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Formation of three-dimensional ultra high-intensity optical field and novel material
s

Nakamura, Takahiro
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In the present study, formation of novel materials with unexpected properties in a
three-dimensional ultra-high intensity optical field which can be achieved only by high intensity femtose
cond laser beam with highly-controlled phase and polarization was investigated.
All-proportional solid-solution alloy nanoparticles, which is difficult to obtain by conventional method d
ue to the miscibilitg gap in binary phase diagram and/or the different standard electrode potential, can b
e easily fabricated by high-intensity laser irradiation of solution of ions through non-linear process. An
d the obtained allo% nanoparticles exhibited extremely high catalytic stability during CO oxidation proces
s. Intensity distribution of the high-energetic electric field around focal point was maintained by tightl

y focused phase controlled femtosecond laser pulses.
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Elemental compositions of the alloy NPs fabricated by laser
irradiation of solutions with different feeding ratio of metal
ions by EDS measurement

Composition in NPs (at%)
Sample Rh Pd Pt
(a) Rh33Pd33Pt33 293 34.9 35.8
(b) Rh50Pd25Pt25 50.8 242 25.0
(c) Rh25Pd50Pt25 27.8 48.6 23.6
(d) Rh25Pd25Pt50 25.6 31.1 43.3

2
EDS

100 . . . s
—e— (a) Rh J
—m— (b) Pd |
809 —v— (o) Pt 1

s —A— (d) Rh-Pd

< 504 (e) Rh-Pt v
é —e— (f) Rh-Pd-Pt

S 4 /
(@]

QO v

0 A . | |
150 180 210 240 270 300 330
Temp. (°C)

@

360



Nucleation i Ripenin
pening i Fragmentation
Reduction (Au®*~> Au%) | Aggregation &Crystal growth

9

0.’ B; s ©° < o
@@o - 20 & | @
b ® @ N ion

& ~ e @ S (@) e 'Y :2‘3«”.:\, (crystal)

~

(@) 0 minutes (black) (& ®) (©) @ @) ©
(b) 1 hour (red) i i)
30\ (©1day (blue)

\ (d) 1 week (green)
A\ (e) 2 weeks (orange)

3
c
g 2] \ A‘\ 1 month (purple)

0 T T
200 400 600 800
Wavelength, A (nm)

©)

(a) Linearly-polarized beam

(b) Circularly-polarized beam

8

— gt (MW)

8

900 20 4
P;C (ﬁ‘ (”
% 2 O: 15 3
% % cofimz g
L3 o. . oL | 5 510 T» 2
. e o O 300\§ § W
. ® . ® = & ) 1
o ‘;’Oo
o0 . 2 0 o] 0
0 90 180 270 360 0 90 180 270 360
Angle (degree) Angle (degree)
:éz.o
< SO
i L A
1.5 o p
2 o 14195
(7] o o
(0] A
= 1.0 o &
o o g
g o
§ 05 & ;ﬂ}ﬂ _
£ S O Linearly
S S o Circularly
£ 0.0{EeEay . , ,
g 0 5 10 15 20 25
Irradiation time (min)
7
SPR
10
Md. Samiul Islam Sarker, Takahiro
Nakamura, Shunichi Sato

“Composition-controlled ternary Rh—Pd—Pt
solid-solution alloy nanoparticles by laser
irradiation of mixed solution of metallic
ions” Journal of Materials Research, 29 (7)
(2014) 856-8064.

Valeri Petkov, Sarivjit Shastri, Shiyao Shan,
Pharrah Joseph, Jin Luo, Chuan-Jian Zhong,
Takahiro Nakamura, Yuliati Herbani,
Shunichi Sato “Resolving Atomic Ordering
Differences in Group 11 Nanosized Metals
and Binary Alloy Catalysts by Resonant
High-Energy = X-ray Diffraction and
Computer Simulations” Journal of Physical
Chemistry C, 117 (42) (2013) 22131-22141.

Takahiro Nakamura, Yuliati Herbani, Daniel
Ursescu, Romeo Banici, Razvan Victor
Dabu, Shunichi Sato “Spectroscopic study
of gold nanoparticle formation through high
intensity laser irradiation of solution” AIP
Advances, 3 (8) (2013) 082101.

Kensaku Maeda, Satoshi Uda, Kozo
Fujiwara, Jun Nozawa, Haruhiko Koizumi,
Shunichi Sato, Yuichi Kozawa, Takahiro



10.

Nakamura “Fabrication of
quasi-phase-matching  structure  during
paraelectric borate crystal growth” Applied
Physics Express, 6 (1) (2013) 015501.

Md. Samiul Islam Sarker, Takahiro
Nakamura, Yuliati Herbani, Shunichi Sato
“Fabrication of Rh based solid-solution
bimetallic  alloy  nanoparticles  with
fully-tunable composition through
femtosecond laser irradiation in aqueous
solution” Applied Physics A: Materials
Science & Processing, 110 (1) (2013) 145.

Takahiro Nakamura, Yuliati Herbani,
Shunichi Sato “Fabrication of solid-solution
gold—platinum nanoparticles with
controllable compositions by high-intensity
laser irradiation of solution” Journal of
Nanoparticles Research, 14 (2012) 785.

