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Photoconductivity method, combined with laser pulse excitation, was employed to obtain the spectral
dependence of electron photodetachment in rubidium-tetrahydrofuran (Rb/THF) solution at room temperature.
Wavelength dependence of photodetachment cross sectignqualitatively retraces that of the optical
absorption cross section,. Moreover, a wavelength dependence of the quantum vietd g,d0, was also

found, wherex ~ 0.03 is held constant for the wavelengths region 680 nm fw < 1.8 eV). Also, in the

short wavelengths regiord, < 510 nm fw = 2.4 eV),« is constant, but almost three times larger~

0.085). The inflection region is located approximateihat= 2.2 eV, that coincides with the energy of Rb

ground state relative to the lower edge of the conduction band of THF. Mechanism of Charge-Transfer-To-
Solvent (CTTS) with a subsequent release of a solvated electron is suggested to be valid below the conduction
band of Rb/THF. It implies that = kJ/(ks + k;) ~ 0.03, and consequentli = 30ks, wherek; is the rate
constant of the radiationless interconversion, kyid the rate constants of the isomerization of CTTS excited
state with the formation of the solvated electron. When photon energy becomes higher than the energetic gap
between the CTTS ground state and the edge of the THF conduction band, photoinduced autoionization
transitions into the continuum generate quasi-free electrons.

I. Introduction ground-state orbital to the dipole-bound state result in a broad
Photodetach tis the photoionizati f tive | absorption band. As the number of the “solvent” molecules in
otodetachment 1S the photoionization of & N€galve 10N, .o o ster increases, this band shifts toward the energy of the
where the final state is a neutral atom (or molecule) and an CTTS band in solutiodb Thus. a CTTS excited state
electron. Atomic negative ions in a vacuum normally have only represents a dipole-bound excited, state in solution. The CTTS
one bound state (|_.e.,the ground state) and_, thus, the absprptmrgtate with the diffuse electron cloud can be isomerized to
spectra of such anions are expected to consist of pure Cont'nuumdiﬁerent conformers in which the excess electron is more
starting from a frequency corresponding to the binding energy localized. The prevailing number of investigations, devoted to

of the anion ground stafeThe continuum may be structured - SR
by the presence of resonance autoionization transitions involving ph_otode_tachment, relates to the Stfﬂg of halide (mainly iodide)
anions in water, bulk and clustefs'#

absorption to unstable excited state$.Contrary to vacuum ) ) o )
conditions, in liquid solutions the solvent molecules stabilize  The purpose of the present study is to gain new insights in
the bound excited states of the ion, yielding a strong absorption Photodetachment of a different class of ions, namely alkali metal
band in the ultraviolet and visible wavelength regions. This a@nions. Photodetachment spectra of the alkali metal anions have
electronic absorption spectrum is the fingerprint of the charge N0t been studied yet, although their CTTS spectra have been
transfer to solvent (CTTS) for which an electron remains Obtained and characteriz&d In this work, we present a
attached to the parent atchnt4 study of electron-transfer processes triggered by the photoex-
In recent years, study of photodetachment in both the gas citation of rubidium anions, RN dissolved in tetrahydrofuran
and fluid phases has become a “hot” subjééf State-of-the- (Rb/THF). A conductivity method was gmployed to Qetect the
art optical methods allow photoexcitation and detection on a Photodetached excess electrons. It is an extension of our
femtosecond time scale and study of fast dynamics associated?revious work, where we have studied Rb/THF solutions,
with the decay of the anions in their excited states accompaniedPhotoexcited at 532 nm onf?.
by the generation of the solvated electtéd? Particularly, it Interestingly, basic photodetachment studies are currently
has been shown that just a few neutral molecules (3 to 6) of directed toward applied research. For example, shaping the
the “solvent” network (cluster), with an overall dipole moment Rydberg or Rydberg-like state wave functions by the laser pulses
of 2 D, can bind an electron in a “dipole-bound” stételhe is associated with application of quantum computeé®econd,
latter represents the anion analogue of a Rydberg state, in whichbecause in some cases the photodetached electrons are spin-
the orbital for the excess electron is exceptionally diffussive. polarized and can be injected into a metal or semiconductor,
For anions, the light-induced transitions from the localized their transfer through interfaces might be a basis for developing
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Figure 2. Experimental dependence of the ratio between photoinduced

