
March 18th (Sat), 2017
Hiyoshi Campus, Keio University; Yokohama, Kanagawa, Japan

The Chemical Society of Japan & The Royal Society of Chemistry



 



The 8th RSC‐CSJ Joint Symposium 

―Recent Developments in Plasmonics― 

The Chemical Society of Japan    The 97th Annual Meeting 

■Date March 18th (Sat), 2017    9:00‐17:20 
■Venue  S3; Room J29,    Room J29, House B, Bldg., 4

Hiyoshi Campus, Keio University; Yokohama, Kanagawa, Japan 
■Hosted by

The Chemical Society of Japan (CSJ) & The Royal Society of Chemistry (RSC)

■ 9:00  Opening Remarks Robert Parker   
CEO; RSC 

■ 9:10  Recent Developments in Plasmonics: Introduction Hiromi Okamoto   
Institute for   
Molecular Science 

…1 

■9:20  Site‐selective Nanoscale‐polymerization via Plasmon
Induced Charge Separation 

Yukina Takahashi 
Kyushu University 

…3 

■10:00  Investigating Functional Materials using Surface
Plasmon Resonance Spectroscopy 

Petra J Cameron, et al. 
University of Bath 

…5 

■10:40 Break 

■10:50  Spectral  Properties  of  Plasmon‐Molecule  Hybrid
States and Coupled Plasmonic Systems 

Kosei Ueno, et al. 
Hokkaido University 

…7 

■11:30  Metamaterials for Reactive Plasmonic Applications Wayne Dickson, et al. 
King's College London 

…9 

■12:10 Lunch Break 

■13:30  Space  and  Temporal  Properties  of  Plasmons  in  a
Single  Metal  Nanoplate  Revealed  by  Scanning 
Near‐field Optical Microscopy 

Kohei Imura 
Waseda University 

…11 

■14:10  Photonics at the Biomedical Interface:
Intracellular Surface‐enhanced Raman Spectroscopy 

Sumeet Mahajan 
University of 
Southampton 

…13 

■14:50 Break 

■15:10  Alloy Plasmonic Materials for Sensor Applications …15 

■15:50  Chemical Applications of Nanophotonic: Probing the
Structure of Soft Matter with Chiral Nanostructures 

…17 

■15:50  Plasmonic Optical Tweezer toward Molecular
Manipulation 

…19 

■17:10  Closing Remarks

Yoshiaki Nishijima 
Yokohama National 
University 
Malcolm Kadodwala 
University of Glasgow 

Yasuyuki Tsuboi Osaka 
City University 

Hisashi Yamamoto,   
President, CSJ 



Dea

integ
view

vario
diffe
scien
know
stud
glob
by p
pass

the R
Chem
resea

Kath
Urak
Prof.
RSC-

coun
no l
cont

mutu

ar Colleagu

Globaliz
gration ar

ws, product

Particula
ous countr
erences. T
nce allow
wledge of 
ents and 

bal approac
participatin
sword for t

The Che
Royal Soci
mical Socie
arch can b

I would
hleen Too,
kami, Repr
. Yasuyuki 
-CSJ joint s

Mutual 
ntries have
longer one
tributions t

It is our
ual exchan

 

Professo

Presiden

The Che

ues 

zation is t
rising from
s, ideas, an

arly, collab
ies often t

The funda
ws chemis
 their field
chemists 

ch to open
g in an int
he success

emical Soci
ety of Che
ety of Japa
e develope

d like to t
, Internati
esentative 
 Tsuboi, re
symposium

exchange
e continued
e-sided, a
to the deve

r great ple
nge betwee

or Hisashi Y

nt; 

emical Soci

Welco

the proce
m the inte
nd other as

borations b
ranscend b
mental n

sts to co
d.  Its foc
 interested
n new scien
ternational
sful globali

iety of Jap
emistry (RS
an at Yoko
ed through

thank Dr. 
onal Deve
 of Japan 

epresenting
m possible.

