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Struggle for correlated electron materials development

Yutaka UEDA™

Correlated electron systems have been the playground of various novel properties such as high 7
superconductivity, metal-insulator transition, quantum spin phenomena efc. I have struggled to develop
correlated electron materials possessing novel properties for four years at Toyota Physical and Chemical
Research Institute. In this report, three topics are reported. (1) Rhenium oxide: Sr.Re,O,, was successfully
synthesized and a phase transition was found at 208 K. The magnetic susceptibility rapidly decreases below
208 K, suggesting a spin-singlet ground state. The phase transition is also accompanied by gradual changes
of both the structure and resistivity. The obtained results suggest a Peierls transition or CDW (charge
density wave) transition. (2) Perovskite related oxyhydride with ordered hydride anions: The introduction
of hydrogen to CaVO, ; with ordered oxygen vacancies has been tried. CaVO, ; which was shielded into
silica tube together with H, gas and heated at 873 K for 3 days gave the same X-ray diffraction pattern as
that of the starting CaVO, ; A weak signal has been observed in '"H-NMR measurements, indicating the
existence of hydride anions (H"). It is a possible first oxyhydride with hydride anions ordered in a chain-
like form. (3) A collaborative investigation of S-vanadium bronzes: f-Na, ,,
superconductivity. The resistivity and ac-magnetic susceptibility were measured under high-pressure and

V, 0, shows a pressure induced

high-magnetic field. The obtained superconducting properties capture a charge fluctuation mediated
superconductivity on the verge of charge order. 54, ,,V,0; (A =Ca and Sr) were investigated in the structure
and electromagnetic properties under high pressure, and a novel successive phase transition, a kind of

N

*J_ZEE] W 7 rua—

“devils stare case”-type phase transition in the charge ordering phase was explored.
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Reduction Mechanisms of Cu2+-D0ped Na,0-AlL,0;-Si0, Glasses
during Heating in H, Gas

B EIEF 7xu—

Masayuki NOGAMT*

Controlling valence state of metal ions that are doped in materials has been widely applied for
turning optical properties. Even though hydrogen has been proven effective to reduce metal ions
because of its strong reducing capability, few comprehensive studies focus on practical applications
because of the low diffusion rate of hydrogen in solids and the limited reaction near sample surfaces.
Here we investigated the reactions of hydrogen with the Cu2+-doped Na,0-Al,05-Si0O, glasses, and
found that a completely different reduction is occurring than results reported so far, which is dominated
by the Al/Na concentration ratio. For Al/Na<1, Cu”" ions were reduced via hydrogen to metallic Cu,
distributing in glass body. For Al/Na>1, on the other hand, the reduction of Cu™ ions occurred
simultaneously with the formation of OH bonds, while the reduced Cu metal moved outwards and
formed a metallic film on glass surface. The NMR and FT-IR results indicated that the Cu’" ions were
surrounded by AI’* ions that formed AlO,, distorted AlO,, and AlOs units. The diffused H, gas reacted
with the Al-O---Cu" units, forming Al-OH and metallic Cu, the latter of which moved freely toward
glass surface and in return enhanced H, diffusion. We further successfully fabricated Cu nanoparticles

with a uniform size on glass surface by using a one-step process of heating in H, gas.
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Fig.1 X ray diffraction (a) and optical absorption (b) spectra of Cu**-doped 20Na,O - 10AL,0, - 70SiO, glass after heating in H, gas at 500°C for 15 h.
Optical absorption spectrum of glass before heating is also shown as black line.
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Fig.2 Photographs of cross section of Cu**-doped 20Na,O 10A1,0,-70Si0, glass heated in H, gas at 500°C for 25 h.
Dependence of thickness of reduced layers on the heating period in H, gas.
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Fig.3 Relationship between the apparent diffusion coefficients of H, gas,
obtained at 600°C, and openness of glass structure. C(xNyA) denotes
CuO-doped xNa,0-yAl,0,-70Si0, glasses and M(xN(or L)yA)
denotes MnO-doped xNa(or Li),0- yAL O, - (100-x-y)SiO, glasses™.
The closed black circle is determined from the formation of OH
bonds for Cu**-doped 10Na,0-20A1,0,-70Si0, glass.
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Fig.4 X ray diffraction (a) and optical absorption (b) spectra of Cu**-doped 10Na,O-20A1,0,-70Si0, glass heated in H, gas at 500°C for 1 h.
(c): Photographs of cross section of the same glass. In (b), optical absorption spectrum of glass before heating is also shown as black line.
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Fig.5 *Si MAS NMR spectra of Cu**-doped 20Na,O- 10AL,0,-70Si0, (a) and 10Na,0-20A1,0,-70Si0, (b) glasses before heating in H, gas.
Black and red lines show the experiments and decomposed ones, respectively.
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Fig.6 Al MAS (top) and 2D “Al 3Q MAS NMR (down) spectra of Cu**-doped 20Na,O - 10A1,0, - 70SiO,
(a) and 10Na,O - 20A1,0, - 70Si0, (b) glasses before heating in H, gas.
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Fig.7 (a); FT-IR spectra of Cu**-doped 10Na,0-20A1,0,-70Si0, glasses before and after heating in H, gas at 500°C for various periods.
(b); 'H MAS NMR spectra of the same glasses before (dotted line) and after heating (red line) heating in H, gas at 600 °C for 1 h.
The 'H MAS NMR spectra were normalized by the peak intensity at ~4 ppm for the sample before heating in H, gas.
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Fig.8 *Si (a) and Al (b) -MAS (black lines) and -CPMAS (red lines) NMR spectra of Cu**-doped 10Na,O-20A1,0, - 70Si0, glasses after heating

in H, gas at 600°C for 1 h.
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Fig.9 Dependence of integrated intensities of OH band on heating
period in H, gas for Cu**-doped 10Na,0-20AL,0, - 70SiO, glasses.
The inset shows the dependence of intensities of optical
absorption at 580 nm wavelength (red circles) and OH band (blue
triangles) on heating period in H, gas.
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Fig.10 SEM images of surfaces of 1 wt% CuO-doped 10Na,O-20Al,0;,-70Si0, glasses heated in H, gas at 300°C for 30 min

and histogram of the particle size of Cu nanoparticles.
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Chemical Synthesis of Inorganic/Organic
Hybrid-Superlattice Thermoelectrics

Kunihito KOUMOTO™ and Ruoming TIAN™* A 7= U A R

Inorganic/organic hybridization based on 2D nanomaterials is a promising strategy for constructing
high-performance thermoelectric materials that can be applied to wearable energy harvesting in the
future IoT society. We have discovered that TiS,-based intercalation complexes with 2D superlattice
structures demonstrate high thermoelectric performance below 100°C as well as mechanical flexibility
comparable to certain plastics. A new inexpensive “LESA” process was developed to produce large-area
films by a liquid solution-based approach, and a prototype thin-film TE module consisted of n-type TiS,/
organics intercalation complex (IC) and p-type PEDOT : PSS polymer conductor generated a high power
density of 2.5 Wm” ata temperature gradient of 70K, which hit a new record among the organic-based
flexible thermoelectric devices. However, the TiS,-based IC films synthesized in LESA process usually
possess higher carrier concentration than the optimum value, so that the carrier concentration must be
controlled (reduced in general) to extract the best performance, especially high power factor.
Accordingly, we have just recently succeeded in controlling the carrier concentration through
de-intercalation of organics by post-annealing and achieved a remarkably high power factor, PF =904

uWm 'K at 300 K (ZT~0.24).
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B RS T RJCEASE T & LT, SrTiOs/Nb-SrTiO; A L
AT AR50 M1 (Na,CoO,, CayCo,0,
2, (Bi,0,) (CusSe) K&, 2274 v Mgk
ANAFFA R, T LR SRR S, T,
AR Tay 2 EERGTF /Ty 2 HAE L
TT& 2 MAARESEKT & LTIE, TiS, (organics)
S 1CC*" % ZnOforganics N LK T2 % 558 5.

InHizwThdy, BMEREOEAILS 7+ Vil
Bl B R DMK BEEAL IS o T A I TIE L T
Wb, FFEDF/ T7ay s NOBEFR T+ /v 3ETH
CADRN R %2 2T, BGETEI OB 72 B8R4 T 24
LB R DRI ZTILIC R > T L5 —A b H 5.
F/z, F/Tuy 7 MISGHEE SNG4 OMEEH,
AATEMBEE) R FH TR AR &1L o TETWRI
a0, 74 Y —BAPMBTHAEENE > T
T ) OV HHTESEEEZ T AL, H—REIE
BCRRONEVRIRIC L > TZTHEL SN GE
Zwv, &5, F/T7uy e OIEN R EE AR
EIROFEMAFE KM S DA%, FlZ w7 ay 7 &
KoPnWTay 7 2flladbEesZ L, 7LFY
TN B EELZ b TESY,

L72%%5 T, BRSNS { THWIERS 2 7
Oy e, BEHEIEOYRS AR 7oy 2
L AR ZEHFERE L OB TS 2 MEAUE, BVEMEREDTE <
TL2b 7L F 7NV RMMEDGTE 5. JE, Karppinen
5 1%, ALD/MLD (atomic layer deposition/molecular layer
deposition) % H W TIER L 72ZnO/ A5+ (e F
OX ) %) OB THERAT LEF S TVEEERTICR
HTEEEFELTNEY. —J, EioF s Tuy 4
Y77V — a V% TMDC O —2T& A TiS, (2 #
ALT7L*F v 7 VBAEBRTE2EBL 0N, FiTFkA
BRI LA Y7 —AL— a VKT b b TiS, Rl
BWaEREAEK T Ch -7

4. BREEZTHHEOEIS

41. TS, REBRERESERT

TiS, RUEFEA TR AW 71X, WO/ S 75 TiS, Hiks
mhE bR %D (CVTE) TBERL, YAFIVA
V7 4% F (DMSO) OEHHTAF VT Y EZY
LA+ Y (HA) ZESALFIA v —HL—FLT
wohi. £ v —=hL—3arOBIZDMSO B ALK
MLUZHADZR Y AEN DD, ZOBRNOBEBICRIET
BE, WERAHRKISIC X o T2 OEBEST23DMSO &
ANFEbbL. T L THA LREREBES FEHAL 7 7
YT — VARG (van der Waals gap) I[Z3AfFE €5
ZENTESL. LzdoT, HAZFBEL, FEXEOR

ARG TR IES LI EICE T, WkEEo%
L RAZENTELY, ZOERPSFY YT (B
T) REN—ETH D DOICBEEIIFERICIH L TH
M2 EMHBILA. S510, BTAEERPHERSE
ORIE L HICHPT LI E LWL, ok
D, BHFEEROBESTOHA VI —F L —2a U255
ZTtE 03T 2 eXWL LR, ZOMRAEEZT
LOEIT LT, BHFEFOREVAKGTF (BIRTH
80) # JLAF & & 72TiS,(HA).(DMSO),(H,0), & & ik L
FiZT~0.21, 100C TZT~028 %% T 52 LA TX
f:Sl).

L2L, ShiZhTHRYOE L LTS5
DTHDHH, ZOBHTEIFY) TRENEGTETER
MREEZEHE L2 LIS A2WRRIZH 72 Thbb,
VA A (BTH51K) THHHAZA v 4= L —
b L7272, JEOMTIS, #if IR THEICH W v Y
TR L OICCIZELL, E—Xy 7 REDOKE K
TRBW 72O ZTHHFEL VK2 720TH L. L
7285 TC, SHIICZT% LIFA7:01213F v ) TIRED
HH (DA 2179 LEFD 5.

42, ¥y ) 7REHMICLZSPFE- - &2ZT1L

TiS, D% v V) 7EEMINE Y 4 AL (HA%) oA
V= AL—=avITERLTWwS D, £ ¥ =7
L—3a YIFICHTELAREZMDT L2 LI X > THIE
HFF Y OEARERS T, FHEIIZF v ) 7iRE
EMOSTIENTESL. T2 VoA TNV VT —
Hl—=vay (IC) LBRICEROMEZEZ TSN
X, HASINAEWE S F 4 ~ Hde-intercalation (De-
IC) SNTHFy ) TIREZ TIFAILEDETHS.

X212, ETEE2V THA % IC/De-ICH A 7 Vv L7z
WOXRD/NY — DAL Z/RT. HHh o, KEHOREH

De-IC 20min
- De-IC 16min
=N e . |
S | lJJ De-IC 12min
>
e
‘O I l I De-IC 4min
c Ll
0] 01 59,
© l 003 IC 30min
= L
11, . . ) IC 15min
001
. L I TiS, crytal
0 20 40 60 80

20 (deg.)
X2 TiS, & dh~DHA ST DOIC/De-ICHLFE (FIFEFE2V) 12
9 XRD/8% — > DZAL IC30minTA ¥ ¥ —HL—¥ 3
V5T, De-ICIZ& ) HADOBENHAT 5.
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L B ICHAD I A & I TICCHI T & 5 TiS,(HA),
(DMSO), & A TiS, » “AHIRREIC 22 1, 30 minfE#E A 1&
ICCHOADHMIZ o TA Y —HL—2a UVIRET
(Full-intercalation) 54 Z &0 5. SHIZETE (B
W) D& &I L CHI 2y 5 &, ICCHIA RS
o TWL RS, 16 min~20 min Z %8 L T4
JEDOFTIS IR ST, ICCHDOELHF Y ZLL %<
Th.

BIE2V 230 minFIT L TH% 5 N 72 ICCH] % De-IC
L, ZORMZEILEEBITF Y ) TREREE—Xy Z
BESHED X ) ICELT 0% A2 EHPRIZaTH
5. #4 min~8 min ¥ Tnlxi®d, SoHMHE (S]) 1k
BN 25, Z0RIFTIEZ-ZOMHEERSZ ENG0
%. 16 minFE B TOMHIZn=4.7x10" cm™, §=-76
UVIKTH 5. oD, LD TS, HaEihdn=1.7x
10° cm™, S=-170 uV/K |2l TE a2 8|S THh b,
FF—THLHADPEEIIRITU S LW L2 RIEL T
Wh, X512, FIWEEZ EFTDe-ICLASED16
min %O n & SO A X 3bIZ/RT. ENTTEEZ LiF
5L, HADOREEZ AL T 20 Z O EITNE L, 4V
I THn=3.5x10"cm™, S=—-98 uV/KFLFEICH £ 5.

Pl ERALFEMIC/De-ICICE > THRy ) TIRER
HHREERFIETE 5%, FRICIZBREYD B 2 & 5%

a 12 -120
{' Applied voltage =2 V

%87 */}\(’/[ 1780
S
<

(uV/K)

4 P40

0 T T T T T O
0 4 8 12 16
b time (min)
12 -120
De-IC 16min
/{/{
%8— { -BOg~
< S
S =
e [ )
T 4. T, , 140
C ——
0 T T T 0
2 3 4
voltage (v)
3 (a) De-ICHHZALIZHED F v ) Tl En & ¥ — Xy 7 4RES
DEAL,

(b) FI B 2 2L L 7285 & D De-IC 16 min 2B 5 n & S.

TSN, 2T, DelCObDRR L)L L
THEZEMBILED: 2 A7z, T4 b5, Full-intercalation
ko TIER L - AT 2 52 T L <F
BehFFrazBalL, 7FFViREZB LS EICE
D) TIEAK LS HETH LY. BAALFA >
Z—HL— a3y THELNSTIS(HA)y o (DMSO)gss &
FZ2H 180T T 1 hME T % & TiS,(HA )5 W2 ZAL L T,
FrUTEEL85%x10%cm ! A2 54.0x 107 em™ 122
WE B ENTE, B -~y 7 7D -T70 u VK 2
5156 uV/IKIZAEHE 9 4. EEEITF v ) TIREORA
D 72700 S/em 2> 5 350 S/em (A 5 A%, EiRPF
13343 uW/mK* 2 5 850 uW/mK” F T3 5. 7272
L, BEZEMEC X > TRAATFRED N TIS M L
TIC & TiS, DIREMIZ % o THIEEEHT0.61 W/mK 5>
S513WmKIZHIL 72, 200 ZMNEZFhiz e b
57, ZMTO2HREICHE -7 (K4). ZNTHZT
DL, IhFETHRESLHEEL > TWTIS,(HA),
(DMSO0),(H,0). » ZT & Z i~ 100C D #i A T (T (T 7 %5
THbHIEWIHhD.

EHI, Bt () SRR 2O AR T
oA=L —=FLT0b, BENET L LI
Lo TEWICARZERGREAD T4 ¥ 2ELWITE W H
L, BEFEELR-o72FF 1) TIREZM U 55k
BRATz. Thbb, WA ~130C OHA & # E %
ALY EW (BE>2000) FEITFVT VEZT A
(TBA) #DMSO& & (24 % —HL— bk LTTiS,
(TBA)g.016(HA) 074 (DMSO)g070 & L,180C T 1hH 22 i
B L TTiS,(TBA) g013(HA )10 (CE R 72, T DHRH, Fx
Y 7 EE129.0% 107 cm™ 2 5 4.8 x 107 em ™ 121313
R, ¥ — N 7 BEIT-65uVIK D 5142 uV/KIZ f5
B, EEF S 250 S/lem A 5450 S/em (2 1F IFREH LT,
% i PFIE 105 uW/mK’ %> 5 904 pW/mK” £ T 9 f5 14
ML7. ZofEIE7 LF 2 7 IVEELSIRM R O b Tl
OTE L, MREEVXIVIHY 5. —7F, EERN%
ABAS TR XAV D I ITHER X Tz b oo,
BUERIT LIS W/mKIZCETLMET Lad 72729,
B 72 ZT13 R T0.24, 140C TO33128 F - 72
(F5). tidvz, 7LF Y 7 VBRELRMEOZIE
LTIEmESLRXVOMETHY, SHEEABLEF Y ) TR
FERINE DS ZT % LT B 720 1B TH TH 722 &
ERTETHAHLEFZD.

COMOERARBEAMROF ¥ ) TIRELZHIHT 2
DIF—MITKEH L Ve SNDBA, TAPRMB LA LR
OHERE R Y V252550 TH 5. SHES
N-BEWE SY—772%—PF) #7L %37
GERRREI VRT Y MR OSCHME & IR L TA S
L, BRFETRI6 DX HIZ% b, p,nlll iTh—KRY
+ / F 2 —7 (CNT:SWNT, DWNT, MWNT) 7\ L
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TiS; ™ TiS,(HA) 14(DMSO), 35 ™ TiS,(HA)g g5 . e
1400 - TS (HA), ,(H,0), ,,(DMSO),
AAAYA Hexylammonium TS A
Y Y'Y 200} i
a 3 ey
£ 1000 - P |
B anal % . -
MElectmchemical g 800 “Ne—o—o N
8 =e
S —) | .
: ; 2 Ay
m intercalation 5 4001 4 A—A
200l
300 320 340 360 380 400 420
Temperature (K)
e
b 0.45
—l-TiS, single crystal
T T == T 040 —BTiS (HA), 1,(H,0), ,,(DMSO), .|
(o1 TiS, single crystal —@-TiS(HA), s
l d=569A 0.35¢
: (003)
3 ) (o2 > 030} £
002 S
P Gl T T0,{(HA) 5 OMSOlo ) [ e f :
;: (004) d'=183A 020} a0
- 0.15}
TiS, [(HA)g gas)
010 o m—m—m—m—n
L 1 1 1 0.05 n 1 I n L L I
10 20 30 40 50 300 320 340 360 380 400 420
26/ deg. Temperature (K)

X 4

TiS, ™ TiS,(TBA)q ¢16(HA) 074(DMSO), o7 ™ TiS,(TBA)g o43(HA)g 019

*’;?Q* Tetrabutylammonium

a

(a) TiS, ¥fim~NOHA G T OBLZALFA ¥ 7 —H L —2 3 v EZDOHBOEET = — VLN X 20K - HiEZEk, (b) TiS, Hik 4,
TiS,(HA)g.16(DMSO)g3s. TiS;(HA)gos ® XRD 7S % — >, (¢) TiS,(HA)g2s ® HAADF-STEM 4, (d) TiS,(HA)e,s D 11 K+ (PF) J&
O (e) ZT DFIEMRAENE  TiS, HAk & J U TiS, (HA ) .08 (H20) 20 (DMSO) g 3 & D HHE % 775

X 5

Intensity/a.u.

AAAA Hexylammonium

__Electrochemical

=

intercalation

(001)
1

(Wlw

002)
(0o1) L)
‘ o)
|

(]
I\

(002)

TiS,(TBA), (A}, 7y (DMSO) o

B e e
(002)

\
e e

Tis, single crystal

(003)

TS (TBA), 1 (HA), g,

10

220

30

26/deg.

40 50

Vacuum

Heating

—~1400} ~ATiS (HA), ,(H,0), ,,(OMSO), |

zT

~l-TiS, single crystal
2

=@~ TiS,(TBA), ,i(HA), ..,
;Q—Tis,(mA)m(HA)m

300 320 340 360 380 400 420
Temperature (K)

u.45 —l-TiS, single crystal
0.40} ~A-Tis (HA), ,(H,0), ,(DMSO), |
=@~ TiS,(TBA), ,,,(HA), .,
0.35} @ TiS,(TBA), 5,5 (HA)y o5

/0
0.30+ /.’_. /.—.
0.25¢ @ /‘4:—0—.
0.20} =&

0.15¢

010F oy m—m—E—E—n

5 1 1 L L I L 1
300 320 340 360 380 400 420
Temperature (K)

(a) TiS, i ~DOHA/TBA ST OBFALFEINA ¥ 5 —hL— a v EZDHROEET = — VILFIZ X B MK - #5281k, (b) TiS,H
Hidh, TiSy(TBA)gois (HA)o074(DMSO)o 00, TiS2(TBA)g013(HA) 019 D XRD 785 — >, (c) TiSa(TBA)g013(HA) o010 HAADF-STEM 1%,
(d) TiS,(TBA)pns(HA)oo12, TiS2(TBA)g013(HA) o010 D HTIHT (PF) KT () ZT DdFEARLEYE 5 TiS, B il B O TiS,(HA) g 03 (H,0)0.20
(DMSO)g ;3 & DI % 7”3,
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PF = S2s
(mW/mK?)
p-type n-type
@ 1800
SWNTs:PEI[pnT]
1500 ~~ SWNTs:PEI[pn1]
//'2T@2300K ﬁ\\
0_5‘ PEDOT:PSS+CNTs/TDAE[n13]
04 T 1000 P~
| polyinretints) PEDOT:PSS+CNTs/TDAE[n13]
0.3 §° PEDOT:Tos[ps] T 900 —— TiS,(HA)(TBA)[n14]
Tis,(HA)(TBA)n14] — Tis,(HA)[n14]
0.2 § Tis,(HA)H,0)OMsO)n1S] [+ 5o
0171 T 700
WNTs([p1]
v £WNTs:PE|[pn1] j | -

PEDOT:PSS+DWNTs[p2]~—
p-doped SWNTs[p3] ——
PEDOT:PSS[p4] —
PEDOT:Tos[p5] 400
PEDOT:PSS+SnSe NSs[pG]/

PEDOT:PSS+SWCNTs[p7 300
PANI+CNT5[88]:

500

/1

TiS,(HA)(H,0)(DMSO)[n15]
Poly(Ni-ett)[n16]

p-type

[pn1] W. Zhou et al., Nature Commun. 2017|8:14886]|
DOI: 10.1038/ncomms 14886 |

[p2] G. P. Moriarty, K. Briggs, B. Stevens, C. H. Yu,

J. C. Grunlan, Energy Technol., 2013, 1, 265-272.

[p3] M. Nakano, T. Nakashima, T. Kawai, Y. Nonoguchi,
Small, 2017, 13, 1700804.

[p4] G.-H. Kim, L. Shao, K. Zhang and K. P. Pipe,

Nature Mater., 2013, 12, 719-723.

[p5] Bubnova, O.; Khan, Z.U.; Wang, H.; Braun, S.; Evans,
D.R.; Fabretto, M.; Hojati-Talemi, P.; Dagnelund, D.; Arlin,
J.B.; Geerts, Y.H.; et al., Nature Mater. 2014, 13,190-194.

[p6] H. Ju, J. H. Kim, ACS Nano, 2016|
DOI: 10.1021/acsnano.5b07355

[p7] L. Zhang, Y. Harima, |. Imae, Org. Electron.,

2017, 51, 304-307.

[p8] H. Wang, S.-I. Yi, X. Pu and C. Yu, ACS Appl. Mater.
Interfaces, 2015, 7, 9589-9597.

[p9] C. Yu, K. Choi, L. Yin and J. C. Grunlan,

ACS Nano, 2011, 5, 7885-7892.

[p10] M. Culebras, C. M. Gomez and A. Cantarero,
J. Mater. Chem. A, 2014, 2, 10109-10115.

[p11] K. C. See, J. P. Feser, C. E. Chen, A. Majumdar,

J. J. Urban, R. A. Segalman, Nano Lett., 2010, 10, 4664-4667.

[p12] Y. Du, K. F. Cai, S. Chen, P. Cizek and T. Lin, ACS Appl.
Mater. Interfaces, 2014, 6, 5735-5743.

n-type
[n13] H. Wang , J.-H. Hsu, S.-1. Yi, S. L. Kim , K. Choi,
G.Yang, C. H. Yu, Adv. Mater., 2015, 27, 6855-6861.
[n14] C. Wan, R. Tian, M. Kondo, R. Yang, P. Zong K. Koumoto,
Nature Commun. 8, 1024 (2017).
[n15] C. Wan, K. Koumoto et al., Nature Mater., 2015, 14, 622-627.
[n16] Y. Sun, D. Zhu et al., Adv. Mater., 2016, 28, 3351-3358.
[n17] R. Tian, C. Wan, Y. Wang, Q. Wei, T. Ishida, A. Yamamoto,
A. Tsuruta, W. Shin, S. Li, K. Koumoto, J. Mater. Chem. A,
2017, 5, 564-570; C. Wan et al., Nano Energy, 2016, 30, 840-845.
[n18] Y. Nonoguchi, M. Nakano, T. Murayama, H. Hagino, S. Hama,
K. Miyazaki, R. Matsubara, M. Nakamura and T. Kawai,
Adv. Funct. Mater., 2016, 26, 3021-3028.

(0] < Tisz(HA)(NMF)[n17] [n19] J. Gao, L. Miao, C. Liu, X. Wang, Y. Peng, X. Wei, J. Zhou,
PEDOT:PSS+CNTs[p9 R. Hashimoto, T. Asaka, K. Koumoto, J. Mater. Chem. A, 2017
. = 200 n-doped SWNTs[n18] DOI: 10.1039/C7TA07601K
PEDOT:BTFMSI[p10] ~ = Ag,Te NWs[n19] [n[201 B. Zhang, J. Sun, H. E. Ilatz, F. Fang and R. L. Opila,
) . ACS Appl. Mater. Interfaces, 2010, 2, 3170-3178.
PEDOT:PSS+Te NRs[p11] ~_ 100 — PEDOT:PSS/Bi,Te; film[n20] [niy YMSL;H, P.Zg:lzenzg‘i cg,sgi. gé;iao. W. Xu, D. Qiu and D. Zhu,
" -— i v. Mater., , 24, -937.
PEDOT:PSS+Bi,Te; NSs[p12] ~ o Poly[K,(Ni-ett)][n21] [n22]T. Menke, D. Ray, J. Meiss, K. Leo and M. Riede,
0 Ceo:Cry(hpp),[n22] Appl. Phys. Lett., 2012, 100, 093304.

K6 71L&y 7 VAEERMHROMIRET (PF) Ol [ ] WIGEIIRT CE S

CNT/polymer I ¥ KT RS L NV D PF %R
LTWC, RAEDLI RS, —F, Fr otk
AR AT HENE, nflE LTi3904 uW/mK” &
IEWPFRRTHOD, CNTRIZHAS & 24T RIE%R
W, L2 L, CNTHRMEHIBZER ) /MERTE T
BOF, PFIEVLODZTHNER N 28, FEEISH It
T HEITIREAEDS SIS CERRBEITE R E W
IMENDH L. T2 CNTREMTH B0, 4T
BEEBAMB~NCHT 2013 L. 2F D, Bk a2
b DA & BREIR DAL & V9 20 DR % 4R
LCw2hidR iy, ZHCx LT, SmEaREal
FEFAERHEJEOR B N85S o 2 MICK & R BEIZ 2 WS,
KREPTOREEICHEYR D 5720, MR L il
BEabhwi Wi ErsH 5. 72, ZoMEHIn O
ATpHEIS— b F =2 LT L. WTFRICLTD, #
BB - mikRe L - K2 A ME - SRS 5%E 5
WD T A% 5 e,

5. JLXYTNHBES 21—
BEt->3aL—v 3>
51. KEEZ I LEGRTOADEELTONSE
A TBEEY 1 —IILOESR
TiS, A AR T2 BB T NA R - Y 2= WS
MY 5121, DAELEHERTERLRE AV EKRN

LRKEFEDT A NVAR T+ A NVELELET L, FNUTIE
FEBWRICH W2 BSALFNA Yy —h L —v a3 VR
W29, KOMErO>KIX N2 T e X TOMES
- BENLEIC RS L L, ER- SEEMEOS
B R E L THW ST E ZBEMKIE, B,
SRR ComiR T e XL, AL EED
WE - MENCIZEATE 20T, K- BEOS AL

RRGEMTF T - BT 2% Mk 7ae A2 LR
FhiZesw, 22 THRAIE, 2T BHEO A
2 & K s L AHAEED: (Liquid Exfoliation) %
ML, WA > TERTEFT /Y- 2 E5ICH
CHLKRAL (Self-assembly) L CKIHED 7 1 VAR T+
ANEEDL T EHNTEALMBLESA7 0t A% %L
f:36' 37).

%9, TS, HMEBEKEANF I VT IV (HA, #ild
TIEWMA) ZFRICAN, EHRERLZFT 7 FATH
R A L THRMMICHAZ TIS; 124 ¥ = L— b+
B WARDHIR L TR 2B RIS - 722 & 2 HERR
L7zt BEREN-AFLV75 VA7 3IF (NMF: £iik
ERAEAE~190) BIICANS &, HRISTAH B
o THARIHERZRTOEZETLLHICRSE. X5
COBWABE IS 2 i &, WAHREEASEA TFH
V= MOEEIMEESIND. TO%, I OBEWEE R LS
BT 5 &, KRE R TFHUE L TIEAD3~4 nm,
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IEHAT BB AR 1 BRI R O L AR AR

A A ZAT100~200 nm FEED F ) ¥ — b At EEA
WIS L7aa s FEEPELNE. 20 LiEREE
¥ X — LEIZB L TI00CHi 2 0k JE TH 2T 5
L, BHOKERIESTH 2 v — MSHTES L, ©k
L7227+ ANV LIRO 7 4 VAL NS,
Yy — LHICEREEWTBIE, BRI 2 —
Fﬁﬁﬂﬁﬁﬂbt74»A%%&?é’&%f%5
TERLL 727 + A VORTIIBIT 2 BERMEIIRDO L B
krﬁ%%“%n~14xuﬁcm,u~24cm/v&o~5m
S/em, S~-66 uV/K, x~0.77 W/mK, S’c~230uW/
mK’, ZI~0.09. i L5E & b IR EAio Tw
&, 100CTZr=0.1212:#9 5. —F, FEMEITERL
TR FEARIZIE 7 + A NV E RS 2o T D
25, 37 0L —Y —OREIREBIIZIARE M O3
RSN 5720, BEFEICETOECSENS. —
MIZE D &, KA 21T LR ORIk &
L, FABEA/NS W (A ) (1 R TED EDT -
T ) 7BEESNH LT A2HAICH L. WTFRIZLT
{87 — 7 7 27 & — PFIZTiS & d 2 e CRIE AL T
LTLEHA, ZRTHEET210~230uW/mK & 5
WEZ RS, n A BEEGE L R O PF Y100 uW/mK®

W THE L, WL R plA REAEL M O
W= F =L LTTIVF IV TNVHREBEMRTINA, A - E
V2= VDI HPREIC R o 72,

ZZC, LESA7Ht A 2L ) PET 7 1 )V & 541 RIS
JERE L 72 n 28 TiS,HANMF, #Jii &, p %I PEDOT: PSS
e faaelalEREEY 2 —0 5% 28 ELA
VBV VETLF I TNT, R LR
#10KT0.05W/m’, 70K T25W/m* L, ZThE T2
WiE S N7z pMPEDOT:PSSOAND L=V v &Y 2 —
VEHARTI~2H7b K& itz 7T, Sun s opk
OnRBEENEE G TR ZHAGR 2o MEY 2 -V
(B5xF) 1IZHARTH, RIEY I ERE W, FILE
BEEY 2 -, B, BT, £EToE-
KRG EDETHF T T4 <4 XENTZHDTIE WS,
TUEFIYTVHEEY 2— Ve LTI RES DR
N R L7

52. 7V¥YEVUF—%2FRALAEEY 2—ViBE

D=
nxl:l

B7all/mn 3 & 91T, PET7 4 Vv & @R HIZpH
(PEDOT:PSS) K U'n#! (TiS,(HA)(NMF)) #ifE% 71
WL BEE LR BE T — 7 2B BAUERA

DUF T LA %2 - 7220154 KoBs i, Zofiix oy R CEfEr) CEEMHITZIEICEY, a4 VRO
Iy
a wwww Elec./heat [
"H'H Insulator rod ”
‘ PET || electrode \
F A
Tis,/organics film PEDOT:PSS
Flexible TE tape Coin TEG
C
b 60 1l N=2000
N=2000 1000l . = N=2000 Lo,
= 0.8V A~ o sv "
N=1000 E = N=1000 = 5 -/r N=1000
—~ 40 - L|JZ500 /64\/,./ ] -/4V' "
£ e d /V
£ -/./' | _ 3r /' ="
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Study of the Linkage Isomerization and its Influence on the Charge
Transfer Phase Transition for Iron Mixed-Valence Complexes

by Means of Mossbauer Spectroscopy N

N

Norimichi KOJIMA*

In the case of mixed-valence systems whose spin states are situated in the spin crossover region, new
types of conjugated phenomena coupled with spin and charge are expected. In the case of
(n-CH, ) 4N[FeHFem(dto)3] (dto=C,0,S,), a charge transfer phase transition (CTPT) takes place at 122.4
K and 142.8 K for n = 3 and 4, respectively, where a thermally induced charge transfer occurs reversibly
between the Fe! and Fe" sites. At the CTPT, an anomalous enhancement of dielectric constant with thermal
hysteresis appears in the whole measuring frequency range between 1 Hz and 1 MHz, which is attributed
to the valence fluctuation between the Fe" and Fe™ sites. This anomaly tends to become divergent as the
frequency is lowered to 1 Hz, which is quite similar to the dielectric relaxation in the relaxor ferroelectrics
having domain structures in mixed crystals. In order to investigate the origin of relaxor like behavior, we
have synthesized two kinds of *’Fe site selected complexes, (n-C H, ),N[*'Fe"Fe"(dto),] with *'Fe"O,
and (n-C H, ) ,N[Fe" “'Fe"(dto),] with *’Fe"S,, by using 96% enriched iron metal as a starting material.
From the analysis of *’Fe Mossbauer spectra for the *’Fe site selected complexes, we have evaluated the
ratio of linkage isomerization from Fe"-S,C,0,-Fe" to Fe"-0,C,S,~Fe" induced by the Hard and Soft
Acids and Bases principle (HSAB principle) and the succeeding redox reaction between the Fe" and Fe™
driven by spin-entropy effect occurs in the precipitation process. The domain structure between the normal
coordination and the linkage isomerization would be responsible for the relaxor like behavior in the
temperature region of CTPT.
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Fig. 1 (a) Temperature dependence of in-phase dielectric constant with the frequency between 1 kHz and 100 kHz for (n-C;H,) 4N[Fe” Fem(dto)3].
(b) Temperature dependence of in-phase dielectric constant with the frequency between 1 MHz and 1 Hz for (n-C,H,) N[Fe" Fe"(dto),]®.

