONWTOMm L 2%
Tz 52T NDbDTY.,

COEHTKRET YN H I RIRNBAM L 7o C
WLDTTH, TITHRHMLIWZ LM AR5 4 TD
REY Y —ITICIE @O GEH) BHbH L) T
ETY. HEVITRET Y —MBINAKET D &, R
HTLREAEYOFEHPRZ 2L 250 TT. DNAK
HEEHIR T I/ BRSO R CTHEMED 2 WERGIE, FE
oY TRWYETORES. UL, EBICIEE
OFRIEFICEE R BRI EENTVET. EPYoK
B (B 2Ey 87 oS RESEROREM) X, &L
B XFEH & U TR ED 7 W5 o P B 3ok &
LCHRIENZDTY. BHIOMFEENITIEAELWSY
YNZBEDONRTTY, 1FE AT USRS & BEfE 2 H
DLWV IIBRIERLIZLIEBIN I, HiFogs
BRET, 20X %7 I BEN ORI OV TR
L7 2ATY. XFORH) & LTINS 2 v fHiE
Th, WHNAWEOSEE L CTHEHMEY D S &, [k
DAL R RO LI I, F2IEYD
FEHO—AH 5 E T, FEDTY—HREITHEITK
F3 ARG IIEDENDERETL L.

Z93 5 EWIC, BHOMEMEICL ST, FHREF
ABEIBWHILEDONV—NVE Yy FF— 7 oHIHT 5
i, Ed9ThiEE vl n) ZEHEEELRD 9.
WHEIDLEZ, CoMEICBT ez &z F
)

3. [F/ L2k0%F] & EBIEFOHEE]
BIT3LKLZT M) ETNORBIED

20 AL DHIXIZ, DNAGF B EIREROERTH %
LWV ZENFHL2IIEY F L FLTC, DNAEE
A HFERE N7 3 7 BRI E T h, 571
WCHBY VX EERDEND, EWOGF RS
oMY T L2 FRUE, SRey 2807
I BRECH, TARHEE, HRRE L RIS T A 2
L, BIXOZENZHRE L T 5 DNAKEIEES D2 L
WDV A7 OMBEREZ LOADRLICHN§THZ &
2, EMREENIEOFRE LD F L. FoT Ok R
T, a2 Dy vy HRy 8 BEARIZEIIIIC
ESNTWBZ L, N5 DT AE D
ENTEWBEARD Y XA T AN TETNDE I LR EGH
DEL7Z ZoZehd, APekiriFs sz,
T4 D5 287 BRBARORE®E L FERE % BT
RZFUUITNTF R VEEZOND LHICRDF L7

LL, ZL0EWTr 7 2038 oNnb X912 hY), £
CIEIFNLEZBEETOMEE L LADRLICHRTY
ST, —RAREHERZZ G0 E LA e 0BEET
el LCZOREBEBETL ) v 77 NOERE
ToThDE, LIELEMOEEL L2720 TT.
il D5 2287 BTN ik - BEEDTE 2 /R §
DTTY, HYDI AT LIZEFND R THELELRL
WEI)RBEHETEDIITYT. DF), AYDT AT A
A OBIZ TR 5 V87 H ORI RIED 2 513 8% L
W WIEFERNR Mo TY. F72, LR A 7 —
WTHTY, WK E BREASE LCIEFICaN
AMIAEERIENCEXFE L FOZL2EETLHE, &
WoEETR (DNAKIERLS) 12, Y PNV T
EWIH il A OBIETAERT 2 EME B S, TNA B
THARY 2T AOREEHAFEL TR EEZLND
DTY (HFEDOFE2H).

ST BEME -2 L CTAET. [HEWAT
X202, xRy vy BOEETH b #EE
THREBICTEZDELIN? ZRELTEOENY »
NRIBEDRYTHoTHEN DT Y AT AEROEE
MDYy MHPEIZTELDEAL S ? | HERZ O )
DFEEICEBHLTWES. ZO8MIE, whiE [=7
VEJROEL LGN ? | LB EITW T, A
FRoboL LTEORITNERY FEA. 7 AR
FIOTERIAAT O J581 & LCid, Ml % 0@ fs 1% 3
RpuY e, BT AT AERICA LN BROBT %
RB GO BFERICLELROTYT. LirL, BE
DEWFFETIE, WHEDOZZFITHEIT, I
il % DMIET - & VX E ORI HED SN TVE T,
BRI T ) 22 RORFNZ BT TED L)Xk
DTETD, 7 ARNEROKIF 2T L E 09 L)
BEZFI BlbREEELTWREVWOTT. €2
T, BEOEZH > THEERELELTADS L,

Qé}
N~

E1.[=7 )R] EELELREENIDBDOTIELL, —DDfk
FHEUTTETVS., HADY U7 BEE VAT LAOEGED S
P Tn 5.
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KOXHZHY ET. [7 7 ZEHIERIA S HhDFk)F
BEATHFEHELT, L0k EZLNLT
BN ? ]

4, REBIVELDP? WDHDTHELD?

—KILORF (77 L DY X 4FEH O ATGC ©
5 TS 20MF 2R T A E0w) 2L, Hlos
WhETSE, HF L W) BRT—HRRES S OKR
EHWOSERFEERDLENV)IZETY. TAF /LD
F5E, 2 DTV FARERPERMLTTELDDOT
T, o T, RRMICW L XEBET 5 &) A
O3 2R, BVIERERERTF 25133 T
T, ZLC, BINCHRFEEEET % &9 RAHAYD 5
LTIE, FRIERALT Y ABETIERL, Mok
57 VT LABMBILEoTRELBEOE A SEL LW
AEIBRIATDOIDTHHLETFTY. £LT, F0L
I flA ) 2@ 512, £ 07—kt
LCREOEANZAWCEE (707588832
) #7&MSE20ERlHY ET. LrL, AEQ
VRN H T D IRE L TWB L, KEO BN T
AT AL XKLL D T—5 Ly PAKRIIKE L
WOBABLOT, )L THIELWEHEZESLZ EHNT
ER Y FET. ROE2HTH/RM L 24T O I — T
DOBEOERIZZ ZICHLDTT.

XC, BYNIXT AERN, BRI VT ABENN
DdHbBHT T ABENPEVIBEIE, ChETHE R
EENTEFHLATLE. AMHEZOFEHR (H DV
HE) LT, s34 aniE)okndoTh

2. 77 ARFNIBIFLERE, T—F2) DL IMOH S
T AEEE o TWwD

FHEWITEEA. LA I0llmY2H Y, TR
NEM>TVWBEANEMLBZVARBALLS, BkR
BRY 3. fEoT, O A4 aadEICR) ok
WH DLV ZENEFEINDLZOTY. F-HRF
DYIal—varyThLELEHEE P ONET
B, FOREIREIT VLA REMEERET S L) R
GALBDSEHENET. ZoRnZEBEbhE+, HK
W AR DOZERLRTERD 5 HICEEIIT V¥ Ll
BZLEBVIARNELTY. £ITC, BERITI VT LAND
OFTNOERIE, AWINCIZ R REPSDOENIZE S
LEZEZTLEHIDOTT.

L2aL, SCTHOHMEGRE) LENDY 9. ARIE
WA B JTERNSHEAE L2 AAfE Y. ABoE# (b5
WImELED) DLEiic, 30ME4ENL EoMifuo 7 ak Z A
HYF L BRINOERNEELRT V¥ ABETIEE
S, MDHDHT v FAHBICE>TREZ TS ELT
b, MOALEED ZVDTT. bLMNOHLT 5 Ll
BICLoTHF 7 2DBFIDVERIN TS E L726, M
RO AZED L) xR L TERZY &SRS
LTWB7EAI)DEnHEEED, FULDICEZTALL
ERHLDTY. [TV F A B\BICHDDH B LT IE,
FNIEED L) YA EEREHHDOTL 2 ) H» 7]

5. EZFHE TOERL & ECHIZR- TOHRIE

W, V7 by =L v GERH D F
BRI, W, ST, 294 FREoFRsH
WP OREE E R R F AT Wb Bk
EEEOB OB A RWEBETY 7 by —bwny L
WD FEF. FIZE EX Yy RUE fir
ZE B DICIEY 7 I —=BhHshTwE
F. S5, b HGEEOETOEYN, WEN
WKV 7 b=y —LERET. 3HbHAV T IYI—
ETHTTTETNT, ZRLDOHERMEE IOV,
T T A e T TV E T,

VT Ny —EWRT D00 HENREZ TS
MOMBLTT. MronTFe~raizPa Wk &
DM, BRI AL A0 (8337 0%) 229 b
BAEL, TONMEI—HrdoL LTYEErEY O
L, 2=v PMEOMHEERR L=y b LD L O
MEAEHZRTS 5L, V7 <y —oWE% X 3
HOLDTY., ZokIIruigar=y MIEHT L%
2%, HBILE IO ES. a2 eduplix, aoq
FTY. BIZIEEF / A — MVORFAEEIBRE L
2booMWHEIZ, FTicETEIELARL T I3 0
GRFOTHN LA 2 MNEEB T2 N TEE
9

T, ¥Ry BOVARREERE % RS 51213,
SRR GRS Z EDERENEEEZ LN TV E
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. YR BOER, TR, B oAk ES
COEZEREMRA, VAR E»EINET. ZLT,
INSDF T EDL L O EEL 720120, 2=/
IREED T X B 722 BV R E O BRI KD SN T
T. COEEESRMTLEEL LT, [HEEENCE 5
LW EHMEDLND ZENDH Y T, BiEOSHED
B EEVIEERONLEMIMZ 205 TT. 7272
HEICIKRER VAT LORSMIEEORFIZHL L, &
VFHABEY I3 2 b= a vdh R N iThbha L) IChk
DFELE LaL, Thonglidy 7 by =i
BULHBUL WWHOREEO»t iz 0RBL) ki
Rp ), LEELWH)EIETITONTHET.

7 N7 B OVAAEEIT TS THIEFEICH 5 ] &
ABVEERE o T B H, FEFIES DY OM
AL 5 7 AEHI O 2 5 5 & v ) BFZE % filr
T&F L7 L, ViEEoHEbIzE b2, K
TS AT DAL E L T2 g2 o hTd, £
DELEMIZARICHEMTIE R VE W) BRTET DA
TbBFEAETL: (3450 %F95TY). T TR
WLTBELVWI LI, 7/ 2RMZBIT B —RIT %
ZHEWEGHOW S XiZ, e D5 v X7 HOFEM 7T
HEBEOW S G L TWEDTIRRVEW) 2 LT
T, RYOWHELSAO® S Xix, LAY v 8 HEM
BT A3RICEEDO T L IET L L EZDHRET
L. IFOEIFE, FEITEA L CTHARN 2 AT O BFl
ERL72EDIE, EBOEYWRE Yy 7T — 75T 5%
HrCid, SRS OIS A OMBULA, FhT AT A
DRRAARTH 5 5 237 BAER ORI T 2 H )
BRI RHE 2H EBWET. V7V =2V T, 21k
TDONERE = A MAGDLESL I LIZE > T2RILD
KRELBREELDOTTD, 7/ ATRENOWS ETT
ENERE—ARMAGET, &7 7 2 OBEIBIL
N, BV AT LB AEMOGAIER S NL &
WAL A=) T

R 3. Ao NY AT L Tld, F¥E—2% /W&, by
Ak WA RO ETH S

6. RDECHESREEDETHEESR

ZOMEFTIE, BEOEWRIFEOF I L TEL
OREMZR/ELTE T L REBICEER TICOWTO
HWMEBZABELTARZVWERWE Y. #ER5 I,
DNA OEIEERHN 25 7 Y87 E DT I 7 BRESI~D%E
e (BT V= E2RLZDOTYT. THEETOEY
WX LT Y o5 2 V— LT, WhITEYOJEI L
SAHLDTY. HoT, EWOSTHNERZHERLT
WA ETOEMRFOHREE, Zov—VERERLT
WET. ZOEWDEERE G EITHL % 5 2 B O TR
FIROERETH D L) ZE D, HWilfbLTwb X9
HEDLNET. BHEAAZOFWHRIZELVOTTY, X
TFTEYNROEHREL VI B2 ROBERE TRETH
X, 7 X BRI WA IR L TIRRIN G S X R
MIZIESE DL V) BOBEMGETEDEZINT X
NTWB0TY.

R4, EEH I B OB 2 AT ASRORADPLETH D, &
BT, BTV NVOMEEGEE Y AT A OW S ARIRN S
KT NTWD

BERFBRIZOWT Lod D stk LT 5 EWEED
#ARETE, BPoT IV BOREIYEO ETREL
fioTwbiwnyZtzbeALHEMLTVWET. HlZ
X, 3XFOWH_PSRZIA RV O2LFANF IV &
ToTWA7 I BHBITTRCTHKEOMS T S
NTVBEVIHENH Y 5. MWIZDH, BRARBKLEM
HEFROT I VBPETIXFHOF I O 7 V-T2
MEDTF LN TWD EH, IEEMIEIXFEHDOC/A»D
2XFTHOAGIIH Y, ABMIIIXTHOGHD2X
FHOADNEICHY T, ZDLHZ, TIJBROW
A, RN D 23t EFEL TRDHDOTY
(&3 8E). ThICH LT, ZOHEEOHOEWN
BERIIHZE V) ONE L DHRFORM TS, L
L, BiffiE CICI/MLAL DI, W OrDHEEEIL
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ThbE, BEREFERIEL 2 2HEO LT R OE
WMERTIERL, MABRIATOY VIZEDT ) LG
iz b By 7 7 I VBREICE > Tnh e n) 2 L
RIS

AMITHER L TWODHBH T v FLER] &, SHT
A L7 TEHIZEHcoMiglt] 2MAaGbes L, &
DEEHTROBRT UM T L2 LN TEET.

il % D 37 oM ERICE, FEoT7 I /]
DZEMRLE, 2 WIEZFNEREE T 2 58 O BT Ot E
HEPIEFWICEETY. LaL, Aoy A5 aske
LT, EDELIBRIATDT VN TENREDL H0D
HETHELTVRDENEWV) LI Y AT AHERO A
IVEELLEZONTT. HHEOHEI0BICFB L
XHIZ, a FYOMEIC X % DNA I BRI 136k
R BHY FT. BIZIE, I Fro2XFHOF
IVIRRENE L, hor ) aeRilblo T—EIlh
HrXHICHEhTwEYT. ThIZkoT, /455
TES7 I BEHNI BT HBUKEOW S 5l S h
T3, SSIHAEOW S XOMBALIZ X - THEEEHE
WORELOT, 7 A0 ELNL Y VX TR
R BOEENHEENDL ) T3, EE,
EBETICNTBIRSY Vo HoBe, AWREICES
FIEEF—F WI4) EhoTwEd. ZokH, ¥
J NERFNZ BT B 3 K U OIS & B B %
WTBH20C, 7 2E&RIIBI A V78
DEEEHHMTELDIFTY. EYWDO T AT LN Z
D D7D, BOBERTE (7 I/ BROYERE L 2
N> ORLEIC & BIERINBIEROR ) OMEGE) 2IEE
ICHEERRHZ R L TVDEOTY.

BLAIBNTWS X HIC, BERKTEOEMOZE
X, ffx OBETORNPLMADY VIRVEDOT I
BRFINDOLEWTY. I LT, EERTEOED
BRI D ORHID ST I RS OS2SR L 72
LEIL, FUNRTHDOREHBEOSA IO TNDL E V)
LDOTY. BOJEERTRICOVTIE, 72T
HEATOWRWIREETTY, %7 /28y 77— 0l
Rk e QIS EEZ ONT Y.

7. EYBFOEBDIEKAN

RPETIE, EPRFEIIOVTOE L DFIRITH L
T, R HNRERERERAT 2SR FL
7o, fEICFEF O UToO@E) Ty, (1) BAAER B
FlOARET Y — DB H R RFTEE 2o T F
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Is it possible to control the parameters of solid state lasers?

Kenichi UEDA*
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[sen]

/

(A

N

We need a novel concept on the solid state lasers in order to generate plane wave beams for coherent

beam combining technique. The most serious problem of solid state lasers is a thermal lens, which
introduces wave front distortion. A thermal lens compensation experiment in a hybrid laser of Nd: YVO,
(dn/dT>0) and Nd:SVAP (dn/dT<0) was demonstrated. New laser ceramics Yb:CaF,-LaF; laser was
developed because the thermal lens effect should be several hundred times smaller than YAG. This is the
first successful fluoride laser ceramics in the world. The scaling studies on the thermal lens in a thin disk
laser design were carried out by thermal calculations for pulsed and CW pumping. Wave front

correction by a ring heater control is possible to expand the thermal-lens-free area of a thin disk laser.
Another potential of ring heater control is a spatial filtering effect. Some of the ideas were tested by 100

W-level Yb:LuAG thin disk laser experiments.
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Table 1: Comparison of solid state lasers.
Crystal or Glass or Ceramics?
AG S
A Ceramic laser: Glass-like _| “l
= fabricated crystal

Homogeneous line Inhomogeneous line

4 Nd:YAG Nd:phosphate

crystal 7 glass

O [30x10% | O |30x10% | X |4x1020

O | 260 O | 260 O | 300

O |7.8x10% | O |7.8x103 | X |1.2x10%
K (W/m K) O [12-13 QO |12-13 X [0.78
a (1K) O |7.8x10¢ | O |7.8x10% X | 7.6x10%
Fracture limit (MPa) O |18 © |52 X
Thermal shock (W/m) QO | 790 © |(2400) X | 140
Scalability (40 cm x 1 m) X |No O |OK © | Easy
Mass production X |No O | Possible | © |Easy
Possible cost X |High O |Medium | © |Low
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Request from Gravitational Wave Detection
KW, quantum limited beam

X . G: constant
Gain profiling G=gL=cNL N: Pump & Doping

L: Active length

Doping control
control

~ \/\ -

. L-control
Ceramic Laser

ﬂ Pump density

TEM,, mode

Ceramic laser work started in 1991
for GW-measurement.

Fig. 1: Possibility of the gain-profile controlling.
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What is the ideal laser crystals?
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Round Table Discussion in MPLP 1997

Fig. 2: What is an ideal laser crystal in future?
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Fig. 3: Thermal lens and birefringence compensation by combined
active media.
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Table 2: dn/dT and thermal expansion of optical materials

. dn/dT Thermal Conductivity
Material s s

x 107/°C x 107/°C
Silica glass 10 0.52
ALO; 13 8.4
BK7 glass 2.4 7.1
MgF, 2.3/1.7 13.7/8.5
ZnSe 61 7.8
YAG 9.1 7.8
CaF, -10.6 18.85
SrF, -12 19.2
LiF, -12.7 37
NaCl -36 44
KBr -40.83 43
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Fig. 4: Characteristics of Nd: YVO,/Nd: SVAP combined active media
laser, (a) absorption spectra, (b) emission spectra, (C) beam
divergence and output power vs pump wavelength, and (d)
polarization control by LD temperature.
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Fig. 5: High power and high efficiency output of Yb-doped CaF,-LaF,
ceramic lasers.
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Fig. 10: TEM,, mode operation of Yb:LuAG ceramic laser by 80%
area pumping.
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Fig. 11: Polarization purity of Yb:LuAG thin disk laser with 3 micron
grain size.
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By soft matter, we mean materials which constitute living objects such as polymers, lipid molecules,

liquid crystals and so forth. Typical examples of soft matter in non-equilibrium are molecular motors, living

cells and microorganisms. Here we report our study of crawling motility of a singe cell. It is shown that

the nonlinear coupling between migration and deformations play a crucial role to the cell dynamics. As a

related problem, we study Turing patterns in three dimensions, which is one of the famous mechanisms

of morphogenesis in biological systems.
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Surface-regulated nano-SnQO,/Pt;Co/C cathode catalysts for
PEFCs by a new electrochemical Sn deposition method

Yasuhiro INVASAWA®

We have found how to improve significantly the oxygen reduction reaction activity and durability with
new nano-SnO,/Pt,Co/C cathode catalysts in 0.1 M HCIO,, which were regulated by a new selective
electrochemical Sn deposition method. The nano-SnO,/Pt,Co/C catalysts with different Pt/Sn ratios were
characterized to have a Pt,Co core — Pt skeleton skin structure decorated with SnO, nano-islands at the
compressive Pt surface with the defects and dislocations by means of STEM-EDS, XRD, XRF, XPS, in-situ
XAFS, and electrochemical measurements. It was suggested that the high performances of the nano-SnO,/
Pt,Co/C electrocatalysts with Pt/Sn = 9/1 and 11/1 originate from two kinds of surface active sites (Site 1
and Site 2) produced by the SnO, nano-islandes at the Pt-enriched surface; Site 1 is the Pt skin surface and
Site 2 is the periphery sites around nano SnO, at compressive Pt skeleton-skin surface. The Pt skin surface
(Site 1) is electronically modified efficiently by both Co of the Pt,Co core and surface nano-SnO, and the
Site 2 possesses the unique property of the periphery sites of the SnO, nano-islands, which were estimated
to be much more active than expected from the d-band center values. The white line peak intensity of the
rus and 1.0
Vi Unlike the cases of Pt/C and Pt,Co/C, resulting in the high ORR performance and durability. The
positive effect of nano SnO, was not observed on Pt nanoparticles. Further, when SnO, was supported on
Pt,Co/C by a conventional thermal supporting method, the supported SnO, did not show any significant
promotion of the Pt,Co/C electrocatalysis. The nano-SnO, /Pt,Co/C fabricated by the selective electrochemical

nano-SnO,/Pt,Co/C revealed no hysteresis in the potential up-down operations between 0.4 V
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deposition method is regarded as a new class of cathode catalysts with two different active sites.

Introduction

Development of next-generation polymer electrolyte fuel
cells (PEFCs) with high performance and durable cathode
catalysts under harsh PEFC operating conditions is indispens-
able for widespread commercialization of PEFC vehicles even
though TOYOTA MIRAI and HONDA CLARITY FUEL
CELL were launched in market recently.' Various sorts of
Pt-M alloys/C have been studied as one of the most promis-
ing candidates as cathode catalysts and many efforts have
been devoted to fabrications of Pt-Co nanostructures with
higher oxygen reduction reaction (ORR) activity and longer-
term durability than Pt/C, while alloy nanoparticles are
indicated to be unstable in acidic environments.®'> The Co

additive effects on Pt/C have also been characterized by e.g.
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transmission electron microscopy,*"* in-situ time-resolved
and spatially-resolved XAFS,'*?' and theoretical calcula-
tions.*>** On the other hand, the Pt/C cathode catalysts have
been modified by metal oxides such as SnO_*** MoO_”
CeO,,* TiO,” and Ti,,Mo,,0,” to change the redox
behavior and improve ORR activity of Pt nanoparticles. The
CeO, additives were indicated to suppress Pt oxide formation
and mitigate Pt particle aggregation though CeO_ with basic
surface character dissolutes into acidic media. The Ti ;Mo ,0,
mixed oxide was demonstrated to promote the ORR activity
of Pt/C by electron transfer from the oxide to Pt.*?

Recently, we found a new way to fabricate surface-regulat-
ed SnO,/Pt,Co/C cathode catalysts with SnO, nano-islands
on the Pt skeleton-skin surface with compressive strain and
defects/dislocations on Pt,Co nanoparticle cores, which were
much more active than expected from the d-band center
values.”® The structural arrangement created two different
reaction sites (Site 1 at the Pt skin surface and more active
Site 2 at the nano-SnO, periphery) in a tunable mode with
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different Pt/Sn ratios, resulting in much more ORR activity
and durability than Pt/C catalyst at rotating disk electrodes
(RDE) in 0.1 M HCIO,. This remarkable promotion effect of
nano SnO, on Pt,Co/C was not observed with nano SnO, on
Pt/C. SnO, supported on Pt,Co/C by a conventional thermal
non-selective Sn supporting method did not show any signif-
icant promotion effect on the Pt,Co/C ORR performance.
Here the fabrication, performance and characterization of the
nano SnO,/Pt,Co/C catalysts with different Pt/Sn ratios are

summarized by showing several typical data.*

Preparation of SnO,/Pt,Co/C catalysts*

A given amount (0.144 g, 0.086 g, or 0.062 g) of SnCl,
was dissolved to 0.1 M HCIO, aqueous solution (100 mL),
to which 1 g of Pt,Co/C was added and suspended under
stirring. After stirring for 30 min, the potential of -0.45V vs.
Ag/AgCl was applied to the solution for 5 days. The best
reduction potential for achieving the selective deposition and
fast reduction of Sn species on Pt,Co nanoparticles with Pt
enriched surfaces predominantly and the Sn° deposition on
the carbon can be neglected. After filtration of the solution,
the obtained sample was washed with 50 mL of ultrapure
water (Milli-Q water, Milli-Q Co.) 15 times, followed by
drying at 313 K under vacuum for 2 days, and by subsequent
gentle oxidation with O, at room temperature for 1 day to
form SnO, nano-islands. SnO, is stable without significant
dissolution to the acidic media.** A series of SnO,/Pt,Co/C
catalysts with Pt/Sn =4/1,9/1, 11/1 and 15/1 were fabricated
similarly by the selective electrochemical deposition of Sn
metal (Sn°) on Pt,Co/C (TEC36ES2, Tanaka Kikinzoku
Kogyo).

XRD patterns for the SnO,/Pt,Co/C samples identified
the Pt,Co alloy phase with Pm3m space group similar to the
Pt,Co/C. The white line intensity and feature of the normal-
ized XANES spectra at Sn K-edge for the SnO,/Pt,Co/C
samples (Pt/Sn =4/1 and 9/1) coincided with those for SnO,,
and the XPS binding energies for Sn 3d,, and 3d,,, levels
(495.2 and 487.1 eV) for the SnO,/Pt,Co/C samples were
essentially similar to those for SnO, and no metallic Sn 3d
XPS peaks were observed. These results evidence that the Sn
atoms electrochemically deposited on the Pt,Co nanoparticle
surface were oxidized to SnO, under O, atmosphere at room
temperature for 1 day.” The binding energies of the Pt 4f,,
and 4f,,, XPS peaks (74.7 and 71.6 eV, respectively) for the
Pt,Co/C shifted by 0.2 eV to the lower binding energies
compared to the values 74.9 and 71.8 eV for Pt/C, respec-
tively, demonstrating electron transfer from Co to Pt due to
Pt 4f—Co 3d hybridization.™

A Pt/C catalyst with a similar Pt particle size to the Pt,Co
particle size of the Pt,Co/C catalyst (TEC36E52, Tanaka
Kikinzoku Kogyo) was also prepared for comparison.
Commercial Pt/C (TEC10ES0E, Tanaka Kikinzoku Kogyo)
with 2.5-3.0 nm Pt nanoparticles was heated from room
temperature to 823 K at a heating rate of 4.2 K min™' and kept
at 823 K for 2 h in a flow of N, at 5 mL min™".

log (Current density / A cm?)