e and col
d ever afte
s it was i
elopment o

easure and
en global c

Yamamoto

iety of Japa

ome to J

ess of inte
erchange 
spects of c

between ch
borders an
ature of 
ommunica
cus is on 
d in deve
nce and te
 symposiu
ization of c

an (CSJ) is 
C) at the o

ohama.  I 
h these inte

Robert P
elopment 
office of R
g CSJ as C
. 

llaboration
er, even wh
in early da
of new che

d honor to
countries. 

o 

an 

 Japan!

ernational 
of world 
ulture.   

hemists of 
nd cultural 

chemical 
te using 
chemistry 

eloping a 
chnology, 
m.  Overa
chemistry. 

 delighted 
occasion of
am confid
ernational 

arker, Chi
Manager-

RSC, and P
hairs, for t

n among 
hen the flo
ays, and h

emistry.   

o add new

! 

all, multidis

 to be co-o
f 97th Ann
ent that m
 symposia.

ef Executi
Asia and 
rof Hiromi

their great 

chemists 
ow of know
have led t

w pages to

sciplinary i

organizing
nual Meetin
multidiscipl
. 

ive Officer
Dr. Hirom

i Okamoto
 effort to m

between 
wledge bec
to tremen

o the histo

is the 

 with 
ng of 
linary 

r, Dr. 
mitsu 
o and 
make 

two 
came 
dous 

ry of 



W
 
 
Dea
 
 

UK-J
even
our 
Japa

Soci
scien
two 
inter

App
scien
stim
we t
this 

Okam
symp
toge

scien
and 
colla

Welcome 

ar Colleagu

It is my 
Japan Sym
nts held by
long-stand
n. 

 
We hav

ety of Japa
ntific colla

countries
rnational c

 
The the

lications o
ntists to d
ulate the 

thank each
symposium

 
We are 

moto and
posium an
ether in the

 
Once ag

ntific event
find new o

aborate on
 
I wish yo
 
 
Dr Robe
Chief Ex
Royal So

e Addre

ues 

 pleasure t
mposium, 
y the Roya
ding partn

ve worked 
an for a n
boration a
s. In 201
ooperation

eme for th
of Plasmon
iscuss the
exchange 

h of the spe
m. 

very grate
d Professo
nd we loo
e future. 

gain a very
t. I hope th
opportunit
 this impo

ou all an in

ert Parker 
xecutive Of
ociety of C

ess 

to welcom
one of a
l Society o
er the Che

closely wi
umber of 

and exchan
10 we fo
n agreeme

his year’s 
nics and it
ir latest re
of ideas a
eakers and

eful to the 
or Yasuyu
ok forward

y warm wel
hat today o
ies for rese
rtant topic

nformative

fficer 
hemistry 

me you to t
 series o

of Chemist
emical Soc

ith the Ch
years to s

nge betwe
rmalised 

ent, which w

symposiu
t brings to
esearch. W
and experie
d all the pa

 Chemical 
uki Tsuboi
d to conti

lcome to w
offers an op
earchers fro
c. 

, productiv

the 8th 
f joint 
try and 
ciety of 

hemical 
upport 
en our 
our relat

we renewe

m is Fund
ogether le

We hope th
ences betw
articipants 

 Society of
i for the
nuing to 

what promi
pportunity
om the UK

ve and enjo

ionship b
d in 2015. 

damentals 
eading Jap
hat the pre
ween all p
 for their c

f Japan, Pr
ir organis
work even

ises to be a
y to build re
K and Japan

oyable day

by signing
 

 and Chem
panese and
esentations
articipants
ontributio

rofessor Hi
sation of 
n more clo

an exciting
elationship
n to 

y. 

g an 

mical 
d UK 
s will 
s and 
ns to 

iromi 
this 

osely 

 
ps 



1  8th

 

 

