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Polyoxometalates & |34 % VEA A L CCEIERREA A FETHY , POMs &g
Do ZHOIXEWIKIATECER LR TTHE & B 72 O ARSI B 1T B BR LA et & L CiE
HEnT&, —FH, &Ll 5TPOMs D% 95 —DDFEHHK
THHERSY A XL —MEZFH LA F M8 RS
B TREA 72 K| BRI~ OIS LA T DR TV B, ©
FTh, [X"PsW3aOro] " DREE R TH S5 Preyssler il
POM /L Fig.l IR TR A L TRV | hRICH F A 2 etk
THIENTED, ZOUHEEMIZERNS5A, B3K6.8
ADOMMRTH Y | WRIREECTHNICa#E SN T D
RN FRETH D, £lo, BEEMICBW T T A 1T 20
FrORZEY A N EFR->TWb, AR TIX. Z® Preyssler
T POM (WM EA F v ez S, 2 DI FF D POM 7y
THNOY A MHES X EFA Lt oft s B &
LTWo,

[5287]

BRI I SO VIZREE S L TS E S T T o T2,
1) KiNa[NaPsW300110] * (H20)x (1)

33 g (0.100 mol)® Na,WO,*2H,0 % 30 ml ® H,0 (257> L. 26.5 ml ¢ 85 % HyPO, 2 /1 2 7=,
Z DIRIEE 120 CT 24 BFRIKBVE Rk 21T - 72, FiRF THHAIL7=% 15 ml © H,0 Z iz,

Fig.1 Preyssler 1 POM



10 g (0.134 mol)® KCI /% % & A RP/ i Lz, Zha AL, 2 MEEEED U D LK
Wik, A% /) —/VOIETH ST, KTHMERE T2 Z LICL Y BAEHKER LG, 56
AUTZAEERIE IR, WS & X B ERAT IC K - CRIEZIT o7,

2) [LnPsWsOu0]¥ 5 (Ln=Gd (2), Tb (3), Sm (4))

1% 19(1.21x10* mol)Et v . 12 ml ® H,0 /12T 60—70 ‘CITMENL THEM LT, Bloe
—H—IZ Ln W§feth (Ln=Gd, Th,Sm) # 1 -2 Y &EmWY . #ZIZ H,0 % 3ml Iz CT&EM L,
Ln fSEEHEKIRIEZ R L2, 1 OKEHEIC Ln B KIREZTE T L, ZORik%Z 145 —
180 ‘C T 24 HEMIKBARK 21T -7, IR E THEIL 2% 4 g (5.36x102mol)» KCI % i1z T
Htm K& 1572, T 0 Ln REE O BB X OURGRE % Table.1 (279, AHLL7ZAERK
WA K CHEER L, EBOEHO 7 oy 7 kiR~ x5,

Table.1 Ln &G O & & IR

Gd(NOs)s - 6H20 Tb(NOs)s « 6H20 Sm(NOs)s « 6H20
2R 36.5 mg 36.6 mg 85.7 mg
WEE 8.08x10° mol 8.08x10° mol 1.93x10™ mol
RS RLE 145 °C 145 C 160 °C
[ 5 L #&52]

Bt A A2 DS X & FAET 572, Th #(3)
IZ2V T 100 K, 173 K, 223 K THifS&E X #itE
ERENT 24TV, BREICB T A2 T AP A K D & HFFHA A
A BOEAERE{EZBR LT (Fig. 2), £ O
RRBETIIATF A YA FORFHNIHEA F
DEFRME->TWDZ ERBENT, £,
EHRIZIT S IZoNT 2 A b EAROEMN
1:1ICEWMEZIR>T2, ZOZ G, AEINTWDTLE D AL A U TRIR T AN
JATEAE L. SR TIEZY A FEITELWTWD Z EWREEI N, Y HITBEEA A D5 &
(ZFE D MR BLUC O WTREEKT D,

o €—pFF P A+ B

Fig.2 POM WO B F A4 9 A b
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Magic Auys cluster protected by functional ligands

(Tokyo University of Science) Yuichi Negishi, Wataru Kurashige, Ukyo Kamimura

[F]