Inset shows the magnified view of low temperature region.
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Fig. 2 Schematic representation of the honeycomb network structure of [Fe"Fe™(dto),] and the expected *’Fe Mssbauer spectra of “'Fe™S, and *’Fe"O,

sites.
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Fig. 3 “Fe Mossbauer spectra of (n-C,H,) ,N[Fe"Fe"(dto),] synthesized at 10°C and (n-C,H,) N[Fe" Fe"(dto),] synthesized at 30°C.
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Fig. 4 "Fe Mossbauer spectra of (n-C,H,) N[*"Fe"Fe"(dto),] synthesized at 10°C and 40°C.
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Fig. 5 “"Fe Méssbauer spectra of (n-C,H,),N[Fe" 7’Fe"(dto),] synthesized at 30°C and 40°C.
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Improvement of femtosecond luminescence spectrometer and
observation of luminescence in platinum nanostructures

Tohru SUEMOTO*

The aim of this study is a development of high performance time-resolved luminescence spectrometer
and investigation of luminescence in metal nanostructures. In the first part, construction of mode-locked
Yb-fiber laser with an amplifier, the up-converter optimized for infrared, high throughput spectrometer
using bandpass filters and the control software are described. Factor four improvement was achieved in
sensitivity and quick and efficient measurement of time-resolved spectra with a time resolution of 220 fs
became possible. In the second part, investigation of luminescence in nanometer structures of platinum
grown in mesoscopic-porous silica is described. We examined two types of structures, i.e., Pt-dots and
Pt-wires with diameters less than 4 nm and found an intense luminescence in infrared region. The
luminescence spectra are very broad extending from 1.05 to 0.3 eV, indicating existence of continuous
density of states across the Fermi energy. Under low excitation fluence, typical lifetime was 100 to 200 fs
in dot and wire type structures. In contrast at higher fluence, a long lived component emerged only in the
wire type material, indicating a shape dependent relaxation mechanism. The luminescence dynamics are

discussed in terms of the band structures and electron cooling.
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VI ANPLEROPHEATH > 2, FEALEIR
HWoM#ERIZIY) 74 V7 —TEWI Y T A PDES]
TEDEH otz 7= FEOSHGIZIEFIZH VD
T, BHEBICEEALZVWEIIZTO Yy 7 LTW5B,
ZNTH 0% ) OFEDEA G EHOA Y DY Rk —v |k
WA LTWS., = NEORZANTZEEDNy 2 T
S Y FOKREEDS, 594nmfHE (FED09eVic
$IE) ICBWTSHGIZH LTIO Moy b5 2 ks
EWRENTWELEHMESNSL, ZONY 2757V F
(504 > b/BREEE) 3200y DT 4 VT —%EFfFA
LTHRVZEIALAZVDT, SHGZED S D TIE %2\,
—J, = NGRED2FICILET SO TLIOD 1T
hEHETH v, L2d o T2HT RIS X 5 LIO#S
B D DG, 25 TR S hzHok, S5 A M) v o
W% EOMEMEAEZ ONDL. 5DLIAH, TONRy
7759 EBSINORRERDTNDE. Ny 7275
YRR MRBED2RI, TSI UEFIZIRICE
Bl$ 50T, FMERHERIZLEZVOTHIE, Ny
FI Y RRRTTAVEEORBELTICRS LI
= RZEGEDIFINSINO LI WTFT =365,
2.4. EREPEANYT MVAIEDBEME
T7aVMNEDEMEE D—DTHBNFNET 54 A
Y MZoWTE, 1 5ROBER TR L ONEROTH
TV 7R, HFEROMVEE O TR EE T
FEHITHIENTER FZCCDAATIZLH>TL—
P—ZARy VELEMCEHRTEL LHICL, ARy b
BFAZY =V EOTFEHICEbEDL I L TREREE D
MEFEIEZIHEOND X)o7z (MT7(e) ZH)
77T, ERAEEET IS LIO KON
MEAGEZLDOICAEIRETTLLENDD L)
MEPH L. BIHIVEOOMEIXSIi7TA NI —TH 5.
ZL ORARE SN -ETHESHZE L TRV AV
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F—DBTHIPEREINL 0, 7+ by TRV F—
IVEVZANF—TOINEPAEL B, ZNDHRINFL
OT 7 VEEER CERBERICHNS 72012, WD
WEIZRDZDOT, INEILT A720IC8—ISZ27 1V
¥ —& L CHRIPISi % B & LIO OB E L Tw
5 (). TD7DSi7 4Ny —DEEHESOWE
RAEE R R T A 72012, WRAZ T % B ISR E
LDEHELRITNIR S W,

RIS DEE (BXOF—70H) 2 FHT
TFo TVl EIM SN T W T2, B2
FELTHEZRIT S ARY P VIIEIZFEERTET
Hot. THOOMMZEMIT 272012, LabVIEW™
X707 I8 %HIHEL, A, 6, O30
SAY—FFAMLCEHITZENTELIHICLE 2
XY, B R SR A QR B RIER M E O RS T
Yy M LARRSRANRY MUBZOYTRONS X9
otz ZOEREEZHVD L, WE RO 5EIEEE MR
&5 v TAT I T (BAERESH) OARZ VRS
CLEIXVHHEICESNEDT, BEMELESTDH
b, REZUBTREGIIESTWEDY, Zo7ar5 L0
KXo TT 7ayillEdiss, JTTAMToONH R FkL
L TRBISED Vb DEEZTWA.

V7 b= T OFEEOGERIE—AARE ) SN
T—=<DEHIHRZ B0, WEB X UHITOREH & 57
GBI S AU, BREE g 2o b DICE
P22 EPMREICRD, £F57— 7 OmbHENIC
Wz 20T, BEAFNELE V) SHTHLVWIER %
B —Wcas b0 WL TWwb.

2.5. MEEST

INETIHE LR B 5 FmE [ 7 30k 2 H v T
FLWEBEOWREXFHIL, IHY AT A LKL 7.

9, 4@ 2y v 7 RAF 707 o7 Tar
A7 MV E 1900 K 0 RARE G 2 08 LCHE M L7zl

H\‘\H\\\H\‘HH\HHHH\;':“\PL\‘:‘ 12x10° —
Sensitivity Spectrum osfea’’en” ° Cross Correlation
A 101 B
6000 [ S
2 d ;
2 8 A
=
2 0
2 N
5 o B 3
© 4000 - ° . 4 %
5 B 3 o i
z
3
2
! L |
£ o o
0 5
2000 - B
° o .
. . ®
o o 2r ]
o g
CSL.-M\HHmmmmwu o L .
04 0.6 0.8 1.0 00 02 04 06 08 10 12
Photon energy (eV) Time (ps)

K4 (a) ¥ v Z7AT vy 7 (i@ 1900K) AT My (R
W L, BAKEEONT oAV F — AR (R, 0.37,
0.58,0.8eVICRZAAMBEIE 7 4 VT =Y DIz Ik
LHDTH5.

(b) #Fk & ORBMIELIE & 7 — b3t & ORI A .
RER R I BT T 210 fs TH 5.

REOWRAAREEZ R, X4(b) MRS E 7 —
FMEoRMERE (F7uxa)L—3 g y) CTIHliL7-%E
METHE, XD T T3 TADYE K5 F e
CEEENE) 25210 fs Th B 2 EH 00 5.

X 5 12 1x InAs EEHE R O FESERE P (a) & WERI45
fEARZ MV (b) (REEMIIERT) %73, JFICAXRZ b
WE I NFE TIEIRFRRIED 7 — & 75 FAEEIC X 5 Le
D, BHWIEEMBTLIAEON o728, 22
R L7z & 918, ZOYTHRIN R E L TR FHH
TXL0DT, WMSWMEREZ -2 T465H & LTl
9T ENUHREIC o 72

T T T T 7000 T T T T
7000~ [\1.O5 eV (a) Time Profile (b) Time-resolved spectra 0'5. S
6000 [nAs . g

5000

0.
6000

5000
4000
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3000

Intensity (counts/s)

3000

2000
2000

1000
1000

I
04 0.6 08 10

Time (ps) Photon Energy (eV)
X5 InAs#HEHEGE O I H.

(a) £ AN F=12B T A0 ENR (FAFY 0
Wk 155). Ny FIE (038eV) Do
TUB L) BENDIRBODRAZ TS,

(b) HFHERIC B HHER A RZ MV (RERIER L. 72
ZL0.6eVUTOF—213141 L CTHb). HERRIZ,
IARDAXRZ VU205 THD. BTREOKT L
EBHIZART PR AN F—HABE L TnBE I L
BONb.

3. BT/ BEROREK

ARG % TR LA 72 kSR & LT Pt
J HEERDFENBGIZ OV TR S

31. BEx BHEOETREEHEL

SRR O gEClX, IS 5 b OAT
LTHBY, WL T Tlxy 7y cHMf s h,
%9613 LUMO —HOMO [ % 7213 LUMO — d-band /&
BT, Mmoo Tid, FM7rIATYEE
T HERT O % G IRBEASEIE & % 2 S hCw s, il o
Bomoaa A FTI&, REICEM LA F 7% AuilF
OWEATRE L 72 REASH G L T2 & v 3isd 2"
FWINGER (FEEER) PRI L201E7 )V I
OLETIHIBT BN FBRRITNE RS H WS, PtT
X, ®6RT LY, WHERIMEE T 04t E
W2 XEELEDOEHEOATH L (LN ER
ED). FARICFEGEAE S H CHERICR o2 (Til&E &
B, @EBmEAs s i, B EREHITRT L9 2580
EBRDIETHL. Auk WliE T2 1EL WPt Tldd
NV RMsNY FEEBHITT oIV IMREICH B 720,
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Band structure of Pt

Energy (eV)

K6 Pto/Ny MR & ] HE R by B,
AANCIREREE (DOS) Z/8F. L& KFNE1.19eV Dk
UL, R & LENZ0.9 eV DFEITHIET 5.

TV ITEBEOET L dN Y Fh—)b & DTG % 5
RETHMGIZOF FITHTETE SRV, N2 P
DWTINFE TIRMOFGLHEIL R L, RIS
DOVTHIFEAEHREENR TV R D o728, 20154E12
7 - C thiol & BLAL L 72 ¥ HH KL - T 47% &\ 9 JEH
CRFHEOBORELESRB SR )y v reg
A=V 7 EDISHNOHENREE > T b,
AWFge-cly, Pt /2 fEEICBIT 25%00% L b fike
THRT L7202, BETIIRLF I R=F 2 Hij
WCHEE L7z E LTHW .

32. ¥/ KR—-5ZAIUH

Ll E b g & L72PtF /MR B iz B v
T, MR WRELICE>THERISAEbOTHE. &
VHIDERERDLT NI XA NFT T T K E S 2
35 & N 2B Ma R T BT %o EAIRD ) H i
BEATEE S 2 OFIE R G %2 A LGl
W R Ot R T E, REIGTRICE bR
7eBRPED LAY H CALRRAEIC & 0 BRI 2 HE k% & -
TEYTAH. COMEEZMHF L THRLAIICLY Y
B EEHR T WAL SR, X SITBUKRTEER S % S 2
FoThRETLE, KREEDELH S22 HANEF) L7z A
VR=F AT AT hbE [HE] MEb5hb. RIZZ
o [§R ] 1CPUbEY HEILH & HPCly) % KER
& LTF /HIFLN~NE A L EZER A B ICUV LR T C
A% )= VEILHNC L > TEILT S EEEPHTH L,
PtF ik (Ko bRTA Y —) VY 7 OFHAN
BRI IS L 7251 S . T ORORERIL,
auA FERGREEIERRY, FRTF2T) AL S
THifE SN TNWB 2 L, fiTH A ARBRIE—TH 5
ZE, TAXY—OYAEZEOHNDH o T Wb Y
Thb. LizhFoT, T/ EROLEDLEZTRZ 0
WCIEFICARTH S, 512V —F—BEHI L THA
PeDsd B &) PUIZES T OIETH Do 725 TH 5.
SEHWDIE, ) a VIR EICF ) E—F AT
WIEEVER L, Pt S8k, AlZ#5 L THEMRE
LTCWw5b., BRIIFRNE S —FNA 22 RMETHHD

ThH-> T, SROERIIGTEREERIE 2. 7 1% Pt-dot
& Pt-wire D ZE B EH G L GO TH 5, dotdh b
Wit wire DHFLORBEIZ420mTH Y, ) HORET
BTONRTWADT, BRI T EHETE .

(a) (© (e)

100pum

AIEE

Si0,
Pt-dot (Cubic) BRm

Pt-wire (Hexagonal)

X7 Pt k.
(a), (c) Pt-wire & Pt-dot ® TEM G- ®.. (b), (d) Pt-wire & Pt-
dot OHEEDRINIK. (¢) WEIZH W27 /N1 AHEE O B
% Fwro2FL—¥—RFFoHEMEZ RS, (f) Sidk
WEASHERE L7273 4 A o i (BEaXIX).

3.3. AHHEFHFELZINY ML B

8 ICHeCd L —#%— (K442 nm) TR Lz &
ECWHD SEAFIHNCAT THN D EHFLD AR T
WVERIRT. ARZ MUVIBIRR LR oWl M #E T
7% ) BT 5%, Wi d 700-800 nm A LI R 2
V=i z >, auf MR TD 2 OHEB TR
(BB MBS TW L2, BREEIARHTH S, 5
Wiz EBICH o 72 (BHETBAFIZE T B TAC
WZX 5.

120x10° T T T T
Luminescence Spectra

Pt-wire (red)

20

600 700 800 900 1000
Wavlength (nm)
8 HEDVA VA LREIA S D Pt-dot (F#) & Pt-wire (FR#)
DU - EARIEFIEEANRT bv.
Jii#2id HeCd L —# — (1=442nm) T&H 5. PINC ()
IR PtF 2 7 9 A5 — (ref. 14) DAXRZ b,

B 913 Pt-dot (H#) & Pt-wire (R#) ORIVER T
HARZ PV THAH. WTND 1150 nm i — 7 2D
U avER» L0 (R LTIV 0ER
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4000 T T T T T
Luminescence Spectra
3000 ﬂ\ . .
Si
1
\‘ Pt-wire
2000 — -

Intensity (arb. units)

1000

1200 1300 1400 1500 1600
Wavelength (nm)

R9 FEMSiHsDENEME LIV Pt-dot (F5#) & Pt-wire (77
W OEFIEEE AR MV b2k E 442 nm).

LHIEIIA T T wn,

LTw5. 1600 nm ¥ i& B A O EE DR TH 5 7=
DIEFTHHED TV A, 1300~ 1500 nm AL 1 Pt F
EED S L DNDIFECFENCANRT FVHY, £
D RIE L Pt-wire D ST RN Z E Db, FITID
FEHF I D T I % % 1T - 72

34, FHUHRKOEEPHEINY bV

K107 7 v ETcllE L7z7 = & Mo AR
7 PVERT. KIE1.19eVOR TR L L X DR
J AR T O Pt-dot DI 5 AR 7 bV (77— %)
LIRERIE L2 ANXY PV TH B, 0.9 eVAHE T A
ARY PVEFHS TS E W) HTIRERE (1K9)
EFELAR. ZORKOBRRREX, EHES Y v 71
T, NV FEOBFAEBERS WS FEARINASICBIT 5
Ry MV A vy A EEBEEEIEFICHE. PtETH
EETWARWT IV DF ) E—F ALY HTIEFEND
RAZBPo7z0T, BLEDIZPtF / #HEErS5Db

8x10° T T 10x10°
Pt-dot

Time-resolved spectrum

Intensity (ccphotons/s/eV)
Fy
(-}
Intensity (Counts/s)

04 T BT
Photon energy (eV)

R10 Pt-dot\ZB\F 2 MM GEFEIEA T M b,

HOHRWEDET -, FOFIEEMELZKL22d 0

T, #tHlhi% photons/s/eVIZILBIF 5. WS ERE 1249 220 fs

TH5.

O LM SND. T2 — 7 FOUHEE LM L
THIBICEY (W1.3%) KEEE2RTOT, HAMH
L7 ERBROIFBIERI R TIE v,

10D AXRZ FIViE1.05~03eV & v ) IEFIT)L W
HWPATIZIEFT T Y FTHLZEARMTHE. D)
BIBIAWANRY FMIVHHEL L 720021, B RE R IRE
HHFEINZIR D 5 TVWB Z EDRUETH L. WETFR
Rba7Ze & TR 2 AR SN O T, Thbid
FRF L LTi#F 2L, SEmaisikiEorc
HNBEBPRI o TVRDE I EARBENS, EBEH6D
T ERANOELAZR TV L, XEEETTHD»S
03eVHEET CHBMICERNTRTHLZ LD
5. SHICH LEHHERAEMPFHERLTVIIE, =4V
F—mPuFTT7oNVIMEFTCERBPURTHS L
FREENS.

3.5. FIARKOBFEHRRE & HEBRE KT

X 11 SRR o R R 2 R . 5§
HeF LTI (M8) D nslTHRTENIHL, ps
FIRICH B DT, TORBIITHIEE ZRAR D, 1
DS TIE Pt-dot, Pt-wire WU B W T & il
BH—ORBEBTLLEBTE L. Pdot oY, #
A ISR 25% HE D 110 fs %> 5 100% ks 214 fs T T
s 5. PFEEOEELFRMOBLS R END Z LAt
HY, —MIFy b7 x I VRRTHHEINATHS, &
NEETRLLT 4+ ) VRENDZANVT—HADDHED
WCRELS B E, 747 YROBWENEN>TLE W,
BT OEGEHRENTARL L VIMETH .

Counts/sec

=y
[=]
o
o
T

Counts/sec

Time (ps)
11 Pt-dot (a) & Pt-wire (b) 2B} BRI & Z DLk
FEARATIE.
JIhHEHR L 2 e KRIE % 100% & L THFRL T 5.
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—HCTPEARE REL R RN H 5. PHEATIEE
TAREE DO HNAE - TETAEER OREICE F - Tl
o, M ANF -3 EHGVREL R0 —HWTH
5. FEETH 7 2V IMHEORERESIEFIT/H S
WzDIZ, RMV Ay ZRIEREH Y, R FGASED
LHENASNSL. &I AHPt-dot TIEIEHF AT
IRILF—09eVA5035eVORMTIZE A EZILL %
W, ZHIEK6DEIRT X7 Vv IMixk EF/2nT
D% ) KERIREEE (DOS) BHFET LI EaREL
TWwa, Bnizze, Zo% 42 (10005 1-FEE)
D PR TIE E ZEAREE 2N FARRINTED,
BN 70 AT 2 FF o 72 0 T IO R IEES TRV E W) 2
LWl b, 72720, YA XZNS L L2 EIT X %H)
BRGFHIOBNRRIE T 5 XE VPR FEOLICE G5 LT
WBLIREEED D 5.

Pt-wire TIZA LIRBE VAR - TW 5. 55hE O i
FRCIZPt-dot & 12 & A LT UIREESEMEZ R L, 500 fs L
W R R B IFIZR L TH B, LaL, bk
MEEZ FIFTw E, HFMORVESVIEELTL .
XL EOHGIIFPEREORINE & HITEL 2D,
JE100% D & &, 1.45psIZiET 5. RHEMETH AR
FVIZRIE D JLHHCEH 20T, BiROET 2505
YelEEENS. dotd wireDiEWE LT, (1) NV F
Wi DOZALIHE ) IRBEEOZEIL, (2) 74/ Y ARY
FVOZALIZ X Bk b7 VIR, (3) ES
FNOEF -+ = VO, REVPEZLNDH, Bl
TEDEZA BETLHEIATTEEsTVERWY,
72, dot TEZ NIV SR IREHEZMERFL T
HEWHRMAEEZZ B L, ZOH A XD dot & wire TIR
BEENIRECRLZ LEFEZICw. HMUHEBAT (2)
ORIV EZZONS. Lz -T, (3) 25N
CHIED L ZAHEZTVED, wirellOF ¥ ) 7T —DF
DB oMM & D ED THEICRET 2 LEN D 5.

4. FEHESHEDEE

FEICHL T, BEISHBY 7 Y27 E TS
SeRE L, FEHBEREICA-720T, SH%IEWENE % #D
D0, HHEOBKEZFHO TV GIHTH L, FEE L
TH->TWVWAH DI,

(1) /ML & ZE b

F 3 L — % #4250 mm’— 150 mm’ D /AL I3
EhTh B, T—Favy 7 0RElkz &9 T 55
RISEIEZ RO o TV RO T, BRNTRE, HES
M, 77 AN—DOREEDL: ERET R ED L.

(2) Ty FTavn—r—nas )y e

HUE, BERRIYASLE 1 2 U 1S HER: L 72 300 mm” B
ZAERTH L. IR ORE L LT
ik b REL Bbh b,

(3) 74 W& =R Eait

RO 45 FIIZRD LzAs, BURTIE, MR
EEBTLEIZTANY —ERDALTATIEDT S L
IFEFLETHY), EROMEZHEAQATVLDT, =
DG & HELT 5.

WYEREICE LCTiE, Pt/ s KIC B 25 6E T
NEZERSELRL, BMOER (wire RIKGEHEONE
HE) DL TR EMOF I HEICOWTH A
FUEERDOEMRE L THREI, &R/ ik
BIF 25N EO— A% RINT% %5 5.

PNV EIBOFICE L TIE, HROBEGK, NLy
DRF % EIZOVTFMMNGHEEZEDTNWDLEI AT
HEH, WKONOERTHRLLEEDLNLBETEETY
50T, SHEIEHMEBRAEHIOWTHNET— 7 2 U
L, RIMRE, N PG oOMBEEIEHLWEEZ
TW5.

E -

B W PR FERT O FL R R B X o T/IREET
K, AIEREBI, WA BB IIOGIR o AR IC B L CHRE
W2 E, GF, PERIEOERICE LIRS
FHi R D A R EF I BHERIC R ) L.

Pt/ G AR B T R OB IC, MARERIGIC
RO T2 &, EREIEGHIE B & OB 4% 56
JEHE SR LTI, i@ — RIS S w7z
ZEF L7 REMREICHL T, SRy v 7 O
FIIG, EFBHRICREBIGFIC R T L2, oK
HEBHY LT, ZOWEIHIIbo TV n)i4
WCHEEERLET.

%% BUTSEREER O —HBIIE SR L ) BT B AR C
MW DEESR SRR Y A T 2 0R% L
SRR GRS 17K05505) # KT TCWET

Notes:
IR OB B SR, RO, A0 IR L
7.
“*National Instruments $: O34t 5 2 H1# > 2 7 2 BFH VY 7
F v = 7 (Laboratory Virtual Instrumentation Engineer-
ing Workbench D¥i(F% & 5 7=H D).
“*Helioworks ¥: B EP-39654% 7 7 4 7 &ft & ¥ v 7 2 7 »
74 7 A Y MIRJGHE (i 1900 K).
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Structural fluctuation of protein,
and Anfinsen’s thermodynamic hypothesis

Fumio HIRATA* PHEE

BEHRRZZOT I BREY] (—RkHEE) L@S 28250525 2 5 LR RIS ISBR 5
(TA=NTAYT) ZEPAOLNTVS. ZOBRIZNEFHRLIIHICHATT ¥ 714 22 YOk
NG (bWwd [Ty 74 vy FF<]) EHENTWS, A7 x0—1d, HYPRELLEA
BREESE D EOMETFMEICERDE, Ty 74 vy OBIIFGH & BENICEE T2 2 212K L
7. ZOHEIZENE, RAHOHER S LOMRIAIT Y A5Mi% L >THBY, RHEADBERY
BRUEBN FLEMEOEAHE) A7 A5 D—KE— A ¥ b CPEHEor P BLUZkE—2X
P ESEDGH) o2 b LTtk Ins.

The thermodynamics hypothesis, casually referred to as “Anfinsen’s dogma,” is described theoretically
in terms of a concept of the structural fluctuation of protein, or the first moment (average structure) and
the second moment (variance and covariance) of the structural distribution. The new theoretical concept
views the unfolding and refolding processes of protein as a shift of the structural distribution induced by
a thermodynamic perturbation, with the variance-covariance matrix varying. Based on the theoretical

concept, a method to characterize the mechanism of folding (or unfolding) is proposed.

F
KA EYMORNTIIRES AT v F v AV ERc
KA T ZhofH (k) 21732 &1lkoT
EmEEEEATYD, BAEANZOREL R-T20
IZIE, HDUER KM (CPEfE) 20 ol
LEMPEELRSEHEHEL, HIZIE EBERITEARNTE
&AL OB L L CRET 2EBEAETH 575, &
NSl 2 LT 2201213, RESF (BEICE-T
LS N HALHAE) % 2O (224L) WICHLY A
FRITNERS v, LaL, EEME~OILES T O
AL > T0b W S (R EME) 259% b #
LTWa LIRS v, REERHEDOTHERMOAD I
A UZIRETIE, BESTIIBATEI LN TE RN
PoThHAH. LA FHHEELDEIRE2L - g
OB [FHWIEHEE | THIIEEE AV AL &
NTELYEDH D, (FOHBEY)—HHTHE.) —
i, ALFEROBIC & o THEK S 7z # L b E I3 & A
SMIHE S N B %%, TS T, &HEIZ D Lotk
WEZRELZTNE SR 5w, Z9) ThiFE, ko

201842 H 8 H =3

FEH LRI 7 2 u—
O FREAIR TR AR AR, AR RSB A R RUR,
PHAp A

EMSE DR OREN DS, ERNAL OB R, A
L

YA 7 NVONFOEE EST 2 2 LB TELVHLTH
. ZOZEIIEAEOMERS &[] THsH
EERRBELTVWS, (LL, FERETHIE EAED
W5 X W2 (plastic deformation) %i#2Z L, JTiZ
RS W)

ZFRTIE, T, RAHOWERS XIIWBLEDES
AN FOHHIESTOHL. OEDEIFLHMED
BB RI ) Lo [HORBGER ] Th 2. &
FHEI/NE 2D TH 10000 L EDJEF2 5K 1) 37>
THEY, ZOEENIKD T2 5 DIRET %% ThEK#l
REAGTIENTE S, ZOMERBIIIHT L THULE
REFDE D Lo TWEDTH 5. HOMBRERITIES
EVWIETHHZ L, NOFETE R, TOMRS
MIEBLG AT (F ZA5540) ThHhHI L LFTH 5.

FEHEOMEIRS KI5 ) 0L D20HHII
(K] THD. BEAEOWELREEIZE 5> TEO W
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determined only by the protein’s amino-acid sequence.”
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Structure modeling of dodecagonal quasicrystal from
rare-earth metal based approximants

Tsutomu ISHIMASA*

EETILDESE
il *

Structure model of new type of dodecagonal (12-fold) quasicrystal is proposed, which consists of
three types of columns. Their c-projections are an equilateral triangle, a square and a 3-fold hexagon with
common edge length approximately 4 A. They are local units formed in rare-earth metal-based crystals
with hexagonal ZrNiAl- and tetragonal Mo,FeB,-types. These two crystal structures are first interpreted
as approximants of a dodecagonal quasicrystal, and then corresponding crystal model is constructed in

the 5-dimensional space for modeling the quasicrystal. The case of YbPdIn and Yb,Pd,In is treated here
as an example. Asymptotic approach from lower-order approximants to the ideal quasicrystal may be
applicable to theoretical studies on the physical properties related to valence-fluctuation.
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T AV VRS THE. FROER2IIR L. 2
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@y,

Lay, a

a

3L

K2 (a) X7 bva, OYIZERKS . as, = ces \ZAL I ML,
(b) 7= AV 2EHKS. as, =0.

NHEONRZ MVORESIR, a=appN2T, IE3MAE, 1
L3O ATELED I A NO—BORIS LEL .,
LT T, Yb-Pd-InFZDIE12MAERHE LT, a=
396 A (app=5.60A), ¢=3.83A%MWELTEFMLE
1779

6] U R ICHE 10 & MRS 0 € 70V 2 153 51213,
(3) ROXHHETHE T = A4 ZBRIF NN S &
LT ENVUETHA. TOLHIEMSELHEWNEE
DHI 7 = 4 V'~ FE (linear phason strain) T& 5%, %
W5 % K9 IZFE D ASEYD 23 G VRIS Z G A
5hb.

{rylr .+ Dr,ew}. (3)

4. HEEICEIBEETIVE

R Cl, BT3B X OSSO T2 W Tk
2. ROBWELT, ZNOZETTBAITALZLE%
5. TOE, SWTEMBRNOREFE, BoOE
ERESERDIFEDLETH L. TFMELIDD
AL 5 YbPdIn & Yb,Pd,In @ 547 i O 5k ek
BT 24775295, BARRYIZIE, Niizekill & - CTEH X
172 2 %kt dodecagonal HEHE T- DS SR 18 4 S L ¢,
ay~asy DFTERE G TEFE B 2R T, MG B v
T, YbETE (z=0) 3E&THIAINVIELIIHLHDT,
5ODHE m,) TIREMNITFTE S, ZRSHIESRICKT
ORET RIS DT 5 b 0T, L AI1Z[00000] TH
%, WIC3HIBORIMFEICH B Pd, T (z=1/2) 122
WTEZ LS. [3AREZIEIAR], [H.OAEz ]
R LT A2 EI2E 5T, PAET-OfEIE[1/30 1/3
01 L|EBAMNITTE L. FEkAR TR 12X
0, IEHEOHFLITAE T 5 In,1X[1/200 1/2 1/2], 3
BIRFR6 A D LD P & [1/3 1/3 1/3 1/3 0] & 85T
JENnSE. Fi, 3RHOATENOIMOIn 1x, Lk
L7215 & oFBPED S In, & FIARL1/200 1/2 1/2] &

?’éiﬁcﬁa)‘f‘%é IhbERIICE LD
Mk ML A SR LT, SHTICHIET 580
ﬂ%kk% EHRDDLIENTE D, ZORE, [HHZERH
L7 AV M) TO—xF— IR o. BRI
72 X 9 I Yb R ORLE (& shield tiling 2 O T, YbJ§f-

£ 1 Yb-Pd-IniE 12 MRS () o 5kochiE. SEO—l
DE X132 -3a.

BEFHA b i & 28 i N
Yb [00000] 1 E 127
Pd, [1/301/301/2] 4 3 [ml x5 6 £
Pd, (1/3 1/3 1/3 1/3 0] 4 E3 A
In, [1/200 1/2 1/2] 3 AfHoIE 3 f "
In, [1/200 1/2 1/2] 3 EE

FAEOIE3 fAAIE R ALY B & 5 IZALHE.

DEIZH2bITR L7 12KDNR Y bV ORI & 75 R1E 12
B TH LY. FhEEBalm Lz KICPAJET % B
ELTEZTE2ABRS., PLEFIE T61H O YbEF 25
PR T3 M6 M A TR T 256 ] IC/ZEL 5.
X 4a (27~ L 72 3 105 #5 6 £ 2 OABCDE O 45 TH 7 12 5 it
LT, 724V V2 TIZO,A~ED6EHN4bD X
INCHET S, 06 HETHK4clZnm LzIE12MA1
OD’“ FrENTWAIUIY AL 3 B FR6 AT B
. g, HAclZBWTIHMEA, C,ERNENEINE
HBIE3AKOTICEINE EVHIELETHE. S0z
% E [MacDIE3 1 ACE D HL A 3cl2w L7z IE3
MBICEIND] LI EUTHE. 2D X HITP, R

o
o

R 3 Yb-Pd-IniE 12 f e S 0 25.
(a) Yb: [00000]. (b) Pd:[1/301/301/2]. (c) Pd,:[1/3

1/31/31/30]. (d) In; & Iny:[1/200 1/2 1/2]. In,D4IE3
75 In, D IETTE % B .

a D[00110] b E[00010] ¢

C[01100]

o A[10000]

4 BERFIDDE 2. 3EHFR6ATEOHLIIDH 5 Pd, DY,
(a) WPLZEMNC BT 23EH6MELO6TER. (b) 7 =4
VRN BT AR T A 6T, (¢) 74V U ERICE
FAHTEMA, CEEDZENZNOHAEHM : /NS RIE3 M.
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FoBEOE P E 5. K3b KA L7APd, Ing, In,
DOELFRICHDT:. BLZEBOIBINE 2 HFE % K
L7z S OS5KICH: D22 B BEE P12mmm T 57
DX HITPD 7 SYITHE D S A A S OREE T T
NVEBESIRY. FEBATOSA%ZIKSa~ellRL
72, ZOWEEFNVIE, —BOEZa=3.96 ADIE3
B, IEHE, 3RxHe ALY & 1 Vik ) THEK
SNTBY, K7 A NVONEBIE2HBEHO T PK & T
FTREZHFo TWwWh. ZFROMEL» ST L E54HM
1% 1&, Yb:Pd:In=(1+3)/2:(1+V3)/2:1 T & V), YbPdIn
£ Yb,PdIn DEIC A>TV 3.
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R 5 12 m4h75 1% S 72 Yb-Pd-In 1E 12 £ I #5 5 OFE 1.
(a)~(e) : 7 x4V V222513 % Yb, Pdy, Pd, In, In, D%
WO SAIRGE. () WEZERIZB T 5 ik BN, &ETF
FFICO VT, M1E2EH s vo—BoRkSIiE, a=
3.96A.

ST ETHBRTELL ) ICHERMMLEIXY A VIRY &
BOBETHEMESNDENL VA, ) —DoDHEELRN
Ji & LTcovering2idh 5. ZHIHGEHALO [H510E
0] ZHLTERZE LWIZRATTHY, MRS
Wk LoRIE L Bl L Cli ST & 222 st
2R L 72 € 7V % covering DR TR TH S, X 5f
DA TIZ2MH O REKIE 2 KR TR Lz, —D21d 31
RO MIED 6 MIZIE3 I Z Wi IF 72 A — 28— % 4 )1
THH, ) —2XEHBOR Y IC4MDIE3 % B
FF720DTH %, ANFHMHYbPAIn I mi & D, 1EFH M
Yb,Pd,In (3% # @ covering TdH 0, KSFIZR L 7z #E kG
WETVIE, IS 2HE D X —78—% £ )V ? covering
Ko Twa, ZoFEE, THERTFOBMIZBY
T, TOMEEHETNIWAEPRKERD (R EHW]
ToTWhILaERLTEY, TAVF—WEEEEEY
HAEBERLTL2DIOTH L. RICKSFOLEMIIKHRT
RL7e—Ba=396ADIE 12D A —r8— 5 £ VITH
H3 5. M5fD% A ViRY 2SR TAL E, 2D
IR D A — 23— % 4 )V TRSFA5E 4012 covering T & %

DD 1O A —8—% £ VIZ X 5 covering
DRI G HROBED—DOTH 5.

MG ST TN OEREN T |F (g)| B 6 (2R T, HiEA
FORSE, G R ECIT o720 RSN
T DK &\ Bragg K 1300002 (£ HEE2) T, KIH
WIHHE, £EE240 11101 K4 (d=2.60A) TH 5.
CuDKXHxE H V72560 KXBBP LD ¥ 3
L=y a YERER7IORT. 22T, FHWERTE
i85 A —%, B=1.00 A’ 2 5E L 72, AR XTI,
11101 FE D TN — 7 265 2 L2550 5b. O
DR RIT SR OB BIRRIBRIZ BN THRED DD
LEZLND.

T aa
e e @,
R T ai :
6 Yb-Pd-InIF 12 4T H#ERS 5 O35 K .
(a) hs=0DWHEFM. (b) hs=1.
AR TTI01 B 2R T, aylcDWTid, W25,
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ANV THER S NS [IhWEKRTOEMRES] 2% 2
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MICEEETS.) SRH5DF A VDBIL, K2am 124K
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4
=S = 2 (e
n=1

(4)

+ (mz + 2my + \/§m3)e2}.

a  \ZHIET BT 2 A4V VEBDONT P ba, 3T
{m,} ZfH>TUTDLII% 5.

Ay —2 m,a, —% {(_Zml —mz + \Bmz)%
(5)
+ (mz + 2my — \/§m4)e4} .

Tz AV VEDIZE o TRIEESAELS7-0121E, D
X7 24V VY EBNOEMNZNT BIHT I ENLETDH
D, TFOSMZm S ELR S %,

@, + Da,, = 0. (6)

BeF X7 P b lloWT b ML GEAEINL. C
NE2EM0 55115507 =4 ) VED={d;} KD %
CENTEL, LR FODIL, WHZEE?L T
AV ZBNEMT 2 2172507200 TH 5.

RalzRBT2%, ZIZTRICayen byew
lawl=lbyl. m>0, my>0 %73 #Iis (BIif) ok
P EZEZ D, TOYHEm=0, my=-"2m, 23 Ld;
RO X HITRDLNA.

2 2
my — 3m4

d13 = —d24 = 5 dUZO E%ﬂl«jﬂ* (7)

m]Z + 3m§ - 2\3mm,

(7) ROGFINEL BbmEmDOMArEDLYE, T4
D H A3 O HURE B HIE S % — o U % 2 2
R L7z, 2o X9 s B b & BRI S 15 45
Z [PROBIRTOEPHE] LR 22T, Aok
BE R, W74V ryEAEEQITEDTT, HM
HEFERICHETE AT LIZEETHA. 4B, IEHM
Yb,PdyIn iRk @ m B <TH D, {m}=(1,1,0,0)
THEZ A Bl 2 FE O RSB ISR IG5 5. T R
Ayy=byy, ¢, B=2n/3 DHFHHIZDOWTY, [FAARD I AS
MAEZEZATENTEL., ZO%NT, AN YbPdn
W {m}=(1,1,0,0) O¥AT, FiComKimzbob D
RIS 5.

K2 B BT EB a,=b,) DI
%8B, (m)=1,1,0,0) LA, V305 EUE IR %0

P T 5.
m, m, m; my diy=-dyy | diy=dy ayla
1 0 0 0.13397 | -0.23205 1.932
2 0 -1 0.07180 0 3.732
6 0 -3 -0.01924 0 10.196
8 0 —4 0.00515 0 13.928
19 22 0 -11 | -0.00138 0 38.053

6. SHEOBELFLED

Yb-Pd-In 2% H & LT, 20Dk HEE, A7 b ZiNiAl
R & 0E 7 5 Mo,FeB, B 25 AR 1 1E 12 /8 &5 O 35 D

e LTHMTEL I 2R L TE EBICTREIX
y<®AéffhﬁﬁtLTﬁm¢5 3m £liZown

THRTH D EZINIAIRIZ 560 L LD &£ I2B W T
M%&mijawuﬁhbwfﬂmﬁaténfbm
ZOH) LM GFOEIEET 24 41Z 12088 Ed
% Fh 5 A LEER % & Mg Cd, In, Sn, Pb
HLEDEETHD (R3). TOLHIBAEITBITLH
HEREMOBERIL, SHOMNERETH L. K302
RS 2RI A LECErELEEIL{EENTY
b, ZOHETHIE LTHRY EiF72 YbPdIn & Yb,Pd,In
2BV T OAMEIRENC B 2 JED 2 Wik ST
WaM S50, Hi# & AT O YbAgGe R H &
D Yb,Pd,Sn 2B W Tk, flidmEicBfR L -7 T
BABL b MESN TS

Rt TIEYD-PAd-In R & FI & LT, [ HA AR
OREE 205 MR L CH#ERHET VR EET 5 T

WCHAR7z, A2 SR ICES 20 X ) Rl
MRz PWHEMERIOOH LT, ®BESIIBT S [l

FRENCBE L 721 & THRZ2EIRE] ORIz
WTHEDHESG 2 & 2R L 2.