Hiro
 
Profe
Instit
Addr
Tel +
E-ma

 
1983
1985
1993

 
1985
1990
1993
2000

 
1) Ne
2) Ch

 
2012

 
1. "N

Te
2. "A

Ue
3. "L

Te
4. "C

M

h RCS/CSJ Joi

omi Okam

essor of Che
tute for Mo
ress: Myoda
+81-564-55-
ail: aho@im

Education
3 B.Sc., The
5 M.Sc., Sc
3 Doctor of

Profession
5 Research 
0 Research 
3 Associate
0 Professor,

Research I
ear-field mi
hiral spectro

Awards 
2 The Chem

Recent Pu
Nonlinear op
etsuya Narus
Anomalous l
eno, Hiroaki 

Local Optica
etsuya Narus
Circular Dich

Modulated Cir

int Symposiu

moto 

emistry 
lecular Scie
aiji, Okazak
-7320;  Fa

ms.ac.jp 

nal Backgro
e University

chool of Scie
f Science, Th

nal Career 
Associate, I
Associate, T

e Professor, 
, Institute fo

Interests  
icroscopy an
oscopy/mic

mical Societ

blications 
ptical effects
shima, Hirom
light transm
Misawa, Hi

al Activity in
shima, Hirom
hroism Mic
rcular Polariz

um 

ence, Nation
ki, Aichi 444
ax +81-564-

ound 
y of Tokyo 
ence, The U
he Universi

Institute for
The Univer
The Univer

or Molecula

nd nano-op
roscopy 

ty of Japan A

 in trapping
mi Okamoto N
ission from 
romi Okamo
n Achiral T

mi Okamoto J
croscopy Fre
zation", Tets

nal Institute
4-8585, Jap
54-2254 

University o
ity of Tokyo

r Molecular
rsity of Toky
rsity of Toky
ar Science 

tics, plasmo

Award for C

g nanoparticl
Nat. Phys. 20
plasmonic 

oto Nano Let
Two-Dimensi
J. Phys. Che
ee from Co
suya Narushi

es of Natura
pan 

of Tokyo 
o 

r Science 
yo 
yo 

ons 

Creative Wo

les with fem
010, 6, 1005
capped nan

tt. 2011, 11, 9
ional Gold N
m. C 2014, 1

ommingling 
ima, Hiromi 

al Sciences 

ork 

mtosecond pu
. 

no-apertures"
960. 
Nanostructur
118, 22229. 
Linear Dich
Okamoto Sc

ulses", Yuqi

, Kohei Imu

res", Shun H

hroism via 
ci. Rep. 2016

iang Jiang, 

ura, Kosei 

Hashiyada, 

Discretely 
, 6, 35731. 



RECENT DEVELOPMENTS IN PLASMONICS  2 

 

 

Recent Developments in Plasmonics: Introduction 

Hiromi Okamoto 
Institute for Molecular Science, Myodaiji, Okazaki, Aichi 444-8585, Japan 

 
Collective oscillation modes of conduction electrons in metallic materials, known 

as plasmons, generate huge polarisations on the materials.  Plasmons couple with 
electromagnetic waves and localises in the vicinities of the metal surfaces, to form 
resonance states (surface plasmon resonance) that depend on the materials, shapes and 
sizes of the substances.  Surface plasmon resonance is the origin of unique optical 
properties of metal nanostructures, that is, localisation of the optical field into 
nano-spaces and huge local field enhancement, and in conjunction with them, reduction 
of the light velocity in the vicinity of the metal surface, resulting in an increase in wave 
number (i.e., spatial frequency).  In the field of chemistry, a variety of surface 
enhanced spectroscopies have been developed on the basis of plasmon resonances for 
nearly 40 years, which provide fundamental techniques of chemical sensors.  In 
addition, it has been recently reported that plasmon resonances accelerate 
photochemical reaction processes.  In the fields of applied physics and optics, the 
unique optical characteristics of plasmons are exploited as the bases for metamaterials 
with negative refractive index and various novel optical elements including light 
sources.  Studies pursuing the fundamental characteristics of plasmon resonances and 
studies on fabrication of metal nanoparticles that yield various unique characteristics are 
also being made continuously. 

