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Rate constants of ScO, VO radical with O, molecule
(Japan Women’s Univ.) o Takashi Imajo, Ayako Otsubo, Nami Yamakita
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Table 1. Reaction Heat(kJ/mol) estimation by Gaussian09 of Sc + Oz and ScO + O,
UHF B3LYP CCSD(T) CASSCF Obs.
LANL2DZ LANL2DZ 6-311+g(d) 6-311+g(d)
+diffuse +diffuse

Sc + Oz — ScO + O —265 —438 —165 —328 —192+18 (Ref 1)
Sc + O2 — ScO2 —456 —827 —502 —-711
ScO + Oz — ScO2 + O —233 0 105 230
ScO + O2 — OScOq —209 —301 —225 —154

LANL2DZ+diffuse 0000000 ScO + 02 — ScO, + OO O0O0O0O0O0OOOOOOOO,000
00000000 6-311+g(d) 000000 CCSD(T), CASSCFOOUOOOOOUOOOOO. ScO, 00
Cy, 000 C,000000000,C,0000000000D00000DO00O0 7, Table2000000,



LANL2DZ+diffuse 000000 C,00,LANL2DZO0O C,, 00000, 0000000000C00C0O
0ScO, 000000 LANL2DZODOOOOOOOOOOOOOOOO. LANL2DZA+diffuse 00 C, 00
0000000000 00,Sc0+02—Sc0,+00000000000, LANL2DZ, LANL2DZ+diffuse
00000 S0, 000000000000 00000000000000oOoOO. LANL2DZ O Sc,
ScO, 0OScO, 10000000000 OO0OO0OO0O. LANL2DZOOODODOOOOO ScO, 0000000
oooooooooooo,0o0ooboo0oooobo0b0.ooooooooDboogo voooooo
o, 000000D0O0DO0ODO00DOOOO000bOOUUODODODO.

Table 2. Energies (in Ey,), (3S), geometric parameters (A and deg) for Sc, ScO, ScOz, and OScOx.

UHF UHF UHF UHF
LANL2DZ LANL2DZ+diffuse 6-311+g(d) aug-cc-pVTZ

Sc D Energy -45.9559 -45.9562 -759.7079 -759.7396
(28) 0.7608 0.7619 0.7616 0.7620
ScO 25t Energy -120.8422 -120.8449  -834.6288 -834.6684
(?8) 0.7610 0.7617 0.7553 0.7548
r(Sc—0) 1.6682 1.666 1.6459 1.6485
ScO3 2By or 2A’ Energy -195.5605 -195.7215 -909.5133 -909.5623
) 0.7757 0.7614 0.7592 0.7603
r(Sc—01) 1.9081 1.6832 1.6639 1.6684
r(Sc—03) 1.9081 2.0138 2.0157 2.0144
6(0—Sc—0) 49.5 126.7 128.7 128.3
0ScO; 2A’ Energy -270.5098 -270.5158 -984.3500
nonplaner, Cy &) 0.7846 0.7854 0.7808
r(O1—Sc) 1.681 1.680 1.665
r(Sc—05) 2.167 2.158 2.136
r(02—03) 1.347 1.347 1.283
0(01—Sc—05) 133.2 133.2 134.6
B3LYP CCSD(T)  CASSCF
LANL2DZ+diffuse 6-311+g(d) 6-311+g(d) Obs.
Sc 2D Energy -46.2938 7507464 -759.8364
&) 0.750 0.762
ScO 2zt Energy -121.6934 -834.9158 -834.8050
) 0.751 0.756
r(Sc—0) 1.679 1.683 1.670 1.6682¢
ScOy 2A’ Energy -196.9261 -909.9823 -909.6549 (Ref. 8)
) 0.770 0.759
r(Sc—01) 1.892 1.993 2.049
r(Sc—02) 1.722 1.702 1.685
6(0—Sc—0) 113.6 124.4 127.2
0ScO; %A’ Energy -272.1254 -985.0463  -984.4695
nonplaner, Cs &) 0.757 0.787
r(O1—Sc) 1.696 1.699 1.689
r(Sc—05) 2.125 2.184 2.144
1(02—0s) 1.399 1.366 1.277
0(01—Sc—0s) 117.4 128.2 130.6
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Interference effects in electron momentum profile of
the highest occupied molecular orbital of CO,
(IMRAM, Tohoku Univ.) OIl. Nakajima, M. Yamazaki, N. Watanabe, and M. Takahashi
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Polarized scattering spectra from a tip for tip-enhanced Raman
scattering
(AIST', UNISOKU?, Kwansei Gakuin Univ.?)
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Structural investigation of LB films and microcrystals
fabricated with amphiphilic fullerene derivatives

(Aichi Univ. of Edu.) OKazuyuki Hino, Mariko Inuduka, Yukako Hattori, Narumi Kawai
Tomohiro Ida, Hirofumi Nakano, Koji Miura
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Study on mechanochemical water splitting and mechanism of H, production