£ 3 ANHZNIALEL & IE )5 i Mo,FeB, B i i 1% 25T 0 3 % £ 7%
TG
aER R
R-Cu-Mg | Y, La, Ce
R-Pd-Mg |Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho
R-Cu-Cd |Sm, Gd, Dy
R-Pd-Cd |La, Ce, Nd, Gd
R-Au-Cd |La, Ce, Nd, Pr, Sm
R-Ni-In Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu
R-Cu-In |Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Lu
R-Rh-In |La, Ce, Pr, Nd
R-Pd-In | Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu
R-Pt-In Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho
R-Au-In |Y, La, Ce, Sm, Gd, Tb, Dy, Ho, Er, Yb
R-Pd-Sn | Ce, Yb
R-Pd-Pb | Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm
R-Pt-Pb | La, Ce, Pr, Nd, Sm

E i

Z ZCHE L2 F2E R E, Marek Mihalkovi¢ (Slovak
Academy of Science), Marc de Boissieu (Univ. of Grenoble
Alpes), HIOFZ, KEER (AERY) O0KRKED
EFEAIZEICD LoV TwET., TR LTEHFL
. F72, TR, HARFEMIRAS - BEuseE -
FEAEWIE (C) (No. 17K05524) DM Z 25 CwE 9.
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881 :
4 RITEEREF D 5 D dodecagonal A& FE
Z 2 Tl 2%t dodecagonal #EA T-3E HHZ D W TR AL
FT5. BLCAIGNTWS X HIZ2RICR 3K T2
2[R 2 i 723 b DI L 2 WS, 4RocZEMEED
HUZIZ LT O R % BT & 3 % dodecagonal ¥4 H34E
T:E_g_éz(),zm.

-1
0
1
0

(A-1)

S O = O
S = O O
- O O O

RP=EL 5D T, RP12BONIETH B Z &b h
5. Lad, ROEFRZIETERLDT, 12 MR % il
IR OFEIEEZRLTWA. Lo L, ZOKFIZIER
BEREIEICEDILCIDOTIE R, £ T, RIZHBTIE
BRI K e, ~ e\ DT OITHIAREZ 5.

= —sin — 0 0
cos G sin G
sin % cos g 0 0
A= 0 0 cos igt —sin %
0 0 sin _ST” cos i6ﬂ
V3 -1 0 0 (4-2)
1 1 V3 0 0
20 0 3 1
0 0 -1 3
THIBIZ X 5> TRIZAICHPAI R S .
A=BRB (A-3)
Z 2T,
2 3 1 0
110 1 32
B= = A-4
212 3 -1 0 (A-4)
0 1 3 2

Th5b. %72, dodecagonalts ¥ D4 > DT X7 L
(&, A791B % fii> TIEBERIEIKO LT O X7 b viZs
IR RBRCY A

1 1 0 \3/2
of_ |0 Ll |12
0 —11" |0 V312
0 0 0 12
(A-5)
0 12 0 0
0]_, \3/2 0 _ |1
1 —12 1" |o ol
0 —\3/2 1 1

REABZER L 72475A R 12 0 B TH TH Y
(A-2) N TIZZ OO L 72 2R ITZER T O [liis ) &4
BEENTWRHIERL LY. Z22TiE, (A5 Kok
M2ODEHRTHER SN IHKe, L e, TRON D 2KILZE
M ZWBZER, TH2oDe; e, TEONLLDE 7 =
AV ers ((A-2) Ri2BWT, 2/6%-57/6D
WorxkEzb, XEZONEEELSEERTERT LI
EHTED.)

1832 :
3 Rt dodecagonal ZE#&F & Bragg R DIEE
3 It D dodecagonal #EAR -1, 12 01l 5 1) L J& 391 1
ZEO. 2T, NEBIOERIIEONT, e ~e, llE
R hHHKes T IMZ T, a~asTESNDSKICH
TEE2 5.

a, e 2 0 2 0 0

a e, V31 V3 1 0
a;|=M|es |, M=% |1 V3 -1 3 0 [(A-6)
a, e, o 2 0 2 0

as es 0O 0 0 0 2

Z 2T, 5% jtdodecagonal # J DA% f EH % |a,| = app
=V2a (n=1~4), |aJ=c& L7z, 5RO T X7 b
Vrid, A3 (1) o &) ITBRBREE 2 ~as D
MM G TRIN, TOWHEMBG ), e, e, L esD
Wz, 7 AR ey & ey DR EFFO.

F72, SWILOHKF T bvid, BTFD X925 2
5Ns.

(@) =M"{e,). (A7)

22T MR, M ORI TH S, TN
7 MVOSE LR ST Mvgd 72, WYz
Mg, &7 A4 V22T g. O KA. FEERICH
22X N5 Bragg K ONZ Vi, WHLZER %S g, Th
5. &% {h,} % & DO Bragg KFOXRZ Vg LT o X
IILREND.

5
&= z ha@. (A-8)
n=1
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Electron spin resonance spectroscopy of charge carriers in
high-mobility organic transistors

Shin-ichi KURODA*

Recently, organic field-effect transistors (OFETSs) attract significant attention owing to their flexibilities
as well as the mobilities exceeding those of amorphous silicon (~1 ¢m?Vs). Direct observation of
charge carriers in those OFETS is indispensable in clarifying the electronic processes occurring in the
devices. We have developed field-induced ESR (FI-ESR) technique that can detect spins of the charges
generated at the semiconductor/insulator interface with a high sensitivity (~10'" spins). FI-ESR provides
microscopic information such as spin-charge relationship, wave functions, dynamics of charge carriers
and local molecular orientation, which is crucial in understanding the device performance. In this paper,
we report our recent studies on high-mobility transistors using alkylated thienothiophene-based
molecules C,-BTBT and C,-DNTT that show high mobilities even in polycrystalline thin films. From
the motional narrowing of the ESR spectra, the charge carrier motion has been demonstrated even at
4 K in crystalline grains in both systems. Furthermore, in C, -DNTT system, significantly low activa-
tion energy of ~10 meV for inter-grain hopping, compared with pristine DNTT without alkyl chains,
was observed, which shows that the alkyl substitution drastically enhances the carrier mobility of DNTT
system. Highly organized end-on orientation at the device interface and delocalized wave functions
over ~100 molecules are also discussed from the observed ESR spectra as the origin of high mobilities
in those thieno-thiophene based molecules.

1.1 C & (£
 m RS RRG TR O b o ER AR
ThHhobrVY M,

*EEH%E* 7 ua—

BRBEEAFYY TOAY Y EEREICRIBTE (B
10" 2 Y), BEEESTOBEMPAE OF ¥ T
A= OWgEicdbHwLENTE

nTwa"? HELS VRS, KEEM, BLETH
REW L TNA A THE, ZOPTHRINS VU271
TELT 7 AL AYOBBEZBZ S 1-10 cm’/Vs D
EBBEASER LB EATH Y. LS
VYR DOF N ) THHEIE TN ARBZBT S 1~%
STRIEAZFOERIEERE TIThTws EE X1 bh
TWa., ZOOABEHEREOF v ) 72 HHEBIT 2
i, TOWMBMIRBOMTZHML T, T4 ZADH
BEALR, & SITITARRFM IR S 15 A 5 T-8EH R
OYWUIRHICEG T 5D DL L THOR N TV A,

bhbhig, AIS IR REOBFITEAF YY)
T EREERINT S FELE L CESGFIEESREZ I L
72> @F-A ¥ ¥ 3605 (Electron Spin Resonance : ESR)

20184F2 126 H =3
B AL ST 7 = 1 —
BRI E R, B
EPISE L AREGRWTE, BSOS, oFTl s to=s 2

7278 BHHRESRMHNE, VARBHIMERY) F4 7
> (P3HT) IC#EY, 2ok <yye L7y
Vi ERIILDETHIMBNSR T YRS MR EH
FHEPIER > TS, TS DOZED S EYFRESR
X, FYVT7TORYE Y - EBER EEEBEDOILAD,
TAFITZ R, HDHWIETNA ZFRMEIIB 5 R %
SRR E, TN AFEICE o TREN 2 EHE 5
2B bhoTH"Y,
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RNCHH L7 R BT oikiHE# 2RI L TWw 5.
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Nuclear Magnetic Resonance (NMR) technique is widely used as a powerful tool to study the physical
and chemical properties of materials. However, this technique is limited to the materials in condensed
phases because of its low sensitivity. To extend this technique to the gas-phase molecular ions, we are
developing a gas-phase NMR apparatus. We describe the basic principle of the NMR detection for molecular

ions in the gas phase based on a Stern-Gerlach type experiment in a Penning trap and outline the apparatus

under development. We also present the experimental procedures and the results on the formation and the

manipulation of cold ions under a strong magnetic field, which are the key techniques to detect the NMR
by the present method. In the last part of this report, recent progress in the development of the apparatus

is described.

1. 13 U & [

KA e (NMR) 6138 oMk R4 % & Wik
OIS A EE LCHELINEHICHH SN Tw5
B, OGO M K AL < e AR SUEo T
WCBREINTE, Lo L, FHEiigeoEd & ik T
FMA F Y OALEGH L DB TITb s k9 I
%o TETBY, ZOWHEAMANDNMRGIGEDILIRA
HEELPEE 2> T0E ZEHREMOGTAF V0
NMR 5556 % EB 5 720, BREER A NIERE L7z
=7 b5 v 7N TStern-Gerlach B 2 E& % 17 9 ¥ L »
WEFEZIREL TWD. AIFETIEZ ORlEEE O
FE & KA T A+ Y ONMREEDORSEZ HiE LT
Wh, REETIEIFFEITHBRILBETEHAY V5
ML LTINS 57205014 + v OMIKIRIGEHIA»E & 7
5. ZZTCIEH LIRS EEEZ S L, SHSTA
T Y OBAY V5t ENMR A2 b Vo B % R A
5.

2. [KENMRIAIRDE R EEE
21. iIREE
AT T A Y — DR TR o — 408
LClEHEMM EIC b2 TRIBLTETEY, &
FHIEOWER S 2 B+ 5 L CRELEBT, &
B A VRS T A A VOB O/ & RS TEC
WG L oA o a2 ety S
20184E2 H20 H =¥
AL T 7 1 —
Mk 2 e, B
BFSE 1 2 7 A5 —F2E WEMLE

A Y —DWTETIE, BEDIHERE L7200 T CTHR%E
ENTEEN - HB X ORI —F =5
LRTETWS., LaLl, ThonakiEclbhoil
HEDTERICHIRD D 5720, A4 AHhKEL B EHH
RO E A TOMEREPHE LR TH D, T/
WERED RS O T AEGEERER A ICBVT L
T OB 5 OWFFE THEIREW E DL 00T 234k 4 HE
SRWL, MILEEDS D CTEWEHESITENER S
Twa, L2rLEESMECREEOEHRLrEoN
9, WGP SR HE 2 A D TEB ) FFEER O K X ki
Lo Twa, TNHONSES I THIL TWEKRKE %
AUEIL, EMGT A+ UL EEREENRE - T
ETVRI2b 00 b 6T, EiRONMRGIGHE Y
95— MR RS SRR R EICH L. O
WEIEAT ORIE % B3 55404 4+ D F LW NMR 506
HoORIME, WHEALY: G OBBOMEEEZ ONA.
JET - T O L W HIBA 08 A 2582 08 L vt
BOREDIREY 5 TEEY. GHBTFAF IZO0
T ARG ENEDE AT L ) #H LW NMR 75630 Al
HrEifEsinsg.,

22. [KIETCOHSKHEEOHREDES

BT AL L I2oWTIE, Stern & Gerlach 28R4 D
hax AglE Tzl s, ZORPSET ALY V%
FBRLTHEY, ZHTOMKIBORE L oTnD.
¥ 72DehmeltiZ T DFEEEZPRL, =V 7 VI v Tx
BT gz lHIcilEd s Lk LTwa?,

B AL 2D\ T, %% C Purcell 5 & Bloch
5N X 2D TOMM L Emst 12 & 27— 1) 2430
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Sl E B % kTG NMR 03 AY & AR - TRBEINIC
IR, 5 TREBERITORTRETEL LTE5HT
IREIIZFIH SN Twa,. L2, NMRAGHEDRE T
Rabi 2% Stern 5 O 43 T-#E D J5 3 % B I OB I ER A
L7225 TR A B B 0 B CHG $ > T 5", Rabild
¥ T AR OO GBI A O & E— A5
IR Z 2 TR e il S, I E W R
M T T IC REEY; % WS L2 TR O AR 10 o 2 50 % #11
THIEILLY, FFRGTFOWKE— X FOREEIZ
B LCwa, Ramsey 5V HICZ 0F R X 5125
BEIETWE, ZORFFEIHESFICRONEDS, A
E—A Y PO TROEHEHVTE Y, Bt
WOIEFITM A RBEEOREL Wik L Tnd, F7-
NMR O A + ~ofrgk e LCid, Lo Demelt®
HEERWEAZPTTHRLE—~07a b VI L
721452011 4512 Ulmer 5'12 & 0 45 S T 5 25,
COHFFRFEFITEVWETICLLEHTE L. 20X
) HRERTEMA F Y ONMR 2 EH Y 5121F, 20—
o Stern-Gerlach M £ Bk % 212, Hr L Wil JJ# % %
ZHVEND D,

AL TIE Rabi © &2 S A 4 VIR T 5729,
TR A NI L 72 4 F ~ 122 T Stern-Gerlach
MOFEEHETS (R IEE] 25Re ™", M
DTG, ZOFHFEIHRMGTF A &~ O NMRIH
HFEHT L2 THRL, EEs T CTIEFICHEUL -
FEIC X ) BRESMERE RS EITIAA Y478 b
o3t (ICR) i MlAEDbEDL I ENTREE 22 5.
M USSP ICR )V ENMR BV 2 BT 5 Z &1k
0, IFRMICITE AT B RE % i 2 72 NMR 563 &
L LS B O — s icfite 2 L E 2 b h b,

3. AEREEELEF I ZIEREHS
MDIZEAMA +  ONMRBIEE LTREL TV
[ E IS N HUEHE | & 26 E ORI 12D W Tk R 5.
lald S A A~ OBEAILIE I E H O NMR &)V o &
B, X 1bldWEERA OBE OBERIXT, Wik oA
UG H OV e f#y (W ME 1 EBy & B) & ZOM D
BB EAHES R L TWA. Z OBANIZE72—%)

1 (a) NMRtLvofEaM, (b) WEERA OB 5

OWRBHBTAF ¥ b T v THERSINL. @EERILEO
BHETIEMT 72012, bT v 7 OO 2 55
SIWZRFIA VZFELTNMRELVEL, 2OV
A T 53 B A IR D FE 0B VAR 0 4 + VR 2 AT
5. (FHFMoOMEALDZDIcTa by 26I2E 5).
A BAEYEAETLHTO N VA F HIZILIRET A
Y U SIEREICR S, A& ) THA 27 b
O B CHRAET 2 BRI I NS 720, BEHIC
o CREFN, SEHT25. ZoRae, BEKT—2
b () EEFEEY; (dB/dz) L OMEAER TRAET
LEREAT) (F) bHETHBEINS. LarL, RFaA
VP %S B R & LA o i s R o
RE7OV AR (m79VA) CThihigd % LA ¥ i3 fix
(=B, B—~a) L, HHEELFEAFHONINEHNL Ca
LAY ViFZENEIERIIME (FH) Ehb 2o
R, AERBOHEME & DIHAY VIREOR R L
DDA F YHRORATREZEATEML T, M1k 5Tz
BRI EEL 72 TR Y] 2582 5. ZoZ{tid
TROB I TRATREB 2= A2 BIl T2 2 12k, kX
OFEERG (Av) & LTHEAMEIhS.

Av = n(un/Mvy) (By—Br) 2N + 1) (1)

SZTMEAF Y O/-E, v IWHEE, NIFEENET
HbH. GFFAA YOG, HER LB RO U
SFNTa OB () (BT 5720, FEEETAY
ZMETHENMRAXRYZ MUVDBESLN5.
KFETEA 4 v 2 BRETHRT 2700, WEKE
EEBHEEEE X D 3% A © 2 ISR 9 RATIRE [ 75 o B
FETIRE S, A A ¥ FAMEH TR B 55A I 23w
(REEAME) (ZEMILEENE L R D720, £+ D
WARIRE A EE L 5. ZOMBESEEZKET 272
O, BARRZRHIE LCNH OBFERE - ICEEGG L
KEDAODDHAY VIRREIIER L, E R & HE S
EOBRERET A2 L ICX WA Yo L
YIalb—Y3g v 7. By BLENMRtILVOAHEZ
METH2EEOFEPME LTENENIAT, 31TE
750 mm D E HI 72, 4 & v ORHERE & W AR %
100 m/s & 0.4 m/s (FWHM) & L7:GHEICX Y, 4%
5 S OAEEN B TR X BIEDY) O FEBIH AT
BBICGDEREIN ZORKREIY, M=100FED A
F VDN T, BB T T ORI v, & 9 5 A
I Avg 12100 m/s, 0.5 m/s (FWHM) F2EEEIZHIH 3 % &
WD, T OMESARIE T 7 mK oA R B LA Y
L, A4 ORGP ELEEL 25, ZOMKIRA 4
Y% NMR BV CHA S8, FERICIS OB S IL S
MEERZ BT 572012, IV NOFEEY OMH &
B ANF—DA F V HORFEHEPIEL D,
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4. STHNMROIEB DRI

ARMIFFE O AE RS 3 R T B A & 2R LRl
IRBLBEHE Seum sty - BB T 07 7 A DIRT
BREl - BUEL 7z P24 AR LIS FRMERT SR AT IC B &
Bkt (RERERRBRZMR), ity sy — ol O E
MEEO—BRE LTI Z & L7z, ATl okEz
F LW, KHEITEMAYLFAIIZEH T 045 4EE O IekE
IZDOWTHRR S,

4.1. BISEiEst

K BETEHEENLIHmeVEEDERIZ AL F—D A
T VHRDIEHA LR D 2D, A VFRIEBET B
FWEEL ORISR R TH 5. FilEEYOFEA I
il B 2R BB O/ Y FRIRENEZ SN, £ %~
HHRDONR—F Y FHPEEE L L. ZOOBEERL
DNECHEOKR—=THTIEHTHR—F 2 7V AT 4
RTACREER - BMEL 72,

ARWFFE TR A 4 VAR ET 572012, 44~
BIHEE S TRECFHEH L7205 T2 L —%—ha
I BHEERRET A, TR THH L 720 T8
HEA600 m/s (Fx 1) 7 =548 5 Ar) LIEFICHC, #
JE AR IE 30 m/s (FWHM, 2K) RE T TL» D 5
v, WAl O FEBREM % 729 100 m/s F25E T HlE s
HMEAMKLLT DA F Y REFET L72002, H LW
W EAFE R B EEEORENLETDH 5.

REETEONMRBMHORE 3 4 )V &[5 F ] #1315 B
mAEN O TH IR E E T 5. T2
BT, FHABBEOAED b < — 3D S R
THRINDPDLETH S, TEZeh, EELTTIA L
REFHPERIIRE LS /A XBE 25720, EKR
LA AWERETEH, ZOONMREN EZDFE
HICERE 4 T2 M, REENSCHBEESHoL 3
Yy R —7 W38 FICERR L 7-.

DlomzEEL, 5T FRAMEmIcBs L7254
NMR 7GEEICOWT, WligzflAhArii?s (1) 44
VI, (2) NMRtVE B) A4 v HEROR—=F V7
VAT LD D TE. LFTINSDIHE DR
ZEREEIZ OV TR,

4.2. TRBEHROZE
4.21. ZANMR 5363 O BEw

ARIFHITIED < NMR M HHEEE O 1 F ¥ 65 5% O B
22" LTBY, FRF LW A + Y E Tk
HONMR VTR SN S, X2bidLUTIZ JASTEC 4
EIL R L 2 SR A OIS RE S A R T. [
R 9.4 T & 3.1 TOX—EEER (F
700 mm B fE), I OBAERK25 T/m OH#EHEY & 7% %
L9kl BEL 72", NMR 2 b 1 9 12 P £ 7 it
MO LMWEmRE, ZONMICHEEL2294TE31T
AR D2HDORF A VTHER SN, RO XS ICHAD

()41%@%&%&% Avva, AEBE bk
a) —A—— _~ _RrFaAL ;
«—S9 = i \ \&
A— : Al—
Lt —% DTS FUDMFa-T | v
(b) NMRE)L —>lao B
@R oat-317) S\
Ewf ¥ ' 3
&1 l
g 2 m
g 1 1 1
0 500 0 500 1000
mm

2 (a) EBREEOBME, (b) BHELRAT OB MEE NG

RS NCRRE T 5. A F VIR TR TR T
WU T%2L—¥F—THAF LL, ERLZA %>
ZIMAEBETIHES TS, 2D F VIZTHONMR £V
THRLE VA ZHESE L LI, ZoEBICFEEL
TRF I A VTSR T 5. F0%, FiRoOMHEEM
OBEEX FWFTHKL, 42705 x4 V7 L—F
(MCP) #RILZ CRATIE 2 WET 25 Z LK YA Y
VAT . 5RO BEITENCR o TR IE AT
WCZEALL, A F AL TIRAEL 724 F VIO EE 510
DA BRI REICHE I L CELT 5. A4+ %
MCPHI 88 T T2 B 72012, A F U biiiE i3 b
MO 3 T OB ITIS, LIRS N TO/ME
BIEDOHILE FORE L TITMEICHBELTWS
422. 44 IR EREA F Y DA RLE ORI

RIR D X D THCTHERT 2 4 4 ik bl B A5
S HEGAMED VDT, A F VISR % 7% iE LR
WY BLERH L. A+ v OWHEEIEEL O Eh
TETHBY, FIIKF Yy V24 vF (PSW) HH
WHENTWA, TOHETIERY) 7 b Fa—T0HTA
T+ bl REICTF 2 —7Z2AEMICTITS & HIOTH
DBEGHABDIAEL, 44 1E 2 ORE L @ 5Bk
BT RV F =% Lo TREEND. RIFFETIEZDOHN
OB EROEEL KR A ERT, N F v IR
FHLA LT CHEER L 2255 K T & 5 PSW # B s
L7, ZORE, 193mmTONA F b THEBR L7
NH; 22w T, £+ Y#EZ562m/s75 180 m/s L F
WL, WHEIAVF—%23meVIEET TR TSN
HILERLTEREDY.

L2L, SORETIEINA T AMAETHRELIALT VD
RAFAZIE I E S TPSWD Y 7 b F 2 — TR
ThHED, A FVFEELTRBVWEW) REXHSL. =
DREYRT D720, kT OB H CHH S
TS Z2 % e OB & 310 L7 AT %
B ORI E A 4 Y THOTAAZ, ZOHRESE
WHMIZH 5 NMR VA F v 2R X B%T 5 1
THRBEZEZOND. T L RESR OB R 2 X
3a lZMEmE X % X 3b 127k 5. SIMION 8.1 % v 728 R
FUYYXNEALF VEROEHDY I 2L — 3 YRR
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(b) Slilie=
B3 ZEMAESEGUA 4 VHO (2) FHE (b) MK

HoE, R2KMOEMH S %Y 4H—HT8EDRE L%
AT BEL. CoRETRER»S TmICBET S
A F v OFNE & R L CRMR Y] 2 R R & R
MED/7SVABEZAIMT 5. ZORE, 1+ OB
R L CTRHEBIN R T VY v VORER TN A 5 T
FHEL, A4+ ORI BEND 2D, BEEG5A
WOIEAY Z /M Z BB HMETE L. ZOhEZ
T 266 nm T A & » b L7z p-Xylene £ & » Dl #
ORREEE 4R T. TOHT—FHOE — 7 3l
CEEHELAA Y, ZHFHOE -7 IINMR L &
—[AEEBICEE L 724 T v ORITHER (TOF) A2
MVERT. A F AMAMETER LA+ 135 F xR

Ch 1603 m/s
’L 189 meV

Ch 2580 m/s

L J\_ 174 meV
o) Ch3512m/s
100 - 136 meV
0

°

Ch4454 m/s
107 meV

1

TPW none
652 m/s 220 meV

888

AANEEL,

Ch 5406 m/s

LA
ol
1A

Ch6334m/s
58meV

. Ch7244 m/s
] 31 meV
d I 170 m/s 15 meV

s ©° "

Time of Flight / ms

3883888

o 3

4 FHELTIIN L Bk Mg & W 72 p-Xylene O i

TRERIIHES N, FOLEED 170 m/sLLTFIZ, 74
Eb\%ﬂ‘/ F100 m/s L F EFCiais s, Zo—#HD
A+ VRO T, #EATHERZL Bl % MlAAA A
TV EP R DML ERMICHETE S L5212
o TE7 SRIIEMNMREED A 4 Ve LTH
MT2. ZOFEICEIY100m/s L TFOEED A F > D
A5 TTRET B B DS ATRASTEF 12IA BT IR EE D
59\, NMREIVIEA LAY Voa e s 57290
12, B X HITS HITE & EMALETH 5.
423. NMR LD Bi%s

WD L HIINMRE VI (1) 44 >~ Ot & ik
ﬁﬁﬂ@%%k(ﬁNMRﬁ&@&%%%tﬁéﬂ%
Wb, A+ OFEERHEEIHZANVF -4 4 12
WCIEEEL < FgE éhfwéﬁ,$£%~%%&ﬁl$
V¥ —AF VOWFRITFEBEON TS, T lEEE
HTONMRBHOFFEFIZIZE A LB, Zh s ok
REIE AR D X 5 I CTHFE % D72,

4.2.3.1. NMR &)V o3 532 B B g o B 5

FREDA G VIR X D EBRTER SN BKHED A o+~
WOFEHEDRE L o TE 7228, FRFICERE SN 5 mK
LUF O ME S5 T2 CEHTE R, 22T
1ENMR &)V O 257 3540 o 4 P s > b3 A2 —xF D
Ay v 2B (GEBFI0%) EikEL, TOBMIZ/ SV
ABEXHMLCHEEZEZ ST R HETMEZYY
Py MR EE B R LY. A4 VIECER LA 4
YW & NMR £V IZE A LY VP TR & & TR
SRS BICHREREZOVICEEL, 1+ VD
=7 ANl 3 2 R % WA S - T v ¥ 2 FEiRIZ 200
USTRE D/ SOVABIEZAIML, A4 &2 VITET. 2
DEECEI DA F VRO—F B =T lEER-7-F &
T s, VIR EINS. K5 ITHZICBIEL
72NMR )V TIT o 7o #EE R FEER OB 2R $ . X 5ald
NH; D34 F YL THREL72NH; # 4 F Y ET274 m/s
(6.6 meV) F THML, NMR tVIZEA L CHEER

’w ;,v 274 m/s, AE= 6.6 mV
i
N=1 N=3 N=4

w0

0-

o

0
40
o N=3 N=4 N=5
0
10—

0 T T T

0 10 20 30 40
Time of Flight / ms

5 NH;" & NMR )V N T OAABLEB) & 852 5% 5 I 5k
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ERTAERERL TS, A T VIS5 AR IEANE
<, EEEE (V) LIRS, Skt IvA
Z2MAERE, ERoBETYY 2L TRIVAIICHEL
oA F v OREEB O TEZRT. A+ VRO EZ
RATRFICR LCFay b LCRE L EES AL, A
T EPSEAERIZEI0ms (016 K) T, HEEER)
Bixt12m/s 22mK) EFFE D HHINDL Z &EHb
A, TOXHIILTAY ¥ 2 BME FIV 728 R ) 4%
FEIZE D, A+ Y HOMEIZEALZ 5 2 W THEFICH
BN TELZEFPSL IR o 7.

4.2.3.2 FEEESEAIE % o 7B R o Bl
FROFEZTFTHED | mK DT O8NS HEZ% 0
T, il e UCHREN OGO %
1o 7. NMR-Y VAN TIEM#EEE PO A & 2 FULFEE D
IS Y 2 MESAIEE D5, MRATREH & & iz
MRS BN 2 AT, ZOEHROB ST 7 = o Vb
Fr OV 2 DARHAIEB L 728 F v — TR L, IE
Fr—TEREZD5HMEEMA S I LX), HES
HORKEBEMAFERTESL, 22 TlRrYIalb—Ta
VEME A LI L T 25 # v P AR & JPLE & A L
THEAZFHMER (K6a) ZBEL, H6bd LX) I
NMR £ )V D iR Je iz iiE L7z, (X 6a Dk 155 o B
SIS E 2, T kooBm LRk, o
BORifE 2 S Sl 2 EHT 272018 L) 2ol
G, A VD EZR O R ISTRIZHE T B M & JET -
T, PRMEOEMICEABE SVAZEML, HESE
EMBTDLE)ICHAOHRE ORT V¥ vy VadsAk s
®5.

(®)

6 LTI 2R & SR EINMR £V

COXHIXTLTZANVF—FHEMET L LICE
D, HOWIIA S S A F > O AT IR & i
HIEREITHE 5 7o OURIRF HIDSEL SN D, 2 D5
WESR O AWML 720, R7TIRTIAFLT IV
A A & 7o EE R & M B OB A 1T o
72, W7ald 0 FBEH LY AF VT I v %2213nm T
TRTA G AL L%, 335m/s (27 meV) T CTHOE L
TNMR B IVIZEA LA EE) S & 72356 O RAT IR A

- |
0.1 ms
10 -
o L 1
0 5 10 15 20
TOF /ms

7 PR & LS D FE G

N7 MVEERATRLTYS, STHECIYVEKET
WHEN DD, HESAIRIZ£15 m/s EFFEFICIELNE
HICBBIIED S, ZDOA F VR ERIFLO MR ET
B3m/s T THRO AR XK TDIIRT. ZOA4F VHD
WA S HITHESHEFIC X DMz 72 RE K T
WRY. CORMMESRICL DA F Y HOEMTIENT %
7OV ABIE &R AN T %20, 5TmVOE
JE7 SOV A DENINT A A VD EAE R 3 5 & g
AT DIEREAE T . Z ORER, HEESAIIRIZ20.17 m/s
(025 mK) LI FIHRLS 2D, HEOmKELF Ol EC
YT 2 EEEDH > 724 F Y ROFLEDPTRE L 725 72,
4233, REa A4 V& RFNuKDBSE

WAL HE TR E Va2 2§72 DICRF 2
AN EH Tz 7OV AN A% & % A, T O NMR
Ta—TEAHTE W20, AR TIEH I EE
2 CIEBI Y A RF I A )V & RO EED TV S,
REI A WIZERIA A Y WERSETE 59 Rl
DIREZFA L X162 E 2L Tkal L7z, K8all
B LzaA VoflZRLTEBY, il (Mo F s 2
BNMR F 2 — 72> 728) 1IZiH->CTA F v 25@m L
FE AN REFES VAT &I > T b, R
A F O ER R Z 2L 9, TR ICHE
WA O THMNYBEZ ¢ L2 ZEL T,
SASA TS50 ML TEELS (Lum) /] Bum) @
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Octahedral PtNi./C with Continuous, Compressive and
Concave Pt skin layers as a Highly Active and
Durable Cathode Electrocatalyst for
Next-Generation Polymer Electrolyte Fuel Cell

Yasuhiro IWASAWA*

We have fabricated and characterized a robust octahedral core-shell PtNi,/C electrocatalyst with high
ORR performance (mass activity and surface specific activity: 16.9 and 24.0 times larger than Pt/C,
respectively) and tremendous durability (negligible losses after 10,000 rectangular-wave ADT cycles). The
key issues of the robust octahedral nanostructures responsible for the remarkable activity and durability
were addressed to be continuous three Pt skin layers with 2.0-3.6% compressive strain, concave facet
arrangements (concave defects and high coordination), a symmetric Pt/Ni distribution and a Pt,Ni
intermetallic core by STEM-EDS, in situ XAFS, XPS, etc. The robust core-shell PtNi,/C electrocatalyst
was produced by the partial release of the stress, Pt/Ni rearrangement and dimension reduction of
as-synthesized octahedral PtNi/C with 3.6-6.7% compressive Pt skin layers by Ni leaching during the

THEH KH7u-—

activation process.

1. Introduction

Remarkable improvements of both the oxygen reduction
reaction (ORR) performance and long-term durability of the
current Pt-based cathode catalysts under the harsh PEFC
conditions are needed for wide-spread commercialization.'™"”
Although various electrocatalysts involving Pt-skin nanopar-
ticles have been proposed as promising PEFC cathode

catalysts,'> 182

carbon-supported Pt and Pt-bimetal catalysts
are still considered to be the most active cathode catalysts for
PEFCs."> % In contrast, key issues for simultaneous improve-
ments of oxygen reduction reaction (ORR) performance and
long-term durability of Pt-based electrocatalysts under potential-
operation conditions in acidic media are hard to be adequately
addressed yet, which prevents developing new durable
cathode catalysts toward next-generation PEFCs.

Recently, several Pt-based cathode catalysts with remark-
able performances have been reported; e.g. nano-structured

Pt/C, Pt-additive metal/C, etc.?> *** However, most of them
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show insufficient durability except for specific samples, such
as nanoframe Pt;Ni/C (Pt;Ni further coated with the thermal-
ly segregated Pt skin),*' Mo-P;Ni/C (P;Ni further doped
with Mo),” jagged nanowire Pt/C (fabricated from Pt@NiO
with H,),” and Pt@PtPb/C (thin-nanoplate core-shell)* at
rotating disk electrodes (RDE). While the structured electro-
catalysts have been reported as promising candidates, alterna-
tive approaches towards highly active and stable catalysts
preferably with low Pt are requested. DFT calculations on
unique Pt-lanthanide/C prepared by a sputtering method
showed that the stability decreases as the compressive strain
increases,” while reversely the ORR activity increases with
increasing strain. The DFT calculations also suggested that
Pt;Tb/C, most active among the examined Pt-lanthanide/C,
should exhibit ~3% compression,* though the durability is
insufficient. A Pt;Ni(111) crystal surface is regarded to be the
most active surface so far.* Among practical Pt-based bimet-
al electrocatalysts octahedral PtNi,/C with {111} facets also
showed remarkable mass activities (MAs) of 1.65-3.3 A
mgpt at 0.9 Vi (vs. RHE) and surface specific activities
(SAs) of 3.8-10.6 mA mgp? at 0.9 Vgye.** However, rapid
deactivation occurs with those octahedral electrocatalysts and
the MAs decrease by 40-66% after 5000 ADT cycles at
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around 0.6-1.0 Viyyp).*” 344546 The trend-off aspect may be
in a dilemma. In Pt-bimetal systems the preferential and ready
dissolution of non-Pt components occurs under changing
potentials in acidic media. Thus, most bimetal systems may
not be stable due to leaching and segregation over time."’
Tailored synthesis of the structure and composition that can
improve and optimize performance and durability in Pt-alloys
is mandatory.

Here, we summarize our recent study on a robust
octahedral core-shell Pt;3Niy;/C electrocatalyst with high
ORR performance and durability, which can be facilely
fabricated by a synthesis procedure and an electrochemical
activation process without further deposition of Pt skin
layers and H, thermal reduction.*® The as-synthesized and
activated PtNi,/C electrocatalysts were characterized by
TEM/STEM-EDS, in situ Pt L;-edge and Ni K-edge XAFS,
Pt 4f and Ni 2p XPS, etc.*® The present work may renew
the current knowledge and viewpoint for instability of
octahedral PtNi,/C samples.

2. Preparation of octahedral PtNi,/C electrocata-

lysts

Platinum (II) acetylacetonate (Pt(acac),), nickel (I) acety-
lacetonate (Ni(acac),), polyvinyl pyrrolidone (PVP), methyl
formate (MF) and N, N-dimethylformamide (DMF), perchlo-
ric Acid were all purchased from Sigma-Aldrich. All the
chemicals were used as received without further purification.
Ultra-pure water (18 M€ -cm) purified in a Millipore system
was used in all experiments. Octahedral PtNi, nanocrystals
were typically prepared as follows. Pt(acac), (40 mg),
(Ni(acac), (26 mg), PVP (520 mg) and DMF (40 mL) were
added into a vial. After the vial was capped, the solution was
mixed for 1 h. Then, MF (0.4 mL) was added into the solution
and the mixture was stirred for 5 min. Lastly, this solution
was transferred into a Teflon-lined stainless steel autoclave
(100 mL), which was heated at 130°C for 12 h. After cooling,
the product was collected by centrifugation and washed with
ethanol/acetone (V/V = 1:1) and Millipore water/ethanol
(V/V =1:1) for several times. The obtained sample was then
dispersed in a Millipore water/ethanol (V/V =1:1) solution.
Carbon supported octahedral PtNi, nanocrystals were
prepared by using carbon black (Vulcan XC-72) as follows.
Vulcan or CMC was well-dispersed in a Millipore water/
ethanol (V/V =1:1) solution, to which the octahedral PtNi,
nanocrystals fabricated above were poured, then dispersed
under stirring and ultrasonic condition overnight. Finally, the
dispersion was filtered and washed with ethanol and a large
amount of Millipore water, followed by drying at 40°C under

vacuum. The Pt loadings in the octahedral PtNi,/C were
regulated as 20 wt%.
3. In situ X-ray absorption fine structure (XAFS)*
Potential-dependent in situ XAFS spectra at Pt L-edge
and Ni K-edge for the activated PtNi,/C and Pt/C electro-
catalysts at rotating disk electrodes (RDE) in N,-saturated
0.1 M HCIO;, at 1600 rpm were measured in a fluorescence
mode by using a Si(111) double-crystal monochromator and
an ion chamber (I;: Ar 5%/N, 95%) for incident X-rays and
a 21 Ge-elements detector for fluorescent X-rays at BL36XU
station in SPring-8. The BL36XU beamline with several
XAFS systems for characterization of fuel cells was construct-
ed by our group under a NEDO program.** The XAFS
measurements and analysis were performed similarly to the

previous reports. >3-

4. Fabrication and electrocatalytic activity and

durability of a robust octahedral PtNi,/C

Figure 1 shows TEM images of typical PtNi, nanoparticles
with different structures and shapes synthesized by using
different amounts of MF in the presence (a—d) and absence
(e and f) of PVP at 130°C. Under the synthesis conditions
without PVP PtNi, nanoparticles aggregated in an uncontrol-
lable manner. In the presence of PVP the amount of MF was
a key parameter for the synthesis of featured PtNi, nanopar-
ticles. At 0 mL of MF Pt;Ni dendrites were produced as shown
in Figure 1(a), and by increasing the MF quantity each
particle grew, and at 0.4 mL of MF octahedral Pts,Nis,
nanoparticles with an averaged particle size of 14.2 + 1.9 nm
were fabricated as shown in Figure 1 (c). Further increase of
the MF quantity grew particles to sizes above 20 nm and to
form grained nanostructured PtNi, particles (Figure 1(d)).
Thus the MF reducing agent can tune the nanostructured
feature. The MF amount, the ratio of MF/PVP and fabrication
temperature and period totally affected the shape and size of
as-synthesized octahedral PtNi, nanoparticles. The Pt/Ni
compositions were determined by XRF, EDS and ICP-AES.

