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a b s t r a c t

A comparison of laser-induced multiphoton ionization/dissociation and dissociation/ionization pathways
of naphthalene, C10H8, is presented at 266, 355, 532 nm, using time-of-flight mass spectrometry, ToF-MS.
From the spectra several processes were identified: molecular ionization, simple dissociation, hydrogen
transposition, hydrogen loss, and total deprotonation. The dependence on the wavelength and the radia-
vailable online 7 August 2010

eywords:
aphthalene
AHs
hotoionization

tion intensity is clear. At 266 nm energies per pulse, <1.0 mJ (9.23×102 MW cm−2), C10H8
+ dominates the

spectra and new ions were observed as the laser intensity was increased. At 355 nm, hydrogen loss was
the principal dissociative route, with the formation of low mass ions: CHn

+, 0 < n < 6, in particular CH6 was
identified by isotopic analysis. At 532 nm, the CnHm

+ ions, 2 < n < 5, were the most abundant species. The
calculated numbers of absorbed photons along with previous calculations were used to propose different
hotodissociation
ime-of-flight mass spectrometry

fragmentation channels.

. Introduction

There is strong spectroscopic evidence to suggest that polycyclic
romatic hydrocarbons, PAHs, their ionized forms, or/and clus-
ers are responsible for the diffuse interstellar bands, DIBs [1–4],
bserved from a wide variety of space regions, molecular clouds,
nd astronomical objects. It is now clear that cationic forms of PAHs
ominate these emissions. In regions where the photon energy
eaches the VUV spectral region, it is possible for the photodestruc-
ion of PAHs to occur; in addition, radiative processes are present as
consequence of the inter- and intra-molecular relaxation of ion-

zed or electronic excited species. PAHs cations have been confined
ith radiofrequency fields using ion traps; these results [5–8] sup-
ort the DIBs astrophysical hypothesis. On the other hand, it has
een pointed out the importance of the PAHs [9–11], for instance
s carcinogenic substances, in the environment as a result of com-
ustion processes, or as a model to understand some aspects of the
hoton–molecule interaction.

Naphthalene is a PAH, that can be proposed as a model
olecule to perform experimental studies and an analysis of

ts photon–molecule interaction behavior, to acquire a better

nderstanding of photon–PAHs interactions and to provide some

nformation about the ion fragmentation.
DeWitt and Levis [12] had reported the photoionization, PI, and

hotodissociation, PD, of PAHs, with 780 nm ultrashort laser pulses
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(170 fs) and intensities of up to 3.8×107 MW cm−2. Jochims et al.
[13–16] had measured the photodestruction efficiency as a func-
tion of photon energy 7–24 eV using synchrotron radiation. They
observed the predominance of parent ions in the ToF spectra at
low energies per pulse, similar results were obtained in our exper-
iments at 266 nm.

In the present paper we report the multiphoton ionization, MPI,
and multiphoton dissociation, MPD of naphthalene resulting from
the interaction with 266, 355 and 532 nm laser radiation in the
nanosecond regime. The different products are a result of the char-
acteristics of the laser radiation (wavelength, intensity, and width
of laser pulse). The different photoions resulting as a function of the
photon energy and radiation intensities were identified using a ToF
analyzer, and the possibility of resonant or non-resonant photon
absorption from the neutral molecule is discussed. At intensities
from 103 to 105 MW cm−2, ionization is possible by multiphoton
absorption, as it was seen at 266 nm and also dissociative states
can be reached, resulting in an extensive fragmentation as was
observed at 355 and 532 nm in the experiments reported in the
present paper.

2. Experiment

Naphthalene sample was purchased from Sigma–Aldrich (spec-
troscopic grade, purity > 99.9%). The sample was located in a

controlled thermal chamber; the vapor pressure of the sample was
increased by raising the temperature to 373 K. The sample was
introduced into the ionization chamber using a pulsed valve, syn-
chronously coupled to the laser pulse. Argon was used as carrier
gas. A cooled molecular jet was generated by adiabatic expansion

dx.doi.org/10.1016/j.jphotochem.2010.07.031
http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:jkclimb@fis.unam.mx
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0.18 [18]. The strongest S3← S0 transition to a B3u state has energy
of 5.62 eV and oscillator strength of 1.3 [17]. Those transitions are
shown (Fig. 2) and from them it is possible to identify the electronic
transitions when photons of different energies are absorbed.
Fig. 1. Experimental setu

f naphthalene vapors in a high vacuum chamber at 2.7×10−6 Pa,
eaching a final pressure of 2.7×10−4 Pa when the sample is intro-
uced.

