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Abstract

The interaction of 1-, 2-iodopropane, 1-, 2-iodobutane and 1-iodopentane with strarid¥2wW cm2) 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
mechanisms has been based on the dependence of the signal intensity and the peak profiles on laser polarization.

The recorded mass spectra are analyze@wiss those reported for methyl iodide. The observed similarities and differences are discussed
in detail.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction unstable parent ions are generated which fragment through
Coulomb explosion thus leading t&*lion production. The
The multielectron dissociative ionization (MEDI) induced atomic fragments are further ionized via field ionization
by ps laser§l,2] and the influence of the laser pulse duration processes (at 1064 nm) resulting in higher multiply charged
on parent ion productiof8—6] has been the subject of many ion generation.
papers in the past. Recently, the interaction of some alkyl—iodocompounds
In a recent publicatiofi’] we have studied the interaction  with 60fs laser pulses has been studigt]] in order to ex-
of CHzl—which is the simplest alkyl iodide molecule—with  plore the influence of the alkyl chain size in the molecular
strong picosecond laser field at 1064 and 532 nm. The coupling with the laser field and the role of resonance states in
experimental findings were compared to those reported fromthe ionization/dissociation processes at high laser intensities
50fs experiments at similar laser intensiti@s-10] and a (5 x 1085 W cm2). The analysis of the recorded mass spec-
mechanism describing the ionization/dissociation processestra at various laser intensities led to the interesting conclu-
has been suggested. Multiply charged atomic ions (up to sionthat multiphotonionization (MPI) processes are involved
15*) have been observed in both sets of experiments (psin the ionization of these compounds, even for Keldysh pa-
and fs), but their kinetic energies were found to be dramati- rameter values’ ~ 0.3 (. =800 nm,| = 10®Wcm2) (The
cally different which implies that the ionization/dissociation Keldysh parametey is defined as}/:(IE/ZUp)l/Z, where
mechanism is different too. We have suggested that at high psiE stands for the ionization energy alij for the pondero-
laser intensities—especially at 1064 nm—multiply charged motive energy of the free electrda?2]). It is worth men-
tioning that a spectral feature used in the analysis of the

* Corresponding author. Tel.: +30 26510 98537; fax: +30 26510 98695. 1S Mass spectra was the ‘unexpected single peak’ profile of
E-mail addresskkosmid@cc.uoi.gr (C. Kosmidis). some molecular fragment ions, at variance with the com-
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plex profile structure of the multiply charged atomic fragment 3. Results and discussion
ions.

This brings new insight in the subject and therefore, it is In Figs. 1-4the mass spectra of l-iodopropane, 2-
of interest to compare the above fs experimental data with iodopropane, 1-iodobutane, 2-iodobutane and 1-iodopentane
those recorded using ps pulses at similar laser intensities. for 1064, 532, 355 and 266 nm recorded a2 x 1015W

In the present work, the interaction of some alkyl iodides cm~2 are presented.

(1-, 2- iodopropane, 1-, 2-iodobutane and 1-iodopentane) The first striking difference between these mass spectra
with strong 35 ps laser field is studied. The aim is to explore and those recorded under 60 fs, 800 nm laser irradiation at the
if the interaction mechanism proposed for the4Cehse can same laser intensifit 1] is the absence of the parent iort YP
be invoked for these molecules too and to check if it is also from some spectra. In particular, thé Fas been clearly ob-
valid at shorter laser wavelengths. Thus, the molecular/35 psserved at 1064 nm only for the two iodopropane isomers and
laser interaction at = 266 and 355 nm has been also studied 2-iodobutane, at 532 nm only for the case of 2-iodopropane
by means of a time-of-flight (TOF) spectrometer. 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
2. Experimental details and spatial wings of the focused laser bdam15] The MPI
processes are sensitive to the existence (or not) of resonances

The Nd-YAG picosecond laser system (Quantel YG- with molecular states in the neutral and/or the ionic manifold.
901C) used inthe present work produces 35 ps pulses at 1064Thus, the ionization/dissociation proceeds through the well
532, 355 and 266 nm with pulse energy of 80, 40, 10 and known ‘ladder climbing’ and ‘ladder switching" mechanisms
11 mJ respectively, at a repetition rate of 10 Hz. [16-18]

A homemade TOF mass spectrometer based on the Wiley- In the present case, irradiation of the molecules at 1064,
McLaren design, with a 1.4m long field-free tube was 532 and 266 nm excites them (after 4-, 2- and 1-photon ab-
used for ion analysis. The ions that were produced in sorption, respectively) to the dissociative A state which lies
the molecule-laser interaction region were accelerated byin the region around 4.7 eV (38500 c#) [19]. The disso-

a dual stage electrostatic field under a variable potential ciation proceed via the cleavage of thell®ond and the
(0-3000V). The two field stages were separated by an elec-dissociation lifetime is of the order of few hundred428],
trode with a 1 mm pinhole. Furthermore, in order to in- i.e., much shorter than the laser pulse duration. At this elec-
crease the angular and mass resolution of the spectrometetronic state the excited molecules can either relax (ultimately
another 1 mm pinhole at a distance of 12cm from the ac- fragment) or ionize by further photon absorption. Thus, the
celeration region has been added. The electronic signal wasobserved variation of the'Rbundance at the different wave-
recorded with an Agilent 54830B (600 MHz, 4 Gs/s) digi- lengths can be ascribed to the competition between the re-
tal oscilloscope. The mass resolution was typically 700 at laxation and the ‘pumping up’ (ionization) processes. The
100 Da. ionization at 1064 nm is probably facilitated by a resonance

