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Hot Electron Transfer and Exciton Relaxation in Semiconductor
Nanocrystals

oNaoto Tamai!, Tomoki Okuhata!, Teturo Katayama?!, Hyeon-deuk Kim?
! Department of Chemistry, Kwansei Gakuin University, Japan
2 Department of Chemistry, Kyoto University, Japan

[Abstract] Extraction of carriers from semiconductor nanocrystals (SNCs) is very important

issue for the application to photovoltaic devices and solar energy conversion. Recent
experimental and theoretical studies revealed the efficient electron transfer (ET) from
semiconductor quantum dots (QDs) to acceptor molecules, in which the Marcus inverted region
in the molecular ET theory does not exist. This anomalous behavior has been interpreted in
terms of Auger-assisted ET. However, most of the studies on carrier transfer from SNCs are
focused on ET dynamics from the lowest exciton state in SNCs. Hot carrier transfer from higher
excited states in SNCs has not been systematically studied yet in spite of the crucial role of hot
ET for solar energy conversion.
In the present study, we have prepared various CdSe QDs with controlled diameter, and
examined hot carrier transfer dynamics from CdSe QDs to methyl viologen (MV?") by
femtosecond state-selective excitation spectroscopy. The effect of QD size on hot carrier
transfer dynamics will be discussed and compared with normal ET dynamics from the band-
edge state of CdSe QDs to MV?",
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Fig. 2. (a) Transient absorption dynamics, and (b) initial bleach yields of CdSe QDs B and CdSe QDs B-MV?*
HNs at 1S(e) wavelength, (c) schematic energy diagram of hot electron transfer from CdSe QDs to MV2".
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Site-selective direct laser writing of gold nanostructure on silver nanowire
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[ Abstract] We demonstrated site-selective direct laser writing of gold nanostructure on
chemically synthesized silver nanowires. 488 nm CW laser was irradiated on a silver
nanowire to induce photo-reduction of Au®" assisted with plasmon excitation. By SEM, and
scattering spectrum measurements, it was confirmed that the Au deposition on silver
nanowire is processed via nucleation. Furthermore, we demonstrated that the Au deposited
silver nanowire would work as an efficient plasmonic heating source.
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Fig. 1. (a,b) SEM images of Au deposited and normal AgNW, respectively. (c,d) Transmission images of Au
deposited AgNW on body part with 633 nm CW laser irradiation at the Au deposited position and normal
position, respectively. (¢) Bubble formation at Au deposited AgNW apex upon 488 nm CW laser irradiation.
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Spatio-temporal characteristics of plasmons induced in a gold triangular
mesoplate
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[Abstract] We investigated the spatio-temporal characteristics of high-order plasmon modes
induced in gold triangular nano- and microplates by aperture-type scanning near-field optical
microscopy. Near-field transmission images observed at the plasmon resonance wavelengths
showed two-dimensional oscillation patterns in the plate. The observed near-field images were
well reproduced by the square moduli of the eigenfunctions of a particle confined inside the
two-dimensional triangular potential well. From the group theory analysis, we classified the
observed plasmons as in-plane and out-of-plane modes. From the femtosecond time-resolved
near-field measurements, we found that the out-of-plane mode exhibits a longer plasmon
dephasing time compared with the in-plane plasmon mode.
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Fig. 1 (a) SEM image of a gold triangular mesoplate (side length: 660 nm, thickness: 45 nm). (b) Near-field
transmission image taken at 780-840 nm. Scale bar: 200 nm. (c) Spatial superposition of the in-plane and out-
of-plane eigen modes.
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Gold Ultrathin Nanorods with Controlled Aspect Ratios and Surface
Modifications: Formation Mechanism and Localized Surface Plasmon
Resonance

oRyo Takahata !, Seiji Yamazoe ">, Kiichirou Koyasu,!? Kohei Imura,* Tatsuya Tsukuda'-
! Graduate School of Science, The University of Tokyo, Japan
2 Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, Japan
3 CREST, JST, Japan
4 School of Advanced Science and Engineering, Waseda University, Japan