-5 L I
-500 -480 -460 -440 -420 -400

Potential vs. Ag/AgCIl / mV

Figure 1. Tafel plots for Pt and carbon working electrodes at 60 s per
1 mV with Ag/AgCl reference electrode in 0.1 M HCIO, solu-
tion involving 50 mM SnCl,.”

Characterizations®*

Field-emission transmission electron microscope
(FE-TEM, JEM-2100F, JEOL) equipped with an energy
dispersive spectrometer (EDS) was used for line scans and
point spectra of the catalyst nanoparticles. The FE-TEM was
operated at 200 kV in the scanning mode. The EDS line analy-
sis revealed a Pt-enriched surface, which is partly covered by
SnO, nano-islands. The Co signal in the EDS profile was
negligible near the surface. XPS Co 2p signals in Figure S4
were not detected for all the SnO,/Pt,Co/C samples (Pt/Sn =
11/1, 9/1 and 4/1) as well as the Pt,CO/C sample, which also
augments the fact of Pt surface-enriched nanoparticles. In the
SnO,/Pt,Co/C prepared by the selective electrochemical Sn
deposition method, all SnO, species observed by TEM were
located on the nanoparticles. In general, adhesion of transition
metal oxides on carbon induces depression of the electrical
conductivity of the carbon. Hence, the selective nano-SnO,
decoration on the Pt surface-enriched nanoparticles provides
a significant advantage as a cathode catalyst. The interatomic
distances in the lattice contrast profiles in an HR-TEM image
obtained by 0.2 nm electron-beam scanning were estimated
to be 0.194 nm, 0.198 nm and 0.334 nm for Pt,Co(200),
Pt(200) and SnO,(110) planes, respectively. The TEM images
for the as-fabricated SnO,/Pt,Co/C revealed the Pt surface-
enriched Pt,Co nanoparticles with two-three Pt surface layers,



HBLF 7 SnO./Pt;Co/C MU M filt il o> J 5 & i ) 30 I 1 95

similar to the case of a Pt,Co/C sample. These results indicate
that the SnO, nano-islands on the Pt skin in the as-fabricated
SnO,/Pt,Co/C sample did not break the geometric feature of
the Pt shell-Pt,Co core structure.”

Figure 2(a) and (c) are the HR-TEM images of the
Pt,Co/C and SnO,/Pt,Co/C (Pt/Sn = 9/1) after the aging,
respectively, which show the atomic arrangements of typical
(I11) planes of Pt,Co nanoparticles. The lattice contrast
profiles of Figure 2 (b) along the red and blue arrows in (a)
for a Pt,Co/C particle revealed the regular Pt,Co(220) inter-
plane distance (0.195 nm) for the Pt,Co core and the Pt(220)
interplane distances (two sorts of distances 0.196 nm and
0.199 nm) for the three surface layers, indicating heteroge-
neous Pt arrangements at the surface after the aging treat-
ment. >

The HR-TEM image for the SnO,/Pt,Co/C with Pt/Sn =
9/1 after the aging in Figure 2 (c) exhibited that the Pt-enriched
surface possessed many atomic defects and dislocations
compared to the Pt,Co/C surface as indicated typically by
yellow arrows. The lattice contrast profiles in Figure 2 (d)
along the red, blue, and green arrows near the defects and
dislocations (a—e) in Figure 2 (c) showed the irregular inten-
sities and intervals, which evidence a rough/skeleton surface
morphology at the Pt surface layers. The atomic arrangements
averaged with 10 surface atoms showed totally the 0.194—
0.195 nm interplane distances, indicating the compressive
strain at the Pt surface layers due to the effect of the underly-
ing Pt,Co core structure with the shorter lattice distance than
that for pure Pt. The surface also involved the less compres-
sive areas with the 0.198 nm interplane distance, indicating
an inhomogeneous aspect of the Pt skeleton surface.”

Figure 2 (e) and (f) are a TEM image of the SnO,/Pt,Co/C
catalyst (Pt/Sn = 9/1) (same particle as (c)) and EDS line
profiles for Pt (blue), Co (red) and Sn (green) along the light
blue line of the TEM image, showing the Pt-enriched surface
with SnO, nano-islands. The surface inhomogeneity may be
partly due to heterogeneous distribution of SnO, nano-islands
with approximately 0.4—1.3 nm dimension at the Pt surface
as shown in the EDS profile of Figure 2 (f). The electrochem-
ical Sn deposition on the Pt-skin surface of Pt,Co nanopar-
ticles at the potential of —0.45V vs. Ag/AgCl induces surface
Pt-Sn alloy formation as well as simple Sn adsorption, and
the subsequent surface oxidation of the adsorbed Sn atoms
at the surface and the alloyed Sn atoms in the surface layers
to form SnO, nano-islands should make the surface layers to
be rough. Further, the leaching of the remaining Sn° atoms
and a part of Co” atoms in the Pt,Co nanoparticles by the
aging treatments in the voltage range between 0.05-1.2 V.

(b)

200
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Figure 2. (a) Atomic arrangement of Pt,Co(111) plane ina TEM image
of the Pt,Co/C after the aging. (b) Lattice contrast profiles
for the interplane distances along the red and blue arrows of
(a); The interplane distance around 0.195 nm in the Pt,Co
(220) direction and that around 0.199 nm in the Pt(220)
direction. (c) Atomic arrangement of Pt,Co(111) plane in a
TEM image of the SnO,/Pt,Co/C (Pt/Sn = 9/1) after the
aging. Yellow arrows show typical defects and dislocations.
(d) Lattice contrast profiles for the interplane distances along
the red and blue arrows of (c), showing surface skeleton
arrangements with defects and dislocations of Pt atoms; The
10-interplanes distance corresponds to 0.195 nm for the
Pt,Co(220) direction. (e) A TEM image of the SnO,/Pt,Co/C
catalyst (Pt/Sn = 9/1) (same particle as (c)) and (f) EDS line
profiles for Pt (blue), Co (red) and Sn (green) along the light
blue line of the TEM image, showing the Pt-enriched surface
with SnO, nano-islands. (g) A model structure and proposed
ORR sites (Site 1 and Site 2) for the nano-SnO,-decorated
Pt,Co/C with Pt skeleton surface with compressive strain
and defects/dislocations.”
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at 50 mV s in 0.1 M HCIO, leaves many defects and dislo-
cations behind their removal, and enhances the formation of
a rough skeleton surface with increasing ECSAs as illus-
trated in Figure 2(g). The ECSAs of the SnO,/Pt,Co/C (Pt/
Sn=4/1,9/1, and 11/1) did not decrease until the ADT 10,000
load cycles, showing high stability.

The atomic arrangement in Pt,Co(111) plane and lattice
contrast profiles for the Pt,Co(220) interplane distances in an
HR-TEM image (a) and lattice contrast profiles (b) for SnO,/
Pt.Co/C (Pt/Sn = 9/1) after ADT 5,000 load cycles revealed
the Pt-enriched skeleton-skin surface with defects and dislo-
cations and with a compressive strain similar to the sample

after aging.

Electrochemical and Material Properties
of the Nano-SnO,/Pt,Co/C*

The electrochemical properties of the catalysts were
measured at RDE in 0.1 M HCIO, by using 10 4L of a mixture
of absolute ethanol (1750 yL), ultra pure water (750 uL.), 5%
Nafion solution (25 uL) and catalyst powder (4.4 ug-Pt cm™)
deposited on glassy carbon (GC) electrode (¢ = 5 mm) and
dried at room temperature in ambient air. The catalysts at the

RDE were treated by 50 aging cycles between 0.05-1.2 V vs

RHE (V) at 50 mV s in N, -saturated 0.1 M HCIO,
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solution. Cyclic voltammetries (CV) were performed between
0.05-1.2 V. at 50 mV s and liner sweep voltammetries
(LSV) were carried out from 0.05 to 1.0V, at 10 mV s7™".
Accelerated durability tests (ADT) were performed by rectan-
gular load cycles (upto 10,000 cycles) between 0.6 and 1.0
Ve (6 s for each cycle). The electrochemical surface areas
(ECSA) were estimated using the integration of hydrogen
absorption and desorption areas in CV curves.

The electrochemical properties of the SnO,/Pt,Co/C
catalysts with different Pt/Sn ratios after the aging were
measured at RDE in 0.1 M HCIO,. CV curves for SnO,/
Pt,Co/C (Pt/Sn = 9/1) and Pt,Co/C after the aging (ADT 0
cycle) and ADT 1,000-5,000 cycles. The addition of a small
amount of Sn to the Pt,Co/C (Pt/Sn = 11/1) showed a slight
increase in the ECSA, and the more Sn addition (Pt/Sn=9/1)
increased the

ECSA (electrochemical surface area) 2.0 times compared
to that of the Pt,Co/C though their particle sizes are similar.
The ECSA decreased a little by the further Sn addition (Pt/
Sn = 4/1) due to increasing physical block of the nano-SnO,.

Oxygen reduction reaction (ORR) activities of the fabri-
cated cathode catalysts were estimated by linear sweep
voltammetry (LSV) at 0.9 V... (Figure 3(a) and (b)), and
mass activities (MAs) and surface specific activities (SAs)

0 T T T T
(b) —O0cycle
1+ ——1000 cycles B
——2000 cyclrs
2L ——3000 cycles i
4000 cycles
——5000 cycles
3L 4
4L 4
5L 4
-6 | | 1 |
0 0.2 0.4 0.6 0.8 1.0
Potential vs. RHE / V
25 T
| = B Pt/Sn=15/1
(d) |EpUe=4 m peoid
2ol W pySn=i1/1 B pic

0 1000 2000 3000 4000 5000
Number of potential load cycles

Figure 3. (a) and (b) Typical LSV curves at 1,600 rpm for the SnO,/Pt,Co/C catalyst with Pt/Sn = 9/1 and Pt/Sn = 11/1, respectively after the ADT
0-5,000 cycles at RDE (4.4 ug-Ptcm™) in 0.1 M HCIO,. (c) and (d): Mass activities and surface specific activities, respectively, at 0.9 V..
for the SnO,/Pt,Co/C with Pt/Sn = 4/1, 9/1, 11/1, and 15/1), Pt,Co/C and Pt/C.** The ECSA, MA and SA values for 10,000 load cycles are

shown in Ref.33 (supporting information).
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for the SnO,/Pt,Co/C (Pt/Sn = 4/1, 9/1, 11/1 and 15/1),
Pt,Co/C, and Pt/C catalysts were estimated by the Koutecky-
Levich plots calculated from the LSV curves as shown in
Figure 3 (c) and (d), respectively. The MA of the Pt,Co/C was
2.2 times larger than that of the Pt/C, which is among the MA
values in the literature.®'""*'>! It is to be noted that the MA
of the Pt,Co/C further 2.4 times increased by the SnO,
addition (Pt/Sn = 9/1). Thus, the MA of the SnO,/Pt,Co/C
catalyst (Pt/Sn = 9/1) was 5.4 times larger than that of the
Pt/C catalyst. This is contrasted to the fact that SnO, nano-
islands in a SnO,/Pt/C sample without Co similarly fabri-
cated did not promote the Pt/C performance. The surface
atomic arrangement of SnO,/Pt/C (Pt/Sn = 5/1) did not show
any compressive strain though there were defects and dislo-
cations. The advantage of the SnO,/Pt,Co/C (Pt/Sn = 9/1)
also maintained after the 5,000 load cycles, where the MA
of the SnO,/Pt,Co/C was 7.8 times larger than that of the Pt/C,
showing the high durability of the SnO,/Pt,Co/C. Figure 6 (c)
reveals that there is an optimum SnO, amount for the ORR
promotion and the durability improvement. The highest SA
at 0.9 V.. among the SnO,/Pt,Co/C catalysts after the aging
was observed with the Pt/Sn = 11/1 catalyst as a result of the
relatively smaller ECSA. The SA of the SnO,/Pt,Co/C with
Pt/Sn = 11/1 after the 5,000 load cycles was 5.0 times larger
than that of the Pt/C. However, the SA of the Pt/Sn = 4/1
decreased almost linearly with the load cycles. Thus, the MA
and SA of the SnO,/Pt,Co/C catalysts are most promoted
around Pt/Sn =9-11/1.

The activities of the nano-SnO,/Pt,Co/C catalysts with
Pt/Sn = 9-11/1 were comparable to those of the top-level
samples reported to date. The nano-SnO,/Pt,Co/C also showed
the much better durability than Pt/C. Thus, the catalyst fabri-
cation method by the selective electrochemical Sn deposition
may be promising because the method can be applied to any

bimetal systems.

Key issues of high performance and durability
of the Nano-SnO,/Pt,Co/C*

To examine the possibility that the promoting effect of
the SnO, nano-islands may originate from adjustment of the
d-band center of the catalysts we have measured CO stripping
potentials. The CO stripping potentials at Pt and Pt-alloy
nanoparticle surfaces correlate directly with Pt d-band center.
The CO stripping potential peaks for Pt/C and Pt,Co/C were
observed at 800-900 mV as shown in Figure 4 (a). As for the
SnO,/Pt,Co/C with Pt/Sn = 15/1, 11/1, 9/1, and 4/1, the new
peaks at the lower potentials in addition to the 800-900 mV
peaks were also observed as discussed hereinafter. The surface

sites for the 800-900 mV peaks are assigned as Site 1 at the
Pt surface in Figure 2(g). The SAs of the catalysts were
plotted against the CO stripping peak potentials in Figure 4 (b),
which changed as follows, Pt/C < Pt,Co/C < SnO,/Pt,Co/C
(Pt/Sn =15/1) < SnO,/Pt,Co/C (Pt/Sn = 11/1) > SnO,/Pt,Co/C
(Pt/Sn = 9/1) > SnO,/Pt,Co/C (Pt/Sn = 4/1), resulting in the
volcano relationship between the CO stripping peak potentials
(relative d band centers)and the SAs as shown in Figure 4 (b).
The SAs of Pt-alloy catalysts have also been demonstrated
to reveal a volcano relationship with their d-band center
energies as shown in the green dotted line of Figure 4 (b),
where the two values reported in the literature for each Pt/C
(1), Pt,Ni/C (2), Pt,Co/C (3), Pt,Fe/C (4), Pt,V/C (5) and
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Figure 4. (a) CO stripping peak potentials for Pt/C (1), Pt,Co/C (2),
SnO,/Pt,Co/C with Pt/Sn = 15/1 (3), 11/1 (4), 9/1 (5), and
4/1 (6). (b) Correlation between the specific activity (SA)
and the CO stripping peak potentials for the SnO,/Pt,Co/C
(Pt/Sn = 4/1, 9/1, 11/1, and 15/1), Pt,Co/C and Pt/C. The
green dotted line: averaged from the data of two Refs. 20 and
34 for Pt/C(1), Pt;Ni/C(2), Pt,Co/C(3), Pt,Fe/C(4), Pt,V/C
(5) and Pt,Ti/C(6) was also shown by scaling of the relative
d-band center, where the values of Pt/C and Pt,Co/C (yellow
x points) from Refs. 20 and 34 were normalized to the values
in the present study.™
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Pt.Ti/C (6) were averaged and the values for the Pt,Co/C and
Pt/C were normalized to the CO stripping peak potentials
measured in this study for comparison.* Thus, it is to be noted
that the nano-SnO, in the SnO,/Pt,Co/C with a compressive
strain at the Pt skeleton surface layers electronically modified
the 5d level to decrease the d band center, which leads to
weaker oxygen adsorption and improvement of the ORR.

However, the same d-band center value did not show the
same ORR activity (Figure 4(b)), which indicates the
existence of another factor for the ORR promotion in case of
the SnO,/Pt,Co/C catalysts in addition to the appropriate
adjustment of d-band center at the Pt surface sites (Site 1).
The additional CO stripping peaks at the much lower poten-
tials (700-800 mV) appeared with the nano-SnO,-decorated
catalysts (Figure 4 (a)), which are regarded to be due to the
event at new surface sites (Site 2). The redox change of SnO,
cannot be responsible for the promotion due to preferable
Sn* states in the range 0.4-1.0 V. from the redox potential
of Sn atoms. Thus, we propose that the periphery sites of the
SnO, nano-islands with proton affinity at the Pt skeleton
surface may provide the lower potential CO stripping sites
and hence new ORR sites (Site 2 in Figure 2(g)) for more
weakly adsorbed O,, facilitating the H*-O, interaction.

To obtain the electronic and structural information on the
nano-SnO,/Pt,Co/C catalysts, we conducted in-situ XAFS

measurements at RDE in 0.1 M HCIO, by using a home-made
in-situ XAFS cell. XAFS measurements at Pt L -edge and
Sn K-edge for the SnO,/Pt,Co/C catalysts were conducted by
Si(111) and Si(311) double-crystal monochromators, respec-
tively in a fluorescence mode using ion chambers (I,: Ar 15%/
N, 85% for Pt L edge and Ar 75%/ Kr 25% for Sn K-edge;
L: Ar 70%/N, 30% for Pt L-edge and Kr 100% for Sn
K-edge) for incident and fluorescent X-rays, respectively at
BLO1B1and BL40XU stations (for powder samples), and in
situ Pt L -edge, Co K-edge and Sn K-edge XAFS spectra at
rotating disk electrodes (RDE) in 0.1 M HCIO, were measured
by using a 21 Ge-elements detector at BL36XU station in
SPring-8. X-ray absorption near-edge structure (XANES)
spectra were normalized by Athena software.*® The XAFS
spectra were treated with the data analysis program IFEFFIT
(version 1.2.11c).* Theoretical phase and amplitude functions
were calculated from FEFF 8.20."

The white line peak intensity reflects the degree of the
vacancy of Pt 5d orbitals near the Fermi level. In the potential
RHE to 10 VRHE
an increase of the white line intensity above 0.8V

gain processes from 0.4V the catalysts showed

RHE
(Figure 5), indicating a positive charge of the Pt surfaces due
to Pt-O bonding.*® In the potential down processes from 1.0
VRHE

Pt,Co/C did not retrace those in the potential gain processes,

to 0.4 V... the white line responses for the Pt/C and
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Figure 5. White line peak heights in the XANES spectra for Pt/C (red), Pt,Co/C (blue) and SnO,/Pt,Co/C with Pt/Sn = 11/1 (green) in the potential

gain and down processes every 0.2 V between 0.4 V,.-and 1.0 V... CN

at0.4 Vi,
and SnO,/Pt,Co/C (Pt/Sn = 11/1) (c) at 0.4 V.

pepe @A Ry, o coordination numbers and bond distances for Pt-Pt

and 1.0 V. (Table S1 and Figures S15-17.). (Bottom) EXAFS Fourier transforms and curve-fittings for Pt/C (a), Pt,Co/C (b),
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showing a definite hysteresis. It is notable that the nano-SnO,/
Pt,Co/C exhibited no hysteresis in the potential operations
between 0.4 V... and 1.0 V... Oxygen species adsorbed on
the SnO,/Pt,Co/C surface at 1.0 V.
below 1.0 V., resulting in the higher ORR performance.
The in-situ Co K-edge XANES spectra analysis for the SnO,/
Pt,Co/C (Pt/Sn = 11/1) in the potential operations revealed

are readily reduced

no change in the Co states of the Pt,Co core. In-situ Sn K-edge
XANES spectra with good quality in the potential operations
could not be tracked, but our previous study for the MEA
Pt-Sn(oxidized)/C samples evidenced no change in the Sn
states in 200 I-V load cycles, indicating a high stability under
the PEFC operating conditions. The ex-situ XANES spectra
and EXAFS oscillations and Fourier transforms at Pt L -edge,
Co K-edge and Sn K-edge after aging and ADT 5,000 cycles
did not change, respectively, which suggests that the electron-
ic states and local structures of Pt, Co and Sn atoms in the
SnO,/Pt,Co/C samples remained unchanged after the ADT
5,000 load cycles. These data also reveal the high durability
of the SnO,/Pt,Co/C samples under the PEFC operating condi-
tions.

The compressive strain at the Pt surface layers was also
suggested by the shorter Pt-Pt bond distances (0.271-0.272
nm) for the Pt,Co/C and SnO,/Pt,Co/C catalysts compared
to 0.277 nm for the Pt/C catalyst with the similar Pt nanopar-
ticle size (Figure 5 (a), (b) and (c)), which were decided by
the in-situ EXAFS curve-fitting analysis in Figure 5 (a)—(c).
The oxygen adsorption at 1.0 V. caused the decrease in the
coordination number of Pt-Pt bonds probably due to the
distorted rearrangement of Pt atoms at the topmost layer by
the Pt-O bonding. The ORR promotion by the SnO, nano-
islands decoration is not referred to the down-shift of the
d-band center for the Pt skeleton layers (Site 1) because the
too much reduction of the d-band center level decreases the
SAs for Pt,V/C and Pt,Ti/C (Figure 4 (b)), but rather to the
new reactive periphery sites (Site 2) of the SnO, nano-islands
at the Pt skeleton surface (Figure 2(g)). The ECSA of the
periphery sites is not clear at moment because the CO adsorp-
tion cannot simply be compared to the hydrogen adsorption
in the case of the rough skeleton surface, but if the periphery
area (Site 2) is provisionally one third or half of the ECSA,
the SA of Site 2 in the SnO,/Pt,Co/C with Pt/Sn = 11/1 is
estimated to be 7.8 times or 5.2 times, respectively, larger

than the SA of Site 1 expected from the d-band center value.

Conclusions
In conclusion the significant improvements for the ORR
activity and durability were achieved with the new nano-SnO,/

Pt,Co/C catalysts, which were regulated by a new selective
electrochemical Sn deposition method and subsequent chemi-
cal treatments. The nano-SnO,/Pt,Co/C catalysts with Pt/Sn
=9/1 and 11/1 were among the samples with the highest level
performances reported to date. The nano-SnO,/Pt,Co/C
catalysts after the aging treatments possessed a Pt,Co core/
Pt skeleton-skin structure decorated with SnO, nano-islands
at the surface. Their high performances originated from the
unique reactive periphery sites of the SnO, nano-islands at
the compressive Pt skeleton surface (Pt-Pt distance: 0.272
nm) with the defects and dislocations in addition to the
compressive Pt skin surface. The ORR activity and durabil-
ity of Pt,Co/C were tuned by changing the amount of surface
SnO, nano-islands. The white line peak intensity of the nano-
SnO,/Pt,Co/C revealed no hysteresis in the potential up-down
operations between 0.4 V. and 1.0 V... unlike the cases of
Pt/C and Pt,Co/C, indicating the weaker oxygen adsorption
and higher ORR activity compared to the Pt/C and Pt,Co/C.
The present results provide a new insight into development
of a new class of next-generation PEFC cathode catalysts
with two different active sites.
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Development of Organic Superconductors and Quantum Spin Liquids

Gunzi SAITO™" *?, Takaaki HIRAMATSU™, Yukihiro YOSHIDA™, Akihiro OTSUKA™,
Mitsuhiko MAESATO™, Yasuhiro SHIMIZU™’, Hiroshi ITO* and Hideo KISHIDA™

The spin entangled quantum state — specifically, a quantum spin liquid (QSL) — that originates

from the geometrical spin frustration in a triangular magnetic lattice was proposed theoretically in 1973.
In 2003, a QSL candidate, x-(ET),Cu,(CN);, was manifested in a two-dimensional dimer-type Mott
insulator with a triangular spin lattice, where ET is bis(ethylenedithio)tetrathiafulvalene. In the family
of ET conductors x-(ET),X (X=anion), ET dimer has a spin unit (S=1/2) and forms a triangular spin
lattice which exerts strong spin frustration. We newly developed a QSL candidate (X=Ag,(CN);), a
QSL candidate which showed a transition into a valence-bond-solid state at low temperatures (X=
B(CN),), an antiferromagnet (X=CF;SO;), and a superconductor (X=Ag(CN)[N(CN),]). Here, we
describe the comprehensive aspects of x-(ET),X: crystal and electronic structures, physical properties,
and design of the QSL candidates neighboring the metal and superconducting states.

1. EFAECRIEDER
Kk (AF) #HEEHO2MO ALY v %, Hlad
EZARO2OOHEEICHEL E32HOAE VIFETFE
LLDHMIZORFALTE T, WMOTRELRALE VT
SAMNL—=YavERHO. EZMAEA YDV SR VKT
BB THRET A 2 e, FAERITERNEE

(@) (b) ne oN (C)Hi s s M
NC: C 1cN Hjis>='<sj[H
TCNQ TTF
(d) HH S-S, S~S HH
i LI
ET(BEDT-TTF, ET-hg)
1. (a) A¥ YIEZMETTO RN 2 ¥ > ORLsl.
(b) TCNQ, (c) TTF, (d) ET (BEDT-TTF, ET-hy).
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Bz fi/z 3, RIIEH T Y b oY —2EoHBREIC
H%." ZOREE R A VHiE (quantum spin liquid :
QSL) &w9). ZOMOFIMIFIIIBEPW.7 v 5 —Y
v(Trry gLy r, By FEHKITI9TTE ) =N
WBi2% ) 12 & D resonating valence bond (RVB) %
TR EN ZRDKE, BRI 2B TEFVIE
DOBFEDHEST L7z, QSL OILEIREIZIRVBIRETH 1,
#®ic, SRR EERoOBEERIEOE TV E LT
RSN, £ ONRFEDHKE E X T/
WHEERE LT, QA UVETPEZARTHY, @
AE Y MHEEASEEICELS 79 A L —Y 3 YAKE W
CERRMRTHSL. AY v BEHEESIERICEVIESMA
BAY VT T2 DAY VI F2) — A v &
LT 5. A VRIBEEEDS I b &, AEVHT
DTITAMNV =23 YHPRELRQSLIREE, F/ik7 7
AN L= a v a7 1207 RS 3% o BURBEERR T A
YU REIRE (120° 2754 50V, SHiBM) &40, W
WHWAY VI COIE=MABAE V1 Tlk, AE
VIR EEIBAE YD N T v AT 7 — ot
OB GR1) THY, NV FREERLEBEET KD
CHIZAY BRI X AIMEF 2 — 2
QSL, 120° A 34 FVEL#E, BEETOHRAZRT.
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J oc 4P U (1)

(U:FvH 4 v 7 =0y EZANVF—, J>0 Tt
WA E AR, J<O CRORBEMENH EIER)

AY VT BIE=ZAEL SRAMEMICTNAL L, T
DOFEE % L L 728 TAR — VIR A ¥V BF DS g &
%h. o T, BEET (&, BEE) LRAEET
(FEA7¥F 2 1) —, Mott#lifgik, 234 5, QSL, & —)V)
DB ARG > BT HOBER S TREE 2 b, “7 T
AML =Y a yPRKEVRIE, HMOFETTALE VT
LM% K722 QSL & 2 5" & w9 i, FAREH:
ORZHmIRR T R WKERMEE LT, BELD
BRI e T b= L L, BAERM 228 O JEf5\C
X, ¥4~ — B Mottff #% 78 x-(ET),Cu,(CN); ® QSL#H
DR (20034E) FTI0EEELS 205 % 2%
WM WFgE 7 v — 7 X ) ZnCuy(OH)CL, (# T A 4% T
lOcwl=314 K, |7)/xs=170 K),” NayIr;05 (/N4 78— =T
AT, 10w =650 K)*' % & o RS 778, 49 4% 2 7 {EtMe,
Sb[Pd (dmit),] (ZHET, |Ocw|=325~375K, |Jl/Ks =
220~250 K),” HyCat-EDT-TTF), (ZM#%T, |Ocwl =
120~ 150K, |/|/x5=80~100K)"} 2% s h, 72,
4 DTN — T Tl LR Cuy(CN) SR, 27 % BH 5
L7 F2)— - 74 ROy 1 AFHIEAEH O &
L, QSLIRENOEEDO LS SOBRIIRS.

