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The absorption spectra of the hydrated electron in 1.0 to 4.0 M LiCl or LiCl€uterated water solutions

were measured by pulse radiolysis techniques from room temperature €3G constant pressure of 25

MPa. The results show that when the temperature is increased and the density is decreased, the absorption
spectrum of the electron in the presence of a lithium cation is shifted to lower energies. Quantum classical
molecular dynamics (QCMD) simulations of an excess electron in bulk water and in the presence of a lithium
cation have been performed to compare with the experimental results. According to the QCMD simulations,
the change in the shape of the spectrum is due to one of the three p-like excited states of the solvated electron
destabilized by core repulsion. The study of>sp transition energies for the three p-excited states reveals

that for temperatures higher than room temperature, there is a broadening of each individuabsorption

band due to a less structured water solvation shell.

1. Introduction of metal ions were compiled in 1988 and 199%.ulse radiolysis
studies of aqueous solutions containing alkaline or earth alkaline

Observed for the first time in agueous solutions of carbonate metal ions have shown that the hydrated electron does not react

1 . :
salts; the hydrated electron has been the subject of e)(Fens'\./ewith these metal ions but forms ion pairs. The first publication
works ever since. Its absorption spectrum was determined in

- n the effect of nonreactive metal cations on the absorption
this first study and appeared to be a broad, structureless ban . .

. - - spectrum of the hydrated electron was published in #365.
with a maximum around 715 nm in pure water. Because of the

great interest of water in chemistry, biochemistry, and physics These pulse radiolysis measurements in very concentrated
the structure of the hydrated electron remains a subject of intenset JU€0US solutions of KF (12.2 M), Mg£(4.6 M), NaCIG

research, both experimentali} and theoretically; 't and (10 M), and LiCI (15 M) showed that the absorption maximum

several simulations of the hydrated electron were perfofieél. of the solvated electron shifts from 720 nm in neat water to
The properties of the solvated electron depend on severaIShorter wavelengths and that the shape of the absorption band

factors such as the solvent, the temperature, the pressure, oremains similar. The origin of that blue shift was attributed to

. : . a contraction of the radius of the electron cavity due to the
the presence of salt in solution. For instance, at room temper- . e :
ature the maximum of its absorption band is located around presence of the cation close to the electfonhen, a few studies

525 nm in glycerol, 715 nm in water, and 2300 nm in diethyl mentioned a blue shift of the absorption spectra of the solvated

ether. The optical absorption band shifts to higher energies with _electron in concentrated alkaline salts solutions, in w&te¥,

—35 6 i
increasing pressure up to 2000 bar; the shift is larger in primary n ethers f?sd allmmoniféi,. in alcohols?® or in frpzen aqueous
alcohols than in watéf or ethylene glycol® A rise in the solutions”* without giving a global explanation of the phe-

temperature induces a red shift of the solvated electron absorp-nOThena' Theé/ Ong/’ re?ortted "’T ?ef[:tf[os'[ﬁ'ﬁ effelct ?f (tjhel cattlon
tion spectrum. Pulse radiolysis experiments show that in water on the ground and/or first excited state of the solvated electron

and several alcohols the maximum of the absorption band shiftsOlue to the decrease of the electror) cavity size. The first
from visible to the near infrared (IR} 22 systematic study on the salt concentration effect on the hydrated

For more than 35 years, the reactivity of the hydrated electron electron absorption spectrum was done in very concentrated

with different solutes, such as aliphatic, aromatic, or heterocyclic .(0_15 M) aqueous solutions of LiCRIt has been shown that

compounds and also anions and cations, has been widely Studieépcreasing the salt concentration induces a nonuniform blue shift
mainly by pulse radiolysi&-25 The data’ about the reduction explained by the formation of local microstructures, and that

the absorption spectrum evolves differently in the low- and high-
energy sides. In recent years, thanks to the development of
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mehran.mostafavi@Icp.u-psud.fr; (Y.K.) katsu@n.t.u-tokyo.ac.jp. ultrafast laser .pumpprobe set'upé‘? a few publication&-42
" Department of Nuclear Engineering and Management, School of noted a blue shift of the absorption band of the hydrated electron
Engineering, The University of Tokyo. in the presence of a strong concentration of NaCl and attributed

