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The three-photon ionization pathways of phenol involving thel8ctronic state as well as higher molecular
resonances are explored. Photoelectron spectra are obtained upon ionization with femtosecond laser pulses at
206 and 412 nm. In addition to the well-known two-photon ionization signal, there is a small component in
the spectrum that stems from a three-photon pathway. This path is resonant with the batkttite 8nd a
superexcited state at 9 eV. The dependence of the three-photon pathway on the laser polarization suggests
that the optically bright superexcited state has the same symmetry asdtageS Upon two-photon excitation

of the superexcited state, a nonradiative decay leads to the population of a set of Rydberg states, which can
be ionized by a third laser photon. Photoelectron spectra taken with a time delay between the fourth-harmonic
pulse, which prepares the molecule in thestate, and the second-harmonic pulse, which ionizes the molecule

via the superexcited states, reflect the internal conversion dynamicd@S5 We also observe a component

of the three-photon ionization signal that persists beyond the decay time of #tat& which suggests that

a separate ionization path becomes accessible after the internal conversipnTtosSath may involve

another recently discovered valence state with an energy of 7.5 eV. The effect of this latter ionization pathway
on the interpretation of time-resolved multiphoton ionization experiments is discussed.

Introduction femtosecond time-resolved studies of internal conversion in
i _ o linear hexatriene chains by Hayden, Chandler, and co-wofKers,
Highly excited states of molecules are fascinating from a fomtosecond studies of internal conversion in benzene and
fundamental perspective and important for many contemporary panzene dimers by Radloff et Alwave packet and electronic
problems in chemistry. When excited beyond the first absorption o5y ation studies in iodine and other molecules by Stolow and
band, molecules exhibit a rich photophysics, including internal co-workers10and time-resolved studies of the ultrafast dynam-
conversion to lower electronic states of the same spin multiplic- ics in smali molecular clusters by the Neumark grabig? In
ity, intersystem crossing to electronic states with different spins, our own laboratory, we have investigated the electronic
and radiative emission to lower surfaces. In addition, since the relaxation in azulen&?’phenanthrenéﬁ'”aniline and aminopyri-
excitation energies often exceed those of a typical chemical dine18-20 and pheno?.iAII of these StlildieS rely on the ionization

bond, there are photochemical reactions such as isomerization .
of molecules by sequences of short laser pulses. The nonradia-

fragmentation, or, in the case of cyclic molecules, ring-opening . .
. ) . - tive processes are reflected in the photoelectron spectra by a
reactions. These photochemical reactions have practical ap- X o . -
change in the kinetic energy of the ejected electrons. It is the

plications in synthetic chemistry and medical applications in . £ thi ¢ isit £ h " that
phototherapy. They are also featured prominently in radiation aim of this paper 1o revisit some ot the assumptions that are
made in the analysis of those photoelectron spectra in light of

chemistry and the photochemistry of the upper atmosphere. di f ited hich id
Moreover, excited states of molecules play a role in chemical OUr récent discovery of superexcited states, which provide
additional pathways to photoionizatiéh.

instrumentation, such as the fragmentation of molecules in mass
spectrometers. Finally, many experiments exploring the reaction ~While studying the photoionization dynamics of phenol via
mechanisms of excited molecules using ultrafast spectroscopieghe S electronic state, we discovered a small amount of signal
involve electronically excited states. The behavior of molecules that originates from a three-photon ionization process. As was
in highly excited electronic states is therefore a cornerstone of described in detad? this photoionization results in a richly
modern chemistry. structured photoelectron spectrum stretching from 8.5to 12 eV.
We use multiphoton ionization photoelectron spectroscopy We found that the spectrum can arise from two distinct double-
with short laser pulses as a tool to map the pathways of energyrésonance ionization schemes. In one scheme, the first photon
flow in molecules. Time-resolved multiphoton ionization pho- i resonant with the Selectronic state, and the second photon
toelectron spectroscopy experiments have recently become venjs resonant with an optically bright superexcited state at 9 eV.
popular because they produce a tremendous amount of informa-The superexcited state contains admixtures of a doubly
tion about molecular relaxation phenomena. Examples of suchexcited valence state with an electron configuration of
studies include the observation of intersystem crossing in ...(16F(172(18)°(19). This valence state features a very short
benzeng and vibrational relaxation in alkylanilingsy the lifetime. Decay channels include autoionization, as well as a
Reilly group, intersystem crossing from ® T, in pyrazine by nonradiative decay to a set of Rydberg levels. From those
the Johnson group? studies of electronic and vibrational Rydberg levels, a third@ photon, or a time-delayed second-
relaxation in benzene and fluorene by the Knee gfoup, harmonic () photon, can ionize the molecule. The observed
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T that complement those that we pursued using thet33w +
_______ 2 ?“;{F“'g 3w scheme? Specifically, we gain further insights into the
-~

