
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/pccp

PCCP

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Charge Transfer to Solvent Dynamics in Iodide Aqueous Solution
Studied at Ionization Threshold †

Alexander Kothea, Martin Wilkea, Alexandre Moguilevskia, Nicholas Engela, Bernd Wintera,
Igor Yu. Kiyan∗a and Emad F. Aziz‡a,b,c

We explore the early-time electronic relaxation in NaI aqueous solution exposed to a short UV laser pulse. Rather than initiating
the charge transfer reaction by resonant photoexcitation of iodide, in the present time-resolved photoelectron spectroscopy study
the charge-transfer-to-solvent (CTTS) states are populated via electronic excitation above the vacuum level. By analyzing the
temporal evolution of electron yields from ionization of two transient species, assigned to CTTS and its first excited state, we
determine both their ultrafast population and relaxation dynamics. Comparison with resonant-excitation studies shows that the
highly excited initial states exhibit similar relaxation characteristics as found for resonant excitation. Implications for structure
and dynamical response of the hydration cage are discussed.

1 Introduction

Electron-transfer photoreactions in aqueous and non-aqueous
solutions play an important role in biology and solution chem-
istry, and how slow electrons cause damage of biological tis-
sue is one particularly active research topic.1 Numerous stud-
ies have focused on characterizing the solvated electron and
especially the hydrated electron, e−(aq). These works can be
typically divided into two main categories2: the studies on the
early-time dynamics and the mechanisms leading to e−(aq), and
the studies exploring the electronic properties of this species.
The former is the topic of the present work, and the current
understanding of e−(aq) formation in aqueous solution will be
briefly reviewed. A most recent account on the relaxation
dynamics of photoexcited e−(aq) has been recently reported in
Ref.3.

Iodide in water is arguably the most common solution for
studying either aspect, i.e. the formation of e−(aq) and its prop-
erties. Since the atomic iodide anion has no vibrational de-
grees of freedom, the electron-transfer into solvent is fully
characterized by the dynamical response of the water hy-
dration shell. This facilitates interpretation of spectroscopic
data. The electron-transfer reaction is triggered by photode-
tachment from iodide, and e−(aq) is formed via population of
short-lived intermediates. The exact nature of these transient
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states is not well understood though, as can be inferred from
the quite different results obtained from time-resolved stud-
ies with the use of both transient photoabsorption and tran-
sient photoelectron (PE) spectroscopy.4–11 The method of PE
spectroscopy is advantageous here since the actual electron
binding energies of the species involved in the e−(aq) formation
can be determined. It provides a direct signature of occurring
transients, and thus allows for their explicit distinction. The
initial step of the electron-transfer reaction is a charge transfer
to the solvent which is attributed to the population of so called
charge-transfer-to-solvent (CTTS) states. In most experiments
this process was typically initiated by the resonant photoexci-
tation of a valence 5p electron of I−(aq) into a configuration with
an electron and an iodine atom being tight together. This struc-
ture constitutes a solvent-stabilized excited state, the CTTS
state. In this CTTS configuration, the electron is bound in a
potential well originating from the preexisting polarization of
water dipoles oriented around the ion. Because of a large num-
ber of different hydration structures of iodide, already existing
in the ground-state solution, the solvent cage rearrangement in
the excited state leads to population of different CTTS states,
with different energies. Although resonant excitation is indeed
a crucial factor in previous experimental studies of the CTTS
dynamics, the resonance condition is rather loosely defined
since photon energies vary considerably in different experi-
ments, typically between 5.1 and 6.2 eV.4,5,7,12 Importantly
though, a significant fraction of the CTTS-state manifold, with
energies fairly near the CTTS lowest state, is populated instan-
taneously by 1-photon absorption. Relaxation of the CTTS
states occurs within 100− 500 fs.4,7,11 The observed spread
in time constants is associated with aforementioned structure
diversity.13