The fourth, 266 nm, third, 355 nm, and second, 532 nm, harmon-
cs from an Nd:YAG laser, with 4.5, 6.5, and 8.5 ns pulse widths,
espectively, and a repetition rate of 10 Hz, were used. The energy
er pulse used was varied from tenths up to 10 mJ at 266 nm, from
enths up to 50 mJ at 355 nm, and from 40 to 100 mJ at 532 nm,
ith equivalent intensities to up to 9.24×103, 3.78×104, and

.40×104 MW cm−2, respectively. For each wavelength, 50 differ-
nt energies per pulse were measured. 5000 laser shots per energy
er pulse were added to obtain the ion spectra in a ToF window from
to 20 �s. The radiation was focused into the interaction region

sing a lens with a focal length of 25 cm. Area in the focal point
as measured using a polish copper film, several laser shots were

ent, marking different spots, their diameters were measured and
rom average the area was calculated, with this focal area, and pulse
idths and energies per pulse, intensities used here were derived.

The ions resulting from MPI and MPD were extracted by an
lectrode-mesh polarized to +5.0 kV and subsequently accelerated
y a repulsive voltage of +3.5 kV toward a grounded grid elec-
rode at the entrance of the 1 m long field free flight tube, and
ere separated according to their mass-to-charge ratio. The pos-

tive ions were recorded according with the arrival time using a
hannel electron multiplier detector, and the signal was amplified
y a fast preamplifier and subsequently digitized using a multi-
hannel analyzer with 5 ns width per channel, to reconstruct the
oF mass spectra. Detailed experimental setup is shown (Fig. 1).

The detected ions were identified according to their mass-
o-charge ratios. The effect of energy per pulse on the resulting
hotoions, photoion currents at different wavelengths was ana-

yzed. From the relation between the ion currents and the laser
ntensities, the number of absorbed photons was calculated and
he possible dissociation channels were proposed.
. Results and discussion

The first three electronic transitions to S1, S2, and S3 states were
bserved in the near-UV region [17]. The first is an S1← S0 transi-
ion with B2u symmetry, 3.94 eV of energy and oscillator strength
e PI and PD experiments.

0.002 [17], hence it is a very weak transition. The S2← S0 transi-
tion has been reported as a transition with symmetry 1Ag→21B1u,
energy of 4.34 eV and moderate intensity, with oscillator strength of
Fig. 2. Electronic states and energies, and photon absorption.
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A comparison of the wavelength effect on the dissociation
attern is shown (Fig. 3), the parent ion is only observed at
66 nm. Accordingly with Lubman and Kronick [19] the parent ions
ppeared, for several PAHs studied, included naphthalene at rel-
tively low laser power, of the order of 1 mJ at 266 nm, and the
ragmentation pattern is very sensitive to the laser power as it
as observed in the present experiments. The fact that the par-

nt ions are not observed at 355 and 532 nm has been pointed out
y Lubman et al. [20]. The process which takes place at 266 nm

s an ionization–dissociation process whereas at 355 and 523 nm
hey are dissociation–ionization processes. The lower energies
eeded to produce different ions are in some cases lower than
he nominal appearance energies due to the extensive fragmen-
ation of the molecule to form smaller ions and neutral products.
t 266 nm the ionization occurs by a resonant [1+1] two-photon
bsorption processes, increasing the two-photon absorption cross-
ection; while at 355 and 532 nm resonant photon absorption was
ot feasible, decreasing significantly the probability of such pro-
esses. Comparative ToF spectra for different energies per pulse
t 266 nm are shown in Fig. 3, as can be seen as the energy
er pulse increases, new ions appear. At this wavelength sim-

lar results have been reported by Lubman et al. [20], which
iscuss the changes in fragmentation patterns as a function of
avelength and energy per pulse, being significant the satura-

ion processes as a consequence of the increments in the energy
er pulse. Our experimental setup differs from previous exper-

ment [20], pulsed molecular beams and fluxes of the order or
07–108 molecules cm−2 s−1 in the interaction region were used
ere. The saturation thresholds occur at energies per pulse close to
.3 mJ (8.59×103 MW cm−2), 27.5 mJ (2.08×104 MW cm−2), and
ore than 100 mJ (6.39×104 MW cm−2) per pulse for 266, 355 and

32 nm respectively. Perhaps at 532 nm the saturation threshold is
ot possible to reach in the present experiments, because, consid-
ring the energy photons, higher energies per pulse than 100 mJ
re required to reach densities up to the saturation limit.