In this symposium, we have invited 9 researchers from Japan and UK who are 
active at the forefront of these fields. The lectures cover research fields from 
fundamental to application studies, that is, plasmon-assisted chemical reactions 
(Takahashi), characterization of materials with plasmon resonance spectroscopy 
(Cameron), strong coupling between plasmons and molecules (Ueno), optical 
characteristics of plasmon-based metamaterials (Dickson), near-field imaging of 
plasmons (Imura), biomedical application of surface enhanced Raman spectroscopy 
(Mahajan), application of plasmons to sensors (Nishijima), chiral plasmonics 
(Kadodwala) and optical manipulation with plasmons (Tsuboi).  With this series of 
lectures, we intend to overview the current status of researches on plasmons in 
chemistry and new developments in the future. 

I am grateful to Prof. Y. Tsuboi and Prof. M. Kadodwala who co-organised this 
symposium. 
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Site-selective Nanoscale-polymerization 

via Plasmon Induced Charge Separation 

Yukina Takahashi 
Department of Applied Chemistry, Faculty of Engineering, Kyushu University, 

744 Moto-oka, Nishi-ku, Fukuoka 819-0395, Japan 

Metal nanostructures, such as gold and silver nanoparticles, can generate strong 
enhanced electromagnetic fields in nanospaces around the surfaces by coupling with 
incident light in the wavelength region of visible to near-IR on the basis of localized 
surface plasmon resonance (LSPR).  They can be applied to enhancement of both 
absorption and emission processes of the light-absorbing molecules and/or 
semiconductors placed in the nanospaces.  It is also known that noble metal 
nanoparticles combined with an n-type semiconductor, such as TiO2 and ZnO, exhibit 
plasmon induced charge separation (PICS).1,2  When the resonant light irradiates 
plasmonic metal nanoparticles on an n-type semiconductor, electrons of the metal 
nanoparticles transfer to the semiconductor resulting in reductive and oxidative 
reactions on the surfaces of the semiconductor and the metal nanoparticles, respectively. 
This phenomenon can be utilized to various applications, such as visible-light 
responsive photocatalysts, photovoltaic cells, and sensing devices.   

Control of space arrangement between dye molecules and metal nanostructures is 
very important for effective utilization of LSPR, because optical properties of dye 
molecules which only exist at strong enhanced electric fields can be enhanced.  In 
addition, oxidative reactions based on PICS are expected to proceed site-selectively at 
strong enhanced electromagnetic fields on the surface of metal nanoparticles. 
Therefore, in this symposium, site-selective nanoscale-polymerization of monomeric 
dye molecules, such as pyrrole, based on PICS using gold nanoparticle (AuNP)-loaded 
TiO2 system (Figure 1)3 is demonstrated.  Detailed mechanisms of polymerization 
reactions will be discussed.  

Figure 1. A schematic illustration and a scanning electron microscopic image of 
the site-selective nanoscale-polymerization based on PICS. 

References 
1. Y. Tian, T. Tatsuma, J. Am. Chem. Soc., 2005, 127, 7632.
2. T. Tatsuma, Bull. Chem. Soc. Jpn., 2013, 86, 1.
3. Y. Takahashi, Y. Furukawa, T. Ishida, S. Yamada, Nanoscale, 2016, 8, 8520.
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Investigating Functional Materials  

using Surface Plasmon Resonance Spectroscopy 

Petra J Cameron,a Surendra Yadav,b Ralf Niemann,a and Dave Adamsc 
aDepartment of Chemistry, University of Bath, Bath BA2 7AY, U.K. 

bDepartment of Electronic Engineering, University of Rome, Tor Vergata, Rome, Italy 
cDepartment of Chemistry, University of Glasgow, Glasgow, G12 8QQ, U.K. 