Figure 2 (a) and (b) show the CV and CO stripping curve
for the activated octahedral Pt;3Niy;/C and the CO stripping
curves for the activated Pt/C, dendrite Pt;Ni/C and octahedral
Pt;3Ni,,/C, respectively. The electrochemical surface areas
(ECSAs) were estimated by integrated charge from CO,, and
H, 4. The ratio between ECSAc, and ECSAy, values for the
octahedral Pt;3Ni,;/C was 0.99 (Figure 2 (a)). Figure 2 shows
the more positive potential for oxygen electro-adsorption/
desorption (the weaker strength of oxygen adsorption) on
PtNi,/C than on Pt/C in the cyclic voltammograms (O, desorbs
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Figure 1 TEM images of various as-synthesized PtNi. nanoparticles obtained by changing the MF quantity with and without PVP.

(a): PVP, (b)—(d): PVP+MEF, (e): MF, (f): neither PVP nor ME.**
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Figure 2 Electrochemical properties of the activated electrocatalysts, Pt/C (TECI0E20E), dendrite Pt;Ni/C and octahedral Pt;;Ni,,/C(PtNi,/C).
(a) CO stripping curve and cyclic voltammogram for the octahedral PtNi,/C. (b) CO stripping curves for the octahedral PtNi,/C, dendrite
Pt;Ni/C and Pt/C. (c) ORR polarization curves; (d) the corresponding Tafel plots; (e) and (f) the mass and specific activities at 0.9 Viyg
(e) and 0.95 Vg (f), respectively calculated by the Koutecky-Levich equation.**
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at 0.78 Vgyg for PtNi,/C and 0.70 Vg for Pt/C). The relative
strength of oxygen adsorption/desorption is consistent with
the activity trend for PtNi,/C and Pt/C. However, if we turned
to the octahedral and dendrite PtNi,/C catalysts, the two
catalysts have much different activities from each other, but
they showed the similar potentials for oxygen adsorption/
desorption in the cyclic voltammogram. This inconsistence
may be due to the different structures between the octahedral
and dendrite PtNi,/C. The CO stripping reaction is known to
be structure-sensitive, which may show a better consistent
trend with the ORR activity for the current catalysts. The CO
stripping peak for the octahedral Pt;3Ni,;/C (0.74 Viyg) shift-
ed by 100 mV to the lower potential compared to that for the
Pt/C reference (0.84 Vyyg) in Figure 2 (b). The shift of the
CO stripping peak for the dendrite Pt;Ni/C (0.79 Vgup) was
60 mV. These down shifts are larger than the shifts for the
previously reported Pt;Ni alloy/C (11 mV) and Pt;Co alloy/C
(22 mV), which are Pt-alloy electrocatalysts in a highest activ-
ity level among Pt;M/C series (M: transition metals).'> ' It
is reported that the higher Pt d-band center energy induces
the stronger CO adsorption due to a decrease in the electron
back-donation from Pt to the antibonding orbitals of CO
molecules and the CO stripping potentials at Pt and Pt-alloy
nanoparticle surfaces have been correlated directly with Pt
d-band center.'>* Thus, it is suggested that the surfaces of
the dendrite Pt;Ni/Vulcan and particularly, octahedral
Pt;3Ni,7/C have the weaker oxygen adsorption strength than
the Pt;Ni/C.

The ORR activities of the dendrite Pt;Ni/C and octahedral
Pt;3Ni,,/C electrocatalysts were evaluated by the polarization
curves in Op-saturated 0.1 M HCIO, solution (Figure 2(c)).
The MA and SA increased in the order, Pt/C (TEC10E20E)
< dendrite Pt;Ni/C < octahedral Pt;;Ni,;/C as shown in Figure
2 (e) (@0.9 Vgue) and (f) (@0.95 Viye), where the three

(a) :
0. Octahedral PtNi,/C
— After Activating
’(:Ir 2. —— After 10,000 cycles
£
o
T4
6
04 06 08 1.0
E (V vs.RHE)

P
MA loss after ADT / %S

electrocatalysts have the similar Pt loadings (20 wt%). The
kinetic current densities were calculated by the Koutecky-
Levich equation and used for the Tafel plot (Figure 2 (d)).
With a Tafel slope of 49 mV dec™, the octahedral Pt;;Ni,,/C
showed a much higher activity than Pt/C with 76 mV dec™".
It is notable that the MA and SA of the octahedral Pt;;Ni,,/C
with an average particle size of 14.0 nm exhibited much higher
values, 6.8 times and 20.3 times, respectively than those of
commercial Pt/C (TEC10E20E) with an average particle size
of 2.3 nm (Figure 2 (e). The octahedral Pt;3Ni,,/C was also
much more active than a commercial Pt/C (TEC10E50E- HT)
with 50.9 wt% Pt loading and an average Pt particle size of
5.1 nm, which is relatively closer to the particle size of the
Pt;3Ni,,/C, showing the MA and SA 16.9 and 24.0 times
higher, respectively.

The most striking feature of the octahedral Pt;;Ni,,/C is
high durability. The loss of the MA of the octahedral Pt;;Ni,,/C
after 10,000 ADT cycles was as small as 3.7% as shown in
Figure 3 (a) and (b). The ECSA also only reduced by 4.4%
after 10,000 ADT cycles. In contrast, previous octahedral
PtNi,/C electrocatalysts showed insufficient durability
(40-66% MA loss), while exhibiting high activities®”*-*-4
as shown in Figure 2(e) at 0.9 Vgyg and (f) at 0.95 V.
Typically, the octahedral Pt, ;,Ni/C and Pt, sNi/C prepared by
the reduction of Pt(acac), and Ni(acac), with W(CO)y in the
presence of oleylamine and oleic acid exhibited 60% MA loss
after 10,000 ADT cycles and 40% MA loss after 5,000 ADT
cycles.*** The octahedral Pt;Ni/C prepared by heating of
Pt(acac),, Ni(acac), and benzoic acid in DMF exhibited 59%
MA loss after 8,000 ADT cycles, *” and the octahedral PtNi/C
prepared by heating of Pt(acac), and Ni(acac), in DMF exhib-
ited 66% MA loss after 4,000 ADT cycles.* It is difficult to
make strict and accurate comparisons mutually among the

durability data because of a variety of the ADT conditions in

PENI/C Pt,,NilC Pt;NI/C Pt,sNi/C This
Ref.45 Ref.40 Ref.37 Ref.46 work

100+

75

50

25+

Figure 3 Electrochemical properties of the activated electrocatalysts, Pt/C (TECI0E20E), dendrite Pt;Ni/C and octahedral Pt;;Ni,,/C (PtNi,/C).
(a) ORR polarization curves of the octahedral Pt;;Ni,;/C (PtNi,/C) after aging and ADT 10,000 cycles.
(b) Comparison of the durability (MA loss % after the ADT 10,000 cycles) among the octahedral Pt-Ni/C catalysts, PtNi/C, Pt, ,Ni/C,
Pt;Ni/C, Pt,sNi/C, and our Pt;;Ni,,/C. The durability tests for these catalysts were not based on the same ADT procedure.*
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the literature. Nevertheless, the comparison with the literature
would provide useful and convincing information on the
stability issue because our catalyst possessed a remarkable
durability as shown in Figure 3. In this study we have
examined the durability of our catalyst by an ADT protocol
of the Fuel Cell Commercialization Conference of Japan
(FCCJ) as described in Experimental.

5. Key factors for the simultaneous increase in the
activity and durability of the octahedral Pt,;Ni,,/
s
At the initial stage of the reduction of the Pt and Ni precur-

sors during octahedral PtNi, synthesis, small crystal nuclei

of Pt as a main component are regarded to form hexapod-like
concave nanocrystals, exposing different crystal planes such
as {110}, {100}, and {111} with different surface energies.”**

Similar phenomena of Pt-rich phase segregation to edges

during the synthesis of PtNi; and PtCo; rhombic dodecahedra

in oleylamine were observed and the element manipulation
in the rhombic dodecahedra or nanoframes was fully
described.*"**** The under-potential deposition of Ni may
occur preferably on Pt {111} due to the lower surface energy/
favorable energy barrier, which may bring about the formation
of octahedral shape and Ni segregated {111} facets. Recent
reports revealed that the migration of Pt from nuclei to surface
also occurs to form a Pt-rich surface during the nanocrystal
growth.*****! As well known, the electrochemical reactivity
of Ni metal is higher than that of Pt metal due to the standard
electrode potentials, Ni**/Ni < Pt**/Pt. In the present study
using MF as a reduction agent in the presence of PVP, Ni**

ions are reduced by MF to Ni metal atoms, and a part of Pt**

(Pt(acac),) is probably reduced by Ni metal on the {111}
facets besides the reduction with MF, resulting in preferential
growth of the { 111} crystal planes to form the as-synthesized
octahedral PtsoNiso/C. During the activating treatment Ni
atoms in the Pts)Nis,/C are eluted to produce the concave
octahedral Pt;;Ni,,/C with three Pt skin surfaces.

It is notable that the compressive stress in the as-synthe-
sized Pts)Niso/C was partially released in the activated
octahedral Pt;;Ni,;/C. In the as-synthesized PtsoNiso/C the
compressive strains at the edges, vertexes and {111} facets
were 3.6%, 5.4% and 6.7%, respectively on average of the
d(200) and d(111) spacings. The composition changed from
PtsoNiso/C to Pt;3Niy,/C by the activating treatment in 0.1 M
HCIO,, while keeping the octahedral structure. In the
Pt;3Niy,/C the compressive strains at the edges, vertexes and
{111} facets were 2.6%, 3.6% and 2.0%, respectively. The
Pt/Ni composition of the bimetal core in the Pt;3Ni,; nanopar-
ticles was estimated to be Pt,Ni; by taking into account the
three Pt skin layers and 13.2 nm dimension.**

The Ni leaching occurred preferentially from the {111}
facets as suggested by the EDS maps and also by the largest
release of the surface stress at the {111} facets among the
edges, vertexes and {111} facets though the Ni leaching also
occurred a little from the edges and vertexes. The Ni leaching
accompanied with the partial release of the compressive stress
brought about a concave feature in the {111} facet planes and
at the edges (Figure 4), which is another important structure
change in the surface geometry. The concave domain-size
and depth in the {111} facet planes became larger and more
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Figure 4 Cross-section gray-values along with red lines in the STEM images for the activated octahedral Pt;;Ni,;/C and the concave features.
(a, b) Cross-section edge profile. (c, d) Cross-section {111} facet profile.**
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distinct for the activated Pt;;Ni,,/C compared to those for the
as-synthesized Pts,Nisy/C. The remarkable concave structure
in the {111} facet planes of the octahedral Pt;;Ni,; nanopar-
ticles (Figure 4 (c,d) produced the exposed (110) and (001)
facets besides the exposed (111) facets and provided concave
defects. Calle-Valleo et al.®* % theoretically demonstrated that
the steps located in concave nanostructures contain active
concave defects with high coordination of Pt atoms at the step
bottom and inactive convex defects with under coordination
of Pt atoms at the step edge. They also revealed that the highly-
coordinated concave defects have the smaller oxygen adsorp-
tion energy than the corresponding flat (111) plane and their
ORR activity can surpass that of the flat(111) surface.®*%
Our experimental results may provide an evidence to the
theoretical calculations. It was also reported by Dubau et
al.®"% and Chattot et al.”’ that the overall activity of the
concave nanostructured surface can exceed the flat(111)
surface though there are the less active convex defects in the
concave nanostructured surface. The concave nanostructured
surface may prevent from forming and adsorbing of strong
(e.g. six-ring) water clusters at the {111} facet planes of the
octahedral Pt;;Ni,; nanoparticles, which can also promote the
ORR performance of the octahedral Pt;;Ni,; nanoparticles.

In situ EXAFS for the Pt;;Ni,,/C revealed only Pt-Pt and
Pt-Ni bonds were observed at 0.274 nm (CNpp: 9.8 £0.7)
and 0.265 nm (CNpy;: 1.1£0.5), respectively at 0.4 Viye and
at 0.273 nm (CNp.p: 9.8+0.7) and 0.265 nm (CNpyi: 1.0+
0.5), respectively at 1.0 Vgyg. The similar structural parameters
at 0.4 Viye and 1.0 Vg prove the remarkable stability of the
octahedral Pt;;Ni,;/Vulcan under the potential operating condi-
tions. The in situ Pt-Pt bond distance (0.273-0.274 nm) is
significantly shorter than Pt bulk (0.2775 nm), which shows
1.6% (£0.4%) compression. The value agrees with the compres-
sive strain (2.0%) of the {111} facets of the major area in the
octahedral structure estimated by the STEM d spacing analysis.
In situ Ni K-edge XANES spectra for the activated octahedral
Pt5Ni,,/C at 0.4 and 1.0 Vyys were almost same. If Ni atoms
are exposed to the surface, they should be oxidized at 1.0
Viue- Hence, the Ni K-edge XANES also evidences no
existence of Ni atoms at the surface. The tightening Pt skin
layers prevent Ni oxidative leaching from the bulk.*®

It is also notable that the Pts;Nis; bimetal core in the
activated octahedral Pt;3Ni,;/C is an intermetallic phase rather
than a random alloy phase as suggested by the coordination
number of Pt-Pt and Pt-Ni bonds. If the Pts;Nis; bimetal core
in the activated octahedral Pt;;Niy/C has a random alloy
phase, the Pt-Ni bond distance would be similar to the Pt-Pt
bond distance and the Pt-Ni coordination number would be

expected to be 2.8. Actually, the coordination number of Pt-Ni
bonds at 0.265 nm was determined to be as small as 1.1. Thus,
the core may be an intermetallic phase rather than a random
alloy phase. The Pts;Ni;; intermetallic core induces the
surface-compressive strain of the three Pt skin layers, result-
ing in undetectable oxygen adsorption on the Pt surface as
suggested by the in situ XAFS analysis. The weaker oxygen
binding strength promotes the ORR performance of the
octahedral Pt;;Ni,; surface minimizing the surface coverage
of interfering unreactive oxygenate species. The Pt,;Nis; inter-
metallic core induces the surface-compressive strain of the
three Pt skin layers, minimizing the surface coverage of inter-

fering unreactive oxygenate species.*®

6. Structural transformation of the as-synthesized
octahedral Pt;,Nis, to the activated octahedral
Pt;3Ni,; by the partial release of the compressive
strain and the dimension reduction
The seamless three Pt skin layers prevent from further

leaching Ni atoms of the intermetallic core as proved by a

negligible change in the Pt;;Ni,; composition after the ADT

10,000 cycles as well as from deterioration of the octahedral

structure. However, it has been demonstrated that even if Ni

atoms are located in the core part surrounded by Pt shells,
the Ni leaching still proceeds accompanied with the disap-
pearance and deterioration of the shape/facet.””-*" Thus, it
is suggested that the new robust property of the activated
octahedral Pt;;Ni,,/C electrocatalyst originates from a partial
release of the compressive strain from 5.4% to 3.6% at the
vertexes, from 3.6% to 2.6% at the edges, and particularly
from 6.7% to 2.0% at the {111} facets during the Ni leaching
from the as-synthesized octahedral Pts,Nis/C in the activating
process, where the Ni leaching may preferentially proceed
from the {111} facets, while keeping the concave octahedral
framework. The preferential Ni leaching from the {111} facets
produced a concave feature with exposed (110) facets and
high-coordination concave defects besides exposed (111) and
(001) facets in the {111} facet planes, which can explain so
high activity of the octahedral Pt;3Ni,-/C.%% The transforma-
tion of the as-synthesized octahedral Pts(Nisy/C to the activated
octahedral Pt;3Ni,,/C is subjected to the tensile Pt spacing
and rearrangement of several surface layers to fill vacancies
left behind the Ni leaching and the dimension reduction from

14.0 nm to 13.2 nm. The partial release of the stress and

dimension reduction occur symmetrically to maintain the

octahedral PtNi, structure with the three Pt skin layers without
its deterioration. Thus, the octahedral Pt;;Ni,,/C with the
continuous, 2.0-3.6% compressive and concave Pt skin layers,
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the Pts;Nis; intermetallic core and the symmetric Pt/Ni distri-
bution are totally regarded as key issues to enhance both the
ORR activity and long-term durability of the PtNi,/C electro-
catalyst. Better control of catalytic architecture has made
possible the preparation of electrocatalytic materials with
enhanced activity and stability.*

7. Conclusions

The simultaneous improvement of the ORR activity and
durability was achieved with the octahedral Pt;3Ni,;/C
catalyst. We found a strategic fabrication using metal precur-
sors, Pt(acac), and Ni(acac), with a 1 : 1 ratio in DMF solvent,
an adjusted amount of methyl formate (MF) as a reducing
agent, and polyvinyl pyrrolidone (PVP) as a capping agent
to synthesize octahedral Pts,Nis, nanoparticles with a symmetric
distribution of Pt (located more at edges and vertexes) and
Ni elements (located more at {111} facets). The as-synthe-
sized octahedral Pts,Nis,/C with the compressive strains of
5.4% at the vertexes, 3.6% at the edges and 6.7% at the {111}
facets was activated to the octahedral Pt;;Ni,,/C catalyst by
symmetric Ni leaching preferentially from the {111} facet
planes accompanied with the tensile rearrangement and
dimension reduction by complete vacancy filling with Pt
atoms at the surface layers to form the continuous and concave
Pt skin layers electronically modified from the Ptq;Nis; inter-
metallic core. The continuous and concave nanostructured Pt
skin layers in the octahedral Pt;Ni,; structure possess the
2.0-3.6% compressive strains and concave defects with high
Pt coordination, which may minimize the surface coverages
of interfering unreactive oxygenate species and strongly-
adsorbed water clusters under the ORR conditions. The
continuous, 2.0-3.6% compressive and concave Pt;;Ni,,/C
brought about the simultaneous improvement of the remark-
able level ORR activity (mass activity and surface specific
activity: 16.9 and 24.0 times larger than Pt/C, respectively)
and long-term durability (negligible loss after 10,000 ADT
cycles). The composition and structure of the octahedral core-
shell Pt;3Ni,,/C remained almost unchanged after 10,000 ADT
load cycles. The present results on the better control of robust
catalytic architecture provide a new insight into development
of next-generation PEFC cathode catalysts and renew the
current knowledge and viewpoint for instability of octahedral
PtNi,/C samples.*®
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Present Status of Quantum Spin Liquid System and (ET)Ag4(CN)s
with a Diamond Spin-Lattice

Gunzi SAITO™, Yukihiro YOSHIDA™?, Takaaki HIRAMATSU™*?, Akihiro OTSUKA™,
Mitsuhiko MAESATO™, Yasuhiro SHIMIZU™, Masahisa TSUCHIIDU™,
Yuto NAKAMURA™, Hiroshi ITO™ and Hideo KISHIDA™

The present status of the organic and inorganic quantum spin liquid (QSL) systems based on the
spin-frustrated geometries of triangle, honeycomb, kagome, hyperkagome, and hyperhoneycomb structures
is presented. No QSL systems have been developed yet based on a diamond spin lattice though intriguing
spin state such as spiral spin liquid is known in inorganic material. The ET*" molecules in (ET*")Ag,(CN);
form a three-dimensional (3D) diamond spin-lattice with S = 1/2, yielding a geometrical spin-frustrated
system when the spins are localized, though a metallic nature has been proposed based on both band
calculation and electron spin resonance measurements, where ET is bis(ethylenedithio)tetrathiafulvalene.
The planar anion layer [Ag,(CN);].. is composed of infinite zigzag chains of alternating Ag'* and CN"".
These chains are connected by the disordered CN'", which creates large anion openings. Each ET** molecule
is confined in one of these openings. We observe that the salt is a Mott insulator. 'H NMR reveals a divergent
peak due to the 3D antiferromagnetic spin ordering at 7y, = 102 K, above which a quantum critical behavior
due to a strong spin-frustration is observed. The crystal and band structures, absorption spectrum, and
conductivity, magnetic, and NMR measurements reveal that this salt is the first example of a weak

ferromagnetic diamond spin-lattice among the organic charge-transfer solids.

1. Introduction
The quantum spin liquid (QSL) state is a spin-disordered
insulating state stemming from geometrical spin-frustration,
as proposed theoretically for a spin-1/2 Heisenberg anti-
ferromagnet (AF) of a triangular lattice in 1973." Such an
insulator has been predicted to have no long-range spin order-
ing, even at 0 K, and a ground state with many degenerate

20184F3 A8 H =
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SR, BN
FPIHH DHRLRE ALY, AR O %
Ces
K
SRR
A

states.” Spin-lattice geometries with triangular, kagome,
honeycomb, and hyper-kagome and -honeycomb, which are
the three-dimensional (3D) version of kagome and honey-
comb, respectively, are the main spin-frustrated systems (Figs.
1a-1d, Tables 1-3).>* A characteristic feature of a strongly
spin-frustrated system is the temperature insensitive behavior
of spin susceptibility and NMR relaxation rate over a wide
temperature range above the spin freezing AF or valence-bond-
solid (VBS) ground state.”*

Several parameters have been known to feature the strong
spin-frustration and stable QSL state such as Weiss tempera-
ture @y, AF magnetic exchange interaction |J|, and the frustra-
tion index f (=|Oy|/T,, where, T, is the magnetic ordering
temperature®). Ramirez proposed that a system with f> 10
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Fig. 1 (a—d) Geometries of spin lattices with strong spin-frustration: (a) triangle, (b) kagome, (c) honeycomb, and (d) hyperkagome. (e—1) Molecules
in Text. (¢) BEDT-TTF (ET) molecule. (f) [Pd(dmit),]*” anion molecule. (g) H,Cat-EDT-TTF molecule. (h) Oxalate dianion C,0;” molecule.
(i) Pyrazine molecule. (j) TCNE molecule. (k) DCNQI molecule. (1) Naphthalene diimide-A molecule. Red arrows in (a) indicate spins and
the direction of the third spin is not settled by the geometrical spin-frustration.

Table 1 Organic QSL systems

materials spin species, S, spin-lattice, z sample T. lowl/K |J)/ks )i Ts Ref
K-(ET)2Cux(CN); ET'"*, 1/2, triangle, z =6 single 20 mK 375 250 1.8x10*| 250 mK | 6
k-(ET)2Ag2(CN)3 ET"*, 1/2, triangle, z =6 single 120 mK 263 175 22x10°| 175 mK
EtMe3Sb[Pd(dmit).]» [Pd(dmit)>]"*, 1/2, triangle, z =6 single | 19.4 mK | 325-375 | 220-250 | 1.7 x 10* | 220 mK
k-H3(Cat-EDT-TTF), (H-Cat-EDT-TTF)"*", 1/2, triangle, z = 6 single 50 mK | 120-150 | 80-100 | 2.4 x 10°| 80 mK
Cs (phenanthrene) (phenanthrene)”, 1/2, corner shared triangle chain powder 1.8 K — 77.9 (3) — 78 mK | 10
(TBA)1s(naphthalene diimide-A) | (naphthalene diimide-A)™"?, 1/2, hyperkagome, z = 4 | single 70 mK 15 — 2.1x10°| 7.5mK | 11

(T:: lowest probed temperature, ©w : Weiss temperature, J: magnetic exchange interaction, f: frustration index defined by f= |©@w|/Tn, Tn: magnetic ordering temperature,
T.=|J|/10°ks, z: average coordination of magnetic spins, —: data not available)

Table 2 Inorganic QSL systems

materials spin species, S, spin-lattice, z sample T. |ewl/K |J|/ks f T Ref
BasNiShsOs Ni*, 1, triangle, z = 6, 6H-B phase powder 350 mK 75.6 — 22x10*| 20mK | 12
’ N Ni*, 1, triangle, z = 6, 3C phase powder 350 mK 182.5 — 52x10°| 46mK| 12
YbMgGaO. Yb*, 1/2, triangle, z = 6 single 30mK | 4.78 (1) — 1.6 x 10? 3mK | 13
Sc.Ga,CuOr Cu*, 1/2, triangle, z= 6 poly 50 mK 44 35 88x 10| 35mK | 14
LiZn:Mo;0s MosOis cluster, 1/2, triangle, z = 6 pellet 50mK | 14<96 K — 4.4 x10° 9mK | 15
1T-TaS: Ta*, (Ta*)1s cluster 1/2, triangle, z=6 | poly 70 mK — 1510 15K | 16
Cu*, 1/2, triangle, z = 6, 6H phase poly 200 mK 55 32 28x10°| 32mK | 17
Ba;CuSb,0: > i i
S L 0 oo ghase R R o pheses | 20MK |43 (gt | @54 | 2410 semK |18
[(C3H7)sNH]2[Cux(C204)3](H20)22 | Cu**, 1/2, honeycomb, z = 3—2 single 2K 120 43.8 60 44mK | 19
ZnCus(OH)sCl> Cu*, 1/2, kagome, z = 4 single 35mK | 300-314 | 170-197 | 9.0x 10° | 197 mK | 20
ZnCuz(OH)6SO4 Cu*, 1/2, kagome, z = 4 powder 50 mK 79 65 1.6x10° | 65mK | 21
Ca0Crs0as Cr™, 1/2, kagome, z = 4 single 19 mK — — — — 22
[NH,L(CH1N)[V/Oo 5] V*, 112, kagome, z = 4 single 2K 8l - 40 1 8imK | 23
poly 40 mK 58 — 1.5 x 10

[(C2Hs)sNH]2[Cua(C204)3] Cu*, 1/2, hyperhoneycomb, z = 3—2.5 | single 60 mK 180 — 3.0 10° | 288 mK | 24
Pr.Ir,0; metallic QSL Pr**, 1, pyrochlore single 100 mK 20 — 2.0 x 10 - 25

T’s of BasNiSb,09, YbMgGaOs, LiZn:Mo30s, [(C3H7)sNH]2[Cua(C204)3](H20)2.2, and [NH4]2(C/HuN)[V706F 5] were estimated by using Ow = zS(S+ 1)J/3 ks.

Table 3 Retracted ones showing fully or partial spin freezing

materials spin species, S, spin-lattice, z sample T. |ewl/K [J|/ks T f Ref
Cu(pyrazine)(NO3)2 Cu*, 1/2, linear, z =2 single 36 mK — 10.6 Tn~107 mK 96 26, 27
NiGa:Ss Ni**, 1, triangle, z = 6 poly, 350 mK | 77-79 —  |Ti~10K, 23%10°| 28

single quadrupolar order
der, Tn~13.3-18.1 K,
a-NaIrOs Ir* (Jur = 1/2), honeycomb, 7 = 3 Ei?l\gl:r 15K | 116-125 — Zi”gzag F 10 29
. 24+ _ poly, T;~1.1K, 2

Cu3V207(OH), *2H20 | Cu™, 1/2, kagome, z = 4 single 20 mK 115 77-84 orbital switching 10 30
BaCu3V205(OH)> Cu*, 1/2 kagome, z = 4 poly 46 mK 77 53 Tx~9 K 8 31
NauIr;Os Ir** (low spin state), 1/2, hyperkagome, z = 4 | ceramic 50mK | 650 300 Ti~TK 93 32
FeSc,S, Fe?", 2, diamond poly 50 mK 45 — spin-orbital liquid | 9 x 10° 33
CoALO; Co*, 3/2, diamond single ISK| 109 | 2/-0.109 | IO K 16 34
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possesses a strong spin-frustration. However, the real QSL
system should have f ~ e and actually f~ 10% is not sufficient
experimentally to claim the system to be a QSL one as shown
below, and more convincing parameter for strong spin-frustra-
tion down to low temperatures will be a condition 7, < T, =
[J)/10°k; where T, is the lowest probed temperature. The
reported QSL systems will be more plausible when they have
both high |/] and f with T, < T.. So far, at least twenty nine
QSL candidates with 1D (linear), 2D (triangular, kagome,
honeycomb), and 3D (hyperkagome, hyperhoneycomb) spin-
lattices have been reported and eight inorganic systems among
them have been retracted (Tables 1-3).

2. Results and Discussion

2.1. Present status of QSL systems

The QSL systems typically suffer from the quality of
specimens (powder, polycrystals, single crystals), a variety
of disorders and impurities (different phases, magnetic or
nonmagnetic defects), and interlayer magnetic couplings
which may grow at low temperatures. For inorganic materials,
strong spin-orbit coupling, Jahn-Teller distortion, and
antisymmetric Dzyaloshinsky-Moria anisotropy are crucial
to lower the symmetry of the spin-lattice geometry. Only high
quality single crystals are suitable for examining the QSL
state since the intrinsic magnetic properties are highly suscep-
tible to defects, disorders, and impurities which frequently
appear in polycrystalline or powder samples. A typical
example is Cu;V,0,(OH), * 2H,0 which was reported as a
QSL system on polycrystals with f~ 5.7 x 10°, however, was
later concluded to exhibit magnetic long-range order at around
1 K on single crystals due to the orbital switching of d-
orbitals.”” Another example is spin-frustrated system NaTiO,
(best sample is Naggo,TiO,). Sintered powder has been
examined to search for a QSL state for long, and no conclu-
sive evidence for a QSL state has been forwarded owing to
the inhomogeneity in either the sodium distribution or, the
small Na/Ti disorder.®® The organic and inorganic QSL

compounds with sufficiently large |Oy], |J|, and f examined
on single crystals with 7, < T, only include x-(ET),Cu,(CN),
1), K(ET),Ag,(CN); (2),” (ethyltrimethylantimonate)
[Pd(dmit),],,® xk-H;(Cat-EDT-TTF),,” ZnCu,(OH),Cl,,”” and
[(C,H;);NH],Cu,(oxalate);,*” and other QSL systems in
Tables 1 and 2 need further studies to convince the QSL state
using high quality single crystals, down to sufficiently low
temperatures, and to be probed by sensitive method to the
internal magnetic field.

Many of the QSL systems in Tables 1 and 2 are expected
to have gapless QSL states as evidenced by the finite Sommer-

feld constant ¥ (not cited in Tables 1 and 2) determined from
magnetic specific heat capacity C,, measurements; namely
they exhibit power law temperature dependence Cy,~ YT (o
~0.7-2), where 7 is related with the density of states of spinon
Fermi surface. Also the nuclear relaxation rate at low temper-
atures exhibit power law temperature dependence (7;" ~ T,
a=0.7-3.2) contrary to the exponential 7" dependence expected
for the gapped QSL state. However, the determination of
magnetic specific heat is difficult since the specific heat
becomes obscured by the contributions both of the lattice
(~T?) at higher temperatures and of the Schottky-like one
arising from orphan spins, especially paramagnetic ones, at
low temperatures. The SR measurement is a much more
sensitive probe of 3D long-range magnetic order than specific
heat for the case of very anisotropic magnetic chains. For
example, 1D spin-lattice, Cu(pyrazine)(NO,), was proposed
as a QSL system with f~ 1.5 x 10* as early as 1999 based on
the magnetization, neutron scattering, and heat capacity,
which shows C,, ~ 7T, measurements.”® However, uSR
revealed freezing of spins at Ty ~ 107 mK.*”
2.2. Monomer Mott insulator (ET)Ag,(CN); with a diamond

spin-lattice

In the triangular and kagome spin-lattices (Figs. 1a, 1b),
strong geometrical spin-frustration on the low-dimensional
spin-lattices resulted in quantum fluctuations leading to the
QSL state.” The first such QSL system was a dimer Mott
insulator x=(ET),Cu,(CN), (1)® where Cu,(CN), is a counter
anion (-1 charge), and an ET dimer has both +1 charge and
one spin (S = 1/2). 2D arrangement of the localized spins on
the ET dimers of 1, forms a nearly equilateral triangular lattice
in terms of interdimer transfer interactions. A metallic state,
as well as a superconducting (SC) state neighbored next to
the QSL state under pressure with d-wave SC symmetry. The
formation of a 2D triangular arrangement of ET dimers in
k-(ET),X (X: anion) is a consequence of the triangularly
periodic anion openings in the flat anion layer, formed by the
2D polymerized anion molecule. The architectonic origin for
such periodicity is derived from the planar trigonal coordina-
tion ability of transition metals in anion molecules, and Cu'*
and Ag'* in X have such coordination ability, leading to a new
SC x=(ET),X salts X = Ag(CN)[N(CN),]*® and a new QSL
salt X = Ag,(CN), (2)". Besides these, more than ten ET salts
with Ag containing anions have been known, among which
(ET)Ag,(CN), (3)*” was predicted to have a metallic nature
based on the band calculations.

However, it should be noted that the ET molecule is fully
ionized (+1) in (ET)**[Ag,(CN);]'~ and charge-transfer solids
with regularly arranged donor®" or acceptor®” molecules, are
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destined to be Mott insulators except in very rare metallic
cases that satisfy high-dimensionality in their electronic struc-
tures with W>> U, where W and U are bandwidth and effective
on-site Coulomb repulsion energy, respectively.*® Since the
magnetic exchange interaction |J| is proportional to 4|t|/U
(] =< 4|t/4/U), the tetrahedral (diamond) geometry for 3
strongly suggests that the salt has either a highly localized
nature when transfer interactions ¢ between neighboring ET**
molecules are small (U > W), or a 3D metallic nature when
U< W. Soitis akey to elucidate the electron correlation
U/W for 3, in order to characterize its electronic nature.

It is very important to examine diamond spin-lattices for
further development of spin-frustrated systems. Several
inorganic spin-frustrated diamond spin-lattices with intrigu-
ing magnetic properties have been reported, such as a spiral
spin liquid state for MnSc,S,,*” a spin-orbital liquid state for
FeSc,S,,*® a collinear AF ordering for CoAl,O,depending on
J’1J where J’ is the next-nearest-neighbor exchange interac-
tion,* and interpenetrating diamond AF state (Ty =73 K) for
Mn"(CN),.*> Special interest is that the diamond-lattice
antiferromagnet with a moderate coupling between nearest-
neighbor exchange J and next-nearest-neighbor exchange, J’
is predicted to suppress the collinear order, leading to highly
degenerate spin-liquid ground states with order-by-disorder
type transitions.*”” While only a few are known in organics,
however, the geometry is not a pure diamond geometry, i.e.,
highly conductive 3D interpenetrating super-diamond
networks for Cu(DCNQI),*” and canted AF state below 21
K for Li* TCNE* composed of two interpenetrating diamon-
doid sublattices. No QSL candidates, except spin-orbital

(@)

(c) b

liquid and spiral spin liquid states, have been discovered
within the spin-frustrated diamond spin-lattices in both
inorganic and organic systems.

Figure 2a shows the crystal structure of 3 at 300 K (ortho-
rhombic, Fddd) that is identical to that reported by Geiser et
al.*” BEach ET** cation is surrounded by a silver cyanide archi-
tecture consisting of ten Ag'* cations and ten CN™ anions
which form a flat and circularly closed large hexagonal anion
opening in the bc plane. As shown in Fig. 2b, ordered CN~
anions and two kinds of Ag'* cations form a zigzag infinite
polymerized chain along the b axis (two chains are drawn in
blue), and these zigzag chains are connected by disordered
CN anions, indicated as C/N, along the ¢ axis, to form very
large hexagonal anion openings. The area of anion opening
is about 116.3 A% at RT, which is very large compared to those
of K=(ET),M,(CN); (19.5 A* for 1, 15.8 A2 for 2). In the case
of 2, an anion opening is composed of six CN™ anions and
six Ag* cations and an ET dimer (ET), stands on the rim of
the anion opening with a dihedral angle of 52.6° (key-keyhole
relation for 2). This conformation with a large dihedral angle
between the ET molecules and polymerized anion layers is
commonly observed for k-(ET),X, partly ascribed to the small
size of anion openings. While, each anion opening for 3
encloses one ET*" molecule with the molecular plane of ET
in the bc plane (key-keyhole relation for 3) by the aid of the
Coulomb interaction, S- - *C van der Waals contacts, and
geometrical size fitting.

