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Photon localization in metal oxides with controlled morphology and
development of optical functional materials using light interference
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Porous oxide materials with controlled morphology have been fabricated
using the sol-gel method accompanied by phase separation in order to examine the transport properties
of photon. When high-refractive-index TiO, porous materials are combined with solution containing
organic dye, random laser oscillation is observed as a result of the photon localization. The research on
Ce*": YAG porous materials revealed that some surface defects induce the photoreaction of Ce**, which
results in a novel optical function exemplified by a scattering-based hole burning effect.  As the related
phenomenon, it is also found that the combination of metal-dielectric core-shell nanoparticles and
organic dye solution serves as the random lasing media with low threshold.

2,100,000 630,000 2,730,000
1,000,000 300,000 1,300,000
3,100,000 930,000 4,030,000

20

21




= I.tf‘-
0,00
A -‘5:.!.9.’.*
e ss———

o)

TiO,
Y3A|5012

TiO,

Ce3+ Y3A|5012

Ce3+

Ceg+ Y3A|5012

Ce3+

YAG



IFOFI |

FEOFI |

Fluorescence intensity / arb, units

60 40 20 0 20 40 60

ER T - 1 3Lm leo
= hiead. - S 1 A5 A
Ri— 1 2! 3 I =
i M\\\‘ E F y —"-
& * ] € A | B
2 3 ’ I
B 4 EI- i e
B : W [, 2
T |Es - I ]
Eo | E P - .
| S S 1 1 | - S T s Lo
5 40 550 580 s 581 00 02 04 08 D e 12
= ‘Wavelpngsh (nm) Purmg aneegy (pd)
Y g e Y T
= [l s | dd) |
- N P
= r / E
- il 7 JE
& ° A £ " | =
it m { b 1
¥ puiss i o S
= 2 =
E ol E .‘«/ ................. - -
s . ] 1 B sl vl ik
540 L] & 510 SE0 09 0 04 04 1 1
Wavalangth (nm) Pump enangy (uJ)
4 Au
AU'Si02
Au
(a b) c,

7
(1) X. Meng, K. Fujita, S. Murai, and K. Tanaka,
“Plasmonically Controlled Lasing Resonance

with Metallic-Dielectric Core-Shell
Nanoparticles”, Nano Lett. 19, 1374-1378 (2011)
[ I

DOI: 10.1021/n1200030h

(2) S. Murai, K. Fujita, K. Iwata, and K. Tanaka,
“Scattering-Based Hole Burning in Y3Al50,:
Ce** Monoliths with Hierarchical Structures
Prepared via the Sol-Gel Route”, J. Phys. Chem.
C 115, 17676-17681(2011) [ 1.

DOI: 10.1021/jp204594c

(3) S. Murai, Y. Fujimoto, K. lwata, K. Fujita,
and K. Tanaka, “Scattering-Based Hole Burning
Mediated by Localized Surface Plasmon
Resonance in Photoreactive Random Media
Containing Ag Nanoparticles”, Appl. Phys. Lett.
98, 12917-(1-3) (2011) [ ]

DOI: 0.1063/1.3567929

(4) X. Meng, K. Fujita, S. Murai, J. Konishi, M.
Mano, and K. Tanaka, “Random Lasing in
Ballistic and Diffusive Regimes for Macroporous
Silica-Based Systems with Tunable Scattering
Strength”, Opt. Exp. 18, 12153-12160 (2010) [

]
DOI: 10.1364/0OE.18.012153

(5) S. Murai, K. Fujita, J. Konishi, K. Hirao, and
K. Tanaka, “Random Lasing from Localized
Modes in Strongly-Scattering System Consisting
of Macroporous Titania Monoliths Infiltrated
with Dye Solution”, Appl. Phys. Lett. 97,
021118-(1-3) (2010) [ ]

DOI: 10.1063/1.3464962

(6) S. Murai, K. Fujita, K. Iwata, and K. Tanaka,
“Optical Properties of Macroporous Y3Al50;,
Crystals Doped with Rare Earth lons Synthesized
via Sol-Gel Process from lonic Precursors”, Opt.
Mater. 33, 123-127 (2010) [ ]

DOI: 10.1016/j.optmat.2010.08.009

(7) S. Murai, K. Fujita, X. Meng, and K. Tanaka,
“Random Disperision of Metal Nanoparticles
Can form a Laser Cavity”, Chem. Lett. 39,
532-537 (2010) [ ]
DOI: 10.1246/ cl.2010.532

7
Q) Meng Xiangeng
Au@SiO,
2012 59
2012/3/16

@



23

2011/11/26
3) Meng Xiangeng .
Au@Sio,
24
2011/9/9
@___
2011
3 16

(5) Koji Iwata, Koji Fujita, Shunsuke Murai,
Katsuhisa Tanaka, “Scattering-based Hole
Burning in Macroporous Ce*": Y3Al;0y, Crystal
Prepared via Sol-gel Route”, 3rd International
Congress on Ceramics (ICC3) (2010/11/15,
Osaka)

(6) Koji Fujita, “Photon Localization in Porous
Materials: Novel Random Media for Light”, 4th
International Conference on Science and
Technology of Advanced Ceramics (STACA4)
(Invited, 2010/6/22, Yokohama)

(7) Koji Iwata, Koji Fujita, Shunsuke Murai,
Katsuhisa Tanaka, “Synthesis of Macroporous
Ce:Y5Als0,  Crystal via Sol-Gel Route
Accompanied by Phase Separation and Its
Application to Scattering-Based Hole Burning”,
Photoluminescence in Rare Earths : Photonic
Materials and Devices (PRE'10) (2010/4/30,
Florence, Italy)

http://dipole7.kuic.kyoto-u.ac.jp/contents/publica
tion.html

o
FUJITA KoJI

50314240