@Cw=2ZS(S+1)J/3KB (2)

(z: EWBAC YA M, ST A VRTFE, J: A¥ Y
MZSHA HAEH, kg @ RV~ 50

R R, BREICBEE T 5 QSLAIZET R TO M
B EhTwa. QSLMIRIER IR GY|//10°K) %
TOAY VREOBMALET, LVIKRTAY Y #HF
LA 29 b Mg, L QSLYEIZIERICIZQSL
FEHiEShbhs (LuKTOMETEEWIIARTRETD
D, INSOWEIZAKAMIZEMPWETH DHT L)),
ARICTIE, R v AL, FREKROER»S, &
T O & BROKEAT VO, QSL ORI & Rz
ST 5.

2. FREH - BEEARORE

19504E4%, HARALZHIT X 0 A H% P84k - EAK SR
RN, HEWEGRA L oFxiz—2 17" 1960
AT, DuPontit % ifd & 9 2 KB HIZE R 255 A
L, AHETHEOHETHRE ED SN, BETFE2iEL
FIEMFIFAHT 72T —45TFTCNQ (X1b) % H\w7z
% { O TCNQEE KA BT S 72" BUE, TCNQIXA
BarsFry—IZHwsRTWwS, 19704100 8E, &

FEMIMLNT FF—2FTTF (K1c) £ TCNQ & D
MoOBMEE (CT) $KTTF- TCNQASHI % S vz
INA, BEMNZEEEZRTRYIOFRY T, BTN
HE—Jimcih (—kICEE), 59 KIZ &Rz
(M-1) =B %R, 1970401, @BENEH 2 RTS
S OFEERDBFE SN, ZRo O - WEE I, A
BRI ORFHEH IO~ Lo b/, OF v
TEhBIINNVETERD, @QFNIBEGELRE
WA (G THrETERY) PLETHL. H
2, ARERIIEHIBERTH Y, NY FIEWE UDHI#EA
Gy, SEHBICIETIERE LR (BB
1DR) EMott#iigik e 22D T, @F ¥V 7 0@
%, BaBEEE 1L )/hS L L2ES CTIREETR .
HRBIEERE ERROSRB RO RBERTH L. Z
DOREHESNE, “RRICEE AL E M T 2 BT
FAHELERIZ X 2 M-1§z8 (054 v AfE) &3
57 2T, MEoEFRITEE ~=ZRLE 551
MRFEN R E LD, TTES T O % Sel2itz, HZ
CH; 212 L7 TMTSE4F 138 1k ITT 7 = v I i DHEE
RE 5 2, NOAEBLEAR (TMTSF),PF 25#A4: L 72
(19804F)." # 4 1x, TTF%TFOIMEE X HIZSETT
B L72ET4¥ (K 1d) S RICEEDORMKIC R 5
ERYEGEL (19824F), WfEEEBIRE (T) 2710 Kik
D ET #1238 K c-(ET),Cu(NCS), % i % L 72 (19884,
7.=10.4 K)."” [M2a|2, =0k sk & 2 2b IS0
BEARAEE (Bifin) 2 7R3, (L2260 K OSINE % m koG
fLOFEE LT, ZhF TR210H0 A HEIEEARAH
FEENTWS., 24D TTF% K —% w7 CTER =
BRI 150D D, BETATEETTI23K, MET
TI13.4K (82GPa) TH 5. Cesr 1O =HHiE t,, 6 Fr
LUMO % i\ 72 ZRICCT#R AT 1991 421 3 L (18
K)., BIfE38K (M ca. 0.7 GPa) (2 EALTw2. "
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2. (a) x-(ET),Cu(NCS), D S ik
(b) #O1 D k-(ET),X DIPLLELEAL
Group A : X=Ag(CN)[N(CN),](g), Cu(CN)[N(CN),](j), Ag
(CN), - H,O(k) : Group B : X=Cu(NCS),(n), Cu[N(CN),]
Br(o) : Group C : X=CF;SO;(p), Cu[N(CN),]Cl(q), Cuy(CN);
(r), Ag(CN);(t), B(CN),(u).
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3. 2RTBIGEE-(ET) X, BEEELEBEDER
$EAR(ET),X (XU UlifE A 4 >) D ET 4113 +0.51f
D EAHCTKRREIZ H 5. x-(ET),Cu(NCS), D F /i H,
ET** 5 F- o =8k (1 A ¥ VMY, H2afth) 25w
WCERE L7z (Thx e BfEHEAE v )) ZReeERE
L, B —ALL72BA F VB H IR 5.
ZEEREOMEEHOKRE SITEILINNY FIgWE &
Koz —a VI ANVFEF-UDOKREEDORICEY, &
TOBBEEPPEEIND., ARIBETOELRY TONY
RNilE Wiz (850.5eV). —7F, LT O Uldtid T
KEW (H5eV) DT, ThERAZTRIZIDAEL
L, BToO&EEE (UW<1) 2#53 5. ET-&k%
BN & 28R TIE TR T A )V ¥ =AU TEPLT
&, IBIEFWREOHICRS, HREETTO (ET),X§
RiZ, =~ RITDEIE, Mott#ifgfk, /34 TV A ik
K, BRI AR, BEkR % Ehk e T, K80 DB
EASEIREISATYS. Y £ WK > O8ED
KT N7 7 Xy FEIRT) ROELRIIEBTO M KA
PE (K2b) 1RT & 912, xk-(ET)XIZ4&)E>BEEz
RTATN—F, VAR>S SBEEOB 7 V-7,
R (Mott#ifgfk) OCr Vv —7D3MIZK S h
b. 1O, W, UGS ke 2 v 7L
ETROLMETH Y, $EOFIRICBIFLUWORE S
DNEIZ K7V — TN TIEND. [X2bDEEEE XTI
BTHEOMEU/WZ KBEL, U/WOINZ>O>NA—B—
CONV—=TIC81T 5. LaL, #EKX=Cu(NCS),*%
CF:SO; O £ U/WAHIZ/N S <, RSB 2 UWD
il & AZE28 ) & DxhIE & M L7z,

X 3ald, IR T oM MRS X D572 U/w ol 2L
Thb (WWFFE T Vv — T OGNSR 2w T —%

ML T, F72, SE—BA SRR (a,
b), &E—BIEESEA (d,e), /MR AE—INTEBIE
K (m) 2EE). RS ZE0EEMED VA
EH~ Ak, JRTER Mott SR IE A (FRECIREE X AF) ~
R (GEEIREEIZQSL, VBS) TRY. HRiBIIBWTERE
BB % R TR UW=0.89 L T I BT 5. RIEET
RIZUW=08512hiiE L, U/W=0.87~0.89 D FHIHIL)F
1 L wIEDRAGHEBICH 5. FHZ, $KX=Cu[N(CN)
JBrOET he-fk (K 1d) &%, K2bo HiftonB 7
W—TIZETA, EAREEBELALZETTOHKIICT
V=T OB ERL, ZOMERPERESICHLLE
RY. INLOFHERKIZ, fINEELLOD, FRT
DETDRFE L BIE O Mot F 13 U/W=0.89 & Pt T
5.

UIW DR EZEACIZEEARIC L o> THiA TH 5. $ifkn R
QIFERPSI00KEFTAT V=T EDLLRVWUWE
Fous, fRTcUuwWizamlL, BFHHEOENRTH S
Z & %#RY. QSL K USVBSEE AT, t, wid i AR T 124k
WETHEZRZW T 5. 25 O Mott#fiigfkr, t, uid s
TIRIRIZB U 2 AF$Rkqo U/W (15K T0.944) X D
RKELUWEROZ &M, EFE—RTEDO Mot B LK
WTUW=0.94 L L7z, AFSERpIIHMEZR Z )% RT
HIIZBUT 2B/ Z W EERTH 5. B
T RVwUWIEKELSHMT 5. 230K, 190K T
SRR 2R L, 190 K X 0 KR T &% HH R (4R AF
L7k A, B2 Ry, M2bhoBR ks
TORPETH S, HFEHICI D 190 KLU T 614515 WA %
BB 57280, KSR COARNEET
Hb. K3ah D200 KT U/WAE (pl, p2) &, &%
TTO2MDOETIRER (Layer 1, Layer2) ®»7—4 T

F1. -(EDXOWHENRT A—=% (UW, rHIERT—%, Utid 100 K TOAH)

gn—7 X $EAEES | T./K uw t/t Uit HEIRRE

I c 3.6 0.80 0.58 6.49 R

A Ag(CN) [N(CN),] g 6.6 0.84 0.63 7.08 I
Cu(CN) [N(CN),] j 11.2 0.87 0.69 7.30 R

B Cu(NCS), n 10.4 0.84 0.88 7.79 ke
Cu[N(CN),]Br 0 11.6 0.89 0.67 7.26 B
CF;S0, p 4.8% 0.85 1.79 ?'ﬁi AF
Cu[N(CN),]Cl q 12.8% 0.89 0.72 7.43 AF

¢ Cu,(CN); r 3.9% 0.93 1.09 9.12 QSL
Ag,(CN), t 5.2% 1.04 0.97 9.68 QSL
B(CN), u 1.11 1.42 13.3 VBS

FMETFTTOT. BAFTYOBRAIOT VT 7 Xy MIFEROFE ST, K2b, 3, 4c, 6b, 8 HDFLF IR,
QSL : & T A ¥ i1k, AF : KEPEfk, VBS : Valence-bond-solid. ARICIZHN 2 1 LAtk k
(Za: K‘—(ET)ZHg[(SCN)ZCH, b: K—(ET)ZHg[(SCN>2Br1 d : k-(ET),Cu(CF;),(TCE), e : x-(ET),Ag
(CF3)4(TCE), f:B-(ET),IBr,, h:B«(ET).l;, i:B-(ET):Aul,, m : x-(ET),Cu[N(CN),]I, s: x-(ET),
[Ag,14Cupgs(CN);], v : ET - TCNQ (triclinic phase), w : B'<(ET),BrICl, x:B°(ET)ICl,, y:p’-
(ET),AuCl,. $&fkp @ SCHK15, $&fkt: SCEk16, S5fku : SCRKLT.
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K 3. x-(ETLXDOU/W (a) &t/ (b) OEZEIL. KFDT7T LT 7 Xy MEFE1LOBEE2 SR,
$Efka, e DT — 7 Ot DAL 100 K & ) FO 57— & 1335 S Nz il i X 0 5.
HR BRMTEE, R 77 V- SE—RIEREEA (fuzzy metal-SC), %, 7R @ Mott Mifgfk (G @ SORREME

& (AF Mott), # : &7 2 ¥ Yififk (QSL VBS Mott)).

HaH WFEHICETHEOMMERL, 100KT
Layer 1 (p1) ®U/WIXEREHIBIZH Y, Layer2 (p2)
D UWIXFEFICRAT S, HL, HEHR (Kb
Fitk7 &) TR OXHIEOWT W,

4. ZAAECRFEAMr N EEFAE V&AM
QSLA @Ik 2 WFEI\C T 4728, r/tOMEEL % K
W72 (KM3b). “HEDN=4 A Y VT Dr/t<0.9 DEY A
¥y 7 9 XM= 3 VHEBIZ, FREE O Mottt
BRqD BT 5. $ikqEAE Y79 A L —Y g v
MWEW T ORIETAFE 2 5. tht=1HHRAE L T 5 A
M= a VOEBTHL. fiRald/hE R UICKRKT
LEBEEE L, HD, AVY 75 A ML —2 3 vOik
WERLZEETH S, 0/t=>0.9 DFEBIC QSLAHZ Fosk
e, t,u O, AFSERp L E T 4. wORFEITL D,
KE%Rr/t(<1.70) 1I2BWT S QSLADEEIHLET B
ZEDPWIEIC R o7z HL, wOr/mF1ITHRKE L,
7IA ML=V a VIR TELSRY, A VERFRIR
B (VBS) k%5, $ifkpodLayerl (p1) o r/tid ki
TEWT S, WY FRFGRA=F72F%/DE, Hznd
HKaDE I BRAEYTIA ML=V 3 YOKREVEE
PERICHE L, i, p2idplillkxA ¥y 75 X b
L= a vidd A v b a iR 2 LA b s,
X 3b K O EBRORERE BT 2, x-(ET),X ® QSLA
DAFAEFEINIF0.89</t<1.70 TH 5.

FER T AL R VA, CDIREEILIZEMAE ~
B T-HIELE § 5 % S S T O BRI IRIE§ 5. 1o T,
BRI A & >~ o Rp, u DAL O EZ LI “ZKk
JLET+ R~ —[& A 4 V" OFFHELITHIS L
TEY, WEEII/NS V. ZRICHNR, EEWIaLkE

A% Y O8ERp, ud r/HREELIIBO TR E W, —T,
UIW DI BEZACIL T8 CRiak 3% ET 2 AR % o i
JEEALIC K& {KAET 5. K3ah TR E 28N (Kilk
~100KT8~19%) Z/R3 DIEEEVIIEA F D
$ifRu, p2, RY~Y—BA T V#ifkn, r thHY, Thb
DRREZE) WHEE BN T L2035 %ORETH
5.

5. Mott#E#FHHNMR, H{L3E

Mott ik A D FRIE, OFMBISALE L7z A ¥ Ul
(ks G IANT), QETHIEAH® L A ¥ VIZRE (BX
Rk - BEEEANT), O TFHE LA O HiFME ok R,
Bl 2\, BATHSAE— (BT 5ERE 7~ gk
) oWE, EICEDITS. S 5ICQSLHEOMRIE
BEANMRME (B, PR BRRERT) 12X 9%
AT A, LRC V= TEMRIIETRERTH Y, 2 Y
YA b (ETZ&k) 2358 REBNCIY L, #Rmis
SAML—YaryOREVWMott#ikERTHSL. 22
TIR'HNMRIE TORmELT. K qiz27 KU
TRE BB DET 5. BMET! (M4) 12180~
40 K S IR AT DO /N S VB F I RBEL AR 5 h,
ZNLUT TH O N2 0 2 B AR L O fEGE T
BB (F— VIl Ty=27 K). CF;SO;%{kp o %l =%
773120~ 10K TR FERBL 24T, 25K THE
MY —27 %KL, HEIRBIZAF (Ty=25K) TH 5.
fls > 38EA (r, t,u) OMIE, PAEIE B $ T2A1L
BRE 2V, T HRIRHEPH OB TR PR EE (X4b)
WH Y, Fikr, i3 1 KiEFFICIRAVILZRT. 2ol
OREIFMH S TVAR ., ke T 126 KL FT
BT A, B IE I 85 A r(20.03 K T0.049 ~0.050
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10 o L .
= =107 1 o = Tt arese b hbAly
102 - _a CF:80:  (p) T o .
M iy ——B(CN) (u) = B @
109 -+ CF:80: (p) 1072 +ggz((<él;l\]))a Et)) ] g "
— Cw(CNyy () ——B(CN}t (u) - u2 N r T
10— CuNN)CI (@) —+—Ag(CN) () T C“N(ICN)QC'I(‘*) R
0.1 1 10 100 10°79 50 100 150 200 250 ]
T(K) T "

® 4. k-(ET),X (X=Cu[N(CN),ICl(p), Ag,(CN);(t), Cuy(CN)5(r), B(CN),(u), CF;SO;(p)) @ 'HNMR T;' DifEEZAL

(a) logT7a v b, 1 KEBEOWSADOIHIZKRFRTH .

(b) linear T plot. KA =T HEARZE) (p: 10~120K, q:40~180K, r:30~200K, t:30~200K, u:6~135K) %/R7.

(c) #Kx-(ET),X ® SQUID I & 2 B b 3ImIEE L (a5,

MHz), t(20.12 KT0.048 MHz), u(>1.5 KT0.052
MHz) & —%E T, ACYOKFLIERV. ZNH50T7—
Zidr, t, u sl R 2RI TQSLIKREIZ & % i W AEHL T B
5. Pl ZA¥ Y77 A ML= 3 YO Mott#fifx
e-(ET),X &, A Y P BFALT % 1E 1o i i P o il
FEFFUIRIZ H ) NMR T A5 L JEARAE O 5 B0 75 o 7
RR2E % R~3 (X4b, &8 TIET,T=—% ® Korringa
HI).

SQUIDIZ & % i b3y, & M dc iy, $ifkqld27
KUTOAY ¥ Fx v Mgtk o MBLC X ) y A%
B3 5. gk, r ClEINICKR CRALEABIN L 7220 B
50 KiEfEIC & Raffo 72843 525, QSLOFf &
LTERKTHWALEL KD, #ARuid 150 KL f i
¥— 2 %R LABBIHL, SKUT THRLREaiIzmn
o TEMT 5. I iF#iKkud™5s KTHIEREQSL
—>VBS %2z L, HICIKE L spin-singletiZdh b I & %
RY. HAPIZ160~180 KL FT75 A ML —v 3 v
RIFH OB LA %R LI, p WS 5. FERE
AFTH 500, KR TO I, $5kq & Rk 2
¥rdx v FMRBIEMHIC L 20h, $E3F2Y -
MM L D OPREER OV TWR, REE{LE B
A IcfitS SIZ B L 72 iRkt pTIES=12
Heisenberg = f§ 2 ¥ ¥ 1 7- AF € 7L [7/7] Pade 351"
Zwmimflcz 4 v ML, |[J)xs=250K, 175K, 230 K %
472, $1Kui3 S=1/2 Heisenberg B =M A ¥ L #T-
AFEF VY % B |J|xe=118 K, |J|/xe=236 K % 154 7-.
SOOI I=2.013F 1 DNy FEETORKRE BN
—HERT (4 =2.02).

6. HEmiEE #-8R%, U&t/D
P FALZBHIEE
Bl 5al gkt bl J A & W 724 ks 2 R 7.
AZ(CN) IF AgM IZONEE VI =R LAY ~— % T
W5 (KWSe). a, bUAHDOEY v —Fa A F » DA
VIRZRE A F ¥ L8k ()12, M5ad k5 PR ET
Wt R 2 R0, ETHF ORI H DS 05T

JERRA K 5bTld, ETO2:m4k (K5bHofEM) AHEAE
L—m % %3, [HORAY U HBEET 5ET &k
ZERATERT L, R5cITRTZATBO A »# i
Eeb., ZTOEHI, k(ETXIEETHEZMHAE 1%
TRERL, ZOZMIEORMIBIRIE ZEAEE O EAE
JHoOREEOTHERESL, KUNIRT LHIZ, vt
058~ 179D "D =M A VT T, t/t~1123
WIEEHRMMAE Y 79 AL —Y a3 UAIRELAE Y
BEALIREEIC R D, ZrbANEIZETIFIA ML —
Ta VIS WERL LB . B EER 2 W
&, U=tnl2, t=(t|HD2TH B T, BAS
AR EALS M A O FIMHEEHEZRET SZ L
T, ACVEMBETIIRASHIMTEEE 2 5. K5bOET
SFEIBERE, BAF AT AR R o

©

rfo

>
LEE

K 5. (a) 100 K T®k-(ET),Ag(CN); # sk, P32 ZKICET
238 & WP R ZRIGAR )~ — KR E R

(b) ET TRl 2 & Rz TR ok . 5T AR
H to1, ooy 1yt FEHI TR ET R I HOE T AL ¥
ZFEO.

(¢) ET A2 BATR LAY Vg CPAT kM
OMBENEM 0, B3R TR ).

(d) x-(ET),Cu,(CN);

(&) k-(ET),Ag,(CN); @ 100 K T O i 7.

FHICP E N2 ET ZRARIZB A + v OlET 28 K0 BT

(d) 20, ROBOLETF (e) IET 5. bl FIZELN S —

WL Y 7 7§ (-M-CN-M-CN- X 1Z -M-NC-M-NC-) %

Be |0 SRk O CN'™ (C/NTRS) FEANE#R L, (d) M=Cu

TRAMED, (e) M=Ag TIZEHBOBERZHET 5.
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= LET ik () Of—RXOMBRTET 5.
M 5d, eld, $ifkr, to@—HXOMBRT, ZRAZHT
HEHOHLERSZAEI A VBT RIREIET 5.

it “PHEA Vg + P TR ITCET(ZERE &
Bz, SEwIliEA + > ok (p,u) & EEwE
V< —FaAF Ok (a,b) 1, IEFIHARETRERE %
o, M6tk X=CF;S0;(p) ®ET & » ¥+ o kkF
ERT. TNSDOBEAF VIEEES RS T 213
WD, TOEERYICHM L CETS 72531572
», ETHToRMOEm»EIRE 25, ETBOWKEITH
X, WY RRTA—FU W, thiZKEGHELS 2
5. K6bIZ100KTOWE B g TBA + Yok
O AHMEOMRT, FHETEOHEA (Group 2) &%
HHETH @k (Group 1) ICHHFEIC/HE S 5.
Group 1 D#RIE, NS BBEAF VBT E NS L WE
FEo. HRICERA p OIS Layer 113/NE 2 WEFED.
F72, BICNLEifRuo WH /IS v, WHVKNE {5 kEH
X, BAF VP ETH T2 LETFIZTsL, ETH ROk
5 v A7 7—H45 (M5b,5¢) 2L ESELETH
D, WAL Mott Mg ARSI~ DT & 7”3, X6
WRTHEROBHRERT 5 2HOET 814 (ET4H T
A, BOZHEMAKYE, C,DOH®K) Z2HWT, U rtdsy
TALAR D % RS T 5.

QUD I EF : ETA & ETBOET B A T AE M 1,
(KI5b, 6¢), 2% Y ET = RAKOE% ) BT U (=2]1])
RO 5. ETHTORMARMOTI, Hiihmodh,
TRARmEEEORE SSHINT 5 L, RAEKT A
VEF— UM T 5. $ifka, bl A2 K & <,

(b) T T T T
065L k-(ET)2X F N 100K ]
0.60 %
. Group1 =k ome
3 055 T nT o
2 0.50 P2 b . Group 2
'\. ur
045f U ’ "t s
WP e

65 Moo 05 110 118
anion layer area (A2)

© o, @

F 2 R0 00

p n
t/t>>1, linear t'/t=1, triangle t'/t<<1, square

K 6. (a) k-(ET),CF;SO; D ik, ET T IZ A CTHEEA 4+ &~
W) ETFIEFN (a=00RMETIZ LI, JKBETIET
12), WIHOETREZET 5.
(b) k-(ET),X$Ek D N> FIEW & Ba A F ¥ A O B4R, 45
fha, bLAHEZ 100 KDF— % .
(¢) k-(EThAg,(CN); ® 2 OB — Ak BT 43 TR k.
(d) /tDORE S L A T OWRITCIE.

Ho R m~oFhhlRkE L, WD TRSWUEH
D, $EfkpdLayer 1%, EHi G ~NOTIPIKELU
ANE W, —J5, Layer 24, Mhgkik & HUOELR D £
K TpLIZHARKE L UE .

@, t, t/ADFIEAF © r/efili % HIES 201k, —=k
WETHTOLEToOFNRE, ZHUItE) % BIKET 45
TOMMMETH L. ETHFHAETIZTN, (ETBLE
ET CHIMEAEM) & 1,(ETA L ET CHAMENEM) %
L, =t |+l D228 W3 5. $hfkp,uid K& %o/t
RO (1.424 ~1.778>M1551K0.575~1.034). Z D
BiE, NERLGICEDIORP L, 1, h LI L 725
B2k 5.

Pk, BEEWwWILEAf 2 Hws &, IITETRED
s, ET2FOTHIZE Y ET 8B HEKO UKD
L, REZRUIOAE Yy =M TR HONEE VS R
b=V —=2ERATE 5. «BEAOETIREBIZRCT
HLN, ZMAE T ORI IRk E LK
L, vh=1D8E RTIE=FA, t/t>1T—RITHEM
¥, rlt< 1 TTRICIEIEFNEZALT 5 (K6d). 7
A< —HBETARTri< 1 ORITEODPH SN, R
7 Mottifi #% 1K 8°(ET),X (X=BrICl(w), ICL,(x), AuCl,
(y)) EZKICIEH A Y VK% (1/1=0.16~0.17).
fi )i, x-(BET),X Tt/lt>>1 DK Ep, uS i OBITH
5.

7. EFAECRIFHBICHEET 5 EEETH
(BB % /-3 8zE4)

2b12, CZIV— 7 O#RDHE TOEDURE KA
L7z BUFIZ, QSLE K, tONIE T T OHHLRE
KA, IO CIRE—ED (T-P) M E /AT
%. M7abllfkro—EECOKEERT Hik
r®QSLMHAZMIET % L 4B - BIZEMHA BT 5.
—HEIE A bEIC AT 7R (M7a) ICRH5ND X9
12, 0.1 GPa T&RA - BZEMPHND. MottlizBik
B (Ty) WEMEE EDICHBMICBEL, EicxL
TIEDEE 2o, —J5, TATHNITEFIE TR 2 7R
L7221, 26 METHAT 5. cHliilETT, Dk
FRTKZ#B2 5, &TOHMT, TEEKECBITS
flEk V&L, 3MTRLE S, KTIbIZIOKLLF THT-P
MR % RS, AT cHMETr/mdEiic BT 2L b
WA, AW OEITE Cr/ed B 5. hEE &
Hiz, AV 7IFAML—3 3 Vil &y, AFH%Z
WeHZ e RIREIRE 2 D, T 0K %R L7212
P B0, EHOBIMII ) whsL, K31fEo-T
REEENWPTH20THS).

T, o< @ exp(-1/gD(eg)), D(eg) oc 1/W (3)
(@1 7 AU, g W MR T > > v )
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K 7. x-(ET),Cu,(CN); D —Hh £ (//b) T DIRPUIELAL (a), —
B (fe, /D) TOT-PHIK (b)) x-(ET),Ag(CN); Dk
JECOMPUIRIEZE (c) & T-PHIK (d).

