5592 J. Phys. Chem. R006,110,5592-5598

Photofragmentation of the Fluorene Cation: I. New Experimental Procedure Using
Sequential Multiphoton Absorption

Nguyen-Thi Van-Oanh,*' Pierre Désesquelles, Stgphane Douin; and Philippe Bréchignac'

Laboratoire de Photophysique Malglaire, CNRS, Fdération de Recherche Lunrie Matiere, Ba 210,
Universite Paris-Sud XI, F91405 Orsay ‘@ex, France, and Institut de Physique Nwdte, IN2P3, Ba 100,
Universite Paris-Sud XI, F91405 Orsay ‘@ex, France

Receied: December 8, 2005; In Final Form: February 28, 2006

The hydrogen-loss channel, induced by sequential multiphoton absorption, of the vapor-phase fluorene cation
was investigated using a supersonic molecular beam and a time-of-flight mass spectrometer. The fluorene
cation was prepared by resonantly enhanced multiphoton ionization. The ultimate goal of this experiment is

the determination of the evolution of the dissociation rate constant in a wide energy range. In this paper, we

give a description of the original experimental procedure, show that the absorption process is non-Poissonian,
and determine the absolute photon absorption cross section.

Introduction Thus, it is important to determine the evolution of the photo-
dissociation rate versus internal energy with the ability to

Polycyclic aromatic hydrocarbons (PAH) have been inves- extrapolate the dissociation rate at small values (the estimated

tigated much for astrophysical purposes during the past few o . 5 .

decades. The major reason for this deals with the identification IR emission rate Is ab_out 1010° s ) This allows one to
of the species responsible for a series of the IR emission bandses'["’lbl's.h .the critical point energy, V‘.'h'Ch plays a crucial role in
observed in many astronomical objett§hese bands, which ascertaining the PAH,S'Ze dlgtrlbut|qn. . o
are well-known under the name of “unidentified infrared bands”, Mass spectrometry is especially swtabl_e for ph_otodlssoaatlon
have been observed with strong emission features at 3.3 .2 rate constant measurements. Many experimentalists have brought
7.7,8.6,11.3, and 12#m. Following the coincidence of typicél valuable information on the rate constants and on the branching
aromatic spectroscopic signatures with these observation bands/@tios of the PAHs. Data derived from time-of-flight mass
PAHs® have been considered as good candidates. Anhoughspectrosco_py with awell-controlled energy deposit are available
the question of the exact nature of these PAHs has beenfTom the literaturé:® VUV wide-range energy synchrotron

addressed over the years and several improvements have alsgXCitation has also been employétiThese techniques certainly
been made in related fields. no firm conclusion has been Offer valuable rate constant values at absorbed energies, which

established. are generally located much above the dissociation threshold.
From an intramolecular dynamics point of view, a PAH, under Alternatlve_ly, continuous irradiation coupled with Foyner
collisionless conditions, absorbs a UV photon issuing from stars transform ion cyclotron fesonance mass spectrometry is well
(or a laser or a synchrotron, etc.); the molecule is thus suited for low e_nerg|e%i espec!ally ne_arb_y the activation
electronically excited. Because internal conversion is a very €Nergy, but the internal energy distribution in the molecule is
efficient process in this class of large molecules (it occurs on a Not knpwn_. However, only.a few works have led to the
subnanosecond time scale), the molecular system then rapid| etermllgl:alt;on of the evolution of the rate constant versus
becomes highly vibrationally excited in the ground electronic energy: ) .
state but stays rotationally and translationally cold. This transient  In this paper, we introduce a new experimental procedure
heating mechanism of very small grains has been proposed firstfor determining this evolution. We apply this method to fluorene
by Sellgrert Two major possible channels for the de-excitation cation GsHj, (see Figure 1), which presentsCa, symmetry,
of these highly vibrationally excited molecules are either the to study its H-loss fragmentation. Fluorene has several astro-
infrared radiation emission or the fragmentation. The competi- physical interests as a test molecule because it is one of the
tion between these two relaxation channels depends on thesmallest PAHs and it contains a pentagonal H®§The central
excitation energy, molecular size, and nature of bondings in carbon site is connected to two weakly out-of-plane hydrogen
the molecule. Characterizing the vibrational spectroscopy of atoms. Thus, one of these two-€l bondings is broken easily.
these PAHSs as a function of the astrophysical relevant variablesThe second one then becomes in-plane and the strongest of all
(role of the ionization, temperature influence, structure effects, of the C-H bondings in the molecule. These features have been
etc.) provides a direct comparison with observation data. predicted using tight-binding molecular dynams.
However, in connection with the stability of these PAHs inthe  This paper comes with a companion pagethe former is
interstellar medium, fragmentation studies must be considered.devoted to the description of the new technique, the associated
experimental setup, and the characterization of the excited
* Corresponding author. E-mail:  vanoanh@Icp.u-psud.fr. Present molecular beam produced. The latter deals with the detailed
"L"J‘:]?\;gf:i:té 'E%tr’gg?g%dnglhd'f’(‘;'SeoPrggs'%‘& gmscﬁooo' CNR$ 388, description of the data analysis using the transition matrix
t Laboratoire de Photophysique Mgwaire’_ ’ method applied to the molecule fragmentation in order to
*Institut de Physique Nuchre. determine the H-loss rate constant in an energy range. We
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Solving the first-order coupled differential equations (egs 2a
c) gives the time-dependent populations:

Ny = eXP(Kaps) (4a)
) N; O =kaa%kabs[exp<—kabst) ~exp(k 0] (4b)

N_(t) = ﬁ [Kape XKy 1) — K_y €Xp(
koDl + 1 (4c)

Figure 1. Graphical representation structure of the fluorene cation. ~ From this set of equations, it can be seen that the populations
The hydrogen atom at either position A or B is moved from the fluorene evolve with time,t, and also depend on the absorption rate
cation in the H-loss fragmentation channel. constantkaps Because of the properties of the experimental setup
(see further section), neither the pulse duration nor the mass
spectrometer time-of-flight range can be modified. Nevertheless,
it is possible to tune the photoabsorption rate constant. Indeed,
this term depends on the wavelength of the absorbed photon
and also on the flux of the photon source (see eq 3). As a result,
the branching ratios can be expressed as a function of photon
flux.

Moreover, by modifying the laser flux and the excitation

To explain our method for the determination of the evolution wavelength, the number of absorbed photons can be increased.
of the fragmentation rates as a function of energy, we start by we now deal with a multiphoton process; the reaction scheme
considering a very simplified reaction scheme consisting of a (eq 1) becomes more complex, and new fragment yields may
single photon absorption followed by a single yield fragmenta- open. This is the key point because this method gives access to

J

believe that, beyond the physical results, the experimental
method and the data analysis method might be useful for other
experiments. Thus, the indispensable technical details will be
given in both papers.

Methodology

tion. In the following, of course, we will work with the actual
multiphoton multifragment complex reaction scheme.

the determination of a variety of rate constants. Note that both
parameters, laser intensity and laser frequency, are controlled

The intramolecular dynamics process can be detailed aswell and can be tuned easily. These particular features render

follows: the initial parent molecule populatioN{t = 0) = 1)

first absorbs a photon with a given absorption r&tgs The
single photon excited statN;, is then populated. We make the
assumption that the absorbed energy will be redistributed

our experimental facility very suitable for rate constant measure-
ments.

We now focus on the fluorene cation. Spectroscopies of some
electronic transitions are known accurately from earlier studies.

statistically among the ensemble of intramolecular modes more The D; — Dy visible electronic transition and its absorption
rapidly than both the dissociation process and the absorptioncross section have been characterized well in the vapor phase

of another photon. The evolution of the initial, excited, and
product populations as a function of time will be governed by
the kinetic law, given by

Koy

CyHio+ hw ] CiHie —> CiHg +H Q)
3
N, Nj N_y,

dN,
dat = _kabsz (2a)

dN; i

e = kabsz —koy Np (2b)
dN_, i
T = kaNp (2¢)

In these equationgapsis the photoabsorption rate constant that
is defined by

g¢=giElaser
S Shct

kabs = (3)

pulse

whereo is the absorption cross section of the electronic state
of the molecule. The photon flux, the number of photons per
unit time, is notedp (in s™1). Furthermorey is the wavelength

of the excitation photorEaseris the laser pulse energipuiseis

the laser pulse duration, and final8jis the laser spot surface.

in our group?® This transition and the P~ Dy ultraviolet
electronic transition values studied in matrices are also available
from the literaturé*2510|n this work, we do not attempt to
study all of the fragmentation pathways. Because of the
nanosecond laser irradiation times used, only the H-loss
fragment was dominantly present (see Figure 3).