T IR =NV DERITAZ =T, ST TIEALIIRNT A R R e P RE 2 R 28D, /7
70y —% X2 HIERMEIFELTRERIE B ZED | BRSO BRI D08 A0 BRI TR 1)
WZHFIER T O TN D, 223 ThH, T4 T —h (RS) IZE > THRF#ES - 47 T A% — (Au-SR) (X EHIFFEDIT
PN TWDEIRITAL—D—D>Thb, ZHLT2 Au-SR 77 AZ—DH T B 20 AL R RIS @ W2 e
TR T I TAL =L, MU CTRIICE B TH D, ITFOIEE G I OFREHER 7 HE R IZEY | Auys(SR) g 23,
DIV L TE T TAL—D— D THHIENHALINIENTZ, Auas(SR) s 1T, T DA KB A RRIE, ZE
fboRJR, Hd ., PEA AR RSB L BUE KR DM T TV D, Fox DT L—7 Tl
ZHLT- Auns(SR) s s EL S BEAZEZ HIEL TVD, ZHE T, Aups(SR)s IR F 2R —7952L T,
Auws(SR) 13 ZEBIZLEIRI T AL — R BRI DEAE R OIMEE T 50T AL — LW H T LTI
NTE, TORER, TV L — DR =T FHZET, Aups(SR) 13 ZEDITLTEIR I T AR — ~LIEWT DL
(RRIHUTA[1], £, SREEERN — 77521 T, Auas(SR) 5 SIZHRRDRE NI ETT7H IRy B AE RS
I IR —F R DT LTI LTZ[2], AWFZETIE, BEEMERAAL - L OB A IIZEY Auns(SR) s & miERE L
SHLHZEITEFATL,

[Ty RUBUFAT—reDBEAIL]3]
Au25 IIAR—X, AVEBIFRES T OIBAE— A MUKITFL TEDOE T EE LS EDZENHAL
IZENTWD, Bl 21T, Auss(SPhX) s DFEALIE TTENIL, SPhX O BARF-F— A M fzkfbfjtawm“
50 TOLT R E S D Auys 7T AKX —E GRS T T TN O BB — A " B S5 F
PRAET DL SRR EY Auys V7 TAX—DFE %*%L%T@E’J IEESHELNDIERHIfISND, 77//\/
B, REWZRICICENES T ThHD, 205 F 13548 (360 nm) FREHIZ LY trans (8725 cis R ~& | AIEE
(440 nm) FRETIZ LY cis (0> trans R ~& F iﬂﬁ@‘éo TOLTMIE AT 205511, 53 1 P DX ik

?%“—)“/]\%Wﬂ:é’@éo _OLKT/ NUB B EREEICROT
AT MRS I IV U, IR L0 6 F HEE 2 R0 L% /©

Ay FEHED Augs &7%57 ERIMCX L LM WIR NS, AWFFET HS /@mw
IE, 2L BT OREEME T TS Ans 7T A — AT 0
ZEEBMC, K 1 ITRT T RUB U F AT —R (Az-SH) IZ LD R#
STz Augs VT AY —DIEE B R EZE DRI E B ORI Z1T o7z,

TSR TF AT ML T AY— X, Az-SH ZHALERERET N IER a7 T ARIERPICTRAL, 20
?feﬁ?fﬁz TRITCANEMZ D E TR L7, FARERNS, P ARBERR D T 2% W@l ik ra~hr o7 41—

(X0, BIDI T AR —D I 5y BT, AR D MALDIE B AR ML, Auys(S-Az) s ICIRIBSNHE
— 7 DBRPERES T, ERH D TEM GEIZIE, RiEDS Inm ORI DA @D TR, Zhbo
f IR, ERETIEICE ST Aups(S-Az) s D EALE TH RS2 2R L TV D,

Aus(S-Az) 3 1E, TV XU BU DN RMAGICEY | BB T EN N E DXL EE LD 0% DPV HIE
TR~ K 2 12, EHRE RS COERM DSy SNV ARV ZET T A (-1.0~1.0V) 23T, jtﬁﬁéfﬁufm“
NWHET T AT af{ﬂﬁ 206mV KON 126mV OALEIZE — 7 MBI S A7, Augs (SCH4Ph) 13 DIRVH LT
TLED _ow\ 2206 KON 126mV DB —Z 13 FF . [Auas(S-Az)is]° B O[Auns(S-Az)5]" " DEEALE