*University Paris-Sud. . : .
s Nuclear Professional School, School of Engineering, The University It t0 & change in the hydration energy of the e|eC“f0n- In 1999,
of Tokyo. Krebs and co-workers resumed the work on LiCl aqueous
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solutions and showed that the blue shift increased continuouslywater at very high temperature and the corrosion damage of
with the concentration without any change in the absorption the sapphire windows, the temperature was increased up to
band shapé? 300 °C only. The pressure for all the measurements was
More recently, a general study on the influence of various 25 MPa.
nonreactive metal cations on the absorption spectrum of the For the measurements of absorption spectra, a pulsed Xenon
hydrated electron has been ddfdhe effect of the presence  lamp (SAX-100H lamp, SA-200F power supply, and an LB-5
of a nonreactive metal cation upon the absorption spectra ofinductor box, products of Nissin Electronics Co., Ltd.) with an
the hydrated electron was measured in concentrated aqueousutput energy of 50 J/flash was used as analyzing light. Various
solutions of eight chloride and five perchlorate salts with blocking filters were used to cut the scattered and multiple orders
monovalent, divalent, and trivalent nonreactive metal cations. light: a ultraviolet cutoff filter up to 340 nm fot < 520 nm,
A shift of the absorption band maximum toward shorter a cutoff filter until 520 nm forA = 520-900 nm, and a IR
wavelengths that increases with the salt concentration but alsotransmitting filter above 850 nm fdr > 850 nm, respectively.
with the cation charge has been observed. The spectral shiftThe wavelength resolution of the detection system was
depends on the characteristics of the solution such as cation+10 nm in the U\*~vis and+20 nm in the near IR, respectively.
size (through charge densities) or dissociation degree of the salBecause the absorption spectrum of the hydrated electron is
(partial screening of the cation charge when incomplete dis- shifted to longer wavelengths with increasing temperature, it is
sociation)*® necessary to measure the absorption spectrum not only in the
Quantum simulations have indicated that the ground state of UV —vis domain £ = 300—850 nm), but also in the near IR
the hydrated electron is an s-like localized state and that theregion ¢ > 850 nm). To measure the absorption spectrum under
excited states are three nondegenerate p-like states, also bounthe same conditions, we used a removable mirror, two fixed
and localized, followed by a band of delocalised states; hence,monochromators, and two photodiodes (a Si PIN photodiode,
the broad absorption band of the electron corresponds mostlyHamamatsu photonics, S17202, to measure from
to an s— p transition with the contribution of a transition 400 to 960 nm and an InGaAs PIN photodiode, Hamamatsu
between the bound state to the continuum at high erfeyy:16 photonics, G347605, to measure above 880 nm) in the
Recent three-pulses experiments on photoionization of waterexperimental setup. The mirror was used during the measure
corroborated that attributiotf:*” Lately, molecular dynamics ~ ments in the IR spectral region while it was taken away for the
simulations showed the possible formation of a contact cation measurement in the UWis domain. The photodiodes were
electron pair in the case of a sodium cation. Spectral simulationsconnected to an oscilloscope (Hewlett-Packard, Tektronix,
of the pair revealed a blue shift of about 0.3 eV from the TDS3054B). The Linac and the Xenon lamp triggering, the
hydrated electron spectrum attributed to a destabilization of the wavelength changing and blocking filters, as well as the data
p-like state in the close presence of the caffon. acquisition from the oscilloscope, were controlled by a PC
In the present paper, we depict the results obtained by pulsethrough GPIB interfaces. As already reported by Bartels ét al.,
radiolysis measurements of deuterated water solutions containinghe secondary detector response introduces wavelength-depend-
different concentrations of Ifications at various temperatures. —ent distortions in transient kinetics signals. In our experimental
As H,0 absorbs in the near IR spectral domain, deuterated waterconditions, the kinetics measured with Si photodiode were
was used for the measurements. To explain the shift of the almost identical from 400 to 900 nm, and those obtained with
absorption spectra of the hydrated electron due to the combinedthe InGaAs detector were wavelength independent from
effects of temperature and salt concentration, mixed quantum1000 to 1500 nm but differed from the kinetics measured by
classical molecular dynamics (QCMD) simulations of an excess the Si photodiode (cf. Supporting Information). In this study,
electron in bulk water and in the presence of a lithium cation at we were only interested in the absorption spectrum at a given

different temperatures have been performed. time and not in the time evolution of the absorption bands, so
the absorbencies obtained just after the pulse by the two
2. Experimental Section photodiodes were corrected with the same factor determined in

. . the overlapping region 886920 nm.