The diamond lattice is distorted with a < b = ¢ at RT.
Furthermore, the peak profiles of x-ray diffuse scattering
down to ~9 K revealed peak splitting below approximately

Fig. 2 (a) (ET)Ag,(CN); viewed along the a axis. One ET** is located within one anion opening to show key (Ispin)-keyhole (anion opening)
relationship in 3. (b) Anion structures of 3 showing a zigzag infinite chain (two chains are drawn in blue) is connected to the neighboring
chains by disordered CN™ groups (C/N) to form anion openings. (c) Five ET molecules in (ET)Ag,(CN)s. Center of ET molecules at the central
C=Cbond is labeled by red circles. (d) Diamond spin-lattice of (ET)Ag,(CN); by point charge approximation. The distance between neighboring
red points is 7.67 A. Hydrogen is omitted in (a) and (c), gray: C, green: S, blue: N, red: Ag, white: H. N atoms in disordered CN are shown

in gray.
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200 K with a gradual growth of incommensurate peaks along
the ¢ axis, and associated twinning. The peak profiles indicate
symmetry lowering from Fddd, and there is no inversion
symmetry between nearest neighbor ET molecules at low
temperatures. Figure 2¢ shows five ET molecules (ET1-ET5)
in 3. When the center of the central C=C bond of ET molecule
is labeled by a red circle, red circles form a diamond spin-
lattice as a unit (Fig. 2d) with the equal distance (7.67 A)
between red circles of ET5 and other ETs (ET1-ET4) at vertices.
It is noticeable that the distances between the spin sites
for 3 are less than those of the parallel and orthogonal ET
dimers in 1 and 2: 8.58 A and 7.95 A for 1 and 8.70 A and
7.99 A for 2, respectively, at RT. There are two ET sites in
the primitive unit cell and the nearest neighbor ¢ is equal: #,5
= t,s= ts= 1,5= —68.4 meV, where ? is the transfer integral
between ET5 and ETa (a = 1-4), indicating that the diamond
spin-lattice is an adequate geometry. The absolute magnitude
of ¢ is larger than those in a metal x-(ET),Ag(CN)[N(CN),]
with weak electron correlation (7 = 64.0, £’ = 40.5 meV, U/'W
=0.84).°® The experimentally obtained effective U value for
3is0.71-78 eV from the optical measurements and the DFT
band calculation affords the bandwidth W of 0.56 eV giving
rise to an electron correlated criterion for 3; U/W = 1.3-1.4
and 3 should be a monomer Mott insulator.
2.3. Conductivity, '"H NMR, and magnetic susceptibility

measurements

The salt 3 was found to be an insulator (pg; =1.42 X 10°
Qcm, g,=0.15eV (I//b) and pgr = 1.12 x 10> Qcm, g,=0.23
eV (I//c), single crystal) in accordance with the conclusion
in the preceding section. The pressure dependence of resistiv-
ity (1//b) indicates that the activation for transport does not
change much up to 1.5 GPa (¢, =0.12 eV (T 2 222 K) and
0.16eV (129 < T<172K) at 1.5 GPa). The activation energy
for 3 is notably larger than most of the x~(ET),X Mott insula-
tors; & = 0.012-0.088 eV for X = Cu[N(CN),]|Cl, CF;SO;,
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Cu,(CN);, Ag,(CN);, and is a similar to that of robust Mott
insulator with VBS ground state x-(ET),B(CN), (¢, = 0.14
eV).* These results suggest that the salt 3 may have critical
pressure of Mott transition (from a Mott insulator to a metal)
above 10 GPa, to form a 3D Dirac semimetal as expected
from the band calculation in the following.

The temperature dependence the 'H NMR relaxation rate
T," of the polycrystalline sample of 3 exhibited pronounced
line broadening and distortion, just below 102 K, indicating
the emergence of an internal magnetic field. Concomitantly,
the '"H NMR T, demonstrated a divergent peak. These results
definitely confirmed that 3 formed a 3D AF state below Ty =
102 K. *C NMR measurements revealed that the easy axis
of AF spin ordering is along (1 1 0). A characteristic feature
of a strongly spin-frustrated system is the quantum critical
behavior, namely the temperature insensitive 7' ! over a wide
temperature range above the ground states of AF or VBS. For
1 and 2, the temperature insensitive quantum critical behav-
ior was observed over a wide temperature range (25-200 K),
and for 3 such behavior was also observed for more than 100
K (110-250 K), which implies that these salts exhibit a
strongly spin-frustrated state (spin liquid state) in this temper-
ature range. The spin disordered states in 1 and 2 retained
down to low temperatures to enter the QSL ground state,
while the spin liquid state in 3 condensed into the AF ordered
state with Ty = 102 K.

Figure 3a shows the ¥, of the polycrystalline sample
of 3 with 7 x 10™* emu mol™" at RT and 0.01 T, comparable
to those of Mott insulating k-(ET),X (Yuie = 5—6 X 10 emu
mol™). The y,,.. revealed a broad plateau at around 220 K
then decreased gradually to 6.2 X 10™* emu mol™ down to
approximately 100 K, followed by a sudden but small jump
at around 100 K. At 5 T, there isn’t a jump at 100 K and the
slight increase below 100 K is barely perceptible. The sharp
increase of Y. below 20 K may be caused by Curie impurity

: : N
03l (b) |
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Eoz2l N ]
s
§01l x H=001T
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00 T, = 102K
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Fig.3 The temperature and magnetic field dependence of static magnetic susceptibility J,,,. (a) and field-cooled (FC) and zero-field-cooled (ZFC)
of magnetization M at 0.01 T (b) for polycrystalline sample of (ET)Ag,(CN); by SQUID.
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in the 3 sample. The field-cooled (FC) and zero-field-cooled
(ZFC) magnetizations M at 0.01 T in Fig. 3b exhibit a bifur-
cation at 102 K, confirming both the AF transition observed
by 'H NMR and the occurrence of a weak ferromagnetism
by the canting spins.

The canting angle y for a polycrystalline sample can be
estimated from sin (y/2) = 2M,(T— 0)/M,,* where M, (T —
0) and M, are the remnant magnetization at 0 K and the satura-
tion magnetization, respectively. By assuming M, (T—0) =
0.3 erg Oe™' mol™ at 0.01 T and M, = 5585 erg Oe™' mol™'
(same as that for Li* TCNE, S = 1/2)*, the canting angle y
is calculated as approximately 0.012°. This angle is of the same
order for x-(ET),Cu[N(CN),]|CI (y=0.046°)* and one order
smaller than those of the deuterated salt x~(ET),Cu[N(CN),]Br
(y=0.1°)*" and Li *» TCNE (y = 0.5°).*” The weak ferro-
magnetism is most likely arising from a weak Dzyaloshinsky-

Moriya interaction®”*®

under the presence of both lowering
of the crystal symmetry with no inversion center between the
ET molecules and geometrical spin-frustration. This is similar
to the mechanism observed in x-(ET),Cu[N(CN),]Cl where
Dzyaloshinsky-Moriya interaction causes the weak ferromag-
netism in the AF ground state.*”

The value of J was estimated by the analysis of y,,;. and
the *C NMR relaxation rate as |J|/k; = 220 K and 240 K,
respectively, which are comparable to the values for 1 and 2.
Taking the four nearest neighbor sites of the diamond lattice
and S = 1/2, Oy is estimated to be J/kz. However, in accor-
dance with the relatively high magnetic ordering temperature
Ty = 102 K, the frustration index f for 3 is very small i.e. f=
2.

2.4. Band structures

The band calculation shows that near the Fermi level the
energy eigenvalues are degenerate at X (0, 27/b, 27/c), Y (0,
2n/b, 0), and Z (0, 0, 2 7x/c). In addition, the Z-X and Y-X
lines have a very small density of states, giving rise to a
Dirac-like dispersion. The presence of nearly degenerate lines
with very small dispersion in all directions of crystal 3, is
characteristic of the 3D semimetallic nature. The calculated
bandwidth W = 0.56 eV of 3 at RT is somewhat larger than
those of the electron correlated x~(ET),X Mott insulators W
= 0.38-0.54 reflecting 3D electronic structure of 3.

The geometry of the spin-lattice of 3 is 3D and affords
strong spin-frustration as indicated by #,5 = t,5s = t35 = t,s at
higher temperatures, which is consistent with the experimental
observation of temperature insensitive 7;" and spin suscep-
tibility. Although the spin-lattice of 3 is favorable for strong
spin-frustration with high J and 6, an AF spin-ordering

proceeds preferentially instead of the occurrence of a QSL

state because of the lowering of the symmetry of the crystal
depressing the geometrical spin-frustration. Also the Néel
ground state in 3 is consistent with a small J°/J ~ 1/200 much
smaller than the critical value of J°/J = 1/8.* The AF states
of aforementioned x-(ET),X are in close proximity to the SC
state under pressure. Salt 3 may require much higher uniax-
ial pressure to reveal the 3D Dirac semimetallic and hidden
SC states by preventing the lowering of the symmetry at low
temperatures.

3. Conclusion

The monomer Mott insulator (ET)Ag,(CN); has a unique
crystal structure, wherein the 2D anion layer has very large
hexagonal anion openings. One ET** cation is confined to an
anion opening with molecular plane of ET parallel to the
anion opening. This key-keyhole relationship for the packing
pattern of the S = 1/2 spin site (ET** molecule) and anion
opening, is different from those observed in the QSL candi-
dates, dimer Mott insulators x-(ET),M,(CN); (M =Ag, Cu),
which have much smaller anion openings. The salt is a
semiconductor confirming that 3 is the first example of a 3D
Mott insulator having diamond spin-lattice among the organic
CT solids, with |J|/kg = 220-240 K. The Mott insulating nature
is consistent with the bandwidth W = 0.56 eV obtained by
DFT calculations and observed effective on-site Coulomb
repulsion energy U, ~0.78 eV: W < U,. The Mott insulating
state of 3 is robust compared with other dimer ET Mott insula-
tors k-(ET),X. A semimetallic nature with Dirac-like
dispersion was expected based on the DFT calculations, but
this is difficult to realize under moderate pressure up to 1.5
GPa. 'H NMR and static magnetic susceptibility measure-
ments revealed an AF spin ordering at Ty = 102 K, above
which temperature insensitive quantum critical behavior of
T,' and temperature insensitive magnetic susceptibility were
observed. Weak ferromagnetism by spin-canting with a small
canting angle of 0.012° was also observed in static magnetic
susceptibility. The weak ferromagnetism is most likely due
to a weak Dzyaloshinsky-Moriya interaction in the presence
of the lowering of the symmetry of the crystal, in addition to

geometrical spin-frustration.
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Liquid Crystal Spherical Microlasers

7 B

Hideo TAKEZOE* 3 kb

TRFES HwET7zu—

After explaining liquid crystal (LC) microlasers and summarizing related previous works, we report
LC spherical microlasers. Spherical cholesteric (Ch) LC droplets are formed by mixing photopolymeriz-
able ChLC with glycerol and stirring the mixture. The ChLC director is aligned with the helical axis
orienting radially from the droplet center in each droplet. By light excitation, ChLC droplets containing
dyes lase in two modes; distributed feedback lasing to radial direction due to the helical structure and
whispering gallery mode lasing to tangential direction of the droplet. By photopolymerization, the
droplets can be extracted from the glycerol and suspended in any solutions. In this way, we succeeded in

controlling the two lasing modes.
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A calcium-assisted non-radical (CNR) mechanism for the oxygen-oxygen bond

KDBERIDHIVE 0 LZARIET I HIVEKE

EEEE Wk BT o

formation coupled with the intramolecular one electron transfer (OET) in the e 9 7 rm—
oxygen evolving complex (OEC) of photosynthesis II (PSII); the nature of the

chemical bonds in the transition structure

Kizashi YAMAGUCHT® **** Mitsuo SHOJI™*, Hiroshi ISOBE™**,
Satoru YAMADA™*** and Koichi MTYAGAWA™®***

Full geometry optimizations of the Mn, , -oxo (1) and Mn-peroxide (2) intermediates formed in the S,

state of the Kok cycle for water oxidation in OEC of PSII were performed by the quantum mechanics
(QM)/molecular mechanics (MM) method. The location of the transition structure (TS) for the oxygen-
oxygen (O-O) bond formation from 1 to 2 was also performed by the QM (UB3LYP)/MM method. The
optimized O(S)_O(G) distances of the CaMn,O; cluster in OEC of PSIl were 2.20, 1.80 and 1.41 (10\) for 1,
TS and 2, respectively. The natural orbital (NO) analysis of the broken-symmetry (BS) UB3LYP solutions
was elucidated the occupation numbers (n) of the NOs and the orbital overlap (7,,,) between radical orbitals.
The metal-diradical character (y) [+ Mn(IV), P d)—O(O) * ] of the Mn, ) d)=O(6) bond of 1 obtained by T, was
smaller than 10% because of the participation of the Ca(Il) ion, namely [Mn(V), p d)ZO(s)' - -Ca(ID]. The
spin density populations (1-7,,) and diradical character (y) were decreased at the 05Oy, sites in the
course of the 1 = TS — 2 transition followed by the increase of the O;-O bond order, indicating the
Ca(Il)-assisted non-radical (CNR) mechanism for the 0(5)—0(6) bond formation in the CaMn,O; cluster in
contradiction to the radical coupling (RC) mechanism without participation of the Ca(Il) ion. The down
spin on the O site in 1 was delocalized into the Mn, -site for one-electron reduction from IV to I
Therefore, the valence state of the formal Mn(V), ,-Mn(V), pair of 1 was converted into the Mn(IV), -
Mn(I), ,, pair of 2, indicating that the delocalized spin plays an important role for one-electron oxidation-
reduction process. Thus, the non-radical O-O bond formation (two electron process) and one-electron
reduction of the high-valent Mn ions are feasible in present CNR mechanism coupled with the intramolecular

one electron transfer (OET) for the water oxidation by the CaMn,O, cluster in OEC of PSIL
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# — (X-ray free electron laser : XFEL) 7 = & b3
VR R L7 AR TR R 2 A L7 L
L, 88 Tld 7 = & M XFEL % W 724 & AT (serial
femtosecond crystallography ; SFX) 28T b FEES
RS & o T XMIREAIEHLI R 22 AR b 5 s
Ifsd, MEEE XRD EEBRZEORBEPEF SN TV &
Bl (201748), KBk mb, #4512 PSIT o
ik K — XX (extremely low-dose (LD) X-ray) % f\»
%A% SR (XRD) WL, S, IRREDMEA4EM 3 K
JORE R & i L72. LD-XRD#ERIC & AL1E PSIL % M 1
LCTw5A,B(a)E /v —lTCaMn,0s 7 7 A ¥ — D
i &K EAE A T e RS S, EAYORM
CLADRROEZEM A RIET bR THo72. £ T,
EHORMERIrOEAGEEORTNE (QM)/5 T
% (MM) FHERE Y XD shYy—> - 75 —%)
B2 & 55072 (Jahn-Teller JT) deformation for-
mulae)'* "% LD-XRD (2 & 5 S, Mt o i (2 58 L',
XFEL B X (NEXAFS % B# 12 X % Mk & L Meat L 7-.
X512, LD-XRD M 1235 & XFELf 7512 81 5 X
BEOWEEME D MET L7z, Zo#%, LD-XRD, XFEL
B X OUEXAFS 5l R I FEBR LG OMER EBRE L
ZRETIULS REBOREEIZH L CTH— MG S % 5
BT ENHBILY fEo T, S HEREICE L CIRER
TR L 2 ARG R RPN Y, g & ROk
DB RIS 5 BRI L 7.

Hith, 78 5 0 LD-XRD M & #6513 CaMin,Os
79 A5 — OIS LI E B Y OR) R AN H
KW EERIBLTWDEDT, WEEDBEMFZE MRS

KB ZEDHB L. S;IRBIZBCTL &AL ORR
DA R 2 v & F T Kok A 7 VO REEETH 5
SRTBIZ BT B BRHE—IRFERE AT PUS IS BV THAKHE
fEAR Y b7 =27 OFGH MR gt T <

%. 3T, Siegbahn™ ™1 T-H% (QM) FHEEAE R
(ZHD KRR UG B B BEFE IR AL T ¥

H Vv H v 7)) v (radical coupling : RC) FE#EIZ L D
HATTHI LML TVD., NI, BE-MIHE
RGBS ()7 TR L 7= X 5 1258 3d 7
ROGRERCOME (7Y ANELRIEAE V) T
R & %%, PSIOOECIZEIF %4 (Mn) BEHE K
TS D WA HETH 2 DDV TR USH O R % 7
CEETLUEEIFR SN TS L H b s.
RCHEREIC X N IFCaMnOs7 7 A% —IZHEEFN B
Ca(ID A A+ >~ (1) ROKGBOSIZEIER G L %=\,
%k § % & 9 ICEEX S OWIFE TR E i Mn 4 & v &6
EDF I ANEECall) DIV A AP L Y T2 2
LAHIBILCwa (s (7) ). 22T, &
S OMEDINY AATWSLQM/MMEIZ L), BFE—
FRFR AT POE DTRET 2 29447 L7z, Z oA, PSI
?OECIZA1ET % CaMn,Os 7 7 A ¥ — T O H R H
AT S EIERDORCHER E T2 REDL ANV Y
v A EEIET VA OVHERE (Ca(ll)-assisted non-radical
(CNR) mechanism coupled with the intramolecular one
electron transfer (OET)) Ti#i475 % 2 &AM L 72
ey (8) CTIEEMEAI RO ZHMEL, 261
broken-symmetry (BS) UB3LYP# & H %k L i fif At
(natural orbital (NO) analysis) 2 & b B L 72 CNR-
OET ¥t & #5-3 2 WEM HAEA 2 A3 5. Slloz!
BHROBRNEROBFZRD L7012, LEIZET
TH#EFEI0EMOFER S ORI L CTHHIT 5.

2. BEFMEEREEA ¥ ViEaDERVFR
21 ERFEBEBRLEEAXVESICET 2 HHMED
Wh OISR
%Eﬁ%ﬁ%(ﬂm?%ﬁbtl5:@im’%hL
HEEBRER M) XGOS THENRAEH X
ﬂ%bt@@D%ﬁﬁ%ﬁ@@f%ot‘éhwﬁw
Lo FEHRTIIERSRE M) +F VS IIEAmI
M(X)O” (X=~V) L £HEh, BERTRYT7=F
(O RS ATV ftoT, EBER M) +
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FVEOMFEET (07) IRBMWISEEZRT EE 2
LNTWw7z. L2 L, Groves 52 258 L 72 8 B 1l
FeB X U'MnF F VEKICB I 2BEHE 13T L AKRE
FRISOER T ¥ A VOB Z RS Z & AYFEERIYIZRER
AN, FOMEHHHPEABEOREIZHELELE £2
T, EFLRIEETMERESRE M) TIXdETHEA
WL bHDT, 208 T X9 ICmRETF L HH G2
KL, HEMdr-prilid (HOMO) 22 THAD,
FAEE MY dr-prs#lE (LUMO) IZIXETAFEFE L 7% L,
ETZAMBEE RS 252 L2 e,
FiliER4E M) TIZLUMOD LNV HEL %D )
LDT, RKEFHRISEDHBR S 2 2 & AHfF S .

=]
1027

M(V)=0(M=Ru(V), etc) + H,O + B
— M@I)-OOH + HB* (B=Dbase) )
3 CIZ, (2) RORISEEATHEITT % 4d, 5B TSR A
Fv M=0) R X 2 KRGS 3 5% < i s
NTWwWa.

—7J, JdEBTRZROLBEIZIHEDOIENY H/MS VD
THOMO &  LUMOD Z# V¥ —F x v 7 (228 i
HERES) 2N E L R 3dETO—H.ORSER S (U)
LD AAEL BB gENINTL 2. 204l (28U
<1) REEWFHETFEGEE»Z W G09Y 7 b
7 T O stability condition) ® b & Tld, K2R LAz &
9 IZHOMO (o) & LUMO (¢) @ H5EME A (mixing)
A SN, MBEEOBNZHE (broken-symmetry
(BS) molecular orbital (MO)) ASHBi3 5.

X o = COS 9¢H0 + Sin¢w (Sa)

Mo = C0SOPyo — Sing,y (3b)

BS MOs (¥10, o) \ER21RF & 9 1CH 4 BREE Y
4 b M) EBERETHA b (0) IREL, E512km
XAV ETMERE VI NS DR 4 DJFEEE (dif-
ferent orbitals for different spins ; DODS) 2 A % @ T,
LEEICIE - M-O - TRIEIND XA F VYT T HIVIKE
DI 2.7 ZoRBETIREE, MYA Mc—E
TL2GELBZVOT, —HuLRERS (U) (SRR
L RIEREDIIR L, M A MC2BETAHFET S 4
VHESUDHBETMRE M=0) L) IREIESD.
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(A) ——
() (*) (XHo) (Nuo)
(B) m
(0]
0 m !l 0
l L
*—Mn—e
Mn / l
porphyrin
(m=1or 2) ®=H;0
(m=2)

Fig. 2 (A) mwand 7* orbitals of MnO and DODS molecular orbitals for
MnO and (B) MnO systems examined in this work.*¥

FHLEM=0OEOE T VN VA ERIICEBLT
72012, 3) RO I IV hVHEMOELR Y F
Tho= <}(H0|77H0>=COS29 EFRL, Tl M=OEEDH
#fE Ak % (effective bond order ; b) L ZfliTH 5 =
LRRLET. B Tl (3) X THOMO-LUMO ik
APENGEIZIZ0=0TH LD Th=1.0L%VIETIH
WV BB IRTE Y io=Nno=0uo \SKIG L, —7J7, HOMO-
LUMO%E&RAE DA IIE0=n/472DTh=00L %Y
SEEEY T YAV (complete biradical) IZXIRT 5 2 L A3
2. W IKEO P IREOE T ¥ h v (biradical
character) % ERIWIIEKBTH72DITEOPOE T T
ViE % (biradical index) % % %¢ L 72 %% (spin density,
information entropy 72 )%, AR CI3ILERE L 2B T
R EDEL (W) 2EELIZET VA VIRE ()
HERAT 5%

y=2Wpe=1- 2T40/ (1 + Tﬁo) (4)

VIEEBS M L2 GAICIDATNAE ALY VORE
D W% B2 L7z (spin projection) # T 512 A
G0 B) Ly=1-BOBRIIH S, FT1IZEE Tl
Mn 7 % Vil [Mn (IV)=01** ® 4 O y flid UB3LYP 45
FEREMO . v L 722 E (basis set (BS)
offM (BSI=DZ,BSI=TZ) & ETFKE (=, ') 1<
XD EIZRZ ) DZ LAV TR KR EE S 5 I b
L, TZLXVTOHOHBHEE KL WKE S TH 2 HHH
frEng .

TCIT, BHBRHE (77 TRA L X 5121980
SERUIT3A BT RDOMRFERETDH 5 5 FE Tl Fe=0 % Mn=0

Table 1 Spin density (Q) and diradical character (y) of the high-valent Mn(IV)=0 species by the broken-

symmetry (BS) method”

State Method 0 (Mn)” 0(0) y (0) y (7) ¥ (7,)
o UB3LYP/BSI 5.00 -2.00 0.00 71.0 71.0
‘y UB3LYP/BSII 4.98 -1.98 0.00 67.9 67.9
T UB3LYP/BSI 4.79 -1.79 26.8 54.0 —
M UB3LYP/BSII 470 -1.70 16.1 41.5 —

“ref. 28, "BSI (double zeta (DZ)), “BSII (triple zeta).
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132 WAy AT A5 T OMRFEFEE CaMn,Os 7 7 A ¥ —

WX BRDIRIED A IV WHHEIET ¥ A Vs

WM TIZERICE I YAV - Fe-O -, - Mn-O - %%
R AR Z <, C=C ZHAEENOMULTIEA F 21
FIAN (O-) WrEBL T Y2 IVEAHNEG A5k
5Tk &abiniio A & ) EFE LY, Groves b D%
Bkt S22 % BRI\ ST Sk 72

*M-O - +C=C - - M-O-C-C -
— epoxide + M

(5)

*M-O:+-0-M* -+ M-0-O-M -

(6)
—0=0+2M

MRF—RFAE A POUG S 3 (6) 1273 & 9 (2 radical coupl-
ing (RC) THHIT 2 %13 Tl Berkeley 7 )V — 7"
H19964E IZH K L Tw 5 A%, Siegbahn i¥ UB3LYP* &
B S RCEHO T2 MHA LTV 2. i
5bEONDANTHAWE T VE Y CUBLYPAM &
LAY UAIBIK L ) RCEHZIREL TV %k
MBS G X > TIERCHEMEDSSTRECTH 5 2 & &5

EEL7-DRELEOMBLIY) BH S AR TH o725 12
LTV Y R3CHESOFRILVT 4~ (Por)Mn

F ¥V FEAR O M AR % T O RCHEHE & acid-base
(AB) FEREICHE DO CMEREINEZR L. Ao 0
UB3LYPE Y ¢1d 4X) 12 X % PorMn(V)=0® ¥
VAN (- Mn(V)-O - ) 1338% T ) RCHEHE
WHTH2E2rT.7? 2o XS ICHybrid DFT
(HDFT) #ETH A Z VYT I H VD mnE 1213,
HOMO & LUMO ®ik4 (mixing) 252 20T, BUE
TR R R O B 72 43 T B B RO R 9 I UL I
(DFT) ##"12 broken-symmetry (BS) #: &S
TWwWa, KYV)—=ZAD¥ 4 PVORKETHHLZ LI
BHICHMINKS. KL, PSIOOECIZHFAET S
CaMnOs 27 5 A % — Tl F 2 NV FHIZCa(l) £ F ~

5

oxidizing agent

B3 PorMn (V) =012 AR TIGEBMREE X 2 K TRBERE -
PorMn(V)=0D A Z VEZ YA (- Mn(IV)-0 - ) HiZ38% TH Y, FISFMAIC L ) RCEREA T EEC

(radical coupling)

PEFENTV SO TEDORISHERENDOH G b ME 3 % &
DD,

22 EEFHBBMnAXVEEDOEZ I HIVHEDR

S5 S & B

TTIT, BEHPREHE (47 TRALZE 512, PSI
DOECTII IV A AETH 5 Calll) RAKAENL L TW 5B
DT, AZNET I H VIR LT B R E W
(K (4) z) .

* Mn-O + + Ca(ll) > Mn=0----Ca(Il) (7)

ZZT, B4R L7 X912, BTl Mn(V)=0 i& R
2D 75— 7 =% ¥ (CH,COO) & 3K
F5MEAL L7z model 1 #HEEE L, & SIZ2MOKGF 2
2z 72 (model 1 + 2H,0) €5V, F72model 11ZCa(ll)4
F v RBALZZmodel 25 X FCa(ll)-H,O %A L 72

model 3ZHEEE L 72, 215 D model 52 D BS UB3LYP
P EFEATL, S5 N/2BSHOHKELE (NO) f##iT %

T, T AHEM%B X OEEHEPEY (0, 0%),
(m, %), (w,n¥) WOERVEDT (i=0,7, 1) %K
O, INOLDOERZLIPEIHT LA NVET VAV
BEELEY R2CHAMEEMD L. K2k,
do—po JETHLE X VK S N5 o/ THLE TIEELR Y
ST, 25090 ETH ) WILHRHEPTEREINTED,
T IV EHTELZIRETH L. —F, diprli
FHE L DRSNS 20 FHE TIEELR DS T, h %
#L7zmodellC X VAT L, models 28 X U3 TIEZD
Yo U VikiE Cal)B X O8I L 727K O B AR i 24K
HFLTHELUET T e INL. SRLES, K
R L7z dr—pr, JRFHLGE X D HER 2 N5 ) 4T iE Tl
F7 )R T, A/ &K, CallDB X OHEEHLAK DR F A
lék?/ﬁwﬁ®ﬁTiﬁBh&w N (Y OF 8
FIEE 5 IR L-ARBLE (NO) OZ=MMILY )&

a) radical coupling (RC) B : b) acid-base (AB) H¥H%.
&%.2])

—— 02 + Hzo
(2H%)
(Mn(lll)*Mn(Ill))



AL BRI B B WMo OB (8):
By AT 4 1 O#EFEA CaMn,Os 7 5 A7 =12 X BRGRSOLD BV 7 NAEIET ¥ 7 Vi 133

i ~

b - _? '
e 2 e

-

g < “‘v ‘9
¥ ¥

v v

a (model 1) ¢ (model 2) e (model 3)
K ? . e ’, 9 | ?
o ‘}‘,- ¢ f'f" N

b (model 1 + 2H,0) d (model 2 + 2H,0) f (model 3 + 2H,0)

b

Fig. 4 Computational model 1: [Mn(V)=0(CH,CO,),(H,0),]*" without (a) and with (b) extra 2H,0, model 2: [Mn(V)=0 (CH,CO,),-
(H,0),0HCa(OH),)]° without (c) and wilh (d) extra 2H,O, and model 3: [Mn(V)=0(CH,CO,),(H,0),(OHCa(OH),)(H,0)]°
without (€) and with (f) extra 2H,0."

Table 2 Orbital overlap (T,,) and diradical character (y) of the high-valent Mn(IV)=0 species with several
ligand field by the broken-symmetry (BS) method”

Model Tio(0) y (o) Tyo () y (™ Tyo (7,) y ()
Model 1 0.986 0.0001 0.398 0.313 0.183 0.646
Model 1 (2H,0) 0.984 0.0001 0.438 0.265 0.324 0.414
Model 2 0.971 0.0004 0.121 0.761 0.002 0.996
Model 2 (2H,0) 0.928 0.0028 0.577 0.134 0.171 0.668
Model 3 0.977 0.0003 0.252 0.526 0.210 0.598
Model 3 (2H,0) 0.920 0.0035 0.664 0.078 0.184 0.644

ref. 21.

(7. *) () (c™)

Fig. 5 Graphic drawings of the bonding and antibonding palrs of do-po (0), dr—pm, (7), and dr—pm (7) type natural orbitals of
MnO in the model 1 with extra 2H,0 (b in Fig 4).2"
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Ca(IDA A v B LOKFERHET I E OMBI X b BfE S
Nz Zokdiz, EETMM(V)=0 OBk
A BERBEOMEZMICHETH L LIS,
PSIL® OEC \Z4#7E3 % CaMnOs 7 5 A ¥ — DA
Ca(IDA A+ v DA% LT KEMEG S v b7 —27 bR
WCHG5T 572012, Mnjoth A MIHFOREIAER L
TH T TV HIVHENEHZE TIE R\ Mn, =0& D& 1 IK7E
W AR D B Z EDHRE NG, ZORRIE, K
SR SORAERE DT C b BUBH OB 2 LA AT 5
VEMERIET .

3. SREEICH T 2 hEFEOHEFREMD
BT HEEKEN

BHBEHGE (6)° T L7 X 512, PSI® OEC 2
FAET 5 CaMnOs 7 5 A & — 3 WA Y 72 56 AH B 76 1%
(Strong Correlation Electron System ; SCES) T 1,
hybrid % B LRI %% (DFT) 0 I2BE L CldMied TE
FN % 5 UEMD S S, Hybrid DFT (UB3LYP) #:id
WFEsE ()7 TR L7z & 9 12CaMn0s 7 5 A 5 —
DOREERBECIIIKREARTH 5. W bR &E X E
THEGAICL D IREEN DS O TDFTHEHMIAEM
WHEWC R B EF A LD, Lo, mdEfbigss Mo
EWEERT HTOICETANT—DKE T AYA1C
IXHDFT #: @ FH 8 513 2 2 12 & £ 1 4 Hartree-Fock
(HF) B 0@ (wyr) TRELSEALT 2 WHEND S
HZOTHEEZET 5. WM E (Hubbard model)
2LSD + U)* ™ cidvbw 5 —dl K 5EH 5 (on-site
Coulomb repulsion : U) & xfGRICEST 2 X 9 IZHHH
LTWw572, w3 EHR b FHHEE U THh 1) SCES
BT ML S 2 LS. TR EE ()7 R
S L7 & 9 ICHDFT I B WV THEE S (wer) % 10,
15, 20 (%) L2 L3¢ TSIREICB W TR LR 3

Tl AH O Hp AR O FH 22 28 P % WeT L 7oA 2R, N
IS L Tw5b. 6 X ) wyr=10% LT D&
WZiE, M4 i A FaF4 4 F (hydroxide ;
OH) 7 A EN7-Mn,-OH kSR EEIC R 5. b
AR O MR % 9247 L T\ 4 Lubitz, Pantazis,
Cox 5 @ 7 )V — 7479 13 % Fli vt WK O R 36 e k12 13
BP86 (wyr=0) ZfiH 3T 55604 <, i b L2
HETOEBEZANVF—FHIZIZHDFTO 27T,
HF 5.5 D4 7 W TPSSh (wyr=10%) %A LTV 5.
o T, P HIESIRRE ThHe b %% 7% P [ 4K1E Mn,-OH
B TH D EMAHL TS, Mn-OH #7E Tl2 0s)-Op
PREEIE 2.4 ARRPE IS B O T2 (7) TRIAM L2 &
FCRILKRSE 7V — 712 & B SEXEBY 12 X v #igw s
N7 AR TR T A AU TS L 72 Os)-Og)
PiEE (1.5A) &i3—8 L. —F, wy=15%L Lo
Wi a2, Mn-Mn, Bl IZHFFA S N7V F F 2 F
(Mn1—0<5>—0<6>—Mn4) HHLVIEA—NN—FF T T =F
Y5 V5V (Mn-O5)-Op * ***Mny) 252 E Wi 72
5. INSOPEAETIIUBILYPEEIC X 5 ik &
N 7206 -O Biliid 1.3~1.4 (A) FEEEIC 2 D WFFEH
(D' CRA L7z & 9 ICSFXEBRY I X sz
Oi5)-O Bl (1.5A) 12K % 5. F2K, 44 (2018)
IZA D O'Malley 5 IZDFTAHEIC L Y =Vt F ¥ F
(Mn;-Os5)-O)-Mny)  H B R O 38 el AL ET 3RS R 2 58
F LIRS T NV — 7O SFX EEFE R % ZH L Tw 5.
Lo L, Wi (D7 ALzt ) icMnA + > o
SRR L~V 4 F 2 R H AR T Mn (I 4Mn (IV)sMn
(IV),Mn(Il); ((3443) LWeFR) THY, A—s8—FF
M7 =% VAT (3343) &%) XBFEEHAXRT b
T A 2 ¥ — (X-ray emission spectroscopy ; XES) T
WENTV D ETRAE (4444)Y7 L 3 PG T 5 5
TdHb. —Ji, UB3LYPEH CH I % T MBI 5082

Mn Mn-O Mn-Peroxide
Hydroxide n-oxo Superoxide
Weak Intermediate Strong
CES CES CES
(Wyp < 10%) (11% < Wyp < 13%) (Wyp > 14%)

Hole — doped CES

I

Correlation Electron System (CES)

Fig. 6 Relative stabilities of the key intermediates in the S, state of the Kok cycle.
The CaMn,O; cluster in OEC of PSII is a typical example of the correlation electron system (CES). The Mn-hydroxide,
Mn-oxo and Mn-peroxide intermediates are the ground state structures in the weak, intermediate and strong correlation regions,
respectively, in the hybrid DFT (HDFT) model. The calculated O  -O  distances were 2.4, 2.0 and 1.4 (A), respectively.
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20~24 (A) MELFHNEND.