fon electronic makeup of the superexcited state at 9 eV, and
| States information about the symmetry of the superexcited state by
Pogl === = studying the dependence of the 4 2w + 2w signal on the
relative polarizations of thestand 2v photons. The dependence
of the 4» + 2w + 2w photoelectron spectra on the time delay
between the é and the & photons is measured. This delay
maps the dynamics of the internal conversion fropits S,

™ similar to the two-photon ionization process. Surprisingly, we
observe a dramatically different time dependence in the three-
photon process compared to the two-photon process. This time
dependence sheds further light on the different ionization

Figure 1. Three-photon ionization of phenol via the&ectronic state. ; ; ; ; _
A fourth-harmonic (&) photon lifts the molecule toSand a second- pathwaysltavlallablﬁ to the TOIedC.UIe Vlatﬁlghly (la.XCItt.ed retshot
harmonic photon (@) excites it to superexcited states at 9 eV. Ultrafast nances. 1 aiso allows us 1o discuss the implications that
internal conversion (IC) from this state populates a set of Rydberg SUp?reXC'ted states may have on _the_Observa“OH and analysis
levels, R, which are then ionized by a third photon. The ionization Of time-resolved multiphoton ionization and photoelectron
energy (IP) is 8.51 eV. experiments.
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electronic states can be assigned to Rydberg series with constarExperimental Section
guantum defect.

The other ionization path involves a singly excited valence
state around 7.5 eV, below the ionization energy of phenol. To
access this state, the molecule is prepared in tratefe by the
absorption of a & photon. Then, a @ photon promotes an
electron from orbital 16 to orbital 18, resulting in a state with
a nominal electron configuration of ...(26)7?(187(19). This
state decays to the energetically accessible subset of Rydber
levels. lonization then proceeds out of these Rydberg levels,

r in h lectron rum very similar he on . . .
producing a photoelectron spectru ery simflar to the one total), even less than observed in the ionization with third-

following the path via the 9 eV resonance. The restriction harmoni | The fragments that we observe are tvpical for
imposed by the lower resonance energy leads, however, to a armonic puises. 1he fragments that we observe are typical fo
henol. There is no indication of impurities.

characteristic onset that appears in the photoelectron spectrurﬁ3
at 10 eV.

The specific question that we address in this paper is how
these highly excited valence states affect the photoelectron 4w + 2w + 2w Spectrum. The ionization of phenol with
spectra of phenol taken via the 8lectronic state. In a recent  only fourth-harmonic laser pulses (206 nm) leads to two-photon
paper, we have studied the internal conversion 0foSS; in ionization photoelectron spectra showing prominently the ground
phenol by time-resolved two-photon ionizati®nhA fourth- electronic state of the ion. When phenol is irradiated with
harmonic (4) laser pulse around 210 nm prepares the molecule second-harmonic laser pulses (412 nm) only, there is a weak,
in S, and a second-harmonic¢ laser pulse around 420 nm  but measurable signal. Consistent with an ionization energy of
ionizes the molecule. Measurement of the photoelectron spectra8.51 eV2627 most of this signal arises from three-photon
as a function of the time delay between thed@nd the 2 pulses ionization. There is also a very small amount of signal stemming
maps the decay of the,State. In the spectra we noted a from a four-photon ionization. That spectrum has been presented
significant background signal with a distinct time dependence, and discussed previousty.
which might affect the measured time scale of the internal lonization with both the fourth-harmonic and the second-
conversion dynamics. Indeed, Stolow and co-workers suggestharmonic laser pulses, overlapped in space and time, leads to
that the internal conversion from, & S; might proceed on a  additional ionization pathways. The dominant pathds44 2w,
time scale as fast as 503%Further studies of the photoelectron in which a fourth-harmonic photon excites the molecule 10 S
spectra of phenol withd and 2v» photons now suggest that, and a second-harmonic photon ionizes the molecule. The
underlying the two-photon ionization photoelectron signals, there electron signal, which can be used to measure the decay of the
are three-photon processes that generate a background with &, state, has also been described previo&sly. addition, we
distinct time evolution. observe a small amount of fast photoelectrons, with energies