LiCl, LICIO , tert-butyl alcohol, and BO (99.9 atom % D) The dosimetry was done with an,®-saturated 10 mM
were purchased from Wako Pure Chemical Industries, Ltd., and KSCN aqueous solution, takir@e((SCN)™) = 5.2 x 1074 m2J
were used as received. All the solutions were freshly prepared ;i 475 152 We could 'not measure the doée pulse-by-pulse
using D:O. The solutions were deaerated with high-purity Ar o556 of the use of the full-metal high-temperature cell, but

before being loaded to the cell. , the dose fluctuation is less than 5% during a daylong experiment.
The pulse radiolysis experiments were carried out on the

Linac electron accelerator of the Nuclear Professional School
The University of Tokyo. The energy and pulse duration of the
electron beam were 35 MeV and 10 or 50 ns, respectively. The Figure 1 shows the normalized absorption spectra of the
high-temperature/pressure flow cell was made of Hastelloy hydrated electron in BD in the presence of 0.2 Nert-butyl
HC22 with sapphire windows. Details of the apparatus were alcohol at different temperatures. The inset presents the absorp-
described elsewhef@4%0Here, we give only some important  tion spectra recorded just at the end of the electron pulse without
parameters. The highest temperature and pressure for the flonnormalization. As can be seen from the inset, the intensity of
cell guaranteed by the factory (Taiatsu Techno) are°@and the absorption band decreases with increasing temperature.
40 MPa, respectively. The optical path length is 15 mm. The As the density decreases with temperature (from 1.1 gah

flow system is composed of a pump, a preheater, a heater, a25°C to 0.82 g cm? at 300°C), the deposited dose decreases.
back-pressure regulator, and a power supply with a temperatureBut the lowering of the signal intensity of the solvated electron
control unit. Four thermocouples are used to monitor temper- cannot be explained only by this decrease, and it is essentially
atures at the preheater and the heater; one of these thermocouplekie to the acceleration of solvated electrons reactions with
is placed inside the solution for monitoring the temperature of temperature inducing a faster decay of solvated electron. For
irradiated samples. Given the low solubility of metallic salts in better comparison of the spectra, we normalize the maximum

' 3. Results and Discussion
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Figure 1. Temperature dependence of the normalized absorption
spectra of the hydrated electron i@ Inset: absorption spectra
recorded just after the electron puls®) (25, @) 50, @) 100, ©)

150, (a) 200, (») 250, and #) 300°C. Dose: 70 Gy. Optical path
length: 15 mm.
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Figure 2. Normalized absorption spectra of the hydrated electron in
D,O solutions containing 1.0 M LiCl¢) 1.0 and 4.0 M LiCl as a

function of temperature X) 25, @) 50, @) 100, ©) 150, (a) 200,
(») 250, and #) 300°C.
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TABLE 1: Peak Positions of the Absorption Maximum of
the Hydrated Electron in Light and Heavy Water Solutions
Containing LiCl and LiCIO 4 at Different Concentrations

Emax[€V] at 10°C

concentration Emax[eV] at 22°C

salt [M] (this work, in D;O) (Bonin et al*®in H,0%)
LiCl 1.0 1.75 1.786
LiCl 2.0 1.78 1.812
LiCl 4.0 1.82
LiCl 5.0 1.852
LiClO4 1.0 1.77 1.812

a8 The concentration unit used in ref 45 is mol/kg.
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Figure 3. Comparison of the normalized absorption spectrum of
solvated electrons in 4.0 M LiCLq, deuterated solution) with that in
pure DO (@) at room temperature. The spectrum in pug©Ds shifted

to overlap that in 4.0 M LiCl solution at the lower energy side. Inset:
same comparison but after subtraction of the contribution gf*Cl
absorption. The Gf* spectrum was obtained in the same experiment
after complete disappearance of solvated electrons.
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the presence of the tication at room temperature, the
absorption maximumHBqay is shifted to lower energy. The
amplitude of the shift depends on the concentration &f The

blue shift of the absorption spectrum of the hydrated electron
in concentrated salt solutions has been reported by several
groups?’—81,38:39,4145 Here, we compar&may at room temper-
ature in the presence of different concentrations of LiCl or
LiClIO4 with the data reported by Bonin et &4.as shown in
Table 1. It is worth noticing that the data by Bonin et al. were
measured in light water at slightly lower temperature (10 instead
of 22 °C in DO for this work) and in solutions of fixed molality
(mol kg™, which deviates from concentration (mofd), at

high concentrations. Considering these differences, the data
obtained in this work agree well with the reported data. It is
important to note that the isotope effect on the absorption spectra
of the solvated electrons in water is very snigfl.

