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Optical response of materials is undoubtedly essential for understanding
their physicochemical properties. The conventional theoretical approaches to optical response of
materials are usually based on the dipole approximation, which ignores spatial nonuniformity of a
light and a selfconsistent light-matter interaction. However, such simplified approaches limit
various optical phenomena. An optical near field (ONF) is a nonpropagating light localized at an
interface region in nanostructures. The ONF-matter interaction is expected to cause unique optical
phenomena. We have developed a generalized nano-optics theory and demonstrated unprecedented ONF
excitation processes by resorting to the first-principles calculations.Furthermore, we have obtained

fundamental scientific findings to design unified photonic-electronic functional materials.



o

@

GCEED(Grid-based Coupled Electron and
Electromagnetic field Dynamics)
Web

http://raphael.ims.ac. jp/gceed/

®



HOMO-LUMO

IRMOF-10/

20

GCEED

31
[1] M. Noda, M. Yamaguchi and K. Nobusada,
"Second Harmonic Excitation of Acetylene
by the Optical Near Field Generated in a
Porous Material™, J. Phys. Chem. C (2017)

http://dx.doi.org/10.1021/acs. jpcc.7b02
744

[2] K. lida, M. Noda and K. Nobusada,
"Development of Theoretical Approach for
Describing Electronic Properties of
Hetero-Interface Systems under Applied
Bias Voltage", J. Chem. Phys. 146, 084706
(10 pages) (2017)
http://dx.doi.org/10.1063/1.4976970

[3] K. lida and K. Nobusada, "Atomically

modified thin interface in
metal-dielectric hetero-integrated
systems: Control of electronic

properties”, J. Phys. : Condensed Matter 29,
145503 (8 pages) (2017)
https://doi.org/10.1088/1361-648X/aa5e8
1

[4] M. Yamaguchi and K. Nobusada, "Large
Hyperpolarizabilities of the Second
Harmonic Generation Induced by Nonuniform
Optical Near Fields", J. Phys. Chem. C120,
23748-23755 (2016)
http://dx.doi.org/10.1021/acs. jpcc.6b08
507

[5] K. lida and K. Nobusada, "Electric
field effects on the electronic properties
of the silicene-amine interface™, Phys.
Chem. Chem. Phys. 18, 15639-15644 (2016)



http://dx.doi.org/10.1039/c6cp02157c¢

[6] M. Yamaguchi and K. Nobusada,
"Indirect interband transition induced by
optical near fields with large wave
numbers", Phys. Rev. B93, 195111 (9 pages)
(2016)
http://dx.doi.org/10.1103/PhysRevA.93.0
23416

[7]1C. Zeng, Y. Chen, K. lida, K. Nobusada,
K. Kirschbaum, K. J. Lambright and R. Jin,
"Gold Quantum Boxes: On the Periodicities
and the Quantum Confinement in the Au,g, Augg,
Au,,, and Aug, Magic Series", J. Am. Chen.
Soc. 138, 3950-3953 (2016)
http://dx.doi.org/10.1021/jacs.5b12747

[8] T. Yatsui, T. Tsuboi, M. Yamaguchi, K.
Nobusada, S. Tojo, F. Stehlin, O. Soppera
and D. Bloch, "Optically controlled
magnetic-field etching on the nano-scale”,
Light: Science & Applications 5, e16054 (7
pages) (2016)
http://dx.doi.org/10.1038/1sa.2016.54

[91 M. Yamaguchi and K. Nobusada,
"Photodissociation path in H," induced by
nonuniform optical near fields: Two-step
excitation via vibrationally excited
states", Phys. Rev. A 93, 023416 (5 pages)
(2016)
http://dx.doi.org/10.1103/PhysRevA.93.0
23416

[10] K. lida, M. Noda and K. Nobusada,
"Interface Electronic Properties Between
a Gold Core and Thiolate Ligands: Effects
on an Optical Absorption Spectrum in
Auy5;(SPh-tBu)s,", J. Phys. Chem. C 120,
2753-2759 (2016)
http://dx.doi.org/10.1021/acs. jpcc.5b10

846

[11] M. Yamaguchi, K. Nobusada and T.
Yatsui, "Nonlinear optical response
induced by a second-harmonic

electric-field component concomitant with
optical near-field excitation”, Phys. Rev.
A 92, 043809 (9 pages) (2015)
http://dx.doi.org/10.1103/PhysRevA.92.0
43809

[12] K. lida, M. Noda and K. Nobusada,
"Control of Optical Response of a
Supported Cluster on Different Dielectric
Substrates™, J. Chem. Phys. 142, 214702 (9
pages) (2015)
http://dx.doi.org/10.1063/1.4921840

[13] M. Yamaguchi, K. Nobusada, T. Kawazoe
and T. Yatsui, "Two-photon absorption
induced by electric field gradient of
optical near-field and its application to

photolithography”, Appl. Phys. Lett. 106,
191103 (5 pages) (2015)
http://dx.doi.org/10.1063/1.4921005

[14] K. lida, M. Noda, K. Ishimura and K.
Nobusada,First-Principles Computational
Visualization of Localized Surface
Plasmon Resonance in Gold Nanoclusters",
J. Phys. Chem. A 118, 11317-11322 (2014)
http://dx.doi.org/10.1021/jp5088042