(Graduate School of Science!, N-BARD?, Hiroshima Univ. 2)
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[Introduction] Silicon is one of the most important non-toxic semiconductor materials that are
widely applied in electronic and photovoltaic industries. With the study on quantum confinement
effect developing recently, Si quantum dots (QDs) attract a great deal of attention due to the
significant character of carrier multiplication (CM), which is originated from the carrier-carrier
Coulomb interactions [1]. With CM, multiple excitons could be generated by absorption of a single
photon. The great potential of Si QDs for application in photovoltaic devices was report before [2].
However, the ultrafast decays caused by Auger recombination (AR) that can be regarded as a resonant
energy transfer from the recombination of an exciton to a neighboring excited electron or hole [3] and
carrier trapping are important factors to reduce the lifetime of multiple excitons. Normally, the
competition between the carrier trapping and AR is a dominant process for free carriers during their
non-radiaive decays. In the present study, we prepared two types of Si QDs with ethoxy and
1-octadecene terminations by using a ball milling method and a chemical etching method, respectively.
Exciton population dynamics for Si QDs were examined by time-resolved luminescence and transient
absorption spectroscopy.

[Experimental Section] Si QDs with ethoxy and 1-octadecene terminations were prepared with a
ball milling and a chemical etching method. They were dissolved in ethanol and toluene, respectively.
The exciton dynamics were examined by femtosecond transient absorption (TA) spectroscopy with a
pump beam of second harmonic of an amplified Ti:Sapphire laser (Spectra-Physics, 60 fs at 800 nm, 1
kHz). The probe beam was a white-light continuum generated with a sapphire plate or D,O. The
time-resolved luminescence dynamics were examined by a picosecond single-photon timing
spectroscopic system and a streak camera system.

[Results and Discussion] The luminescence of the ethoxy-terminated Si QDs shows very weak
spectrum near 480 nm comparable with the Raman oscillation of ethanol. On the contrary, the
luminescence of the 1-octadecene-terminated Si QDs appears near 700 nm with a quantum yield of
1.7% and is independent on excitation wavelengths. Its average lifetime was estimated to be 1.6 pus by
a streak camera at room temperature. The exciton population dynamics of the ethoxy-terminated Si
QDs examined in near-IR region are shown in Figure 1 as a function of excitation intensities. A

three-exponential decay function was used for the global fitting of decay profiles. The lifetimes were



estimated to be 0.8 and 40 ps within the low excitation intensities (5 to 20 pJ/cm®) and an additional
fast time constant was estimated to be 0.15 ps at higher excitation intensities (40 to 100 pJ/cm?). The
fast decay (< 1 ps) is often attributed to exciton trapping and the slower one is probably due to the
non-radiative recombination process. The amplitudes of respective lifetimes against the excitation
intensities are illustrated in the inset of Figure 1, where the amplitude of fast decay (0.8 ps) kept
increasing as the pump intensity was elevated to 20 uJ/cm®. When the intensity increased over that, a
new amplitude of faster decay (0.15 ps) emerged and kept increasing while the amplitude of 0.8 ps
started to decrease. As the 1S states were fully occupied by the multiple excitations caused by higher
photon flux, the electrons at 1P or higher excited states would transfer to the trapping sites directly
with a time constant of 0.15 ps.
Figure 2 shows the transient absorption spectra of the 1-octadecene-terminated Si QDs between 500
and 1250 nm. The excitation intensity was 100 pJ/cm’. Within the initial 200 ps, the spectra of near-IR
range gradually became flat from 1/®” dependence of a free-carrier model [4] in contrast with the two
obvious peaks near 560 and 660 nm. In the exciton dynamics of 1100 nm, the slow decay lifetime was
estimated to be 1.5 ns and a fast decay of 4 ps emerged at higher excitation intensities by the global
fitting, which is in contrast with the dynamics of ethoxy-terminated Si QDs. The fast decay component
of 4 ps was probably due to Auger recombination caused by the higher photon flux. The population
dynamics of the two spectra in visible regions (560 and 660 nm) were independent on the excitation
intensities, indicating that the two spectra were probably originated from the trapping sites.
[References)
[1] D. Timmerman; J. Valenta; K. Dohnalova; W. D. A. M de Boer; T. Gregorkiewicz, Nat.
Nanotechnol. 2011, 6, 710.
[2] M. C. Hanna; A. J. Nozik, J. Appl. Phys. 2006, 100, 074510.
[3] V. L. Klimov; J. A. McGuire; R. D. Schaller, Phys. Rev. B 2008, 77, 195324.
[4] M. C. Beard; K. P. Knutsen; P. Yu; J. M. Luther; Q. Song; W. K. Metzger; R. J. Ellingson; A. J.
Nozik, Nano Lett. 2007, 7, 2506.
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Fig. 1. Pump intensity dynamics of ethoxy-terminated Fig. 2. Transient absorption spectra of 1-octadecene-
Si QDs. A three-exponential function was used for terminated Si QDs in visible regions as well as
global fitting to the decay processes (Inset is the near-IR range (the excitation intensity: 100 pJ/cmz).

amplitudes of three decay components).



