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Abstract

The interaction of 1-, 2-iodopropane, 1-, 2-iodobutane and 1-iodopentane with strong (2× 1015 W cm−2) picosecond laser fields at 1064,
532, 355 and 266 nm is studied by means of time-of-flight (TOF) mass spectrometry. The experimental findings are compared with those
reported, for the same molecules, from fs experiments at similar laser intensities.

The pertaining molecular ionization mechanism (multiphoton and/or field ionization) is found to depend on the laser wavelength, while
the recorded multiply charged atomic ions are generated via field ionization processes in all cases. The identification of these ionization
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echanisms has been based on the dependence of the signal intensity and the peak profiles on laser polarization.
The recorded mass spectra are analyzed vis-à-vis those reported for methyl iodide. The observed similarities and differences are dis

n detail.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The multielectron dissociative ionization (MEDI) induced
y ps lasers[1,2] and the influence of the laser pulse duration
n parent ion production[3–6] has been the subject of many
apers in the past.

In a recent publication[7] we have studied the interaction
f CH3I—which is the simplest alkyl iodide molecule—with
trong picosecond laser field at 1064 and 532 nm. The
xperimental findings were compared to those reported from
0 fs experiments at similar laser intensities[8–10] and a
echanism describing the ionization/dissociation processes
as been suggested. Multiply charged atomic ions (up to

6+) have been observed in both sets of experiments (ps
nd fs), but their kinetic energies were found to be dramati-
ally different which implies that the ionization/dissociation
echanism is different too. We have suggested that at high ps

aser intensities—especially at 1064 nm—multiply charged

∗ Corresponding author. Tel.: +30 26510 98537; fax: +30 26510 98695.
E-mail address:kkosmid@cc.uoi.gr (C. Kosmidis).

unstable parent ions are generated which fragment thr
Coulomb explosion thus leading to I2+ ion production. Th
atomic fragments are further ionized via field ionizat
processes (at 1064 nm) resulting in higher multiply cha
ion generation.

Recently, the interaction of some alkyl—iodocompou
with 60 fs laser pulses has been studied[11] in order to ex
plore the influence of the alkyl chain size in the molec
coupling with the laser field and the role of resonance sta
the ionization/dissociation processes at high laser inten
(5× 1015 W cm−2). The analysis of the recorded mass sp
tra at various laser intensities led to the interesting con
sion that multiphoton ionization (MPI) processes are invo
in the ionization of these compounds, even for Keldysh
rameter valuesγ ∼ 0.3 (λ = 800 nm,I = 1015 W cm−2) (The
Keldysh parameterγ is defined asγ = (IE/2Up)1/2, where
IE stands for the ionization energy andUp for the pondero
motive energy of the free electron[12]). It is worth men
tioning that a spectral feature used in the analysis o
fs mass spectra was the ‘unexpected single peak’ profi
some molecular fragment ions, at variance with the c
387-3806/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2005.03.004
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plex profile structure of the multiply charged atomic fragment
ions.

This brings new insight in the subject and therefore, it is
of interest to compare the above fs experimental data with
those recorded using ps pulses at similar laser intensities.

In the present work, the interaction of some alkyl iodides
(1-, 2- iodopropane, 1-, 2-iodobutane and 1-iodopentane)
with strong 35 ps laser field is studied. The aim is to explore
if the interaction mechanism proposed for the CH3I case can
be invoked for these molecules too and to check if it is also
valid at shorter laser wavelengths. Thus, the molecular/35 ps
laser interaction atλ = 266 and 355 nm has been also studied
by means of a time-of-flight (TOF) spectrometer.

2. Experimental details

The Nd-YAG picosecond laser system (Quantel YG-
901C) used in the present work produces 35 ps pulses at 1064,
532, 355 and 266 nm with pulse energy of 80, 40, 10 and
11 mJ respectively, at a repetition rate of 10 Hz.

A homemade TOF mass spectrometer based on the Wiley-
McLaren design, with a 1.4 m long field-free tube was
used for ion analysis. The ions that were produced in
the molecule-laser interaction region were accelerated by
a dual stage electrostatic field under a variable potential
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3. Results and discussion

In Figs. 1–4 the mass spectra of 1-iodopropane, 2-
iodopropane, 1-iodobutane, 2-iodobutane and 1-iodopentane
for 1064, 532, 355 and 266 nm recorded atI = 2 × 1015 W
cm−2 are presented.