— B I AR EBRICENR, OFBWT. 252, @
MEFTT. A AL, @ORFW LI EEZRL
@& BIEE CRIEZEMSAET D, — 7 TRIE TR
L FBRIC, ®QSLAH & WmH O M AFMITAFAE L %
W,

Ty DEIEAF O & dTW/dP R IETH B, 75T
A7 R—8 Y O—FMEBITHT H41F, ZOfH
EHfEMH L SRR VEAE Yy brE—SD
HETHDHIEERT.

dTMI/dP =AV/AS = (Vm - Vm)/ (Sin - Sm) (4)

(in : insulator, m : metal)

I X 2 MM — SR 02 iE, Vi>Va2 E DAV
S0CTH5. HEPETHEND, S.>S, THiEHO )
BREWV, 2F ), #ArOffFEMAIEA Y B L 72

AFHITIE %<, QSLHMTHHZ x4 45. KTb%
BIEM2SBED S, SEM2S = 112E2 oD
(ep) DI NT AL LS9 5. HHIZD(er) DM D
AWML S, WHELEE TAT/AP<O L 2D, BT,
P CE L. dTJAP SR 2R EEMIE, DR
KACT %@ OBILEH, REMEAE 7 A ML —
Ta k) T S A R E XTE L.

B 7c, d ISRt D E KT TORPIZEAL & MK 2 R T
0.99 GPa TMott#z 2, 1.05 GPa T {zEARL 2 R 7.
FACICIERIMTREZMETH Y, K7TdOMRIZZS
& 9 I QSLAIIRIA WIE I HIIAAET 5. T g,
SRR XD b, BEETHISEIMET S
ZlERL, EEGHEELAT AV F— oK [50~88
meV ()>36~43 meV(r)], UWDILE [1.04(t)>0.93
(0)]& =T 5. shthr L FRICATW/APIZIETH Y, 1/
t~09DQSLM LI AHAHET S, vty FTLAZ
1.0S5GPaT52KTHH, HAKETTOF Ly M=
3OKICHARE W, 5%, —ELEEREZFEL T
5.

8. B, MEREKX

ET Z &k % HAr & 5285k (-, B, B-8) oV F
INT A= ZIHD E RO E T IREE 3T B OLE
AT HTHEERIRRORARTH 5. HimTIEE T KTON
VRN A=FUECIDEETVCTAY YORRE - &
- 79A M —YavoEar#ERL T K8
2, EBHER (£ LIX100KDE) 22Utk enTcray
ML, DT E I LD 5.

O oM (1~4) I[CHENZHEBOHKIE T
EHESTTwaRWw, @ R 5 IEK3 L kT
%. Mott#ifg M — AFH % 7R 37 J1 78 1) Mott #i iz 1R w,
X, VIZTFREMY, U KRE L, IO/ CZRIGTFEH

(@) Equilateral (b)
i e
A — triangle .
4 7
- Spiral
ol ow ]
| oX <
A
10F —AF Mott 1] . e==- .
- [AE Mottl] m " Rl
S| 1 ©
6 - -
4 B !1/2 3 T
2 .". 1 1
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X8. (a) ET AL HfL L5285k UL i Tay b (100KT—%).
(b) 120° spiral 2 ¥ /i, (¢) Collinear A ¥ > .
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T2V IR (AF Mott THI%) (CA7iE§ 5. @
DB DMottiix KT, ritNRNZFNIFEREL BVvqid
Mott#iixfhkHl— AF & %2 7%, Ult=743Td» Y, &M
DEVEER (BTN —TADOEME) (SHELTEY,
Ut h3tfkq % XML 2 RWIREE T Ww T & 2 Bk
5. @ : Mott#ifgfktl— AFHl 2 /R4 $kpld, K& 7%
BB (U/t=9.01(p1), 11.4(p2)) TAEY Y7 F A b
L—23 YO/REVTRIGEMRA E HEFHR (K& 7%
vlt) WAL T %5 (AF Mott T#E3%). X o pld 240 K
TOMEL VS NMET, 5L LTNAZ. QSLH
% FO Mott#if# A r, t, uid, QSL VBS Mott & it L 72k
& UM (>9.1) T, t/t>091 OFEBUAET L. r/t~1
L LR, tAQSLAHZ RO Z L IZH MU TH 525, —
KICEMA E VT Rul/r=1.64 (50K), 1.70 (4K))
PQSLMZ L ZDIE, ~RILARDFEHMTHD. DL
e LT, 0.62 K &Y il < QSLAH Z F¢>—IKIT A
¥ ¥ A Cs,CuCly (il Cr/i=1.73, Ty=0.62 K ® AF)*
MH Y, Cs,CuClyid2.1 TELEDREY T30 mK F TRHEA
B & R 720w (B2 QSL). #iffulcb T, 9
TLU o @8 VBSHl— i 1 il iR 88— AFM (AF
Mottll) O#EFZFRLTEY, WHIIKSah ok
DU EZALSEDLWEEZRT. @ '/t~1TRERUN
DI, 120° A ¥ U HF (K8b) ASPLFMIC T &
T2 1021200 2 ¥ VT IR IR TR LI
ENTVDLY, ARRTIERHFETHS. g, X8a
OIS BT HEEZZONLDT, t,rD/t
ERo7-FFE, Uz 3HICKRELTHIEDNULETD
%. t&rDiRfh, x-(BT),[Ag 14Cupss(CN);1(s) I8 &,
BIMTONY K35 X =513 U=0.423 eV, W=0.448 eV,
U/W=0.944, r/t=1.176, U/t=8.93 & ##l QSL @ 5 Hi'ty
BTldHsrd00, 120°A Y U KFET 51T UMEHE
GHRESTHROV, EEuBEOUMDPLETH L. F
7z, 120° A¥ AHETFL BRI, AEYT7TFA ML=V g
Y FR R WZEMAKET & L Ceollinear A ¥ Y By (X
8c) BV, K&Zr/tOEM T, &&EL QSLDMIIH
BESETFHMENTHS. ™ ftoT, SifkpD R V%
T Acollinear 2 TH LM HELERH 5. O &lE—@Bx
BTy V&R, METOBRELRT &R
1, PVHPE O U(6.49<U/t<7.79)T, 09X Y /N& %
£/t(0.54<’/t<0.85) D FHIIZHEHLE L T 5. 8arh »
SCHIMDOEERLETHBIZENRL LD, ZhbDH B,
A R85k, o, r CAW EFER SR THB Y, 8
fhn,0ldde 2% #52 ©: &R &BEEH (KHSC),
4 )& (M HMetal), AF Mott ([ e/t /N & WAF
MottI & '/t ® K & W AF Mott II), QSL VBS Mott ® #H
BE R 2 AR CToR g, &M%, Kyung-Tremblay A3 H i
MR LML L T v 2.2 X 0 IR AR o
VERL D 720121%, KRB 1-5 DK LHTH

4. F 7z, “QSL VBS Mott” %= “AF Mott II" %5
OFBEAROBTER, —MEERCHS 2 LI L ) R Z
F oW THEER ZFRE T 295, JFICSCHIBIZH A
LTHEOMEE, M8 azHWTHEDTVES,

AV EMETRTH B -(ET) XTIk, ORE
L77F AL — METH (Mott, AF, QSL, VBS), @
EEETH (&K, @7 — =3B (BIEE) o
mAEPRON. REBOL QOSBRI EIE T 5 A1
CTH#ARGBZ BRI ORI O 2255, WEE TR
O QSL OEksHas - WEfKEHZ U TICE LD 5.

O KA ¥ IR (S=1/2) DR %@, @ @ 5T
Mott#fiixfk (x-ET % TIZ =i T W<0.57 eV, U/W>0.89,
KR TUW>0.94). @ : BREET-HILEITAME LS
ZMott ¥ v v T &FD (Coo RIS TIEERS CTIREE DS
VBESE), @ WA Y75 A L —Ya v &HT
LA ETTHDL (ZHAY VETVELRE, 0.89
<t/t<1.7). ®: K& ZAFMEAIEN (K & % |0cw| %
[7) #FF>. ®: REHGEHTHEL, ZKITRO%
&, A% (J)10°K) $TAY Y BMEERAA KT
HbHT L.

9.  H W (<
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J&, HE{REARR QSL 4 & DY AR E @ B % R
L7c. B MIC T 2B HEZRRS 2 LiL, #iz
BRE R 7 — =X 2 % LT CEETH
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Interfacial Control Using Photoactive Dendrimers and
Application to Liquid Crystal Systems

Ay FR7zu—

Hideo TAKEZOE*

Dendrimer molecules with azo linkages are adsorbed at interfaces, when they are dissolved in liquid
crystals and mixed with incompatible liquids or microparticles, and act as photoactive interfaces
(command surfaces). Namely, liquid crystal orientation at interfaces can be controlled by ultraviolet/
visible (UV/VIS) light irradiation; homeotropic (normal) orientation to the interface without UV light or
under VIS light and planar (parallel) orientation to the interface under UV light. In this report, three
topical systems were studied; (1) liquid crystal droplets in glycerol, (2) nematic liquid crystal containing
microspheres, and (3) nematic liquid crystal containing microrods. In (1), microdroplets of the nematic,
cholesteric, and smectic A phases were formed and the changes of molecular orientation structures were
observed upon UV light irradiation and termination. In (2), molecular orientation structures containing
defects in the vicinity of microspheres were observed and their changes were studied upon UV light
irradiation and termination. In (3), in addition to the orientation change of liquid crystal molecules, two
types of dynamic motions (lateral and rotational motions) of microrods in liquid crystals were observed.
They are unique because the controlled dynamic motions are conducted using unpolarized light
irradiation. Qualitative explanation for these motions is given.

1. 13 U & I(C

WRIEE G EHEORBTOH 2WETHY, ol
B o R OIBIRR T T 3V ¥ — 1TKAE LT, — IS
RS G S FSE L0 TRRELZ RS, L
BoT, WHETAATLAEDTINA AW BHEEIC
&, EOTNA RN REINIREL D 52 LORIC
55 2B L. — ey TR 2 B KR
EBEERIAT, WS TFAFREICE N EIKE R O EE
WCEIAIT 2. T A AT LA IBWTHZ0EEE—
FIZLZAo T TN roRN 2 ERT 2 LE D 5.
HHZ OFUHE BRI X o THF D, HEsh &
BB s ED Z L,

W, BEAGRHICES TR BA L, RlE—HINIZ
T2 (T 7MW 2 LX) ESTHIPAT RAE
RIAER SN G, —F, WEENIIEHROES T
EOTOMEEREICEEICR TSI EICL ) EHSR
5. ZOXHIZ, WERASFPRECED L HIEMLT
WLPDOREEZT VAN TIREERY, TUA) VT
WA KT »h) v, MEFT oA v rhEE

201642 H8H =
FEHE LA R R 7 a—
WU LSRR8 %, Blepidil:
FPISE | ARERRRIEARL, S ORE LB, Stk

XHT 5., INOZ2XETL2OPRET v HY) v 7T h
NVE—THA. KRHFIETHRIETOWSDORINZETFGT S
DRWHEEDOT Y NI —5FThs">. AW TH
WBFY R —=5TF 38 (0.01~0.1%) sk
HEETHBLETT, BWVITEAT S EHIEMIZHIIC
WAL, mERMZEITHEE2T5. ZOoFy ) v—
T VEEAL, BRENEMET 5L, &AL (UV)
FRFHC L > T T ¥ 2D 5 ¥ ARIERELT 5.
TN K o T b o0 F T FC T7] 1 T T [ 7> © ZKSF- i
M~ EZET 5.

w7 F) =457 ofbEfEzR1Ie, 70 F
) X —OFHNOWAEIRE, KO, BRI X 505
STORMEAOKTZK2ITRT. 20 L) HEHIZ
LIZLIZa~y FH—7 2 AL Eh 2. 40, A
THAT201E (1) FEHBEEOBATTORSDO~A
rsaurasLy b (2) BRO ) HET % & EHER
27, (3) ROV HRTF 2GR D3ODRT
H5. 2 (1) ORTIEIFHOATLHEIIATEEZR DT,
HISMICRmZBHiT 272 R —13& ) bIFEHT
»Hb. (1) ORTEUVERIICEZ FeFLy PHT
DG OBINZAL, (2) TRUVIERSICE 2 YY) 2k
T D O TS O KBk & 044k, (3) TIEUV
SEHRENC & % 2 ) AREO I A K Oz ES) % 53 5.
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2. WROvs7OROTLy K

Wiz IFEHHEOK, 7)) u— e ELRA LT
LEBRZBIIKID L) o~ 4 7arurs Ly kA
B Ehs, REOEWICE LA LA 70 a7
Ly FORBERE 2 S RIKOMRTH Y, L0
WMZEA e SN TE72. LHL, REo7vh) v 7ikiE
ELEE, w4 zubrfasLy MHNTORSDFHEN
AL 2 BEE L 2B R,

M4z 7)) tua— iz (a) 2~ F v 7 il
(5CB), (b) ¥ FU~—%2LRELSCBEEALL
BororLy bo () BMEEE, () 4 TR
EFINVTHALH. BAKEDOZ) o — VR Clish g1
FFEATICRA D) LT 5O T2RMEDEIN ZRT A (a),
FUR)R—% MR b DOTIEF Y N < —HRE I
#L, |EERNZETOTHEPROBEE (b) & 7% 5.

E4 7)) tu— W hoS5CBAYF v 7O~ A 7arur Ly
~.
(a) v Fy=<—=7=L, (b) ¥ FU~—=5b, (c) UV
WG, k4 LD iRk

ZHUCUVIER ST 2 &, FUEIEKER AN ZE L L
() ®EXHI2mEDORIA~EEILT D, ZDXIHI,
FYR)R—=3av s Py =72 A MLTHRET L2 &
HE PR o7,

WIZA VAT v 7 a7 Ly MRS 20054

WEBmE L7z, SCBICAEFI V= 32 bP2RML 2

VAT v Z7ilEHEL, FarLy h2ER L.
512 (a) UVOGHSSHT, (b) UVIBERGEE, (c) T
(VIS) ey Fuo s Ly s OBEMETEE 2 RT.
SRR HT & IR L T, UVIRSTRE IS ST () @
X9 HRE THRFERIANZ 2 5 TW B 720 EHRIC S E A
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Novel preparation of ultra-thin metal nanosheets via supramolecular approach

Yohei Ishida™

In this paper, positively charged fluorescent gold nanocluster was successfully prepared for the first time
using the shortest cationic thiolate ligand, thiocholine chloride. By introducing oppositely (negatively)
charged surfactant to minimize electrostatic repulsion between the thiocholine ligands on the surface of the
gold clusters during nucleation, we could obtain non-plasmonic particles, which showed blue emission at
around 448 nm. Without the oppositely charged surfactant, on the other hand, only large plasmonic
nanoparticles were obtained. Using these positively charged Au clusters in the interface of negatively charged
inorganic nanosheets, we now investigate the formation of ultrathin Au nanosheets by supramolecular
approaches.

1. Introduction

Nanocluster synthesis is an interesting field of study, and various researchers are aiming at manipulating individual atoms,
molecules, or groups of molecules to produce novel hybrid materials with unprecedented structures and properties. A typical example
is the synthesis of gold nanoclusters with a non-metallic structure, whose distinctive optical properties are derived from the
constituent gold nanoparticles, which generally show surface plasmon resonance at relatively larger diameters (> 3 nm). The optical
properties of the gold nanoclusters are hypothesized to originate from the particle core, and they can be altered depending on the
attached ligand. Unlike the collective oscillation of conduction electrons in the gold nanoparticle, a single electron transition results
in molecule-like absorption and emission from the UV to NIR region in a gold nanocluster. Experimentally, it has been determined
that the sharp contrast between the optical properties of the gold nanocluster and gold nanoparticles become observable when the
particle size is below 2.4 nm and the gold particles no longer exhibit metallic properties.

In this regard, there are two commonly exploited methods involving the use of anionic and neutral thiol ligands such as
alkylthiols, tiopronin, phenylethylthiolate, and thiolate cyclodextrin. However, there is no established method for the synthesis of
fluorescent gold nanoclusters by means of conventional chemical reduction using cationic thiols. Such nanoclusters are expected to
play a significant role in bioimaging'” and sensing as cellular proteins show high affinity for positively charged nanocomposites than
for neutral and anionic nanocomposites. In particular, quaternary ammonium-terminated thiols have rarely been used for the
preparation of gold nanoparticles. Quaternary ammonium groups are always positively charged under any pH conditions. The main
limitation of cationic thiolate-protected gold nanoclusters is that the electrostatic repulsion between the cationic ligands on the
surface of the nanoparticles hinders the formation of small clusters (< ca. 2 nm) during nucleation in solvents. Our objective is the
utilization of the shortest cationic thiolate ligand, thiocholine (HS-(CH,),-N(CH,),"), to synthesize fluorescent gold nanoclusters.

This paper reports the first successful synthesis of positively charged nanoclusters by the conventional chemical reduction method.

2 . Results and Discussion

In order to suppress the electrostatic repulsion between thiocholine (TC) ligands on the surface of Au nanoclusters during
the nucleation, we added sodium dodecylsulfate (SDS) to form a Au(I)-TC-SDS complex before the reduction, which may neutralize
the cation on TC and minimize the repulsion between the TC molecules. To verify this concept, we synthesized Au nanoclusters at
Au:TC:SDS molar ratios of 1:3:3, 1:5:5, and 1:7:7. In a typical experiment (1:7:7 mol ratio of HAuCl,:TC:SDS), we dissolved 0.0218
g of TC and 0.0404 g of SDS in 5 mL methanol followed with the addition of (1 mL, 20 mM) HAuCl, stock aqueous solution. The

resulting solution was diluted with 3 mL distilled water and sonicated for 60 minutes until the solution becomes white indicating the
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formation of Au-thiolate complexes. The colour change from yellow to pale yellow/white indicated the reduction of Au(IIl) to Au(l)
by the excess thiol compounds. NaBH, (1 mL, 20 mM) was then added and the resulting solution was sonicated for another 60
minutes.

We observed the TEM images to determine the particle sizes (Figure left). The sample showing plasmon absorption had
particles with diameters larger than 3 nm. The samples that did not exhibit plasmon absorption (Au:TC:SDS = 1:5:5 and 1:7:7), on
the other hand, had particles with diameters well below 2 nm, indicating successful Au nanocluster formation. It is difficult to
determine the exact diameter of such small clusters (~ 1 nm of diameter) by conventional TEM; however, we observed a clear
decreasing trend in the particle size with an increase in the mol ratios of TC and SDS.

Under irradiation at 300 nm, we observed blue fluorescence, as shown in Figure right. The maximum excitation
wavelength was around 357 nm, which was in good agreement with that for Au nanoclusters comprising 11 Au atoms and fewer,
particularly those reported for Au, (~313 nm) and Au; (~303 nm), respectively, and for Aus (330 nm) and Aug (~384 nm). Moreover,
the maximum fluorescence wavelength (~448 nm) agreed well with that of the Auy cluster (455 nm). Hence, we hypothesized that the

observed emission wavelength originates from the Aug nanocluster or a Au nanocluster with a similar size.
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Figure. Left: TEM images and particle size distributions of Au nanoparticles or nanoclusters synthesized at Au:TC:SDS mol ratios of
(a) 1:3:3, (b) 1:5:5, and (c) 1:7:7 (mol/mol/mol). Right: Fluorescence emission and excitation spectra of synthesised Au nanoclusters

(excitation wavelength = 300 nm, Au:TC:SDS = 1:7:7 (mol/mol/mol)).

3. Future plans

Using these positively charged Au clusters in the interface of negatively charged inorganic nanosheets, we now investigate
the formation of ultrathin Au nanosheets by supramolecular approaches. One of anionic charged inorganic nanosheets,
saponite type clay minerals are used for the template of Au nanosheet synthesis. By mixing solutions of our positively charged
gold clusters and negatively charged clay nanosheets, we will prepare sandwiched structure of gold clusters by 2 clay
nanosheets, and then growth them in the regulated nano—space for ultrathin nanosheet preparations.
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Exploration of Electric-Field-Induced Resistive Switching Effect
in Nanostructured Mott Insulators

Atsushi Tsurumaki-Fukuchi™

Metal-insulator transition by electric field application has been recently demonstrated in Mott insulators
with a significant pressure effect on the transition. This suggests the potential applications of these materials
for novel resistive switching memory with a purely electronic mechanism. In the bulk materials, however,
reliable control of the resistance state cannot be obtained by electric fields because of the metastable nature of
induced metallic phase. To address this issue, I tried to develop nanostructured devices of Mott insulators and
investigated the size effects on the transition. This study revealed that Mott-insulating Ca;RuOys has suitability
for nanostructure fabrication. A new measurement apparatus based on in-situ transmission electron
microscopy was also developed for the observation of field-induced Mott transition.
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TERDHEART S A ADE OWBRRIPERBBR UL D AZPEVIEAR, Bid Bk BiR B 2 AW E 17 31 RITEEPED
LTS, A A E ) I TESEFREOBIIC Lo TF— 2 REEITOAT Y HEFTHY, KA REREAE
U DENGAE L U TR IR BRI OB L 7> TGS, — HEEROHIZE( A £ Y Tl1L, BRIEHIOESH AN
FF B OLREE WREXRROBEZE) IV ITbN 59, (B W TR RIS 2 OER R ST
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BLRIRPIZ b AT ) OBREEZHIET ETRERTFETHI L EZLND. LA LINLOWEIZE T 2 ELFHIES
JEFEIE, FERPNICBWTHERERMN R A A & LTORBEET2EPBH SN TRBY K 1@)], TOREMHEDKSD
Tl 2L RIZB WD TEAES A T Y BEO - OIS BB R « Al 2 I 2 LIFE i 2 Fas sk e
IO R EILCAHIETIE, MBETHRRERELATY ORBUCHIT 8-/ 7 7an—F L LT, BHFLTy
NEBWE & A2 HEEOERLE . ZhictE s fHeeEtEom EE2RET 5. T i/ SO EREBROF R &
BT v MEBOESENFHIZ AT TR LI2F7e2ME Y AT AW THET D

2. EHFEYNTyY MNEBYMEOEERER

—WHERBWE BT BHHER Tl %I, BERTRIAF—DHFLGIC L > TH R AL v oLEMICH L, @B A5
W8T B N BERAY - SEBRIICE I TN D T O Z TR IIZE T, B3 ET v MER CIEEElo T/ 1%
I LT, BHHESRMHOLENTERTHLIHIIHEE Lz, BEROBEHFHET v MaBEWE (CaRu0, GaTa,Ses
E) BT AHESBMAORLZEMNL, SR L RO ORMEEDO R —BIZHKT 2EFND, HWEOHE— KA1
A FHBEROBRER) 8B OLZEICKH LA/ TETHDI EEZ6NS. K 1(0)IZ/R7 100 nm g+ /7 F ¥ RV EE
LT E, Ty RVBICB O TRBEOLE RAA VEFERE D2 FENEHFINS. ZhETELFHEE Y Mg
BRI SN0 SEWEOEERREICH L, T/ F v FNVOEROTZ DT L D/ MESEOMEIRLETCH L. £
DDA TIXE T ELFET v MeBWEE O ZEII T B ¥ % U v LEREOERL A i U7~
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KA L LRV, & (a) metallic phase (< 107 m) (B) (stabilized) (c)

Mott insulating

WCBITAZE X X v LEREONE matrix Electrode
AR, ZOFER, »UL AL Structural @ /

. . mismatch
—P—HEREIEIC L ST, £ RAA D

VT & D73 CasRu0s DM [ |
1(c) JOVERL 2Rl 3 2 Fs ok
oo ZORERIC L DA% CaRu0, B 1. () Sz RE () /RS FICET BB BEORENR. (o) fER L7z CasRul,
WL, EE S o— ks RO M.

OB ORE > AT L& AT #55E T CORERTGZ I T 2 FR e L o 7.

Substrate

3. EBFETy FMSRBRAFMI X T LD
BAHER T v MEBWE TR & 2B & ORI CRBEERKE BT 2END, MmHEoBEIc k-
THBORALHERT2ENRTRETH Y, E-OIEMEICHET 2 EBNARERLELIENRTETHD. TORYELES
%y MEBWEICEO T, R B (TE) 12 L 2B R IC BRI e TR L 2 5. AR CIIERR
e v MEBOEEN B Z EBT 572012, RE~OESEINN ATRERFT- 72 TEMBIE S 2T L OB 2R AT
PAZE L72BE S AT AOBAM &R 2(a) ITRT. ZOYAT AT ey
TEM 4 DB EALER R 2N 2 C & NS & 2 5 s 03 2 _tmgyumi”m“m’
SNTERY, F /7 HEREHT T LT TEM 5 & AR M 0 52 7 8] ] : i |DlezoGonbrol
MEEFTS ENRARETH D, BIR LIZT AT ATIE, HERMRHZ
b A VITHT 5 EEREEERLICRI L THY (K 20), [1]),

CaRu0, DBLEE~E AT -2 Rl L 255 FN TS . £ER sMU  [ma== TT
BTSRRI LTI, MRS E R A IO IR E A E V) 12BN T Ao e ] 2 20*
SRR S A A R OFRICRT) LT 0 [2-5], EHHE P D Caa

A A ORI AT T2 HE FIE ST 5 F kT,

4. BIE

EBLEHERE v MEBE AW HEE TR P A £ Y OfIHR
FHEL, ELFHET Y NEBMEIC LS/ BEOER L, £y
NEBIZ L DR ERIPIZECEIMEDO KL Z R ATz, FHEOE > M
RIS L THRET A AT o T8, CasRu04 (238 W Tl SR PR TR IR oD 1R
TEERT DEN KT, EESTHET v MR OB RIS
[0 C, TEM A% & R R o0 SRR [RIRFEL 2 23 AT RE 72 AL /E D TEM %
LAV AT DB LT, R 2 TR L A Y 0%
BUZIANTC, EEARREZE 2 FN K.

K 2. (a) #EPIZALAE Y A TIMZ OBEES AT A
DORERE. (b) TEM 14 & SRR 0 FEREFE [RI R E O fs 5
(WO HEFLZEL A E V).
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Evaluation of electrostatic interaction-mediated rapid crystallization of streptavidin
Kosuke Minamihata™

We serendipitously found that simply mixing streptavidins (SAs) possessing either a
positively or negatively charged peptide at their C-terminus generates a new crystallization
zone at low salt concentration in the crystallization phase diagram, facilitating setting up the
initial conditions to attain the nucleation zone. As a result, co-crystals of the SAs with
oppositely charged peptides formed within a few hours, and the concentration of the remaining
SAs in the supernatant was as low as 1 uM. In addition, mixing SAs with oppositely charged
oligo-DNA, and oligo-peptides, yielded hybrid SA crystals with small charged molecules.