The immediate dissociation product of the CTTS state is
thought to be a contact pair11, I0 : e−, from which the solvated
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electron evolves directly within ∼ 1− 2 picoseconds. Other
studies4,12 report two intermediates, I0 : e−, and a solvent-
separated pair, I0− e−. Yet another time-resolved PE spec-
troscopy study proposes the initial population of hot and cold
short-lived intermediates.5 The difficulty in accurately assign-
ing reaction transients is that their existence is inferred from
kinetic modeling based on measured total electron yields or
global absorption in a laser pump-probe experiment. There-
fore, as was recently stressed14, the direct spectroscopic sig-
nature of the intermediate states is yet to be provided.

In the time-resolved PE spectroscopy study of early-time
electron dynamics in low-concentration NaI aqueous solu-
tion reported here, we explore the case of populating CTTS
states via absorption of two photons of 4.65 eV photon en-
ergy. This value is significantly smaller than the photon en-
ergies of 5.1 eV12, 5.2 eV7, 5.5 eV4, and 6.2 eV5, applied
in previous experiments to populate the CTTS state of iodide
aqueous solution via direct 1-photon transition. Although the
4.65 eV laser pulse may also lead to some direct population
of the CTTS state13 (the threshold of the CTTS band lies at
approximately 4.75 eV8), the main excitation route in our
study is absorption of two photons. This leads to the popu-
lation of highly excited continuum states which are likely of
CTTS character as well, with energies above the vacuum level.
Here, the electron still remains close to the parent I0

(aq), within
the size of the hydration shell, and electronic relaxation pro-
ceeds through population of low-lying CTTS states. In the
transient PE spectra we identify both the lowest and the first
excited states, CTTS and CTTS+1. By following the tempo-
ral evolution of each spectral feature, recorded as a function
of time delay between excitation and probe laser pulses, we
quantify the ultrafast population and relaxation dynamics for
each CTTS state individually. To our knowledge, formation of
solvated electrons (and the initial population of CTTS states)
via photodetachment into a state above the vacuum level has
been only explored in one earlier work by inducing 3-photon
absorption with the total excitation energy of 3h̄ω = 12 eV.15

2 Experimental procedure

We apply two-color time-resolved photoelectron spectroscopy
to investigate the electron dynamics in a 20 mM NaI aqueous
solution upon exposure to ultrashort UV laser pulses. In the
pump-probe setup, the output of a femtosecond Ti: Sapphire
laser system was split to generate its third harmonic (TH), and
to pump an optical parametric amplifier (OPA). The TH beam
of 266 nm wavelength (4.65 eV photon energy), and the OPA
output of 350 nm (3.55 eV), were used to populate and to
probe, respectively, the electronic states in the solution. The
duration of both laser pulses was approximately 60 fs. Using
an optical delay stage in the TH beam path, the time delay be-
tween the pump and the probe pulses could be varied with a

precision of 1 fs.
In order to maintain high-vacuum conditions required for

electron detection, the highly volatile aqueous solution was in-
troduced into the interaction region as a liquid micro-jet.16 A
quartz nozzle of 24 µm diameter forms a fast (approximately
40 m/s) jet with an initial laminar flow of a few millimeters
length. A few centimeters downstream the flow, the sample
was collected by a liquid trap17, enabling to keep the resid-
ual gas pressure below 10−4 mbar in the interaction chamber
during the experiment.

The two laser beams were focused onto the same spot
within the laminar region of the liquid jet. Both focuses had
approximately the same diameter of 20 µm, which is compa-
rable to the jet diameter. The region of overlap was centered in
front of the skimmer of a magnetic-bottle time-of-flight elec-
tron spectrometer. The skimmer size of 200 µm ensured the
gas pressure inside the spectrometer being below 10−6 mbar.
In order to prevent saturation of the electron detector, the pulse
energies of the pump and the probe laser beams were attenu-
ated to 3 and 200 nJ, respectively. At these conditions, less
than one electron per laser pulse was recorded even though
the pump and the probe pulses overlapped in time. The spec-
trometer characteristics, including the energy resolution and
the electron collection efficiency, are presented in detail in
Ref.18. Kinetic energies were calibrated by applying suitable
retardation potentials to a grid positioned in front of the detec-
tor.