WCHRT A8~ THAHEIRB I, JRIVERIZ DORNZ LT T HIBNTL, ZNHOE — 7R E T X%

[ 1.7 R P FAT—h



X —ANZT 7T (-169 KX 139mV), — 77, A4 RR

B DRNE LT T NZIBNTE, FBRERTEITVLE (1206 &Y —— Initial state
12ImV) IZTE— 7R BLHIS Tz, ZRHORERIT, JERHIC X — Imadistedwith UV

—— Irradiated with visible light
0. [Auxs(S-Az)ig] " K OY[Auas(S-Az)is]"" OEALIRITTEN D Loz | .
AL LD SR LTS, DOLTRMER BB Eoo] T T
LT 2EEICONTIE, 7Y R B ORIHLIZED, S-Az 57 F02 S |
FHOMEAE— A MREALT D7D ThHDHEBEZBND, T [AUs(S-AZ) g]0%  [AUs(S-AZ)yg]™
DUTZALIZHRNN, [Auas(S-Az)s] OUE = F 5 =D AL T 800 400 0  -400  -B0O
BT | [Auas(S-Az) 5] DEEALIR TCEN N AT D LRI Potential vs. FC(+1/0) (mV)

Do BAEDEDNC, TR Ay /T RS —E LS ‘ e

X 2. 22 pW) O SERRERITE DI85 7L A
BILITED SIEMAATD Aus 72T — BRI DL oy or SRR O
(2R LT,

[V /—n B A]4]5]

AR, FAT— MRHER ST AL — DRULT & F AT — bl ) F—h (SR IZEZ B, EVEERITA
H—INTEREND LRI TWD, ZL 2 (Se) 1THiEE (S) Lb X, BRIEMEE LH 7 BERE&ITT W, £
Wz, Au—SeR HOFEE L, Au—S DG LA, KVIAREEVER R, BT H ¥ =D RERD,
ZOTEND, LT MRS T AL — (Au(SeR))) 1, Au(SR), EDbIVEIENEH TSRS T
WD, AWFFETIE, Augs(SR) 13 LV LIER7 TAZ —DRIRAZ BIEL, L /7 =k (SeR) ICEV RS Augs
7T A% — (Auas(SeR)15) DIEE A L E DL ENEDEINZ I A T,

Alas(SeR) s 1 Auas(SR)1s LR 7= JFHRIZ LD A LTz, A DBTRRAA I ML HIZIE Auss(SR)is 12
SNBE — DB IEMEI T, E— DRI Auss(SR)r |2V CHESNA TR EELF L=,
B BT RSB LR LT G AT T MRS, Auss(SR) s 120 TR S AT I B —BEL
2, AL O FEBTIEE RS T T TIE, Inm B (~ 30 FUF) ORIBEORF 0 B BlIS Tz, =
NBDRRIL, Augs(SR) g D3 Al E THEES - ZL27RL TV D,

FONL - DEALIN I T AR — DR EVETH 2D B2 S)
12T 5728 . Auss(SeR) s & Auas(SR) s DI I COLH LI %

a [Auos(SCgHy7)46] ™
FHRIEMR T2, B3 17, Aups(SeR) s & Augs(SR)s DL @ — oh
T VR TR D YRS AT RN A S L D B 254 & R T, § 15 — 3h
Aus(SR) s DIILAZ I (K 3(a)) 13, BEIORRBELBIC §02 — ?zay
<

AT EAL LTz, — 7 Aups(SeR) g DRUL AT B v (14 .
3(b) 1%, 2 HREEBHIENCE L LT 572, ZOZ8E,. o0 o ——
60°C DML RIE I TlE. Auas(SeR) g1 Auys(SR) s K0H oad! (D) [AUs(SeCqH, ) el