In order to estimate the number of photons absorbed which lead
o a particular ion, the logarithm of the measured photoion current
as plotted as a function of the logarithm of the laser intensity

ccordingly to the following relation [12]:

= f (�n) · In (1)

here C is the photoion current, f(�n) is a function of the nth-order
ross-section of the processes, MPI or MPD, in units commensu-
ate with the units used for the intensity, and n is the order of the
rocess. From the present experimental results it is not possible
o calculate �n itself. The order n, is equivalent to the number of
hotons required to ionize or dissociate the molecule through an

ntermediate excited electronic state; n photons supply the energy
equired to induce a particular process. n values were calculated
elow the energies per pulse where the saturation threshold occurs.

From photoion current the numbers of absorbed photons
ere calculated for the groups of ions, CnHm

+ (m from 2 up
o 10), as well as for different particular ions. At 266 nm, were
bserved the formation of ions by the absorption from two to four
hotons; at 355 nm, were observed ions formed by the absorp-
ion of two, three and four photons; and at 532, the formation
f the detected ions require more than four-photon absorp-
ion. Under the present experimental conditions: high energies
er pulse and low cross-sections, some of the ion currents do
otobiology A: Chemistry 215 (2010) 140–146

not follow the potential law earlier discussed, and the number of
absorbed photons were not calculated. The results as a function of
the laser wavelength are discussed and interpreted as follows.

3.1. Photoionization at 266 nm

At 266 nm, the process that takes place is a multiphoton absorp-
tion follow by molecular ionization and dissociation. A first photon
with an energy of 4.66 eV can be resonantly absorbed [21] to a
vibrational level of the second excited state, S2 (step i, Fig. 2); at
the intensities used here, the absorption of a second photon is also
probable (step ii, Fig. 2), so that the molecule reaches a superex-
cited state which decays, leaving an ionized molecule and one free
electron.

This process can be described as follows:

C10H8
2h�−→(C10H8)∗ −e−→C10H∗8

Two-photon absorption, at energies per pulse lower than 1 mJ,
gives rise to the formation of heavy ions: C10H8

+, C9Hn
+ and C8Hn

+,
and low mass ions C2Hn

+, particularly C8H6
+ and C2H2

+, as the
result of direct dissociations from molecular parent ion:

C10H+8 →
C8H+6 + C2H2

C2H+2 + C8H6

Also the ion C2H4
+ was observed but it formation is only possible

by a double hydrogen transposition:

C10H8
+→ C2H4

+ +2C4H2

If the C10H8
+ ion absorbs one additional photon it can reach

other excited dissociative states forming lighter ions (step iii, Fig. 2).
Three photons supply enough energy to reach a dissociative state
which results in the formation of C7Hn

+, C6Hn
+, C5Hn

+, and C2Hn
+,

either by a direct dissociative mechanism from parent ion or by
one photon absorption from the already resulting ions by the two-
photon processes, a step by step dissociative mechanism.

The direct dissociation from superexcited molecular parent ion
is interpreted as:

C10H8
+→ C8H8−n

+ +C2Hn

C10H8
+→ C7H8−n

+ +C3Hn

C10H8
+→ C6H8−n

+ +C4Hn

C10H8
+→ C5H8−n

+ +C5Hn

And the step by step dissociative mechanism, which involves
one or two C–H bond break, corresponding to neutral hydrogen
loss mechanism, represented as:

C2H+4
one photon−→ C2H+3 +H

C2H+2
one photon−→ C2H+ +H

C+2 +H2

Other ions observed by the absorption of three photons are:
C4H+, C5H2

+, C5H3
+, C6H2

+, C6H4
+, C6H5

+, and C6H6
+. Being impor-

tant the formation of C6H4
+, and C6H6

+, represented as:
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Table 1
Relative naphthalene fragmentation, per cent, at 266 nm.