The first striking difference between these mass spectra
and those recorded under 60 fs, 800 nm laser irradiation at the
same laser intensity[11] is the absence of the parent ion (P+)
from some spectra. In particular, the P+ has been clearly ob-
served at 1064 nm only for the two iodopropane isomers and
2-iodobutane, at 532 nm only for the case of 2-iodopropane
and for 355 nm only for the two iodopropane isomers.

It is assumed that the parent ions are produced via MPI
processes, which are taking place, at least, at the temporal
and spatial wings of the focused laser beam[14,15]. The MPI
processes are sensitive to the existence (or not) of resonances
with molecular states in the neutral and/or the ionic manifold.
Thus, the ionization/dissociation proceeds through the well
known ‘ladder climbing’ and ‘ladder switching’ mechanisms
[16–18].

In the present case, irradiation of the molecules at 1064,
532 and 266 nm excites them (after 4-, 2- and 1-photon ab-
sorption, respectively) to the dissociative A state which lies
in the region around 4.7 eV (38500 cm−1) [19]. The disso-
ciation proceed via the cleavage of the CI bond and the
d
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0–3000 V). The two field stages were separated by an
rode with a 1 mm pinhole. Furthermore, in order to
rease the angular and mass resolution of the spectro
nother 1 mm pinhole at a distance of 12 cm from the
eleration region has been added. The electronic signa
ecorded with an Agilent 54830B (600 MHz, 4 Gs/s) d
al oscilloscope. The mass resolution was typically 70
00 Da.

The background pressure of the system was b
0−7 Torr, while the molecular vapor was allowed to
and through a needle valve into the interaction reg
he pressure in the chamber was kept below 3× 10−7

orr during the experiments in order to ensure tha
pace-charge effects were perturbing the mass spe
easurements. The alkyl iodides, purchased from F
ad purity better than 99.5% and they were used
everal repeated freeze–thaw–degassing cycles unde
um.

The laser light was focused with a 3.5 cm focal len
pherical mirror at about 1-cm from the repeller electr
ptimum spatial conditions were achieved using anxyz

ernier-controlled mechanism attached to the focusing
or. The polarization of the laser light was controlled w

Brewster angle polarizer and was rotated by using
avelength plates at the particular wavelengths of in
st. Furthermore, circular polarization was achieved by

ng quarter-wavelength plates. The intensities attained a
ocus were also checked through comparison with th
ensities needed to produce multiply charged Argon
13].
r

-

issociation lifetime is of the order of few hundreds fs[20],
.e., much shorter than the laser pulse duration. At this
ronic state the excited molecules can either relax (ultim
ragment) or ionize by further photon absorption. Thus,
bserved variation of the P+ abundance at the different wav

engths can be ascribed to the competition between th
axation and the ‘pumping up’ (ionization) processes.
onization at 1064 nm is probably facilitated by a resona
ith a higher excited state after seven-photon absorption
ited states in the region 8.2 eV (∼66.000 cm−1)) which is
ot involved when 532 nm laser is used. This differenc

he ionization rate between excitation with 1064 and 532
ould account for the observed difference of the paren
bundance in the mass spectra of iodopropane isome
-iodobutane.

For the interpretation of the parent ion absence from
pectra recorded at 266 nm it should also be taken int
ount that three-photon absorption (=13.98 eV) is suffic
or excitation to ionic states above the energy threshold
ome fragmentation channels. For instance, it is known
he Appearance Energy (AE) of C3H7

+ is 9.84 and 9.77 e
hile the AE for C3H5

+ is 11.23 and 11.67 eV for the ca
f 1- and 2-iodopropane, respectively[21].