[ Abstract] We successfully synthesized gold ultrathin nanorods (AuUNRs) with precisely
controlled structures (diameter of < 2 nm; length in the range of 5-20 nm) and surface
modifications by oleylamine (OA) or thiolates. Time-resolved optical spectroscopy showed
that the AuUNR is formed by one-dimensionally oriented attachment of Au spherical clusters
in the OA micelle. Optical extinction spectroscopy on a series of AuUNRs with different
aspect ratios (ARs) and surface modifications revealed a single intense extinction band in the
near IR region due to the longitudinal localized surface plasmon resonance (LSPR). The
LSPR bands in AuUNRs were remarkably redshifted as compared to those of conventional
AuNRs (diameter > 10 nm) with the same AR. This redshift was ascribed to the increase in
dielectric constant due to the miniaturization of the diameter to below ~2 nm.
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Interface and Electronic Structure of Single-Molecule Junctions
under Mechanical Perturbation

oShintaro Fujii, Yuji Isshiki, Manabu Kiguchi
Department of Chemistry, Tokyo Tech., Japan

[Abstract] Structural and electronic detail at the metal-molecule interface has a significant
impact on the charge transport across the molecular junctions, but its precise understanding
and control still remain elusive. Here, we present a comprehensive approach to investigate the
fluctuation in the metal-molecule interface in single-molecule junctions, based on
current-voltage (/-V) measurements in combination with first-principles simulation. Analysis
in the I-V characteristic provides a correlated description of both, the degree of electronic
coupling across the metal-molecule interface, and the molecular orbital-energy (MO) level.l
This approach was employed to study fluctuation in single-molecule junctions of
1,4-butanediamine (DAB), pyrazine (PY), 4,4’-bipyridine (BPY), and fullerene (Ceo). We
demonstrate that molecular dependent fluctuation of -, -, and m-plane- type interface can be
captured by analyzing MO level under mechanical perturbation. While the MO level of DAB
with the o-type interface shows weak distance dependence and fluctuation, the MO level of
PY, BPY, and Ceo features unique distance dependence and molecular dependent fluctuation
against the mechanical perturbation. This study provides an approach to resolve the structural
and electronic fluctuation in the single-molecule junctions and insight into the molecular
dependent fluctuation in the junctions.

[Reference)
[17Y. Isshiki, S. Fujii, T. Nishino, M. Kiguchi J. Am. Chem. Soc. 140, 3760 (2018).
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Time-, Temperature-, and OPIG-DC Voltage- Resolved Proton Transfer
Reactions of Bimolecular lons

oShinji Nonose!, Yu Usui*, Hoshiyuri Oji!, Ryusuke Tanabe', Satoko Kanamori'
! Graduate School of Nanobioscience, Yokohama City University, Japan

[Abstract] Time-, temperature-, and OPIG-DC voltage-resolved proton transfer reactions of
protonated somatostatin (SST) ions, [M + zH]*", to gaseous molecules were examined in the
gas phase. Absolute reaction rate constants for proton transfer were determined from
intensities of precursor and product ions in the mass spectra. With changes of reaction
temperature and OPIG-DC voltage, remarkable change was observed for distribution of
product ions and reaction rate constants. The results indicate that conformation changes on [M
+ zH]*" at lower temperature and at OPIG-DC voltage ranges, which relate with complex
formation. An issue that is attracting considerable attention is their conformations might
resemble structural evolution that originated from temperature in the gas phase.
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F (OPIG) DEJiEME (OPIG-DC) TH D Vpc #Z{bsEHZ LIk~ T, SST A«
v DSLARREE & ROG T L CRiEt

PN N T T T N T S T T T N S T N

L7, M 2H?"

[=B ]
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Real-time trace of the self-assembly process of a Pd:L4 cage complex
oSatoshi Takahashi', Yuya Sasaki'!, Hirofumi Sato®?, Shuichi Hiraoka'
! Graduate School of Arts and Sciences, The University of Tokyo, Japan
2 Department of Molecular Engineering, Kyoto University, Japan
3 ESICB, Kyoto University, Japan

[ Abstract] Coordination self-assembly process of a [Pd2L4]*" cage complex was studied
numerically. For the cage formation including a rigid ditopic ligand L, it has been revealed that
the rate-determining steps are the intramolecular ligand exchange reactions at the very final
stage of the self-assembly process. In this study, based on a minimal reaction network model,
there found a good reproduction of the corresponding experimental data for existing ratios of
the reactant and the product chemical species. Through the comparison of the time evolution of
intermediate species with the experimental counterpart, reaction rate constants for the ligand
exchange and the Pd-L-Pd bond formation were identified. From the analysis of the time
evolution of participant intermediate molecular species, how the overall reaction dynamics
proceeds was revealed, with another reaction path not emphasized experimentally.