Energy (mJ/pulse) Ion group

CHn
+ C2Hn

+ C3Hn
+ C4Hn

+ C5Hn
+ C6Hn

+ C7Hn
+ C8Hn

+ C9Hn
+ C10Hn

+

1.1 0.09 1.00 3.01 6.45 4.99 11.75 4.02 12.91 2.27 53.35
1
1
1

l
C
l
C

p
i
d
e

3

e
i
e
s
v
u
d
r

v

F

ments being longer than 5.21 �s. In order to explain the stability of
CH6

+ we made the use of the density functional theory, DFT, and
4.7 0.15 4.03 14.85 20.07
11.3 0.39 8.21 24.59 19.92
14.7 0.63 11.00 28.91 18.98
19.0 0.91 14.76 34.01 17.87

Four photons open new dissociative channels that lead mainly
ighter ions: C3Hn

+ and C4Hn
+. Particularly were observed the ions

3
+, C3H+, C3H2

+, C3H3
+, C4H2

+, C4H3
+, C4H4

+. Also were observed
ow currents of ions with five and six carbon atoms such as: C5H+,
5H6

+, and C6H+.
Table 1 shows the changes in the ion yields as the energy per

ulse was increased at 266 nm. At low energies, the parent ion dom-
nates the ToF spectra, and it is possible to observe how its current
iminishes as a consequence of the formation of new ions at higher
nergies (Fig. 3).

.2. Photodissociation at 355 nm

At 355 nm the photon energy is 3.49 eV; one photon is not
nough for the molecule to reach the first excited state, S1 (step
v, Fig. 2), but with one additional photon (step v, Fig. 2), higher
xcited electronic states, Sn, n > 4 can be attained, all which are dis-
ociative. Direct ionization by three-photon absorption (steps iv,
and vi, Fig. 2) was not observed at this wavelength, the molec-

lar parent ion was not detected; the ions were formed by a
issociation–ionization process. According to Eq. (1), three energy
egimes were identified: two-, three- and four-photon absorption.

With the absorption of two photons, the molecule reaches high
ibrational levels of a higher electronic state than S4, which is a pre-

ig. 3. PI-ToF spectra of naphthalene at 266 nm and different energies per pulse.
3.44 16.89 4.93 10.13 1.97 13.54
2.03 11.42 4.11 7.10 2.13 10.08
0.61 9.09 3.58 6.43 2.02 8.75
8.50 6.69 2.77 5.52 1.79 7.17

dissociative state, giving rise to the observed C2Hn
+ (n = 0–6), C3Hn

+

and C4Hn
+ ions. The absorption of three photons lets to molecule

reach a excited state related with the formation of H+ and CHn
+

(n = 0–6) ions. Unfortunately to our knowledge there is not informa-
tion about the electronic structure above the S4 electronic state, it is
not possible to identify the process as resonant or not. The absorp-
tion of four or more photons was only observed in the formation of
H2

+ ion.
The highly protonated carbon ions formation: CHn

+, 4 < n < 6, can
be related with the formation of H+, since all their currents decrease
as a function of the laser energy per pulse following the same trend.
With regard the formation of CH6

+ Asvany et al. [22] proposed that
the formation of CH5

+ is through CH6
+, an intermediary complex,

coming from the H2 addition to CH4
+. CH6

+ has a short life time, of
4.5 ns, explained as the result of its rapid dissociation as CH5

+ + H,
but its structure and stability was under discussion. In the present
experiments the lifetime of CH6

+ was derived from ToF measure-
Möller–Plesett pertubation theory, MPn, and three different stable
geometries were found. In late 1990, ab inito calculations on the sta-
bility of the multiple charged ions: CH6

2+, CH6
3+, and CH6

4+, were

Fig. 4. PI-PD-ToF spectra of naphthalene.
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Fig. 5. Dissociation

eported [23,24] applying the methods mention above we perform
he same calculation finding a very good agreement.

.3. Photodissociation at 532 nm

At 532 nm, two-photon absorption allows the molecule to reach
he second excited state, S2 (steps vii and viii, Fig. 2); the absorption
f additional photons lets the formation of H+, CHn

+, C2Hn
+, C3Hn

+,
nd C5Hn

+ ions. The very low H+ ion current detected, here, sug-
ests that this dissociative channel is not energetically favorable,
nd H+ formation come from the C–H dissociation from the neu-
ral molecule which is agreement with the reported values [25,26].
he number of photons required to the naphthalene molecular dis-

ociation at this wavelength is four (step x, Fig. 2), but no parent
on was observed, at this wavelength the observed ions follow a
issociation–ionization regime.