Figure 1. (a) Temporal profile of the laser pulse (solid line) and its  53q gark currents(,\ig/id, vs the laser pulse energy, W;= 700 nm.
simulation (dashed line) based on Gaussian line shgpe .2 ns in

g o

0

eq 12),4 = 475 nm; (b) Schematic configuration of the photoconduc- |||. Results and Discussion
tivity cell; (c) An experimental photocurrent trace (the parameters are )
described in the text). 1. Experimental Results.Electron photodetachment from

Rb~ is described phenomenologically as
devices of spin electroni@d:2* Third, the solvated electrons )
generated in alkali metal solutions are used in “solvated electron Rb™ + hv —= Rb- + e (1)
technology” where electrons, as the most powerful reducing
agents, destroy toxic wastes. where Rb is the neutral atom,_eis the solvated electron, and
i ) opd IS the photodetachment cross section. Typical experimental
Il. Experimental Section traces of the dark and photoinduced currerigsand Aip,
Photoelectroconductivity measurements were carried out overf€Spectively, are presented in Figure 1c. Because an electron is

a wide spectral range (428.064 nm) and a wide range of pulse Much more mobile than Rb the observed photocurrent is
energies (0.0515 mJ). A dye laser (Continuum TDL-60) mainly attributed to the electrons photodetached from.Rbom

pumped by a Nd:YAG laser (Continuum YG661 or Continuum our earlier resultd? the initial photocurrent pealAig, andig
Surelite) operating in single shot mode was used. The time can be expressed as
profile of the laser pulses and its simulation, based on a Gaussian

line shape function, are shown in Figure 1a. The geometry of AiS = egFg (e — u)AN, 2)
the cell is shown in Figure 1b. The photoconductivity cell )
(Pyrex) contained three flat electrodes made of a platinum foil: lq= € (4 + 1 )Agi (No 3)

(1) the collector electrode (length= 0.9 cm, widthb = 0.3 ) ) o )
cm); (2) the high voltage electrode; and (3) the ground electrode, Wherees is the electron chargé, is the electric field applied
to reduce the dark current signal. The distance between the highP€tween the electrode&e is the effective area of the collector
voltage and collector electrodesi¢= 0.3 cm). The geometrical  lectrode &/A« = 0.37);Ne is the concentration of the solvated
area of the collector electrodeAs(= L x b= 0.27 cnf). The ~ €lectrons; K)o is the initial concentration of Rb andue, u-,
laser beam was directed along the long side of the collector and . are the mobilities of g Rb™ and RY, equal to 4.3,
electrode and was confined by a 0c<3.3 cn? diaphragm. The 0.8, and 0.8« 10~%cn?V~!s™%, respectively. The photocurrent,
light energy W, of the laser pulse was measured by a phototube Aip, Was found to decay with two characteristic times, a fast
DGX-PP). us. The photocurrent kinetic traces in the time interval between
To escape irreversible changes in the Rb/THF solution 100 ns and 1 ms have been carefully _an_alyzed, finding that the
occurring under constant electric field, a voltage pulse (duration decay of the photocurrent to the equilibrium dark current level
of a few ms) synchronized with the laser pulse was applied to 1S caused by secondary electraon reactions including a
the high voltage electrode. The electric field strendgh, in recombination of the photoelectrons with Rind R>>
the illuminated space was constant and equal to<1108 V/cm. In the present work, we are interested only in the initial
Subsequent dark and photoinduced currents were measured ahotocurrent valueAhg, and the equilibrium dark currentg,
a function of time and laser pulse energy. The response time ofbecause their ratidiy/iq carries information on the electron
the electric circuit was about 20 ns for a load resistor of 200 photodetachment cross sectf@nA typical dependence of
Ohm. Aig/id versus the laser pulse enerdy, is plotted in Figure 2.
The observed photodetachment spectrum was compared withFor each WavelengthAig/id increases linearly only at low
the absorption spectrum of the same solution obtained in a quartzpulse energied)V < 0.3—0.5 mJ, whereas at higher energies of
cell (1 cm path) with a UWV-Vis-IR spectrometer (Shimadzu 10 mJ, the photocurrent is saturated. A similar saturation effect
UV-3101PC). The experiments were carried out at room was reported for the electron photodetachment from organic