When a laser beam at 355 nm was used, molecular
zation was achieved via a three-photon absorption pro
=10.47 eV) and the electronic state A is not involved in
onization scheme. However, resonances with higher ex
lectronic states (assigned as C and D) cannot be exc

acilitating in this way molecular ionization. From the a
orption spectra it is clear that, at least for the iodopro
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Fig. 1. The mass spectra of alkyl iodide molecules recorded at 1064 nm (I = 3.0× 1015 W/cm2). The inset spectra recorded at 1064 nm also shows the complex
peak profiles of I2+ ions. The If2+ and Ib2+ symbolize the forward and backward component of the I2+ ion peak, respectively.

isomers, the bandwidth of the absorption bands correspond-
ing to transitions to these states are narrower than that of
the A band[21]. Thus, the dissociation rate from neutral ex-
cited electronic states is expected to be relatively smaller at
355 nm. Therefore, the absence of parent ions must be a result
of fragmentation from ionic states. The AE of the fragmen-
tation channels which result in [P–I]+ production are smaller
than the three-photon (355 nm) absorption energy. For 1- and
2-iodobutane the AE for C4H9

+ production (i.e., cleavage
of the C I bond in an ionic state) is 9.75[22] and 9.54 eV
[21], respectively, which are lower than that of iodopropane
isomers.

To the best of our knowledge, there are no available
experimental data about the AE values for the case of 1-
iodopentane, but it is reasonable to assume that they are

close to those of the rest of the molecules and smaller than
10.47 eV (=three-photon absorption energy at 355 nm). For
this molecule, parent ions have not been observed in the mass
spectra recorded at all laser wavelengths used. This implies
that the dissociation rate of the intermediate states should be
higher compared to that of the rest of the molecules.

Another interesting spectral feature appearing inFig. 1
is the complex structure of some ion peaks, while such pro-
files have not been observed in the mass spectra recorded
at 355 and 266 nm (Figs. 3 and 4). The complex peak pro-
files are common features in mass spectra induced by strong
laser fields. They are attributed to the recoil energy of the
ejected multiply charged species in directions away and to-
wards the ion detector (Coulomb explosion). Nevertheless,
‘double peak profiles’ have been also reported by studies at
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Fig. 2. The Mass spectra of alkyl iodide molecules recorded at 532 nm (I = 4.0× 1015 W/cm2).

much lower laser intensities on molecules with fragmentation
time shorter than their rotational period. For the molecules
studied in the present work it is known that the dissociation
time is shorter than their rotational period, especially for those
with the longer alkyl chain. Thus, the fact that the spectra of
Figs. 1 and 2have been recorded at high laser intensities does
not a priori implies that the origin of this complex structure
is the Coulomb explosion mechanism which is taking place
within a multiply charged precursor.

On the other hand, the absence of these complex profiles
from the mass spectra at 355 and 266 nm, rules out the pro-
duction of multiply charged parent ions at these wavelengths
even at the higher laser intensities used (∼3× 1015 W cm−2)
in the present work. This is opposite to the results reported
for methyl iodide (CH3I) where complex profiles for the ion
peaks have been clearly observed even at 355 and 266 nm.

In the CH3I case, it was possible to distinguish the con-
tribution to the fragment ion peak components from the
different multiply charged unstable parent ions[7]. More-
over, methyl iodide was found to be dynamically aligned
even when 266 nm was used, although the degree of align-
ment with the laser polarization vector was higher at longer
(1064 nm) wavelengths[23]. Thus, the comparison implies
that there is a clear difference in the coupling mechanism
with the laser field between the molecules under study and
the CH3I. The origin of this difference could be related to
the difficulty in achieving dynamic alignment for the heav-
ier alkyl iodides at 355 and 266 nm. The lack of molecu-
lar alignment with the laser polarization vector results in
weaker molecule/laser field coupling and therefore the pos-
sibility of multiply charged unstable parent ion production
decreases.
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Fig. 3. The Mass spectra of alkyl iodide molecules recorded at 355 nm (I = 2.0× 1015 W/cm2).