From the behavior of the relative ion currents as a function
f the energy per pulse it was observed that the ion groups:
ays of naphthalene.

C3Hn
+ and C4Hn

+, were the most abundant. The first group,
C3Hn

+, shows high ion currents at energies per pulse lower that
50 mJ (3.20×104 MW cm−2), decreasing as the energy per pulse
increases. While the formation of C4Hn

+ ions was most favorable
at energies per pulse higher than 50 mJ. This fact can be an indi-
cation that the absorption of higher number of photons depends
on the energy per pulse, as well the possibility of that a resonant
photon absorption processes take place, which mediate the forma-
tion of a particular ion. At this wavelength the detected ions come
from a dissociation–ionization process requiring a lower number
of photons, below than the required to the ionization.

Comparative ToF-MS of PI and PD of naphthalene are 266, 355,
and 532 nm are presented in Fig. 4.
3.4. Identified dissociation pathways

Fig. 5 shows a scheme of different mechanisms (a–e) proposed
for the formation of the detected ion products.
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.4.1. Simple dissociation, a
This ion group constitutes the most abundant type of ions

bserved in the MPI and MPD of naphthalene, but they are not
esponsible for high ion currents.

.4.2. Hydrogen loss, b
The opening of one of the dissociative channels from the neutral

r ionized molecular parent ion results in the formation of atomic
ydrogen or H+ and other ionized molecular systems such as H2

+

nd H3
+. An alternative mechanism for forming H2

+ can be the
ecombination of neutral hydrogen produced by the dissociation
f the C–H bond and one proton.

With 266 nm laser radiation, H+, H2
+ and H3

+ were not detected,
owever C10H7

+ and C10H6
+ deprotonated molecular ions were

bserved as the laser pulse intensity was increased; as shown in
ig. 6. Those ions could be formed by neutral hydrogen loss from
he molecular ion; Van-Oanh et al. [10] had proposed the sequential
eprotonation of fluorene leading to C10H6

+ this supposition can be
xtended for naphthalene. However there is another deprotona-
ion way to produce C10H6

+, by losing H2, a concerted dissociative
rocess, Jolibois et al. [27]:

10H+8 + h�→ C10H+∗8

→ C10H+7 +H→ C10H+6 +H

→ C10H+6 +H2

In the present experiment, both cases were observed (Fig. 6),
he total parent ion monotonically decreases as the energy per
ulse increases, up to 11 mJ were there is a change on the
endency to decrease more abruptly, of whereas C10H7

+ cur-
ent increases monotonically and around the 7 mJ per pulse
6.47×103 MW cm−2) the ion current becomes flat. In the case
10H6

+ ion current it increases almost linearly as the energy per
ulse increases up to around 7 mJ were a second region for the

ncrease was observed. The two different regions, shown for the
ecrease of C10H8

+ and the formation of C10H6
+ can be attributed

o the sequential and concerted hydrogen lost mechanisms respec-
ively.

At 355 nm considerable ion currents of H+, H2
+ were detected,

ith three and more than four-photon absorption, respectively,
hey supply enough energy for the C–H bond to break, as have been
bserved in previous experiments [28–30]. The present results may
e attributed to that at 355 nm the molecular dissociation occurs
hrough a predisociative state with further C–H bound breaking.

At 532 nm, very low ion currents of H+ were detected; and it is
ot an important dissociative channel.

.4.3. Hydrogen transposition and formation of highly
rotonated ions, c

In general, a low atomic H/C ratio characterizes the PAHs; an
ncrease in the fused ring number lowers the H/C ratio, being 0.8
he value for naphthalene. Ions with high H/C values cannot be
roduced by direct dissociation, but by hydrogen transposition.