The original experimental technique is based on the fact that
the ionic molecules can absorb several photons successively
during the laser irradiation, yielding methodologically for each
laser frequency an equal number of microcanonical dissociation
constants. It is important to note that the laser pulse width is
much larger than the internal conversion time for such a large
moleculé® (typically about 300 fs); thus, with the number of
absorbed photons being sm#lthe absorption process remains
sequential. Figure 2 illustrates the intramolecular dynamics
induced by the laser excitation leading to the fragmentation
process. This figure also exhibits the way rate constants can be
determined. Interestingly, the evolution of the dissociation rate
versus internal energy will be obtained within a quite large
energy range (proportional to the number of photon absorptions).
It can finally be noted that the experimental technique and the
data analysis method presented in this article and its companion
papef? have some analogy with the work reported by Oomens
et al?”-28in the infrared multiple-photon dissociation spectrocopy
of PAH ions.

In the next two Sections, a detailed description of the
experimental setup is given and raw mass spectrum data are
shown. The absorption process will then be shown to be non-
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Figure 2. Schematic experimental principle for the photodissociation rate constants of the fluorene cation measurements. lonization of the neutral
fluorene was processed via the resonantly enhanced multiphoton ionization technique. Fragmentation is induced via a resonant absorption process,
in this case the BP<— Dg electronic transition. Internal conversion, which occurs at each stage of photon absorption, yields to increasing rate
constants. Although this scheme illustrates the specific case of4dke Dy electronic transition of the fluorene cation, it should be noted that this
principle can be applied for any electronic transition available in a large molecule and more generally for any PAH.

Poissonian. The electronic absorption cross sections will be 0"
determined in the last Section.

Experimental Setup

The experimental apparatus has been described in detall
elsewheré?30.2|t consists of a microsecond time-of-flight mass
spectrometer, a supersonic molecular beam, and a nanosecond
laser system. Briefly, neutral vapor fluorene (produced by
heating high-purity fluorene at 108C) was introduced into
helium gas with a typical backing pressure of 4 bar. The mixture
beam first traversed a pulsed valve with a pulse duration of
200us. Thus, the expansion conditions were reached to form a
molecular supersonic beam from the valve orifice in a first /¢ &57% 8580 832 &8 8E 658
vacuum chamber (operating pressure~df0—* bar). The jet- Time of flight (us)
cooled molecules then crossed through a very small skimmer,Figure 3. Set of experimental time-of-flight mass spectra of the
entering the second high vacuum chamber (operating pressurdluorene cation for increasing values of laser pulse energy. Data
~107% bar). Here, the molecular beam met the outputs of two recorded W_it_h the 3.4 eV photon excitation (corresponding to the D
nanosecond pulsed dye lasers that were directed perpendicular Do fransition).

to the beam. The first one ionized the neutral molecules by two . . . .
resonant photons. The second one served to induce theSUPersonic beam generates conditions similar to that in the

fragmentation of these ionic species. The ultraviolet radiations interstgllar medium (cold and coIIisionIegs) and nanosecond Ia;er
used for both the ionization and fragmentation steps were excitations are an a_dequat_e means to induce t_he fragr_nentahon
obtained by nonlinear frequency doubling (KDP or BBO of the f_Iuorene cation. ThIS. yields a sequential multiphoton
crystals). Both dye lasers and pump lasers used in this @PSOrption at various energies.
experiment are commercial products: Nd:YAG (type YG 481)
operating at 532 nm pumped dye laser Quantel (type TDL IlI)
and Excimer XeCl 308 nm pumped dye laser Lambda Physik  Figure 3 shows a series of typical raw time-of-flight mass
(type FL2002). The role of the dye lasers (ionization or spectra collected at several different laser intensities. The laser
fragmentation) are completely interchangeable, depending onfrequency corresponding to the B- Do transition was used to
the electronic transition location of the molecule of interest. The induce the fragmentation.
whole system was operating at 10 Hz in repeat frequency. It is seen immediately in this figure that there is an inversion
The fragments were identified by a time-of-flight mass of the parent-fragment populations. At very low laser intensity,
spectrometer. The resulting experimental information consists the early H-loss signature is presented clearly. This fragment
of mass spectra recorded with an oscilloscope as a function ofsignal increases significantly while increasing the laser intensity,
the intensity of the second laser while holding its frequency accompanied by a reduction of the parent signal. At high laser
constant. The same procedure was followed for two different intensity (not shown in this figure), other fragments are observed
laser frequencies. Finally, the evolution of the reactant-fragment such as multihydrogenated products and multiacetylene products.
proportions as a function of laser intensity can be deduced. In Yet, the intensities of these fragments are weaker than those of
the following, the terms laser intensity or laser frequency will H-loss fragments. To simplify the analyses, in the following
refer to the second laser used for the fragmentation step. Somewe regroup these fragments together to forom&uechannel
advantages of this experimental setup are the following: the considered as leaked out from the reaction process and that will