temperature using solutions with concentrations of the iebs anions in nonpolar liquid&-28 Such a behavior was attributed
of ~10' cm=3. Rb/THF solutions were prepared by metal to anion depletion during the laser pulse.
dissolution, that is, 2RRiq = Rb~ + Rb", carried out by a The experimental CTTS optical spectrum of Rttissolved

contact of the solvent with the Rb mirror. Concentrations were in THF, in terms of the photon energ§y) and the absorption
measured by absorption spectroscopy and from the dark currentcross sectiondy) is shown in Figure 3 (solid curve) and agrees
as discussed below. Details of the experimental setup, samplewell with previous dat&72° Analogous to the method used
preparation and measurement of currents are described elsein previous studie$?2°the spectrum was fitted by combining
where?? together Gaussian and Lorentzian shape functions with a
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A (nm) TABLE 1: Experimental Values of the Absorption (,) and
Photodetachment ,q) Cross Sections
1200 1000 800 700 600 500 400
T T T T T 1.4 Anm hv eV 0210716, cn? 0pa 10716, cn? Opd0a
4.0F 112 — 425 2.918 0.295 0.022 0.075
L~ I {10 NE 465 2.668 0.327 0.024 0.073
g 30} T8 475 2612 0.339 0.030 0.088
2 | {08%= 506 2.447 0.383 0.033 0.087
= S 507 2.447 0.383 0.033 0.085
S 20 106 <&
Z O\ . = 532 2.330 0.440 0.027 0.061
© \ 3 N 104 & 552 2.248 0.501 0.034 0.068
o) ~ * % . o}
1.0 N B ‘. . 560 2.214 0.534 0.037 0.069
- R e . 102 570  2.176 0.571 0.038 0.066
0.0 f . . " . I ML TLIC 627 1.978 0.829 0.038 0.045
0.8 1.2 1.6 2.0 2.4 2.8 640 1.938 0.898 0.037 0.041
E (eV) 660 1.879 0.992 0.042 0.042
P 675  1.837 1.080 0.047 0.044
Figure 3. (a) Solid: Experimental absorption cross section of Rb 695 1.784 1.187 0.041 0.035
0a as a function of wavelength (left scale); (b) Dashed: Simulation of 700 1.772 1.212 0.043 0.035
the absorption spectrum of Rtby a Gaussian line shape f& < 737 1.676 1.440 0.049 0.034
Epmax @and a Lorentzian line shape f@&, > Eymas (C) Diamonds: 800 1.550 2.010 0.056 0.028
Experimental wavelength dependence of the photodetachment cross 820 1512 2.290 0.072 0.031
section, opq, Of Rb™ (right scale); (d) Dotted: Simulation of the 840 1.476 2.660 0.082 0.031
absorption spectrum of Rbby homogeneously broadened line shape 930 1.333 4.180 0.124 0.030
(eq 4). 934 1.327 4.200 0.131 0.031
1064 1.165 2.370 0.067 0.028
A (umm) photodetachment and absorption cross sections differ by more
1200 10|00 8?0 7(,)0 GOIO 50.() 400 than an order of magnitude. As to the quantum yieldjt
0.09 s o ] exhibits an “s-shape” dependence upon the wavelengths, and it
L > is enhanced upon increase of the photon energy (cf. Figure 4).
007 | . 4 ‘) Expressions to obtain,q values from the experimental current
L M ] traces and the mechanisms leading to photodetachment will be
¥ 905l ] discussed below.
L *e s’ | 2. Energetics and Charge-Transfer To Solventlt is well
0.03 ,4_‘___‘__4.“___’__'_ ] established that a photoexcited electronic state cannot be
i | regarded as simply a “hot” modification of the same molecule
001 oo e o e e in its ground state. In fact, such an electronically excited-state
1.0 15 2.0 2.5 3.0 represents a new species with a different electron distribution
E; (eV) and bond structuré An important example is the optical

_ _ transitions between the CTTS ground and excited sfatés.
Figure 4. Quantum yield of the solvated electrorsys photon energy,  The effective lengthlf) associated with the optical transition
Eo. can be estimated through the expressh: (A) = (f Ama