2 days

WEEWEZFL TWDILERL TV D, Mk2B5I1E, 80C  § | — oh
DILE RSB TOBRBIS I, CRbOBRIT & £ | o
(T MFAT—MPbEL JT—h~EEDDE R TS £ — 1day
bl 3222 BN LT3 %Rk LT\, BikO@Y, i 2 days
Au—SeR [ TlE, Au—S RLY, GBIV IFEFEE M2, e oo e 1000
FfEA T RAF PN REL D, ZHLTREAPED (I XY, Wavelength (nm)

Augs 7T AZ—IZBNTH, Au—FlhL 7 ORE A= F L% — 3. (a) 60°C D Aups(SR)ys b LT VAR & (b)
PRERY, ZOZEBREREFIFRILTOD LN 00CO Aus(SeR)g bbx iR ORIRA
B, ooESic. B TIcEL T — ke fnsorc, 20 VORIEEL

Aus(SR) ;s SNHEBIT L E TR T A — 5 AT D LI F LT,
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[2] Negishi, Y.; Iwai, T.; Ide, M. Chem. Commun. 2010, 46, 4713-4715.

[3] Negishi, Y.; Kamimura, U.; Ide, M.; Hirayama, M. Nanoscale 2012, 4, 4263-4268.

[4] Negishi, Y.; Kurashige, W.; Kamimura, U. Langmuir 2011, 27, 12289-12292.

[5] Kurashige, W.; Yamaguchi, M.; Nobusada, K.; Negishi, Y. ##&H

—_



4D03
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Analysis of ions and neutral species generated by high power impulse
magnetron sputtering

(Tohoku Univ}, Ayabo Corp?) _T. Tamurd, H. Matsusaki K. Koyasd, H. Yamamotd,
D. IshihataM. Tong, K. Tsukamotd? and F. Misaizt

[F] |t A " A<r xhar 28 2) 0 71k (HIPIMS) 3T F T30 CHERZED TE
v, EBREFELED SN TNA[1,2], ZOFETHE, 7OLARICEBIEZEHINTZL1CE- T, 1K
WT 2 —T TR B I MR IR NOAR ZV T EHATHZENATRE TH D, LT, BN
HA TR R T EATIZD, WBIET T A~ DERNATRETHY, kD RFHLLIL DC <7
KRR AR BZY L TIEE L TR WA ALERGLNS[3], ZOmWAFALEICE ST
BEDOAF L EHGONDDT, B - B35 KD 7855 T O Hil 0 IR AL O I 23 FTRE T D, 2D
HIPIMS DA AU 7o BRI 23 TEERNCRIHEND I Tc— 5T, MEE T I X~
THE DAY ZRLF- DA A IBFE O BRI I T3 IS IL TV, ZZTARMZETIE,
ANy BRLF- DA T AL TR F — A OfEta LU T, HIPIMS 22Dt Sivio A4 Fif
BL O PEREAZ TR TR R (TOR) B &0 Mk Ic K BIL 7=,
[EB 1Ll TR~ F DA T, 7 Fhar A8 X2 FIC T TOF & &5 st 2 a1 7-
HEEHWTBIILT-, #—7 Yy MIEE Ti, 230X H 2% Ar ELTARNYZY T 5L ToTn, A%y
ZPRIZIE HIPIMS A R (Z-pulserft: Axia 150) L T/ I X~ &3 A SH7-,10 HZ THEEIS
H7-HIPIMS 12X 57 VAR LFMESE T, B 0.1 mmD T /S—F v —nbE &5 it ~& A4
VEHALT, TOF A7 MVAERIE LT, RO, MEREEKIC Nd:YAG L —%—0D %
JumE AP (118 nm, 10.5 eVAHH L C, [FEROBIEEIT -7,

S5\, TOF & &5 Hr it OB A O MR BN %7, OV AEE O — A& LAl L CRHIE
BHLTHIELITRY, AF L DR =542 RE LT,
[FE L2 22] BHBAELDO ArrBEONTit A, T TiCDIE B9 &2y X B ORI 2L,
X 1R T, A HJRICEEZEINIL THD 400 us B2 OFRFIIA A NS, BiKD
D EDRERIC ArARIBITIEINL T, 2 OB A S ZR T ThD Titk TiO SRS A2, A
NI TIE, &R —7 Y NMTEIINUTo AT AE LIS TIMES IV Ar' sy —27 sy M52
LCTHMEERBIR i, 2L C, ZoHShie RtER 723~ 7 1 ha s OGS HICHife S
ITCWDEFEHAMFEHL TAAALESNDEFASNTEY 4], ZOWRENK 1 OAF D
IRF R R AIE | O S B S LCUND EE 2 HID,