Experimental Raw Results
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as a function of laser pulse energy with photon excitations at 1.97 eV Pulse energy (mJ)

(Ds — Dg transition, figure on the left) and at 3.4 eV {B— Do ) ) . o
transition, figure on the right). The circle, diamond, and up triangle Figure 5. Solution of the Gaussian system (eq 9) under a priori

symbols exhibit parent, H-loss, and “leak” proportions, respectively. _constraints_ (the dissociation constants must be pos_itive and must
increase with the number of absorbed photons). The lines correspond

to the optimization; the symbols (see conventions in Figure 4) stand

be referred to simply as tHeak channel in this work. Similar ¢ the experimental points.

remarks can be made for the fluorene cation excitation at 1.97
ev. 1 T T T T T T
Asymmetric Lorentz forms were applied to fit these mass L _
spectra in order to determine the abundance of the fluorene
parent cations and the fragment products by integrating each
signal separately. Figure 4 plots the laser intensity-dependence
of the relative proportions of the fluorene parent cation, H-loss
fragment, and leak channel for experiments 1 and 2, respectively.
The error bars have been taken into account for each experi-

mental points via the following formulaAN = 0.05/N(1—N)
+ 0.0131 They naturally include the uncertainties involved by
the signal fitting procedure, the laser intensity measurement, [) ]
and so on. 0.2 U
To give a thorough understanding of the data analysis H .
involved in this experiment, we now discuss some important ! | , | ,
characteristic experimental parameters that were used in the 0 2e+23 det23 6e+23 8e+23
kinetic equations. First of all, the ions have been prepared via G
the intermediate state off S S electronic transition of neutral ~ Figure 6. Proportion of detected unfragmented parent molecules as a
fluorene (located at 4.16 eV (296 nthwith a lifetime of 18 function of the laser flux folw = 1.97 eV (dots) andw = 3.4 eV
ns). The neutral fluorene can be ionized sufficiently by a one- (0Pen dots) photons. The curve shows the adjustments, to the
color two-photon excitation scheme to overcome its ionization experimental yields, of the formula (eq 5).
potential threshold lying at 7.91 eéA#.33 This ionization process
leads to a relatively low excess energy of 0.41 eV.
After ionization and fragmentation, the ions were deviated
and accelerated. They are accelerated fas defore entering

0.6~ L —

[
04l LX) _

unfragmented proportion
T
o4
a gl

are given in the Appendix). It is based on the solving of a
Gaussian system’%?= ¢ . The components of these matrices
are, respectively, the proportion of parent molecules having
a 4 us time-of-flight region. These ions were then detected by apsprbed agiven .number of photons'for each e>§perime.ntal point
a microchannelplate detector placed behind. Hence, the detectiorfinitial ;tate matnx), the fragmentation branching rat|_os after
time is equal to 7us. Only the molecules resulting from absorption of given numbers _ofpho;ons, and the e_xperlmental_ly
fragmentation occurring during the acceleration phase will not méasured molecular proportions (final state matrix). Hence, if
populate the parent peak. Hence, the final time that has to be®ne is able to evaluate the initial state matrix then the solving
taken into account in the calculationstisy = 3us. These time ~ Of the Gaussian system gives the values of the rate constants.
values have been checked rigorously by simulating the propaga-The simplest method to determine the initial state matrix is to
tion of the fluorene cation in our mass spectrometer configu- make the assumption that the absorption process is Poissonian.
ration. Finally, the irradiation time is equal to 6 ns and the  Absorption Phase: Poisson Proces$his assumption is true
temporal variation of the laser flux has been replaced by its only if no fragmentation takes place during the laser pulse time

mean value. and if the absorption constant does not depend on the number
of absorbed photons.
Poisson-Gauss Process In this case, the components of thé matrix can be