3 Results and discussion

3.1 One-color spectra

Before presenting the electron-emission spectra from the tran-
sient electronic states, we examine the photoelectron spectra
obtained when using a single laser beam. Measured one-color
spectra are shown in Fig. 1 (note the logarithmic scale of the
signal intensity), where the top and the bottom panels display
results for 4.65 and 3.55 eV photon energy, respectively. The
kinetic energy scale was corrected for the streaming poten-
tial associated with the friction of liquid flow in the nozzle
capillary. With a correction value of −0.2 eV, which is in
good agreement with Ref.19, both one-color spectra can be
fully explained by contributions solely from ionization of the
water 1b1, 3a1 states, and from ionization of iodide into the
e−+I0(2P1/2) and the e−+I0(2P3/2) continuum states associ-
ated with the formation of the iodine atom in the 2P1/2 and
2P3/2 spin-orbit states, respectively (we denote these contri-
butions by I(2P1/2) and I(2P3/2)). This is inferred from fitting
a sum of Gaussian profiles, representing these contributions
to the experimental spectra. The results of the fit are shown
in Fig. 1, and the respective ionization channels are listed in
Table 1. Individual Gaussian fits applied for each peak are
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Fig. 1 One-color spectra of 20 mM NaI aqueous solution obtained
with the use of the pump (4.65 eV, top) and the probe (3.55 eV,
bottom) beams. Black solid curves show the results of Gaussian fits.
Contributions to the spectra arise from the states: H2O (3a1) (blue,
dash-dotted), H2O (1b1) (blue, dotted), I(2P1/2) (purple,
dash-dotted), and I(2P3/2) (purple, dashed).

in good agreement with widths and energy positions obtained
from 1-photon ionization spectra of I−(aq) solution using soft
X-ray photon energies.20

Table 1 Binding energies19 (BE) of the initial states of water and
iodide, the number of absorbed photons of the pump beam (Npump)
and of the probe beam (Nprobe), and the resulting kinetic energies
(Ekin) of photoelectrons

State BE (eV) Npump Ekin (eV) Nprobe Ekin (eV)
H2O (3a1) 13.08 3 0.87 4 1.12
H2O (1b1) 11.31 3 2.64 4 2.89
I(2P1/2) 8.96 2 0.34 3 1.69
I(2P3/2) 8.03 2 1.27 3 2.62

Signal from the ground-state solvated electron (binding en-
ergy (BE) is ∼ 3.4− 3.6 eV5,6,21,22) is not apparent in our
spectra because the laser pulse duration is shorter than the for-
mation time of solvated electrons. Note that our interpretation
of the photoelectron spectrum measured at 4.65 eV photon en-
ergy is different from the one in Ref.5, where initial cold and
hot states of the solvated electron have been postulated.
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Fig. 2 Transient signal. Panels (a) and (b) show two representative
energy spectra recorded at the pump-probe time delay of 400 and
1200 fs, respectively. Dots (blue) represent the experimental data.
Curves show individual contributions of two Gaussian peaks and
their sum obtained from the fit. The temporal evolution of spectra,
reconstructed from the Gaussian fits, is shown by the density plot in
panel (c).