1. B8
BRI ERERE, WERICZ X BRI AR ZIUERE 2 A L TR Y, X B E T o ik sk

b, GEEEO N T2 ST L HMEMELE LCTRAW D R EORARYRcE 5T/ ~T7 U T Thd!. Lal,
KR ERES OFERITIE, L CEIRE e X LY BEIENALEE L SH, S DICARILH e ST L Z X BRI
ERACIRME L, SR L OSSR AT 9 12D SRR A2 3 5. o T, —ICH X7 B MR A
it DOTHY, Xy B REH P ORISR S D FIEA LT D B, X B OBREMAME L LT
OAfE % B 5 72 DI RO BN TN D . 2N E TICHGE R & v 87 B ERIEIC DWW TEBEOME R RS C& -
B, FNHIEE T EEAORMECHREEZFIH L2 b0 TH Y, FLHMAREINIZAE LRV ENWZ D 25 ZART,
Fex ORI N—TIZBNWT, A ML T T EVU (LT, SA) B FREM EAER 288077 & LT, fied TIRIRIE R SR
BT, BHIRERET 2R 2 BRI R A L. BAEMIZIE, SA O C R5HIZ RRRRY & 721X DDDDY &\ 5 IEFE faf & 72 1%
BEMIBELALTTF REFZEAN U SR AR L, W& 2RET 57200 C, MU ISR ST T 5
EWVWIHLOTHB (K1), £ I TARIFETIE, ZOFHENHEIERBEEO SA fEMbLBLRIZ OV TR 2170, Fidbs
PEORER 72 & CNZ AR FIEO PRI DWW CEHMIi 217 72.
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2. RRAEK

SAD CRIGIZ AT T REFIX, (V) ZEHA L7 SR O T T T A I REAEEFE LT, Z 2 CTX=R, K, D,R72 5 NI n=2, 4, 6
& L7z, 8L E coli BL21 Star (DE3) TATV, AL LTHOLNIAH SA Mk E2 ) 74 —T 4 7
L, AAVEHAN T DB E O A RPN 7 22 IV TR L7z, B & QBMOSTF K4 7 &3 5% F SA Hlifk
RORT & 5ul DNy 7 7 = THEEAMLTRA L, i LRIEOMFEIT -7, BT 10 mM Tris-HCL (pH 8. 0) & L,
HEBREE (NaCl 0~100 mM) F5 L TF SA JRHE (B3F 2~10 uM) 2 2L S WHEALEBREZ1T o 72, 45 SA ZRA Lk, 25C, 12
RERIEE L, SCPBMEE O TBE 2TV, MROEREIT>72. £, Bohk SARERIZH LT, m=r/rx—
I O Photon Factory O &' — A7 A v & O CETT — & ZIUE L, ibdBEERIT 417 - 72. & 5124 = DNA,
RIF RREOEMEATH/IST L, K SAMMKEEZRAT 2 2 L ToOFRBLERH L.
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3. BRBLUBER

FF, SARY 22 5N SA-D,Y (n=2, 4, 6) DT TIRA L= E 25, n=2 LA LD
HTERNW- 2 TOMAEE TRZIIRT LD 2R EOSAREREZS LN DL Z LRI
MERoT. o T, FbEZFHERTDOICKLEREMEITVRL L 3ULTH
HZERALNE ST AENT, RIRIAHE Liz YR OB L FM T 57201
SA-R,Y/D,Y D37 72 5 TN SA-R,/D, DT T, FNENMERACOHRKAZ/ER L,
AT o7 (K3). ZOFER, #EM A2 SR 72 D ARKEIR BE SRR 2BV T,
2 M &5 R TR EE SA YRIE 2 & T HRSMEIA &, RIS Y 2o~ 7 T
K& ZEFNZIHBNT, KVIERWERESMEICBNTHREDN GO Z LR LN
Elpoto. Y OMEIC K o Tl #EE2MEE S5 2T 50T e > T
28, YRR O 7 = ) — gL, BOKEREAER, KERE, - MAERZ
LN n=HTF A HHANER e kxR EERICET 5 Z kD720, Zh
N2 TNE EBZ LD, WTROEKMFICENTH SA DfEfRbE, E&A
O SAHHRIKR 2R A%, 6 REBUINICEIZR S, b EV SA-RY/D,Y D7 Tl | K
I CREMMDPAELTZ. £72, REBEUDORDOVICKBLOE ZHWEGATYH, [F
FRIZ SA O 7o i b3 E & 5 2 & A fEid L7z,

SA-R,Y/DY D27 TERL L 7= fE e >\ TR s o Ic s L. Ao
FEEIE ORI C2 Th Y, BREH T 5 X7 F R¥ V&5 LT C Kz H
WZHPNNEDE DT SA N 2 IR AR L (K 4), O 3 W EARE
ot ARG A Lz, AP THY A S C RN Ser MOIEREZRIET 5 &
FIB2R 720, WEENRZRNAT T RE ZEALO 10 72 BEEAOEE, #9314
CIEE L. TNED SARFRNTTF RE T OBEMEN L TEWICITE LA,
FNRBI &L L 7o TREBEDFHRL SN TND Z EDURIE ST

ZIT, RSB 54 SA D FIEEWICHIFE TH S Z Lnd, IEEREAE
MORTF RE 72 HT 25 2D SA BAERALICHIE TIERNZ LR Sz,
Thbh, XTFRETLUNO/NFTE AT, SA S FRICEEN 5] D)2 B8
52 ERHKIUE, SA DR LEFHR TE D EE X, £ 2T, AU = DNA(9 base)
2B NCART T R (DY, YRY) NN DER &G T 57T K& 7 &ftE Lz
SAFAHAR LIRG L, fEabERE Lz, ToRE, WIFho/h 2RV T
HFEEmAER L (K 5), SA &/NVyFOIFEREGD Z LT LT

4. 8
FREEROFE ALAE A BEEN L D SA 5L ENC DV TR L 72455, SA @ C Kl 4
DL EDIEEM EIZITABNDONT T R¥ T8 A LG E BV TESERAET S
ZEEMOMNE LT 2 pM & W DRI EED SA IR b OfEEIC I L, Fiok
55 C 1 FERIFE O MR D TR THREIE AR & 5 2 L 2R L7z, & HITSA-R,Y/DY
FERROREERIT OFE RN G, _TF RE 7265 L2 CRiE EWICmE 5bhET
NyFr T LTWDZENRHLNER ST, I5ICA Y I DNARRT T Rip EDE
WEHT L0 FEHNT, SADfbET 52 LIcblIh L. 4%, Zofo
BRI EA~DISHRe, Ny T & H R B O O FE o B RS REMER B o
BRI EEND.

REFERENCES

(1) Margolin, A. L., & Navia, M. Angew. Chem.
Int. Ed. 40, 2204-2222 (2001)

(2) Sakai, F. et al. Nat. Commun. 5, doi:10.
1038/ncomms5634 (2014).

(3) Tsutsui, H. et al. Mol. Cell 58,186-193
(2015)

&2 SA-R,Y/DY Otk (scale: 200 pm)

A 100A0p==—

Op=———

Olfpmmm = = = = =

I

00/=——

SA concentration [uM]
o

N

Qeam—— = - - - -

0+ T T T T 1
0 10 20 30 40 50
NaCl concentration [mM]

B 10 OOOO0O0OOO00A = = = -

O00000000= A = = -

OOO00O00AOA= = = = o

»
>

OOOOOOAA;— - - -

SA concentration [uM]
o

N

é
oooo:&i--- -—- - -

0+
0 10 20 30 40 50
NaCl concentration [mM]

B3 SAfHIRDIH
A:SA-R,/D,; B:SA-R,Y/D,Y.
5 well FCHESEMAERR LT= well 2
O:=3; A:1-2; =1 0; @:SA AR

A:SA-R,Y/9 base DNA oligo; B:SA-R,Y/YDY; C:SA-D,Y/YR,Y



D IRERBRIL 2 7 2 5 — 2RI L 7z me -1 R EL o B 58 125

P FRERERILM I AT —ZFALK
= IERED FHIEM Bl DFF

I N SO

Development of High Performance Magnetic Materials Based on Metal Oxide Clusters

Kosuke Suzuki™

A series of structurally well-defined hetero-pentanuclear metal-oxide clusters were successfully
synthesized by sequential introduction of metal cations into a trivacant lacunary silicotungstate. The magnetic
interactions in the hetero-pentanuclear clusters could be controlled by the arrangements of metal cations, and
the clusters showed large uniaxial magnetic anisotropy and single-molecule magnet behavior. In particular,
the pentanuclear {FeMn4} cluster with spin ground state of S = 11/2 showed the slowest relaxation and the
highest energy barrier for magnetization relaxation.
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Synchronized Dynamic Behaviors of Interacting Two Burner-jet Flames
Yuji Nakamura™

The synchronized dynamic behavior of interacting adjacent two jet diffusion flames is studied
experimentally and numerically. By changing the distance between burners, the degree of interaction of hot
plume formed over the diffusion flame is varied and corresponding dynamic response of flickering flame is
identified. Flickering motion is characterized as the flickering frequency, measured by thermocouple(s) to
track the thermal field dynamics. In-phase and out-phase modes are both observed depending on the
distance, and the transition one phase to another occurs at 20 mm distance. 3-D numerical simulation is
performed in order to understand precisely the occurrence of the transition, and characteristic dynamic
behaviors via interaction of flames are successfully reproduced. Based on the numerical parametric study, it
is understood that the radiation shall not be the essential factor to have transition.
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Measurement of inductance of single solenoidal coils with nanometer scale

Yoshiyuki Suda®

Carbon nanocoil (CNC) is a carbon nanofiber with helical shape. Because of their helical geometry,

CNCs are expected for many applications. However, the electromagnetic induction phenomena using CNCs

have not been reported yet. In this study, we focused on their solenoidal coil geometry and tried to observe

the electromagnetic induction phenomena between two single CNCs. Two single CNCs were fixed on

electrodes with several-hundred-nanometer space by focused ion beam system. In the measurement, we

applied a high frequency signal using a function generator to the device. As a result, we confirmed the

propagation of signal between two single CNCs.
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Synthesis of Oligothiophene Ions in Single-Walled Carbon Nanotubes
Takeshi Koyama™

We present a new synthesis method for oligothiophene ions based on thermal condensation
reaction of single-species molecules. Composites of 5,5"-dibromo-2,2":5',2"-terthiophene
(Br,-3T) molecules and single-walled carbon nanotubes were prepared by vapor phase reaction,
and further thermal treatment for the composites was carried out for condensation reaction of
Br,-3T molecules. Raman scattering spectra suggest success in the synthesis of sexithiophene
(6T) and/or Br,-6T molecules. Optical absorption spectra support the synthesis of them. In
addition, formation of 6T (and/or Br,-6T) ions is suggested by the emergence of absorption
bands of them in the near-infrared region.
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Development of Low-voltage Biosensing for Human-harmonic Healthcare
Kiichi Niitsu™

Development of low-voltage biosensing technology for human-harmonic healthcare is reported. Low-
voltage operation enables low power consumption, which allows small battery size. For developing low-voltage
biosensing, we have introduced time-domein circuit architecture. Comparing with conventional voltage-domain
circuit architecture which requires high-voltage-operation analog circuitries using stacked transistors, time-
domain circuit architecture can be composed by low-voltage-operation and digital circuitries. Since digital
circuitries are familier with CMOS device scaling, the proposed time-domain biosensing circuit can be
improved its performance by introducing scaled CMOS process.
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R D RRERIEIC K D IREENA TR v T

(MR 7 ¥ 5 B~ DR DM D /LR AT TR va

W % 1o KA + HUREE— S 2 2SI B £ D__L -‘C(:Ri
WOMSLZAT 5o X 2 1T HBEE— /L R IEZE Ha[a] l ¢
BOEBE7R HOICZOBEE LT, /LA M Lo
MCESTRIVPREM BAL L, F 808 T ﬁ%E%ﬁ%E
CIZEMAFEE S4F v /3 Z Ol -8B Vn 28 & v EdL L&
BA5. Vil h T URF M3 OF — M = i

BEXNTHY, Vo2 LEVEEE Vih & FE S ¥ 10 g odeciv= L t
AP Lo T SV AR E S C B D &ﬂlﬁ: ;x::g; svt—— t
B % 5] & < Iﬁw/“x&Mz EFTAL s R - Hi °Hjjjm§
varFEETBfESes L, Cobilsns W] g fricass
%ﬁ%c%mﬂﬂm®7~bJﬂmhﬁ%ﬁ& I ) |«E&%
72 %1, WA O (X MR O HE R & 04 06 08 10

: ‘ BEEEV](F LU RRDR EYRE)
5. RN A ROR KD EMET I IPEE
o : f BRI B2 EEEMME— L AEEREE:

HIEHIT 2 2 L AMBR TN BT, BIETOm EEEE A MEECHEERL, /L REREOES N EEEEL
I — /L A TIRE L 72 B0 o 1Y A EMERIH ST, BB TOMEE—/ L RIBERATEELLD
% 600nm CMOS 7 11 & A TRhff « FRFFATH D ?
D, EVEEO T r A THERET D Z LI L RENEREBHIRE SN D, M At ZIcBn L, BBz
BERWD, Fex T ETERE AW VMiamL 2B R T EM 2 WD NARKIE Y. 7 a— 2 216k
DILTEY, 5 F T > - Hi2IEH LT fHie,

3. HRLEE
ST T A C OB KRR R O BE « B A AT o TR, MR AEIR I C OB A R L 75,

4. FRERE

A a RIS E, =67 HKNERLR D OIAREMICT Y A7, E7o, MiFEO L0 ERITEWT — X%f*ﬁ
ELTOEER « FZEE2ITV, (RT3~ EH0 & Lz, BEIC T8 RER R OXG - S E2mL T, ~
A AV TITRT D R RERRI KNS 7w AR & OBFME A FEREICRGEE L, RIS T2 D @mtERE b~ D
B AR LTZ0,
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Search for novel properties of strongly correlated electron quasicrystals

Kazuhiko Deguchi™

Quasicrystals possess long-range, quasi-periodic structures with diffraction symmetries forbidden to
crystals. Recently, a new type of icosahedral Yb quasicrystal and approximant was discovered : the Au-Al-Yb
quasicrystal exhibits novel quantum critical behavior as observed in Yb-based heavy fermion materials with
intermediate Yb valence, while the Au-Al-Yb approximant shows heavy Fermi liquid behavior. To obtain a
deeper understanding of this new material, we searched for other Tsai-type cluster materials. We report that
the metal alloys Pd;oGassYbys, PdsssGessoYbiss, Aues0GernoYbiaolAGY (D], AugsGernsYbiso[AGY(D)],
AuyGay Ybys and Agy,GasgYbys are members of the 1/1 approximant to the Tsai-type quasicrystal. We
suggest that the Au-Al-YD system is located near the border of the divalent and trivalent states of the Yb ion;
we also point out a possible origin of magnetism, associated with the valence change, by the substitution of
the constituent elements. We have found bulk superconductivity in AGY(I) and AGY(II) below 0.68 and 0.36
K, respectively. This is the first observation of superconductivity in Tsai-type crystalline approximants of
quasicrystals.

1. FCHIC

AT B ITRE 2 7 HEREE R - REEEM & LT TS S (7EAL 77 2] LW BOBEEERIFA LTS, JFFR
HANE U < HEZ22HFIICEET LT D55 IS RS RGBS O TV D R0 ) 2y FADOX A YEL R
R EOMuRIR, A RS EOERBNH Y T, WCT VX DR BUWATWDET BT 7 AIHT T ARF I b O
Th D, HEREERIL. FHIR T Wk BRI GERBIYE) 129> TRFPIEAREEETH 5, #idh & E- BT E 3B
DM, ORI FETIR R TSNNSO TH D, FLYINLE 3 OREEK L M7 R G b BTE CILAROM &
LIER STV D, Kifh TITER % 72 IR m%%énrwé W ZIE, M E- T 7 F A FuHF e E i Tl
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DR JF B E ORI OV CORFZEIT R & < HERR L7228, YRR A 720 B IR ISR 3 290 (B WIEH
BERR O B O R EE 72 2 AR E 77 Ll %#5%®)iﬁ%%@% YINBNEBZ LN TND,
Ferlixz nifﬁwﬁtbf%zgnfmtﬂ% WZEH L, MAHRE BT 2 W FtE D EI O IEZ bbb 1=,
ZOFER, M LFILFE Yo P RHECREICH Y | nmU77x&~%L(l1>%%kommb$#%M’%w1@
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%i@wiéﬁﬁkﬁ’ﬂbffﬁéjéﬁﬁgCﬁ%%mAwmxbﬁ@%%m%&m%ﬁ%i%%ﬁﬁﬁ%w%gk
FERICIE N TR 7B 42737 [3].) Tsai 7 7 A% —iiE%a & SOWERIIMBE DL E N ) =—v 3 v JREE

DIE & VEF - SR O ERH R A R L CREIRE L SRHBE T A X 5 LB b D,

2. ERERLEER

#ii TFAILE Yb & & T Tsai-type D7 7 A X —ffi&E %z & 28 LVVRFA B E 1R O HERE & - T M OB 217572, 37T
F D (ABiyssYbis D Tsai-type D7 7 A% — iz b i bitm (ATEREEE, B UMM &JE) : PdyGassYbs,
Pdys.6GessoYbiss, Augs0GerroYbiso[AGY ()], AugssGerosYbiso[ AGY(ID)], AusuGay Ybys and AgyGasgYbis (CDOWTT — 7 %
i LB O LA RBFOERL L, ARIREIE 21T 572, B2 D X 512 Au-Ge-Yb U EE[AGY (D), AGY(ID]IX 2 7 A
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[4-6]. B 1 IR T L 91 © 4Tk H A 7 FERerE DB AGY (D).
@ FtHET v NI T AL T L AF T DBREAR AGY(IDT
HDH, 2ODROMIED G IE 20 EERE KT D YD X
WRE—A L N7, POICALET D Y I3t s o &%
2 BHNAH,AGY()E AGY(IDIZH T B IBIRERBIRE O R
HEOE & Z B LT EPEOE W ITIEIR 3 2 AlfetE s @iV, 4F
12 AGY(ID)DORENEIL Au-Al-Yb Tl & (BWETR) EBLTE
D, BETERAER S OBGRSBBREN, Flo, ZORSIE Tsai B2
T AN — i b DR D RS O TR IR B A HIlE T X
22 BT LHLOTHY , AMFROEBELRFEREEZ OND,

fEtElcF H LT, BRI - BLSE - BB IR E KT & KR
FCHIE L, Yb & & Te Tsai-type D7 7 A X —id & & 28 L i#AH
BETE TR DL & LD Tsai-type D7 T A X — ik & & > HefE
i TRV ST D &L REE TR O Au-Al-Tm R RS - Tl
g CILIR F OREMER T DN DR D OB S vz ot L[7].
Yb % & TevERE N « TS TR ORIEN BN S v, £ &

DNBAE - WIE O FREPRIEIC B 2 F RO Yo Ok B & 2N FIK T
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YERE T O R R R R E OB L Bk L7z TRE) ¢ LakE) <
AW HEE IR O TIRTE TCritical State] & BEFR L7 kAR #E
AR OBEFIREORAIZ O N D EEZZTWD, £z, Yb LS OE
FEMRIC LY Yo OREMEZ T 2 2 & S FRRIC 2R - 72, AR I
BRFOAEEIZOWTHH, Yb & Pd Z & Te T {55 T 20 miAD Yb
EIHMLTHEZARICERT 2EMFENTTIA RN L —Ta gL
D4 IRBEMER O BLURIR OV SUIRBE 4 e 3 R R G b hvT,

3. FLHERE
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L 0.36 K CHEENBIIL D, NRERIE EEER RS O R
PERATE,

FEBAEE 7R OUERE A - TS OB 21T o 72, Tsai-type D7 7 A X — &% D) TOBREAETH H Au-Ge-Yb iT
EifEdaE RO L, RS OEWTE FREBEZHI TE 2 2 Loz, Yo SO LREWIZ LY Yo ORLMEAS
A5 Z LN ATREIC 72 D . Yb 23 e RS & + STl & CIEIEIERB OREMEN B S, FEET7-2NRATE - iBEEO PPk
REIZ & 5 D Yo DD b ENRRTH D Z L 2 RETHRERNIG LN, T OFFE TS Lo R THRRELIE
FRATREZ2 RN N 223 D | WG - TS SIS 36 1T DRGSR 72 BT « SLECIRTE & WETBRE D BILR & F -~ 2 AR J0 1 6
SHFENEEZBZTND,

ARFICNT AL A HEN S MEUL LR OB CEIT SN b DO THY | ZZICEHOSER L ET, ZOWERES
EREIC U7z S HBEAEfEOERR Y — 2 > 3 v 7 Toyota RIKEN International Workshop 2015 "Strongly Correlated Electron
System: Open Space between Heavy Fermion and Quasi-crystals" http://www.sces.toyotariken.jp/index.html (Z=FfEHIZ, 25%
B, ABULEER, EREMEER) 24 R R THEE - ZIMEETWielZnie 2 SIE#H LET,
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Construction of deoxyribozyme (DNAzyme) that binds flavin as a cofactor
Tatsuya Iwata™

Flavins (riboflavin, FMN and FAD) are yellow pigments known as vitamin B2 and its derivatives.
Flavins act as cofactors in enzymes so that flavin-binding enzymes have diverse functions. In biomolecules
which show enzymatic activities, there are RNA (ribozymes) and DNA (deoxyribozymes). My goal is to
construct flavin-binding deoxyribozymes (DNAzyme) that functions as a redox-active enzyme. Here, using
already reported nucleotide sequences which bind flavins, spectroscopic characterization of DNA-flavin
complexes was carried out. “Lauhon_DNA” could bind riboflavin by mixing them at room temperature.
Lauhon_DNA-flavin complex was longer-wavelength shifted and highly fluorescence-quenched. On the
other hand, “Fan_DNA” did not bind FMN. Possible structures of DNA-flavin complexes are discussed.

1. FC®HIC

77vy (URZZ By, FMN, FAD) (I#EEZ 2 LIMEERTHY, BEX IV B2 KOZOFEKRE LTHMLND. 7
537%ﬁ%$k¢5&yﬂ7ﬁ’i%ﬁﬁ@ﬁﬁﬁfb AU RTF RET TR L2 R WOBESR NS & %5, 2011
EORBINCLDE, 7T UG X /I E 216 D H 5 9 FNIRLIRTEER Th DA, EBEER - DUREREE - Bk
m%f-Aﬁ%f_ YEENDLDONIFEL, FOREEDSZEEIEE 5 RNV DH Z LN TX 5.

FUET7 TR RXIEDY S, 778 2 HRBINOGOHEL L THEET A HOE L —F R B a5 e LTI
%ﬁof%t.ﬂ WRTHDHI7 VT R - LOV RAA L «BLUF RAA L, BRISIZZERENR D, FATZENE
Bt —F R ERREOIGEHRLT 57 7 EVEFORRICEEEZ D, TNENORISIZNEDT

/Ekﬁ;%%@%m%7k??fhéﬁf“%7—)I’f%ﬁ*@?% (FTIR) 3 iEZE W TH LN L TE %

EZAT, INFETITMOLN TV DB Z BT 280 11X, ZDIFEEAENRRY XTF REN LR Z X
BTho. BERIEEZFFORNA (UARYPA L) bELENTWDN, R ULERETH L DNAIZERIEEEZ R >OREA I 0 ?
DNA %52 (A% U RYP A L, DNAzyme) 1& invitro A7 U —=1 7 OfEHE L LT 1994 FEITRVICHE SN
HEINTWD DNA BER TR S (R O UG E B IR, & 2T, MR ZEG L CHET 2 DNA R ThIuZ & v mimtEie
K&ék%it.ﬁ%%kbf755y%§w,@%%%W@#é’k%ﬁ%kbfﬂ%%%ﬁbt.7?Eyﬁ%m
BIUEEAE LTHONTEY, ¥ 37| "r’h/*\bf:#ﬁ*‘é —BFELN (T =4 T UV, ik I % )
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MRV TELIZRWIEZASS. 77t/ﬁ&ﬁ %%#Aﬁéﬁ& X, RNA 7 72~ — U R AL vy F s T
BY, DNA-7 7 EUVEAEEROERIC OO THIRILO 2 W EE TV »° BEE TICHM E§ % DNA BEROERICITE -
TR, DNA-7 T B A RO BLBRE 2 RHEZ Al Lo THiET 5.

2. EBRFE
BEIZ 7 B AT 22 EDRMONTOAKBORLSIID S, 77 B kA9 5 DNA & L CRE S L/zfidsl] !
RREE NG SN TWD RNA-7 T E U EAIK DO RNA 2 DNA ICE XM A2 - b DA RATE. HBEBEICOWTIZIDNA RN T T
EEERER T 208 9 EF~T. fEGOBRINTES - FTHL 0 & a0t GBE 2 W TIT o 72, il & %3 D DNA
&I “Lathon_DNA” |, “Fan_DNA” LIRS Z L2795, HERSNIILITO@ED Thb.
Lauhon_ DNA 5’ -GGAACGACGGGTGGGTGGGAGGGAGATCGTTCC-3"
Fan_DNA 5" -GGCGTGTAGGATATGCTTCGGCAGAAGGACACGCC-3"
FEEDNA A IX T L AT RIFBREOGKR Y —ERIZL VAT L. E, VAZ7IE UL N IIREIVIEALL.
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UYAR7Z L Lauhon DNA [Z LT O OREMEHE (300 mMKC1, 5 mMMgCl,, 20 mM HEPES-KOH, pH7.5) 12, FMN & Fan_DNA
I3HEE (150 mM NaCl, 4 mM MgCl,, 10 mM NaH,PO,-NaOH, 0.1 mM EDTA, pH6.5) IZZHNEHEML, 7T & DNA D
WEZZNZENS.3 M (0.D. 45, =~0.1), 1 mMIZFHR L7,

B HPEH 2y MZ 2l DV RTTELERAZ—F— =% 1%, DNA IWiREZ N2 TAXZ—F —TIRAG L,
RO - TR & HO AT MLV ERIE (ZAVEFL JASCO V550, FP-6500 43 tan i) L7z,

3. BREEE
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oot (¥ 2) REIEHIE (F—2IFRET) TEWT L LiETE o7, R UALSIO RNA IEZEIR TOIRE T FIN
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7EeHEE ST
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Development of circularly polarized light emission materials
using cyclic organic compounds as a scaffold

Koji Takagi™

We synthesized 4-alkylaminobenzoic acid derivatives bearing two alkoxy groups at the 2- and 5-positions
and performed the cyclic oligomerization thereof. It was found that the steric factor of the substituent
impacted on the effectiveness and diastereoselectivity of the cyclic trimerization. The quantum chemical
calculation was carried out to discuss the experimental results. Unfortunately, the obtained cyclic trimers
gradually decomposed probably due to the m-electron rich system confined in the nano space.
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K2 ITRTITRICHE ST, A RFVEEATDIML, A7 FAAFTEEFTEM2 24K LTZ, B0 25Vt e
¥ v-4-= b r 2 BER A TV % Willamson BKIZ L > Tm—T LAY~ LFHE L, = heoiEir, 73/ EoEx
A~ 2L, = AT VKGR A NERAT - 7o ek AbB W ORI & HE 1L, NMR A7 L & el CRiss L7,
E /v —MI1, M2 {23t LT, JEiciis LT % SiCly/Pyridine Al 2 AW /- fi G ERALIS 21T o7, B/ ~—M1 Z 7z
BE. YIS~ 8T T T 4 —H%ICGPCHIERIT ST/ R, A4 E—27I2Mx T, @y r&ilcd ©—2 2 E
BIEn7z720, 53H GPC T k- THrBERE L L 7=,
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HEEL 72 CTA1 @ 'TH.NMR A7 hUZiE, BHEEE A M ¥ coscH, coscH, coscH,
SERAITER D /NS 22 SOV NBE S ui= 7= 8, NOESY OH OR OR
2R MVHIEZRTo7- (M2), —HEv—27 S5 Ccx TV Ho RO RO
WEFTS S B H OO, WFROMEICE 6 DD~ A F—E— Nz No N
ITIBHY ., FNOOMIZBEWFHBEN R ON-, E- T, CO,CH; CO,H

'H-NMR 227 M TEEI SRz A A v E— 2 I RRRIKE ¢ M1 (R = CHy)
SSSEICHRT B HDOTHY . ~vA F—E =2 %, RRS K R o He s ety

L RSSHICRIES NS L E2 bND, EEIT CTAL Oz Cofla Cotts

ERBE, DESOWERBRET S EIC L VBRI 210y e sots oo TueMeon el vt
Ffi7z 6 SOV T FABBRSND EFZ B, KRRFEL H2 E Ml L M2 OEHA—

< —BT %, oL 'H-NMR 2~7 bV OREA R LV | e e e .