As can be seen from Figure 2, the absorption spectra recorded
in LiCl solutions show an additional absorption band in the UV
region compared to those observed at 1.0 M Liglthis band
corresponds to the absorption of,Clanion radical withlmax

absorbance at each temperature to 1.0. Obviously there is a_ 3,45 m (3.65 eV) andssonm= 8800 ML cm 55 formed

significant red shift (shift to longer wavelength) with increasing
temperature, as reported in previous wb#R20-5354A careful
comparison of the absorption maxima,) and the spectral
shapes using Gaussiahorentzian functions as proposed by

Jou et al'® shows that these absorption spectra agree fairly well

with those already reporté#® and that allows us to check the
reliability of our experimental method and system. Figure 2

according to the following fast reactions:

*OH + CI” <> CIOH"~ 1)
CIOH™ + H" —H,0+ CI 2)
CI'+ClI"<=Cl,” (3)

shows examples of the temperature-dependent absorption spectra

obtained by pulse radiolysis of 1.0 M LiClQand 1.0 and
4.0 M LIiCl in DO, respectively. Clearly, with increasing

However, the absorption band of €1 is not broad at room
temperature, and the absorption coefficient is rather small

temperature the absorption spectra of the hydrated electrons in(e4sonm ~ 300 M1 cm™1) as compared with that of hydrated
these three solutions shift to the lower energy domain, similarly electron €450nm> 3500 Mt cm™1). Moreover, with increasing
to those of the hydrated electrons in pureCD However, in temperature, the spectral shift of the hydrated electron is much
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: ' T T instead of LiCIQ for high concentrations. In addition, the

highest concentration in this work is limited to 4.0 M given the

\ low solubility of LiCl at high temperatures and the safety of

¥ ‘3\) our experimental system, although a concentration as high as

W\ 14 M LiCl has been reported for experiments at room temper-

Ly LN ature in a previous study.

F [ 2 Figure 3 displays a comparison of the absorption spectra of

4 N solvated electrons at room-temperature obtained by pulse

;»’ ®ON 8 radiolysis in a RO solution containing 4.0 M LiCl and in pure
P ~o D,0 solution. The absorbance &tax for the two spectra is

do O, 1 normalized to 1.0, and the spectrum of purgdOs shifted to

. .\.\"' overlap with that of 4.0 M LiCl solution at the lower energy

1.0 15 2.0 25 side. Apparently, in the presence of 4.0 M LiCl the absorption
. spectrum of solvated electrons broadens slightly but signifi-

Shifted energy [eV] cantly. This spectral broadening becomes more and more
Figure 4. Normalized absorption spectra of the solvated electron in pronounced with increasing LiCl concentration from 1.0 to
D20 solution containing 1.0 M LICl at 25C (O) and 250°C (W) 4.0 M. In the inset of Figure 3, we report the absorption spectra
(Absorbance maximum normalized to 1 and shifted to the position at . L
25 °C). after subtracting Fhe (_:ontrlbutlon of £f. We _note that the _

spectral broadening in the presence of high-concentration
metallic salt is still an arguable subje€t*>56Bonin et al*®> and
Marbach et aP® claimed the spectral stability of the absorption
spectrum of solvated electrons observed in concentrated salt
solutions in water or in mixtures of THF/water by laser
photolysis experiments, while Kreittfsreported a spectral
broadening with increasing LiCl concentration by pulse radi-
olysis measurements.

We observe also a change in the shape of the absorption
spectrum with increasing temperature. As an example,
Figure 4 shows a comparison of the absorption spectra at room
temperature and 250C, obtained by pulse radiolysis of a
solution containing 1.0 M LiCl. The absorbance maximum of
: the spectra has been normalized to 1.0 and shifted to the position
Lo . ’ N : at 25°C. It is clear that with increasing the temperature, the
= A % band broadens at lower energy and narrows at higher energy.

