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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. 

EincEinc
(b)(a)



13  8th

 

 

Sum
 
Asso
Depa
South
Addr
Unite
Tel: (
E-ma

 
1998

2005

2008

 
1999
2008
2010
2012

 
1) Su
2) La
3) Sp

 
1998
2008
2011

 
1. “

s
M

2. “
m
M

3. “
S
D
7

4. “
f

h RCS/CSJ Jo

meet Mah

ociate Profe
artment of C
hampton 
ress: Univer
ed Kingdom
(+44)-2380
ail: s.mahaj

Education
8 M. Sc. Ch

Chandrash
5 M. Tech., 

Bombay (
8 Doctor of

Prof. Phil

Profession
9 Scientist, 
8 Post-Doct
0 EPSRC F
2 Senior Le

Research I
urface-enha
abel-free ch
pectroscopic

Awards 
8 Proficienc
8 Ronald Be
 Raymond

Cambridg

Recent Pu
“Characteriz
surface-enha
Müller, J. N.
“Raman spec
monitoring s
Mahajan. J. R
“Observing 
Surface-Enh
De Nijs, F. B
704. 
“Single nano
films”, L. Li
 

oint Symposi

ajan 

ssor in Life
Chemistry a

rsity Road, 
m, SO17 1B
59-3591 
aan@soton

nal Backgro
hemistry, In
hekhar) 
School of B

(supervisor:
f Philosophy
lip N. Bartl

nal Career 
Defence R 
toral Resear
ellow, Depa

ecturer/Asso

Interests  
anced spectr
hemical ima
c and imagi

y Prize, Ind
elcher Mem
d & Beverly
ge 

blications 
zation and 
anced raman
 Skepper, R.
ctroscopy an
skeletal cells 
R. Soc. Interf

Single M
anced Rama
Benz, S. Ma

oparticle-bas
, T. Hutter, W

um 

e Science In
and Institute

Highfield, S
BJ 

.ac.uk 

ound 
dian Institu

Bioscience 
: Prof. A. Q
y, School of
lett) 

& D organi
rch Fellow, 
artment of G
ociate Profe

roscopies 
aging 
ing applicat

dian Institut
morial Award
y Sackler Fe

visualizatio
n spectroscop
. A. Barker, S

nd coherent a
and skeletal

rface, 2016, 1
Molecules C
an Spectrosco
ahajan, J. J. B

ed heteronan
W. Li, S. Ma

terface in C
e of Life Sci

Southampto

ute of Techn

& Bioengin
. Contract, P
f Chemistry

isation 
Cavendish 

Genetics, U
ssor, Unive

tions in biom

e of Techno
d by the RSC
ellowship, M

n of vesic
py and chem
S. Mahajan. 
anti-Stokes R
l regeneration
13, 10. 
Complexing 
opy”, D. O. S
Baumberg ,O

nojunction a
ahajan. J. Phy

Chemistry 
iences, The 

on,  

nology Kanp

neering, Ind
Prof. S. Mu

y, University

Laboratory
University of
ersity of Sou

medicine 

ology Kanpu
C 

Magdalene C

cles in the
mometrics”, 
ACS Nano, 2

Raman scatte
n”, C. C. Mo

with Cu
Sigle, S. Kas
O. A. Scherm

as a plasmon
ys. Chem. Le

University 

pur (supervi

dian Institute
ukherji) 
y of Southam

y, University
f Cambridge
uthampton 

ur 

College, Un

e endo-lyso
A. Huefner

2016, 10(1), 
ering imaging
oura, R. S. Ta

ucurbit[7]uri
sera, L. O. H
man, J. Phys

 ruler for me
ett., 2015, 6, 

of 

isor: Prof. T

e of Techno

mpton (supe

y of Cambri
e 

niversity of 

somal path
r, W. L. Ku
307. 

g: Prospectiv
are, R. O. C.

l through 
Herrmann, A.
s. Chem. Lett

easuring die
2282. 

T. K. 

ology 

ervisor: 

idge 

hway with 
uan, K. H. 

ve tools for 
. Oreffo, S. 