3.2 Transient spectra

Transient photoelectron spectra from the NaI aqueous solution
were obtained by subtraction of the one-color distributions of
Fig. 1 from the spectra recorded with both the pump (4.65 eV)
and the probe (3.55 eV) pulses applied with a variable mutual
time delay. The complete set of experimental transient spectra
is presented in Fig. S1 of supplementary information (ESI).
Negative delay time corresponds to the probe pulse arriving
first. In this case the transient spectra are featureless, implying
that this laser beam does not populate transient states which
could be probed by the 4.65 eV beam. At positive time de-
lays, the pump-probe photoelectron signal reveals two peaks
at the kinetic energies (KE) of 1.03 and 1.48 eV (see Fig. 2).
A sum of two Gaussians is found to reproduce the experimen-
tal spectra. Given the 3.55 eV photon energy of the ionizing
probe pulse, the two peaks are assigned to transient species
with BEs of 2.52 and 2.07 eV, respectively. The spectrum in
Fig. 2(a) is measured at the time delay of 400 fs, at which in-
stance the electron yield is maximal. In this spectrum the sig-
nal contribution of the low-KE peak is larger than for the high-
KE peak. When increasing the time delay, the relative contri-
butions eventually invert (see spectrum in Fig. 2(b)), qualita-
tively reflecting the different lifetimes of the involved transient
states. A plot of the pump-probe PE signal reconstructed from
the Gaussian fits to the raw spectra, as a function of both the
kinetic energy and the time delay, yields the 3-dimensional
contour map of Fig. 2(c). It is seen that both the 2.52 and
2.07 eV BE peaks remain at constant energy over the delay
scan. Due to the small probe photon energy (3.55 eV) applied
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in the present experiment, signal contributions from ionization
of species evolving with yet higher binding energies cannot be
accurately quantified.

The two transient peaks observed in the spectra are due to
ionization of the CTTS and CTTS+1 states, respectively. Our
assignment follows from the CTTS optical absorption char-
acteristics in conjunction with the I−(aq) electron binding en-
ergy. The CTTS absorption band from iodide aqueous so-
lution exhibits a maximum at 5.52 eV photon energy8, and
the absorption onset lies at 4.75 eV, i.e. above the 4.65 eV
photon energy of the pump beam used here. Electron bind-
ing energies of I−(aq), attributed to the I(2P1/2) and I(2P3/2)
parent states of the iodine atom, are 8.03 and 8.96 eV19, re-
spectively. Subtracting the absorption band energy from these
values, we find that the CTTS center energy lies at approxi-
mately 2.5 eV below the vacuum threshold, which is in good
agreement with our experimental value of 2.52 eV. An explicit
experimental value of the CTTS+1 energy for iodide has not
been reported but higher-lying states were discussed on the ba-
sis of quantum-mechanical computer simulations23, focusing
on the branching between a direct photodetachment channel
and adiabatic detachment. Our assignment of the 2.07 eV peak
to the CTTS+1 state is based on a comparison with chloride
experimental data (from soft-X-ray resonant Auger-electron
spectroscopy24), where 1.2 eV BE has been measured for
the CTTS+1 state of chloride (aq), and 2.6 eV for its low-
est CTTS state. The same study also reports on higher-lying
CTTS states, with energies of 0.4 and 1.9 eV above the vac-
uum level. Such latter states play a crucial role in the present
study, as we discuss below.

3.3 Electron dynamics, kinetics, and modeling

The pump-pulse photon energy of 4.65 eV is not sufficient
to populate the observed I−(aq) CTTS state, with a center BE of
2.52 eV, by 1-photon absorption (see Fig. 3(a,b) for an illustra-
tion of the energy levels). Absorption of a single photon rather
populates the lower-energy tail of the CTTS band, as shown
in the recent fluorescence study.13 To interpret our observa-
tions, one should thus consider 2-photon excitation, which
is of resonance character due to the above mentioned one-
photon transition to the low-energy side of the CTTS band.
This inevitably implies the initial population of intermediate
states with approximate energies of 0.3 and 1.3 eV above the
vacuum level (denoted by X1,2 in Fig. 3(a)). These energies
are defined by the difference between the absorption energy
of two photons and the binding energies of I−(aq) attributed to
the I(2P1/2) and I(2P3/2) states of the parent iodine atom, re-
spectively. The same argument applies to consider the popula-
tion of the CTTS+1 state via absorption of two photons of the
pump pulse. Note that the observation of the transient species
at 1.48 eV KE via absorption of an additional probe photon

can be ruled out due to energy mismatch, and also electroni-
cally excited transient states in water have not been observed
under comparable 2-photon excitation, in conjunction with a
third probe photon.26 The continuum states are not observed
in the transient spectra most probably because of a low ioniza-
tion cross section of these states, and due to insufficient time
resolution of the experiment. The exact nature of X1,2 is not
known but it is likely of CTTS character as well, analogous to
aforementioned findings in Cl−(aq).