[15] K. lida, M. Noda and K. Nobusada,
"Theoretical Approach  for  Optical
Response in Electrochemical Systems:
Application to Electrode Potential
Dependence of  Surface-Enhanced-Raman
Scattering”, J. Chem. Phys. 141, 124124 (7
pages) (2014)
http://dx.doi.org/10.1063/1.4896537

[16] M. Noda, K. Ishimura, K. Nobusada, K.
Yabana and T. Boku, "Massively-Parallel
Electron Dynamics Calculations in
Real-time  and Real-Space: Toward
Applications to Nanostructures of more
than Ten-Nanometers in Size™, J. Comp.
Phys. 265, 145-155 (2014)
http://dx.doi.org/10.1016/j.jcp.2014.02
.006

[17] K. lida, T. Yasuike and K. Nobusada,
"Development of open-boundary cluster

model  approach for electrochemical
systems and its application to Ag’
adsorption on Au(11l) and Ag(111l)

electrodes™, J. Chem. Phys. 139, 1041011
(7 pages) (2013)
http://dx.doi.org/10.1063/1.4820360

61
[1]
2016
6 2
[2] Katsuyuki Nobusada,
“ Photoelectronic properties of
nanostructures at hetero-interface
regions” , 252nd American Chemical

Society National Meeting & Exposition,
DoubleTree by Hilton Hotel Philadelphia
Center City, Philadelphia, Pennsylvania,
USA, 2016 8 24

[3]1 Kenji lida, Masashi Noda, Katsuyuki
Nobusada, “ Electric Field Effects on
Electronic Property at Silicene-Amine
Interface” , 229th ECS MEETING, Hilton
Bayfront, San Diego, California, USA,
2016 6 1

[4]



1 AVS
2016
8 5

[5] Maiku Yamaguchi and Katsuyuki Nobusada,
“ Dipole forbidden transition induced by
optical near-field interaction” The
14th International Conference of
Near-Field Optics, Nanophotonics and
Related Techniques, Act City Hamamatsu
Concert Hall & Congress Center, Hamamatsu,
Shizuoka, Japan, 2016 9 7
[6] Katsuyuki Nobusada, *“ Near Field
Excitation Dynamics in Nanostructures
Contacting with Environment” ,
CECAM-Workshop "Open quantum systems
computational methods", The University of
Hon Kong, Hong Kong, China, 2015 12
2
[7] Katsuyuki Nobusada, “ Nonlinear
Optical Response in  Nanostructures
Induced by Optical Near-Field” , 2015
International Chemical Congress of
Pacific Basin Societies (PACIFICHEM),
Hawaii Convention Center, Honolulu,
Hawaii, USA, 2015 12 17
[8] Katsuyuki Nobusada, M. Noda, and M.
Yamaguchi, “ Optical Response Derived
from Electric Field Gradient Inherent in
Optical Near Field” , W, 2015 CONFERENCE,
KURSAAL CONGRESS CENTRE  Donostia/San
Sebastian, Spain, 2015 9 9

) [
11 3
9

2015 3
22
[o]

95

2015 3

29

[11] Tomokazu Yasuike and Katsuyuki
Nobusada, “ Raman scattering enhanced by
plasmonic clusters and its application to
single-molecule imaging” , 11th
International Conference of Computational
Methods in Sciences and Engineering
(ICCMSE 2015), Metropolitan Hotel, Athens,
Greece, Oral Presentation, 2015 3 23

[12] Katsuyuki Nobusada, “ TDDFT Approach
to Near-Field Excitation Dynamics in
Molecular  Nanostructures” , Quantum
Dynamics Research Meeting, Vanderbilt
University, Nashville, Tennessee, USA,
2014 3 11

[13] Katsuyuki Nobusada,

“ First-Principles Calculations for

Near-Field Excitation Dynamics: Toward
Computational Design of Functional
Materials” , Sweden-Japan Workshop on
“ Computational Approach to Light-matter
Interactions on the Nanoscale” , AlbaNova
University Center, Stockholm Sweden, 2014
6 2
[14] Katsuyuki Nobusada, “ Spatiotemporal
Near-Field Excitation Dynamics in
Nanostructures” , The 8th Energy,
Materials, and Nanotechnology (EMN)
Meeting, Orland, Florida, USA, 2014 11
24

[15] Katsuyuki Nobusada,'Time-Dependent
Density Functional Theory for Electron and
Electromagnetic Field Coupled Dynamics in
Nanostructures™, Gordon Research
Conference on Time-Dependent
Density-Functional Theory, Biddeford, ME,
United State, 2013 8 13

[16] Katsuyuki Nobusada, *“ Theory of
Electron and Electromagnetic Field
Coupled Dynamics in Nanostructures” ,
2013 JSAP-MRS Joint Meeting, Nanoscale
Materials Modification by Photon, lon and
Electron Beams 11, Doshisha University
Kyotanabe Campus, Kyotanabe, Kyoto, Japan,
2013 9 20

[y
74
2013 9
17
[18]
7
2013 9 25

1
[1] Takashi Yatsui and Katsuyuki Nobusada,
"Near-Field Assisted Chemical Reactions
and Its Applications”, Progress in
Nanophotonics 4, 57-86, M. Ohtsu and T.
Yatsui eds., Springer-Verlag, Berlin,
Germany, (2017)




http://raphael _ims.ac.jp

@
NOBUSADA, Katsuyuki
50290896

@
YASUIKE, Tomokazu
10419856

(€))

*