On the other hand, at 1064 and 532 nm the peak profiles
of the fragment ions exhibit a complex structure. Each peak
component corresponds to ions generated from different pre-
cursors because the fragment ions are liberated with different
kinetic energies (Ekin) from the various dissociation channels.
If the ejection away and towards the detector is also consid-
ered then the appearance of pair of components (backward
and forward) is expected. The TOF separation between the
backward and forward components of an ion peak can be
used to estimate the kinetic energies of the fragment ions in
accordance to the following relation:

Ekin(eV) = 9.65× 10−7�t2z2F2

8m

where�t (in ns) stands for the time difference between the
forward and the backward component,F (in V/cm) is the

electric field applied in the acceleration region of the TOF
system,zis the charge andm(in amu) the mass of the fragment
ion.

The estimatedEkin values for some of the fragment ions
are presented inTable 1.

TheEkin values appearing in this table offer some insight
into the origin of the complex ion peak profiles discussed
above. Thus, theEkin values of [P–I]+ at 1064 nm which are
found to be 2.3–3 eV, are conceivable only if a Coulomb ex-
plosion mechanism within a multiply charged unstable par-
ent ion is assumed. Although at this stage it remains unclear
how these multiply charged species are produced (i.e., via
MPI or field ionization (FI) processes), their generation is
beyond any doubt. This conclusion is also supported by the
Ekin values of C2+ ions. As far as theEkin values of the I+

and I2+ ions are concerned, it is obvious that these species
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Fig. 4. The Mass spectra of alkyl iodide molecules recorded at 266 nm (I = 2.0× 1015 W/cm2).

are generated from different precursors. In other words, the
I2+ are not produced by further ionization of singly charged
iodine ions (because they have differentEkin) and therefore
their precursor should be higher charged molecular ions in
accordance with what is stated above. However, the fact that
theEkin values of the In+, n> 2, ions are similar to those of

I2+ could imply that these species are generated from fur-
ther ionization of I2+ ions. This approach is in agreement
with the proposed mechanism for the interpretation of the
ionization/dissociation processes in the case of CH3I under
the same experimental conditions (atλ = 1064, 532 nm and
I = 2× 1015 W cm−2) [7].

Table 1
Estimated kinetic energy values (eV) of the fragment ions atI = 3× 1015 W/cm2

λ (nm) I+ I2+ I3+ I4+ I5+ C+ C2+

1-Iodopropane 1064 0.71± 0.08 1.3± 0.2 1.2± 0.2 2.9± 0.4 7.9± 1.2
2-Iodopropane 1064 0.80± 0.07 1.3± 0.2 1.2± 0.2 1.1± 0.2 1.9± 0.3 5.2± 1.0
1-Iodobutane 1064 0.93± 0.07 1.4± 0.2 1.2± 0.2 1.3± 0.3 1.6± 0.3 2.0± 0.3 4.0± 1.0
2-Iodobutane 1064 0.76± 0.06 1.06± 0.15 1.0± 0.2 1.1± 0.2 1.5± 0.3 4.0± 1.0
1-Iodopentane 1064 1.10± 0.08 2.0± 0.2 1.5± 0.2 1.8± 0.4 1.9± 0.3 4.6± 1.0
2-Iodopropane 532 0.2± 0.06 0.4± 0.09 0.6± 0.10 1.0± 0.18 1.6± 0.2
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Table 2
The intensity threshold values predicted by the BSI model and those determined by the present work with linear laser polarization at 1064, 532, 355, 266 nm

λ (nm) Intensity thresholds according to
the BSI model (1014 W/cm2)

I2+ I3+ I4+ I5+ I6+ C+ C2+ C3+ C4+

2.1 4.6 9.4 15 43 0.6 3.5 23 43

1064 1-Iodopropane <0.4 0.79 2.7 4.7 11.3 <0.4 1.2 9.4 –
1-Iodobutane <0.4 0.79 3.0 6.8 11.3 <0.4 0.81 8.8 –
2-Iodopropane <0.4 0.81 2.6 5.1 12.0 <0.4 0.81 6.6 30
2-Iodobutane <0.4 0.81 2.5 4.7 10.0 <0.4 0.81 8.1 30
1-Iodopentane <0.4 0.79 3.0 7.0 14 <0.4 1.07 9.0 30