T T T T T

1AL TiO B RO TI R ORI Z LA

L - Ar -
THIDIC, T T OB T IR —F R, 2 | =T
THOILE L0 DORIERFRE AV HL, B 105 " curent]

Gl 0.08 eV Tho7-, ZiE 600 KFLE DR
HRS LTS, HIPIMS THUHSE Tit, 44— vk e
T 0-100 VT o ST L F— b > LR & “000 2000
I, TRBASSIGED TODZIVE—ER e DoV ATEIS
ML CB[5], ZREHART, SEBLNE TP DTR (= mami L2 < 2B OB
AFX—TIEFE I NEWMETH-T-, TFbb, fiZick  (Ar[£71:0.7 Pa, A3y ZEM290 V)
STRINZ RN =D BTN T HIEDDND, T T T

WAZ, IR CO LB 2SI T, Fxr o
BEECERTATIAT L DRV —S5mEHE LT
(% 2), ZDHER, 1.4 PaCHELALIZ534i 723 0.5 PaD 4y
FLOHET R~ T MBI ERN b7, 2
UL, AN X CTHRALTZ TS Ar 1 ClEf 224 40K 3
ZEIZE o TH AN Z 2R L TS, 0 1 2 3 4

EBIT, WOmD Ar JFENZEMET, Tito= 31— Energy / eV
DD =R N F—% KD, Ar TEJNZLTF R 2 ARUHAAAr JES 1.4 PaBL
ST (K 3), ZORER, JEHomELlc TiroF 0.5 PaD TIOZRLE =)y
YEE = R X — 0N LTz, 2RO DOMEE iR 3L

lon intensity / arb.units
I

o

3000

Intensity / arb. units

R[5 DfE BT LR TH AT /NS, iSRRI O 5 48 S
NEN TS, 7 LTk &2 OIERE TlX, ZE HIPIMS , /ﬁ

BB AR L7 R IEC 1.4 Pak© Ar JE )% |- R.54%
TEMNTEED, |IRDO Ar HARED 4372 B2 5%
TAHZFEBICEWENNLELEEZ 250D, £~ 1.4
PaTELIE TIFO 3L —1.2 eV T Ti° L0t P N T R
i<, Ay B CA L BT = LA R LT 00 04 08 12 16
VB, AR, 2S5 RIS T35 < o Pressela

(B R AL DS TGRS AL, Z DM TAA ?’E;' g;f@h”’”**@
INIEAET BV BER 6] OHsE L TV,

Averaged ion energy / eV

[ STHik]
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[3] K. Sarakinos, J. Alami, and S. Konstantinidis, Surf. Coat. Technol., 2004, 1661.
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and U. Helmersson, Thin Solid Film&006, 515, 1522.
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083305.
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[CasCl2(H20)s(CBI6D]Cls = x(H20)1 &R D

KOFIEDS TDEH & HEEEHIR
(REXEHE L, KEXIAMR?) {Edmi#E L FEREX L2 FHErd L2
Structure and Function of [CasCla(H20)s(CB[6])]Cle-x(H20)

(Graduate School of Science, Hiroshima Univ.!, Institute for Advanced
Materials Research Hiroshima Univ.2)

Nagisa Sako!, Sadafumi Nishiharal 2, Katsuya Inouel: 2

(7]

Bx LN ETITERILAEW ERRA A DD DB LOERES TA B O B I BT 2 4F
RaAT>TE, BlzIX, EUERP THFOeBA A 8T 225 M2 NBRI/ER L, Zh
ZFRIA LI 8By T B R OERUC i Zh LT B0,

