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Dual-polarisation Raman imaging of living cells
Liang-da Chiu (1). Almar Flotildes Palonpon (2). Satoshi
Kawata (1. 2), Mikiko Sodeoka (2. 3), Katsumasa Fujita
(1.2).(1) Osaka University. (2) Sodeoka Live Cell
Chemistry Project. JST-ERATO, (3)RIKEN

Raman spectroscopy has been established as a useful
technique to study biological samples. especially living
specimen. becausc of its label-free nature that does not
require any staining processes. One of the major
challenges in the Raman spectroscopic study of live cells
is to extract as much chemical information from the
complicated spectra as possible. Usually. the Raman
spectra taken from cells are dominated by several strong
Raman bands. The weaker Raman bands that overlap
with the strong ones are hard to visualise. In this study.
we exploited the polarisation property of Raman
scattering to increase the selectivity of the spectrum and
succeeded in obtaining the two orthogonally polarised
Raman images with different chemical contrasts
simultaneously. For randomly distributing molecules.
which is the case for most molecules in a living cell, the
polarisation property of the Raman signatures depends

on the symmetry of the vibrational mode. Totally
symmetric  vibrational modes have spherical
polarisability ellipsoid and the scattered light is polarised
parallel to the incident light polarization. In the case of
non-totally symmetric vibrational modes, the scattered
light is depolarised. Inverse polarisation can happen only
in resonance enhanced cases, for example the strong
resonance enhanced cytochrome ¢ Raman signatures.
Our new Raman imaging system, enabled us to
simultaneously acquire the two orthogonally polarised
Raman images and therefore being able to extract more
detailed chemical information than we could before.
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Simultaneous multicolor imaging by nonlinear
deep-UV excitation microscopy

Kumiko Uegaki, Masahito Yamanaka, Satoshi Kawata,
Katsumasa Fujita, Department of Applied Physics,
Osaka University
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Super-Resolution Microscopy by Using
Saturation of Light Scattering in a single gold
nanoparticle

Ryosuke Oketani (1), Tung-Yu Su (2). Yasuo Yonemaru
(1), Hsuan Lee (2), Masahito Yamanaka (1), Ming-Ying
Lee (2). Satoshi Kawata (1), Shi-Wei Chu (2),
Katsumasa Fujita (1). (1) Department of Applied
Physics. Osaka University. (2) Department of Physics.
National Taiwan University.
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Direct laser writing of 3D structural single-wall
carbon nanotube/polymer composites
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Plasmonic Scattering of Optimized Tip for TERS
Imad Maouli. Yuika Saito. Satoshi Kawata, and Prabhat
Verma, Deparment of Applied Physics. Osaka University

We present FDTD simulation and experiment of conical
metal-coated silicon dioxide AFM tips that are used in
tip-enhanced Raman spectroscopy (TERS).Different
from previous studies. we modeled finite Length near-
field probe around with different Ag NPs layers. The
results of the simulation give spectra of plasmon
resonance that enable us to determine which number of
layers that gives higher enhancement factor around the
visible wavelengths. This kind of tips that are excited by
white light does not only provide tunable plasmonic