. 10802, whereAmax (A) is the wavelength at the absorption
common maximum at 10 640 crh (940 nm) and the corre- maximum. In the case of Rb/THEA 1.94 andiya ~ 9400

i i Wi S 1 L S '
sptand_mg port|onf of the half-widthvy, = 1640 cnt* and A, and thus]e ~ 4 A, which is sufficiently large to imply that
Avy, = 1760 cnr™ for the long (Gaussian) and short (Lorent-  {ne solvent molecules of the first solvation shell are involved
zian) wavelength regions, respectively (dashed curve, Figureiq, he transition. In fact, very early studies demonstrated that

3). The extinction coefficienisma(Rb), was found to be 1.0 {he temperature and solvent dependence of the absorption band

+0.1x 16°M~*cm*in line with previous data? The formal in alkali-metal/ether solutions are characteristic of the CTTS
oscillator strength of Rb absorption bandf = 1.94, was transition of the alkali metal anich.
calculated using the expressioh:= 4.3 x 1079 emax (1.065 In this section, we shall use a few approaches to calculate

AV, + 1.571Avy,,).2° The calculated value is almost twice  energies of the CTTS states. In a simplified approach, the CTTS
as large as that for one-electron totally allowed transition. This spectra are interpreted within the framework of the Landau
implies that the line shape has to be attributed to a superpositionexpression for the potential formed due to a dipolar meditim:
of several transitions. The nature of these transitions will be V(r) = — euZeilr wheree, is the electron charges = (1/n?
discussed below. — 1/D) is the effective charge numbaeris the refractive index,

In the experiments, we could not detect the spectrum of the gndp is the dielectric constant of the medium. This potential
solvated electron € (emax = 4 x 10 Mt cm! at the is formed around a negatively charged ion, giving rise to a
maximum of 2100 nm), nor that of the ion pair (Rke,) (emax discrete set of energy level,, relative to the conduction band
=2 x 10* M~1 cm! at the maximum of 1200 nndY:3° These of the solvent (Figure 5a), namelix = —moey* Zei?/2h%k2 where
observations are in line with our studies showing that in Rb/ my is the electron mass, arldis the integer. For THFn =
THF under equilibrium conditions (no light or low-intensity  1.405 andD = 7.5834 and thus, the energ; of the ground
light), [Rb7]>[e.], [Rb™, e.], that is, the processes Rb= state is—1.92 eV, and the enerdy, of the first excited state is
Rb- + e, and R + e, = (Rb", g,) are insignificang? —0.48 eV. The differenceH, — E;) is the CTTS transition

The experimental values of,g and the quantum yield of the  energy for maximum absorption, that i$w$.° ~ 1.4 eV
photodetachment, = 0,40, are presented in Table 1 (cf. also compared to the experimental value of 1.3%V.

Figures 3 and 4). It is evident that the spectral shapes,of In a different approach, the energy of the ground state of the
and g, follow each other. However, the absolute values of the anion in a liquid relative to the vacuum level (taken as zero
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Figure 5. (a) CTTS energy states of Rlin the potential created by
surrounding solvent THF molecules; (b) Energy scheme of Rb/THF
system. All the parameters are described in the text.
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hand, the spectroscopy of the simplest anion, the solvated
electron, which spectral shape is very similar to that of alkali
metal anions, are understood much bettet® For example, it
was believed that the optical spectrum qQf is due to the
transitions from the s-like ground state to p-like excited sttes.
Both the ground and excited states Qf exist due to the
stabilizing potential created by the surrounding solvent mol-
ecules (similar to that of Rb shown in Figure 5a) and
qualitatively described by the Landau’s theory of polaréi®s.