2P030
BT )T 4 AT RO O—IRICALIIEE O 53 JEREE
(G RIF LRAIER ) O/ ez LRk 4 1 558 AR e
Spectral characteristics of gold nanodisks and their one-dimensional arrays

(Institute for Molecular Science', The Graduate University for Advance Studies®)

o Yasuyuki Kowaka', Tetsuya Narushima'?, Yoshio Nishiyama', Hiromi Okamoto'

[FF] &E&BMR 1L T XE U BIZ X 0 a2\ < I - 8L 223, 20
SCFHIMEITESBORE, 1 X K. FEHOEEITKET 5, AW
TlX, &7/ 7 4 A7 kOENE —RITIEES Lo ESEE 238 LT,
WK OBELA 7 MVERE LT, H—®T /7 1 A7 IZBET 285830 < 2
DEREDNH D[], ERMERICB T 2 ERIZEALERY, £, &F /7
4 A7 DZEEBEICEAL TR, T4 A OERKOT 4 A7 BOF v v 7
T DARAEME B OMRICARAEMEIC BT 2R T N TE TV D R[], & /7
A AT BEHAEBLA U 7 G B 298I H o STy, Ziub
ZATRAMR, EHEZ BERMEEICILET A2 Z LT, & /BEIC LA RELOR
TEEHRARGTT D7D DEME L RDFERPGOND, AWETIE, H—&T
JT A ATNZODOWTIET 4 A7 OELE A BRI ) T OIEIEH
OMB%Z . BHEESIEEICB W TIET 4 A7 O & LR E OF R & O OfF
WARTEVEIC BT 2R 255 2 L2 A E LTz,

[F28r] EHE, B REETEIC L Y BT 2R EICER LT2&T ) T 4 A7
ERWZ, T4 A7 OEALIL 140 nm 75 400 nm, 5 S X 550m TH D, HEHAD
FIREEAE CTOT 4 27 ¥ ¥ » 71X 60 nm 705 70 nm Th 5,

R 1000 nm ¥ TOREEBTIZ, JOFREME F THLA T bV EBELA
N7 MVERE Lc, HIEANZ MVIETIE, ¥R/ 0707 kR0 N T
T U7 ERIRE U CHER IR CRUEE A RN L, HEL A~ hLVHIIE T,
a7 TR, BREa T o — & D TR ERE L7z, R
E RO L XL Tt - BELE 2L L, 7 7 A = AHR5 68
YT L AR MVERE L., BREBROERINBEIN AR v
5 eI EE FH(H 37 U-3500)Z F WV CHllE L 7=,

[FER & BER] HHAXT PR OEELAXY OB —I HENS 7T AT



> DOILGIREIEICEA T 2 H WS 56
No KB NTE—&T T ¢
AT DEIEANT b vZ T, 1000
nm ¥ TORWNE R TIX, gElA~7
MO E—7 FEREPHLEANT ML
DE—I7KRELIFTE-H L, ZOE
— IV WEDT 4 A7 OELZICKT 5
RAEEE K 2 12T, K226, 7+
27 DELANRKREL RDHIZONT B
— 7 WEPHGFICREEY 7 FLT
WD Z LSRR SN D,

3 (ZIEHBHASIRHE DA~
~ L Ze 7’9, S DRI TT AN EBC A &
DRI FATTH DT 4 A7 D
BRI HIC o THFICERE
7 ML ENRTRINIZA 1000
nm £ COEFRIKTIIRKES 7
SRS S 7R o 7o, BRI RO R
SRR A L7 R AT N > RS R,
bNIZZEND RERY 7 FTHE
— 713 1000 nm LV BEEEIZHY
3 TROLNEZE—ZIXEROEE
TITREUE—RTHDAREERH
%o —J7 . BB DR SEAT 2R e T
HE LIZAEE AT MV TIE T 1 A
I DEEELEBICE—7 OEBEEYT
D3RS STz,

(§

0.03 xﬂ*fhﬁgv il
ra . R H T

> k]
Jnvﬁ;,phr?‘d 3]
0.02 ST
éH J“_A “" (g u.'“’ C ,:"'; .-h [
4 &{"“,’5{"‘"" - _.‘l“.. -
o014 AP ETM%?&ﬁgy A%

0.00 T
500 600 700 800
& /nm

M1 H—&TF /5 4 A7 DMENHEAT b,
FTAAT OEAZZUUTO@EY, a: 142 nm, b:
169 nm, c¢: 175 nm, d: 193 nm, e: 220 nm,

1
900 1000

1400+

[ ]
] [ ]
[ ]
1200
] @
g1ooo *
B °
X ]
= 800
7 [ ]
] @
[ ]
600 -
T T T 1
100 _. 200 300 400
T4 A7 OEL /nm

2 TARIOEREE—IHEREOME
0.05

0.04 :

0.00 T T T T 1

500 600 700 800 900
¥ E /nm
3 &F T 4 A7 OESERYIHEE DO
AT M, HORIET TR SIS D
FE#G AT, T4 A7 OFIILL T i@
Do a2 {8 b:3 fE, c: 48, d: 518, e 6 H,

1000

[1] H. Hu, H. Duan, J. K. W. Yang, and Z. X. Shen, ACS Nano 2012, 6, 10147-10155