Al Bl TERNOKSFIZER L, 20RO XL 55
EIEDOIE A Big LTz, —IICHESR N O K I3 BBEC X -
ThEMmAESHIL S0 F2 D N2 X o T b & T 2 IR 2
L7eD 35, T KRG FIIRBFE—A L FaFfoTEY
ZOROLEZHMT DI & THEEDOHKBIDHIFI N D, fidh
WNTKD T DR D T AR S5 723K 08T 522
W& fEmPNICHEE T 20 ER H 5, £ 2 T bEm & LT
535 cucurbit[n]uril (BA#% CB[n] &9 %) ZHEB L7 (X 1),
Z D431 glycoluril ZEZBIRICE T - HREEEZ AL TED
EFCHTFA 2T HENTE D, £72. o FHIZITK
NERT =AERDIATZ E B ARETH D, AFIETIZZ D
WERZZR 2RI L TR F OO E 25k L, iUl S 5E
PEDFRELZ B LT,

1 : cucurbit[6]uril

(€S
AMFFETIZ, £F. Scheme o - -
It~ T CB[6]& &Rk L=, )L ?
3mol / | DA 5ml iz BN NH formaldehyde(37 %) U-N" “N—cH,

CB[6]% 50.0 mg(0.050 ) (91 mmol) >_<
.U mg(V. mmo . | o
M om H,S0,(20 ml) N, _N—-CH

Iz CRRERIERR U V7% M0 mD Y
. 0O 3 L Q B n
-7z CB[6]% A1 L THL Y B olycoluril 99~ 100 °C, 12 hift#$ (n=5~8)

cucurbit[n]uril

Wz, T OWHR L CaCl Mg (40 mmol)
Scheme



KERZIRE L, ZIEIC Lo CTHRAFEH OSIRFEM A2 1572, 2 OfS M OMSE I XHRS S X R
REEMATIC L > CTHERR L7z, £72. CB[6]& FeCl, + 4H,0 ([ZOW T HARIIEIC L » TERLL .
HOEHO T oy ZVIRERESDL LN TET,

[FER - BE]

[Ca,Cly(H,0)s(CB[6])ICls - x(H20)

HAHE & X RS AEHT 72> & CB[6]I% 2 > Ca¥'ic L » THB S
TeF ¥ XAEEEATER L THY (X2 ZH]) . CB[B]NIZITAKS T
WEBEIN TV, RNT, AREd AW THRE THESR X i
WERRNT 21T > T2, ZDFER, CBIBIND K T DOH A F MR
ERIEoTHIIM L= Z v, CBI6JN DKL T DFE D AR
Lo TWVWBHZ ENRBENT, (K3)

| 90 K 12 173K > ' "
] ) 2 1 [CayCly(H20)(CB[6])ICls
KHFo 081 0.70 0.31~0.35 0.29~0.59
EAR  X2{E X2 {& x4 {8 x 8 {& * X(H0)

31 AL T O HURG X R AR AT R

WIZ, ZOKRGTORS EZRINT HFEREZNE Uiz, I OfESIIHRE SR DLEE L >3
Wb, Ry MROV TV EERL L CHIE L7z, 100~100 kHz 0D J&] 38 Bt B C il (k77
PEZE LTS, K FORLEICL D B X ONDEEEO S ST,
(FeCl,)»(CB[6])CI * x(H,0)

HEf A X SREE AT 20 5 | SN TIX CBl6]
L FeClyASMNZIA77E LT 0 . CBIelIHE §
T TF ¥ ANEEZTER L TWND Z L5 ) @
(272> 7=, CB[B]INICIZAKSFA SN TE
D IREE Z & OSSR X BEERT D Z D
K FOREL DR INT,

YHITZ IO ORERESE, FFHEEFICON
TrEL<HET D, £/, b DAMER
LizfEfic oW T H i TliE T 5,

4 : (FeCly),(CB[6])CI - x(H,0)

[Z% 3R]

[1]Sadafumi Nishihara, Tomoyuki Akutagawa, Daisuke Sato, Sadamu Takeda, Shin-ichiro Noro, and
Takayoshi Nakamura, Chem. Asian J., 2, 2007, 1083

[2]Jaheon Kim, et al., J. Am. Chem. Soc., 1999.
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ab—Lb Y FZRILEFHHKIZE D CdTe/CdSe 27 ¥ = /v
T RERICBITAMETE Y TV T O
(Univ. of Toronto!, Case Western Reserve Univ.2) bk #£— 1, Chuang Chi-hung?,
Burda Clemens?, Scholes Gregory!