24

In order to determine the population and relaxation dy-
namics of the CTTS and CTTS+1 transient states observed
in the photoelectron spectra, we examine the respective time-
dependent ionization yields displayed in Fig. 4. The yields
were obtained by integration of the photoelectron signal for a
given delay time. Since both transient peaks are sufficiently
well separated in the energy spectra, the kinetics of electron
population can be analyzed individually for each of the two
spectral components. This makes modeling in principle more
unique, as compared to fitting of the total (global) electron
yield in which case important information remains unconsid-
ered. On the other hand, our system is yet too complex for a
complete and accurate description of the relaxation dynamics.
The reason is that experiments, the one reported here and pre-
vious time-resolved PE or transient absorption studies, probe
only a fraction of all possible channels, namely the ones lead-
ing to population of the CTTS states. Unless all competing
relaxation channels, which can be of non-radiative or radiative
character, are taken into account quantification of the electron
dynamics is elusive. And yet, with the experimental informa-
tion of Figs. 2 and 4, we arrive at several crucial conclusions
regarding the excitation and immediate de-excitation dynam-
ics in NaI aqueous solution. This is achieved by developing a
model that describes the observed temporal evolution of ion-
ization yields in Fig. 4.

The main model ingredients are depicted in the combined
energy-level – electronic-transition scheme of Fig. 3(b). For
the sake of simplicity, we treat X1 and X2 as a single state,
X , which implies that both continuum states essentially popu-
late the same lower-lying CTTS states. We obtain very similar
results when assuming that CTTS+1 and CTTS states are de-
coupled or coupled (decay from CTTS+1 into CTTS is taken
into account), respectively, as discussed in Ref.27. In either
case does successful modeling require a 2-step de-excitation
of X1,2 via an intermediate state, denoted by I in Fig. 3(b). The
need for introducing I will be discussed in detail below. Both
the X and I states are also allowed to decay via other channels,
not leading to population of the CTTS states, but their nature
is not detailed here. Finally, we allow the CTTS and CTTS+1
state to decay. This leads to the following system of differ-
ential equations which we use to describe the experimentally
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Fig. 3 (a) Depiction of the 2-photon absorption process leading to population of the X1,2 states above the vacuum level. All energies are
drawn to scale. The PE spectrum was measured from 3M NaI aqueous solution using synchrotron radiation of 180 eV photon energy.25 Peaks
due to ionization of I−(aq) with the formation of I(2P1/2) and I(2P3/2) states, and ionization of the water valence orbital, 1b1, are labeled. (b)
Decay scheme of the X1,2, I, CTTS, and CTTS+1 states, modeled with the use of Eq. (1), and depiction of ionization of the transient CTTS
and CTTS+1 states. The PE spectrum is a reproduction of the one in Fig. 2(a). (c) Left: Depiction of de-excitation transitions, X1,2→
CTTS/CTTS+1 and CTTS/CTTS+1→ I0 : e−. Right: Reproduction of the time-resolved fluorescence spectrum from Ref.13. The
correspondence in energies with the present experiment is indicated by dashed arrows.
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Fig. 4 Time dependency of the ionization yield from the transient
states of 2.52 eV (open circle) and 2.07 eV (closed circles) binding
energies. Solid curves represent results of the model described by
Eq. (1). Dashed curves show results of the model with the
intermediate state I being excluded.

observed temporal evolution of the electron yields:

ṅX = − 1
τX

nX +P(t) ,

ṅI = wX→InX −
1
τI

nI ,

ṅC1,C2 = wI→C1,C2nI−
1

τC1,C2

nC1,C2 . (1)

Here nX ,I,C1,C2 denote the populations of the X , I, CTTS,
and CTTS+1 states, respectively, τX ,I,C1,C2 represent their life-
times, wX→I , wI→C1 , and wI→C2 are the rates of the relaxation
transitions depicted in Fig. 3(b), and P(t) describes the time-
dependent population rate of the X state with the actual tempo-
ral envelope of the pump pulse taken into account. The pulse
shape is assumed to be Gaussian. Apart from the decay rates
of the X and I states considered in Eq. (1), other relaxation
channels of these states are represented by the rates wr

X and
wr

I , respectively. As mentioned above, these decay channels
can be radiative or non-radiative, the latter accounting e.g. for
recombination of electron-hole pairs or by direct relaxation to
the solvated electron state. The relation between the lifetimes
and the decay rates of the X and I states can be expressed as

1
τX

= wX→I +wr
X ,

1
τI

= wI→C1 +wI→C2 +wr
I . (2)

The system of differential equations in Eq. (1) was solved
numerically with the initial condition that all involved states
were unpopulated at t →−∞. The ionization signal from the
CTTS and CTTS+1 states was calculated by convolution of
nC1(t) and nC2(t) with the temporal Gaussian envelope of the
probe pulse, assuming that the probe step is non-saturated.
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The numerical results were fitted to the experimental data by
means of a Nelder-Mead algorithm.

The numerical results are presented in Fig. 4 and show a
good agreement with the experimental data. However, not all
time constants of the transitions depicted in Fig. 3(b) can be
unambiguously defined from the fit. In particular, the fit re-
sults are insensitive to the branching between wX→I and wr

X
rates for the decay of the X state. Only the lifetime τX can be
inferred from the fit as a robust parameter. This is also the case
for characterization of the I state. The fit does however yield
a robust value for the lifetime τI but the decay branching into
CTTS/CTTS+1 states and other channels cannot be reliably
determined. This restriction is directly related to the fact that
we probe solely the populations of the CCTS and CTTS+1
states.

Table 2 Lifetimes of the X , I, CTTS, and CTTS+1 states obtained
from the modeling of the population and relaxation dynamics with
the use of Eq. (1), and from the modeling with the intermediate state
I being excluded.

Model τX τI τC1 τC2

X → I→C1,2 150 fs 150 fs 130 fs 1.5 ps
X →C1,2 220 fs - 170 fs 2.0 ps

Inferred lifetimes are presented in Table 2. We find that
the decay time constants of the CTTS and CTTS+1 states
are ∼ 130 fs and ∼ 1.5 ps, respectively. Their decay prod-
ucts are not specified here. The time constant for the decay
of the CTTS state derived here agrees well with the results
from resonant-excitation experiments.28 This is perhaps not
surprising when we assume the presence of a potential barrier
for reaching the CTTS state. This barrier may be already small
for transient states with energy of ≥ 1 eV above the CTTS
lowest state. The 1.5 ps time constant for the decay of the
CTTS+1 state, which has not been reported before, appears to
be surprisingly large.27 This might be due to a quite different
structure motif of an iodide-electron pair in terms of the sur-
rounding solvent cage arrangement, and may be related to the
initial X-state hydration structure formed at large excess en-
ergy (> 9 eV photon absorption process). However, we have
no experimental information that supports such a hypothesis
and further investigations are needed to clarify this matter. We
also do not exclude that the unexpected long lifetime of the
2.07 eV BE species might indicate that the broad width of this
energy peak is not exclusively due to CTTS+1 photoemission.

We also applied a model, similar to the one described above,
where we excluded the intermediate state I. The results of this
model are also shown in Fig. 4. One can see that they repro-
duce the experimental data less satisfactory. In addition, we
performed simulations where we allowed for both two-step
and direct decay of the X state into the CTTS/CTTS+1 states.
The respective fit to experimental data revealed that the two-

step de-excitation rate is dominant. Therefore, we conclude
that the intermediate state I needs to be involved in the inter-
pretation of experimental observations.