In the computer simulations, the absorption contour,oivas
calculated as a superposition of the contributions from three
s—p transitions with energy splitting of 0.4 eV between two
adjacent s-p transition! Each transition was taken as inho-
mogeneously broadened by various structures of the solvent
shell. In a recent study, Wiersma and co-workers discovered

energy), éTTS’ can be estimated as a sum of the gas-phasethat the pure dephasing time of the hydrated electron was

electron affinity of an atom EA=t —0.49 eV for Rb)3® and
the polarization energyp_,3940 that is, E;"'° = EA + P_.

extremely short (1.6 fs), allowing to describe the complete
spectrum by a single homogeneously broadened*#f&f we

This polarization energy is the difference between the solvation @PPly the above findings to the CTTS transitions, then we can
energies of the anion and the parent atom. According to Born’s try to describe the Rbabsorption spectrum also as a single

formula3® P_ = —(ey%/2r,)(1 — 1/D), wherer, is the radius of
the anionic cavity, which can be calculated from the sum of

the radii in a bond between two atoms, independent of the 0, = on {AEJR/T)[(E2 o~ ED? + AE(RIT,)]}

bond’s nature, that is, ionic, covalent, or metatfidhus,r, +
re = 2rrn, Wherer. (= 1.5 A) is the radius of Rb#2 and Zgp
= 4.9 Ais the bond length in the metdllAs a result, we obtain
thatr,= 3.4 A, P = —1.85 eV andeS"™® = —2.35 eV (cf.

homogeneously broadened line, thdfR

(4)
whereo ™ is the maximum value of, at E, = Epmaxand T
is the dephasing time of the excited CTTS state. Best fit,0f
versusk, with T, = 2.85 fs, is shown in Figure 3 (dotted line).

Figure 5b). The calculation of the CTTS energy levels is based It reproduces with the single paramet®s)(the experimentally

on the complete dissociation of the ion pair (RIRb™) in Rb/
THF implying that the Coulombic term, due to the ion-pair
formation, may by neglectedd. To calculateE;' "> and the
energy edge of the conduction bakg, we shall adopt the
approach of Stein and TreinnOn the basis of the Landau’s
dipolar medium model, they obtained tH&t' = —hv 5115 —

B — Vo, where the binding energy of the electron in the CTTS
excited state i8 = E, + Pe (cf. Figure 5). In their treatment,

obtained spectrum fairly good for its central part, thus, indicating
significant contribution of a homogeneous broadening to the
line shape. The deviation of the calculated homogeneously
broadened spectrum from the experimental one, at low and high
photon energies, may be attributed to the influence of the
broadening due to the temporal fluctuations of the anionic cavity
radius. Contribution of the transitions to the Anderson’s states
and to the continuum may also account for the quasi-Lorentzian

E, is the Landau’s value of the excited-state energy, whereasshape of the short-wavelength part of the absorption spectrum

the electron polarization induced by the excited electiy,
obeys the equationPe = (e0%/2r¢)(1—1/n?) wherer, (= 6h?%
mMoen’Zet) is the mean distance of the excited electron from the
anion-cavity centet:*3 Applying the above expressions to Rb/
THF system,B is calculated to be 0.9 eV. Comparison of
EST™S = —2.35 eV obtained in the Born’s model with the
Stein—Treinin expression gives the depth of the THF conduction
band Vo = 0.15 eV (employing the experimental value of
hCTTSax = 1.3 eV), which is consistent with that obtained
elsewhere\p, = 0.5+ 0.5 eV)?° Finally, in terms of Figure
5b ES""®is calculated to b& + Vo = —1.05 eV.

3. Light Absorption by Rb/THF. In Figure 5b, we present

(cf. Figure 3). Thus, the wavelength dependence of the absorp-
tion cross section (Figure 3) reflects contribution from several
electronic transitions of different nature. The fairly good fit
obtained by employing a combined Gausstaorentzian line
shape function, is a consequence of multiple electronic transi-
tions. The effective oscillator strength of approximately 2 also
confirms the inhomogeneous character of the Rbsorption.
In the case of solvated electrons, a valué sf1 was found in
a number of liquidg? lending support for a single homoge-
neously broadened lirf§.