 
In our research we use surface plasmon resonance spectroscopy (SPR) and optical 

waveguide spectroscopy (OWS) to investigate the formation and function of a range of 
soft and hard materials. We combine electrochemistry with SPR to allow the in-situ 
surface triggered self-assembly of dipeptides into hierarchically structured hydrogels. 
Using SPR allows us to probe the kinetics of gel formation and the layer-by-layer 
deposition of ultrathin gel layers with different functionality. We have shown that we 
can electropolymerise hydrogels in situ to make electrochromic polymers. Polymers 
prepared from pre-formed gels have quite different micro-structures to polymers formed 
from monomers dissolved in solution. In the group we also have a strong focus on 
energy materials.  We have used OWS to measure dye uptake in dye sensitized solar 
cells; more recently we have also been using OWS to look at degradation in perovskite 
films for perovskite solar cells.  
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Spectral Properties of Plasmon-Molecule Hybrid States  

and Coupled Plasmonic Systems 

Kosei Ueno,a Sho Nozawa,a Han Yu,a Jie Li,a Quan Sun,a Tomoya Oshikiri,a  
and Hiroaki Misawaa,b 

aResearch Institute for Electronic Science, Hokkaido University  
bDepartment of Applied Chemistry, National Chiao Tung University, Taiwan 

 
 

We are studying plasmon-based chemistry through utilizing well-defined metallic 
nanostructures fabricated by advanced nanofabrication technologies. To construct 
metallic nanostructures array with a strong enhancement of electromagnetic field for the 
photochemical reaction fields, the near field coupling between adjacent metallic 
nanostructures is often employed for localizing electromagnetic field at the nanogap and 
inducing dark states of quadrupole mode which shows longer plasmon dephasing. In 
addition, the strong coupling between plasmon and exciton is also utilized for the 
modulation of electronic states and the enhancement of light matter coupling. So far, the 
spectral properties based on the couplings have been mainly studied through far field 
extinction or reflection spectroscopy. However, it is still unclear that hybrid states are 
really formed due to the couplings only by measuring the far field spectrum because the 
spectrum modulation is also induced by the interference of their spectra. Here, we report 
on the spectral properties of plasmon-molecule hybrid states and coupled plasmonic 
systems by measuring excitation spectrum or near field spectrum to confirm the 
formation of hybrid states. 
 
 
References 
1. J. Li, K. Ueno, H. Uehara, J. Guo, T. Oshikiri, H. Misawa, J. Phys. Chem. Lett. 2016, 

7, 2786. 
2. K. Ueno, S. Nozawa, H. Misawa, Opt. Express 2015, 23, 28584. 
3. H. Yu, Q. Sun, K. Ueno, T. Oshikiri, A. Kubo, Y. Matsuo, H. Misawa, ACS Nano, 

2016, 10, 10373. 
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Space and Temporal Properties of Plasmons in a Single Metal Nanoplate  

Revealed by Scanning Near-field Optical Microscopy 

Kohei Imura 
Department of Chemistry and Biochemistry, School of Advanced Science and 
Engineering, Waseda University, Okubo, Shinjuku, Tokyo 169-8555, Japan 

Plasmon excited in metal nanoparticle confines optical fields spatially as well as 
temporally, and generates enhanced fields in the vicinity of the particle. The enhanced 
fields have attracted much attention due to their potential use in metamaterials, chemical 
sensing,1,2 and photochemical reactions. To design plasmonic optical fields for the 
practical applications, spatio-temporal properties of the plasmon should be revealed. 
Since the spatial scale of the plasmon is smaller than the diffraction limit of light, the 
microscope with a nanometer spatial resolution is indispensable for visualization.3 We 
developed various types of near-field imaging methods to study static and dynamical 
properties of the plasmons in the metal nanoparticles.4-6 In this symposium, we present 
spatio-temporal properties of plasmons excited in a single metal nanoplate. 