Excitonic Coupling in CdTe/CdSe Core/Shell Nanocrystals by

Coherent Two-Dimensional Electronic Spectroscopy
((Univ. of Toronto!, Case Western Reserve Univ.2)  Yoichi Kobayashi!, Chuang

Chi-hung?, Burda Clemens2, Scholes Gregory!

[Fi] FHERESCETHIat—L v P RITEEFSEIE. T NMR 0 X 912
TH A WTEF AR MLEA A=, BERNS R EDO—#MOSNTFIETHED
NAHERICIMZ T, EORERTH Yy SV 7, mxVX—BH), BEFBHRENED -
TWVEIZHHICHLNICTTE D, TF, LAERF VAR EREERRNY) v—TEfa L
— LU AERMEFF L XA —BE N D koE I VB S Tl Y [1,2], EIR
OHy TV 7Rabt— LU ARZ XA —BHOETBHICREIEELF 2D L
D BLMMZ> TS, a2 A K CdTe/CdSe =27 ¥ = L8k / fifhlZZ N Z N DO
L TR L7l 23 RffE L CEM O BEREEZ AR T2 2R bNTEY, 20X 57k
BHERICBIT2EMBE N vy 7Y 7R abt — LV ANHEEREREZRETZ B E X
bid, REBRTIE, 2t —L>» M ZRILE K% CdTe/CdSe =27 ¥ = /L F / fifhlc
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Ultrafast Charge Transfer Dynamics and Auger
Recombination of CdTe/CdS Core/Shell Quantum Dots

(Kwansei Gakuin Univ.}, Jilin Univ.2) Li Wang!, Yumei Tian?, Naoto Tamai?

[ Introduction]

Core/shell semiconductor quantum dots (QDs) have potential applications in solar cell,
bio-imaging and QD-based laser because of their unique optical properties." For type I
core/shell QDs, their quantum vyields are much higher than the core because of the
confinement of the charge carriers in the cores and the surface passivation of the shells. For
type 11, the band edges can be tailored from blue to near-IR wavelengths and the lifetime of
charge carriers becomes longer due to the indirect recombination and the charge separation of
the core/shell QDs. The exciton dynamics of CdTe/CdS core/shell QDs have been discussed
in terms of the change of energy structure from type-1 to type-11.> However, little has been
reported on Auger recombination of CdTe/CdS core/shell QDs. In the present study, Auger
recombination and the change of energy structure of CdTe/CdS core/shell QDs with different
size of CdTe core are discussed according to the experimental results of time-resolved
luminescence and transient absorption (TA) spectra.

[ Experimental ]
Agueous soluble CdTe/CdS core/shell QDs were hydrothermally synthesized with successive
ionic layer adsorption and reaction method. Steady-state absorption, luminescence, XRD
spectra and TEM were used to confirm the formation of CdS shells on CdTe cores.

Time-resolved luminescence dynamics were measured by a time-correlated single-photon

counting system. TA spectra 1F
) ) 20} —CdTe (@ (b)
were performed with different P s &
— 10¢ —— CdTeCds3 5
excitation wavelengths at the § | \ ’ 8 o1l o Te/cds 3
D L~
first exciton states of core and £ 10f . 2
=z "t_ §
core/shell QDs. 05k N £0.01} CdTe/CdS 1
. . "‘\‘ CdTe core
[ Results and discussion] 0.0l AN s I "
. 400 500 600 700 800 0 100 200 300

luminescence spectra of CdTe Fig. 1 Steady-state absorption and luminescence spectra of CdTe
core and CdTe/CdS core/shell QDs (a) and the luminescence decays
and CdTe/CdS core/shell QDs are  of CdTe core (2.2 nm) and CdTe/CdS core/shell QDs (b).
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Fig. 2 The decay profiles corresponding to 1S states of CdTe core and CdTe/CdS core/shell QDs (a); the
charge separation scheme of CdTe/CdS core/shell QDs with 400 nm shell excitation (b); Auger recombination
dynamics of CdTe/CdS core/shell QDs (c).