Our experiments are described using the scheme shown inup to 3.5 eV, which are generated in@a 4 2w + 2w ionization
Figure 1. The fourth-harmonic photorydis resonant with the mechanism. Since the total energy of one fourth-harmonic
S — S transition. The three-photon ionization pathway features photon plus two second-harmonic photons just equals the energy
a further excitation to the superexcited statg, & 9 eV, which of two fourth-harmonic photons, the signal from the three-photon
rapidly relaxes into a set of Rydberg states. Only two statgs, R processes partially overlaps that of the 4 4w process. To
and Ry, are shown in the illustration. lonization proceeds with extract the signal stemming from the 4+ 2w + 2w ionization,

a third photon. Since the potential energy surfaces of the we subtract a spectrum taken with only the ghotons present.
Rydberg states closely resemble those of the ion, the ionizationThis procedure has the systematic problem that it neglects the
preserves the vibrational energy content of the molecule. Sharpdepletion of the & + 4w signal by the simultaneous presence
lines are therefore observed, one for each Rydberg state. of the 2v photons. As a result, the spectra have considerable

The availability of a three-photon ionization pathway in the uncertainty in their overall intensity, especially in the range of
4w + 2w + 2w scheme allows us to explore a set of questions 8.5-9.0 eV where thed + 4w signal is strongest. The higher

The details of the experimental apparatus have been described
in significant detail beforé®-2224We generate the second and
fourth harmonics (412 and 206 nm) from a regeneratively
amplified titanium:sapphire laser system with a 50 kHz repeti-
tion rate. The two-photon ionization withw4and 2v photons
results in a clean ionization with almost no fragmentation. The

ass spectrum, which has been reproduced elsewhshews

nly the parent ion prominently. In thewd+ 2w ionization
scheme, there is a very small amount of fragmentation (2.4%

Results and Discussion
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Figure 2. Photoelectron spectrum obtained with the 4 2w + 20 Figure 3. Effect of the polarization of thes pulse on a & + 2w +
ionization scheme. Laser wavelengths: 206.2 na)(412.5 nm (). 2w photoelectron spectrum. Dotted line: both 4nd 2v vertical
The Rydberg series are assigned as in ref 22 and are labeled with thgparallel to the detector direction). Solid lineworizontal and @
reportedn and ¢ values for this two-color ionization. vertical. Laser wavelengths: 208.5 nmu( 418.2 nm ().

energy range, above 9 eV, is less affected by the-4 4w =

background, as the two-photon signal is significantly weaker »—z; - —
in that range. The dominant part of they 4+ 2w + 20 wdym, 20y 20 ) 4
spectrum, which stretches from about 9.4 to 11.4 eV, is therefore Li,ﬁ’;g ar s
only slightly affected by the & + 4w background. Sp (A1) $2 (A1) Superexcited (A1)

The 4v + 2w + 2w spectrum, shown in Figure 2, features
a series of sharp peaks. All the peak positions and intensities
closely correlate with those seen in the spectra obtained with
3w + 3w + 3w, 3w + 3w + 2w, and  + 20 + 20w + 2w
ionization?? In accordance with our discussion of the 3-
3w + 2w photoionization spectra, we interpret the peaks Rydberg
between 9.4 and 11.4 eV in thev4+ 2w + 2w spectrum as States
arising from Rydberg states that form series with various
guantum defects. The assignment coincides with the one derived
for the previous spectra. Two Rydberg series with quantum
defects of 0.32 and 0.80 are indicated in Figure 2.

The spectrum in Figure 2 is taken with a 4vavelength of
206.2 nm and a@ wavelength of 412.5 nm. The two-photon
resonance is therefore excited at an energy of 9.02 eV. We als
obtained photoelectron spectra with longer and 2» wave- The dependence of the photoelectron spectra on the laser
lengths, for example, 208 and 416 nm. The two-photon polarization points to the orbitals that might be involved in the
excitation energy is then 8.88 eV, which is 0.14 eV lower. The three-photon ionization process. The excitation frosn®S;
resulting spectrum is shifted by exactly the difference in the promotes one electron from orbital 18 to orbital2@oth of
two-photon excitation energies. This supports our interpretation these orbitals have Bsymmetry, within the approximaté,,
of the spectra as Rydberg states that are populated by an ultrafaghoint group of phenol. Thus, the, ®lectronic state has /A
conversion from a primary superexcited state. It is inconsistent symmetry, and the transition S- S, is allowed with a transition
with an interpretation of those peaks as electronic states of thedipole moment parallel to the molecular axis. The optical
ion other than Xor some progression in specific ion vibrations. excitation therefore selects, out of the randomly oriented sample

