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Iixcess clectrons in condensed-phase media play a crucial role in the dynamics of important
chemical  proces Among those arc sofution hemistry, diative i
transitions, and charge transfer rcactions. Hydrated clectrons, i.c. clectrons solvated in water, are
of special interest. They can be viewed as an exeeptional instrument for extracting information
about the solvation process in water that plays an outstanding rolc in nature. Another motivation
for a defailed study of the hydrated electron stems from the umique possibility to confront the
predicli of mixed classical-quant b 1 lceular d ics simulati Thig
presents a direet way to verify the basic a priori assamptions that radieally influcnce the outcome
of computer modeling.

In this Contribution we present an cxperimental study uf the energy relaxation of the photo-
excited hydrated clectron. The results of frequency-resolved pump-probe with 5-1s pulscs provide
sufficient evidence in support of an extremely fast initial energy relaxation. Qur data show that
this process is controlied by librations of the surrounding watcr molecules and has a decay time of
~50 {s. We further demenstrate that the subsequent cooling of the hot-ground state proceeds on a
ps time scale and exhibits no isotope cffect.

“The overview of the fit results of the experimental ——
sicnt speetra is shown in Fig.1. The contribution of W e e aeeaa e @)
mulatcd cmission becomes insignificant after fiest
100 fs duc to depletion of the excited stale {open o
The frequency of the cxcitod-ground state F K
point is ~9500 cm' which corresponds to ~2/3
of the initial excitation frequency. Theretore, a large k\ "“n-unrrqum M
amount of energy deposited on the hydrated electron is .
rapidly absorbed by the wator molecules with the T slope 12 ps.
characteristic transfer time of ~50 f5. In accordance with - q
our previous findings [1,2], this decay time is dominated =,
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state with a characteristic time of 1 ps {Fig.ib). At this
stage the water molccules surrounding the electron
fransfer the accumulated cncrgy into a collective-type  Figd. Summary of the experimental
translational motion, most probably via the existing results: relative amplitdes of the
hydrogen-bond  network. Finally, a nearly full excited (open circles) and hot ground

- near fid circles) states (a) and the spectral
cquilibration of the hydrated electron is achicved by ooy n’;’{,‘;‘f,’,:k ies () and sround state
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Surface plasmon excitation in small metal particles has found great interest in the
past, in particular since this collective oscillation of the conduction electrons can be
stimulated with light and since its resonance frequency can be tuned over a wide
spectral range by varying the size and shape of the clusters, by changing the dietec-
tric surrounding and choosing different metals. Even though numerous investigations
on SP’s have been reported, no systematic investigation of the decay time T, and
the decay mechanisms of SP excitation are available. Main reason is that nanopar-
ticles usually have a broad size and shape distribution which introduces inhomoge-
neous line broadening and prevents the determination of T by linear optical spec-
troscopy and time resolved experiments using femtosecond laser pulses [1,2].

Here, we describe a novel technique to determine the homogeneous linewidths of
surface plasmon resonances of metal nanoparticles in the presence of inhomogene-
ous broadening and thus measure T,. The method is based on spectral hole burning
in the inhomogeneously broadenend absorption profiles of metal nanoparticles and
has been applied to supported oblate Ag clusters with radii of 7.5 nm. From the ex-
perimental results and a theoretical mode! of hole burning the linewidth of 260 meVv
corresponding to a decay time of 4.8 fs was extracted. This vaiue is shorfer than ex-
pected for damping by bulk electron scattering. We conlcude that additional damping
mechanisms, in parficular surface scattering, come into play if the electrons are con-
fined in particles with sizes below 10 nm. Furthermore, an influence of the shape of
the clusters on the decay time was observed.

The technique presented here holds great promise for investigating SP's as a
function of particle radius, an essential step towards a detailed understanding of the
importance of different decay mechanisms. This is also essential to optimize the lo-
cat field enhancement at the particle surface in a systematic way by generation of
aggregates with optimum axial ratio and by precise control of the chemical surroun-
ding including choice of the substrate material.
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