RRRIE+SSSIK) : (RRSE:RSSIHE) =60:40 &HH moasomM :
Liz, Tbb, A XV EEZETSE ML Tk, V7 AT L LA v ﬁﬁig%ﬂh'g

AR IIIERICAE N 2 & 235300 72, 2 DT &I 5 Arc l
FRL, HREHR 21T 572, Spartan ’08 7’2 77 AT RR.R | ‘\ i
& RR.S IKDOIFEMENT (MMFF L~UL) 24T, S50/ \‘ '
BoJ# % % &1, Gaussian *09 7' 7' Z AT DFT 5 : ikl . \ i
(B3LYP/6-31G(d) L' ~V) #AT - T, EEEME L =RV I !
X% B L72, Fi O KL F— 3513 8.1 keal/mol TH Y | ‘
SFEERELL 2NV ERRNWT T AT L ARIRMED —K T
boHERPND, —F, B/ ~—M2 EHWEEAEL, IGR
20% T CTA2 3G 5472, —¥KIt 'H-NMR 222 kL Dff
RE XY (RRRIE+SSSIK) & (RRSIK: RSSK)
DIFEH 2B L7655, 89 : 11 ThoTre ¥ XA A
OFED HERFHEIZIT o TS | K& ZLIREEE D 2 Ghonica St (o)
TRLF—ENREL RoT2ld T AT L AR A ) B2 CTAl ®¥EKNOESY F+— k (CDCL)
EL2EBZ N5, B SERIEBUSIZH VW TIE, CTAL
DERKRFFICR 572 GPC O @&y Bl — 27 BRI/ SN EnD, BIEZEL b m@EINNICET Lz Ebh s,

F1 Chemical Shift (ppm)

\\\\\\\\\\\\\\\\\\\\\\\
675 610 665 660 655 650 645 640 635 630 625 620 615 610

3. F¥&H

EELEOHHICE > TOT7 AT UARIARBRGOSMZZER N RO Z E #5202 Lz, 5 5417z CTAL X° CTA2
ITEKFCRLZETHY , KKROBTHLMWMEHEMEZERTDICEL o0, F/ BHICETERE &
AL ISR E KT 5 EERMAN G LN,

BIEE ROFIRIE. AR E A S BT OB HBEF A D T —RRIC L > TEITENT-HDTH Y, Z IR LT
BHNZ LET,
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Exploration of perovskite-type dielectric materials
by ab initio calculations and machine learning

Masanobu Nakayama™ and Masanari Ohtake

We investigated dielectric constants of perovskite-type compounds, ABOs, over 420 structures comprising
of 30 compositions and 14 space groups. The results are analyzed by partial least squares (PLS) method to
evaluate quantitatively the relationship between dielectric constants and structural parameters (descriptor), such
as lattice parameters, electric negativities, radial distribution function (RDF), and so on. It is found that
increasing of dielectric constants caused by iconicity of B cation and presence of empty d band of B cation.
Accordingly, we interpreted these statistical results as follows; (i) high ionicity of B cation leads to enhance
ionic polarization, and (ii) presence of empty d band of B cation indicates second ordered Jahn-Teller effect.

. ®E

ﬁ*mtﬁz/yxu:/T/#&&&Lf R IC WO TV D, FFERE T I v 7 A% 1942 4£1Z BaTiOs 28
FERIA, IGH HMEFRICLETH D Z &ﬁ%&ﬁ#%iotm F 72, BaTiO: 13N ABO: TEINDHXa T AT
A MEEZFFOEHOWED S LOOEDTHY | FMIHE EOBEUCHREIRIC X DM EHER T, @V iFERME,
JEERMEEE R THMEIN S BRI TE 7, LiL, BUEICED T THEMRMENT BaTios 3 Ei & LTHW LA TE
D, ITAEOE IR O/NIE « BPERE L DR BRI O AR D ST
Libtio_\ADTZW%F%Ei%M%%%fT#Mﬂ#%<%ﬁéﬂf“étw MR IR RB2ATH 2 &
\2 &Y BaTiOs L Y BB ERME OB AR SN D, LnL, DF 4 Ok & B OMAGDERIERTH D
t . MR A BHESR IR - WER S X RRRT S EEZBND, Lo T, %ﬁ%@kﬁw-%m@%%%
RN T 2RI 2T S Z LIS ROMBHER O ECEECH L B LD, £ I CARMETIE, FHEERICONT
B FHG R & S BT A A S DT %%ﬁwé_tLi0£%$&ﬁ%ﬂwwﬁ%-%muﬁﬁTéﬁﬁ%%
FEAR L 7=,

2. EBHE

ARFFED 6B EHZIZ, ABO3(A= Ba, Ca, Mg, Sr, Zr; B= Ge, Si, Sn, Ti, Zn)4= 30 i Y OFA A ORI LT,
(Pm3m, R3r, R3h, R3ch, R3ch, PAmm, P4/mmm, P65 /mmc, R3mr, R3mr, Pnma, Pbnm, Imma, Fmmm) 4= 14 T&¥6 0D 2= R R
ERRE LT 200 T MIOWTEE LT, £7 . ZIEILOMEAEK - 252 Fr o8 O 75 55 & 5 LB E0E Bhin
(Density functional perturbation theory, DFPTIIZ 55 < S — I Lo THEM L7z, £0%, SWEIZxH LT, fAk -
WEICENT 2501 FRHZEEL) T&H 2 Cohesive Energy, TERIEVEE, A A2, fEE K. Bulk modulus, Bader
Charge, Eh#2454f B %k (Radial distribution function, RDF), {KAE% # (Density of states, DOS) & #i i L, ZEEMHTDO—>T
&5 PLS [HIR T & HWCHEERE TR L7z, £, FERL THT 57200 TRIRAERT BT, FHER LN
EOVEL 72 B E T (variable importance in the prOJectlon VIP) IZL VRl L7z, F—REFHAZITOMAEY 7 Y

7 121X Vienna Ab-initio simulation package(VASP)Z I\, k R A v ¥ 2 137 & xy,z ICXT 25 k A v ¥ 2 OFERK

1%0’&éibzﬁﬁbtoﬁﬁﬁ@ﬁyhﬁ7x?w% 12 500eV & L, B AHH EAERICIT GGA Tk a v
7o PLS [EURHT 24T S Y 7 7 = 7IZiE, SAS Institute £1:0> JMP Pro 11 & FH\ 7z,
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3. MRLER :

[ 1155 —JEREG(DFPT #5)IC & 0 S L7z —HOMKOFE mr
SEITOVTHIRIE L e LA R AR T 27T, BERERW TR | A
LICEERT Y v OS5 RS DFEMEIC SV TRl 21T - 72, 5t
R LY, HoFEAHEIC LY EREARE L ~HLTED Bt
EDRRENTZ, LU, SITiOs IOV T s — B T3 2r
FTEFEENBE CTERNWI LD LFEBRDERMEICHATHS 2 r
EAR LTINS EEZ LD, tr

£11+€2,+E33 0
=7 3 (M CaHfO3 CaZrO3 CaTiO3 SrZr03 SrHfO3 BaHfO3 BaZrO3  SITIO3

3
Kz, FEREERFTEOE TR, MK - HEICERT 2 o
ERTIC L > CTB L7, 92 10— EEEHE(DFPT )i L 0 &
L7383 & PLS IR HTIC & - TTHl L7if s & 2 8 &g 1. H—FE B (DFTP) & £ L 5 FHERO M
WLk A m s, MR R 0 2 675 0.80 T % = & 75 PLS
ERAHFIC & » CHBREE L THTETWA L b

L RZ2=0.80 .2

%, £7-. FEREZTHT D FUREERT D8I, FER~O 6
FHEHENREZ VL - HEICERT 28R F2RE L 2 A, 5 RMSE = 0.46

B LMD WELIR 71X B 7 94 @ Bader Charge & B 7 74
VOAREREOIRBERE(DOS) TH D & bhroT=, BIF AL D
Bader Charge |34 A &2 RT, ZHUd, A A HERRELARD
&L HHREGTEDIRN A T A VRIS A A LSRRI B E2
— AV IPRRELARDZEICEIVFBENPRE I RDIEE2ERL
TWbEEZLND, 72, BAT A OREBEEIZOWVTIEX 3 , ‘ ,
ICFHEROKE D o 72 SITiOs DIRIEHE &2 ~d, JREATHENT 0 2 4 6
HAIHEE LAENE O E RSN TH Y, SITiOs DZED In(e) by PLS

ANV RERLTWAEEZLND, ZOZ LIE, ZED ANV R
DIFEIC L VFEBRNRKEL DI EEZRBLTVWDHESZL
. 220 d ANV REFOMEIZ 2 ROY—20T 7 —FIck v N\
HAREANEANSI, FEESRKE LD ARMEELREBEL TN
EEZEZLND, 1L, RFETIEB  F 4 OBEBERIC OV
TIZED AR RELOhF A LNEBLTWaWzd, B

() by DFPT
s

B 2. PLS [T OfE R

[#.0]

F 520 DOS 12 SN T IO AE b 2 7 B A I T b & or I
B D RER DS L EX DN D, \
4. $E

states / states atom-TeV1

(3]
T
|

FHELE%L PLS [FFHHTIC X W DFPT 31 &[RRI TRITX 5

s
TlERLE, Eo, VIPEHEIC L D ERAICHEEEL MEE D 2

W) i n I 1 s I
ORER T2 5T 5 2 L HBRZ, BAMICITIE B 1 F A 50 -0 5 0 5 10
YOAFAEREL . KB AT ALPED S REFOZ L e E-Efermi / eV

NEETHD I ENRBEI NI,
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Synthesis of titanium sub-oxide using the chemical reduction
Takahiro Saida™

Titanium sub-oxide was synthesized from three types titanium-dioxide which has a rutile structure or an
anatase structure, ultrafine particles. In this study, the chemical reduction process using a sodium borohydride
was employed in order to develop of new synthesis method with the low cost and the high versatility. After
the chemical reduction process, all samples were colored to black from white. Thus, the oxygen vacancy site
may be introduced to all samples. In this time, rutile type and anatse type titanium dioxides were kept their
crystal structures. On the other hand, ultrafine particle of titanium dioxide changed to rutile structure.

1. W8

BTE, BT 2 XA GAERA~OFIHIZIEE D, BUHAE R, A 4 2 g, SBARRIA], 7T AT v 7 O
HTEAT, SEARBEZR & 22 2 IS CREICRI ST 5. 2h b o & Coaen ki & OBF O HES~D &
HISHBEEAEZ W E L, T, EBxtEBbT 2 UM EEEZED TV 5. BEm (LT ¥ i, BRIV A FOFIEIC L
O, BEOAGRILT X LR, BAEZRE L TEBVERBEMEICLENLTWD. £, N R¥y v 7y R —4EL
DR EN D T DB O BT &2 o & _THRO. AT, @O AG{bF ¥ o L AR 2 eI L Tv
L. ZO7D, KROREUS ORI KX OWER 7 FTERRE R O I 15 &8 RAMEC AR, U F U A A 4 ZIRE
OB B E~OISHAFIHEZ BIY & LIZHERE I TOI T\ b, — iR 7ZRECHERLT 7 o OFERNEE, KFERHA
RUFIZRBIT 2 BVLER E 7o 1350 1 7238 0 Al & AW Ab 850, 872 UV L—Y DR RO b5, 207z, BRI
AL <, WHEZRRITCHRBILT X U2 KREICERTH 2 EDNE L. B mlaebic L2 bT 2 > OFH &R
FERTERTIL, AR A SO OPHMEEZ AT 28 0B LT % o OFBA R FEORRE N EELRF/R2HA D 1 2 Th
L. ZORERD 1 HE LT, T, BbT ¥ % NRZ 7T 4 7 AR T B FEORHE SRR 2 ED 7. 5T,
IRFRFS D FEAE L LT F & —BRE A MERF L7 & £ OEuEm b T & L O FUiiE 2 A3 58 ol b &
VOLHMEINTND. ZUONEREZEOLEB L LT, BT Z U IcBnW T, Bk LU RE & filEH
HIENWHRBERD ZENETOEND. LM LAERE, THOEHOFETIESAMFIEICK U TRE DR iSO G
BENLAMEICZ L. — BT, 2NOHWEOEB ORI LB 2 &, Zili7e FiETOBETHERILT ¥ > OFiEs X
OSSO L DRI N EEN TS EE 2D, £ 2T, AL TIE, THIRO =FEEOmBRLT & &2 H¥EWE & LT
(s e s & O T2 B 2> Z2fli 2 FIEIC ClReEB kT % O G /Z BRY & L.
2. EBFIE

TR O/ F VBLFEAZE T2 5 ~5 um, 99.9%)35 L V7 F & —E&(Sigma Aldrich Corporation ; ~325 mesh, >99%), ##
PRLFIR (A R SERR 5 ST-01, ~7 nm, 300 m? g YD{LF ¥ v & HHEWE & Lic. HROm(LF ¥ st RKIBY A b &
BAISELDETAE LTKRBEARTEF N L2V, Bl 1 8 OFIG Tk T & v LkFbAR U H#HF Y
U LRI TS T 30 R G Lictk, HHCE L CABKEINZ, 4 LIOREBCERFAK T2 H L.
O, RKHFIZTI00CT 1 REARIF L, FTEORE £ CHIE L 12 BERBER 21770 o 72, BERZ ISR THeig L,
BT NV U LERE Lo, BRI OO R 2 TR S LT,
3. BRLEE

KFBLFTFEF N U L& WAL PR TTLEL 21T 5 2 & C, VFAMB LT & —88, ki o =—FfHEa T
D TiO (B W TREALPHER Sz, —RIZ TIO ITMBEXRBY A FBREASND LROZET LI LPHMLA TS
W, =D TIO BRIV A MREAINZEEZ NS, AT, SEAN-AHEEIRIC I DI A~_ 7 b v
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Mo, N RFEY v T2 RS 5 LAEFE T L v N Ry _ Reduced rutile
Y FERNRIINE T o TNz, ZHUR, BRI bavg 2 l TiO,
AEND T ET, FF—HABR Sy FE Y v 7230 — IJI "
P LTe & B 2 b o ALFEOLMIRIR B 5 RIBMEE @

ZXRDIZEXVFAELZ (1), VFARTIOBIOY T 42 —F¥ % rutile T|02
B TiO CTlf, (EERITCALEHZICEB VT LI SN ICHEME RS l,l \

HEZ MR LT, L LANRD, B2 LT A TiO, I e B
BROTFZ—EATIO L bITHAD L TRV, (L& E2T 5 Reduced anatase
725 Z L CRIBEMBFME T35 2 L dreshiz. 7, v— 8 e TIO
UREOWYRE, THE—CHTIOOHBREV. 1, @ 2

KT Tl ST01 I, (L2177 ) & REMMBITFN L § anatase TiO,
OIUWIRREI E— 7 288545 Z LR, &b, 1 E I ﬂﬂh | \

R MR B AL R TR 5 2 % B T~ U A IEIC X Y T i e ek
A L7z (M2). 72720, Bk Tio: Th 5 ST-01 2 ET S
BT AR B L — P IREE 2 AU T2 72, A CIEME ORI 72
Z72\N. XRD OfEF L FRRIC, AFAM T B LT & —E R
TiO2 T, HREME LR CRBATHD Z LIRS, LdL,
FRL 7RO TiO2 T % ST-01 TIZHBEME N T T2 —EHiET
H2IZHED O, ALFRTABR I FAEE~ SRR LT | |
N5 Z EAVREALE. XRD BLUT Y IBEORRND, BEE 10 20 30 40 50 60 70 80

Reduced ST-01

Intensity / a.u.

ST-01

HIEO N F N TIO DI A, FEHRRBT A NEAR b E % 260/ deg.
HEFR LB <, 7 2 —BHEE CIThiE s N WAV F Uiz 1. (LR TTLEIIR IS BT B F A Ti0: 35 L O
FEERE 5 2 L VR STz, 7 F K — PR TiOp, MK T TiO2 D XRD /35—

FRFR RAEY A N AR DERFIE LRSI 2 filRE 2 BB XAL PRI TIEIC K 0 il § 2 &, BRR K1 N DIEAEIC
L0 ERE A A BT T & AHERE ST

4. £EO

TR D ZFF O T # (LT ABES R O 2 — BRI, B E HEWE & L OKkRbAR RS R
Vo LwIRICAIE LA FR k2 JEi L=, 2 OfEE, VFA ARG L O 7 ¥ — RS T, BRXET A
BARISS HREWE OREREE AR L T, 5%, BB ORI 21T VIR KB E ORI Z Hfs L7,

HiEE

AFGEIE, BIRPRPGERE L P HROEAELTE L OLFEHRIC L 26D ThH D, ZIICR L THELERT DRE
Thbd, BBV FE LD, R E IRV E E LB APt IR LB L RiFET.
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( A) Reduced rutile TiO, . (B) Reduced anatase TiO, . (C) Reduced ST-01
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Intensity / a.u
Intensity / a.u

anatase TiQ,
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Intensity / a.u
Intensity [ a.u.
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Establishment on Estimation Method of Hydrogen Migration Process in Hydrogen-absorbed
and -stored Lithium Oxide Materials Using Elastic Recoil Detection Technique

Bun Tsuchiya™

Hydrogen (H)- and water (H,0O)-storage and desorption characteristics of Li,ZrO; materials with various
densities of 2.53~3.78 g/cm3, exposed to normal air at room temperature, have been investigated by means
of weight gain (WG) measurement, elastic recoil detection (ERD), and thermal desorption spectroscopy
(TDS) techniques. The fraction of WG gradually increased with an increase of air exposure time and
subsequently reached to saturation. The increasing rate and saturation WG were the highest values for the
lowest density. In particular, the largest fraction of WG for Li,ZrO; with 2.53 g/cm3 was approximately 24
wt% at the air exposure time of 1500 hrs. It was confirmed using ERD and TDS that the H was absorbed into
Li,ZrO; in air at room temperature and some gases such as H, and CO, as well as H,O were desorbed from it
in vacuum at much low temperatures less than approximately 373 K, respectively. These results indicate that
oxygen vacancies may play an important role for the water dissociation, H storage, absorption and desorption
characters of H into the Li,ZrO; bulk.

1. B8

BfE, HAEEARERER O KRS M) BHATICR D S5 B AR BRI, P X OV RRE L, A iRETE. 5wtk
Ll Eo i OEBIFHA RS X O 1I50CLL FOMIBRE CTH D Y, AFERETIE, ZhE T, FEBLORKZTICBNT
LETHOIEHREOE W) F 7 5F X x— b (Li,Ti0,) . UV F v L0 ax—k (LiZr0,) ., VF v LY 77— b (Li,Si0,)
t T I w7 AMELO H R & AT R R LiyZr0, 38 X OV LI, S10, OMEHZ R W T, MEtOEENFEIRIZB W TERIC
BT 721 TR L L BT 52 2R ALY Y, ZoEEOEINL., 22K T OKKKPMERICERYIAEN, HE
LM ENTWD Z EZERLTRY HIRAKS R ZFI U7 g2 kb E A H AU O BR R~ & 825 25 "TREME D &
Do LILZ2NG, VF U LR E T I v 7 ZARPET O H Z2EHEBIHIT 2 FEN Wz, 2o ) F U st 7 2
o & ZRPEFR O HWRIN, BERS L OIS B 595 A = R AW TR B S STV 2RV, 2 00 H R B e A o
A F5 KOV H BRI, s K OV B -3 5 R FE O BUGE S & R > 5 Z & 13REN B o> 1 AERTR O BRI 12 38 T
THETH D,

AWFFE T, BRI 1 # ) (ERD) 535 K OB (TDS) 54 H W T IR T2&UCIR STz LiyZr0, B o0 H B RS, BT
ZEFRPHRUC B WD TIMB S 723l kb & 0 W, i B % 2 O35 CHIE U, H WO ETEAT D H I, BT+ & OV RG> 2
H=ALERENCTHI ERHE L,

35.0 T T T T
® 2.53 g/lcm® Li,ZrO,

-~ 2.98 glem® exposure to air
¢ 3.46 g/lcm® after annealing a 623 K

250} V3.78glem’ 0 omem @ooes 00 00 O ]
)

w
o
o

2. EE

1373~1673 K DR THER S 117211408, 0x1. 0 mm®, 2. 53~
3. 78 g/cm’ DFELE | HURL A, (d A BUAIE) O Li,Zr0, skt 2 A L7,
IO OB A 1x107° Pa BLF OIELZETRHHA T 623 K £ TIMEAL
f%%H%WD%mt%r@%&@%K@%ﬁkiUﬁa%%%Rﬂ

20.0F V4 ]

150_ /AMAMAA JAVAVS 22 Ne 2 ANWAAVANAVAYAN AN AN PAWAN

Fraction of Weight Gain (wt%)

10.0 ]
DOHFHEFEIZIB D THI 1x10° Pa(l KJE) DZEKICTIR LA b, % ¢
BT R A N L RHIN (V6) BRI & 0 A 2 K BEEEISHIC AT 5 £ S0LS messs @ @ee srma woves o000 o8
KA DRB D B R A NE L, Ein, LT & 7 N 0 00
5D 2.8 MeVHe* 4 > &7 u—7E—A L L72 ERD {2 W T, 3k Exposure Time (hrs)
*+EP@H0%§%(EUELfCO é%é:\ EE‘Zﬁ*EC:f&Of‘Z?&\ no 1. SR CZEAICEE SNz Li,Zr0, O E &2
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. . ; ) 300 R R s MAARRRssssss
DK A EZERPHR TR B 673~773 K OFREEIZIB T 10 4y ERD spectra, 2.8 MeV He®

M DR NZ (isochronal annealing) #47Vy, ERD {#EZHWT, &FiR 250 Li,Zr0, (2.53 glem?) ar 3523 hrs
ECH 1 DREHRO HREOTLIC WIS, Fh, WEWRE 0|

BT (Qmass) & AV S IR L 0 BB ORISR A A g S

HBT B & LI, HOMBERE 2 JE L1, 3" ﬁé;ﬁw%ﬁ%imwm-
100 [ 2 N .Az{ -
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Engineering a chimeric complex of plant enzymes to improve photosynthetic production of

bio-ethylene by cyanobacterium

Sadanari Jindou™

Current society relies on large-scale production of plastics such as polyethylene, polystyrene, polyethylene
terephthalate. Ethylene is a significantly important industrial raw material for manufacturing plastics, and
used to produce various petrochemical products. However, ethylene production is limited to their availability
of petroleum oil, and is emitting large amount of CO, which is one of the major green house gases. We
therefore engineered a cyanobacterium using a synthetic biological approach to construct a photosynthetic
system producing ethylene from carbon dioxide. Furthermore, we attempted to improve the efficiency of
ethylene-biosynthesizing enzymes with an enzyme complexation technology that mimics biomass
decomposition systems found in anaerobic microorganisms. Specifically, 1-amino-cyclopropane-I-
carboxylic acid (ACC) synthase (ACS) and ACC oxidase (ACO), which are plant-derived enzymes involved
in ethylene biosynthesis, were converted to enzyme complexes by cellulosome engineering to construct a
multi-enzyme machinery chimera (Ethylenome SOC2), which was introduced into the cyanobacterial cells.
In this study, we changed the enzyme composition of Ethylenome to further improve the efficiency of
bio-ethylene production. Specifically, Arabidopsis thaliana-derived methylthioadenosine (MTA) nucleosidase
(MTAN) 1 or 2 was newly incorporated in addition to ACS and ACO constituting the existing enzyme
complex (SOC2). Herein, we report the bio-ethylene production activity of cyanobacteria that have enzyme
complexes retaining these three enzymes (SOC3D1 and D2).
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Acquiring Semantic Representation of Keywords and Documents
for Flexible Document Retrieval

Makoto Miwa™

Recently, neural language models have received a wide attention in natural language processing and
speech recognition. Such models map linguistic units like words, phrases, and sentences into a vector space,
but they do not treat non-linguistic information like attributes of documents. This research extends a neural
language model for modeling the relations between the units and attributes, and uses the model for semantic
search. In the experiments with scientific bibliography data, our model shows reasonable performance in
predicting authors from the remaining part of the bibliography. The model also allow the users to search for
similar authors, papers, etc., which could not be queried to keyword-based search systems.
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Development of the gene detection method using the chemical reaction probes
Aya Shibata™