The energy distributions over the CTTS states are shown in
Figure 5b. The relatively narrow Gaussian energy distribution

the energy scheme of Rb/THF solution, where the population OVer the Rb ground state (CTTS is

distributions over the energy levels and kinetic parameters are
indicated. The parabolic shape of the valence and conduction

bands of THF with the density of statdg§(E) and N¢(E) are

W,(E) = (44, KT) Y2expl-(E7"™° — E)742,kT]  (5)

shown together with the nonparabolic tails near the edges of wherei, = (e?/2r,)(1/n? — 1/D) is the reorganization ener§$.>®

the band2444 The nonparabolic tails are associated with the

It is due to the distribution of the radii of anionic cavities bound

Anderson’s localized states (shown as discrete levels in Figureby the solvent molecules and reflects the temporal fluctuations

5b) 45

On the basis of Figure 5b, we conclude that light absorption
can occur either via the bountbound transitions between the
ground CTT$ and the excited CTTSstates E, < 2.2 eV) or
via the bound-continuum transitions from the CTTs$ate to
the conduction band of the solverti,(> 2.2 eV). Asymmetry
and large spectral width of the optical spectra of halide and
alkali metal anions are still poorly understood. On the other

of the electronic level of Rh The CTTS excited state is
presented with the broad energy distributigw(E), which
retraces the spectral line in Figure 3 (dotted curve).

In principle, an electron can be formed either via transition
to the CTTS excited state or via photodetachment into the
conduction band of the solvent, where the electron is in quasi-
free state. In both cases, the initially delocalized electron
becomes localized in the solvation shell. In Figure 5b, the energy
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of the solvated electron_eis shown schematically and can be To solve egs 8, 9, and 11, we transform the coordinate system
estimated. The ground-state energy of a solvated electron in(t, 2) to (z, £), wherer = t — Zlc and& = 255 In terms of the
THF, E., should lie between-0.6 and—3 eV. The former variable 7, the initial laser pulse shape is expressed by a
complies with the maximum of the electron absorption spectrum Gaussian function
(2100 nm)1730 whereas the latter is the energy of hydrated
electron®® The value ofE. should be higher in THF than in I(2) = 1 exd =L 2 (12)
aqua solutions because the ground-state energysafiereases 0 m 7y
upon decreasing the polarity:>® Applying the theoretical
treatment of Rips and Tachiya>°the ground-state energy of  which fits the experimental pulse with = 2.2 ns (cf. Figure
e, is calculated to bé. ~ —1.0 eV, which puts the energy  1a). In principle, the initial temporal profile of the laser pulse
level of the solvated electron close to that of CETS is not retained during the course of its interaction with the

4. Photodetachment of Rb. On the basis of the CTTS  absorbing medium. Passing every layer through the sample, the
processes within the energy scheme of Figure 5b, we shallfront part of the pulse is absorbed via a spectroscopic transition,
develop a model to interpret experimental results (cf. Figure whereas later in time the back part of the same pulse causes a
2). By analogy with the studies of halide aqua solutions, the light induced emission, thus, restoring the energy absorbed by
following reactions in Rb/THF should be taken into accé®itt the medium back to the radiation fielflAs a consequence,
the energy is distributed between two energy reservoirs, the
medium and the radiation field. However, when the relaxation
rate constants are larger than the rate constant of the light
induced emissionl,), the entering pulse shape is conserved
ke ; : . g
Rb (CTTS,) —e€, + Rb 7 plurlng the light propagation along the sampl&his is the case

in our system, becaude, k; > lg, for W < 20 mJ, and thus,

where Rb (CTTS)) and Rb (CTTS,) are the anion inits CTTS the laser pulse shape becomes

ground and excited states respectivedyjs the rate constant 12

of the radiationless interconversion; akgds the rate constant I(7,8) =1, (§) exr{——] (13)
of the formation of the solvated electron. Processes 6 and 7 are Tp

schematically shown in Figure 5b. To a first approximation, ) . - . .
we may assume that the rate constant values obtained for thd™Or higher energies, for examplé/ > 100 mJ, eq 13 is invalid.