4. SIREBICH T BT HMRESERBED
FIRARER
41 SURREBICH T B MnA XV hEEDER & BT —
BEREATR

FFIBEOICSIRETMn A4 M2, FaFs A F
(hydroxide ; OH") 2% A & 172 Mn,-OH ## 3% 25T B
SNPEREL LS. FTIER SRR 7 IORT &
INTS; H 5 Sy IREADER, HIH Mn-OH 206 HEEL
TCa(l)-W3 % #A 12 LCTH A + ¥ 2Mn, % 4 b IZHL
73 % W2=0OH |Z#iiz% & 2 S % QM (UB3LYP)
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\ om anw),

"l o(ﬂ
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HO WO
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ILEWMTH 5. o T, S3IREETMn =0 AR H A
S NTZHETH, SORBICRAT T IULFE —o Az
FET L. X511, (Tyr-O -, H'His190) 12Oy ¥ 1
S —EFBEHISAEZ Y (Tyr-OH, His190) 2%
HAEZEHh, CaMnOsZ I A% — Dl DOFRED 72012
W2=H,0 i 71 + AMLFIEASESE & XK 6 1R
L)W~ H Y F F VS, Mn=0¢) PR SN2,

o T, SuliiEToO~ I+ F UKEEORAMNEIL

Mn(V),=0 3 & O"Mn(IV),=0s Td 5. 25D X2
vTLKBS%TW@JﬁF%%ﬂﬁ% W3 UL
Mn (IV),=0; — - Mn(I),-Ogs) * (8a)
MH(V)1=0(6) - MH(N)]'O(ﬁ) ° (8b)
- Mn(IN4-Oys) O)-Mn (IV); *
(8¢)

— Mn (]11)4—0(5)-0(6)-1\/[1’1 (IV)I

L), AR radical coupling (RC) #EM1C X 2 18
FMFEMA (05-0¢) LEEASTHEINL Y FE,

ANILEAH AR TIERCERMASEATRETH ) Hoh0H
EAH 2.5 JRIC X 912, Siegbahn IXE I O%)
B2 a2 QM FHERE H IS0 & PSILO OEC T3 RC
B SERTRECH 2 2 LA IMAL T 52 L,
QM/MM i1 o i3 'Y ¢ 1E OEC 12 #7163 % CaMn,Os

of2) MIV);
\Qﬁ‘ o

w— M shift w— MRV ot Ma(v];
OH e OH Ho
84) (Mn(IV);-OH) (P680) Sy (M), H, TyrO , H*His100) S0 (Mn(IV);04, Tyr-0O. , HHHis190)
e™-transfer
(Tyr-0°)
\ c)/om Mn«v), w‘\ u/olm MOV, \ mqu,
4] om . " oli) uﬂ om
mO ‘ WO ‘ } @ ,o/ l
e-transfer
0d) —— |= MKV}, 0f3) hv 0fg) ——|= MKV}, /0(31 (Tyr-0) ola) —— | = M\, o3)
w—/Mnll\m of5) \Mﬂ('V]: ; W= MV} \Mnm, w—/MMIVL o) \Mﬂé
"o e "0 Hio
. (P680) . X
83y (Mn(TV),-Oe) 85 (Mn(IV);-0, Tyr-O+ , H*His190) 8,3 (Mn(V)y-Og, Tyr-OH, His190)
He
om MM ) w‘\ 0[2) ——— Moiv),
Iv); e

\““ of /c-ﬁ | of

W0 |
O, Release o«) —l- m w», 00bond__ ofa) — |- M), /om
—
formatlon / / o,
Steps W— MMIII],, W MRV, ofd) \Mn(v),
P4 /
OH OH

S; (peroxide) Sy (Mn(V)-0)

Fig. 7 Schematic illustrations of the oxygen-oxygen bond formation for water oxidation in the S, to S, transition of OEC of PSIL.
A common intermediate, Mn-oxo intermediate with the (4445) valence state S, is formed in the early S, state even if the different intermediates,
Mn-hydroxide and/or Mn-oxo intermediates were assumed in the starting S, state. The location of the transition structure for the O -O,
bond formation in the S,, state was examined by the energy gradient technique of the HDFT solution as shown in Fig. 8.
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Fig. 8 (A) Full optimized geometry of the Mn-oxo intermediate in the
S,, state (see Fig. 7) of OEC of PSIl by UB3LYP (S=3) solution,
(B) Full optimized geometry of the transition structure (TS) for
the O-O bond formation in the S, state and (C) Full optimized
geometry of the Mn-peroxide intermediate. The calculated
0,-O,s, disatnces were 2.20, 1.80 and 1.41 (A) for the initial
Mn-oxo, TS and final Mn-peroxide structures, respectively.
Detailed discussions are given in the text.
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Table 3 Spin densities on the Mn ions, and O(S) and O(m

sites in the CaMn,O; cluster of OEC of PSIl by the hybrid DFT

methods
Type Method Mn; g Mny, Mnjs, Mny, O Op
Mn-oxo UB3LYP 2.77 2.90 2.85 -2.86 -0.09 -0.65
UB3LYP* 2.67 2.85 2.80 -2.80 -0.10 -0.56
UB3LYP** 2.55 2.80 2.74 -2.73 -0.11 —0.46
Transition State ~ UB3LYP 2.83 2.80 2.77 -3.53 0.09 -0.30
UB3LYP* 2.75 2.84 2.73 -3.42 0.05 -0.26
UB3LYP** 2.66 2.79 2.68 -3.30 0.01 -0.22
Mn-peroxide UB3LYP 2.92 2.88 2.81 =3.77 -0.05 -0.05
UB3LYP* 2.85 2.83 2.76 -3.73 -0.05 -0.03
UB3LYP** 2.79 2.78 2.71 -3.68 -0.04 -0.00

Table 4 Spin densities (Q), orbital overlap and diradical character in the CaMn,O; cluster of OEC of PSII by the hybrid

DFT methods

Type Method O Mnyw)  TuoMny) vy (Mny) 0 (O) T110(Og) y (Ow)
Mn-oxo UB3LYP 0.77 0.638 0.093 0.65 0.760 0.037
UB3LYP* 0.67 0.742 0.043 0.56 0.829 0.017

UB3LYP** 0.55 0.835 0.016 0.46 0.888 0.007

Transition State UB3LYP 0.83 0.558 0.149 0.30 0.954 0.001
UB3LYP* 0.75 0.661 0.080 0.26 0.966 0.001

UB3LYP** 0.66 0.751 0.040 0.22 0.976 0.000

Mn-peroxide UB3LYP 0.92 0.392 0.321 0.05 0.999 0.000
UB3LYP* 0.85 0.527 0.175 0.03 1.000 0.000

UB3LYP** 0.79 0.613 0.109 0.00 1.000 0.000
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Fig. 9 (A) Schematic illustration of the ligand coordination structure
of the Mn-oxo intermediate in the transition structure (TS)
for the oxygen-oxygen (O-O) bond formation in the S state.

(B) The ligand coordination structure of the PorMn(V)=0
complex for comparison with that of the Mn-oxo inter-
mediate in (A). The structural similarity between (A) and
(B) are clear except for the coordinarion of the O ; and O 5,
atoms to the Ca(Il) ion in (A), indicating its crucial role for
the stabilization of the non-radical O-O bond formation.
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Fig. 10 (A) Schematic illustration of the radical-coupling (RC)
mechanism for the oxygen-oxygen (O-O) bond formation
where the red and blue arrows denote the up and down
spins, respectively. LSD means the local singlet diradical
(LSD) configuration for the exchange-allowed radical
reaction.
Schematic illustration of the Ca(Il) assisted (CA) non-
radical (NR) mechanism for the oxygen-oxygen (O-O)
bond formation between the O g site of the Mn,=0 ; and

3"
the 0(6) site of the Mnl—Om bond.
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Fig. 11 (A) Orbital interaction between the do—po type HOMO of the Mn

O(4yf——Mn
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/m
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orbital interaction model

(B)

=0, bond and dr—pr type LUMO of the Mn, , =0

bond at the transition structure (TS) for the oxygen-oxygen (O-O) bond formation for water oxidation in the CaMn,O; cluster
of OEC of PSII, (B) the resulting bonding HOMO of the CaMn,O; cluster at TS for water oxidation.
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Fig. 12 Mulliken bond orders (Mb) of the Mn-oxo intermediste (A),

transition structure (TS) (B), and Mn-peroxide (C) intermediate
for the water oxidation in the OEC of PSII. The Mb values
between the O ;-O g sites are 0.11, 0.46 and 0.89, respectively,
for A, B and G, indicating the O ;-O  bond formation in the
A — B — C transition. On the other hand, the Mb values for
the Mn-O ; bond are 0.72, 0.49 and 0.16, respectively, for A,

Band C indicating the smooth transfer from the Mn,-O , bond
to the O, -0, bond in the O, -O , bond formatlon process.
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Fig. 13 (A) Schematic illustration of the calcium-assisted acid-base
(CAB) mechanism for the oxygen-oxygen (O-OH) bond
formation where W3 molecule coordinated to the Ca(Il)
ion undergoes the nucleophilic attack to the O g site of the
Mn, ;=0 bond in the CaMn,O; cluster of OEC of PSIL
The O, site is the proton acceptor (namely base) in this
model in stead of a substrate for water oxidation.
Schematic illustration of the acid-base (AB) mechanism
for the oxygen-oxygen (O-OH) bond formation in the
PorMn(V)=0 dimer as illustrated in Fig. 3.
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1t - BITEER R T T VA VIS ZIRE L TV 5 8l
IZEEAZ IV TV AIFRE IO MIBTEIT AR L Bbh
5. ZORERFRE T L7012, RCHEREITREZR
PorMn (V)=0 ® Bz ¥ 35 & PS ® OEC ® CaMn,Os 7 7
AF —=TIEH E 15 Mn+ ¥V [Mn(V)=01#& O AL
BARIRL, Cal)f + ¥ 29T V% Vi 0e-Og
AW LT M2 Y L7z, 512, Og-Os)
AR 2 BT L~V THIES % 72812 HOMO-LUMO
WEMTAER 2K, HERBOZILEZRI21TRL
7z.

%10l HDFT #H55 CREA ¥ ¥ OAER DO R & RE L,
spin Hamiltonian (Heisenberg) model # ffi 5 L & ¥ ~
MBI (spin correlation diagram) i< 2 &I12& D F
T VOGRS 2 P 5 FEAT 1 (hetero) JET
2 E R V3dETRALGE RS % iz X 5 K5
% SOSBERE O EPEN BRI BT & 525 Ca(lD%r &D
A7 1 (hetero) J5F % &L 3dEFRTIIHFET 506
PEdd B 2 & 3o 72, BERIY I 13 Heisenberg model
Tl % BT OBEIH (transfer integral ; 1(8)) % #& 2
%t t(B)-T € 7 v % Huckel (¢, 8)-Hubbard (U)-Hunt (K)
HHH) %2 i3 2 FEOLEREEZRL TS, 20X
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I gEHEE (7) TR L2 X 912, S,RREDE T-HE
7 & SR FE A=V F— 7 OmMBEE T 2OWE 5
B L OFWEDED S b,

#3127~ 9 Hartree-Fock (HF) Ji% %) % 20% & ts UB3LYP
BTIRRT IR L 72 B R A A OB O b= 4 v
¥ — 137 keal/mol & 715 S, 10% & t» UB3LYP** i
Tid1lkal/mol & %2 5. ZDOREFITERIRETIZS VN
WD Z TS O THFE S OEBIC L 250 R0 %
WS, BEECROMn A F VR EATIZE T V8 VIER D
% DT, HEWG O % F L0 J 3 &2 e b &
ARG AV F— T LA T A EEZRLTW
5. GtoT, WML AV F — g R IEHDFT
HE2 2T L EMEE (beyond DFT) O WLETH
D, SHBOMETHSH. LI L, Og-Os ke T b
DA IZIHDFT LNV ORHHETHH I N ER X ).

E -

AEH 2B H DA DG T L TwizZ2nwizi
S OFEFITLI ) BILPLHIFET. LaL, PSI
®D OEC LT 5 CaMn,Os 7 5 A 7 — % il & 3 %7Kk
S DO O 22 PR BN KR 2 5 E T D S0 S IR
REOMMBE-TRZN TN T 5/ 5 O FRER IR
T L CRIBEA R DO 72012455 K & 72 BE W AR
ENDWHEEDSDH Y 9 5. FRONFICHELTETOR
RS (L) 1Chr2HE2WRLTBE 2.
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High-throughput screening of doping effect of
organic semiconductor thin films using machine learning

Shingo MARUYAMA”*

Doping is a fundamental technique to control semiconductor property in inorganic semiconductors.
While it has been also useful in organic semiconductors, the doping efficiency is generally quite low
compared with the inorganics due to the low permittivity. For the effective doping, it is important to enhance
the uniform distribution of dopants with minimizing the aggregation/crystallization of them. In this study,
we demonstrate that the combination of combinatorial synthesis and characterization with a machine
learning approach would be a powerful tool for the screening of the doping effect in organic thin films.

1. ¥#E

R— B2 IR 8 RPN B W OB R M 2 HIH 9 2 FiEE L CHZ L2 FIETh D, AHEE NI B W
TH R—E U ZI3ANTHDD, AEEEROEFBERICL 2EVEIE AT 2L X D720 R— ' J R
B EHZ IR TR [1], S8 R—7"9 25 L 5GP E S N B9 B[220 Tled R— X0 FOBER EWNEL D720 R
—E VTN L VBT L EVWOMERD . £, INFETRLNTE R— 30 FORREL, IGHE TOHMFIE ST
ETHEY, R=r bOSEHICKRELFLGTHEEZONDIRE  HESOERSEM L E DI RFBEMARPFIRITD 720,
TR T, APPSR A~OEMNE R — L 72 EBT 572D O OMNL 2 RE B E L, ZHUZmid T R—x
VRN OESE (FHEE) JHl O 7= OIERISGEGESR %, #iK= v N D 7 VEAIR[3] & SPring-8 D @R X #a Fi A
L7z X~ 7 v e— AR S X BREHT (GI-WAXS) JIEIC X AR & 0 @ISR Uiz, & 518, s ik
D—DTHDHA AgifbzFAT 52 & T, L0 EERLSIO R E AT

2. ERAE

Mlicarer b 7T 4 75 ) OEMEREFICOWTRT. Wl#i~ 27 2 W7 ERES, — &g THRE
HIC~ A7 ZBE ST, BEMHEAZ/EDEIELZ Y KT Z & T, 5F L UL DO EHEREIC X HHEA AR 2 A S &
L HETH L. BREMERREE, ERAAVZ O E e —2 THEL, b9 Wiz KinT 252 & TRIRT X 95 3w
DI LR A SN EICRRIT 5 HETH D, TN DOFEIINET

I TR ST X LA A MMIBLICE L= BIED R 5T, memsofmraez ————
AMIETIZ Z OFANEZ AV, BWEE LT, RAEER p A,  subsirate

#{K dinaphtho[2,3-b:2',3'-f]thieno[3,2-b]thiophene (DNTT) %, n %! k— Fﬁ‘“m !ﬁﬂ?
s | & LT 8-Hydroxyquinolinolato-lithium (Liq) & AV (¥ 2(a)D5r 4 | DNTT e
FHEEICR LT2), Kot 7 & ISR A D 2 08T A S

— 4 % | MO L CRF DO L S 2 Kt = v B _-5 ok,
NUTATA4T7ZYU (K 20) ZERLEZ. EBRICIE Si02(200 ) : gmf\ib
nm)/Si(100) Ak 2 VY, RO L — PRI LV 2 b OO — ~ % :\k
PSR T o7, = OREHCH L, SPring-8 BLAXU ICHVT, X | —weeell 5 \\\§
Bri~vA v —2A Gumx20um) AWV TGL-WAXS v v B 7% - ;H.jfﬁfﬁéﬁ
117z, S | 1o0nm ’ Psosition (m1r?\)
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X#~A/aE—L%RAN5Z L TREROERFEMETH A AFA 0.12 FEizBnTh, R ETtoe—2n7 v v 7Y
VNEETHATHR 1L4mm FREICIZA S 2 ENTE, ERII A EmICE— AR S CW O L - 7ol
W~ B ZRIENAREL 72> 7.

3. F—TRE/BIEEEREFEMED GI-WAXS ¥ v EVT ERA AFmil#b(Z &k DEhETMAAIE
xa@ DNTT-25mol%Liq A% CRUBIRE 30°CIZE 1T 5 GI-WAXS /34— &R T. DNTT O AR v RAfish - Ny
WS HHER SN D & & bIZ, EEJFIC Lig D=7 BRR6E. Ziub 0% —2 6 DNTT & Lig (3L LTk
@,Lmﬁ%#ﬁ%MLfmélkﬁ%ﬂé.:@LM@%%M@%%EF—EV?LloTF—A/F%@%@# et
LTCLEIMEZHAIRLTWAS. K2d)iz, K2b0)par e FUT T4 7T VIZO0T, X 2(e)sR L7z DNTT
DHNEELE—7 1 LMoY —2 2, KO Liq HROMESNE— 7 3R E, pBEREAIRE & Liq JE D 5722038
?%—&@%@&LTVyﬁyﬁth%%?ﬁ DNTT O E—7 11, Liq#EEMEL, RIEIREMN 70°CRE TAKR v
MRENRHIR Loz (). SHICZORTE—IBRIIED Yy —7 Tho7oZ L5 DNTT Of i ka3 e ik
ﬁbf%é&%i%ﬂé.*ﬁ,ﬁ%ﬁﬁ®t—72i,ﬁﬁﬁﬁﬁ69bﬁwtﬁmﬁE@@ﬁ%ﬁfwé_&m%
[ B A OFE D EDOR (T b bR ) 1Sk o THENEEF. K RIL Liq OBRERIN & TR T 5
MT, ZOE—7 27154 Liq BEOHM E LI BMEMET L TW SBT3 5. £72, LigO e — 27 @EZ K—7
TREEDY 15%FRED D v — 7%%%,m~w%&§1mkk&of£@mwﬁﬁfiﬁﬁbt ZHIEDNTT BE—2 1 &
FU<, @R Cfidmbn D & WE T O X0VNE 20, ZOMEIFEIAEN SR R57d B bR
L. WRIT, BRI K D IEORELIZOW TR RS, SEIO~ v © o ZGETIRE SIS 7 58, FEDT I 65 5[0
At 455 REREL TRV NS 2 BT 5. KBGO — 2% 4 APBRLNTEY, TORHNTHRLL L
BoV o TNOREEITVIZN., 22T, HHE—VBEEZRIET 2 X2 0G0 2 B I ADTFLFEDO—-DELT
A Rt a2 R AT, XA R I T ARERIC X D BB OHEETIETH Y, AL HABBRG 260D T 7
v IRy 7 A OESR NS M EE X, b HRNE TR SN D RR A EBRNCTAIEZ 35 Z LN TE, & <0 H HIERHE
R ETHDOATWALS]. K 2(e)id Z DFEZR AV T()D DNTT B —2 1 04 B E L TR T 5700,
R GUER) % B IR

(2050570 £2) Liter<dr @ ! e W e R WBER

5. fERL LT, ABTRLE S ue - e | 1

DR R R R R LD % 58 l] -
EHIICHERT S ETICEL DNTT e P £
T E A A E O R~ , ¥ s ﬁv
Er 7D U6 LT Thof. & EPEP T —— .

To, BRIV RE - TR liq -
HEEHROLIICHMLTND o

T DD AR R R ;
ERTWBZLENHDD. fﬁ

4. FEH E2. (a) AEANSF, (b) ¥ 7 AR, () DNTT-25mol%Liq #Ak « BRI 30°Cic 1) 5 Gl-

WAXS /X% —> (d) (D)DTA 77 VIZET5H DNTT KON Liq DE— 7 i~ v 7, (e) A At~

GBI D F—E
HHRIR - 0 RSB D IRET — X HOER (RK).

TR @R IRERFIT BN

T, areF MU TATATTY &SI Z T, By FIE A HAE b D RFIEOF AN REINT. £,
Nl G = = 51 e S U AN Y NI N b ST RN R b RN B AUV/ BRSO B N T, &k
FREREIZ 7 LA A D100 pm B2 2 E K727 LA VEEN R S, 8% OB FIEIC X D85 T A HE
RHEBLCIE, R THEHI0mBETHDH 2 LD, MLNORRRIEHCRET— FRFAET L EEZ 615, BIE,
WEA =X LD L T A 2 % B LT3 HED T DM, 2O X 57 “ERORER a7 o4
7' Z VI L DIRFEH R MREIRR O AEEZ RS RTHOTH D LB TR, 5%, AFETTELVA ML —va &
T2 KO ekl s 8 & OMAG DRI LT, ETET “MREDOHSVY PSS Z ERHFHFTE S,
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Design of RNA-binding fluorescent probes for the analysis of delivery process of siRNAs
Yusuke SATO™

Carrier-mediated delivery of small interfering RNAs (siRNAs) into the living cells is important for the
implementation of siRNA-based therapeutics to silence target genes through RNA interference. Here,
siRNA overhang-selective fluorescent probes with strong affinity were designed based on the conjugation
of cationic oligopeptides to peptide nucleic acid scaffolds. The use of the probes as affinity-labeling agents
for siRNAs facilitates the fluorescence imaging analysis of siRNA delivery process, where the live cell
imaging for analyzing 20 nM siRNA that was considered to show the minimal off-target effects was achieved.

1. #8
RNA JF&F‘%%T%@C i) ﬁ{ﬁ%%ﬁ%ﬂﬂ%u‘@—é small interfering 2 Polymer-based
RNA(siRNA)E A > 7 EEEAVER RIS KT T 28 n FIRER L LT - carrier

SN TWA D, siRNA Z RIS 2 R D& I TE ST
OOX VT o1 (7 U Y —Hidl) ORI EIES T

KE72WEHE L 720 TG, BITE, SiRNA ORIBNT VU~ commiox
MR & LT T ~ UL L siRNA & VW=7 7 a —F 035 < v —
.

LTS, L, HE7RIZ LD siRNA B3ARET 58
B FBUFIENE MO NENRE (RTEM: - 2 /X7 B & O EAE
M) 2875V 27 nm<, ot & U T8 Ze R A % 40
ZTCWD. ZHUTK LT, Fox L siRNA BIRIIFES T D867 1
—7%BIRL, ZhEHAVT- siRNA fIENT U XD — @ik & 42
FLTW5S., AFETIE, siRNAREERA O 3 KifgA —/S—
RS Z T a7 v —7 (PyAATO) % siRNA D7 7 1 =
T4 T RS E L THWD. ZHuE LT 200 nM siRNA 23 7R 1. siRNA FE AP 7 1 — 7 % =
U~—RFEEN—AL Lex vy VT ISR DEMIENICT U im0 80— 2 — 0 7

N —ENH@BEAEYE (A A—207) LoD EERML

TWb (1), O—J, HEHIEEED siRNA Z W 5E, HEBERIOEEFRIEEZIH T 28058 (F
TH—7y bR BLIELIERLND. @ LA - T, siRNA EROBREMIEICBNTCIIA 74 —7
NEhSR A [EIEE L 5 5 20nM LL RO siRNA ZffHT L 5 50T HEIR N EE L 72> TV b, ARUFETIE, KRE
siRNA Z gt L 9 2 mBifntEas e 7 e — 7 O% 4 B L LT, PyAATO |[Zh FA4 LAY AXTF N E
WA LT a0 —TRERFIICAR, REFL, ZO siRNA #HEER LM T U S U — @B FR R~ & 366
L.

2. WFAUEA)IARTFRFZEALERAXETA—TORH

PyAATO [I37'F REEEE(PNA)D N RKIgZ B LY, CREIZT 7Y — /LA L v P(TO) & ik L &2 A
LTk, PNA L L siRNA A —/3— > 7 L 0 Watson-Crick ¥ FE 5 A& I L T siRNA A —/3—
N TREGE RIS T 2 2 N TE L. ZOREITEY, TO LA — S — 2 Zf5 D RNA
I Y — I L — a5 T LT, BB light-up JEE 2T ABFSETIEL, RNA HEH & &
201842 H28 H 528
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BEMAC L DA LD BHFALMAY TTF FOEEAT | 10 [antole K o015 M
6" d ,

% b T SIRNA A Sy ZHEEIC A BREA ) DA R, S 6o

EURHNZIEA Y Y 20 % PYAATO O C KSHICEA L= 7 r—7 3§ 80t

(PYAATO-(Lys)) & & L7=. B LI=7a— TR ALy 7 £ 9OF

77— GL2 s ZMiHl L 9 5 siRNA(siGL2, A —/X— o FHiH %2&

= dTdT) & O A 28O0 R L VRl L8 25, Bl § FYARTO: Ky =88 uM

FH— IO PR siGL2 BSI0 dTdT 4 — S — o VIR E RN 2 D s
0.00 0.05 0.10 0.15 0.20

IR L, light-up J&E 2 RT 2 LMo lz. A — = Tk [SIRNA] / M

WX RGN R EFERICL VI L2 2 A, e 2 RNA St L
0—7 DV VRN E L DI ONTHEICKRELS D% ﬂ%é%@m@m
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Development of plant cell wall modification techniques for woody biomass

Satoshi NARAMOTO™

Our economical activity is mainly based on fossil fuels, which leads to shortage of future fuels and also
global warming due to the release of massive amount of carbon dioxide into surrounding environment. To
prevent these, development of alternative fuels are expected. Plants fix carbon dioxide from atmosphere
through photosynthesis and significant amount of fixed carbon accumulate as polysaccharide in plant cell
wall, which potentially play important roles to prevent above mentioned social problems. Here I tried to
develop techniques to establish plant cell walls that are suitable for use of biofuels and biomaterials. We
focused on the major cell wall component cellulose that consists of linear chain of 51-4 linked glucose.
First, I express genetically modified cellulose synthase complex (CESA) that possess phosphorylation or
non-phosphorylation mimic mutation and tested their crystallinity. I also analyzed the saccharification
efficiency of plant cell walls that express mutated CESA. I found that specific mutations lead to reduce
the crystallinity of cellulose and also accelerate the saccharification efficiency of cell wall, both of which
are desirable nature for producing biofuels. Beside these, I also screen protein kinase that phosphorylate
CESA. By using the transcriptomics data of genes that express during secondary cell wall development,
I found that expression of 9 protein kinase are highly upregulated. I performed subcellular localization of
these protein kinases and found that 3 protein kinases localized to microtubules, where CESA exists. [ am
now performing biochemical assay to clarify whether these protein kinase act on CESA or not. My analysis
suggested that crystallinity as well as saccharification efficiency of cell wall can be manipulated by
phosphorylation rate of CESA. I also found the candidate protein kinase that phosphorylate CESA. These
analyses may provide the way for modifying plant cell walls as desirable biomass.
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Measurement of force distribution on the contact area of sliding droplets
using a MEMS-based 2 axis force sensor

NGUYEN Thanh Vinh™

We report on direct measurements of the normal and shear forces acting on the contact area of a drop-
let sliding on a rigid surface using a MEMS-based force sensor which are fabricated on the surface. The
normal and shear forces acting on the micropillar of the sensor are calculated from the fractional resistance
changes of the piezoresistors formed at the roots of the silicon structure underneath the micropillar. From
the experiment results, it is shown that the normal force inside the droplet is inversely proportional to the
droplet size, which is a result of the increase of Laplace pressure as the droplet becomes smaller. On the
other hand, the maximum normal force and shear force acting at the receding edge of the droplet are
independent of the droplet volume, which indicates that the interaction at the receding edge is local and
is determined by the liquid properties (surface tension) and substrate physicochemical properties such as
roughness and wettability.
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Improvement of selective area growth and emission color control for
realization of three-primary color integrated LED

Hiroto SEKIGUCHT™*

Emission color can be controlled by changing column diameter for regularly arranged InGaN/GaN
nanocolumns, which is expected to contribute to the monolithic integration of RGB nano LEDs. In this
study, for large area and low cost fabrication, the selective are growth of GaN nanocolumn on Si substrate
was developed. Well-aligned GaN nanocolumn was obtained using AIN/Si template. It was clarified that
the nanocolumn height was an important parameter for obtaining the high crystalline quality. While the
PL intensity monotonically decreased with increasing column diameter for the sample with a height of
350 nm, it was kept high up to the diameter in 200 nm for the sample with a height of 700 nm. Finally,
emission color change from blue to green or from green to red was observed with changing the diameter
for nanocolumn with InGaN/GaN quantum wells on Si substrate.
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Position Control of Carbon Nanorings with Conjugated Pi Orbitals and Synthesis of
Single-walled Carbon Nanotubes Pyrolyzed from the Carbon Nanorings

Tomohiro TOJO™

Our approach to obtain single-walled carbon nanotubes (SWCNTS) relied on utilizing carbon nanorings
which are the fundamental unit of SWCNTSs without any surfactants, thereby could lead to low changes
in intrinsic physical and chemical properties for SWCNTs. In this study, the host-guest complexes formed
with carbon nanoring hosts and various pi conjugated guests on a silicon substrate were pyrolyzed under
an ethanol gas flow at a high temperature with focused-ultraviolet (UV) laser irradiation. The pyrolyzed
carbon nanorings were observed to transform ring structures to tubular ones with 1.5-1.7 nm in diameter
corresponding to the employed diameter of carbon nanorings. Therefore, our approach suggests that carbon
nanorings are useful for structure-controlled synthesis of SWCNTs.
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Study on Optical Detection Bio-sensor for Biomarker Detection
and Improving Detection

Satoshi MARUYAMA™

The novel signal transducing technique was performed in three steps, namely, mechanical deflection,
transmittance change, and photocurrent change. A small readout photocurrent was processed by the inte-
grated source follower circuit. We have demonstrated the differential measurement using the developed
sensor. Although the proposed sensor has high signal conversion efficiency and can perform highly sensi-
tive sensing, it is highly dependent on the pressure change and the drift of the light source intensity as a
problem. Therefore, we have demonstrated that sensing that does not depend on incident light intensity
can be performed compared with reference.
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Design of Autonomous and Cooperative Control Laws for Multiple Vehicles
via Optimization of Multi-Layer Performance Criteria

Daisuke TSUBAKINO™

In this research, we propose a framework to design formation control laws for multiple autonomous
vehicles. The achievement of formation is divided into some layers and performance indexes are assigned
to each layer. Then, a formation control law is designed as a solution to an optimal control problem for
vehicles with a cost function involving those performance indexes. Suitable definition of layers and
performance indexes allows us to obtain control laws that have a multi-layer structure.
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Search for new thermoelectric materials with valence fluctuation

Keiichiro IMURA®

Quasicrystals are known as candidate substances for thermoelectric materials because of their low lat-
tice thermal conductivity and a possible pseudogap formation in the vicinity of the Fermi level. In this
study, we have performed the resonant x-ray emission spectroscopy and thermoelectric property measure-
ments for several intermediate-valence quasicrystals. The obtained results can provide a possible relation-
ship between the valence instability of Yb ions in quasicrystal and non-Fermi-liquid property of Seebeck
coefficient at low temperature.
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Fabrication and application of graphene liquid cells

Ryo KITAURA*

The graphene liquid cell is the liquid cell whose barrier membranes are graphene. Excellent properties
of graphene enable us to realize stable, high-contrast, and high-resolution observation of liquids. In previous
studies on graphene liquid cells, control of cell size and shape was difficult, which have been limiting
application of graphene liquid cells. In this work, we have utilized semiconductor microfabrication
technique for the controllable fabrication of graphene liquid cells.
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OBENIHITCB VRN S ob b (K127 T 7 = ® TEM B OH)
Zod), EIEEEOE T ©—AFHIC L 2B ~OE TR Z A —T 0
A & FHE > T, TEMIC K DRERPA R & Lch A = A kE<
FHRLODOHDH, Ok TEM & ER T OEE S T OBEBBEZIIGH T
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Development of Anti-Freezing Compounds Based on the Design
of Hydrophilicity of Three Dimensional Structure

Yuji SUMIT

Anti-freeze compounds are expected to use in the wide range of industry, such as medical field, food
industry, and healthcare. The several kinds of anti-freeze compounds have been found in nature but all of
them are glycoproteins with large size of molecular weights. Hence, man-made small-size anti-freeze
compounds should be developed. In this context, design and synthesis of potential small-size anti-freeze
molecules were investigated. We first hypothesized the mechanism of anti-freeze phenomena and designed
the amphipathic compounds to be potential to inhibit the growth of ice crystals. We synthesized two types
of fluorinated or non-fluorinated poliproline derivatives having galactoses and examined their anti-freezing
activity. After careful investigation, non-fluorinated poliprolines have been found to show anti-freezing
activity, while corresponding fluorinated polirolines show lower activity. We also established the solid-
phase synthesis of poliproline.
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Clarification of determinant on size of lath martensite by using biaxial compositional gradation

Tadachika CHIBA*

In this study, determinant on size of lath martensite was investigated by using biaxial compositional
graded Fe-Ni-C alloy. Unfortunately, only uniaxial compositional graded Fe-Ni sample was successfully
fabricated in this trial. However, size of lath martensite decreased with Ni content along to compositional
gradation, it was indicated that higher strength of prior austenite due to lower martensite transformation
temperature might be a dominant factor in uniaxial compositional graded Fe-Ni sample.
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5&4__1:‘) %\I*/V%ﬁft%f)%fﬁﬁﬁ@éﬂﬁ 75) % E @JE&E k@ﬁ@%f%@%%ﬁﬂiﬁ) Prior austenite grain boundary
R BTV B, FHCHBIHTIL, SIHENZ ISR THY, BEOREL (High angleboundary, HAB >15

Lath martensite

DI=DITIE, BRI O & 572 5 @R LN I & 72 5. @R O B2k
X7 AT oA MBS FIA SN T D, 7 A MMEBROBRK 2K 11
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Study on the phenomena in a supersonic microduct flow using a molecular imaging technique

Taro HANDA*

The number densities of the supersonic flow in a rectangular microduct whose height is 500 um are
measured using a molecular imaging technique. In this technique, acetone molecules seeded into the flow
are excited by the 4th harmonic of Nd: YAG laser and thse resulting fluorescence distributions are captured
using a CCD camera with an image intensifier. The measured number-density distribution reveals that no
shock wave appears in the duct although the flow is under the condition that the shock wave has been
believed to appear.
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ZT-HE, AORE « TERRIISHPERE L EREEERH 50T, ThEMNDZ EFEA FBOTEETHDH. &
2, REWHF 7 MRIIZBWTE, #27 MAVEWEEEZ HoIC< U, BRERL 7 Mo LY FiiE TREIL A
7 NPT EICRD. WolE D, XU FBREL 2D EEBOMBTETE 2 oItk < LTHIRE N MRICBEEE T
2 MICEET AHERHH T ENMONT WS, BEOEBLEZ L L, RN~ A 7 r A — VI likd &gt
7 MREL S ThH, 47 MY EEZ SIS LESAICEBE N ELT 25012720, 2 O5M T TR ORI E
BEFHRLIVNERS D,

MEHE~ A 7 a7 NRLOREEZ T 2546, THior o U — L ik EOREROYEFHINEZ AV 2 & ek
PNE L FNEEE T DA THOO TN EREMICNEETH S, LIzl T, BFdH~A 7 ng s Mot
TNIE, FAUCIRA S B0 T-R0F 7 MRERIC 2 —TF 4 7 LT24 T OROE F 72 138D O @ S BB R 4 5Kk oD % FEN
BHTHDHETRD. ABIRTIE, HTA A=V 7 e AT E~A 7 a7 MihENE L, FoRE L 2
REREEZAOMCT S Z A REKBANET 5.

2. EBRAE

AKERTIE, R 1ICRTEIIC, Ar— b ES 286pm, HIOE
& 500pum, & 2948um DOEEE ) A S Lz, B & 5000pm
DX 7 FNIDER SN O2BERTENEZ SR LTS5, BEER, A

(TRFE I ARE TGS Wz iREE~ v 020 DTSV AL TH 2948 -

L. AFBRUIKIZEFE TH Y, FHHRETICHEOT ' F AR A ~ nozzle

I 5. i B K L T T pold 50kPa, W TR O IE 7 py 1% 10kPa

Th O, fFEEII popp 135 £70%. 7 AV AICES LA/ 1. ~Azuxsk

IV AEIIARTN DA, #3000 TH 5.
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HIRIE NG YAG b —Y—o 4 {Fmiiik Bk 266nm) THD. L
— W — S EERE 1000mm @D L > XA W TV B — LRI &7
BIZHNIBIZAT SN D, L= =zl THEINT=TE MO
LT L= —E =LA L THEAFT AN A=A T 7
7ATHRHEDCCD B AT EHOCTISEEND. X 2 135 TGS
NEREEBR TH D, 7T OREHEITBEOHZE (2 12k
E & A EIREIRFET, M OBEEDOHDOR L Al 5DT
X 2 OHFEHEE Z b AN OBEE N ERDDHZENTE D,

K 2. HGEG
3. ZBHRLER

X 3 2R CTRO =4 7 b il b OBUE oA B o,
B OB A D225 OB x 24 7 &S hey TIEBME
U728, #Efidiiau o808 B n 2 i Bk o 3oE E CIEMI L
L7zfEiz &4, Z27 MO Tx OBME & & IS5 E MK
{IpoTRY, JENERHZITKREWVIREETHD Z E NG 0
5. Thbb, X7 MNOWIIIFREERRETHY, £
L polpy & S HIZEK LTH L 7 FNEO TR ORIEITZEAL
Liﬁb‘. (3)

KEWFK 7 MRENOIITICHW SN A BEEA EE LKk
TEREMT ) EAT O AR O S TIIATERE A X 7 FNICE
T B2 LD, LLanb, X312V CIREEE N
FAELTOVAETITR SR, —RIT, WP R A : :
RET B L EERG A% CRRITERE S CREN ER4 5. [ ]

inlet throat

1.2-|-|-|-|-|-|-|-|

n/ny

i 1 i 1 i 1 i L i 1 i 1 i 1 % 1 i 1
ZOWRE EFIIEN B EEEE & L THOW DS AT E L %0 2 4 6 8 10 12 14 16
LBRVDT, BERENREE L AAVARIITGHEEL LTS X Nexi

2156, HELWRELESEZ 5.

27 ML EOER A E T o b e B ERE LT
BENSTLO~ vy " BERDD L, 47 MEETIIHRNIT R TRTHETHH 2 ERNbh o, —RICHAERE —ED K
K FNOBFERAUT TR FICERET 2 O THREEREMT 2 O 3P Th iy, Aok ricvsrzaxy
FAOBEERN TS 7 FOBRPNSREBEEL TV D, 20X 9 RBEE OB TR E I Tb-~A 7 nilsE
J RO FER D IRV T LIRS TR Y, BFdE~A 7 afinfBa OB TH 5. ZolBEE~ A 7 aifi i
DHGNIZ D7D, 47 NNICEEESEAE L eIl SN D.

B 3. &7 bk %o K A

4. FLH

TERNADEREAA—V L TTHILT, A7 a7 MNOBE RGN OB AR 250 Lz, JERH 5 WG
NTE M TiEE VD &ARFAUCITHETRIE 25 ET 2133 Ch 528, FHE R0 SR S FE L2 ERHL M
IZleole., Thebb, NN~ A 7B Ar—WIled kP BEULNTELREBIZARSRNI ERH BN o7,
AS%ITH 7 PEERIRENAR AT L, MO EMSEEZA LN LT FETH S.
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Nano-Beads Coated with Artificial Lipid Membranes toward Robust Probes
for Cell Membrane Interaction

Kanta TSUMOTO™

Nano- and micro-beads are popularly used for biophysical analysis, and recently, solid beads coated
with lipid membranes have been developed as probes for monitoring interaction with cells. We here re-
ported experiments on preparation of such beads whose qualities could be verified by biotin-streptavidin
interaction. In addition, we demonstrated that Brownian motion of these beads could be monitored using
a negative (bright) phase contrast microscope without fluorescent staining.