Polarization Dependence.The excitation of the primary  of molecules in the molecular beam, those molecules whose
superexcited state with two separate laser pulses indhe-4 axis is preferentially aligned parallel to the polarization of the
2w + 2w ionization experiment allows us to vary the respective 4w photons. Since the photoelectron spectra show that a parallel
polarizations of the photons. Two of the resulting spectra, taken alignment of the & and 2v polarizations leads to a larger signal,
at zero delay time, are shown in Figure 3. In both spectra, the we conclude that the transition dipole moment from thet8te
excitation from $ to the primary superexcited state, as well as to the primary superexcited state is parallel to the molecular
the ionization, proceeds with a vertically polarized ghoton. axis as well. Thus, the primary superexcited state must have
This polarization is parallel to the direction of the time-of-flight A; symmetry. Of course, we cannot rule out the existence of
detector. The difference between the two spectra arises frommore than one superexcited state at 9 eV. Our experiment
the polarization of the @& photons. The dotted curve is the suggests, however, that the superexcited state responsible for
spectrum with a polarization of thevdphoton parallel to that ~ most of the three-photon ionization signal hag ymmetry.
of the 2» photon. The solid curve is for the two colors at Figure 4 illustrates the three-photon ionization process using
perpendicular polarizations. It is evident that a parallel alignment schematic correlation diagrams. The-S S; transition promotes
of the 4w and the 2 polarizations leads to a significantly larger an electron from orbital 18 to orbital 20. From there, the second
three-photon signal than a perpendicular alignment. One excep-hoton excites a superexcited molecular state witeyinmetry.
tion might be the peak at 11 eV. This curious peak also Note that this second step must involve electrons from other
distinguishes itself by its time dependeréét the present time, orbitals, since further excitation of the electron residing in orbital
we have no explanation for its odd behavior. 20 with a 3 eVphoton would eject it from the molecule.
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Figure 4. Doubly resonant, three-photon ionization pathways of phenol,
Ousing 4 and 2v pulses, illustrated by correlation diagrams.
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Figure 5. A contour plot showing the dependence of the 4 2w + 2w photoelectron signal on the delay time between thedlse and the @
pulse. Laser wavelengths: 206.6 nnw§4413.7 nm ().

There are several conceivable ways to promote anotherour previous paper, ultrafast internal conversion leads to a set
electron while maintaining Asymmetry. For example, a second of Rydberg states, indicated by the Rydberg electron in braces
electron from orbital 18 could be promoted to orbital 20. This in Figure 4, from which ionization proceeds by the absorption
transition would involve the same orbitals as the S S of another photon.
transition, and therefore should require about 6 eV of energy. Time-Dependent SpectraOne of our objectives in this paper
Our second-harmonic photon with 3 eV of energy is not likely is to address how the existence of superexcited molecular states
to induce this process. Next, an electron could be promoted from affects the measurement of ultrafast electronic relaxation in time-
orbital 17 to orbital 19. However, since the HOMQUMO delayed ionization experiments. The superexcited states provide
(18 — 19) gap is known to be at 4.5 eV for both the neutral resonant ionization pathways that can compete with direct
moleculé® and the phenol iof? this transition would most  ionization, especially when high-power laser pulses are em-
certainly require more than 3 eV. We thus exclude this scenario ployed. At zero time delay, the three-photon signals are weak
as well. A particularly attractive choice, however, is shown in compared to the two-photon signals. However, at longer delays,
Figure 4 (upper pathway). In this scheme, the second photonwhen the two-photon signals decay due to electronic relaxation
promotes an electron from orbital 16 to orbital 18. The energy processes, the three-photon signals may, in fact, dominate the
gap between these two orbitals is known from photoelectron spectrum. We therefore investigated the dependence of the three-
spectroscopy. The Btate of the ion is known to be 11.59 eV  photon ionization signal on the delay time between thedlse
(vertical) above the ground state of the molecller 3.1 eV that prepares the molecule in 8nd the 2 pulse that ionizes
above the ground state of the ion. This energy gap coincidesthe molecule via the superexcited state. We note specifically
with the 3 eV energy of thed photon. Further evidence for a that this experiment does not probe the time dependence of the
transition between orbitals 16 and 18 is seen in the absorptionsuperexcited state. Rather, it investigates the dependence of the
spectrum of the phenol ion. Kesper et al. observe a strongionization pathway, via the highly excited electronic states, on
absorption band at 3 eV, exactly where one would expect the the internal conversion dynamics betweeraBd S. The time-
16— 18 transition to occu®® Thus, the most likely absorption ~ dependent photoelectron spectra are shown as a contour plot in
of a 3 eV photon from the & electronic state involves the  Figure 5. The polarizations of thew4and 2v pulses in this
excitation of an electron from orbital 16 to orbital 18. This spectrum were parallel; the signal with perpendicular polariza-
suggests that the component of the primary superexcited statdions was too weak for a measurement of its time dependence.
that provides the oscillator strength from Bas an electron We first note that much of the three-photon signal rises and
configuration of ...(16)172(18)%(19)°(20)". decays on the time scale of the instrument function, about 230