In this Section, we will determine if the photon absorption determined (see eq 7 in the Appendix) and, as shown in Figure
process is Poissonian, in which case the proportion of parent?, the number of absorbed photons would vary between 0 and,
molecules having absorbed a given number of photons couldfor the highest intensity, 20.
be deduced directly from the absorption rate constant and from Gauss Formalism of the Fragmentation Phaselhe second
the laser pulse duration. This analysis is fully analytic (the details phase runs from the end of the laser pulse to the moment when
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0.5 , the main fragmentation yield, in this intensity region, corre-
sponds to parent molecules that have absorbed three photons.
Thus, the proportion of parent molecules excited by three
photons, at the end of the pulse time, can be approximated by
N3’; = (Kabdpuisd® € Xavdnusd3!. Hence, the measured population

of unfragmented parent molecules follows the equation

01: uise 8 Ot uise
FRRETLYS R

Absorption probabilities

where otpuse is @ known constant. This formula can thus be

adjusted to the experimental points (see Figure 6). The optimum

value of S given by a fitting procedure for a flux lower than

0 — m T 1.2 x 10?® s, is 2.1 mn3, which is in agreement with the
Number of absorbed photons experimental determination within uncertaintfés.

Figure 7. Distributions of the number of absorbed photons for the ~ Moreover, Figure 6 shows that, at low photon flux, the
laser intensities corresponding to the 11 experimental measurementfragmentation follows the same trend for the two sets of data
(1.97 eV). These curves result from two hypotheses: the absorption gt different photon energies. This means that the absorption rate

constant does not depend on the energy deposit, and fragmentationyonstant has very close values for both photon energies.
during the laser pulse duration is negligible.

the molecules are detected. The molecules can break upConclusions and Perspective

:glcl)?gvc'ﬂlge tv;%g??ﬂge;i:sgﬂirggegf atg/r:r:osjrﬁg(;::%ﬁ' Ah%?(;igt A new experimental method has been proposed that is meant
' P 9 P ' to determine the evolution of the dissociation rate with the

will decay with given probabilities (mairi). Hence, one has eposit energy. The setup consists of a collimated supersonic
to solve the Gaussian system and then deduce the rate constanfjs P gy. P P

o . . .~ 'molecular beam, a first laser being devoted to the ionization of
from the probabilities. The method is developed in Appendix .
L the molecules by resonant two-photon absorption and a second
A. The results are shown in Figure 5.

. S . nanosecond tunable laser allowing the excitation of the cations
In conclusion, the fragmentation is underestimated at low

energy and largely overestimated at high energy. Indeed, to by multiphoton sequential absorption. The resulting fragments

reproduce the rapid increase of the hvdroaen-loss channel afe discriminated by a time-of-flight mass spectrometer. The
P b yarog tfinal experimental information consists of the proportions of

low energy, the dissociation constants, for a small number of the diff tf tati ield
absorbed photons (for exampjes 3), must take high values. € different fragmentation yields. .
The constants for higher numbers of absorbed photons are forced We have shown that the photoabsorption was a non-
to be even greater, which leads to an overestimation of the Poissonian process and that it was slowed at high laser intensity.
fragmentation probabilities at high energies. The only way to This attenuation could result from two causes: fragmentation
limit high-energy dissociation without modifying the prob- during the laser pulse and/or decrease of the absorption cross
abilities at low energy is that the number of highly excited Section for the hot fluorene cation. Because the absorption
molecules is reduced. This is sufficient to say that the absorption constant at high laser intensities is greater than the inverse of
process is not Poissonian. The saturation of the absorption aithe pulse time, fragmentation is indeed in competition with
high energy can be induced by two, nonexclusive, causes: (1)absorption during the interaction with the laser.
the photon absorption process is limited by a significant decrease In the energy region of validity of the Poissonian process,
of the cross section for hot fluorenes and (2) the fragmentation the adjustment of the parent molecule proportions at low laser
process that takes place during the laser pulse is importantintensities for the first experiment have confirmed the measure-
enough at high energy so that it prevents the parent moleculesment of the absorption cross section for the cold fluorene cation
from absorbing a large number of photons. made by ref 23¢ ~ 0.6 x 107 cm=2 at 1, = 630 nm). A

The latter possibility is already validated by the fact that the similar adjustment applied to the proportions of the second
Poissonian analysis has led to dissociation constant values (forexperiment { = 365 nm) have led to the same, within

j = 3) largely greater than the inverse of the pulse time. uncertainties, absorption constant as that for the first experiment.
. . ) Because the laser spot surfaces are close, this indicates that the
Cold Fluorene Cation Absorption Cross Section cross sections are of the same order for both wavelengths.