1. ER&EEHW

AR, MM OFEARNE T, MBI O RYICIEREZ T 55 Th 5. A4 RBREBEY A 7 ET7 VL VB S
WA XD, MIRRICIE, B 72D ) VIRE 2 PRI SR IR 2 NV EBASAENTE Y, 26034 ORéRE
ERET L. BE 20 TRONTISY 7 v (VAR Y —5) ~EX 87 a2 AL TR Z D S THFRITRFICH
T OMER e S, O T FIEDEAICRI SN TWD ., FIcbo 7 v —7%, SREREEE (ZFEXRK) ob s, UK
Vo= DEASFARZ 5 LR AN 2 n U A VAR T ARG S ST LT, FREEBRT I TFIEARRE L
[1], &5, fY A XD 7 )L (giant unilamellar vesicle, GUV) & W= Al AL 70 & ~BBH L T & 72 (2, 3].
=7, URY —LOBENEE LT ST D720, FHE, U 0 EOBERMRL 7 E~EERAEIZ L0 EE 2 — M5 5ER
IEKESND Lo TET[4,5]. FA=blX, I oOFEEAAGOYE, Hi IR OB E/ER Z RN 2
FMELTHATEROPRAT D2 &L Lz, KFRTIE, 207, OV Y I E—X~OfFEa— FOR L, O
HAERENTICIS TR e 7 X 7 1 UKL 7- O i 5 O BB L ORET, 21T -7z, FIZ@TIE, 4okt Tcry 7 &7
BREAERET D720, MULEBIEIEAID A, oA AR NMeda—7L7e) 552 LAREELV.

2. Ak

RO DT ) ~I 7 a4 XV BRFAZHONT, JBEWAEIC LD — R3S Z LR 0ho T[4, 5].
DOPC (1, 2-dioleoyl-sn-glycero—3-phosphocholine, Hil) & Biotin-PEG(2000)DSPE (1, 2-distearoylphosphatidyl
ethanolamine, Avanti Polar Lipids, Inc., ##&0.1mol%) Z & e SUV(small unilamellar vesicle) ZiHHlt%, > b
— A (HPEfLS: T3 SNOWTEX, MP-4540M(420-480 nm)) LiR& L7z, 61T, A ML F7E V0 (StAy, FOEHIEEE), -
TN v A4 F > (Biocytin Alexa Fluor 546, Thermo Fisher Scienctific) Z X 7-. HBEDOHEMENZ, THE
AT GEEE, FOeRiEs) 20 Lo 7 L L7z,

75U L EB OB A BT S 720, U I E— X MP-4540M, 72 b ONCTHIREO FE TS U B E— X &, DOPC & DOPS
(1, 2-dioleoyl-sn-glycero—3-phospho-L-serine, sodium salt, HiH) Z 1:1 THIeSUVEZRAELZL D, #HELT-.

Bl#213, ORCA-Flash 2.8 (F 7213 4. OLT, a7 b =2 R) 2 50 U7, W HLEF /(L AR 22/ 30O BLES AT RE 70 A= BRMEE (Nikon
ECLIPSE 80i) ZMWTAT~7z. 7 I4 bar hI A (RAT 47 ar T AR BEIITHH L X Nikon CFI Plan
Fluor BM 40xAS Z AW N7=. #UBEORHIZ1X Image] [6] D7 F 7' A > Particle Tracker[7] % N7~
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3. WREEE B 8 w/o Biotin

1 1%, DOPC/Biotin—PEG(2000) DSPE % W& St7- 3 U J £ — X MP-4540M ~, A
E A F AT DRI IR R ARG A RS 4 ©H D StAv BERR, HOEk e
FF a2 NE LB OB EE Th 5. B — XAOIFEIIRARE R o BELIz X A5
RELTHERTE 5. mMMABILET, MMER AT LD E—RDOYENED
LIV, —F, TR TOEEAT U ENASZ TRy S, 2D,
E AT AR E -StAv-HOE B AT T L D RERAFE A OSHED D BT,

U B E—XE, BRI, st TRtk Engs. L, ERER, K
PPHRE & 70 D, WCOME, el EEBE LN OBIETINERSH D, v
FRFOIEEZ, HEREWE, fEICAs7-01L, 774 har R A RD
NAHEBEE A T o7z, AMIAMEI L LCEY — 27 2 7 A RB A RITHDLD, m1. E—X~ADEFFULEEORS.
[8], 754 hav kT % M, 7 AR NOBRALICE A SHh, FEgic BETLZOEAHY. Bar: 20 um
K oS I bbb TnD. K2, v
U 71— X MP-4540M ORHFRR g 2R3, BEN
7IA4 bar T A RTHM LI NV R
ETHD. K3, U hE— X MP-4540M Hih, 72
5 TNZ DOPC/DOPS (1:1)SUV H{RAHKERLI L= U h
E— X MP-4540M > 7 7 v L iE#) %, Particle Tracker
THWMEBR L7 THDH. RTESAORREELE XD
AN, gD, B i<, BE RV ERE
DT EMyInoTe. EEIMEORETL, REREDENE m2. Syht/E—X0ISA 3L SR ARG 5 TL—LTE
K2 - L ARIBE SR, SR LY, fEA L [Z#2BEERS L 1= (30 frames/sec). Bar: 10 pm
L fEEC O SEBY AT 1236 5 5 U S T E 7.

Dark field )

Fluorescence

4. #&EE

DR AT =N U & - N SR i B N W y/ NS SO FERER (S
DL D L HMR LTz, 794 har hTF AN (xRHFT 472
YT AR (RS, MY T U T B X E R
U CRIEBIZR T2 Z L &gl L, UBREHRNY, NREIRAEOA I
X DR OVEROENZRR U, AR EER 2 m b 72007
n—7 L LTINRNERICHEZ D L9, SHICHRIZED V. &
%I, RIFREOENEIZHT- > T 572K, FRORFERAE

Beads Beads w/ DOPC+DOPS

DR, G IR L LS ’ —
3. LY HE—XEKLWDOPC/DOPS #HE S/ E—XD
REFERENCES BENEE. 754 b3 b5 R MIBEBRRIC L HER

E{&% Particle Tracker TH#H L7-. Bar: 10 pm
(1) K. Tsumoto, T. Yoshimura, Methods Enzymol. Vol. 465, pp. 95-109 (2009)

(2) K. Kamiya, J. Kobayashi, T. Yoshimura, K. Tsumoto, Biochim Biophys. Acta. Vol. 1798, No. 9, pp. 1625-1631 (2010)
(3) M. Nishigami, T. Mori, M. Tomita, K. Takiguchi, K. Tsumoto, Co/loids Surf. B. BiointerfacesVol. 155, pp. 248-256 (2017)
(4) C. Madwar, G. Gopalakrishnan, R.B. Lennox, Langmuir Vol. 31, No. 16, pp. 4704-4712 (2015)

(5) F. Wang, J. Liu, J Am. Chem. Soc. Vol. 137, No. 36, pp. 11736-11742 (2015)
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)
)
)
)
(6) W.S. Rasband, Image], U. S. National Institutes of Health, Bethesda, Maryland, USA, https://imagej.nih. gov/ij/
)
)
) Y. Wang, C. Wang, Z. Zhang, J. Microsc. (2017) doi: 10.1111/jmi. 12673.



172 I SRR AL o 38 [ R o figf 32

B St DERHE—E D
BofE &

Free-Energy Functional Method for Inverse Problem of Self Assembly

Masashi TORIKAT*

A free-energy functional method is used to determine the particle interactions with which the particles as-
semble into given target structures. The target structures, the body-centered cubic and simple hexagonal lat-
tices, are successfully obtained by Monte Carlo simulations of particles with the predicted interactions. The case
of the face-centered cubic lattice, in which the method fails to predict the correct interaction, is also discussed.

1. F

ZHOE A, HeaaA RRES LSRR OET) ZHMEEOFE & W o m BRI X, [~ ORI - o
FAEAERICE o TIRESND. 2 Z CIHEARL 28 AR KT 5 2R R OGO RIZEH 3 5. KM AEM
BhHZ DT & E 2R OMEZ RO D TIEICE, B OEB) XA M < Sy rE ImEofc 07 v 7 A To
EEEAERD D ZENTELEL TN REREDHFEHE S I 2 L —a VRENCIA, SEIE Ry Fmils
IS RHTOMR IR D 3B CHRB AT 20 TR L W o Ie T FERIBH IV ZE TH H.

bz bk 7B BAER D D 2R OEEZ R 5 M E A AL ONERTE & 057 B1F, 5 2 vz i)
SRLTHAR AR 2 ko 2 REIT B S Lo ETH 5. ZOWMBEOMEEZSS Z L%, EERE - SA
OMEIZBWTEETH L. 72 2IFTT R T2 A0 TS 2 OREDO BRI E 2 oW E 2 E0 -4, H
HEOREE % RO T Y 7ok 7RI AAER 2 BMEZBICER T2 (EREZ KB ) OEFFEFICHERE . 20 k)
RAMOEAICE, VEETIEREEDEREZ L LICLTENERER L ) DRI AIER Z KD 5 HiE, 74
b HOHM O RIBEOMENMLE L 7205, HOEMEM O BEZME < 72012, #HEOTIE (3, 403 BEICREIN
THY, SEIERZRTBLOERITOIEAPRGERE BRI T 2R FREEERS RO LTS, L
LEEFO FIEIFRTHEM Y I 2 b — a VIR L TR 0 BERNREE & Rk 7 O ME O O IR 72 50 1A 15 5
ZENREETH L. EFHBEICEEANA E VO R TEMA EORMEL & 5.

AWFIEE, ¥ 2 b— 3 VDB O ik LT R D WEEOHERRIAE O Z HIE 35, RS0
FIT X DAFSE [5]1CRESE L RITHE SISl A LU Ckth L7 BG4 —RoTiE s ISl A L2 fE Rz o Tk~ 5.

2. EHR

RO FERT Uy VB I ONGEZZN TN u BED peye (1) & L, BEMALFERT > v L% @(X) = f — Page(X)
LEFET D, P ERRANLT DS AR T, ROBEMEFRT Vv L o(x) D30 F SR8 5y A B 5K
p(X) BRFE D, W p(x) R FEIIL @(x) BRED. RIE DL I 0x) 16 p(x) ZRD HITIE, ROEVE~/LV L
Y T ROV X I Alp] 2D T2 LEE D [p,n] = Aln] — [ n(x)o(x)dx & EFT 5. ki 753 An B
p(X) 11X, Olpn] ZHR/MET2BE n(x) L LTRDD ZENTE, E-m/MEQe]=2[p,pl 1377 RT3
YA THDH. 2L Tp) 2RO FEMEREHTEL VLN EEIBEBIETH S, WITHRED X 512 p(x) M
D Pexc(x) RO DITIE, HZRLBE A lp, ] = QY]+ [ pOY(x)dx 2 EFT D, px) BEZ bzt & DHEM
{LERT v M Alp, Y] i KILT D Yp(x) E LTELND. DFV, o) 1D p(x) ZRed % RIE A NERTE &
BT p(x) 205 o(x) 2RO LMEITNIETH Y, ZOWRMBEITAp Y] ZRKIETHZ L TR ZENRTE 5.

ZONEE A CHB Lo RIEIEAT S, ROKTE O FFEROCEE LR AEE 2D, 35 L FE Ok
TFRFENDUSNORTAZ RIS R TR EERRT v b v(x) 1%, ZRZTEEERRTENRTES., 20k
T ROBESAE, FUEITR T 23 EE S TWARRWNSEA O KB AR B p@(0,x) Z 4~ T p@(0,x)/p(0) &%
HHZERMBNTND [6]. LAEDZ EZFMATH L, il (—ERBIOERBEESAEE p BLI R p?®) 135 x
bis &, AMORTRMEIERZ & LB R T Vv v V0 @(x) = argmaxy, A [p@ /p, ] L LTHLNS.
ZAVDSARWFZE TR 5 W E O fRE O IR Th 5.
3. HREER

R OBEERIC FE SV TEARAIEE O W DRI EAERA 2R 572012, HHT R A 1TPlx
Wi L, — % B A B p(x), 38 K OV AR FE 23 A B p@ (, x) ICHEHER 22 RUE 2 B8\ T A [pP /p,p] DFEK Ak
201843 H 5 H 23
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g(r). v(r)/e

rla

1. () BT 2 HBECERT D 2 ENTFESNTZRT A —HFrry/a=188DIGEDLIGKRT v ¥ v L v(r) OB % Bl
TR LT, RERIE, ZOMAEENEZ LR TR TEHREY S 2 Lb—32 3 U 2FT L TE LA ERANE (HIX) OBk
g(r) THDH. RO OF n T HEIRBEIC SR ER A 51 &, TR a2 R L. (F) MRy Ial—var Ry 7R
NTRL 1458 DY I 2 L—a U EFATL, BRSO RS G 770 & 7z Ay 7o a w k.

Wi, KT RMEER v(x) OB &L LT, —DOEAT A= &G LF—F - Ya—r X Y=

(LIG) RTFv vy
v(r;r) =e{(a/r)"*~2(a/r)’ —exp[—(r—ry)’/20°]}

EREL]E. 22 Ta, BLOeFEHTHY, TNENES, BLIPR=R VX -0 LD, oIy ARKRT
VYUY VADIEERDHERTHY, ZITiEo/a=+0.02 & Liz. TR EEDN a Th B ELILHIHKT (BCC)
ZHEEMEE L ZICHIET 2 p B L0 p@ 2 AWEHAIE, Aldr/a=188I1lB W\ TE—27 25 Lnb,
BCC ZEI§ AR M AEMIIAIGRICL S PTE Tl v(;1.88a) THD (X174, B . ZoRT vy
ERORIARDYI a2l —va v EFEITL, BRT A LARBENSEE Y TIPS & HE#ETH D BCC 2 EBRICH
LBNAZENDI-oT- (M1A) . 20OV Ialb—3 gy TR FEENS RO RSB g(r) 2K 1 £12
REFRTRL, [FUKPIZHSIRT BCC OF n i BEERERE & 2 OMTEIC BT 2308k 5% 7~ L. BCC Ok
R B OBRDBAET 52 LI LV BEBENZELLINTWD Z ERbns.

RODSEFMEF 72T TR <, IS S BSR4 BIEME & L7258 AR O FIENRI T2 2 Ebno
2. L LD (FCC) % BAERGE L LIZBAICE, ZOFHETIEELWLWRT A—4 rg/a=1.00 (Z O
IIERER 2 R 2L — v a VLo TRDE) TS5 THIENTERMo7. ZOMEORREZWONITH
b, RFFRTHWEZEEO S5 pBL O p@ IZET 2L 28T C, TNHOEELTYIalb—va bR
TEEFIA L. ZOMBIXp BELOp@ [ZBT 2002 AW & & ERERMET R - 72728, ERFERIT S
NHOFEBTIE < AR VX —BEEICET 280 H D L F 2 5. BEMIEDN FCC OBEIZKKT 2013,
ro/a=1.00 ® LIG %1% TiL FCC & DL EMEIM OREE DL EMEIC R L THEEFIZE LR W Z ERFIRTH
LHEEZLNA[T]

4. FEH

AWFFETHESE L 72 B AL O PO AL, —RITHREIC OV T O AR TH L Z L Bhbholz. 2L I DY
ERKT 2 BEHEES oo 2 &b, RMOTERTH S LEZ b A BT RLF =LY 5
DEHEPLETHD.
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Research for Oil Resistant Filter Membrane Suitable for
Eliminating the Hardly Desulfurizing Agent

Yoshihisa FUJIT*

It is not easy to solve the ongoing issues of worldwide environmental pollution. In both the chemical
and petrochemical industries, the nanofiltration of organic solvents may make a significant contribution
to improved energy efficiency in the production process. Polymer-based membranes are widely used for
gas separation, filtration, desalination of seawater, wastewater treatment, etc. Chemical, petrochemical,
energy and environment-related industries, however, strongly require highly durable membranes appli-
cable under extreme conditions, since the present polymeric membranes gradually or sometimes rapidly
deteriorate with time due to undesired swelling, clogging, and chemical reactions. In this study, new
polymer-inorganic hybrid membrane which is oil resistant and suitable for eliminating the hardly desulfur-
izing agent was prepared.

1. AROEREBM

il ALFEEEETHA SN T A =R —0D 4 0 %N R A2 B E T 2B o A TR S TERY, H
FRIEME(LET L OBAL S b, HELAE DAV ESEE Y 7' AR KB = 2L — (LA L 2 2B 7 e L
THHEN TS, 5%, FERBMT AHOFMNREV WoZd@mE D &, FafKURORMEIIMEORETHY, Z
DFRPFNIE 7 SR RIS L D587 02 ARMEARARKTHDH.

AR, MERESEM 2 L7 OB biEA TE TR Y, ME2 0 BER~OIS AR ST 5. &R — AREEA
(MO F)XEBA T A haEOLAEKITIAAIN T 7 ffLa A L, R ot Z2 m 32 RN mbnTnsd. LnLaen
5, TS OEAMEHIEN AL FER L ENE - STBERFEICR LT, BOBHED & W o 7S LT ORBRAYIRIEICZ L
9 Z, KEFE - FlHAKICHE L TORWE), w27 a2 7r— L CERAR EhEe 7 TR ICIBEd 5 2 L I39ER ICREECTH
Sz —J7, BB, BREDE CLEE O/ N ECEE 22 0 BEDM T X D72, R R I 2R BT C
HDITHI LT, A NEEOSIHICE T D EMFNTE D70 120 ERLA~OREEE % &0 T ERM O S D
Wz 5E, BT RAOAHREANC L5 D 2 O - Tk CBUC k2 Tikfk) AT ens. filc, 411
WEENDLDBTX (RUEBy, brxzy, FTL0) OFBILOBRITZE LY, 22T, KL TIEAA VRS E G0
TR DB IO T b EHEREDME T L2 WA A A E A 7 4 V2 — BB EZ BRI E L, 850 T4 B~ SR
PRL - DU &, AHSREE O TR RFE I SV TRE L7z,

2. ERAE

EM L DE ST LTRY AR (PSP %, BRI -2 LTy ) hazhEhAn
72. PSF JEIE. 15~25 wt%®D N,N-2 A F LR/ LT 3 F(DMF)EI D 63— 20— & — %
T—ERE G 2 VM AL FICBE U7, FE BRI 2 (R 5 =i, B
BRORIERR P Tzl S8, KIC | IFFRNENE T 5 2 & TR o B R K - D M5E & JE Rk L
7o M E R TE 1 PR BE(SEMYBI £ AL D X FAl L 7.

; | R S
B 1. o SEM {4
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HHER OTBEFEX, DTV A RORRDZT NI h—~FWV o, n—~T B, n—=F 75, n—T ) %R
ELTHNT, HESFICHT 2R ANET 52 & T L7z, & 6I2, #EBRR O S BEERRIC DWW T, ks +
LLT4,6— P AFILIR Y F 47 = (DDBT) & H W - IEE M RE AT He S X st L 7=,

3. BRBLUEE

2 1%, @7 HICER 100 nm FREEO S U ki 72 EA L TER L
T2 T IR TGO SEMIETH S, o U APk T O BRI
DWNTAT o AR TARRF S, @5 IR - T 5 2 U I 3o
L, @ T8#EEE L TOWDERT B Sz, IZ, AU ALK (PSF)
O 7R D IEAPRIENZ SV Ik 7 %38 A9 572, PSF ¢ DMF &Iz
VB ERINL, @R < IlciRA Lis. K3 1%, U WiEE PSF
@ DMF IRiE D> B AR U 72 R BRI D SEM 8 T3 % . SEM 47> 5, PSF IR
TRIZ > U Bk 1 2 R4 L723R Tk, KRS OB SEEOEE TV Y
A HIKFNCHEH L, A BER D22 OKFEATETE LT 22f]) ICBRE L
TLEI ARSI OBET, RIREER IOV Y RN
BREEEZTHOHEIND Z LT hhoT. 22T, VU kL0455
BPEZ R ESE L7208, BHTEIT > THMEIC LRI 100 nm O = A
ZN ) OREEME LTz, M41E, 2uA Z0s U hE2RINL TER
L7 3Ext R iliifi o> SEM {2 Ch b, am A X ) f & Wik 7- & L
THWDLZ LT, MAN~DOL U D OEENMHEI SN D Z LRSS
7=, avaA 2 U PNIERFREOFLOBERICH Y IAF N TV D EETO
B % SEM BIZHRITRLTWD., EEORTIE, g Z LUl
OFMEEHERLT Z LT, @1/ v U WEAEOYMEZHIET S 2 &2
HikS.

P& 7 ¢ H— & U CRE A O BEERINC KT D PERE & 3Tl 9~ 5 72 D1,
IR PRI R NI E D I — R R 28 Ly EEsiEE & L. o9
ARDREIND ) N~ VT VA DFBEPEIZ OO TR L7 SR, ok
WNERRIE, n—FY Y > p— T HY > p—F T H Y > =TT
HY, FOMEIZFNEN 88, 41,14, 10 Lem2h! ThH-o7=. DFV, /L~
VT NI TR LTeE, A AMRKREL DI LI, JislE
KFL7eE Wb, £, FANTOENGIKS THD 46— AF LY
RV FFT = (DDBT Ay 1 & LT T - 72l 9 ¢, ~%4
YD DDBT ZIFIE 52N 0BET 2 2 & 23Sk, BLIESRIZ 100%ThH 5
ZENRH LN T.

4. zaA Z Y B RGN L IER BRI
@ SEM 14

4. F¥&&

ABFFETIE, A A N F OB Y 2 5y BEFTRE /R R0 F 72 B 72 D8 7 4 L & — OIERZATV, 2 DO FTREMEDVRIZ &
iz, SEOEBEIIMILORE SIZE DA XA TH 55, BIEORTHM SN D oS AT L TITEENAA
FY B FHA XRREI VARG (F@ L TRLWESD) BEETLZENTHREND. £k, S%OEME L
T, RWHETHLNTMEE S B OBHRMEIZ DOV T HIME A kT 5 TETH 5.
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Synthesis and Application of Luminophores-Integrated Polyhedral Oligomeric Silsesquioxane

Masayuki GON*

Polyhedral oligomeric silsesquioxane (POSS) has a cubic structure composed of Si—O bonds. Multiple
functions can be loaded by introducing organic groups into the eight vertices of the silica cube. Previously,
POSS materials having 7-conjugated luminophores connected to the eight vertices of the POSS core were
prepared. The luminophores-integrated POSS showed both high thermal stability owing to inorganic
scaffold and bright blue emission because of organic substituents even in the solid state by avoiding
aggregation of the luminophores. In this research, we focused on the sphere-like and sparse structure of the
luminophoreintegrated POSS and investigated compatibility with 7z-conjugated polymers whose lumines-
cence was often reduced in the aggregation state because of the strong 7-7 interaction. As a result, it was
found that the luminophore-integrated POSS effectively exfoliated the 7-7 interaction and the obtained
homogeneous composite films showed much better luminescence performances than the pristine ones.

1. #§
HEEF M BHIERE Y 1 - &0 T DR FF O LM & 1% BL Ak
ANDEHEZIE LD & L= 7 AH 5 —RIeoB s ~DE o, bt NCED I EREFFH FEHEEFPOSS

L LTORMR E, BRR=— X0 U 2 F 7 5 POSS)

= LR 0, BRI EANCATON T B, AR IR R R \“‘ ; ’ff
RS CEET v o LA o — 5T, MR & il LT R\Sii)a\s:_i;/ﬁ)o—/sli/
AR & 5 BB 8 5. RIS 5 55 F oMb 7 1ol o
THDH=OIT, FLOZEENKDATNDONBIRTHS. Iz Sli/—ocgii;il.EFSi\ f:} ’%\
T, —IEERAHRIES T, R E LOSANES 2 ERKETSY R OR Y%

FRUR A O £ O FHME A RIS T ST LE 5 &\ 5 R A e ==

G FIIFICAATE L, @R R R Y O BB I L ER A R RETH 5.
7, ZOMBEAZEVEBEENORY r HERE S TICBOTEHE B WokT ey 7 THS POSS OffiE LM%k
LY, nEERESTOMELRRL/ERL 2> TS, B POSS @K B

e lL, AW & EE % 0y 1 L~V THEAL LT HEE i % 345
FTHZEITEY, FHFENES T OBENRIELR THDMAMEDK S, BEHRIE TOFRKMEDOIR T 2 RIS 25 2 &
EEZ . MA T, ZORER2 G THEEIATHE L7 ar s RetE O 8L 2 Bl & L TIfFsE &2 T & 7= BARMIZIE, )
T DS E A LB TR T oy 7OTH LN IR Lt 2442 (POSS) DA TE SIS U R A3y
THESN LTz TR~ Tt 7Y > R 1) (K DEERT D2 LT, A0 T OMWEIEZE O E EICmEWEZ [k
SHDHZ LTI LIZO, Ei, BAHRICERTE Iy T2 B8 L2 5 B 32 &, SMANZ D - TERZRERTEAR 1 & HE
ZHTENTE, WHEIJOBRN g HERTHY 2R 0H, BEAWIEFT VIS WHEEZALTWD Z EE2RRT 5%
Ble., 22T, RETIEZ O HEEVITL &) BEROEERMN 26T 5 7 IR E ST T 558 & UTHRIH AT
BTV EE %, POSS FHilk L n EREHTDOIRE 7 4 VL EERR L, YRR E1T 7.

2. BHBLUVRET 1 ILLDEKRFE

TR THHA Y 7 ==L POSS ZHFWE L L, 7= A0 a v k21T 721%, ARNECAETH D o %R
B A — D ) U EIC K DEANT S Z L TIPrPOSS DA T-7- (X 1). F£/2, o EBEREHFLEL
T iPrPOSS & [AEE DV I UEIEHANL %495 poly(p-phenyleneethynylene) (PPE: My=1.3x10%, Mw/My=2.5)% Bl &k UF
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A L7=. A L7 iPrPOSS & PPE Z{LEOEIATRA L7 v a kL AEK (PPE: 1.0mg/300ul) ZFHHlL, 2E o
— MEZEI 0 ARIER E (1 emX5em) ([ZIRE T 4 /L L &EVERL LTZ. iPrPOSS & PPE OREGE &L 1:9 (10 wi%) 7205
9:1 (90 wWt%) F TITVY, R TOREGHICB W TIERANOE—RIRE T A VA EEkRT A Z ENTE (X 2). £z, hhs
RICES U= 2h R 2 iR 5~ 5728, POSS ‘B & Fil- 72\WERSRE 1 TH 5 iPrTMS ZRIE & LT,

RoR R R R SN vosd Y=L )=<)
\ % \. % Pd,(dba): R 081195l .
R 0:8i-lo=si -5i-/Qsi 2dba)s 5780 1 Me
5B 80 RIS ey dppf ol
YRy o yery d 2ot
.0:Si10ySi i
[ OSiTO5Si CHCl T 0SilOgSi,  THF ELN /S\*O/’Si/oo R iPriMs
SR R —40°C,24h—>rt, 16h _SITQTST 70°C R R kg
R© R j R R 20h

27% CeH130
22% )\: _
" %@I " OCHs'

iPrPOSS

R2. 57 4/ A

R 1. FBEHERMT POSS (PrPOSS) DAL L iPrTMS 35 X OF PPE Oy T4

3. BRLER

LT 7 4 NV AOHFMEORREZK 3 BLOE 1
{279, iPrPOSS OEELHEMT 5 L, X 3(A)L Y
450 nm {8 0> PPE W AR K e ANV RARNZ > 7
52 &, M3B) LR E b EREMC T N
DT ENginoTn. F2E1L LY, BRET 4V AITEND
T iPrPOSS O FE DAY, skt e IR
(dpL) DIEDEEMNT 5 Z EDNHER S NTZ. T b DFER

=
C]

blue-shift

1

28 times
Enhancement
PPE — 90 wt%

Normalized Intensity

400 450 500

Normalized Absorbance

%, iPrPOSS 7% PPE $H{[HICHfASNH Z LIk o T

B O T RMEEERBIE S nicizoTh D &
Ezonb. Eiz, iPrPOSS O EE ALY 4
5ET LAY iPrTMS % [FERIC PPE IREG L2 L 2

250 350 450 550
Wavelength/ nm

350 450 550 650
Wavelength/ nm

Contentof iPrPOSS (PPE : POSS)
—— PPE  (100:0) — 75wt% (25:75)
10 W% (90:10) —— 90wt% (10:90)
—— 25w% (75:25) ---- iPrPOSS (0:100)
—— 50 wt% (50:50)

C
© Contentof iPrPOSS (wt%)
0 1025507590 POSS

%, iPrTMS NfEdibd 25 2 & CHRDEEZREZ L, ¥—

RIROT A VAEBD D LIETE Ao, F, Wil PO BETOLAOWIN - ARIRA STy, BREA
. \ ’ B, (©RIEHEOTE (R : 328 n)

ELTHRY AF L% PPE ([ZRA L THILRTILE ' "

DEMTHTD (Do =7% (0 W%)—15% (0 wi%)) Tl B BET AV AOMIELE I

Y, iPrPOSS OERFD L 95 7esdifse L 7z WUA X7 ML s g (opx&) 10wt% 25wWt%  50wt%  75wit% 90 wt%

WRIEBN S N emot. SbIc B3BICHETS o0 7 o 12 18 3 @

L, 325 nm OY:TiPrPOSS ikt L, iPrPOSS O E &
FEREEIML TV A D2 H B 59, iPrPOSS HESRDIEEMT & A CBLII S /vy Emission
Z LRSI, UL, iPrPOSS T HAIRICEE S - B R = <§§§ g
v b E LT X, I L7 kL ¥ —78 PPE 85I @R T R L X —BE) L~
ZLARFLTND (H4). BRI L1290 wi% 7 4 L AICE L, 450 nm D% - By =
T PPE Z BB L7z & 2 AR ETIDERIE &r=27%Td Y, 325nm D)
TIiPrPOSS ZihE L7256 O F N RERMEEZ R L (@r=33%). ZiiE, =%
NEX—HEHRZFIT L, PPE OMREZ A FSEDLZ LICHBILIEE S 2D,
HE LT, PPE OHMT ¢ /L AT, FIEOTRIIT L TH 28 5O A 72
THIENTE, — B, SRR XX —HEDRITEH D FEMIC LV ERESE LD THL I &b, H
ROHBEICED ZOL ) REREGZZ EOEFRITRE V. £, MEWEOB SO L iPrPOSS ZiIRGSH 5 Z Lk
D, Z2RH 200 °C &\ D EFICB W T HRNMEZRFFRRETH Y, PPE OIifEMED M BICHF 535 2 L3557z,
Pk, #oek7ay 7 #FMAT 52 & THREPRIC o SR ABLAINT 2 &0 O Rk 2 B AR 2 BT 25 2 L3 F[BET
HY, BENOBN r ERES T EE IS ELIREF O L ERTIENTEL., I, n#H(EREDTFO
Kig7etERE DA LA BERL L, Ao FFHIEENIC b AR RETHL EHFL TN D.
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Study on Ce Substituted M-type Ferrite by Controlling Oxygen Pressure

Takeshi WAKI*

We studied the phase stability of Ce substituted hexagonal StM ferrite under various oxygen pressures
for the possibility of next-generation permanent magnets. The solubility limit of Ce in Sr, Ce Fe,,0,, is
about x = 0.25. The variation of the c-axis according to x suggests that the valence of Ce in StM is not 4+
but 3+ different from the previous expectation. The solubility limit of Ce for StM is affected not only by
ionic radius but also by the valence stability of Ce.
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7 =T A MEAIRE TR AR REE ) & W o T PEREIES B AN, LAl TR L E TTH D T2,
HEHTHOFERLOT— 4 —HiRE PSS RBRBEIEES N TN D, TOD, H%oMgenm LM o
LR E LT EEbNTEY ., AhBEMEEICICHERFELNTND, BERESNL TS 72T 4 MEAIE M
B St 7 =74 b StFe;;019 D St KU Fe ¥ k&L D La Y Co TiokiE#H: L7z b D(Sr LaFe2,C0,019) T, %D
Co BT L 0 AREFII M IEEHLDAITH L 20%FEEHE KT 5 2 E N BTV D[], JTEHRIRINT L 0 EREN T 2 23,
ARATEGAT VLR DR LU H LR ORL IR 3 2 O PEREICHEMEIC B B 72D JERIWMMA N Z KF T 0343 L b
Wi TIE 2w, BIEOHMF T, CoX'DELET—A > MCX Y —E RGN HER SN D 2 & MR ARO EERE & &
ZHITWABR, B O & Btk D2 O MBI TlX 2 o7z, ITHFEFK X 1T La-Co B SIM 7 = 7 A b O B i
BEACEKE L, Z O/ L BEEORBIZ B S Liz[2], ERUC k2 &0 —BEGFHEIE Co IEICHRFICHHTI D
D, Co DEFRIIMESNTNZHD XD HIK<, ML Co AEFBITITRFICEY IAZ N TRV aTREMEZ R L
Too F7o, BIETIL Co DENERITEEFE DI T 2 2 L2 A 1A LT LIZ[3], ER T = 74 MAaRHE
DR & BMEDMBIT ETERIBADE R L N EEZ HND,

M BT =5 A MgEA TREPEZHE 9 DX F ' TH Y . CoX D AT H 1= ) BHIE D 72012 S D —# % & 0 o
ENA A TEBRTHIMLENDH D, FATTIE L BAVSNTWER, fhofHHIc k2B s B2 oh, B
HH(Pr, N, Sm* 2 L 5 SO BHOEERAHE SN TS [4], £7218BEIC, Ce-Co SIM BRF SN2 &1 b D
[5,6. ZOHAITIT Ce D SETEBH L, 3MOA AL D2 FEOFHFET Co ZHATE B L MRFS Nz, BEEE
o, ZFOBEHSHTWARY, ERLELEI2IC MBT =T FTIRERRA 42 OREIRRIZIRE 5 IS < RE L
THY ., Ce-Co SIM DEERZIEFE S EIZ L - THIEICE D AREMELRH 5, ThIZ L > T La % Ce TRETEUL, Bl
TEATEIR ISR D Ce DH LB A TE 5,

I TCARIFTIL, Ce-Co SIM 7 = 7 A Mgt O FREMEZ PRIR T D72, BRI LA HIE U 72 5k CORZ DL EME
R LT,

2. EBRFE

Ce-StM (Sry.,Ce,Fe2019) 2 Y Ce-Co StM (Sry.,CeFe2,C0,010) D LAt dak Bl x, y = 0.4)F, EMIGEIC K Y A LTz,
SrCO;, Ce0,, Fe,05, Cos04 ZATEDERVIEA L. XL v MR L= B 1200~1300°C C 24 BERIBERE L7z, BOGCERX
KA F(Pop = 0.2 atm), Ar F2PHA 1 (Poy < 0.01 atm), F2FE 25 5U(Po, = 1.0 atm), @ FEHE IR PHSU(Po, = 387 atm) & R 70 [ 4
HE L 7ze 153 DB IRIE— 2 e LB R X BREIHTC X 0 FRE 2170, R 2R B0 X 55 6 (WDX)IZ L 0 4
BA U RE A ER LT,

3.5 R
B3R X AREIHT OFE R, M AN TEHOREINED Z LN TE 72, Ce DUHIEENE L 251291, Fey03 Y CeO, 73
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T E LCHND L) o7, MOBAm TEOYAE, F2MHELTAINY 7 =T A b REFeO; B S5 D & x|
HThD, MENLEZ BT DL, RMmBAEIR S WIIRENMES 720 | Poy=1.0atm TiEx=0.1Z8BR5H729 2
S D HINRD T,

R NN D EASAZFARK & EEROMBIL— 8 Lz, £ EEERO M A ICOVW T WDX % VTl
B ER Uiz, Ce OE#E ERRITMEHR DRI L, MRS TIE 0.05, BRRFFESH T 0.10 FBRE, KXF., Ar H
TIL 025 FREEIC/2 D | IEMERWIEEE L 76D Z L3
Linkrleol, 23.06 |

I I I |

BIZ, WDX TIRAE L7z Ce JREEICKRF L, XRD IE LY &

REEb T T ESEAE T 7y b Uiz, WH[4]THSE Sh Bm—‘}q‘ -
TV BIMOER DEOHRELADETRLTNS, &t J!gl‘

BRI, o BIRITIEE A YL LARVA, 2302 ..C' -
BRPBBITNEL Y | BA LB OA F 2P H(RE) ~ Y

WA R F 7 DA TR (SENEV NSV EER < B0 Sr.*"’éi"fﬁjfﬁ%_m am)| o _
WL T, La f@HRICK L PrBB#RO T ¢ oI 2981 | & o "\A\ //;
WA THDLN, 2T L) > PrYTh L7200 Th 5, A Ce (P, =387 atm) .