532 1-Iodopropane <0.6 1.5 4.4 9.3 27 <0.6 1.5 15.5 42
1-Iodobutane <0.6 1.5 3.5 9.6 27 <0.6 1.5 16.3 40
2-Iodopropane <0.6 1.7 5.0 10.5 31 <0.6 1.7 17.1 45
2-Iodobutane 0.7 1.3 3.2 10.5 34 <0.4 2.4 18.7 –
1-Iodopentane <1.4 2.5 5.4 12.1 26 <1.4 2.5 12.6 46

355 1-Iodopropane 0.8 3.6 7.0 13.9 23 <0.6 4.5 17 –
1-Iodobutane 1.1 3.2 5.3 13.2 24 <0.6 5.3 22 –
2-Iodopropane 1.0 3.1 7.5 15.1 – <0.7 4.9 22 –
2-Iodobutane 0.5 2.3 4.7 15.3 – <0.8 2.3 25 –
1-Iodopentane 1.1 3.8 5.3 15.1 27 <0.7 3.8 19 –

266 1-Iodopropane 1.6 4.2 7.4 21 – <1.0 10.7 25 –
1-Iodobutane 2.0 5.1 15 24 – <0.7 15 – –
2-Iodopropane 2.0 4.6 13.4 23 – <1.3 10.7 28 –
2-Iodobutane 2.1 4.8 15 21 – <0.7 15 26 –
1-Iodopentane 1.7 4.0 9.6 19 – <0.9 10.3 26 –

In Table 1the estimatedEkin values for the fragment ions
at 532 nm are given only for the case of 2-iodopropane be-
cause the temporal splitting between the backward and for-
ward components is even smaller for the rest of the molecules
and the accuracy in theEkin values is reduced. TheEkin val-
ues were found to be less than 1 eV, i.e., smaller than the
values determined from the experiments at 1064 nm. Thus,
the involvement of a Coulomb explosion mechanism is un-
certain at this wavelength and this will be further discussed
in a following paragraph.

In order to elucidate the ionization mechanisms involved
in multiply charged ion production, the intensity thresholds
for the appearance (Ithr) of the fragment ions have been de-
termined. These values are presented atTable 2. In the same
Table the intensity thresholds predicted by the Barrier Sup-
pression Ionization (BSI) model[24,25] are also depicted.
The latter intensity thresholds can be calculated using the
expression:

Ithr(W cm−2) = 4 × 109E4
I

z2

whereEI is the ionization energy (eV) of the atom (ion) and
z is the charge of the ionic state.

The BSI model is applicable in the field ionization regime
and the predictedIthr values are presented because the values
of the Keldysh parameterγ for the laser intensities used are
γ

b ould
h had
b en-

tally determinedIthr values are lower that those predicted by
the BSI model. This is in accordance to results reported pre-
viously [7,11] and it implies that simple quasistatic models
are inadequate. Moreover, while the BSI model predicts no
wavelength dependence for theIthr, from theTable 2it is clear
that this is at variance with our experimental values since the
Ithr values for In+ and Cn+, with n≥ 2, are increasing as the
laser wavelength decreases. The trend of theIthr values re-
veals that the multiply charged atomic ions are not generated
by MPI processes, because at shorter wavelengths the mul-
tiple ionization can be achieved by lower order multiphoton
processes which have higher cross section and therefore a
decrease of theIthr values should be observed.

The Ithr values determined when a circularly polarized
laser beam was used are shown inTable 3. It is clear that the
Ithr values are increasing as the laser wavelength decreases
for all multiply charged atomic ions. The comparison of the
Ithr values appearing inTables 2 and 3indicates that theIthr
increases when a circularly polarized laser is used.

In Fig. 5 the peak profiles of some ions recorded with
linear and circular polarization at different wavelengths are
presented. The influence of laser polarization on the ion sig-
nal varies at the different wavelengths used. For instance,
the signal variation of the molecular fragments ions (CxHy

+,
x= 1–3,y= 0–7) is significant at 1064 nm while no change
was observed for these species at 355 nm. In contrast, the
m ced
i and
t fore,
a ion
p for
< 1 (γ ≈ 0.15 at 1064 nm andγ ≈ 0.6 at 266 nm).
The experimentalIthr values presented inTable 2should

e considered as upper intensity limits. Lower values c
ave been found if, for instance, a larger diameter hole
een used in the first ion optic. However, all the experim
ultiply charged iodine ion signal is dramatically redu
n the spectra recorded with a circularly polarized laser
his observation is valid for all wavelengths used. There
lso from this point of view, the multiply charged atomic
roduction should be attributed to a common mechanism
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Table 3
The intensity threshold values predicted by the BSI model and those determined by the present work with circular laser polarization at 1064, 532, 355 nm