resonance in the visible region but also high
Enhancement factor. The FDTD investigations of the
electromagnetic field are done at the apex of conical
AFM Ag coated tip. We also provide Dark filed
microscopy  (DFM) experiment  to  measure  the
plasmonic response of these tips: the tips fabrication is
done using FIB milling to cut the nano particles layers at
vicinity of the apex. The results of the calculation fit the
experiment. for the case of 100nm NP at the tip shows
the plasmonic resonance at 460nm wavelength.
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Photoluminescent Platinum Nanoclusters
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Optical Hybrid-Superlens-Hyperlens for Super-
resolution Imaging
Bo Han Cheng (1). You Zhe Ho (2). Yung-Chiang Lan
(3). Din Ping Tsai (4). (1) Research Center for Applied
Sciences. Academia Sinica. Taipei. Taiwan. (2)
Department of Physics. National Taiwan University,
Taipei. Taiwan. (3) Department of Photonics, National
Cheng Kung University. Tainan. Taiwan. (4) Graduate
Institute of Applied Physics, National Taiwan University,
Taipei, Taiwan
We  theoretically propose an innovative device
magnifying far-field image and prove it by finite element
method (FEM) simulation. It possesses ability to image
sub-wavelength object at the far field position and
compensate the drawbacks of hyperlens aforementioned.
This device is integrated with two anisotropic
metamaterial components. the upper planar superlens
and the lower cylindrical hyperlens, in which their
permittivity tensors have opposite signs. Since the
dispersion relations with hyperbolic dispersion curve in
these two components are different. our proposed
imaging device is named as the hybrid-superlens
hyperlens. The device is capable of deriving the high
spatial-frequency components excited by the objects on
one flat surface and transfer it to the far field.
Furthermore. the proposed hybrid-super-hyperlens
with linearly and radially polarized incident light is
theoretically investigated. The challenge relative to
resolve complicated nano pattern is also investigated.
Basically. the polarization of light source is an important
factor which affects the integrity of the resolution image
results from exciting surface plasmon polarions (SPPs)
near the patterned region. We demonstrate that the whole
magnifying far-field images can be obtained at one scan
procedure by using radially polarized light source. That
is. superposition of the images under incident light with
different polarized directions is unnecessary. Moreover.
the planar shaped design is more practical for real
applications such as photolithography and planar
integrated optical devices.
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Spectroscopic Study of Second Harmonic
Generation Chiral Microscopy in Type | Collagen
Mei-Yu Chen(1), Che-Wei Kan(1). Kuan-Yu Li(l), Yen-
Yin Lin(2.3), Shi-Wei Chu(l 4). (1)Department of
Physics, National Taiwan University, Taipei. Taiwan,
(2)Institute of Photonics Technologies. National
TsingHua University, Hsinchu, Taiwan, (3)Department
of Electrical Engineering. National TsingHua University,
Hsinchu. Taiwan, (4)Molecular Imaging Center,
National Taiwan University, Taipei, Taiwan

Chiral molecules have different efficiencies in
generating second-harmonic generation signal for left-
and right-circular-polarized light. This effect is called
second-harmonic generation circular dichroism (SHG-
CD). It has been shown that SHG-CD exhibits much
better chiral contrast than traditional chiroptical
spectroscopies. Furthermore. combined with a laser
scanning microscope. SHG-CD  provides optical
sectioning capability that is suitable for examining thick
tissue samples. We have shown that tvpe I collagen gives
rise to strong second- harmonic generation circular
dichroism (SHG-CD) responses. However. to resolve the
molecular structures and chiral properties of biological
tissues. it is not enough to study SHG- CD for only one
specific wavelength.

Here. we measured SHG chiral microspectroscopy of
tvpe-1 collagen in the excitation spectral range of 750 -
1300 nm. for the first time. It is interesting to note that
maximum SHG-CD value corresponds to the wavelength
of 900nm. This wavelength dependency not only reflects
the resonance frequency of the molecular structure, but
also the micro-chiral property of type 1 collagen. Our
investigation constitutes an important landmark towards a
realistic SHG-CD chiral spectroscopic technique and will
make great impact for protein chirality study in three-
dimensional tissue samples.
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Dynamic SERS imaging of cellular transport in 3D
Jun Ando (1.2). Kazuki Bando (2). Kai-Chih Huang (3).
Nicholas I. Smith (4). Katsumasa Fujita (2). Satoshi
Kawata (2). (1) JIST-ERATO Sodeoka Live Cell
Chemistry Project (2) Dept. of AppliedPhysics. Osaka
Univ..(3) Dept. of Electrical Engineering.
NationalTaiwan Univ. (4) iFReC. Osaka Uniy.

