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Report:

The aim of the present experiment was to recotitéathanges in nanopatrticles, that are exposed to
intense femtosecond laser pulses. The questiordriaem by the comparison of the thermal dynamics
of excited gold particles in a water suspensioguasi free adsorbed particles, that only have coma
a substrate[1-6].

Gold particles in water display lattice expansimmiediately after laser excitation (100ps), that can
reach the lattice parameter of the bulk meltinggiton [1]. However structural relaxations of thater
phase and the particles are observed before thenghghnsition. The water can evaporatively boitla
form transiently nanobubbles [2,3] and the parsidesplay as well nonreversible transformationss Th
is manifested by ablation from the particles arze seduction [4]. Free particles on a surface show
thermal dynamics, which are distincly differentrfréhe embedded or suspended patrticles [5]. Firstly,
the cooling kinetics are considerably longer duthtoreduced contact area to the substrate. Segcondl
the lattice expansion before particle destructsocansiderably lower as in the embedded case. While
past experiments mostly stroboscopic excitatiothefsame particles was recorded, within this
experiment we tried to reveal the threshold fotiplar destruction both with multiple shot excitatio
(ME) and single shot excitation (SE).

For the SE a fast translation stage was built ptace the illuminated surface region within twoelas
shots (1 kHz), which worked successfully. Indeedas found, that while for ME the threshold ofitzdt
deterioration was at about 0.8 % expansion (eqgentdb a lattice temperature rise of 500 K), fa th
single case an expansion up to 1.6 % (meltingsitian at 1.8 %) was observed for the present gold
particles of 64 nm diameter. The same is true dotiouous gold films of 30nm on glass substratee Th
film showed expansion up to the melting point valaied slightly above due to relaxation of stramo) f
the SE case. This shows that the particle destrugtiocess is an additive reaction, whereby a small
fraction of the particle mass is ablated for eadet shot. This accumulates to a complete particle
destruction in the ME case. While the SE experingemhportant to determine the elastic and plastic
behaviour of the particles, the ME experiment ig/\sensitive on the exact threshold of the ablation
process. In fig. 1 the data from the ME experimgmbmpared for the film and the particles. Thenkig
expansion for the film is clearly visible, showitige relative stability against ablation to higher



temperatures. In spite there are modificationsiéatheoretical expansion visible starting abover¥d
of laser power, which may indicate the start féaxation mechanisms such as surface melting ohgrai
boundary movement within the film. This is visilldg the increase of the (111) integrated peak

intensity. For the particles no such effect ocamng the peak intensity disappears at very low atiort
density.
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Fig. 1: Change of the lattice parameter of a gold film of 30nm thickness (left) compared to 64 nm gold
particles adsorbed on a glass surface after excitation with 400nm, 100fs multiple laser pulses at a laser
x-ray delay of 60ps together with the integrated peak intensity of the (111) reflection of gold. The
expansion (open symbols) isalmost linear at very low laser power, which is expected for simple heating
of the gold lattice by the dissipated energy. Above a threshold in the range of 40 to 60 mW the
expansion deviates from the theoretical calculation, which indicates nonreversible processes. At the
same time the peak intensity (full symbols) decreases, which shows the disappearence of crystalline

lattice ordering.The full line is the expectation, if the laser energy is completely converted to heat and
thus thermal expansion.

By analysing the full time dependence of the rescéind the scattering patterns in view of peakilgof
and relative orientation to the surface we hopddafy the irreversible reaction pathway, whiclosld
be important for a number of applications in matsrprocessing by laser excitation.

[1] A. Plech, V. Kotaidis, S. Grésillon, C. Dahmand G. von Plessem:aser-Induced heating and
melting of gold nanoparticles studied by time-resolved x-ray scattering, Phys. Rev. B 70 (2004)
195423.

[2] A. Plech, V. Kotaidis, M. Lorenc, M. Wulff Thermal dynamicsin laser excited metal

nanoparticles, Chem. Phys. Lett. 401, (2005) 565.

[3] V. Kotaidis, C. Dahmen, G. von Plessen, F.igper, A. PlechExcitation of nanoscale vapor
bubbles at the surface of gold nanoparticlesin water, submitted.

[4] A. Plech, V. Kotaidis, M. Wulff, C. Dahmen, @on PlessenLight-induced structural phase
diagram of metal nanoparticle sols, J. Phys. Conf. Proc., in press.

[5] A. Plech, M. WuIff, S. Kuerbitz, K.-J. Berg, ®erg, H. Graener, S. Grésillon, M. Kaempfe, J.
Feldmann and G. von Plessdinme-resolved X-ray diffraction on laser excited metal nanoparticles,
Europhys. Lett. 61 (2003) 762.

[6] A. Plech, S. Grésillon, G. von Plessen, K. Sghand G. NaylorSructural kinetics of laser-excited
metal nanoparticles supported on a surface; Chemical Physics 299 (2004) 183.



