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In the past few decades, great progress in experimental and theoretical methods to analyze 
structures, dynamics, and properties of single-component (or single hierarchical) molecules and 
nanomaterials has been made. Now we should also direct our attention to properties and 
functions of multi-hierarchical molecular systems. We develop innovative methods of 
measurements and analysis for molecular and materials systems to elucidate the processes that 
trigger the functions and reactions of the systems in the mesoscopic regime, that is the regime 
where micro and macroscopic properties influence each other.
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Selected Publications

Studies of local optical properties of molecular assemblies 
and materials are key to understanding nanoscale physical and 
chemical phenomena, and for construction of nanoscale func
tional devices. Nano-optical methods, such as scanning near-
field optical microscopy (SNOM), enable optical imaging with 
spatial resolution beyond the diffraction limit of light. Combi
nation of nano-optical techniques with various advanced 
spectroscopic methods may provide a methodology to analyze 
nanoscale functionalities and dynamics directly. It may yield 
essential and basic knowledge to understand origins of char
acteristic features of the nanomaterial systems. We have 
constructed nano-optical (near-field and far-field) spectro
scopic and microscopic measuring systems, for the studies on 
excited-state properties of nanomaterials, with the feasibilities 
of nonlinear and time-resolved measurements. The developed 
apparatuses enable nano-optical measurements of two-photon 
induced emission, femtosecond time-resolved signals, and 
chiro-optical properties (as typified by circular dichroism), in 
addition to conventional transmission, emission, and Raman-
scattering. Based on these methods, we are investigating the 
characteristic spatial and temporal behavior of various metal-
nanostructure systems and molecular assemblies. Typical 
examples are shown in Figure 1. We succeeded in visualizing 
wave functions of resonant plasmon modes in single noble 
metal nanoparticles, confined optical fields in noble metal 
nanoparticle assemblies. In recent few years, we have suc

ceeded in observing plasmon wave packet propagation dynam
ics with ultrafast time-resolved near-field imaging, local chiro-
optical properties of chiral and achiral metal nanostructures, 
and so forth. We also developed far-field high-precision 
circular dichroism microscope that facilitate chirality analysis 
of materials in a wide range of research areas. The information 
on nano-optical properties of the materials are also relevant to 
exploration of novel optical manipulation principles, which is 
another research topic of the research group.

Figure 1.  (Left four panels) Near-field transmission images of gold 

nanorod (20 nmD × 510 nmL). The wavelengths of observation were 

647, 679, 730, and 830 nm from left to right. The spatial oscillating 

features were attributed to the square amplitudes of the resonant 

plasmonic wave functions. (Right) Near-field two-photon excitation 

image of dimers of spheric gold nanoparticles (diameter 100 nm) 

observed at 785 nm. The arrows indicates the incident light polari

zation. Dotted circles represent approximate positions of the particles.
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1.  Roles of Superchirality and Interference 
in Chiral Plasmonic Biodetection1)

Chiral plasmonic nanostructures enable ≤pg detection and 
characterization of biomaterials. The sensing capabilities are 
associated with the chiral asymmetry of the near fields, which 
locally can be greater than equivalent circularly polarized 
light, a property referred to as superchirality. However, sensing 
abilities do not simply scale with the magnitude of super
chirality. We show that chiral molecular sensing is correlated 
to the thickness of a nanostructure. This observation is recon
ciled with a previously unconsidered interference mechanism 
for the sensing phenomenon. It involves the “dissipation” of 
optical chirality into chiral material currents through the 
interference of fields generated by two spatially separated 
chiral modes. The presence of a chiral dielectric causes an 
asymmetric change in the phase difference, resulting in asym
metric changes to chiroptical properties. Thus, designing a 
chiral plasmonic sensor requires engineering a substrate that 
can sustain both superchiral fields and an interference effect.

Figure 2.  Simulated CD spectra for gammadions of h = 5 nm, 30 nm, 

and 100 nm when light is incident upon their top (blue) and bottom 

(red) faces. Top three: Encapsulated by an achiral layer. Their mean is 

shown in black and is ~0 in all cases. Bottom three: Encapsulated by a 

chiral layer. The mean of the two incidences is shown in black.

2.  Spectral Properties of Chiral Electro
magnetic Near Fields Created by Chiral 
Plasmonic Nanostructures2)

The surface-enhanced chiral-optical spectroscopy is based 
on the interaction of chiral molecules with chiral electro
magnetic near field localized on a chiral plasmonic nano
structure. It is of fundamental importance to reveal the spectral 
characteristics of chiral near fields for maximizing the chiral 
interaction. We investigated relations between near field and 
far field polarization characteristics of the chiral plasmonic 
nanostructures, using electromagnetic simulations. We found 
that spectral features of chiral near fields created by the 
nanostructures intercorrelate with those of far field optical 
rotation. This finding may provide us a method to characterize 
and design the chiral near field.

Figure 3.  Simulated far-field circular dichroism hFF (blue) and 

optical rotation θFF (red) spectra (top) and near-field circular dichroism 

hNF spectrum (bottom) of a gold gammadion-shaped nanostructure 

(width 450 nm) by the finite-difference time-domain method.

3.  Circularly Polarized Two-Photon-Induced 
Luminescence from Plasmonic Two-
Dimensional Chiral Au Nanostructures3)

A chiral nanostructure, which exhibits optical activity, 
absorbs different amounts of left-handed circularly polarized 
(LCP) and right-handed circularly polarized (RCP) light. In this 
work, we report the observation of dissymmetry between two-
photon-induced LCP and RCP photoluminescence from plas
monic two-dimensional (2D) chiral Au nanostructures. Under 
excitation by linearly polarized femtosecond pulses from a 
mode-locked Ti:sapphire laser with a low incident power of 3 
mW, the 2D chiral plasmonic nanostructure yields circularly 
polarized two-photon-induced photoluminescence (TPIPL) due 
to resonance with a chiral multipolar plasmon mode of the 
nanostructure. The handedness of the circularly polarized 
TPIPL was dependent on the handedness of the chiral plas
monic nanostructure. The chiral nature of TPIPL may find 
potential applications in optical devices, sensing of chiral 
molecular environments in biological systems, and so forth.

Figure 4.  (a,b) Left- and right-circularly polarized TPIPL spectra of 

the chiral nanostructures. Insets: SEM and TPIPL microscopic images 

of the left- (a) and right-handed (b) chiral gold nanostructures. (c) Dis

symmetry factor (g) spectra of TPIPL for the chiral and achiral 

nanostructures. (d) CD spectra of the chiral nanostructures.
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As the succeeding organization of former Laser Research 
Center for Molecular Science, Center for Mesoscopic Sciences 
continues development of new experimental apparatus and 
methods to open groundbreaking research fields in molecular 
science, in collaboration with other departments and facilities. 
Those new apparatus and methods will be served as key 
resources in advanced collaboration with the researchers from 
the community of molecular science. The targets cover:
- novel quantum-control schemes based on intense and ultra

fast lasers

- novel optical imaging and nanometric microscopy and 
spectroscopy

- novel method of analysis for mesoscopic phenomena
and so forth.

The Center also possesses several general-purpose instru
ments for laser-related measurements (commercial as well as 
in-house developed), and lends them to researchers in IMS 
who conduct laser-based studies, so as to support and con
tribute to their advanced researches.