We have previously discussed that the three-photon spectrafs. In the energy range between 9.4 and 10.3 eV the signal
via the S electronic state were best explained by invoking a decays completely to the baseline. This decay cannot, within
superexcited state that obtains its oscillator strength, asour time resolution, be distinguished from the decay of the 4
seen from § on account of the electron configuration + 2w, two-photon signal reported previouslyHowever, the
..(16Y(177(18)°(19%.2? The ionization via $ presented photoelectron signal from 10.3 to 11.2 eV does not decay
here suggests a different electron configuration, namely, completely. Instead there is a component that persists into the
...(16}(172(18)(19)°(20) . This should not be understood as a picosecond range. A small energy slice of the peak at 10.4 eV,
suggestion that there are two separate superexcited states witintegrated from 10.3 to 10.6 eV and graphed with respect to
the same Asymmetry at 9 eV. Rather, we propose that there the delay time, is shown in Figure 6. An exponential fit to the
is a highly mixed valence state above the ionization energy that latter part of the curve gives a decay rate for the slow component
contains admixtures of both configurations. The different of 2.8 x 10s™1,
configurations provide oscillator strength from eithgro® . The slow decay component raises several questions: If the

The superexcited state is very short lived. As explained in peaks are still to be interpreted as arising from Rydberg states,
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T T L This ionization path via the 7.5 eV resonance is illustrated
in the lower part of Figure 4. Upon excitation tg, $1e molecule
experiences an internal conversion t f8om where it absorbs

a 2w photon to generate a singly excited state with a vacancy
in orbital 16. Then, there is a further nonradiative process that
3 i E populates Rydberg levels with energies below 7.5 eV. The last
i ] step is the ionization by anothew2photon. The oscillator
strengths for the transitions from 8r S, to the highly excited
valence states are unknown. On the basis of the fact that the
same orbitals are involved, one can surmise that their electronic
. components are similar. However, given the large amount of
] vibrational energy after internal conversion tg $ere could

be significant contributions from FranelCondon overlaps
between the involved electronic states. Our experiment is not
designed to further explore this point.

The final question to address is the source of the 3.6 ps decay
of the three-photon signal stemming from the second pathway.
The delay between thew4pulse and the @ pulse probes the
dynamics of the Sstate populated after internal conversion from
S,. This state, at its origin, is known to have a lifetime of 2
ns3®much longer than what we observe. However, upon internal
what mechanism is responsible for their excitation? Why do conversion from Sto S, the molecule has a vibrational energy
we see these states for several picoseconds afterotséa®  of 1.5 eV, or about 12000 cm. It is possible that the presence
has decayed? And finally, what causes their decay on aof such a large amount of vibrational energy accelerates the
picosecond time scale? electronic relaxation of phenol out of the Sate. Such dramatic

The clue to understand the slowly decaying signal is an accelerations have been observed in other moleéuiés.
observation that we made in the ionization of phenOI via the S A|ternative|y’ itis possib|e that pheno| experiences a proton
electronic state, using:8and 2v laser pulsed? There we found transfer to form 1,3-cyclohexadien-5-o#eon the time scale
that the 2 pulse, with 3 eV photons, can access the Rydberg of our experiment. Since only a hydrogen atom needs to move,
states from § even though the photon energy is too low to thjs isomerization could proceed on a picosecond time scale.
reach the 9 eV SUpereXCited state. It was pOStUlated that this iSFina"y’ we point out that a similar decay of the photoe|ectron
pOSSible because a transition from orbital 16 to orbital 18 can Signal on a picosecond time scale has been observed by Hayden
be induced by the 3 eV second-harmonic photon, leading to aet al. on 1,3,5-hexatrierfe. They attribute the decay to an IVR
state with an electron configuration of ...(4@)7(18(19). process that slowly takes the vibrational energy from the
This interpretation is supported by a comparison with photo- Franck-Condon regime to more outlying areas of the vibrational
electron spectra, as well as absorption spectra of the phenolphase space, leading to a decay of the ionization signal. A similar

i 29 . . . .
ion. . process could be considered to explain our observations in
We now come to an understanding of the slow component phenol.