The nature of the intermediate state I can be inferred from
the results of earlier studies on the capture of slow electrons
in gaseous media.29 It was demonstrated that at high densities
the three-body (electron and two neighboring molecules) col-
lisions become probable, giving rise to a two-step process of
non-radiative electron recombination via formation of a short-
lived intermediate quantum system. This system represents
a vibrationally excited molecular negative ion, which can be
de-excited in a second collision step. Analogously, one could
argue that the I state is representative of a H2O∗ : e− system,
with the total energy matching the energy level of the X state.
It is interesting to note that the exclusion of the I state in sim-
ulations results in a considerably longer lifetime of the X state
(see Table 2). Both X and I states are then argued to represent
different hydration structures of the same continuum state, and
the structure rearrangement occurs on a time scale of approx-
imately 100 fs.

Discussion of our experimental data would be incomplete
without attempting to connect to the study of Ref.13 which
uses the same photon energy, similar pulse energy, and only
the NaI concentration is different, 1M versus 20 mM in the
present study. What is curious here is that the two studies are
seemingly sensitive to entirely different excitation routes, and
hence very different relaxation channels are probed in each
case. Ref.13 considers electronic excitation at the very onset
of the CTTS absorption band, while the present work explores
an indirect pathway, populating CTTS states through a contin-
uum state. In our attempt to find out how these two studies
possibly connect in terms of the information extracted (state
assignment, relaxation mechanism) we noticed that the time-
dependent fluorescence appears to remarkably well match the
processes presented in Fig. 3(b). Specifically, we find a good
match between the emission wavelengths and the electron
BEs, and in part even with the respective temporal characteris-
tics. The former is best demonstrated with the help of Fig. 3(c)
which depicts the principle transitions from the X1,2 states and
from the lower-energy CTTS states. In the figure we also in-
clude the e−(aq) state (BE ∼ 3.4 eV), which is approximately
representative of I0 : e−. Downward arrows represent the elec-
tronic decay transitions, and the arrow lengths correspond to
actual energy differences. For example, BEX1−BECTTS repre-
sents the largest energy difference of ∼ 3.8 eV (center to cen-
ter), and BEX2−BECTTS+1 has the smallest value of ∼ 2.4 eV.
The lower arrow depicts the analogous energy release corre-
sponding to the CTTS+1/CTTS → I0 : e− electronic transi-
tions. Dashed cross-linking arrows mark the corresponding
energy ranges in the fluorescence spectrum which is repro-
duced from Ref.13 at the right of Fig. 3(c). The incomplete
correspondence to the lowest-energy transition of∼ 1 eV is of
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technical reason that caused a cutoff at ∼ 1.8 eV (∼ 700 nm)
in the experimental fluorescence spectrum.13 At the present
moment we have no satisfactory suggestion how to simulta-
neously interpret these two studies. We are convinced though
that continuum transients have been involved in several previ-
ous works applying photon energies near the CTTS absorption
onset.

4 Conclusions

Near-threshold ionization of NaI aqueous solution, which
leads to the instantaneous population of highly excited states
with energies above the vacuum threshold, is shown to be an
efficient alternative route for populating CTTS states. These
are the same states accessed by resonant photodetachment
from iodide, and which are known to dissociate with a high
probability for subsequent formation of the hydrated electron.
Based on measured population times, our study indicates that
the character of the initial solvent cage structures around the
2-photon excited iodide is similar to the case of 1-photon in-
duced detachment. Also subsequent dynamical response of
the water solvent is similar, as the large excess energy is
rapidly dissipated via de-excitation. Further experiments are
needed to detail our observations, including the exploration of
non-radiative decay, and to quantify the importance of water
multi-photon absorption as well as to characterize the dissoci-
ation products of the populated CTTS states.
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