The following discussion concentrates on the determination However, this method does not give information regarding the
of the absolute absorption cross section of the fluorene cation@bsorption cross section of the hot fluorene cation.

between two electronic states involved in the & Do and To determine the evolutions of the absorption and fragmenta-

D4 — Dy transitions. It will be used for the data analysis in a tion constants with the deposit energy, we could solve analyti-

companion pape cally the kinetic equations for the absorption/fragmentation
The absorption cross section, of a 1.97 eV photonA(= process. However, because the absorption/fragmentation scheme

630 nm) from the ground state by the fluorene cation has beenis not known a priori, the explicit solving of the sets of large
measured by ref 23. But for thesB— Dg transition it is not numbers of differential equations for each possible scheme is

known. A value of 0.6x 10718 cne for the D; < Dg transition, an overwhelming task. The transition matrix method, introduced
with an error bar of 30%, was reported. We verify here its in a companion papé# allows us to solve this problem while
coherence with our experimental results. keeping the advantages of the analytical method, notably the

We have found that, at low intensity, the Poissonian process possibility of taking into account the competition between
is reasonably valid. Furthermore, it is also shown in ref 22 that absorption and fragmentation. Finally, the rate constant evolution
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as a function of the deposit energy will be determined from the dissociation constants. Indeed, the differential system that
experimental data presented and characterized in the presentdlescribes the fragmentation process is the following:
paper. _ . .
dNT =K N dt
Appendix: Poisson-Gauss Formalism of the Absorption

and Fragmentation Process dN ]I;akz ki;akN',: dt
The goal of this Appendix is to determine the rate constants ” o " "
under the hypothesis that, during the laser irradiation phase, dNJp = _(kaH + kieak) NJp dt (11)
the absorption process is purely Poissonian. The proportion of
parent molecules having absorbgghotons are noted). Furthermore, the components of the matrix are, by

These quantities can be calculated by solving the following definition
differential system:

p]* — N JjH(tfinal)
dN I e . —H N i* t
Oi, —q = kans (N7 = N) (6) » (pued
pj* _ N i;ak (tfinal) 12
The same result can be obtained directly writing thatjthe TR (tued (12)
p \‘puls

photon absorption probability is given by the Poisson law, which
parameter is equal to the mean number of absorbed photons

Notingp. =1 — p", — pl..., the proportions, at final time,
(0= Kabdpuise = 0Eiasel(W9): 9P, P-ts — Pleai the prop

of unfragmented fluorene cations, the solution of the system

j is3e

o N = Cd i ) Inpl

J' ik ik n pjp
P  sd D)

The energy deposit distribution can thus be calculated for final - “pulse’tFp
each value of the laser intensity, that is, for each experimental In p'
measurement (see Figure 5). The mean number of absorbed k{;akz i;ak P - (13)

photons depends only, at a given wavelength, on the energy (tina — tpmsa)(P'p —-1)

contained in the laser pulse.

After the laser pulse, the molecules are accelerated and then In our case, the Gaussian system is underdetermined. A mere
detected. They can break up but cannot gain excitation energy.solving would give a solution that fits the experimental points
A parent molecule, after the absorptionj ghotons, will decay exactly but shows large, unphysical fluctuations between the
with probabilitiesp”,; and pl,, along the two channels. The points. We have tried to regularize the solution by adding
resulting proportions of detected molecules will be ndxed, “artificial” experimental points using a smooth spline interpola-
andN{;ak (we insist that thg* refer to the number of photons tion so that the Gaussian system becomes' squared. The
absorbed by thearentmolecule prior to fragmentation). The fluctuations are removed, but the system remains underdeter-
three experimentally measured molecular proportions can thusMined and the resulting rate constants are unphysical (some take

be written as negative values).
To solve this underdetermination problem, a priori constraints

_ [ i were imposed to the’maitrix, that is, the dissociation constants
N_y = Z NZy= Z Np Py must take positive values that increase with the energy deposit.
! ! The system is solved by residue minimization. As shown in
" - Figure 5, the adjustment to the experimental points is very bad.
Nigak = z Nleak= z N]ppjleak Therefore, one can conclude that the absorption process is not
] J Poissonian over the whole energy rafg€ollowing the same
method, we have verified that the process was reasonably
Ny =1—N_j; = Niggy (8) Poissonian up to a pulse energy of about 0.5 mJ.
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