halide aqua solution®3that is,k; = 5 x 1012 s andks = For a Gaussian shape, the initial energy of the laser pulse is
1-2 x 10251, are also valid for Rb/THF (at least, in order of W = ®oEsS = v Iy, 7E,S where @ is the number of
magnitude). In the case &, it can also be estimated from the Photons passing through a unit area; &id th_e cross section
analogy with the relaxation of the excited state of the hydrated area of the laser beam. In the present experim&tits, 0.05-
electronf®62 |n this case, energy is lost via an electronically 15 MJ;E, = (1.87-4.67) x 10719 ;10 = 2.7 x 10P — 2 x
nonadiabatic p-to-s interconversion transitions with the rate 10?° cm?s™%; and 7, = 2.2 ns. Typically, experiments are
constant of 18 s! close to k. obtained for the halide  characterized by the low-intensity light puls&g,< 0.5 mJ or
solutions?3 19 < 4 x 10? cm 251, The absorption cross section (cf.
The fast reactions 6 and 7 generate the solvated electrons a&igure 3 and Table 1) and the equilibrium concentrationlrb
manifested by the initial photocurremiy (cf. Figure 1c). The (= (Na)o~ 10'cm™3) were found from the absorption spectrum
photocurrent traces following this initial stage, in the micro- and the dark current.
and milli-second ranges, are attributed to the reactionsRb ~ In the new coordinate system, egs 8 and 9 are transformed
Rb + &, Rb = Rb* + e and Rb + Rb- = Rb* + Rb-and ~ into®®
were discussed in details elsewhéte.

Rb™ (CTTS) {——» Rb ™ (CTTS) ©)

Taking into account processes 6 and 7 and Figure 5b, the 3l(z.8) =—0ol N -N 14
following differential equations are associated with the laser 0& 7d (@ EINy(7.) A7)l (14)
pulse absorption in Rb/TH#E N, (7,£)

1\ Yy
0 1 —o = ol @HIN(E) — Ny )] + kNy(r.£)  (15)
e 10N~ Ny )
Forks, ke > la,, the population differenceNg — N2) ~ N; (eq
oN, 11) and with the constraint of eq 13, eq 15 can be solved as
o = 102 (N, = N + kN, ©)
—+o00 T 2
8N2 Nl = (Nl)o exp{ —Oa1(|m(§)f_oo ex;{—r—] d‘[} =
—r =102 (N = Np) — kN, — kN, (10) P

(Npo exp —v ko | (E)T} (16)

wherel = I(zt) is the number of photons passing through a . .
unit cross section of the laser beam per unit tide= N(zt) where « = kd(ks + ki) represents the quantum yield of

andN, = Ny(z1) are the populations of the CTTS ground and photodetachment. Substituting eq 16 in eq 14 and taking into

. . 0 .
excited states respectivelg;is the coordinate along the laser account the relationship’z ko 7, If, < 1 we obtain
beam; andt is the light velocity in THF. Employing a quasi-

Stationarity prinCiple for the excited Staﬂi\(z/at = 0), we obtain alm(g) = —ql (5) eXp[_ﬁI (‘S)] ~ _(ll(é:)[l _ ﬁl (‘S)]
0, 9 (17)
N,=———N 11
2 log+ ks + kg ' 1D wherea. = 04(N1)o and = Jr kogTp. The solution of eq 17
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for 0a(N1)o < 1 in the laboratory frame of reference is

0

Im
(@ = (1—0BzI)

which reduces into BeetLambert law foraSz Iﬁ, < 1 (valid
in our case foW < 0.5 mJ)

exp—a2) (18)

1.,(2) = 12 exp(az) (19)

Within the basic reactions 6 and 7, the concentration of the
solvated electrond\(z,5), can be deduced from the following
equation

INy(7,8)
— = kN,(7,€) = k0] (1,E)Ny(7,E) =

ol expt-od) ex —T | (N expE-fif expt-a)
p (20)

For Bl? < 1 we obtain
Ne(@ = BIn(N)glexp(—oz) — BIf, exp(-202)]  (21)

Equation 2 can be expressed in a differential for € b dz,
cf., Figure 1b)

d[AIY2)] = eEq(tte — #_)N(2)bdz
whereb is the fixed width of the electrode in the direction

perpendicular ta. Integration frong, to z, + L and substitution
of Ne(2) (eq 21) gives

A_“SZ(A) Sl
ig At |14 + 11—

ﬂl&exp(—zazo)[

(22)

0.0 exp(—azo)[l_%fa”] -

1—exp(2al)
2oL

} (23)

For low-intensity pulsesW < 0.5—-1.0 mJ at different wave-
lengths) the second term in eq 23 can be neglected. Thus, th
initial linear part of the experimental plots in Figure 2 can be
interpreted via the simplified expression

Ai°

i_dp = VeV1L%dPo (24)

where ye (= (AMAei)[(e — u-)(u+ + u-)]) is the constant
accounting for the electrochemical properties of the solution
andy, (= exp(—az)[1 — exp(—oaL)]/aL) is the factor taking
into account the gradient of the light intensity via the geometry
of the sample.