The technologies of nucleic acid detection are used for disease diagnosis, virus screening,
food or environment inspection and others. As one of its methods, the chemical probes, which
were based on templated reaction, were reported. These probes can amplify the signal under
isothermal conditions. However, the detection limit of these probes is not enough to the gene
detection in the living cells. In this research, we challenge the development of the new gene
detection method consist of the two chemical reaction. One is templated reaction based on the
target gene. The other is deprotection reaction which is triggered by singlet oxygen. We
designed and synthesized the two chemical reaction probes.
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Recently developed technologies on measurement engineering, such as scanning transmission electron
microscopes, have enabled us to monitor characterizations simultaneously. Thus analyzing such large datasets
recoded in tensors (multi-dimensional data arrays) is becoming more and more important. This research
project has developed nonnegative tensor (or matrix) factorization methods to combine auxiliary information
sources and physical conditions and to extend noise models from an additive Gaussian model to more general
models including a Poisson noise model. Numerical experimental results using a STEM-EELS microscopy
dataset demonstrated effectiveness of the developed method.
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Synthesis of Na Doped Ge Clathrate Films on Sapphire Substrates

Fumitaka Ohashi*

Type II Ge clathrates are the materials structured by Ge20 and Ge28 atomic cages. In the cages, metallic
atoms are generally included during the synthesis as guest atoms. However, in the case of Na included
type II Ge clathrate, atomic concentrations of Na are decreased from the cage structure by an annealing
process after the synthesis. Na removed type II Ge clathrates is known to have a semiconductive properties
with 1.2 eV of direct band gap. Such characteristics arouse interests as a novel photo-absorption material
for solar cells. However, the general preparation process results in the powder shapes of type II Ge clathrates.
The powder shapes cause difficulties on characterizations of semiconducting properties and fabrication of
electronic devices. In this work, formations of type II Ge clathrate film on sapphire substrate were conducted
using a-Ge films deposited by sputtering. In addition, optimization works were conducted by changing the
annealing conditions for the precursor preparation in order to reduce the amorphous phase in the films.
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Automatic Optimization of Thread Mapping for GPGPU Programming Framework
Kazuhiko Ohno™

Although recent GPUs are widely used for high-performance computing, standard programming
frameworks such as CUDA require low-level specifications and are difficult. Thus we are developing an
casier framework named MESI-CUDA, which automatically generates optimized low-level code. However,
the optimization of thread mapping is still insufficient; dynamic optimization depending on the execution
environment is not possible because our current scheme is based on a static code transformation. In this report,
we propose an implicit dynamic thread mapping scheme. In our scheme, the compiler converts user’s thread
invocations into job submissions. The runtime scheduler dynamically partitions each job into tasks and
executes on available GPU devices. The evaluation result shows that our scheme can automatically utilize
heterogeneous devices without user’s additional specifications.
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Development of Tendon-Driven Mechanism for Haptic Forceps for Remote Endoscopic Surgery

Daisuke Yashiro™®

Although minimally invasive endoscopic surgeries have been attracted attentions, the quality of a surgery
depends on surgeon’s skill. The reason comes from the fact that an endoscope has narrow viewing angle
and surgical tools in patient body have low-degree-of-freedom. One of the approaches to solve the issue
is utilization of a surgical robot such as da Vinci. Since downsizing of an end-effector is required for surgery
robots, a tendon-driven joint is effective. However conventional tendon-driven joints for surgery robots do
not achieve force control. This research therefore develops a force control system using a tendon-driven
joint with one-degree-of-freedom which consists of an ultrasonic motor, two linear springs, a wire, and a
pulley block to downsize the whole system. In addition, a force control system using a tendon-driven joint
with two-degrees-of-freedom is also developed. The validity is verified by experiments.
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Development of High-brightness Spin-polarized Field Emitter for Searching New Magnetic Materials

Shigekazu Nagai™

In this study, we attempted to develop a high-brightness spin-polarized field emitter for investigating new
magnetic materials. For improving brightness and spin polarization, Pt emitter covered with a thin Co film was
used as emitter material. Field emission microscope image revealed that a nano-protrusion was formed on the
apex of emitter by annealing above 150°C for 100 s. The maximum spin polarization of electrons field-emitted
from the emitter was 30% after that the emitter was annealed at 450°C. The optimization of annealing conditions
may be required to obtain higher the spin polarization.
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Analysis of nanoscale electro- and spintronics material by local physical quantities
Masato Senami”™

The purpose of our project is the establishment of the analysis method of electro- and spintronics
materials using local physical quantities in quantum field theory. For electronics, it is shown numerically
that the tension force is the counter force to the Lorentz force, and a new method to clarify the relation
between the local conductivity and the conductance of a material is proposed. For spintronics, the relation
between the symmetry of a material and the distribution of spin torque is shown, and it is proposed that
spin Hall effect can be understood in terms of spin vorticity.
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Room Temperature Hydrosynthesis of Nanoporous Spinel

Atsushi Kitada™

Attempts have been made to obtain a nanoporous spinel have been via room temperature aqueous solution
process. A mild oxidation of a lithium titanate spinel LiTi,0,4 with pure water resulted in the introduction of
67% lithium vacancies and subsequent migration of 28% titanium to 16¢ octahedral site. Electron diffraction
measurements using transmission electron microscopy suggested that vacancy clustering may not take place.

1. BE

A EFIVEBAEIIE ABOy DR TR SN, A VA B LB VA M RTHEOHALEDERTRETH D, b
AR BRBSPMEE R L, BAMEL Y T AL AU BMMEE LTERMEISN TS Db H 5, Bk L LTo
FEEEIZ A VA PO LiAF L DEVREMIZLDEN, T AV A FBRKBALIE [T/ R—=F AAE 3V B0, (B1) 1L,
B=MnllBWTHEENTWDS (1), T/ R—=F A T A MVTETRIEMAY E LT LiMnOy A B XL & HER
OEIREHC L > TERLIZOE, ZhE pH<2 OFBRICRIEL MY Sy b3 52 & THLD, L L B=Mn
DS OERS BB CIIMsE ST b3, MEHER B L OMIERERORMN H 5, & 2 TRIFETIEH L) R—
FAAERNDERKE, 1BV A FPOBRIZLD A YA FOlifE Lo 77 e—F T, Ko X N TEERRANES E
IRKIAHE 7 1 22 LT T=,

(a)

1 (a) WHDOAERINVABO, I L (b) F /R —F A A EH)LB,0, D i,
PEAUTAY A M F A E | KEAITBO R EZ KT,

2. EBAZE

FHRILAEH E LTAY A MIA L BEEOE W L, BV A MIRARSETHD Ti 23R L, LiTLhOs 2K L2, &
FIZEESR D FiE2 552 L, Ti, TiO, B L O LiyTisOp 2L B TRA L, ARFIZESEEHALIZOL 750°C T1#
M2 2 & TARLE (2),

2016453 8 H %
TP BERFA A 5 —
SRR KRR B T 2R SR B T4 ik



166 F ) B—F A AV R OEEKERS K

Z D LiTi,04 &, FAKFC2MERFFLIZE 2 A, AKFERA LB O DXIANIEA L, KD pH12 O5fE k1228 k
L7z, T7bb,
LiTi,04 + H,O — Li, ,Ti,04 + 1/2H, + xLiOH
DFIEPRZ 5T & B2 bvDd, T OFEHI OV TR X#RETHNE B KOG AE 7 BB E % =1 TIT - 72,
AR DRI HEER Z . pHT FEEAIE (NaH,PO, KIEE) 5 £ 10 0.1 M NaOH /KIFIE % AV CEIBTHHE NS 1EBTT- 72,

.REREEBR

KA X BT E OFEH LixTizO4@$$Hfﬁﬁ=‘bﬂ7L:: ERDh 0T, VF U LEx L, KGR DOKERIZ OV T O ICP
FEHHTREDD x =033 EPRE Lo, BRBEEIC LA BRI AT o IERKR IR I T Li4Fr 7 broda
AU S > T E B ER LT, B WI:/E.\%%: pH7 FEMEE E 7215 0.1 M NaOH /KIAHRIC R E T 1 H BRI
L7286, Li,Ti,04 DIEITAHIM & LT Nag, TigO6 28 5L, Na & Li DA A 2 &ZHUZ K - THEE D RLZEL Lofign
i Z o 7o REME DRI STz,

EH DR ERAEIEIZ BT DREM P A b (Li 23 8athA ~, Ti 23 16d %4 b, BEFHMN 32e A 1) ZE LG
X AREIPTIREE I D FEBR AT & GHRM A B Lie oz, T7bD TilFIC2ONWT 16d A RinbOBEINSG 5 Z L AUREE
ENTe, U— bbb MR 24T 572 & 25 BFEE a=0.8261 nm DS T, Ti D H 5 28%MNIED 16d FA 2D 16¢
FA MCBEIL TS E W) RN E LN,

O 16c A R A~OBENIIEE O AB,0, DMK E L DA E R ALEMTITR Z 72\, 7287 b . 16c 4)“4 M)%‘ﬁ%
AFrn8atA b Q) THY, WFAVRELORERFFEKLFEICLY 16d DI F A 0% 16c DA MIIESF 720
72O Thsd, LML, EFLD LigyTi0 D K 5&: 8a A MIKENAELILZ & THEXBENHE D, if_xb%/v%L
WCBWC BEON FREREL A Y—0OMIZH D 16d VA ~ D TiJFi11d 3:1 OE|E TRAIZFEE LTV 5 A3, Ligs3Ti,04

Tl 16d A MZ—H23BHEIT 5 2 &T&Ejﬂﬁ@ﬁ%tb 1£0.61:039 720 | HERFNIESNTWDS, UF U LNE
BICRBLEGEOSEMEETH LT T4 —BR LT 4 v bERRIF 3L i REMEZ & > CTRiE L 0528,
EHEO Ti ORI 111 EWETHD, LoT, LiKEOBEAZLD Ti R T-OBEANE - - 7= & L,

UVF O LEILDY T ALY T ORREEL Lou\ﬂﬁumv e, HREE S (TEM) & H 7 B8 m il E
BEIRICUTo72, b L7 TAZ Y VI PFET 286 BEBRFOBBICHE D A R U — 27 BEIPFTAR v M8
ENDHEFTTHD, LHLLR2ICTRT LI, lEI%ﬁlﬂa FU— bV M ORER D DA SN ZHIE &L —F L, ANV
— 7B ESNIR ) oTe, ZOEIICT TAX ) T R T RHMIA RIS o 7o, HERIEALETH D,

[001] [110] [111]

200 nm

o ')
) [} °
° ()
[} & e o gy e o & °
° °
(] (] s
3 [

K2 LiTi,0,» TEMEIZRE O R AREG, B O001], [110], [111] FrowE et

REFERENCES
(1) J.C. Hunter, J. Solid State Chem., 39, 142 (1981).

(2) Y. Ueda, T. Tanaka, K. Kosuge, M. Ishikawa and H. Yasuoka, J. Solid State Chem., 77, 401 (1988).



FHEHM - BB EZTEHA L2 VT2 ANF -3 R TV A 2 OWSERYE 167

- JAFIE *ﬂ’.’a":,EFH LY ILFIRILF—
NARIXY DR

: *
e B E

Research on Multi-Energy Management Using Battery and Fuel Cell

Yoshihiko Susuki®

This research aimed to develop methodology and tool for designing the system for managing multiple
types of energy using battery and fuel cell. For a prototype residential power system with battery, we
synthesized a mode switching law for leveling of output power of the system to its outside (commercial
distribution grid) from a set of linear temporal logics representing specifications for dynamic operations of
power apparatuses. The effectiveness of the synthesized switching law was established with a laboratory
simulator and a mathematical model. Also, we developed a mathematical model for dynamic operation of a
commercial fuel cell using input-output data measured experimentally, which would be used for designing a
system for managing the three-types of energy---electricity, heat, and hydrogen---in a single residential
household with battery and fuel cell.
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Facile Asymmetric Construction of 1,5-Benzothiazepines via Net Cycloadditions

Keisuke Asano™

1,5-Benzothiazepines are representative candidates of pharmaceuticals. Thus, it is of
significance to develop a facile method to construct such derivatives enantioselectively. In this
context, a cycloaddition approach is desirable. In this study, we accomplished highly
enantioselective synthesis of 1,5-benzothiazepines via organocatalytic net cycloadditions. This
method allows for the synthesis of 1,5-benzothiazepines with various substitution patterns; this
protocol would be useful for a library construction of 1,5-benzothiazepines for drug discovery.
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Generation of base-metal nano-particle catalysts by using organosilicon-based reductants

Hayato Tsurugi*

Nanoparticles (NPs) of transition metals are unique and versatile catalysts that have attracted special
interest because of their boundary and bilateral nature between homo- and heterogeneous catalysts, and
their application for many organic transformations. Notably, NPs of noble transition metals such as Pd,
Au, and Rh NPs catalyze several C-C bond forming reactions; however, NPs of base metals have been less
investigated due to their relatively larger particle size, smaller surface area and sensitivity to oxidation
damage. Herein, we found that organosilicon reductant, 1,4-is(trimethylsilyl)-2,3,5,6-tetramethyl-1,4-
dihydropyrazine (Mes-BTDP), served as unique salt-free and mild reductant of base metal complexes, such
as Cu(II), Ni(II), Co(II), and Fe(II), to produce the corresponding metallic particles. Among them, we
found that Ni NPs derived from the reduction of Ni(acac), by Mes-BTDP were highly active catalysts for
reductive C-C coupling reactions, such as Ullmann coupling and arylation of arylaldehyde, in the presence
of an excess amount of Mes-BTDP.
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Theoretical design of single molecular switch by external field
Yasutaka Kitagawa™

In recent years, the research of single-molecule conductance has attracted a great deal of attention since it
gives promising candidates for an essential component of future molecular quantum devices, namely
“molecular wire” or “nano wire”. In addition, if the conductivity can be changed by the external field, there
is a possibility of the single molecular switch. In this research, the electronic conductivities of several
molecules that have open-shell electronic structures are examined, and the possibility of switching behavior is
discussed.
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Creative Design of Functional Structures Using Numerical Computation Based
on Eulerian and Lagrangian Methods

Shintaro Yamasaki™

In this research, we propose a new creative design method for three-dimensional functional structures on
the basis of structural optimization by incorporating Eulerian and Lagrangian methods. Here, the main
difficulty of this research is how generate three-dimensional Lagrangian meshes while keeping the mesh
quality. This issue is resolved by constructing some numerical methods, and as a result, the basic framework
is established. The established framework will be applied various structural design problems which are
valuable in the engineering viewpoint.
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Yoichi Hoshimoto™

N-Phosphine oxide substituted imidazolylidenes (PoxIms) have been synthesized and fully characterized.
These species can undergo significant changes to the spatial environment surrounding their carbene center
through rotation of the phosphine oxide moiety. Either classical Lewis adducts (CLAs) or frustrated Lewis
pairs (FLPs) are thus formed with B(CeFs); depending on the orientation of the phosphine oxide group.
A strategy to reactivate FLPs from CLAs by exploiting molecular motions that are responsive to external
stimuli has therefore been developed. The reactivation conditions were successfully controlled by tuning the
strain in the PoxIm—B(C¢Fs); complexes so that reactivation only occurred above ambient temperature. The
PoxIm-B(CeFs); complexes reacted with H, and CO; efficiently, which would lead the further development
on the utilization of these abundant gas reagents in organic synthesis.
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ZENAHENTS FLPZHWA Z & T, 1EkideREzH\iidn
HERECH Ty FEBRRICE SR 7 ) —DOFRMFICTEMRTDHZ
LSHRE L o7 THURBRBEFIRMED & S K UL SRS D@L

A
1B OSSR )
’ © Wl eI

x %Ki (Bt

=
+
5
ot
a
&t
=3

FLP
c
O — ' 10
A FLP
SwmEmTE  eammn

X 1. Lewis fig & Lewis ¥k i,
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Development of a New Device for 3-D Cell Culture and its Digital Data to
Share under Creative Commons License

Kosaku Kurata™

Continuous supply of nutrients and oxygen is an important factor for successful proliferation and
differentiation of cells cultured deep inside a three-dimensional scaffold. This study aimed to develop a
new cell culture device that provides medium perfusion and mechanical stimulation to the cells in a porous
scaffold using a rotary bending mechanism. Osteoblastic cell line MC3T3-E1 cells were soaked in a silicone
sponge and cultured for 3 weeks with and without the rotary bending. The device developed in this study
promoted cell proliferation and formation of mineralized nodules inside the scaffold, while static culture
failed to maintain the cell survival except at the surface of the scaffold. Further improvements of the device
are in progress to share the digital data for fabrication under a Creative Commons license.
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EAEOT Rz 2 6N05 k5, thiF=HEOihREREZ 800 mm ICED . K 2b)D X 52, FEESEAKREZ 50 ml F =
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a5 — U SEPEAICE O BEREAEZ T D ALP e 0fE R, WTHOERBECTHRETH -7, BEEMRKA 3
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Fundamental Study of Simultaneous Electrical Detection of Multiplex DNA Samples
Using Microbeads Dielectrophoresis

Michihiko Nakano™

New DNA detection method based on dynamic change of dielectric microbeads dielectrophoresis (DEP)
by attaching DNA was proposed. In this study, to enable size determination of the attached DNA by the
method, dependence of the DEP property of the DNA attached dielectric microbeads on the DNA size was
investigated. The crossover frequency of DEP and zeta potential were measured. From the results of
determined crossover frequency of DEP and zeta potential of the DNA attached microbeads, it was suggested
that not only the charge amount of the DNA but also the permittivity of the DNA could affect DEP of the
microbeads.

1. BIRExREBAM
TREMEMEC T A NV ADKBE & ERERSHBCM TR EICEENDIBMOBAE L ST, polymerase chain reaction
(PCR) &3 & 9 2 G+ Z 44 AY 72 DNA A ARG CHANE L TR H 3 2 BE IR a2 (nucleic acid amplification test,
NAT) VWL TN D, Hix eREiEN S A2 H T, NAT (TR BEENFE L, BIRELEWFIEO -2 ThHhD L5 X 5,
PCR |2 X o THIIR S A7 %842 DNA VL, il & 2O 7 1E TR SN2 T U7 H 700, — RIS, IR S 7z DNA 1X, Z L8
RUKENC X B A X0y & = D% oE g m -

Lk o TR END, Z 0 TRIEM TR S
BOEERLETH D, 2T, EHDLOW W

PCR
%7»~°imm%@&mmm%%%%tﬂ Q§§3 R/ Ey—— .

B SWIEAT ) kA BRLED, S0 g m L. S

e v@ﬂwﬁzﬁ% (R HIR S DNA A k\

BT, ZRUCE T U B Bk T O Bk onA % @vﬁ
Bt DAL IR L. DNA 6 A MOk 7 0 A % DNWEETES  BRABAR/BE 0 T

(1)
FEVKENCHIE L, T OERICHE S B O

A E—F A EZFTS (K1), Zh
WL o T, PERITERERT DD 5 TV 7z DNA SR OAEZEDY 15 432 & O fff i 7e B 1E T RIBEIC 2 o 72,

LT AT, MR FEVKEY 2 AV 7238 LW DNA BRI, BRIEXT R DNA O F 2 R T& 2 FIEThH D, T7bb, &
IVEKVKEI TS O D KG DNA O 4 X (HEER) OE#RESDL Z LN TE R, £ 2T, ABFSETIX DNA 14 XD
WAETT D T D ORI FFHEKE 2 e DNA BHEDOHRIZOWTHE Lz, 2 2 Tldk. I35 EIKE) O FeEAS DNA
FERIC L TEAT D E WV WEFRE DG, ZOREDZELL DNA YA RNZ X o TH AL TR EH %, DNA A

WARAT ™ D R B UK BN AR D AL 2 IE LTz,

O 2R AR O RERIC . B O B DNA & [RIRFIZHEIR 9% PCR 1L Td % Multiplex PCR ICAVE A AT 5
ZEEBET,

1. PCREZEIZEIT BT IVERKE L WA FFERBIZRAL V- DNA BRHEEDHLLE

2. EBRAZX
DNA i B HokE - O FEVK BN R 2 RERNC IR~ 2 72 0012 BRI F- A FEIKEN 0 7 1 2 A — X — 58k KO8 DNA s S ki +-
DY — & B AEWE Lz, FHERKEN &1L, TJ?%%EW CEPNIZF BRI < I THY | RF LY OBHRO
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HEEMEIKTETHHETH L0, ZHERIET S Z & T DNA OFEMEAS DNA F5 S Wk T O B LI IEIC & O E S S
LTWOENEHETE DL EE XTI,

FEERRITIT 3 FEEDO YA XHRFE/2 B DNA Z v 72 (204 bp, 391 bp, 796 bp), PCR HFIZHINE DNA @ F il B4 F v 03k &
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AUDNAH A ZRREVNEE 7 0 24— N—JA BN REL poT-, X2 4t 3
\Z BRI DEERN 2X 101 S/m DD DNA B A X & 7 1 A F— N —JE 1k

B ORE R MR ORE SICB LTI ERL imDIF 9 532, 8 um . o

DHBAELD b7 v AL — =W ENKE L otz ZOFERIZ, DNA
FEATRI AR T DI, HUNBEO a2 diE+s 2 LT, %
DNA A AfES LIbi OB 2RI TCE 52 L2 RB LTV D,
— 5T, B—ZEAIE. DNA RFEEGRHIA 15 mV TH o= DA%, DNA 5
AT 3 IR T X D ICABEMAET Lz (ORI - DNA = 1:10%, 100 . 1000
N . . . . DNAYH - X (bp)
Z LT, DNA YA RIZH L TTZ v AA— =50 L 51 KR&E R4
%i—\‘éfcﬁﬁlof’:o if:\ ﬁ*ﬁ%@@?ﬁb:;ﬁbf%jﬁ%fcﬁ/}%{t%ﬂ?éf@ﬁ) 2DNA$E‘$’??&E?I:BIT%>DNA"T{X&7D

272, AA—n—REHOMEE
TS OFERIE, DNA A RO E AT B 72 T D3R O TR AR IR

I ORA—/\—EE# (MHz)

LTW5DIFTIER<, DNADFEERLEEL RIFTLTNDH I L 2R 70
LT3 GEMIZReL. (4) 2BMH), gl
%-w»
4. FEDH = o
WKL 775 BB vk Eh & FH V728 Ly DNA B VAT DNA A XDEET 572 @_w>
DIT, ZOREFERFTE LT DNA #5A MK T DNA o RITHkAF LT T
WKEND 7 1 A — AR L O — & BREOELEME L, 20 p 20
FER. 78 AA— =T DNA o RIEF L TRELS AT D B 10 |
DD, B—ZEAL DNA A RITxb DIEAFHEIL R b2 odz, FE %65 =
WKEND 7 1 A A — — OB b, HUNEEOJE S RET 5 DNAH 1 X (bp)

ZLIZE o TDNA B oA XEFETE D AlgeEAvs S hiz,

K 3. DNA #E&MAFIZH TS DNAH A XEE—
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The Perlodic Table has been evelving!

IUPACHS5DT 7 ZAHILFE— b

Flerov Laboratory of
Nuclear Reaction

Georgi Nikolaevich Flerov  Yuri Tsolakovich Oganessian

1913-1990
Joint Institute for
“flerovium (Fl)' for element 114 Nuclear Research
“livermorium (Lv)' for element 116
Dubna, Moscow region
JWP ASSESSMENT: The work of the collaboration of Morita et al. is very promising but has not

met the criteria for di @ fo the paucity of events, the absence of firm conpection{s) 1o known

nuelides, and the inconsistencics noted above,

[aFTRL5Y]
114,116 B HO@ &

20154E12H 18 H (%)
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Dear Colleagues,

The Presidents of IUPAC and IUPAP have appointed a new Joint Working Party to consider
claims for the discovery of new elements. The names of the members of this IWP are set out in
Appendix 1. You will be aware that the discoveries of all elements up to and including copernicium,
atomic number 112, and also thase of elements with atomic numbers 114 and 116, which are
currently awaiting finalisation of the naming process, have been assigned.

SERAE T ORI

A (BWENT TACEANTRS
OS] B e TRCRARES

IUPACH 5 M X = 113EZBXTENIER

Dl’

B (B Th

RIKEN Nishina Centar for Accelerntor Based Science % | C S Fe Cu Ag Sn Pt Au Hg Pb

21, Hiros Wake, oit 3510178, .
o et ag s o Pi#—1750 | 2n As Sb Bi

1% Fox  =81-[0148-441-5301 -
N‘ﬁ"hﬂ% u:: ittt fwewwnshing slken e 1751-1775
31 May 2012
Mrs. Enid Weathorwax
Administrative Assistant
IPAL S £

1UPAC Secretariat 1876-1900
Dear ITPACAUPAP JWP members 1901-1925

1926-1950 Fr At Np Pu Am Pm Cm Bk Cf
1951-1975 |Es Fm Md Ne Lr Rf Db Sg

Rol Claiming priority to the discovery of eloment 113

Please find the attached article entitled *Priority claim for the discovery

of element 113" submitted to the new Jaint Working Party of IUPAC/UPAR 1976-2000 |Bh Mt Hs Ds Rg Cn FI Lv
for the consideration en the priority of elaims to the discovery of now 2001-2012 [118 115 113 117
elements,
= 22 A
On behalf of the authors of the relevant articles [1-4], 1 wish to claim o 20 I 190F 1
priovity to the discovery of element 113 based on the experimental results 'H.‘
obtained at the RI'beam Factory of RIKEN Nishina Center, RIKEN in ) 15 & FAH 13
Wakao-shi, Japan. L] Fay 10 ﬁ FA 7
g F—RM) 7 F % avF 1
- A B FoR=4 2 T T-kxE 2
IUPACAD113F B THE S DB EEN TR 2 : R ax o
R AAR 1 R

THEHEROESE EERIHR N
3. MTRRROESE

AT L—IIDE % (18694F) 4. RFREZHa

10%cm dxlo"acm
——
Q @ O RF# nucleus
(7)5F molecule BF atom
T2 @ BF poton +e

1995
* @ HEF neutron

%505 | 750q | 18,059 | +— RMifE isotope

AR i) £y | BFEOREREF
FEERFROMEAHEBMENTNE ! 1 R 16,0, 99.762 %

RICFRLHD > FRRERLVFEETS! | (FD) 1 \ PIEFH 173 87
.0, 0.038%

(*#H RHe, Ar, K, Xe FRFIFRENTLGLY EEE& isotone &) T & isobar 188010 0.200 %

XTFL—I7 DRYOERER BF - FF - FFE
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Region of interest

Experimental Chart of Nuclides 2000
2975 isotopes

new nuclides; ~40/year

new element: ~0.3/year

 HalFife Range

L] Unknown

Hai.ss

M. 100s

B wos-1n

1 Ih-1y
1y-1Gy

™ Stablc

2000 F X TICRR SN REBORREER

oneend ofnuclear chart 2010
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Xy A e g TR B spru

210pg | 2ipg | 212pg | 213pg
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5. AIRZERICLZ2EXTERE

BOSUARREROER |

a b C d e f
Z | sym. | Reaction Investigators
93 | Np | #*U(ny)¥U — 2*Np MacMillan 1930-1940
d: saddle 04 | Pu | 2#U(d,2nj5Np — 2Py Seaborg, MacMillan 1940
¢ o sassion - ‘ 95 | Am | 2°Pu(2nyPu . 2Am | Seaborg etal. 1044
F b f Bf: fission barrier 96 | Cm | “Pufa,n)*?Cm Seaborg et al 1944
. , rg et al.
g’ 97 | Bk | 2Am{c,2n)*Bk Seaborg et al, 1949
E, 98 Cf | 22Cmee,n)2*5CH Seaborg et al, 1950
= v- Al 99 | Es [+ 150 — Es Seaborg et al, 1953
E R 100 | Fm | 2**U + 17n — 2*Fm Seaborg el al. 1953
E T 101 | Md | **Es{a,n)*Md Seaborg el al. 1955
102 | No | 2#Cm('2C 4n)}**No Seaborg el al. 1958
103 | Lr | #2CH{"B.6n}>'Lr Ghiorso et al. 1961

Deformation or distance between two centers of fragments R * I&g ;ﬁ ‘: J: 6 *ﬁ)'_l: § )] % E D EE

FRFEDEHBICHESI IX VT -DOXEAL

A
& /\ 90 100
(7}
c
[
=
=
c
2
&
deformation
» . Q j 54
110 1 1952811 B1BT=zhom 0019 Gtk
114 95ES, 300FM
- PaS
KEBERICLIFEFREDERK
HEETRRROES

= T > S — BTES RS 7RES RAT  RRE BRBER T

ﬁ?g’? (\': ;'I: T / / “1 )bI *)l’ =\—— 0)%1,% 104 FHR—20 4 Rt 1969 FPAUD Hhetilie 4n ) RE 45s

) 1870 FPAUD N 4n )™ Db 163

105 RI=h o — - W 4nTVi00 e

106 y=h=Fh Sg 1974 09s

1881

B M Audi s Wpsirn 108 Ny¥ah Hs 1984 2 e *Fe,n " Hs 13 ma
B e | Wi (@ 100 RARZEUDL M 1982 : giFe.n Mt 35ms
E M0 H—h29F0hL  Ds 1995 ppNin ) Ds 270 s
i 11 [P s T Rg 1995 3 HgiNin Ry 15ms
-4 12 L3 Pt T L Y Cn 1996 Fy " 2n.ny"Cn 240 ps
o “am('Ca3n 115113 0485
¢ . O PIPAUT
o 113 2004 D PFHUD
2
T a1 B0 18 30 114 2L0E9A Fl 2004 O¥PFAUN Hpucasn Rl 0513
L1 RN FLi) i& .1}
’ 1 87 ms
115 2004 O¥PFPAUN A, cadn) 115
= WeBa st (i) “ami“cadn) 115 32ma
5 1 : 116 UITEUS L Lv 2004 OVPPAUN ’
?. 1. A [ o ra R £ £ W s s
; " 010 DYPPRAUND L
B[ Cadn) 117 14ms
118 2006 OYPPAUN Beit'casn) 18 0.89 ms

BETHREROESE

n B0 10 180 200 T80

RFROREE
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6. M3BTFDEMKICEITT

1B RXFRFTIIEONTLE-TLVS
inlE

LIMEDGFEF-RFREESS ! !