At 266 nm, only C2H3
+, C2H4

+, and C3H5
+ were detected, and

hey do not constitute important dissociative channels.
At 355 nm, there is a considerable hydrogen transposition

esulting in the production of CHn
+, 1 < n < 6, ion species, with a pre-

ominance of odd number of hydrogen atoms. This phenomenon
as not been observed in previous photodissociation experiments
ith methane and other small hydrocarbons. In the ToF mass spec-

ra, the ion with m/z 18 could be assigned to CH6
+, C2

2+ and H2O+

ons. Isotopic analysis of the relative abundances of ions M+1 and

+2 let to distinguish between them. In the ToF spectra the ion
/z 18.5 that could correspond to the isotope M+1 for the C2

2+

ons was no detected, which in turn lead to eliminate this ion. The
elative abundances from ToF spectra for M+1 and M+2 ions was
alculated and compared with natural isotopic abundances for each
Fig. 6. Deprotonation of molecular ion as a function of energy per pulse.

value for CH6
+ and H2O+ ions, lead us to conclude that the ion with

m/z 18 is CH6
+. As it has been pointed out there are previous exper-

imental and theoretical reports on the structural stability [31] and
spectroscopy [32,33] of the CHn

+, n = 1–5, ions, and their proper-
ties have been well established. To our knowledge, there are no
previous reports on the characteristics of the CH6

+ ion. It [22,34]
has being proposed that CH6

+ appears previous to the formation
of CH5

+ through, the H2 addition to CH4
+. The short life of CH6

+,
is explained as the result of its fast dissociation leading CH5

+ + H.
In our experiments CH6

+ was detected and its lifetime was derived
from ToF, been longer than 5.21 �s, even though its structure is still
under discussion.

At 532 nm, CH2
+, C3H4

+, C3H7
+, C4H8

+, C5H6
+, C5H8

+, and C7H8
+

were detected, and the existence of hydrogen transposition is clear;
the ratio H/C is higher than one in all cases.

3.4.4. Total deprotonation and formation of carbon clusters, d
The formation and detection of carbon clusters from polycyclic

aromatic hydrocarbons such as from naphthalene confirm their
structural stability. The cluster formation may not occur from a
single dissociative process where the hydrogen atoms are simulta-
neous eliminated. According with previous [10] the results, a most
adequate mechanism is the step by step hydrogen loss. In our exper-
iments, at 266 nm, carbon clusters with two to eight carbon atoms
were detected. At this wavelength, the ions are the result of molec-
ular MPI following dissociation. Different results were obtained at
355 nm: where C+ was the main product, and clusters with two,
three, and four carbon atoms were also observed, buy at very low

ion currents. At 532 nm only C2

+ was detected, and it is the principal
product of molecular dissociation of naphthalene at this wave-
length and it can be formed from a predisociative state reached
by four-photon absorption.
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. Conclusions

The multiphoton ionization and multiphoton dissociation of
aphthalene has been studied using a ToF technique combined with
laser and molecular jet, in order to investigate the effects of the
avelength and intensity on the different mechanisms that lead

o the wide variety of ion products. The absorption up to four pho-
ons is possible at the intensities used here. Five different pathways
ere identified: simple dissociation, hydrogen loss, total deproto-
ation, hydrogen transposition and formation of double-charged

ons. There are marked differences in the results obtained at 266,
55, and 532 nm.

At 266 nm, the resonant absorption of two photons provides the
nergy to reach an ionized state of the molecule. The formation of
he molecular parent ion is very sensitive to the radiation intensity;
mall increments allow the parent ion to absorb additional photons,
hich can open new dissociative channels to form deprotonated
arent ions, C10H7

+ and C10H6
+, or ions with a lower number of

arbon atoms. In this case, molecular ionization–dissociation is a
adder-switching mechanism. At 355 nm, the shape of ToF spec-
ra changes dramatically as a consequence of two-, three- and
our-photon absorption: with two photons, the molecule reaches
higher vibrational predissociative state of S4, leading to the for-
ation of ions by a simple dissociative process; the absorption of
third photon acts in favor of the formation of high ion currents of
+ and CHn

+. Also at 355 nm, the formation of higher protonated
arbon ions was detected, especially CH6

+, which have not been
idely investigated. The atomic composition of the 18 m/z ion was
nambiguously assigned by isotopic analysis and a distinction of
H6

+ from C2
2+ and H2O+ ions is definitive. In the present study its

ean life was measured being of the order of 5.21 �s. At 532 nm,
rocesses of the order of more of four were detected, with the for-
ation of ions with one to four carbon atoms in their structure,

s the result of dissociative processes from high vibrational pre-
issociative electronic states: S2 by two-photon absorption, follow
y ionization by two-photon additional absorption. At this wave-

ength parent molecular ion and high protonated structures were
ot observed. Some of our results are in good agreement with pre-
ious data reported.
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