Surface-enhanced Raman scattering (SERS) has been
used for highsensitive detection of biomolecules. We
introduced metal nanopariclesinto live cells as a SERS
agent 1o probe the biochemical composition along its
path. The motion of a gold nanoparticle and SERS signal
from the moving nanoparticle were simultaneous|y
observed by dark- held microscope coupled with Raman
spectrophotometer. 676 nm excitation laser was used for
Raman spectroscopy. and the position of laser focus was
controlled by a feedback system (o follow particle
motions in real-time. Camera exposures for dark-field
imaging were started along with that for Raman
spectroscopy  to  synchronize their operation. We
constructed dual-focus dark-field imaging system so as
to follow the particle motion in three dimensions. 80 nm
gold  nanoparticles  were introduced in  a living

macrophage via endocytosis. The temporal resolution of

both Raman spectroscopy and particle tracking was 100
ms. We found out that Raman spectra  changed
depending on the particle motions. such as
straightforward. confined and random motion in a cell.
Three-dimensional dynamic SERS imaging. presented
here. will open up new door to analyze biomolecules
involved in cellular functions. such as Ivsosomal
accumulation. nuclear entry and organelle transportation.
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Vibrational imaging of small molecules in live
cells by use of tiny Raman tags

Almar Palonpon (1, 2). Katsumasa Fujita (1. 2). Mikiko
Sodeoka (1.3). (1) IST-ERATO (2) Dept of Applied
Physics. Osaka Univ (3) RIKEN

Vibrational imaging of small molecules in live cells has
been a technical challenge because of the weak Raman
scattering  signal  from the molecules of interest
aggravated with interference from much stronger Raman
signals coming from abundant biomolecules such as
proteins and lipids. Here. we present the use of tiny
Raman tags that emit signals in the silent region of the
cells. avoiding the interference with intrinsic cellular
signals. and small enough not to perturb the biological
properties of the small molecule. One such tag is alkyne
consisting of just two carbons connected by a triple
bond. Using the alkyne tag. we have successfully
imaged the DNA synthesic of a living cell by mapping
the distribution of the alkyne-tagged analog of
thymidine. EAU. which is incorporated in the DNA of
the cell. Another useful tag is nitrile consisting of carbon
and nitrogen connected by a triple bond. Using the
nitrile tag. we have maged simultaneously the
protonated and deprotonatzd forms of carbonylcyanide
p-trifluoromethoxy-phenylhyvdrazone (FCCP) molecule
in live cells. But. in this case. the structure-sensitive
nitrile tag was exploited to image two distinct molecular
structures of FCCP. These studies reveal the potential of
Raman tags as useful biomolecular probes.

P-033

RN FEMBER W 7T O— LM EHIREL
ERZEDHBFNHRE

HE #1tH. Harsono ("ah\'adi ?r"ﬁ% fg—BB. A 5F.
/'\ é'L /\K&)\?)\:}fl’zc ﬁ}f}uﬂ'

AFZETIZ. 2k —L v | 5= Bl (CRS)FERESIC
LD BIIRELAER S IC BT 2088 % S S3
% (SHOFAMSEIC X W IEEO R TRHESET 2
a 7—‘7/ THERERICIRICEMEL L L A A=Y
FREFLE D IEE DA L T REEEa 5 —
ryDE ',;}ﬂp S5 LR L TwA 2 L 2R L 7.
HIE. CRSMI{S & SHGIM] %% [AH 2 MU T = 2 JEH
L+ — YL BEMBEOMAE 2 {THoT\W» 2,

P-034

NIWFTFLy I AMRZ I UBELBEHEICELS
DAST %uas@‘rx—//a

$EIED ] . A7) -."'r’HmJ#: E. A R EA ST

INUNE NG 78 R S )
W%%?y%%uﬁkwa R ol
T, RN Z2E 22w 3 F9E S T2 B R
WCﬁMTéléﬁTﬁéﬁﬁvf\ﬁﬁ@w'
FPZUTICRETE, PINERhIc TERE N2
IR EE S DR SR G TH 2 L W
ThHORMFETIE, BRI A= —ar 5=
LIHSCHYER VL 2LF 7L v 7 20K S5 = 8
GLEAR BEABHTE L. DASTREGDIIR 5 = > 2R 7
FLRNA A= DHBICRI L 7.