shown in Fig. 1a. Additional peaks around 400 nm for core/shell QDs represent the formation
of CdS shells. Moreover, the 1S states were red-shifted and finally became much featureless
with the increasing of shell thickness. The luminescence spectra were also red-shifted and
broadened. In Fig. 1b, the luminescence lifetime of core/shell QDs increased with the increase
of the CdS shell thickness, which was explained in terms of the modification of surface
trapping and the delocalization of electrons in type-I1 core/shell QDs. With 400 nm excitation,
the decay profiles at 1S states of CdTe core and CdTe/CdS core/shell QDs were plotted in Fig.
2a. The exciton lifetime, fitted with two exponential components, of core/shell QDs became
longer than that of CdTe QDs, due to the surface passivation and charge separation. Under the
shell excitation of CdTe/CdS QDs with thicker shells, the charge separation dynamics are
schematically illustrated in the Fig. 2b. Type-lI CdTe QDs converted to type-Il CdTe/CdS
heterostructures, which was characterized by spatial separation of charge carriers, elongated
luminescence lifetimes and significant red-shifted spectra. In addition, Auger recombination
lifetime of CdTe/CdS core/shell QDs (~50 ps) became much longer as compared with that of
CdTe core (~4 ps), as shown in Fig. 2c. These results are in a good agreement with the
previous reports in our group.>*
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Multiple Exciton Generation and Recombination Dynamics in Si and CdSe Quantum
Dots

(Kyoto University', University of Rochester?) Kim Hyeon-Deuk', Oleg V. Prezhdo®

Advantages of quantum dots (QDs) in

NANOCRYSTALS
photovoltaic devices are due to the possibility b ——e nl_eme =my "R
of generating multiple electron-hole pairs E, . .
. . . e - 1P,
(excitons) upon absorption of a single photon. 15, .o 1s,
. . . . . A
This is called multiple exciton generation E, heogy, S i
(MEG), and provides great potential for 1s, _5_15'1
increasing solar energy conversion efficiencies E; 1Ps e 1P,
relative to those in bulk systems since the MEG £ A S S—
provides new mechanisms for utilization of initial photoexcitation promotion of

o secondary electron
excess photon energy and avoiding energy loss

to heat. We have recently developed a real-time Schematic Depiction of MEG
atomistic simulation method for studying the MEG and its inverse process, multiple exciton
recombination (MER).[1-3] Our atomistic simulation is performed by directly solving the
time-dependent Schrddinger equation based on multiple exciton bases with NA couplings and
band energies obtained by the time-domain ab initio simulation on a nano material. Our method
calculates various real-time dynamics of the MEG and MER treating NA phonon couplings
non-perturbatively, and the MEG and MER are allowed to occur simultaneously. Our “atomistic”
simulation method can take into account QD size, shape, defects, core-shell distribution, surface
ligands, and charge trapping, which significantly influence photoexcited dynamics in nano
materials. These are advantages of our method which static electronic calculations of band
structures and perturbative rate theories like Fermi’s golden rule cannot account for.

We found the following important insights from our

simulations on Si and CdSe QDs: MEG rapidly accelerates 7 eV Excitation
with initial excitation energy, reflecting strong energy
dependence of double exciton (DE) density of states. At 6
early times, MEG is Gaussian rather than exponential. The %
exponential dynamics, assumed in the standard rate theories, 4
starts at a later time and becomes more important in larger 2

QDs. Phonon-assisted MEG is observed at energies below 2

04 08 12

the purely electronic threshold due to the presence of
PTEl P Time, ps

high-frequency ligand vibrations. Coupling to phonons is
essential for MER since lower-energy DEs can be a main Interplay of MEG and MER



gateway to recombine into single excitons (SEs). The MER simulated starting from a DE is
significantly slower than the MER involving an optical excitation of a SE, followed by the
MEG and then the MER. The latter time scale agrees with the experiments, emphasizing the
importance of superpositions of many DEs for the efficient MER. The detailed description of
the interplay between the MEG and MER coupled to phonon modes provides important insights
for the excited-state dynamics in semiconductor QDs and in other nano materials, and also for
improving the efficiency of solar energy conversion using the nano materials.
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Structural control and catalytic application of AuCu nanoparticles
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