Nanogap 
. Palma, B. 
t., 2016, 7, 

lectric thin 



RRECENT DEVE

 

 

Dep

O
will g
appli
to ga
infor
highl
spect
nano
nano
SER
envir
powe
as al
infor
betw
avail
allow
cells
uptak
This 
whic
highl
techn
stren

F

Refer
1. "N

Hu
2. "V

Er
32

3. "T
J. 
70

4. "In
Ku

5. "C
ram
Ba

 

ELOPMENTS I

Ph

epartment of

Our researc
give an ove
ications inv
ain an unde
rmation tha
ly sensitive
troscopy (S

oscale meta
oparticle pro
S approac
ronment aro
erful by the
lowing the 

rmation prov
ween diseas
lable throug
ws distinctio
.5 We have
ke of small
paves the 

ch will imp
ly sensitive
nique furth
ngthen this s

Figure 1. The

rences 
Nanoparticles 
uefner, L. Li, 

Visualizing ele
rdelyi, G. Sze
217. 
Tracking adipo

P. Smus, C. C
089. 
ntracellular S
uan, R. A. Bar

Characterizatio
man spectrosc
arker, S. Maha

IN PLASMON

hotonics a
Surfa

f Chemistry
Hig

ch is at the 
erview of th
volving plasm
erstanding o
at cannot be
e molecula
SERS) whi
allic materi
obes that a
h. Thus, 
ound them. 
e functional
targeting o
vided by SE
ed and he

gh the repor
on of organ
e further ut
l molecules
way for m

prove cell-b
e, real-time
er developm
strategy and

e Reporter-fre

and intracellu
J. Wingfield, 
ectromagnetic
ekeres, M. Cs

ogenic differen
C. Moura, E. M

ERS nanopro
rker, S. Mahaj
on and visuali
copy and chem
ajan, ACS Nan

NICS 

at the Bio
ace-enhan

Su
y and Institu
ghfield, Sou

interface o
e interdiscip
monics for 

of biochemi
e provided 
ar ‘finger-p
ich relies o
als.  In th

are voluntar
the SERS
This SERS

lization of n
f different o
ERS allows
althy cells.
rter-free SE
nelles such 
ilized this 

s (such as t
measuring th
based assays
e chemical 
ments in n

d its adoptio

ee SERS appr

ular applicatio
S. Mahajan, A

c fields at the 
sete, J. J. Bau

ntiation of ske
McMorrow, R

obes for distin
jan, Nano Let
ization of ves
mometrics", A
no, 2016, 10, 

omedical I
nced Ram

umeet Maha
ute for Life S
uthampton S

of photonic
plinary wor
biomedical

ical phenom
by prevale

printing’ tec
on the plas
he case of 
rily taken u

S nanoprob
S nanopartic
nanoparticle
organelles. 
s distinction
.4 Addition

ERS approa
as vesicles
extremely 
therapeutic 
he bioavaila
s and the d
sensing ca

nanomateria
on in biomed

roach for obta

ons of surface
Analyst, 2016,

nanoscale by
umberg, S. Ma

eletal stem cel
R. S. Tare, R. O

nction of diffe
tt., 2013, 13, 2
icles in the en

A. Huefner, W
307. 

Interface:
man Spect

ajan 
Sciences, U

SO17 1BJ, U

s, nanomat
rk in my gro
l spectrosco
mena inside 
ent biologic
chnique of
smonic enh

biological 
up by them
bes report 
cle probe ap
es making t
We have sh

n between cl
nally the ri
ach, harvest
 in the end
sensitive m
drugs) insi

ability of d
drug discov
apability is 
als for SER
dical resear

aining chemic

-enhanced Ra
, 141, 5037.  
y single molec
ahajan, C. F. 

lls by label-fre
O. C. Oreffo, 

ferent neurona
2463. 
ndo-lysosoma

W. L. Kuan, K

: Intracell
roscopy 

University of
U.K. 

erials and b
oup but focu
py. Here th
cells and e

cal techniqu
f surface-en
hancement 

cells we 
m. We use t

the imme
pproach is m
them biocom
hown that s
losely relate
ich molecu
ed by multi

dolysosomal
methodology
ide organel

drug molecu
very proces

unparallele
RS are exp
rch and drug

cal informatio

aman spectros

cule localizati
Kaminski, Na

ee chemically
S. Mahajan, C

al cell types",

al pathway wit
K. H. Müller, J

lular 

f Southampt

biomedicine
us the talk o
e research a
especially o
ues. We us
nhanced R
of signals 
have used 
the reporte
ediate che
made even 
mpatible as

such biochem
ed cell type

ular informa
ivariate me
l pathway i
y for monit
les in live 
ules inside 
s. Although
ed by any 
pected to fu
g discovery.

on inside cell

scopy", J. Tay

ion", C. Steuw
ano Lett., 201

y selective ima
Chem. Sci., 20

, A. Huefner, 

th surface-enh
J. N. Skepper,

ton, 

e.1-3 I 
on the 
aim is 
obtain 
se the 

Raman 
from 
gold 

r-free 
mical 
more 

s well 
mical 

es and 
ation, 

ethods 
inside 
toring 
cells. 
cells, 

h this 
other 

urther 
. 

ls.  

ylor, A. 

we, M. 
15, 15, 

aging", 
015, 6, 

W. L. 

hanced 
, R. A. 