RFHFEBOEAVALRTFES0OEREHESEMESSED

= 83+30=113
BER 4 i BRERIG
PODE=L_ ;

ARETF SR 7
nZn wpj & -
Bhi2{ARE (Wl OEE it FERIH
m[13]* LTEH E
BIEOREEE BEXBOE BNER ) 'r #
© @iEF T3 ; /J"Jlr??ﬂﬂ
© ¥ Eay T
E[:ekeg [odted
Bz ??1[111]

B4, BREOEFORF 130 SHIBERS PN TP HFEOTINA—
EcHLUMERMN 123 BEBHEEAVTIETS. )

113BRFZDEKICET - REDETT

e (V11131000 U

known decay

113 o= Newly identified element

T13BERED o BEE DEFEEE

(MFOEh)

= i i 8 (separator
EEBFIE HRG {ser )
. select the nuclei of our
__.-" ""--‘__\ interest from the unwanted
incident jon beam ""-‘._\ then transport to the
/  detector chamber

/

s ——F
."I
"
R (o R
oER ~
i 38 (detectors)
SER R T e information of energies or positions
RFQ-Linac of incoming iens and their decay
particles are transform to electric
signal

* AA R remove electrons from neutral atoms

B#foriginal
18GHz ECR ion-source
E{LFEMERDERR

BLEHRATHRAINERR
Y=TFw7 RILAC

KE(RFES IS

25 (RT&S92)

EFTOREORFE

BAAEDL10%IZETIE

#R72 Nk 25 RILAC

HENESZHNBELZOTLEIN?
+DEREFH S REFHRLTOERUEHESD
[ZHTHEB->T. R FRR TS E 56
ENLHLDZEEIZETINET 5D TLLEIM?
FDEE D105 D1 (FE3IFkm)
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1pb

10nk
1nb
100pk
10pb
1pb

0.1pb

4 ENEBMADHHERERA 13—

ENfFZITEELIzZD ?
265Hs(z=108) 3 H(10)
271ps(z=110)  40A (14)
272Rg(Z=111) 50H (14)

277112 29H (2)+60H (1)
278113 97H (1)
93H (1)

300H (0) !
haeElLTNGELARE !

() MIRTELETBOR

TISBTXREHNDENY)

SROLALT S (LEES)

wwspb, iR+ MAA> R S

1531Z5f@
25312148
1BREZ31E
® 181=7{8
¥ . 181118

i 1AM <1

T I 108 1=118
e 2FICIA
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RFESEEROHEREDOEF

. KBEE—L+REE—LAAL
1. Ring Cyclotron — RILAC ~5[#L
2. CSMFRT=15INEZ2)CSM
3. ECR Ion Source
4. FERHEIZERFQ
2. KBEE—LAICTH A DIER
B0

3. RBE, ABRNVIT SO O R B B
GARIS upgrade, fine tuning

BNMEAOERICURALCEN

RS IO 38 1 5%

Linear Accelerator Facility

CSM Acc. Tanks RILAC Acc. Tanks

EILTE 40!

New Rotating Target. ¢ =300 mm, © = 3000 rpm

AWMBRITBBRIRERTE 85 BE &5t

cf. old one ¢ =125mm, o = 1000 rpm
HRZ hn R 25 HE EX
ELAE RHER IFRLF— fIBHRHA

ions

e =
== RiTEMRHE
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36.75 MeV
30.33 mum

3647 MeV
30.08 mm

29B; + 0Zn — 28113 + n |

R D MW F—2 & A1.68 Mev % ALs2Mev
344 s 493 ms
20045 7R 238 18:55 30.49 nun 30.16 mm

11.31 MeV
343 ms
29.61 mm

9.260 ms
30.40 mm

0.03 MeV 2.32 MeV (escape)

7.163 ms 1635
29.79 mm 29.45 mm
o
brrmev  EBICHRMEShIMEFI—
135 200554 A28 2:18
30.91 mm b 20.65 mm
/\ 204.05 MeV /\ 192.32 MeV
of 409 of Y0787
30.25 mm 30.47 mumn

AN EERFI—V1,1

MEBDMERRERA

« Bif Y SaREECOTR
+ BRED#%2%°Bh, 2%2Db, **°Lr|CE)E
= 20045, 2005FDEHERER

ay
10.26 MaV
444 ms
*#gh
0;
9.39 MaV
526s
E
g
863 MeV
1265
s
[«
B.66 MeV
e Wilk &t al, PRL 85, 2697 {2000)
"ul Table of lsotopes, 8 ed. (1996)

SEIEN113ETFNERA

S EIH DX TN o B DR ZF8

BRAShI-BIROFELD

2098 + 0Zn = n

15t event Jul.23 2004

113 - - Ty
24 event Apr.2 2005
112 d igp
3’ event Aug.12 2012
111 HHpg “TRg]
e  BREFE B e /i
109 e L e T
[+
108 BiHe & B%Hs | *B5Hs | 5 THs s [ PHs | 1 Hs
107 g}, | 25 s4g, Bhi'Bh
L
106 ssage | 2 ss1gg | 2 283 F Y
105 | i) #4ph **ph|=9pp| = E2phE*
104 =i 2 : L
103 | #5Lr | *&0r | 27 2 ¢ b T s T
102 [**Mp|*No o “"no Y
101 [ nd|““nad ' Md=Epd

100

[252p | 259 FmiFsFm ;izsaFm

0
251Eg g&’s 59pg | 1saps 2S8Eg | 2%6p
3

99
op ||eScfliSict | ik | it H=5cf
A NhEoBREOTEYD
E—LAMLDEED
E—bH A A PR R REEA BRFEROK

£ H/B ZE:4 [X10%]
2003 9/5_12/29 57.9 1.24/1.24 0
2004 7/8 - 8/2 21.9 0.51/1.75 1
2005 1/20 - 1/23 3.0 0.07/1.82 0
2005 3/20 - 4/22 27.1 0.71/2.53 1
2005 519521 2.0 0.05/2.58 0
2005 8/7-8/25 16.1 0.45/3.03 0
2005 9/7 - 10/20 39.0 1.17/4.20 0
2005 11/25 -12/15 10.5 0.63/4.83 0
2006 3/14 - 5/15 54.2 1.37/6.20 0
2008 1/9 - 3/31 70.9 2.28/8.48 0
2010 9/7 - 10/18 30.9 0.52/9.00 0
2011 1/22-5/22 89.8 2.01/11.01 0
2011 12/2 -12/19 14.4 0.33/11.34 0
2012 115 -2/9 25.0 0.56/11.90 0
2012 3/13 - 4/17 33.7 0.79/12.69 0
2012 6/12-7/2 15.7 0.25/12.94 0
2012 7/14 - 8/18 32.0 0.57/13.51 1
Total 553 13.51 3

113 &# BT F AR D EFEEFA
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248Cm + 98Ca = 2°°Lv* Experiment at RIKEN GARIS

Dec. 1 — 12,2013

RIK=H RIKEN K. Morimoto, D. Kaji, H. Haba, Y. Wakabayashi, M. Huang, J. Kanaya,
b BEEN, WEED, WEAS, WBRY, AR LEGE o nedsiA dosbida s haton
EMRE, KON, SO AGDH SRR ESHBE, Ty Y-St K Tendkative) : .
Minghui HUANG, Rituparna KANUNGO, MEERIE— Yamagats URSE, bevena AL F TokanalL oshic
EERZ, EOE Saitama U. S, Yamaki(D1), T. Yamaguchi
WORZ, Bl BT, EHIEAR, WASWH e Dl
anznou . Bal fl
TEAE, #EE—, WEB®, WlER, WEBEHE G5l H. Ge?;sel, 5. Hofmann, Y. Maurer, S. Heinz
Hushan XU, Tianheng HUANG Ky K. Morita, K a, Y. Narikiyo(M2 naka(f3
HFFOSE
ADFE, BKES
rimsE, NE W2, KE -
PIHZl, FEeE RUEX HUERE EHO@® BFER
IVRER, FARET
Yuliang ZHAD
Journal of the Physical Society of Japan, 73 (2004) 1593 = 1586.
Journal of the Physical Society of Japan, 76 (2007) 045001.
Journal of the Physical Society of Japan, 81 (2012) 103201.
KEOMPEOHBHEFT 119%, 120BXTHZENDEKICEITT
SH 2 40 S
J REHRT 14
BT COBEBE O 274F 12 A 31 HIZ, HULEFEFOMIE 7 Vv — T35 L7z T113FIuHE] 25
BB ICH R e LCRES R, BAHL LTHAWEDNS 2 SN2 WCKEE DS OBIZE 7 v — 712
WD G- 2 5NDDIHMDTT, JTHERPRICTITH, HRMOILEMbEZ L2k 5.
FEIBSHE - SIS (JUPAC) & EESHER: - BB %84 (IUPAP) ASHERE S 2 B H CHIfk S h7e
GRS TIWP)
\ Va
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Diffusion and Reaction of Gases in Glass Plates

Yoshihiro ISHIBASHT*

The transmission of gases through a thin glass plate and the reaction with the constituent ions in the
glass can be described by the diffusion equation supplemented by the reaction term. The exact solution
is found for the equation under the given boundary and initial conditions. When the reaction rate R is

small, the correction to the no-reaction case of the transmitted quantity until time 7, Q (¢), and the time

fp, to be obtained by the linear extrapolation of the Q(f)-¢ relation, should be proportional to R. The

product of reaction is found to be proportional to R for thin glass plates, and to R" for thick ones.

EHEATRE 68 % (20154E5H) S5HICEB®R I N7
B EET7 20 —O@WX [ ITADHT AL DS
Eu:Na,0-ALO;-SiO, % H I ADOH, H# A & DRG] (LI
TIEH EWmEmgied 5) ZRIRECHTE TV
oo RIGELZZH S ANTOH ADOBEIB S %2 507
BROMEHCCTHET L TWED, KOHXIZE 5T,
31 U T BT HIRIE WD D 5 Fx -
2. TNIETBE, AWK T A FW Z e - BH)
TEHEYE, FWIRAEMET ALV ERIBT S5 LW,
KAV HRERICEZ0 L) R USIEER IR TEWw
v, wEEFRII OIS EI Y ANEEC ROk

BIRE 720, MEABHICHL kel oMINETDH
D, EATHETE, WEEOBREF SO W T ORI E M 72

B, WICT AR, 22T, BohHEE
AEDORTHEL, HEOTHHZME 2. B L,
FTCIFABOMIE SN TWAEEIZIE, MHEOATD
W E LTBiFLWZE& 7w

TR WIETE CE S LR (ASE) %
MAIA A S 558, HALEARN E O (4T
I o TREIT 4. MICEREICxlE & 5L, B4,
NG 25 OB (BT B T A DEFE i, JEEDIE
MBS & % 7 AR DA% B L 72 R

oc d%

EZD(_)?—RC (1)

20164F3 A9H =
A LA e T L
C) PN et €3

Tk T& 2 (RAETRAFZTZH LiXilhbeT
W3). 72721, DIZEHRE, RIZISHETHL. 0
FREE

t=0 T ¢=0, 0O<x<L (2)
BIUr2012BF 2 ER &M

x=0 T c=¢ (3)

x=L T ¢=0 (4)

DT THIFIERY. HrRVEEH O &P REIZE Y

&, (1) ROEBIZOLRDLDT, FHEIREDOMFE L
<
. X
. sth(l - Z) (%)
= 0
sinh@
"EHNb. 22T

6=\E1L (%)

ThHb. (x) RO7—1) T4 L B - R O 2Bk
WD MR R 2 208 5 &, Wil MR xI2 B
BRI s

sinh6<1 - %) < dnr . nmx

— —_— SINn ——
S () +6 L

c sinh@

(’n* +6")Dt

2 (5)

exp
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MEohs, 22T, (5) RIHEMTIEH 225 x=0
Ex=LiZBA L2 s v, 2o EEBRLT,
IR LI, AV E W E A TIEERMICEE
FEICRESZVWEW) ZEEREHLTB XV, £
72, (5) RZBWT, R (ft->TE) %0ITEDT5 &,
B Lo (5) RIeET 5. e, (5) Rfas
QEP S DB &) K IEEER S OMmIEL /NS L,
BERI IR EE 2 0 B &\ ) W % 5 2 5 [exp (—0°Dr/
L) =exp (R Z{E3E].

WIS, B E T2 ST T AR,
Z O TOYHE L LT

[ d
QM=4¢(§L4¢ (8)

TH2Z5NRE (RAXETEFLEHXD (6), (7) i
WIET ARFBKENTVEOT, 22 TREFETH (5)
5 (8) IZEATWS). BAKWIZIX
Q1) _D 6t Li (=1 (nm)?

co Lsinh@ ~ & [(nn)?+ 62

e 0

(9)
L2

5.
TorE S L72d & T

o _D o & (D))

¢y L sinh@ ~ [(nm)? + 6°1 (10)
L5 26N5. gxadl 212iE, (100 R
2 2
99=2@—i%_£@—@) (10)
o L 6 6 60

WKCEoTEMTES., L72h T, Q) S AR I
A EIER L0 % & B 13,

L2 92 )
h= — l R 1 1
> %D ( 20 (1)

LG2HN5.

Ui, #9AERNTOTADREE &) v w
ADEM - BEOHGRTH L. BROZ LN, (1)
~(5), (8)~(11) D#HEXTR (ft>TO) % 0IEDT
TR T, B RO UXEFEFOHNE —HT 5.

INLOFEANSLDLND XS, SHH DL EDR)
ik, 07 o THRIBERICHBTIMIEL LoTH D
bhd, ZhzHRNBICIE 0222 T (fto THBD
JHELEEZT) Q)R WETLHEIEZOLNDS
B, FORIERMEKITNS L, BB LIS wrb Lk
Wy,

FRICHRLT, SIS EAERWoREZET 5 &,
MEE LTTIEARL, EHERICHFRTI2ENZONLT
Rz H 5. 72 21, THREEE LS LTI,
(5) RADHE2HIEHTE 20T, BAKHHLY O
AR ORIIRL X 5

I=Rj: cdx = c\RD tanh%\]g (sese)

WHBIL T2 ETHL. EBETI O —VTELD
FHEORESLTHBA, ZRAVNEVE XZEEDO
BIERICHAIL, KEWwE I ATRRZICHEIT 2 H)
bbb, YR RIKEEIEDL L DL, JEVERT
A2 5 —EOWEN TS 2% > TLE W, £h
Vs ~FET 2 W A OmDPWARICLDRETH 5.

R, REOVWTED LA, 728 21 Ex=LRDEIC
HHLT, (5) RIhE-> TRHANIB T L T AEE %
EZTHRED. BIHHB LRI B2 Ko 5 H
WEHEECH 525, FEROBZOENLDIZHHTH 5.
Rl 2 RN E 35 L, ZOMR/NOERRENIC T A
LREV) HFROWEMABH L7-H RS Lird, A
WIICIE LIV LI DB RELSTELDTHSLHNH
HADRKORECTBE) L 72 R D5, FIUEAH
RTH D, FEiZIhix, MeonAd, FARL
HIAFDAF v lldHE I HTHEEREY R LD
SR 2 BE) - &l LT B iR 2 AL L
T, BB RESCTERLZZEICLE0T,
HOTRNRICERT 208D, BIFbhRWARERS &
DTHb.

BHIC BRI, ERDB IO LX) R WIED
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PIHIZE L
(2015) 10 A 1 H%&4T

ta—2 - 0 =R H O Y Bl

U. Mizutani, H. Sato,
M. Inukai, Y. Nishino,
E. S. Zilstra

Inorganic Chemistry
54 (2015) 930-946

Electrons per Atom Ratio Determination and Hume-Rothery
Electron Concentration Rule for P-Based Polar Compounds Studied
by FLAPW — Fourier Calculations

T. Tsugawa,

H. Furutachi,

M. Marunaka, T. Endo,
K. Hashimoto,

S. Fujinami, S. Akine,
Y. Sakata, S. Nagatomo,
T. Tosha, T. Nomura,

T. Kitagawa, T. Ogura,
M. Suzuki

Chem. Lett. 44 (2015)
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Pressure Induced Mott Transition Followed by a 24 K Supercon-
ducting Phase in BaFe,S3

A. Grzechnik. Y. Ueda,
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Structure of the Active Platinum Cluster and Reaction Pathway of
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Effects of Anode or Cathode Gas Exchange Cycles on Deterioration
of Pt/C Cathode Catalysts in PEFCs Characterized by /n-Situ Time-
resolved XAFS, TEM, and Electrochemical Techniques
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Local response to light excitation in the charge-ordered phase of
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Tadashi Sugawara Chgmlcal (?ongrerss f’f Fdentlty as life acquired by hierarchical emerged 2015-12
Pacific Basin Societies in molecular system
(PACIFICHEM 2015)
Tadashi Sugawara, 2015 International
Katsuto Takakura, . . . .
. Chemical Congress of Self-reproduction of giant vesicle emerged under
Kensuke Kurihara, . . . e . 2015-12
Taro Tovota Pacific Basin Societies non-equilibrium condition
yota, (PACIFICHEM 2015)
Kentaro Suzuki
Kentaro Suzuki 2015 International
. ’ Chemical Congress of Positive phototaxis of oil-droplets of caged oleic
Naoyuki Nakayama, . . e A . . . 2015-12
Tadashi Sugawara Pacific Basin Societies acid against an anisotropic UV irradiation
(PACIFICHEM 2015)
Kotaro Machida, 2015 International
Kentaro Suzuki, Chemical Congress of Giant vesicle containing a photo-sensitive smaller
. . . o . . 2015-12
Kazuo Yamaguchi, Pacific Basin Societies giant vesicle
Tadashi Sugawara (PACIFICHEM 2015)
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Taro Toyota,
Tadashi Sugawara
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. i Chemical Congress of Self-driven motion of oil-droplet emerged after
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(PACIFICHEM 2015)
Yuki Kobayashi, 2015 I.nternatlonal Synthesis of phenyl viologen type molecular wire
. Chemical Congress of . . .
Kentaro Suzuki, . . o toward construction of electrochemical responsible 2015-12
Tadashi Sugawara Pacific Basin Societies Au-nanoparticles network
) (PACIFICHEM 2015) ’
Michio M. Matsushlta, 2015 Ipternatlonal Current-induced mutual conductivity change
D. Tonouchi, Chemical Congress of . . .
. . . o along orthogonal crystal axes in an ion-radical salt 2015-12
Kunio Awaga, Pacific Basin Societies of evelophane-type donor
Tadashi Sugawara (PACIFICHEM 2015) yelop yp
The 10t International
Symposium on the
N. Nakayama, Kanagawa University: Construction of Phototactic Oil-droplet with High 2016-3
K. Suzuki, T. Sugawara National Taiwan University | Photo-sensitivity
Exchange Program 2015
(Kanagawa)
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Kentaro Suzuki, AARMEESIIHFES | 3 jicubstituted 4-hydroxybenzoic acid 2016-3
Tadashi Sugawara
Shota Ohyama,
Kentaro Suzuki, H AL 242 5596 45224E4r | Construction of self-reproducing anionic GV 2016-3
Tadashi Sugawara
Naoyuki Nakayama, . . .
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2ol Ly -
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Tadashi Sugawara
Hironori Oooka,
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K. Ueda STAR 6, . Scalable beam combining for high power fiber/ 2015-5
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K. Ueda IAP seminar, High power fiber laser works history and future 2015-6
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K. Ueda Xuzhou, China Scaling study on thermal lens of thin disk lasers, 2015-12
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Mitsusuke Tarama, Conference Engineering of | Oscillatory motion of active deformable particles 2015-6
Takao Ohta Chemical Complexity, (poster)
Miichen, Germany
International Symposium
Mitsusuke Tarama on Fluctuation and
’ Structure out of Oscillation of active deformable particles (poster) 2015-8
Takao Ohta ey
Equilibrium 2015
(SFS2015), Kyoto, Japan
Hierarchical Dynamics in
Mitsusuke Tarama, Soft Materials and Reciprocating motion of active deformable par- 2015-9
Takao Ohta Biological Matter, Kyoto, ticles (poster)
Japan
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. Biological Matter, Kyoto,
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G. Saito, T. Hiramatsu, él mlrgseir:lrit?;uér stalline New quantum spin-liquid candidates, valence-
Y. Yoshida, A. Otsuka, O); alzlic Metals y bond solid and Superconductors x-(BEDT-TTF),X 2015-9
M. Maesato, Y. Shimizu, g > (X=Agy(CN)3, B(CN),, CF3S03, Ag(CN)[N(CN),],
H.Tto. H. Kishida Superconductors and etc.)
. Magnets (ISCOM 2015) ’

Y. Yoshida, K. Isomura,
H. Kishida, Y. Kumagai,
M. Mizuno, M. Sakata, ISCOM 2015 Formation of 77 Stacking of Cationic Coronene 2015-9
T. Koretsune, Molecules
Y. Nakano, H. Yamochi,
M. Maesato, G. Saito
H. Kishida,
K. Mizukoshi, Optical study in an anisotropic triangular lattice )
Y. Nakamura, ISCOM 2015 material, &-(BEDT-TTF),B(CN), 2015-9
Y. Yoshida, G. Saito
M. Maesato, Y. Shimizu,
fuuka, ISCOM 2015 Quantum Spin Systems in &-ET salts 2015-9
Y. Yoshida, G. Saito
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Anniversary Scientific
Session, Progress and Trends
in Science and Technology,
to Commemorate 10 years Experiences of finding counterparts in research,
G. Saito of Partnership between The | building up a research team and preparing a 2015-10
Russian Foundation for winning proposal
Basic Research and the
Japan Society for the
Promotion of Science
g(')ssh?g:’} I;I)ltrs a:EZtsltl/I’ Y. Organic Superconductors and Quantum Spin
D ape s Pacificem 2015 Liquid Candidates based on Dimer-Type ET 2015-12
Maesato, Y. Shimizu, H. Materials k-(ET),X
Tto, H. Kishida ' 2
Y. Yoshida, K. Isomura,
H. Kishida, Y. Kumagai,
M. Mizuno, M. Sakata, Pacifichem 2015 Coronene-based cation radical salts with segre- 2015-12
T. Koretsune, gated columns
Y. Nakano, H. Yamochi,
M. Maesato, G. Saito
Y. Yoshida, Y. Kumagai,
M. Mizuno, K. Isomura, | Pacifichem 2015 Coronene-based supramolecular rotors 2015-12
H. Kishida, G. Saito
H. Ito, T. Asai, A Mott insulator x~(ET),CF3SO5 having quasi-
Y. Shimizu, H. Hayama, | Pacifichem 2015 one-dimensional triangular spin lattice exhibiting 2015-12
Y. Yoshida, G. Saito superconducting transition under pressure
g'lltz’cllfi' gatl(é,ui.)iura, Charge carrier injection into spin-liquid BEDT-
T. I-Elgiram;ts.u ’ Pacifichem 2015 TTF Mott insulator single crystals using 2015-12
Y. Yoshida, G. Saito ionic-liquid-gated transistors
Y. Shimizu, A. Ono,
M. Itoh, M. Yoshida,
M. Takigawa,
M. Maes.ato,A. Otsuka, H. Pacifichem 2015 Quantum fluctuations in frustrated organic 2015-12
Yamochi, complexes k-(ET),X
H. Hayama,
T. Hiramatsu,
Y. Yoshida, G. Saito
A. Ono, Y. Shimizu,
M. Itoh, M. Maesato,
A. Ootsuka, . Spin susceptibility of a Mott insulator xk-(ET), 2015-12
H. Yamochi, Pacifichem 2015 Ag>(CN)3 with triangular lattice under pressure 015

T. Hiramatsu,
Y. Yoshida, G. Saito
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