Yuliati Herbani, Takahiro Nakamura,
Shunichi Sato “Synthesis of platinum-based
binary and ternary alloy nanoparticles in an
intense laser field” A Journal of Colloid and
Interface Science 375 (2012) 78-87.

Yuliati Herbani, Takahiro Nakamura,
Shunichi Sato “Synthesis of
Near-Monodispersed Au-Ag Nanoalloys by
High Intensity Laser Irradiation of Metal
Ions in Hexane” The Journal of Physical
Chemistry C, 115 (2011) 21592-21598.

Joseph Lik Hang Chau, Chun-Yen Chen,

Min-Chieh  Yang, Kwang-Lung Lin,
Shunichi  Sato, Takahiro  Nakamura,
Chih-Chao  Yang, Chung-Wei Cheng

“Femtosecond laser synthesis of bimetallic
Pt-Au nanoparticles” Materials Letters, 65
(2) (2011) 804-807.

Takahiro Nakamura, Hideyuki Magara,
Yuliati Herbani, Shunichi Sato “Fabrication
of silver nanoparticles by highly intense
laser irradiation of aqueous solution”
Applied Physics A: Materials Science &
Processing, 104 (4) (2011) 1021-1024.

26

K 2014

154 (2014.3.21-23)

K 61
(2014.3.17-20

10.

11.

12.

13.

Muttaqin, Takahiro Nakamura, and Shunichi
Sato “Fabrication of gold nanoparticles by
femtosecond laser irradiation of aqueous
solution in flow system” 61

(2014.3.17-20

Md. Samiul Islam Sarker, Takahiro
Nakamura and Shunichi Sato “Noble metal
and alloy nanoparticles by femtosecond laser

irradiation of solution for practical
application” 61

(2014.3.17-20
(2014.2.28)
Md. Samiul Islam Sarker, Takahiro

Nakamura and Shunichi Sato "Stability of
Rh-Pd-Pt alloy nanoparticles produced by
femtosecond laser in aqueous solution with
surfactants" SPIE Photonics West, San
Francisco USA (2014.2.1-6)

, Md. Samiul Islam Sarker,

Muttaqin, “
" 1
(2013.11.25-26)
” 2013
153 (2013.9.17-19)
Md. Samiul Islam Sarker, Takahiro
Nakamura, Shunichi Sato “Effect of

surfactants on the stability of Rh-Pd-Pt alloy
nanoparticles produced by femtosecond laser
irradiation in aqueous solution” 74

(2013.9.16-20)

Md. Sarker Samiul Islam, ,
“Formation of Solid-Solution

Rh-Pd-Pt Nanoparticles with Fully Tunable

Composition by High-Intensity Laser

Irradiation of Solution”

>

(2013.8.8-9)

Md. Samiul Islam Sarker, Takahiro
Nakamura, Shunichi Sato “Solid solution
ternary Rh-Pd-Pt alloy nanoparticles (NPs)
through highly intense laser irradiation of ion
solution” Joint Symposium on Materials
Science and Engineering for the 21st Century,
Taiwan, Taipei, (2013.6.24).

Md. Samiul Islam Sarker, , Yuliati
Herbani, “
" 2013 152
(2013.3.27-29)
Md. Samiul Islam Sarker, Takahiro

Nakamura, Yuliati Herbani, Shunichi Sato
“Synthesis of Rh/Pd/Pt trimetallic alloy



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

nanoparticles through femtosecond laser
irradiation of solution” 60

(2013.3.27-30)
Yuliati Herbani, Yuichi Kozawa, Takahiro
Nakamura, Shunichi Sato ‘“Polarization
Effect on Silver Nanolines Fabricated by
Multiphoton-induced Reduction” 60

(2013.3.27-30)

» 2012 151
(2012.9.17-19)

(2012.9.10-12)

Md. Samiul Islam Sarker, Takahiro
Nakamura, Yuliati Herbani, Shunichi Sato
“Fabrication of Rh based binary alloy
nanoparticles by femtosecond laser pulses in
an aqueous solution” 73

(2012.9.10-12)

Takahiro Nakamura, Yuliati Herbani,
Shunichi Sato “Solvent effect on fabrication
of gold nanoparticles by high-intensity laser
irradiation of solution” 2nd Conference on
Laser Ablation and Nanoparticle Generation
in Liquids (ANGEL) Taormina, Sicily, Italy
(2012.4.22-25).

> B
113

» 2012 ( 150 )
(2012.3.27-30)

113

2 59
(2012.3.14-18)

2 59
(2012.3.14-18)

> B

, (2011.12.1-2)

P—

(2011.8.29-9.2)

>

,(2011.6.11-12)

25. Y. Herbani, T. Nakamura, S. Sato
“Formation of Highly Dispersed AuAg
Nanoalloys by  Femtosecond  Laser
Irradiation of Metal Salts in Normal Hexane”
Conference on Lasers and
Electro-Optics/Europe, Munich, Germany
(2011.5.22-26)

26. T. Nakamura, Y. Herbani, S. Sato
“Fabrication of Cu nanoparticles by
high-intensity femtosecond laser irradiation
of solution” Conference on Lasers and
Electro-Optics/Europe, Germany, Munich,
(2011.5.22 -26)

0

http://satolab.tagen.tohoku.ac.jp/

¢y
NAKAMURA TAKAHIRO
50400429
@
®