14 



15  8th

 

 

Yosh
 
Asso
Depa
Scho
Addr
Tel &
E-ma

 
2004
2006

2009

 
2008
2010

2011

2013

 

 
2009

 
1. 

2. 

3. 

4. 

h RCS/CSJ Jo

hiaki Nish

ociate Profe
artment of P
ool of Engin
ress: 79-5 T
& Fax: (+81
ail: nishijim

Education
4 B.Sc., Ho
6 M.Sc., Gr

Kitamura)
9 Graduate s

(superviso

Profession
8 – 2010 
0 – 2011 

－2013 

3－present 

Research I
YN is curre
interested 
enhanced R
conversion
and theoret
quieted stro
One of the 
field enhan
constructin
materials w
to reducing

Awards 
9 CSJ Hokk

Recent Pu
“Anti-reflect
Seniutinas, A
“Au－Ag－C
Juodkazis, Y
“Tunable Ra
B. Khurgin, 
“Scaling rule
Adv. Opt. Ma

oint Symposi

hijima 

ssor  
Physics, Ele
neering, Yok
Tokiwadai, H

)-45-339-4
ma-yoshiaki-

nal Backgro
okkaido Uni
raduate Sch
) 
school of in

or: Prof. Hir

nal Career 
JSPS rese
Post-docto
Hokkaido
Assistant 
University

 Associate 
University

Interests  
ently intere
in the fabr
Raman and 

n application
tically that 
ong electro-
random pla

ncement is
ng the mid
were applied
g the optical

kaido winter

blications 
tive surfaces:
A. Balčytis, S
Cu nano-allo

Y. Nishijima, 
aman selectiv
L. Rosa, H. F
es of SERS in

Mater., 2014, 2

um 

ectrical and 
kohama Nat
Hodogaya-k
107 
-sp@ynu.ac

ound 
iversity (sup
ool of Scien

nformation s

roaki Misaw

earch fellow
oral researc

o University
Professor in
y. Principle 
Professor i

y. Principle 

sted in the f
ricating new

infrared ab
ns. Recently
artificially 

-magnetic f
asmonic wo
s useful for
d infrared p
d to the SEI
l pass and to

r meeting, b

 cascading na
S. Juodkazis, A
ys: tailoring o
Sci. Rep., 20

vity via random
Fujiwara, S. J
ntensity,” Y. 
2, 382. 

Computer E
tional Unive
ku, Yokoham

c.jp 

pervisor: Pr
nce, Hokkai

science and 

wa) 

wship for you
cher in Rese
y. 
n Graduate 
investigato

in Graduate 
investigato

field of plas
w optical m
bsorption (S
y YN and h
random arr

field enhanc
ork has publ
r the SER
plasmon st
IRA gas sen
otal sensor s

best present

ano/micro-str
APL Photoni
of permittivit
16, 2, 25010 
mization of a
Juodkazis, AC
Nishijima, Y

Engineering
ersity. 
ma 240-850

of. Noboru 
ido Univers

engineering

ung scientis
earch Institu

school of E
or for Plasm

school of E
or for Plasm

smonics and
materials fo
SERS/SEIR
his group su
rangement o
cement due 
lished in the
S sensors. 
tructures fo
nsor. These 
system size

tation award

ructuring,” Y
ics, 2016, 1, 0
ty,” Y. Hashi

a rectangular 
CS photonics,

Y. Hashimoto,

g, Graduate 

01, Japan 

Kitamura) 
sity (supervi

g, Hokkaido

st. 
ute for Elect

Engineering
monics lab. 
Engineering

monics lab. 

d nano-phot
or chemical
RA), photo-
ucceeded to
of gold nan
to the scatte
e ACS phot
YN’s grou

or SEIRA 
plasmonic 

e with increa

d 

Y. Nishijima, R
076104. 
moto, G. Sen

pattern of nan
, 2014, 1 100
, L. Rosa, J. B

isor: Prof. N

o University

tronic Scien

, Yokohama

g, Yokohama

tonics. Espe
l sensor usi
-thermal ph
 reveal exp

no-disc struc
ering light i
tonics. This
up also su
materials. 
materials a

asing the se

R. Komatsu, 

niutinas, A. B

no-disks,” Y.
6. 

B. Khurgin, S

Noboru 

y. 

nce, 

a National 

a National 

ecially he is
ing surface

hoto-electric
erimentally
ctures have
in the plane
 strong EM

ucceeded to
And these

are effective
nsitivity.  

S. Ota, G. 

Balčytis, S. 

. Nishijima, J

S. Juodkazis, 

s 
e 
c 
y 
e 
e. 

M 
o 
e 
e 

J. 



RECENT DEVELOPMENTS IN PLASMONICS  16 

 

 

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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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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