Figure 1(a) and 1(b) shows spatial distributions of optical fields on a single gold 
nanoplate visualized by detecting two-photon photoluminescence from gold. In Fig.1(a), 
the optical field is enhanced at the apex of the plate due to the lightning rod effect 
and/or a dipolar mode excitation. In Fig. 1(b), on the other hand, the optical field is 
enhanced not only at the apex but also at the internal sites of the plate. The spatial 
features in Fig. 1(b) originate from dipolar and quadrupolar plasmon mode excitations. 
We examined temporal properties of the plasmons, and found that dynamics on the plate 
in Fig. 1(a) is almost identical regardless of the internal position of the sample, whereas 
that in Fig. 1(b) is position dependent. Plasmons provide novel photochemical processes 
at the nanometer scale, and thus the knowledge obtained from the near-field imaging 
techniques are indispensable for the applications of the plasmonic optical fields. 

 
Figure 1(a), 1(b) Two-photon excitation images of single gold nanoplates obtained by detecting 
visible photoluminescence from the sample. Excitation wavelength: ~800 nm. White dotted line: 
approximate shape of the nanoplate. Scale bars: 200 nm. 
 
References 
1. T. Uchida, Y. Yoshikawa, M. Tamura, T. Iida, K. Imura, J. Phys. Chem. Lett., 2016, 7, 3652.  
2. K. Imaeda, K. Imura, Chem. Phys. Lett., 2016, 646, 179.  
3. H. Okamoto, T. Narushima, Y. Nishiyama, K. Imura, Phys. Chem. Chem. Phys., 2015,17, 

6192. 
4. K. Imaeda, K. Imura, Opt. Express 2013, 21, 27481. 
5. Y. Nishiyama, K. Imaeda, K. Imura, H. Okamoto, J. Phys. Chem. C., 2014, 50, 16215. 
6. Y. Nishiyama, K. Imura, H. Okamoto, Nano Lett., 2015, 15, 7657. 
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Alloy Plasmonic Materials for Sensor Applications 

Yoshiaki Nishijima 
Department of Physics, Electrical and Computer Engineering,  

Graduate School of Engineering, Yokohama National University,  
79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan 

 
Precious metal alloys enables new possibilities to tailor materials for specific 

optical functions. Here we present a systematic study of the effects of a nanoscale 
alloying on the permittivity of Au-Ag-Cu metals at 38 different atomic mixing ratios. 
The permittivity was measured and analyzed numerically by applying the Drude model 
described below equation.  








i
p

2

2

)()(         (1) 

where () represents permittivity at the high frequency limit (infinity), p is the 
plasma frequency,  is the damping constant, respectively. Both, optical spectra and 
XRD results point towards an equivalent composition-dependent electron scattering 
behavior. Correlation between the fundamental structural parameters of alloys and the 
resulting optical properties is elucidated.    

Plasmonic properties of the Au-Ag-Cu alloy thin film (SPR) and nanoparticles 
(LSPR) were investigated by numerical calculations. Sensing ability to the refractive 
index sensing, electromagnetic field enhancement for the surface enhanced Raman 
spectroscopic application (Au-Ag system) and hydrogen storage alloy sensing (Au-Pd 
system) will be discussed in the presentation.  

Guidelines for designing plasmonic response of nano- structures and their patterns 
are presented from the material science perspective. 

 

 
 
Figure 1. Interpolated ternary plots of experimentally obtained Drude parameters (a) plasma 
frequency p and (b) relaxation constant . Middle inset indicates the atomic ratios at which 
experimental measurements were performed. 
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Chemical Applications of Nanophotonic: Probing the Structure of Soft 

Matter with Chiral Nanostructures 

Malcolm Kadodwala 
School of Chemistry University of Glasgow, 

Joseph Black Building, Glasgow G12 8QQ, U.K. 