Ce [HRIC OV T, La LR & A4 O/ % CZ{L LT 296l | L B .
BY . f(La¥) = H(Ce) > HSm’) > (Ce ) EZ B L ¥ o

Ce Oi%IE, CHK[S.6] THESN TS LS R4 TIHE aa s ; ; | | =
2 3MTHLEBZLDONZNETH D,

E7o, BALEO SIM ST 2 EEEIE, La¥ TiEA 5890 |
KEETH D DITHF L, Pri',Nd™, Sm®" & BEiAm 2% < 72 & 5
ST, HSP) > KLa®) > rPr) > r(Nd*) > H(Sm®") & < saesl 9 & Vv N
VOMREERD L, LAk omasE Y P ef e n P ey
BRARD TS EEZLZORZYTHL, Ll sgsol A _
HCENE L) L IZIEE LWVIC 9 0b B, Ce DEH
EREAPrObO L LR OIE, EIZRE X ST Ce ffi 587514 , , , , -
BOARLEEPENER & 72> T M AHOZE E R Z P60 T 0.0 0.1 02 03 04 0.5

HEEZLND, ZOD 3 MNELENT DIEBRESNITE
TCEBEEAEART D L EZ NS, £12 CMcONWTIE, A AV EEROI Ry FIZEY, MHZRELTERND
DEEDLND,

—F T, CorEHMED FIRIZ, Fe DRAZMFHITE 2 MMBENELRMEDOHTNE Y REL 2D EBDI->TBI 3]
AW THZ OBEMITMER STz, L LR b BFESEICX L Ce & Co OfE#E FIRITFER T 5 MM % =<3 72, Ce-Co
B SIM 7 = T A NgAOFERBUZIL, BERBESERENERIND EZ 2 BN,

4. L8

Ce-Co SIM DFHZL ENEIZ DWW THi % REEHE S E FICBW TG 21T 272 M7 =5 4 FH T, Ce lX4FAEESNT
W2 A CIE7R 3MEBXD2ONRERYTHDL Z NN, FXOBEEIL. A A4 2 PROESMED A7 &3k
DRZEMICEORESTNDZ ERPBMNE R ST, 4 Ce-Co [EHLSIM 7 = 7 A MAOEBUTIT T, L0k
BIRMRESIERIH N LIEE 2D B2 bD,

B

i}
AFZEIE. H B IR, BEHEE, SR A, FREDIKFEMETH D, FMEOBITICHIZ-> T,
NG A NS B AR TR RT O SR 2 THU O T,
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Intermolecular and Intramolecular Structure and Dynamics in
Hydrogen, Deuterium and Tritium Liquids

KIM Hyeon-Deuk™

We report significant isotope effects appearing in intermolecular and intramolecular structure and
dynamics of hydrogen (p-H,), deuterium (0-D,), and tritium (p-T,) liquids by the non-empirical molecular
dynamics method which has successfully described real-time dynamics of p-H, molecules including the
bond length and vibrational frequency under various thermodynamic conditions. Accurate and efficient
determination of isotopic effects in these quantum liquids has remained as one of the challenging problems
in the condensed-phase physics and chemistry. Successfully reproducing the previously reported experi-
mental isotope dependence on the bond length and vibrational frequencies of the p-H,, 0-D,, and p-T,
liquids, we found that distinctive isotope effects broadly and significantly appear in their intermolecular
and intramolecular structure and dynamics even at higher temperature.

1. [FC®HIC

KBTI ORBEOE L WO FRRAEEIZ L 5T, 7’1 b BRI L 0 TREEMICE S £ Thx 72
L CEE TN E L, £2< OFERE - BEmE e Bt MEE T, &b VN o1
AR/ R TH D13 T O/ EARKE S, ooy TR/ EERICIE 2 ORI e s o2 A I 7 A
T,

EHODIIREI, BEBTERIFFCT U AWFILT S 2 ET, NS0T OEIRE T, IRE7REEE R I
HATFREZR. BT T8 )55 LD T (Nuclear and Electron Wave Packet Molecular Dynamics
1. NEWPMD #5) %BA%E L7-, NEWPMD {5 Tix, 7= I A4 & LTHBICETFRELAHE S = L T8 ) ok
MEEZID AT, ETNART ¥y VORI NT A =2 OB AN YR Ll o7, FERE, EH
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e H-HIRB O MEFR O E TR 5 Z IR LT 5, (4) 72, RHOBTEHFHETH S
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2. BAXEM
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FOEEE R (18.7 K) L 0000 ggm AL (18 K). @ i
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L7z, BEEIL, HEAKZEOWEEOFFAKEMME L), 2

Radial Distribution Function

0 2 4 6 8 10 12 14

IGRE THER LB CRUE L, AR, TAHK, FUFU LD &
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Magnetic Anisotropy of W-type Ferrite Studied by Using Single Crystals

Chishiro MICHIOK A™

We have studied the magnetic anisotropy of W-type hexaferrites systematically by using single crystals.
By utilizing traveling solvent floating zone technique, we have successfully grown single crystals of
SrFe, M O,, (M = Mn, Ni, Mg, Sc, Al, x = 0~2.0), and investigated their saturation moments M, and
magnetocrystalline anisotropy H,. Comparison between M and W-type ferrites revealed that the
magnetic properties of W-type are not affected by the orbital momentum so much.
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T T, ZOBALO R ENIKERT ARG ORI DEFENTHD. Z ORALO KR OB EE TIERIX N T O AL O [al i
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Development of the membrane proteins separation device by lipid nanotechnology

Yukihiro OKAMOTO*

A novel separation method for membrane proteins has been demanded for clarification of membrane
proteins functions. For that, electrophoretic separations in micro or nanometer sized space is one of the
best choices. However, separation of membrane proteins in nature state has not yet attained. Therefore, in
this study, the application of lipid nanotechnology for membrane proteins separation was attempted. By
utilizing lipid nanotechnology in membrane proteins separations, the possibility of membrane protein
separation in nature state was successfully proved.
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[ LRI EIE, BAALERID & DA, b, HEsER EOEMBRELBEL T\WD. Z0kw, X L 0E
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Electrophoresis in lipid membrane
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Highly efficient spin injection into Si quantum-well structure
for room temperature spin transistor

Michihiro YAMADA*

For developing spin injection/detection into Si/SiGe quantum well, we have explored the growth of
relaxed SiGe(111) virtual substrate and spin injection/detection into a SiGe layer. The relaxed SiGe(111)
virtual substrate were grown by low-temperature (LT) buffer method. The crystal quality and relaxation
of SiGe layer depends strongly on growth temperature of LT-buffer. When the LT-buffer is grown at 450°C,
the SiGe(111) layer on LT-buffer is high crystal quality and relaxed. Even on the SiGe layer, we demon-
strated the spin injection/detection into SiGe using Co-based Heusler alloy/SiGe Schottky tunnel junction.
This study gives us important knowledge to realize highly efficient spin injection/detection into Si/SiGe
quantum well.
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OB OLDEA X —F v ho~E8E#iT D 10T (Internet on Things) FHFDHER & ILITIFH R OIEFEA 72 HE M MB T
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BEAN—E LTk Y, (11DHEI b‘f’g‘mﬁ“@f\Tﬂﬁﬁ%%fﬂL FNRIR A L TEANE LB TZDTH S.

2. RBRAE

FEFN SiGe(1 DEFEUIIEAR DO ERUZ T, KIR Ny 7 7 —1E%2 W2, BATHFRIZ BV TIX(100) 8K T E i ERER SiGe
DEH SN TODEAFBIES AWV SN =28, (1D ISR ETIXSHOEBGEM SR S, 1T U0, hikEirio
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Synthesis of organo-modified LiFePO, nanoparticles from organo-phosphonic acid

Kenji OKADA™

Lithium iron phosphate (LiFePO,) is a promising cathode material for lithium ion batteries because of
high theoretical capacity and chemical stability. However, poor lithium-ion and electronic conductivity
cause poor rate capability. In order to overcome the deficiency, many efforts have focused on reducing
particle size and carbon coating. In the present study, we report on a direct synthesis of LiFePO, nanopar-
ticles with thin and uniform coating of carbon sources by a solvothermal method using organo-
phosphonic acid. The organic groups on the surface of LiFePO, nanoparticles were subsequently
carbonized, making homogeneously carbon-coated LiFePO, nanoparticles. The carbon-coated LiFePO,
nanoparticles exhibited higher rate capability than that synthesized from orthophosphoric acid.

1. ®E

UF 0 LA Ay ZIREMIZLIBE, MAR, @), EEMEVSTEBNFEERTT A 00, R—FX T VERE
LTEZOHBRIZHWLILTN D, JFF, TORBIE, /NMUEENOER, N7V y FHBIHEICETIERLTEY, &
KELITIZ, SELRBESCEBEEMEOMMAENRD 5T 5. LIB O EMMEE LT, BIkiERTH D LiCo0,,
LiNiO2 Z 23PN HIE < AWV B THEZD, Co = Ni ZOE 72482 AWV 532 T, fdhoRZEENMEL, 2
BEAEZTARENRD D, Lo X ) iR SITETITERMICE T CLEMARKE AR T, Zetomuitkl 2
JHW = LIB OBJENR—oD ML R THD. U sk F 17 4 (LiFePOs)lE, BIFRANIC B 5 C2liZek, U gz v
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(FTIR), £EARIE - HMEI(SEM), 1B imH E 1 Bk
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B 1(b). B2 K7 v bh Ak iz L7 LiFePOi® XRD@ & FTIR (GRIE DA
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7=. ZHUZ, LiFePOs D H 72 5 F 2 i AL DTN Z T, B h—AR o a—T7 4 VI PT2Td EEZEZLND.

3. kAE# D LFP & LFP-dodecyl O Fe i FEHIE.

4. FLHEERE

LiFePOs DARKIZ, VU IRE L TGRFHOWOLND U VERZINZ TAERY VR WD Z L C, A1 Y sy TRk
PHE & DR FREA~OI =R E L COEREOMIN O 2 >O%ENERicd 2 LT, F /b ¥ —2h—R
v a—T o E AR ICEERR L 72 LiIFePOs D BRI TI L=, £7-, AY Ve LT n e ko7 ULV EREHT 561
U U E WA TYH LiFePOs F /R 2B k=720, T/ kiR L E2E8EER) v~ —CTRS L THRLI AR
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<, MoV VEERME~ORM LA TH D & THREN, ATFEOASBORBMIPYEIND.
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Development of Novel Synthesis and Modification Methods of
Electron Accepting Porphyrinoid and the Application for Materials

Taro KOIDE*

"Porphycene”, one of the structural isomer of porphyrin, has a possibility for the application to elec-
tronic materials and/or photosensitizer of photodynamic therapy (PDT), due to an electron accepting nature,
redox properties, low energy absorption and emission, and high singlet oxygen generating ability. In this
study, novel synthesis and modification methods of porphycene was developed. Especially, the modifica-
tion of meso-position (bridging carbon) was investigated including m-extension by introducing the fused
unit. We also investigated the reactivity of the cobalt porphycene, by using the characteristic redox
property of porphycene. The novel reactivity that one-electron reduced form of the cobalt porphycene with
alkyl halides to form cobalt—carbon (Co—C) bonds was revealed. Under electrochemical reductive
conditions, not the central cobalt, but the ligand was reduced and reacted with alkyl halides to afford the
cobalt-alkyl complexes under N,. Its reactivity could be also controlled by the peripheral substituents.
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Development of Artificial Antibody by Glycopolymers

Yoshiko MIURA™*

Glycopolymers, having saccharide at the sidechain, are bio-functional polymers that specifically
recognize sugar recognition proteins. The glycopolymers were synthesized by RAFT living radical
polymerization. When the block polymer was precisely designed, only the glycopolymers, which bound
to the multiple sugar recognition sites, exhibited the strong interactions based on the multivalent effects.
It was suggested that if the block polymer can be designed to fit the sugar recognition proteins, it is
possible to design molecular recognition by sequence-controlled macromolecules such as proteins and
nucleic acids.
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Evaluation of Halogen Bonds between an Estrogen-Related Receptor
and Halogen-Containing Phenol Derivatives

Ayami MATSUSHIMA*

Signal transduction via activated receptors is transmitted by simple ligand-receptor interactions in life.
These ligand-receptor interactions are composed of weak interactions such as electrostatic and hydropho-
bic interactions, however, many aspects of hydrophobic interactions in biomolecules still remain obscure.
There are many kinds of receptors, for instance, nuclear receptors in nuclei and membrane receptors on
the cell membrane. We previously present structure-activity studies on nuclear receptors and their chemi-
cal ligands present in the environment. Especially, we have a strong interest in z-interactions composed
of aromatic amino acid residues'”. The aim of this research project is to elucidate the contribution of
halogen bonds in biological molecules. The covalent bond characters of the halogen-carbon (X-C) bond
were calculated using Discrete Variationa (DV)-Xa method*, one of the first-principles calculation meth-
ods, and the difference between the calculated X-C covalent bond character in solo ligand and that in ligand/
receptor complex were analyzed. The structure coordinate of each solo halogen-containing ligand is
obtained from The Cambridge Structural Database. The ligand-bound receptor structures had been previ-
ously obtained by crystal structural analyses. Halogen-containing ligands will be a useful tool to control
receptor-ligand interactions by constructing halogen bonds between receptors and their ligands™”.
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MEMS pressure sensor using Supercritical Fluid Deposition of Copper

Takeshi MOMOSE™' and Hidetoshi TAKAHASHI™

Here we report the residual stress of a Cu film grown on a silicon under layer by supercritical fluid
deposition (SCFD) for assessing the applicability of SCFD into MEMS devices. We developed the way to
grow thickness-graded Cu film on a silicon on insulator (SOI) wafer. We thereby fabricated a submicron-
thick cantilever array with different Cu film thicknesses from the single Cu-deposited SOI wafer. The
residual stress was estimated from the radius of curvature of the cantilevers, which increased with film
thickness but nominally 300 ~ 450 MPa.
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Synthesis and characterization of novel oligo(p-phenylene ethynylene) analogues exhibiting highly
aligned and ordered structures and anisotropic charge transport properties

Yuki ARAKAWA™', Yuya ISHIT* and Tsuneaki SAKURAI™

Novel oligo(p-phenylene ethynylene) (oligo-PPE) analogues have been synthesized, and their hole
mobilities have been investigated using a time-resolved microwave conductivity method. Oligo-PPE
analogues with heptyl termini recorded the highest hole mobility of 2.9 cm® V™' s due to the formation
of highly ordered crystalline lamellar phases. Furthermore, poly(methacrylate)s with bistolane structures
in the side chains were also synthesized, resulting in the highest conductivity value of 2.6 x 10~° cm? V!
s™". On the other hand, a number of uniaxially aligned electrospun poly(N-vinylcarbazole) fibers were
fabricated, introducing a rotating collector.
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Localized Modes Arising in Hydrogenated Metals | Ni/KF#& t#, PbKEILWICHBIT HKEDEK T %1%
TRZBTZEBERIEET— FORRICOVTORE Y I 2L —2 3 YIFRZRL, TOWAENERL &R
L 72. Juan F. R. Archilla [Experiments and theory on solitary waves in muscovite mica | % £ o #% ¥
DIEMILIRE) & B OHEMEHOMEREZRL, TOTA T TIZHEDS W EROMEREZ /R L7, Jinkyu
“JK” Yang [ Topological Protection of Mechanical Wave Modes in Tunable 1D and 2D Lattices | 7J %%
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AT YT IVIZEBIT A H 4 OWEENHIE & F0FEERICO W T 217 - 72. Hiromi Yasuda [Nonlinear
Wave Propagation in Origami-based Mechanical Metamaterials | 7 ) #& x ¥ ~ 7 1) 7 )V O # Gy - FEER
WKOWTORFTOEBEEZRL, TOEBENEE TN OREEIZO W TiH#ERZ 1T - 72. Guillaume James
[ Discrete breathers in granular chains] FI{&RER DO Ffil % ZJE L 724& TR 12 BT 2 IEHIERFEE — FOJih
BRI ZEDT A F I 7 AOEFERER LT

YURT I LATIRAT A oN— EIRFREEE O R RS I Tb N, &k E M4 OEERAHETO
RitEMD &, FoEFAMELZED TV I ENEELAEDNA. RIFEREN 7R T 7% b Mk IS o
2, REAFRICBT LM 2HELED TV TFETDH 5.
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HERENZR 3
RPEFCEET IV OBERICEDSHRIIF VD
EHIEEEAICAY ¥ OESHIL

MEARE D UH W bEE KA A 5E R - #d%)
A7 X N— DRl e R AR B R A e - Bi#)
Lankeshwara Munashinge (% [E Center for Disease Control and Prevention flf 7 E )
ANFE S BRER (B8 R R BEBE A JE B - FHEBI%0)
AT R LB R AR B R AT IERE - ST ZE R
A IR GREHPRRIZERT - FEAERER)
EA AR (FERFRFER Y AT A EEFVEIER - )

FREA U N—B X OHH Z RO IR E IS X - T, 20184EBEICIE FRE O 9 M OFFFE & % Bl L 72
WREDOFBEICE Y, [HBT 7 F > oWHEMEEA] 20 WE e LS e oG R G #EmSTE 72,
F7CWEAE L MR OB 2435, X 0 B E NE 2 785 L 72 Summer Boot Camp of Infectious Disease Model-
ing Japan 2018 3 X " IMAID 2018 (Innovative Modelling and Analysis of Infectious Disease Data, 2018) @
2O DERIL MR R T — A THEST 2 2 & TE 72, HHFEITOE) TH 5.

£ 1 BMR=DEE (201756 A)
B BP9 4E6 H25 H (H)—F294E6 27 H (K)
% P AREEE KRR R AT e (LifEE AL
HEE :<a7 X N—>P0  H, #EEEW, ARERES, KT 3%, Lankeshwara Munasinghe
(DAL, deigERae), AiiEiEd GiatSamrser)
< ZOMWSME> RIsER, &N 25 HOR)
[F M%)
2017 4FFEDBAMERTHIC DWW T I 7 A N — [ TORMERIER & B Z N L7z, FMETHZ DT o X
HCPE L, 8 HEMTEDBWILRIIER O TIZIRTE§ 2 SL IR O e dl 8 2 FEhi L 7z
(4 TG i)
201746 H 25-27H
BB ZEOMIEs, T — YT O T, asULICBIT % ik
20174E8 H—10H
A BB IC B A AEEAMEA B LU v 7V U B0 E RS, SR & LT
B %, BWOARVETF, Hyojung Lee 5B 52 L x kg L7z,

20184E3 H 6 H <23



218 FrE RN 7E 3 [EHHERELE 7V O IO CHBLY 7 F > O MHEMEE A B 5 2 H i o & #iL

2017410 H2-24H
BEAF9E 43 3% [Innovative Mathematical Modeling for the Analysis of Infectious Disease Data 2017
(IMAID 2017) @ F: .

2017411 H28—12H 1 H
[Epidemics 6 (6™ International Conference on Infectious Disease Dynamics, AX4 ¥, ¥ v F x Z) |
TOWgEHE B L OWE 2 O R i

20184E1-3 H
Wiz OBk B X OWFZECR S DR

[MFEDHEBBRR MG LT 4 Ay ¥ a V]

2 HZHE D T & 72 B O HIRGEAT ) A 7 DZERIENT IZ O W TR IR 2 G L, 7— 5 i
M OZBME L SR FIC—HRTOERLNT 7 F UV EMEADY I 2 b —Y 3 V5) 22w
Tiltam L7z, ZOkimz @ CTHEN T EO—EBITBIEZ R, M2 ERL72) 2T, HEHhgicdkE
i ge R SOR AR EE I MLA 72, A TA ¥ 7 VT U FOBIEET — 5 12DV TR % S0 L 72.

F2EMRSDEE (2017£8HA18-108)
B BP9 H 1T H (K)—Fi294E8 H 10 H (K)
% P RFPILFEFV AR R R ST CRECER )
HEE © <37 X ooN—> Wil 1%, REKER, KT Fi, Lankeshwara Munasinghe (DAL, JbiffEi ke,
RIEW (a8t 7eiT)
<Ab H G RE> EEE %, EIOHT, Hyojung Lee (3 XTALiEKY)
< ZoMMZE > RilsekR, &I
[E&N%)

BEATNTORFANZES [AM @ EAERHE T VI X 50T T —
FHCCTHMELZ. B TA Y 7 VI Y FIFRICOWTO#HmEIT) &
BRIz FE N L7z,

(A7)

2017428 H 1 HZ2 S 10 HIZ2 3T, TAM - BEYERBE 7 VIS X 25477 — & 70 & e | Gieat
I Zerr St BEBREM RS 70 77 A0 —B Tl HaWeREE L LChfE) 2L, FE
e [ RGSE RO E 7V ORI CHBLY 7 7 ¥ o AR A3 2 Hlr o 2 Bt ] (2B
T LR R T o 7.

& oM & R | & R EH PR
EHIT, A R TEICDOWTO

FE3EMARSOEE (2017510823 H-241)
B BFIPH294E 10 H23 H (H)—P294E10 H 24 H (K)
% AR RFIEFEFABEBIEN AT ZERT GRTER AL
HEE <37 A yN—> Pl f#, Lankeshwara Munasinghe (DL, dtilEKe),
FBEIEW GREHEERIIZERT), BIAHRE (A R%:)
<K\ EB @ > EIIET, Sung Mok Jung (b k%), =ik GRnike)
< EotBnE > wilsek, EHEEN
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ERATED)

BEHF 98 227 [Innovative Mathematical Modeling for the Analysis of Infectious Disease Data 2017] (IMAID
2017) ZBAMEL7:. P TA Y 7 VI U FHRICOVWTOHEmEIT) L &b, - P EICOVT
DENAHZ R L7z
[ABHFYE =]

10 H 23 H¥ X 024 HIZH 0 TReat BB 72 12 CEIBSF7E 23 (IMAID 2017) % Bfi L, FReEhfseik
B[ RYE BT 7V OFNT IS D BT 7 F v o IS N2 2 ko % 8E] (B3 20
RERCAT o7, ZSMEORHEENEZ L FIZRT.

PaiH B Progress of ID modeling and international collaboration (% 7%*

At B © Spectral approximation theory for the numerical computation of Ro in age-structured epidemic

models (3 2>

Lankeshwara Munasinghe : Deciphering the heterogeneous transmission dynamics using contact data

{&ITHH¥ : The annual risk of TB infection with sero-prevalence survey of interferon gamma release assay

={HifiB1% : Estimating the transmissibility of norovirus in household settings from final size distributions

FARHRS DK (2018511 B28H-1281H)
B BEFICPR204E 11 A28 H (H)—FHi294E12 A 1H (H)
#% P : Melia Sitges Hotel Congress Centre (AXA ¥, ¥ v F = R)
HEE : <a7xrn—>pl 1 AT G (Pk, deiEgks),
FRIEN GRRHEE 7T
<A% &R EEORI> ZURARE GREURY),
% % (The London School of Hygiene & Tropical Medicine)
< EOMBIMHE > KARER (Georgia state university), EIHEA, Bilsek (AbifEE KS)
[1&P%E]

BAF %2453 [Epidemics 6 (6™ International Conference on Infectious Disease Dynamics, A XA >,
Yy FxA) ML, [EISERIE TV OIS BT 7 F ¥ o g AR AT 2 H il o
FZHUL] (D BAFEFER D L OIIIUE &, MR OB O EL B ko7 £72, 20
KAV ZEREE (7 >y BL T 2 ) ) LoRFENIEOzOD 7 u— X FifgEa % R L 7.
(WFFE R TE & do & O RMLE Y]

1HHA28H25 121 HIZTT, UTOMRENEDRELEBI o7z,

Va1 Assessing the transmission dynamics of measles in Japan, 2016

77 1IEA © Concentrated distribution of vaccines and its effect on final size of Japanese rubella epidemic

AT 85 Quantifying the age-dependent susceptibility of measles in Japan

i ¥ Impact of migration on dynamics of avian influenza: A multi-site, multi-species transmission

model along East Asian-Australian Flyway

=i A% : Estimating the transmissibility of norovirus in household settings from final size distributions

(70— X FRFENTDIHR)
T2, INOLREEDIID, WIMFEEEA Y 7V B X ORI O T 2 F v B IR L 7.
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Princeton University CKE, =2 —3—27Jl) @ Brian Grenfelll %3 X O"Jessica E. Metcalf #E:%% &
Wrge 7 v— 7L, WEOTATRIW & @ WERE S X OMexcess mortality (2 B3 5 JLFWFZE4T B &b % Fjiti L
7z. %7z, Rijksinstituut voor Volksgezondheid en Mileu (47 ~ %, ¥ bk—7 = ) @ Jacco Wallinga
BIRL, A VTNV HFBIT/ 0y A VAORENEGE T 7 F ¥ OELEELG R OEEIZONTO
Ak 2 FEME L 72

E5EMRSDBEE (20175F1824H)

B B :IFER304E1 H24H ()
B OFRITKPMIA Y7 7L ALy ¥ — SEHE6B (HE)

HEE :<a7 X N—>M W, KT B #EEE (B JeiEEks)

<A} EB EE HE> 1IAZEYE, Hyojung Lee, Andrey Akhmetzhanov (PLL, JbifiE K52),
iR ACHE, RIEA, Eim (Db, JUMREE), ST OREKRS)
<ZOMMEE> B Bz (RERY), GREE JuUNKF),
WIEHEA, bsek (DLE, JuiEERss)

(@R TE)

20184FE 1 H 24 HIZ RECHi CREEMT R IR [RGUERILE 70V DT IS K HBL Y 7 F » o %
FHE AR 2 H R o% @i L] 2B 20785 % B X CHEO L FEIT b 6be2iTo 72, BN
WHEELTIE, 4 Y7V FOBEWES SR ORENTE (HE), MEOWATRME D 7 5 ¥ el
MOMPEHE OKT) Zhls LEMREREREE2BIho/e &b, 1 Y7 VIV FOHRERT
WESZDIZHBT 7 F Y EMHAEARLAMB L OBREFEY 7 F VA & LR OHGHREOR RN IEH O
BTz o WT, N RFHEAEY %7V — 7B X R SKFERGGE I 7 v — 7 & o L FRFZE ) 81 % %
a L7z,

(WFFER R TE %]

DN OMENFEDOREE B o7z,

RS 0 £ > 7 VT 2 F OB R0 G 0 B E 5L

AT B RBOWATRMNE 7 2 F VRO Rk E
GREE RIS 2 2 H R ER L O R RHE E

EoEMESORE (20171 829H-31H)
B B304 1H29H (H) 9:00—FRe304E1 H31H (K) 12:00
% B EARL T HBES (TERZFBTH)

FEIMMAEEDEME (201728 15H)

B BF:SPEEE304E2 A 15H (K) 9:00-12:00

B FiICoARIEL 7Y =y 7 (REHMEIX)

HEE : <a7x o —> Wil 1 #Ed Ok, duiEEks)
<Ab W W E>EOHTF iEERe)
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< ZEoMLREE > milsek eigERy:), HbRA QEARLT HZHH,
TEHE— (IC0ARZEL Y=Y )
ERALE)
20184F 1 H29 HA 5 31 HIZHF T, Lilpr CHREEM eI [ EGWiE BT 7V OFFNTIZ 3D < HiEl
7 F v O BRSNS A2 M oRBUL] CHT 54 IV Y 2 F L OFRIRICE T 5 5%
BIOEMPARZEBLT. 4 Y7V VT 7 F 2 OEFE 05 0 3R EMZE & 8 H L RO 5
REBERTLLEHI, A Y INVZFT 0 F VP EMICHT 2 8BH OB BIEICD W TOILFBIZE T §

W2 DWW Cafiam L7z,

F7HARSOEE (2017FE18298)
B BF:PEE304E1H29H (H) 17:00—21:00
% PR ERUERTP X NEM T H7 &2 AEMN=HErT1 v 73

EBEMRSDBE (201752H9A)
H BF:F304E2H9H (H) 17:00-21:00
% R HREESR X ONEM T H 7 F 25 ANEM=HE VT4 73R
HEE : <a7 X N—> 0l 18 JeigE k)
<A} EBOEE RS> BOREEE (bigERT)
< ZOMHEZ > AT B (RGUHB B A )
(N %]

P304 T H29H, REHFTIC B W TR E e [RGYEBILE TV ORI ESCHHT 7 F v o
SRS A 2 W oz BUL] BT A2WIRA RO ERL ERf L7z, WS TIE Y 4V R EGHED
Z WM & Antiretroviral therapy 38 AR DEHBRICB T 2T 2 F Vv BEHOX v v F7 v 7RZONEHED
BEL LDV TOFMELIT) LI, ZROIZODVTOMEREIIOVWTOREEZIT- 7.
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HEREMNFT4
HE TR E EICABERREDELEICSL S
FHRSHIEIE R

b F® Mk

MENRRE D IE R GUERPR AR TAOER - dE8d%)
A7 A N— DR F U ISERSFAR B e b - Bd%)
B R (PR RFRFERE Y 2 T AR - B%)
iy N OUNKRERR - 747 - A4 Y52 N)ARZERT - #EEIR)
HE OB GEriE R LA Loa A - %)
WREF R (Al BREER AP LA TR - wki)

AFZERE T, B P ERATIEE &I B 783 O s 2 Hedtk L, IS B0 B T o IR E MRl R
SEAEAHET I & XN B il AL THEIC B9 2 B OB ECR Z ) AN S 2 & T, ST BHICB W THE
P2 fIEB R 2 LT A 2 L2 HIWE LT A, SP29EREE, HIREIRFICHD L 72 TG B SR I 12 2 5\,
AT A YN=FHULE T LW R 200, T T A Y oN—= TN S BN RS & 80 L CHfET 5
EINIFEE 2% 1, S S SFEE 2 1 L ChifEs 2 EBRIESEaz 1%KL 2. DT, &6
B OFEREBEE & FL 5

1. BERXBEERHE

FRE29 4ES H30 H (K) 1237 X Y N—2 BN FHRBRFHF v 2 /8 TRV | BE#REcif s % J20ti L
72 BEE D SEEMEMIEEOERIHMELTO L L DIC, T AN LENEES, ERIEES DR
HEB L ORBRFHICOWTEm L7z, 72, a7 A -0k, FFB X OREZ T ERmar %
117z,

WBE [Ny 2 A5 v ¥ ¥ 7 EICHED G Ai @ EGR O HIH & IREHEE

%W [Sum of Roots % H\ 7235 ] REERE DAL |

BEE  THMRIER Y AT WA D ¥ 27 LB & 5 B ISR ANZE & X 7 4 0 H2 J#4T

R D S OWZEMMITH L TAT A N=20L DT XY MAEHFELN, FSCHEICIT THEfE %
HHIETRIBELZ., 2ok, BEZHLE LGtz ED, PR29F6 HTHIZHE L a7 X ¥ N—
SHEFHRET DML [HMFIEA Y AT ANOZEHIC X 2 BRI AZE ¥ 2 7 A O H2 @l ] % 2
7 L A e S am SCRE PR L7z, ARSI 29 458 A3 HAFCTHRIRE 2 0, [ SCEED Vol. 31,
No. 212 S N7z, BV TPFR29 411 A 11 H (1) 1237 A YN —4BAELEERFIE V2 HE
WA BFEI L7z, ORI SIIBBOENTRERICHDOETEMLA. BOITFEI0EIH I
TR TR S % EIRSHT e 4R &3 O S MR B L Chleam L 72.
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2. BRMRESEHEE

EINFZEE S L LT, TilOFERIIBVWTAH—FF A APty ¥ ar (0S) %4mlL7.
Fxth L A 60 [l H B A R 2 hitp://www.sice.or.jp/rengo60/
B TGS KRS (R E A 1)
FEMH P29 411 H10 H (&) 16:30-17:50
O S% @ $ERTHEIC BT 2 i uniii e & PG & OB N 25

AOSIIE, oS & L ONRIEA A (BAGBRERY) 24 L7z, OS Tl T ¢ B i Ly
WFZET S R R OB E & S L 7218, [FER Y A 7 2 OfFHT - 3k5T & LRG| & B L 2267838k %
To7z. FOTHIRIEEL D [H#EHIZEE & Facial Reduction ~OFAE | & L 7245 plEH % THW 2. &<
\Z Facial Reduction {ZB L CTHILHIZD 0 ) R T WX ) ITFHTHVW . &BICIT X 2 N—0DfHd% [Heo
WX 2 i R#aANE ] L W58 R 21T 72 & IWZTmHE/E (Facial Reduction) o il 1 [ &
ANOISHICB L TREREVZ. OS 3O TRERRTH ) (KLOEREMA %) 400 EOMEHMESSINT
LZEGIW bbb DE o IWHEY (R#EL) 5% OREHOFETD » 2 L IEAEEHE & Facial
Reduction |Zxf L C, HIEILA5E OMEE S KR E RBIRZINTWD Z 039 AR 7.

3. EMAESERRE

R 304E3 H7H (OK) ICHEBRSZHEF ¥ > 73 212 T International Workshop on “Recent Topics in Control”
L EBEIR e 2 e L7z, AEBFZEESICE, IWHESAWN Y 7 a—F TR 2 B3 5
Prof. Carsten Scherer (The University of Stuttgart, Germany), Prof. Graziano Chesi (The University of
Hong Kong, Hong Kong), MILBIGHIZ (WA FARFBERIRAITERE), BERIESIR (RBRORF KA R
THWFEAZER) ZBHE L, TNTNORIOMEES Z THETH /2. $72, BEB L a7 2 ¥
IN— DS ZNEIMEHK L ITo 72, MIREZOT TSI A TRLOE) ThHS.

wxx Program s

10:00-10:10  Opening Address

Morning Session Chair: Yoshio Ebihara (Kyoto University, Japan)

10:10-11:00  Subspace Identification in Uncertain Closed Loop via Nuclear Norm Minimization
Toshiharu Sugie (Kyoto University, Japan)

11:00-11:50  From Separation to Lyapunov Functionals
Carsten Scherer (The University of Stuttgart, Germany)

12:00-13:20  Lunch (at Cafeteria)

Afternoon Session [ Chair: Graziano Chesi (The University of Hong Kong, Hong Kong)

13:20-14:10  Constructing Externally Positive Systems for General LTI System Analysis
Yoshio Ebihara (Kyoto University, Japan)

14:10-15:00 A Characterization of Algebraic Connectivity of Multi-Agent Systems with Hierarchical Network Structure
Yasumasa Fujisaki (Osaka University, Japan) in collaboration with
Hojin Lee (Osaka University, Japan)

15:00-15:20  Tea Break

Afternoon Session II Chair: Yasumasa Fujisaki (Osaka University, Japan)
15:20-16:10  Static Output Feedback Control of Switched Systems with Dwell Time Constraints or Arbitrary Switching
Graziano Chesi (The University of Hong Kong, Hong Kong)
16:10-17:00  Hierarchical Optimal Controller Synthesis based on Matrix Subalgebras
Daisuke Tsubakino (Nagoya University, Japan)
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EIBSAT TR TR RE L RO M TIHFE im0 S 7z, & <2 Prof. Carsten Scherer D785 %
W LCidZ K o EMAFEE o, RIROMIEICH T 2EH DS S5 sz 7z, EEMEE iR
W LG RAZEENIRT. &b, EEIREMEMEIHHO3H6H (XK) 121&, Prof. Carsten Scherer,
Prof. Graziano Chesi Z [f] U { HiF v /%R IZBHE L, BEBI a7 X -0k, EE L & ITH
H7 4 A%y ¥aryefrolz WK SR A D ERENZEORAL O THED ZHF TR L T4 22 T
BrHE, REABERGRHEZHIT T LN TEL.

Prof. Carsten Scherer, Prof. Graziano Chesi MjJGI21%, S HEALEM R OIC X 55 H DA % &K
BUSIHEHT 22 B WL T, PHB04E3HOH () ~3H 11 H (H) IZHRRCTHME S 72585 mEH E )]
HEFERHHE M~ v F > 2R Y7 A (MSCS 2018) Th ZNZ i % 5 L CIHW /2. & {12 Prof. Carsten
Scherer (21 On Structured Controller Synthesis by Convex Optimization & 8 L, 35 a#i b % F > 72 4% 3 il
a3 2 Hesiat P 28 0EE 2 THO 2. 2H200 0B 3HRCHORL sh, 20
MEIROFEHIZH & Ao TWwiz (BE2). FEREMERIZIE, 2 osMEhn s, WMKOBHEIZ X 57
EL72V YRV LT0r T AL S HBALAR TR E SRR 7E O HUY ALA I L THE 2 THW 72

FE1 ! 37HORMTOREBEI7EES
(rp e/ Prof. Carsten Scherer, 47 Prof. Graziano Chesi % PHA T)

A Youla-Approach
Youla-Approach iotion of standard plant and controller

i P ) () oy =

FE2 309 H»5HETHfE S 17z MSCS 2018 DAk
(53383 % S B Prof. Carsten Scherer)
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BT LFOSFICBWT, BARETROEEEIZOVWTHELZ#D, WA T — 7RMAT 1 A DRE
HLICELC, BEREEMHET—7 (A VT —7) %P L2130, BAGEEMGOM. & & IR
THO TERERLLHFE TR 2EH, B, oo — 7RG ERELR LN LA T 4 A7 %iElZ,
ZOETHEFEADOER L - RERHFIRNCEBE D> TBY, BT THOREOAL ST, 4 HOMWHAE
KRORBIEREEHBE LT 5.

ELEH

1984 4F — B L BHAHA B

1986 4F — R IEE
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2003 4F — Iy EFOLE
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HEBE

19924EPD-1 L HB L, INAEO 7L —FK%E2H) & 2RI L, 2002412
FEWET NV TPD-1 HEIC L > THABREI TR TH S Z L2/ L. 224ED
WHERTEHH, BAEROR=Y ) Y bHEINLH L2 E#REE LT
FFELZ RV VW TR EINZ L OPUEWEIC X ) NEDPIEGHE DR
W SR E N2 XIS, SRIIVBAIEREDSLREN, PACLEEERNL
CTHTLEIELB1EA9.
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I EMFNFEEZ VT, ) YNERDSY 4 0 AR 7 & O EAROFERR & HERR IR b # L iR R E S
LA AEMP L7z, HIZH %78 [PD-1] 25WEL, RECTL—F22TF5KEHE2 O L2WHLRNITT
EEHI, CoOMEEZHELTHAZERT L E V), ELHLVBARIEREDOEZ /2. Kistx ik
WIS NAPAARK [+ 7V —HKR] 1%, BAES I IELPAOBHEICHDLN, ABOMALIIEL K e HKE R
72LTw5,

4 BH
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