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We made various attempts to publish high impact factor papers. Here we describe such efforts
and research activities carried out in fiscal year 2010. As a research, pulsed laser-induced
morphological transformation and size-reduction of colloidal gold nanoparticles in the aqueous
phase were investigated using transient absorption spectroscopy and transmission electron
microscopy (TEM). Femtosecond laser-induced fragmentation of gold nanoparticles within 100
ps after the laser pulse is interpreted in terms of the Coulomb explosion mechanism. On the
other hand, nanosecond laser-induced size-reduction of gold nanoparticles is in good agreement
with the photothermal evaporation mechanism that is based on heating of particles to
temperatures above the boiling point of gold (3100 K). Here, the experimentally observed
fragmentation thresholds were well-reproduced by simulations based on electron and lattice
temperature models and by considering the dissipation of heat into the surrounding medium. The
numerical method described herein has the advantage of identifying the fragmentation

mechanism by considering pulse duration- and energy-dependent thresholds.
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Fig. 1.Temporal evolution of electron temperature, T,
(solid curve), lattice temperature, T (dotted curve); and
maximum water temperature T, at the NP—water interface,
(dashed curve) for a 60-nm-diameter gold sphere absorbing
a laser pulse of 150 fs (FWHM of the Gaussian time
profile) at 400 nm and a laser fluence of 12.3 mJ-cm™
(Ppax = 7.7 % 10'° W~cm'2). Horizontal lines represent
temperatures at which important events take place: Tk,
threshold for the Coulomb explosion in liquid; Ty, boiling
point of bulk gold; T, melting point of bulk gold; T,

critical point of water.
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Fig. 2.(a) Typical time sequence of in situ extinction
spectra for 60-nm Au NPs in aqueous solution during
femtosecond pulsed-laser irradiation at 400 nm, laser
fluence 19.4 mJ-cm™. The spectra were recorded at 1, 15,

40 and 60 min. The repetition rate was 100 Hz. The

symbol AA represents the change in LSPR band peak

intensity as a result of 60 min of irradiation.

(b) Plot of AA for 3,600,000 shots (1 kHz, 60 min) vs. laser
fluence (scale on the left) upon excitation at 400 nm.
Calculated laser-fluence-dependent temperature evolution of
maximum T, (dashed line) and maximum Ty (solid line) for

a 60-nm aqueous Au NP (scale on the right) is also included.

(a) (b) (c) (d) (e)

Fig. 3.TEM images and corresponding size distributions of
60-nm Au NPs after 60 min of femtosecond laser irradiation
at 100 Hz at an excitation wavelength of 400 nm. (a): 0
mJ-cm™, (60 + 8) nm; (b): 3.7 mJ-cm™, (55 % 5) nm; (c): 7.6
ml-em™ ; (57 + 13) nm and (2.5 + 1.3) nm; (d): 12.1
mJ-em™, (56 + 13) nm and (3.2 + 1.2) nm, (e): 19.4 mJ-cm™,
(54 £ 12) nm and (3.0 £ 1.3) nm. Approximately 200-500

particles were examined to measure the size distribution.
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Fig. 4.(a) Extinction spectral changes constructed from
femtosecond transient absorption spectra of 60-nm Au NPs
at various delays upon excitation at 400 nm by a laser
fluence of 3.7 mJ.cm™

threshold. At the wavelength of (490 £+ 5) nm, an isosbestic

, which is below the fragmentation

point was observed.
(b) Extinction spectral changes due to particle temperature
rise calculated to account for the transient spectral changes

given in (a)
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Fig. 5.Time evolution of transient absorption bleaching
signals at various fluences for 60-nm aqueous Au NPs at
delays of up to 500 ps. (a): 3.7 mJem> (b): 6.1

mJ-cm,(c) 17.2 mJ-cm ™.
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Fig. 6. Temperature versus time curves for electron, T,
(solid curve); lattice, Ty (dotted curve); and maximum
water temperature T,, (dashed curve) at the NP-water
interface for a 55 nm diameter gold particle interacting
with a 5 ns laser pulse (FWHM of the Gaussian time
profile) at 355 nm, 28 mJ cm? (P oy = 5.26 x 105 W cm?)

6 1% 55 nm 4/ ki % £ 355 nm, /XL AE 5 ns
(FWHM) . L —H —3R)E 28 mJ-cm? D L —HF—YehiE L
A ORE MO I 2 L —2 3 VEER AR



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

T, PRLEZLEBY., T, & T XIZIEEEO R 2E) 2
RY, T2 CHERI LI, T&Tiﬁﬁ%@kk%
W B U, s i s Bl LS I X - Tk
THEEZOND, ZOL—V—5RE 28 mJ-cm 2 (TBE
V73ﬁxy%—yaybéwﬁéﬁzfﬁw\£ﬁ

W EE Bl E N, Lo T, K6 DIRE
f%%@ﬁi\#4zﬁ9wﬁ%i<ﬁ%¢5&%z
bhd, T/EBRICENWCIELY—Y—iESE 10—
100 fERERESLTYH, WE EFOHEND LH#HL<
BT, K6 OFHMTEAMTITED L2, L
o TC, FOBL—F - CII L —V—BREIC &
STHRE EANRBI O, E3FRMmMOGEME LD, IFF
MR & & IS AT BIE LRICIZARRIC L v Bk
TLHLAN=ARLNEEBHES 26N, Z2C, F
B —F =i DOERICK VT —a EREIEE £
BLTWDEMDOFEICSETS 29, bidLr
—HP =TT L — g U TOL SRR 10nm D4
F 7 B K3 HORIC B R 355nm, X)L A E 10ns D58
EL—Y—WBH 217 (50—300 J-em?), AL & [F
RRIZAKFIE . BLOEBA A v 2RHELEZ ED,
J—a VB ETRT DI W o, ST Bo
RE PR C{TEE S BRIV KIS D Z L bR
FLKBETHRHIZED EBE 2T, L2, BxDET
WT%@DLLﬁ%%tﬁ%ﬁéhfwéﬁ zniz

EHamWETREXFEIETERY, LA, #

6@%%ﬁfi@ﬁEV~ﬁ~_ié§t%%@@%
RLDOEEZDVLENRDD > 19,

T MR OBFE DR REER L EBRE xR E RS

W2, B 7 A & L—F =¥ —FE (m
Jeem?) g%, FHEICE VRO T, (=T,) OFKHE
(kD 5 ns #) LPFE TR LT,

00 ‘ ‘ : : ‘ ] =
i/l o
-0.2 + g
< 2000 3
04 + + {1500 §
11000 §
-0.6 + + @
‘ ‘ ‘ ‘ ‘ 1500 =
0 10 20 30 40 50 60
Laser fluence / mJ cm?
0.0 T ‘ - ‘ Z
- i v 13000 5
% {" 2500 _,
-0.2
2000 3
< 9]
< -0.4 ’{N ,{H —1500@
11000 §
@
-0.61
‘ ‘ + + ‘ 1500 3
0 10 20 30 40 50 60

Laser fluence / mJ cm™

Fig. 7.Laser fluence-dependent evolution of maximum T
(solid line) for a 55 nm aqueous gold NP (scale on the right
side) together with the experimental plots of AA for 36000
shots vs. laser fluence (scale on the left side) on excitation
at 532 nm (a) and 266 nm (b). The vertical lines represent

the experimental thresholds of melting and evaporation.
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