 
 

Chirality, the property of an object to lack mirror symmetry and thus be able to 
exist in two non-superimposable mirror image forms, is a ubiquitous property in nature.  
Indeed, the building blocks of life, amino acids and sugars are chiral, and this sense of 
handedness propagates in to the complex structures of life.  In this talk I will discuss 
how near fields with chiral asymmetries, generated by light scattering from chiral 
nanostructures, can uniquely characterise higher order biological structure which is 
invisible to conventional spectroscopy.  I will demonstrate how the interaction of chiral 
nanostructures and biomaterials can be understood using concepts from physical 
chemistry and atomic and molecular physics; orbital hybridisation and quantum 
interference phenomenon such as electromagnetic induced transparency (EIT). 
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Plasmonic Optical Tweezer toward Molecular Manipulation 

Yasuyuki Tsuboi 
 Division of Molecular Material Science, Graduate School of Science,  

Osaka City University, 3-3-138, Sugimoto, Sumiyoshi, Osaka, 558-8585, Japan 
 

Plasmonic enhanced electromagnetic field is applicable not only to SERS but also 
to chemical reaction promotion, and also even to optical trapping. Plasmon-based 
optical trapping is quite intriguing and is currently attracting much attention in 
nano-photonics and related research fields, since optical trapping based on surface 
plasmon can potentially overcome several disadvantages of conventional optical 
trapping technique using a focused laser beam, i.e.;  (i) the conventional technique 
requires an intense focused laser light and a complicated optical set up to manipulate a 
small nanoparticle, and (ii) the spatial resolution in the trapping is, as a matter of course, 
regulated to be more than several hundred nanometers by a diffraction limit of an 
incident light.  As has been predicted theoretically and verified experimentally, an 
electromagnetic field of incident light should be considerably localized and enhanced at 
a nano-junction or a nano-gap between metal 
nanoparticles, so called gap-mode excitation. A 
schematic illustration for such plasmon-based 
optical trapping is displayed in the figure.  

 
When photochemically-active species is 

trapped at such a plasmonic nan-gap, photon, 
plasmon, and the photoactive species should be 
simultaneously coupled in the same nano-space. 
We consider that such situation is an ideal 
photochemical reaction field in which they interact 
with each other with great efficiency to promote 
photochemical reaction yield. The goal of our 
study is to incarnate such situation. We have 
developed a plasmonic optical tweezer system and 
succeeded in novel trapping so far. 
 
References 
1. ‘Plasmonic optical trapping for artificial polymer system’, J. Phys. Chem. C, 2012 . 
2. ‘Resonant optical trapping for polymer microsphere and a protein’ J. Phys. Chem. C, 

2013. 
3. ‘Micro-pattern formation (colloidal crystal formation) on a plasmonic nanostructure’, 

J. Phys. Chem. C, 2013. 
4. ‘Quantitative evaluation for radiation pressure and Soret force (temperature elevation 

at a plasmonic nanostructure)’, J. Phys. Chem. C, 2012. 
5. ‘Femtosecond plasmonic optical tweezer for biomolecules (DNA)’, J. Am. Chem. 

Soc., 2013. 
  
Recent advances of our researches are summarized in J. Phys. Chem. Lett., 2014 and 

partly in Nature Nanotechnology, 2016. The plasmonic optical tweezers can be applied 

also to analytical chemistry (Anal. Chem., 2017). Characteristics and strategy of our 

plasmonic optical tweezers are introduced toward molecular trapping. 
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① Suzuki-Coupling of Ar-Cl substrates
② Borylation of bulky Ar-Cl substrates
③ Regioselective C-H borylation
④ Caged phoshines allow catalysts to be stable in the air.
⑤ Palladium is separated from the products by Celite刊tration. 1>
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pinB-Bpin 1.0 eq. 
KOAc3.0eq. 
toluene, 16 h 

R0-{f cfCI 

Silica-SMAP 0.5 mol% 
Pd(0Ac)2 0.5 or 1.0 mol% 
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KOAc3.0eq. 

benzene, 16 h 
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Entry Ligand [Pd］／山 NMRYield 例）

Silica-SMAP 1 :1 93 
2 SPhos 1 :1 。

3 SPhos 1 :2 。

4 XPhos 1 :1 。

5 XPhos 1 :2 。

8 0℃，8 5% 90℃，89% 90℃，90% 1110℃，72% 110℃，83% Depending Silica-SMAP is a highly on the substrate, 
active than Buchwald Ligand . 

Borylation of bulky Ar-Cl substrates 
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