2 el T TN Therefore, the width becomes slightly larger at high temperature.
i e { e B e We have performed mixed QCMD simulations of an excess
0.5 1 1.5 2.5 3 electron in bulk water and in the presence of a lithium cation.

E (eV) The method and the simulation details are fully described
Figure 5. UV—vis absorption spectra of the hydrated electron in bulk  elsewheré®48and the main features are summarized hereatfter.
water (upper panel) and in the presence of a Iithigm cation at distance Tha excess electron only was treated quantum mechanically,
d~ .2‘5 (lower _panel) ah 4 A (middle panel), at different thermody- using the Bora-Oppenheimer approximation. The forces acting
namic state points (see Table 2). .
on each classical degree of freedom were the Hellmann

more significant than that of €. So, the absorption band of Feynman forces as well as those arising from the empirical
Cly~ does not affect the principal part of the spectrum of the models used for the waférand the catiot® The excess
hydrated electron. A previous study by Kreitus already dem- electror-water interactions were modeled using the pseudo-
onstrated that the absorption of,Clhad very little effect on potential developed by Turi and Borgisind the electronlLi™
the analysis of the spectrum of the hydrated electron even for pseudopotential was a one-electron semilocal pseudopotential
concentrations of LiCI> 10 M3° In fact, according to the  proposed by Durand and Barthéfand optimized in previous
absorption spectra in Figure 2, the solutions containing 1.0 M work 5% The calculations were performed on® None of the
LiCl and 1.0 M LIiCIO, give the same values dEnax at force field parameters used for such rigid water model would
corresponding temperatures and they present also the samée affected by isotopic substitution. No isotopic effect is thus
spectral shape fot > 500 nm (2.48 eV). Although the use of expected on the equilibrium properties reported here (only the
LiClO4 gives more “pure” absorption spectra of the hydrated dynamics would be slightly modified).
electron, a high concentration of perchlorate might be harmful It has been proposed that cation concentration effects
to the sapphire windows and the tubing of the flow system, experimentally observed on systems containing a solvated
especially at elevated temperatures. Therefore, we use LiClelectron and alkali cations are mainly due to the mean eleetron
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TABLE 2: Main Characteristics (Mean Transition Energy and Width in eV) of the UV —vis Absorption Spectra of the Electron
at Different Thermodynamic State Points for the Hydrated Electron in Bulk Water and in Presence of a Lithium Cation at
Distancesd ~ 4 A andd ~ 2.5 A

€ aq e aLit (d~ 4 A) e alit (d~25A)
T (K) o (g cnd) Emean width Emean AEmean width Emean AEmean width
298 1.00 1.97 0.72 2.05 0.08 0.72 2.10 0.13 0.87
523 0.82 1.71 0.85 1.80 0.08 0.85 1.87 0.16 0.92

623 0.63 1.53 0.77 1.62 0.09 0.77 1.74 0.21 0.85
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cation distancé! In the pursuit of this approach, simulations s § ' ' ' A e
of one electron and one Lication in bulk water were performed = "3__ g . = 1:.::1 ?rfao ]
with additional constraints to allow the electrecation distance 2, .| A ® LiCI2M A
d to fluctuate around equilibrium values, using the quantum 2 | e A R LA J
umbrella sampling methd®.To mimic the experimental effect & 1al . . =

of cation concentration, the simulations of the present study wereg " experiments . . :

performed for bottd ~ 2.5 A andd ~ 4 A. A shorter distance 12 | .
simulates a higher concentration of cation, and a lower distance
simulates that of a lower concentration of metal cation.

The UV—vis absorption spectra of the hydrated electron and
a lithium cation in bulk water at different thermodynamic state
points are shown in the lower panels of Figure 5, for a system
where the hydrated electron is kept at a distatice 2.5 and Leaty
4 A from the Li* cation. The spectra of the hydrated electron 14} L= Lictiond=254
without cation in bulk water at the same thermodynamic o TR e Sy i
conditions are shown in the upper panel of Figure 5 for Temperts (C)
comparison. To describe quantitatively the position of the-UV  Figure 6. Peak position of the absorption spectrum of the hydrated
vis absorption spectrum calculated from QCMD simulations, €lectron as a function of temperature. TdBax = f(T) experiments.
we have calculated the mean position of the absorption bandBOtoM: Emean= f(T) QCMD simulations.
by integrating over this band:

22 s .
simulations

b
+x
+x

Pure H,0
+  Lication,d=4.0 A

=
L e B

Peak position (V)
i

| PP TR I MR

maximum than that of the hydrated electron in bulk water under

f E x I(E)dE the same thermodynamic conditions (Table 2). The change in
_ @) the shape of the spectrum and the existence of a shoulder are
mean f I(E)dE due to one of the three p-like excited states of the solvated

electron (the one witlE symmetry, its orbital pointing in the
This quantity and the position of the maximum of the direction of the cation) being destabilized by core repulsion.
absorption bancEmay have similar trends, bEneanis subject ~ This effect was previously shown in other systém3he
to much smaller statistical uncertainty th&ma. The mean  Shoulder on the high-energy wing of the absorption spectrum

transition energy of the U¥vis absorption spectrunEmean is is only obtained at room temperature. This result corroborates
reported in Table 2 for the electron in bulk water, as well as With the broadening of the spectrum reported in Figure 3.
the {es, Li*} systems withd ~ 2.5 A andd ~ 4.0 A. We The study of s~ p transition energies for the three p excited

observe that when the temperature is increased and the densitytates reveals that for temperatures higher than room temper-
is decreased, the absorption spectrum of the electron in thedture, there is a broadening of each individuat g absorption
presence of a lithium cation is shifted to lower energies, but band due to less structured water solvation shell. This broaden-
this shift is smaller than that of the electron in bulk water. ng leads to higher overlap between the three bands and the
Moreover, the closer the hydrated electron and the cation are,@bsence of a high-energy shoulder on the resulting spectrum.
the smaller the shift is. In the case of Aghe ion is reduced ~ Consequently, at high temperature and in the presence of metal
by the solvated electron to yield a neutral %Agtom in an cation, the shape of the absorption band changes while its width
excitonic staté? the spectrum of which exhibits very little IS roughly the samgTable 2). The experimental results reported
temperature or density dependefite. in Figure 4 can be understood by that fact.

Also presented in Table 2 are the shifts .
4. Conclusion

AEcq{d) = Emear(eaqi Li™; d) = Eneal€) (%) A rise in temperature and the increase in the concentration
of nonreactive metal cation have opposite effects. With tem-
between the absorption band in bulk water without cation and perature, the absorption spectra of the solvated electron shifts
with the lithium cation at distancd for a given temperature  to the red, whereas in the presence of a salt it shifts to the blue.
and density. These blue shifts are a measure of the influence ofwhen both effects are present, the shift intensity and the shape
the cation on the hydrated electron, and it was experimentally of the absorption spectra are modified. However, the effect of
observed that they grow with cation concentratiérf> The  the temperature on the absorption spectrum of the solvated
experimental dependence on cation concentration was showrelectron is stronger than that of the presence of nonreactive metal
to be related to the dependence on electication distance  cation even up to 4 M. QCMC simulations reveal that in the
observed in simulation. We show here that this trend persists presence of the nonreactive metal cation, the width of the
at temperatures higher than room temperature, agreeing withabsorption band is broadened. The perturbation of the threp s

the experimental results. We also show that for a given optical transitions by changing the solvation shell of the solvated
electron-cation distance, higher temperatures lead to higher electron accounts for such broadening.

absorption spectrum shifts.

The evolution ofEnax with temperature obtained by pulse Acknowledgment. We are grateful to Mr. T. Ueda and
radiolysis experiments (Figure 6 upper) is almost the same Professor M. Uesaka for their technical assistance in pulse
whatever the salt concentration. That means that the temperatureadiolysis experiments and encouragement. This work was partly
effect on the absorption band is much larger than the salt effect.supported by “Reimei Research Promotion Project of JAEA
The shifts as a function of temperature Bfean calculated by (Japan Atomic Energy Agency).

QCMD simulations is also reported (Figure 6, bottom). Obvi-
ously, the results are consistent. Supporting Information Available: The response of the

Finally, the spectra of the hydrated electron at 2.5 A of the Si and InGaAs detectors used in this work are shown in six

Li* (Figure 5) exhibit a significantly larger full width at half  figures presenting the decays at different wavelengths. We
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explain how we reconstruct the absorption spectra of the solvated (31) Hankiewicz, E.; Schulte-Frohlinde, . Phys. Chem1977, 81,

electron using the different detectors. This material is available

free of charge via the Internet at http://pubs.acs.org.
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