λ (nm) Intensity thresholds according to
the BSI model (1014 W/cm2)

I2+ I3+ I4+ I5+ I6+ C+ C2+ C3+

2.1 4.6 9.4 15 43 0.6 3.5 23

1064 1-Iodopropane 0.5 3.6 9.4 16 – <0.4 2.7 24
1-Iodobutane 0.5 4.1 8.8 17 – <0.4 2.3 20
2-Iodopropane 0.5 3.2 7.9 18 – <0.4 2.5 20
2-Iodobutane 0.5 3.6 10.0 17 – <0.4 2.5 22
1-Iodopentane 0.6 3.1 12 19 – <0.4 2.4 22

532 1-Iodopropane 1.1 4.4 11.8 23 – <0.8 2.2 27
1-Iodobutane 1.1 5.3 12.4 27 – <0.8 5.3 30
2-Iodopropane 1.6 6.9 16.3 27 – <0.6 6.9 39
2-Iodobutane 2.0 6.8 13.0 25 – <0.8 6.8 39
1-Iodopentane 1.4 4.2 15.8 26 – <0.8 3.7 40

355 1-Iodopropane 0.8 6.2 19 – – <0.52 6.6 –
1-Iodobutane 1.1 8.3 23 – – <0.64 8.3 –
2-Iodopropane 1.6 7.2 21 – – <0.68 7.2 –
2-Iodobutane 2.1 9 24 – – <0.40 7.9 –
1-Iodopentane 1.2 7.9 19 – – <0.72 5.4 –

all wavelengths and this mechanism appears to have a strong
dependence on laser polarization, which is a characteristic of
FI processes.

For the molecules studied in the present work no polar-
ization dependence in the multiphoton ionization is excepted
because of the low molecular symmetry. Therefore, the ab-
sence of polarization dependence for the molecular fragment
ions (CxHy

+) in the spectra recorded at 355 nm indicates that
molecular ionization at this wavelength is taking place within
the MPI regime. At the same time, the dependence of the
same molecular fragment ions at 1064 nm on the laser po-
larization implies that at this wavelength another mechanism
contributes to the molecular ionization, i.e., a FI mechanism.
It is known that FI processes such as the electron tunneling,
barrier suppression[24], and electron re-scattering processes,
are dependent on laser polarization[26,27].

Some further discussion is needed to explain the depen-
dence on laser polarization of C3H7

+ as seen in the spectra
recorded at 532 nm. At this wavelength, the signal intensi-
ties of the molecular fragment ions are found to be slightly
weaker when a circularly polarized laser beam is used. This
is reasonable because the contribution of FI processes is ex-
pected to be smaller at 1064 nm (shorter optical cycle and
smaller pondermotive energy). Nevertheless, the back and
forward components of the C3H7

+ peak appear to gain inten-
sity in the spectra recorded with circularly polarized laser at
5 of
t esses
T ser
p ectra
o e to
t com-
m The
T veals
t en-
e

found that the precursor of [P–I]+ ions (ejected withEkin of
about 1 eV) were excited parent ions and the contribution of
the corresponding back and forward peak components be-
came dominant at shorter wavelengths[23]. The same argu-
ment can be used for the present case too. We suggest that
after the absorption of six-photon at 532 nm (=13.98 eV) the
molecules were excited to an ionic electronic state[28], and
the observed recoil energy is due to the available excess en-
ergy after molecular dissociation. Undoubtedly, this approach
lies within an MPI excitation scheme and its contribution be-
comes more prominent when the contribution of FI to the total
ion signal is reduced, which is the case when circular polar-
ization is used. In other words, the dependence of the [P–I]+

ion peak components on laser polarization manifests the in-
volvement of MPI processes at 532 nm in parallel with FI.