[FFFEDERLE BM] »1rOBECESBRIL, 3R/ IBEEZBET LD DHEAR
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Fig. 1. (a) Time evolution of the existence ratios for
the reactant species. Blue and light blue curves
[ 3] P .

: . . correspond to [Pd,L,]** and X, respectively.
[1]S. Kai, V. Mari-Centelles, Y. Sakuma, T. Mashiko, T. Digcrete plots are the experimental counterparts.

Kojima, U. Nagashima, M. Tachikawa, P. J. Lusby, and (b) Numerically obtained n -k plots (red). The
S. Hiraoka, Chem. Eur. J. 24, 663 (2018). experimental results are also plotted in green for
[2] D. T. Gillespie, J. Comput. Phys., 22,403 (1976). ~ comparison.
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Ligand environments and optical properties of diphosphine-ligated

gold clusters
oYukatsu Shichibu!?, Yuri Ogawa?, Mizuho Sugiuchi?, Katsuaki Konishi'*
! Faculty of Environmental Earth Science, Hokkaido University, Japan
2 Graduate School of Environmental Science, Hokkaido University, Japan

[Abstract] Ultrasmall gold clusters with nuclearity of ~10 (diameter < 1 nm) have recently
attracted much interest, due not only to fundamental aspects of their unique nuclearity- and
structure-dependent optical properties, but also to their potential in the development of novel
nanomaterials and catalysts. We had previously found that a series of gold clusters bearing
achiral diphosphines exhibit unique geometric and optical properties. In this work, we
synthesized novel Aua4 clusters using chiral diphosphines, and evaluated their geometric and
optical activities.

[F] 4 X1 nm BREOE=T 2R OAEELE Y 72X =T, &2 7WEIcE
T D EBEREADOITEMENRZ LN Enb, &7 DD # 5 @ PR LB - BRBE D%
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Z—DaTEEE A LIV TREBICHEIT 2 2 D TEUE, &7 7 AFZ =285
SRR AR TE 5, £ THRA L, @37k LTH L— MEAZAATREZR P78
A7 4 AZFE B L, BN OEAYHIRI 215D L TR b ed 2 7 O - TR
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AT o 2B KR T, Bl IRy RAT 0688 L W
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(%%] Au24 7 5 A 5’—0)/5\552@\ (jé(l)- 1) NMesCl / NaBHs
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AuzLCl2 > [Auz4LsCl4

L0457 (Scheme 1), ARMORE For : )

o N o Bl N\
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Pr. BRI 20, LRSI L VAT
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W, JERIURF PRI SRS - AT - O :

TROMBIN 2~ 7 R VIE D B R L, (S.9) (RR)
RIEME O FERIZ M &M (CD) 227 |k Scheme 1. Synthesis of [AussLeCli]™"
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[FER - BE) B S X BEEMENT X Y [AudleCla]* (L = (S,5)-chiraphos) @ Auzs =
T, HERRA T ¢ VR OLAE THREBINZOERR TH o7, Ll BHEEE
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L2V Aus == kD JE
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LTWabZ Engmoie (Fig. 1), =
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b —ia THEECEA X T )T o — (a)
RO — I RHETH DL E VR D,
chiraphos & JHEI L 72 B #HEE L © O
1,2-Bis(diphenylphosphino)ethane (dppe)
RV GA TIEREO & RIEN S
Auiz 7 T AZ—NEKRTDHZ ENGM
> T YU 4 E chiraphos % N THy
B 7 Aus HEE DS DN EIRIZIX
{2 OE - PN O SEAREEE O BN B
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—IRE DRI AT SAVRIEZIT> T
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HWER SN (Fig. 2a), S HICH
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F~—IZB T2y b BRIEH & -40
iz (Fig. 2b), L72»L., CD E—Z7 8
WL AT R VZ I T AR —3K : . . : =
FTHLDL LARNLDNRHS 2 EMD, 400 600 800
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IZIN 2 T4 o 7 HEE 1T S < JeerE Figure 2. (a) Absorption and (b) CD spectra of

o [AuxLsCL]*". L = (R,R)-chiraphos (blue) and L =
DB SN TS LIRS D, (S,lslic}iirai)hos (red). S
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L = (S,5)-chiraphos L = (R,R)-chiraphos

Figure 1. Mirror image isomers of [Au4LeCls]*".
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