It is important to emphasize that the interpretation of the
experiments by eq 24 is valid only for light pulses of low energy.

€
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light absorption. For transparent solutions (low absorption cross
sections and low concentrations) such simplified approach was
shown to be satisfactoBf28 Nevertheless, employing eq 25

in the pulse experiments may result in false values of cross
section and mobilities.

Summarizing this part, we emphasize that the main objective
of the above theoretical considerations was to justify the
expressions used for the analysis of the experimental data in
the nanosecond time scale and to determine the limits of their
application.

5. Mechanisms of Electron Photodetachment in Rb/THF.
The experimental data on photodetachment cross sectigg)s (
obtained for different excitation wavelengths are presented in
Table 1 and Figure 3 (diamonds). Valuesg§ were calculated
according to eq 24 and were based on the initial linear plots of
Aig/id versus® (cf. Figure 2 and eq 24) and the parameters
andy.. The Rb” concentrations obtained from the dark current
measurements (Figure 1c and eq 3) and the values(@igure
3, solid line) were utilized to determing .

It is noteworthy that the wavelength dependence of the
photodetachment cross section qualitatively retraces that of the
absorption cross section but with different absolute values (cf.
Figure 3). On the other hand, it is obvious that there is a
noticeable dependence of the quantum yie|ldn the photon
energy,Ep, (cf. Figure 4). The value ok (= « ~ 0.03) is
constant for the long wavelengtlis> 680 nm g, < 1.8 eV).

For the short wavelengthd, < 510 nm E, = 2.4 eV), the
quantum vyieldx (= s ~ 0.085) is also constant but almost
three times larger. The inflection region is located approximately
atE, = 2.2 eV, which coincides with the ground-state energy
of Rb~ relative to the lower edge of the conduction band of
THF (AE = h/$1° + B).

The above experimental results clearly point out that there
exist two separate energy regions where different mechanisms
of the photodetachment prevail. At photon enefgy< 1.8 eV,
the photodetachment spectrum follows the bell shape part of
the absorption spectrum (Figure 3). This implies, to a high
accuracy, that the mechanism of CTTS with a subsequent release
of e, (egs 6 and 7) is valid below the conduction band of Rb/
THF solution, implying thatx; = kd(ks + k;) =~ 0.03 and,
consequentlyk. = 30ks. Thus, the radiationless interconversion
is much faster than the solvated electron formation. This
observation is in line with the results obtained recently for halide
solutiond®13and Na/THF systerft

The other energy domain is the region where the photon
energy obeyg, > 2.4 eV, that is, above the energy gap between
the CTTS ground state of Rband the edge of the THF
conduction band (Figures 4 and 5b). Under these conditions,
direct and autoionization photoinduced transitions into the
continuum with generation of quasi-free electrons are feasible.
At photon energies slightly belowAE (inflection region in
Figure 4), the transitions into the Anderson’s localized states
(cf. Figure 5b) are also possible. Thus, within the framework
of the energy scheme shown in Figure 5bdat 510 nm, the

The nonlinear photodetachment, observed in our experimentsppotodetachment is mainly due to the direct and autoionization

atW > 1 mJ (Figure 2), has no analytical derivation within the
present approximations, thus, requiring a numerical solution of
egs 6-8. On the other hand, it is noteworthy that the simple
expression
HoJ
Aig

r = Ve[l - exp(_apdq)o)] (25)

transitions (as in the gas-phase photodetachmeénand the
CTTS mechanism can be neglected. This explains the enhance-
ment of k at shorter wavelengths. Photodetachment via the
bound-to-continuum transitions is confirmed by the recent
observation of the parabolic wavelength dependence of the
magnetic spin relaxation rate of the photoelectrons in photo-
excited Rb/THF solutions, which repeats the shape of the
electron conduction band (cf. Figure 58)As a matter of fact,

describing a saturation effect, can be easily obtained for CW at these wavelengths the paramatdoses its meaning within
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