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In a previous paper,1 we have shown that the excess
(hydrated) electron in water, at the initial moment of its gener-
ation by photo-detachment, occupies a delocalized state with a
size of at least 40 Å upon photoionization at 800 nm. Accord-
ing to a simple particle-in-a-box picture, the s-p transition of
such a large electron wavefunction occurs at around 1.5 THz,
which is what has been observed in Ref. 1. On a time scale
of ∼200 fs, the absorption leaves the THz observation win-
dow as the electron wavefunction gets solvated, collapses, and
eventually shifts into the near-infrared (NIR) range, where the
electron is stable on a nano- to micro-second time scale in neat
water. It has also been suggested in Ref. 1 that the initial delo-
calization length of the excess electron correlates well with
the ejection distance of the collapsed wavefunction after sol-
vation. The latter can be determined via the rate of the diffusive
kinetics of geminate recombination.2–4

In this note, we extended the series of the excitation wave-
lengths from Ref. 1, i.e., 800 nm, 400 nm, and 266 nm, down
to the deep UV at 200 nm. It is generally accepted that there
are at least two photoionization pathways for the excess elec-
tron.2,3,5,6 That is, if the excitation energy is large enough
(>9.8–9.9 eV),3 the electron can reach the conduction band
of water directly and vertically. At energies below, a con-
certed nuclear rearrangement or a coincidentally pre-arranged
minimum on the potential surface are required for the detach-
ment process to occur. In the cases of 400 nm and 266 nm
excitation wavelengths, at least 3-4 photons are needed to
reach the direct ionization threshold; hence, the detachment
process probably is a mixture of both mechanisms and the
interpretation becomes more complicated. On the other hand,
two-photon absorption with 200 nm pulses (see Fig. 1, inset)
amounts to 12.4 eV, clearly exceeding that threshold, while the
single-photon absorption cross section is negligible.

For the most part, we discussed 800 nm excitation in
Ref. 1, which so far has hardly been considered in the lit-
erature as a way to produce excess electrons in water.7,8 In
that case, an irradiance threshold exists with excess electrons
being formed only above ∼1 TW/cm2, indicating a field ion-
ization process for the detachment rather than multi-photon
absorption.1,8 It is thus difficult to assign an excitation energy
to the process, since one can no longer count the number of
absorbed photons. Nevertheless, the recombination kinetics
gave an indication for the effective excitation energy. That is,
the geminate recombination kinetics reflects the diffusive pro-
cess of the hydrated electron, which takes longer if the electron
is further away from its hole.2,3 Consequently, the time scale of

the recombination kinetics is a measure of the initial ejection
distance of the electron. We found in Ref. 1 that the recombi-
nation kinetics after 800 nm pumping is essentially the same
as that after 200 nm pumping;3,4 Fig. 1 makes that comparison
explicit. This indicates that the effective excitation energy and
thus the excitation pathway are the same in both cases. On
the other hand, both are distinctively different from 400 nm
to 266 nm pumping, where the recombination rate is faster1,3

and thus the ejection distance is smaller.
However, the recombination kinetics is only a very indi-

rect manifestation of the detachment mechanism, which is why
we set out here to measure the THz response following 200 nm
pumping. The THz absorption spectrum of the excess electron
directly reflects its initial delocalization length.1 To that end,
200 nm pulses have been generated in a similar fashion as
in Ref. 10 but with type I phase matching in the THG step
(θ = 44.3, 0.3 mm). The pulse energy at 200 nm was 2.8 µJ
and the pulse duration was 150 fs (see Fig. 2, inset). The THz-
part of the experimental setup was the same as in Ref. 1 with
single cycle THz-probe pulses centered at ∼1.5 THz.

Figure 2 compares the experimental results for 200 nm
and 800 nm pumping. The two data sets were scaled by
normalization of the residual signal at 2 ps (see blow-up in
Fig. 2). In the case of 800 nm pumping, this long term sig-
nal was shown to stay constant up to 300 ps1 and thus was
assigned to a rise in temperature in the sample.11 Consequently,
the residual signal is proportional to the energy deposited
into the sample and thus should also be proportional to the
amount of detached electrons, at least when assuming that
the detachment pathways are the same. In both cases, a spike
around a pump-probe delay of τ = 0 is observed (some-
what larger for 200 nm pumping), whose width reflects the
cross-correlation of pump and probe pulses (to that end, com-
pare to the pump-pulse autocorrelation functions shown in
the inset of Fig. 2). This feature is probably caused by an
induced multi-photon absorption process of the THz probe
pulse.

The signal after the pump-probe overlap starting at
∼200 fs contains the information on the delocalized electron.
As can be seen, the THz signal decays basically identically
in both cases, with an exponential fit revealing a decay time
of ≈170 fs in either case. According to the clean two-photon
process (Fig. 1, inset), the 200 nm photoionization process is
known with certainty to produce excess electrons via vertical
transition into the conduction band. The perfect agreement of
the THz responses following 800 nm pumping suggests that
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FIG. 1. Recombination kinetics after pumping at 200 nm (black) or 800 nm
(red, the latter taken from the supplementary material of Ref. 1). In both
cases, the solvated electron is probed at 800 nm. The data are normal-
ized at 3 ps after excitation, when the excess electron is fully solvated
and equilibrated. The inset shows the power dependence after 200 nm
pumping together with a quadratic fit, indicating a two-photon absorption
process.

the initial size of the delocalized electron is the same. This
correlation furthermore indicates that the ejection mechanism
as well as the effective excitation energy of 12.4 eV upon 800
nm and 200 nm pumping is also the same, at least for the
experimental condition with which we performed our experi-
ments (one might assume that the effective excitation energy
in a field-ionization process depends on the pump intensity; in
both Figs. 1 and 2, the peak intensity of 800 nm pumping was
∼5 TW/cm2).

Pumping with 200 nm provides a much cleaner way
to generate the excess electron directly in the conduction
band. The ab initio MD simulation of Ref. 1 implicitly
assumed that detachment pathway by artificially adding an
excess electron without any nuclear rearrangement at time
0. Consequently, the conclusions of Ref. 1 also apply to
the dynamics of the excess electron following pumping at
200 nm.

FIG. 2. THz response of the excess electron after 200 nm pumping (black)
and 800 nm pumping (red). The 800 nm data are, in principle, the same as
in Ref. 1 but have been remeasured for reasons of consistency. Both signals
are normalized to the residual heat signal at 2 ps. The inset shows the auto-
correlation of the pump pulses, which in the case of 200 nm was measured as
described in Ref. 9.
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