of the 4v + 2w + 2w ionization signal. The internal conversion
from S populates the Sstate, which has an electronic energy Summary
of 4.5 eV. About 1.5 eV is converted from electronic to
vibrational energy. From Sthe absorption foa 3 eV photon In addition to the well-known resonance-enhanced two-photon
accesses a valence state with an electronic energy of about 7.30nization mechanism, our work has revealed several competing
eV. Itis likely that much of the vibrational energy remains with resonant pathways that use three photons to ionize the phenol
the molecule during this second excitation step, so that the molecule. Upon excitation to either the & S electronic state,
molecule is lifted to the 7.5 eV valence state with 1.5 eV of the molecule absorbs an additional photon by populating highly
vibrational energy. This highly excited vibronic state rapidly €xcited valence states. These states relax rapidly into a set of
relaxes into those Rydberg states that are energetically availableisoenergetic vibronic levels that are well described by the
Internal conversion from the 9 eV resonance, accessed byRydberg formula. lonization from these levels produces a rich
the 4» + 2w excitation, can reach all Rydberg states with set of photoelectron peaks spanning a wide energy range.
energies less than 9 eV. This gives rise to photoelectron peaks From the $ electronic state of phenol, two photons of 3 eV
stretching from 9.5 to 12 eV. When ionizing via the resonance each can ionize the molecule. The ionization likely proceeds
at 7.5 eV, only those Rydberg levels with an electronic energy Via an optically bright superexcited state at 9 eV. Polarization
below 7.5 eV are energetically accessible. For the ionization in experiments, as well as the orbital transition energies, are
the 3» + 3w + 2w process, this leads to a sharp onset of the consistent with a description of this state as having an electron
signal above 10.0 eV in the photoelectron spectrum. The time- configuration of ...(16X17)?(18)%(19)°(20)~. Our previous work
delayed 4 + 2w + 2w spectra in Figure 5 also show an onset has shown that there is also an admixture of the configuration
of the signal level above 10 eV, even though the onset is not as...(16(172(18Y(19¥(20f. Since both these configurations have
sudden as in the previously reported spectra. The onset arisef\1 Symmetry, it appears likely that we observe a single, highly
from the additional signal that is generated by a pathway to mixed, superexcited valence state. This state rapidly relaxes into

log(Integrated Intensity), 10.4 eV peak

1 n L 1 1 1 1 1 1 |

-2 0 2 4 6 8

2o delay time (ps)

Figure 6. Intensity of the & + 2w + 2w peak at 10.4 eV as a function
of 2w delay time. The solid curve is a fit to the slow component with
a decay rate of 2.& 10'' s™1. The laser wavelengths are identical to
those in Figure 5.

ionization via the $state, internal conversion tq,$xcitation
to the 7.5 eV resonance la 3 eVphoton, and subsequent decay
to the Rydberg states. At long delay times, after thestate

the set of Rydberg states converging to théoXs.
The S state undergoes a rapid nonradiative decay to the S
electronic state. After the relaxation, the molecule can again

has relaxed, this three-photon ionization via the 7.5 eV resonanceabsorb a photon, to generate a highly excited vibronic state at

dominates over the signal via the 9 eV resonance.

7.5 eV. On the basis of the known He(l) photoelectron spectrum
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of phenol, as well as the absorption spectrum of the phendPion, that the particular process of interest is indeed the one that yields
we associate this 7.5 eV state with an electron configuration of the signal, even at long delay times after the dominant ionization
..(16}(17¢(18¥(19). This valence state is again very short process subsides. Our work has shown that this analysis can be
lived, relaxing into the same set of Rydberg states that are quite challenging, as the number of possible processes is very
populated in the pathway via the superexcited state at 9 eV.large. However, such studies are also extremely rewarding
However, only those Rydberg states with energies below 7.5 because we continue to learn about the complexity of excited-
eV are available. state dynamics in molecules.
The absorption from Sto the 7.5 eV state provides an
ionization pathway that persists after the internal conversion = Acknowledgment. This research was supported, in part, by
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