Hence, the above analysis can be summarized as follows:

- Molecular ionization at the shorter wavelengths (355 and
266 nm) is taking place mainly via MPI processes even at
these high laser intensities (≥1015 W cm−2).

- At 1064 nm the multiple molecular ionization proceeds
mainly through a FI mechanism. At 532 nm both MPI and
FI have significant contribution. The contribution of FI pro-
cesses is reduced when circularly polarized laser beam was
used.

- Regardless of the mechanism involved in molecular ion-

ngths

e re-
c laser
i

• wer
fact

ted at
32 nm. Obviously, the ions contributing to the formation
hese peak components are not generated via FI proc
he dependence of the [P–I]+ ions peak components on la
olarization has been clearly observed in the mass sp
f 1-iodopropane while for the rest of the molecules (du

he fact that the peak splitting is somewhat smaller, as
ented previously) this behavior is not so pronounced.
OF splitting between these two peak components re

hat the corresponding ions were ejected with a kinetic
rgy of about 0.6 eV. In a recent publication on CH3I, we
.

ization, the multiply charged iodine ions (In+, n> 2) are
generated through FI processes at all the laser wavele
used in the present work.

From the comparison of the presented data with thos
ently reported for the same molecules under strong fs
rradiation[11] it is evident that:

The recoil energies of the fragment ions is much lo
when a ps laser was used and this is related to the
that higher charged unstable parent ions were genera
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Fig. 5. The peak profiles of 1-C3H7I recorded at 1064, 532, 355 nm (I = 2.0× 1015 W/cm2) with linear (solid lines) and circular (dot lines) laser polarization.

fs experiments. Although the higher charged state of the
recorded iodine ions is similar in both sets of experiments
their production mechanisms are completely different. In fs
experiments the In+,n≤ 7, ions are released from explosion
within highly charged parent ions while in ps experiments
these ions are generated via FI processes on Iy+, y≤ 2,
ejected from unstable [P]z+, z≤ 3.

• The charge distribution on the parent ion prior to Coulomb
explosion is ascribed to be asymmetric in fs experiments. In
the present ps work, theIthr values for In+ and Cz+ ions are
found to be in line with the trend of the ionization energy
of these ions. This observation is reasonable because it is
related to the fact that in the present experiments the pulse
duration is much longer than the molecular dissociation
time [29].

• In fs experiments the P2+ was clearly observed in the
mass spectra of 2-iodobutane and its production was at-
tributed to MPI processes. No such peak has been recorded
in the present experiments. We suggest that this absence
should be attributed to a ‘ladder switching’ mechanism,
which is more probable to take place in ps experiments,
compared to fs ones. The same argument is also valid
for the observed parent ion abundance and it is in agree-
ment with those reported in the past with respect to the
efficient intact parent ion production by fs laser pulses
[3,4,30].

• The intensity thresholds of the multiply charged In+ ions,
especially forn≥ 3, are found to decrease as the size of the
alkyl chain increases in fs experiments. This was thought
as evidence that the molecular coupling with the laser field
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increases with the molecular length. In the present experi-
ments no clear trend of the In+ intensity thresholds has been
determined. Obviously, this is related with the statement
made above that the In+ with n≥ 3, in the present experi-
ments, are generated in a later step, i.e., after the molecular
fragmentation. In the set of experiments at 1064 nm, where
the FI processes have significant contribution in the molec-
ular ionization, the variation inIthr values for In+ with n≤ 2
are within the experimental error and therefore no conclu-
sion on the molecular coupling with the laser field can be
drawn.

4. Conclusions

From the present work it is concluded that the proposed
ionization/dissociation mechanism for the case of methyl io-
dide under strong ps laser irradiation at 1064 and 532 nm can
be applied for the studied alkyl iodides too.

The contribution of FI processes in molecular ionization
decreases, as the laser wavelength becomes shorter. This con-
clusion is based on the analysis of the dependence of the sig-
nal intensity and the peak profiles of the recorded ions on the
laser polarization.

Thus, molecular ionization by ps lasers at 355 and 266 nm
with intensity 2× 1015 W cm−2 should be attributed to MPI
p ligi-
b ged
u ied.
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