The background pressure of the system was below with a higher excited state after seven-photon absorption (ex-
10~ Torr, while the molecular vapor was allowed to ex- cited states in the region 8.2 e¥*66.000 cnT!)) which is
pand through a needle valve into the interaction region. not involved when 532 nm laser is used. This difference in
The pressure in the chamber was kept below 10’ the ionization rate between excitation with 1064 and 532 nm
Torr during the experiments in order to ensure that no could account for the observed difference of the parent ion
space-charge effects were perturbing the mass spectrunabundance in the mass spectra of iodopropane isomers and
measurements. The alkyl iodides, purchased from Fluka, 2-iodobutane.
had purity better than 99.5% and they were used after For the interpretation of the parent ion absence from the
several repeated freeze—thaw—degassing cycles under vacspectra recorded at 266 nm it should also be taken into ac-
uum. count that three-photon absorption (=13.98 eV) is sufficient

The laser light was focused with a 3.5cm focal length for excitation to ionic states above the energy thresholds of
spherical mirror at about 1-cm from the repeller electrode. some fragmentation channels. For instance, it is known that
Optimum spatial conditions were achieved using xaz the Appearance Energy (AE) ok8;" is 9.84 and 9.77 eV
vernier-controlled mechanism attached to the focusing mir- while the AE for GHs" is 11.23 and 11.67 eV for the case
ror. The polarization of the laser light was controlled with of 1- and 2-iodopropane, respectivghi].

a Brewster angle polarizer and was rotated by using half- When a laser beam at 355 nm was used, molecular ion-
wavelength plates at the particular wavelengths of inter- ization was achieved via a three-photon absorption process
est. Furthermore, circular polarization was achieved by us- (=10.47 eV) and the electronic state A is not involved in this
ing quarter-wavelength plates. The intensities attained at theionization scheme. However, resonances with higher excited
focus were also checked through comparison with the in- electronic states (assigned as C and D) cannot be excluded,
tensities needed to produce multiply charged Argon ions facilitating in this way molecular ionization. From the ab-
[13]. sorption spectra it is clear that, at least for the iodopropane
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Fig. 1. The mass spectra of alkyl iodide molecules recorded at 1064néh@x 105 W/cm?). The inset spectra recorded at 1064 nm also shows the complex
peak profiles ofd* ions. The §2* and L2+ symbolize the forward and backward component of &ddn peak, respectively.

isomers, the bandwidth of the absorption bands correspond-close to those of the rest of the molecules and smaller than
ing to transitions to these states are narrower than that 0f10.47 eV (=three-photon absorption energy at 355 nm). For
the A band21]. Thus, the dissociation rate from neutral ex- this molecule, parentions have not been observed in the mass
cited electronic states is expected to be relatively smaller atspectra recorded at all laser wavelengths used. This implies
355 nm. Therefore, the absence of parentions must be a resulthat the dissociation rate of the intermediate states should be
of fragmentation from ionic states. The AE of the fragmen- higher compared to that of the rest of the molecules.
tation channels which result in [PZlproduction are smaller Another interesting spectral feature appearindg-ig. 1
than the three-photon (355 nm) absorption energy. For 1- andis the complex structure of some ion peaks, while such pro-
2-iodobutane the AE for gHg* production (i.e., cleavage files have not been observed in the mass spectra recorded
of the G-I bond in an ionic state) is 9.7R2] and 9.54 eV at 355 and 266 nmHigs. 3 and % The complex peak pro-
[21], respectively, which are lower than that of iodopropane files are common features in mass spectra induced by strong
isomers. laser fields. They are attributed to the recoil energy of the
To the best of our knowledge, there are no available ejected multiply charged species in directions away and to-
experimental data about the AE values for the case of 1- wards the ion detector (Coulomb explosion). Nevertheless,
iodopentane, but it is reasonable to assume that they arédouble 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 adh.Qx 105 W/cn?).

much lower laser intensities on molecules with fragmentation In the CHl case, it was possible to distinguish the con-
time shorter than their rotational period. For the molecules tribution to the fragment ion peak components from the
studied in the present work it is known that the dissociation different multiply charged unstable parent idj7$. More-
time is shorter than their rotational period, especially forthose over, methyl iodide was found to be dynamically aligned
with the longer alkyl chain. Thus, the fact that the spectra of even when 266 nm was used, although the degree of align-
Figs. 1 and Dave been recorded at high laser intensities does ment with the laser polarization vector was higher at longer
not a priori implies that the origin of this complex structure (1064 nm) wavelengthR3]. Thus, the comparison implies
is the Coulomb explosion mechanism which is taking place that there is a clear difference in the coupling mechanism
within a multiply charged precursor. with the laser field between the molecules under study and
On the other hand, the absence of these complex profilesthe CHsl. The origin of this difference could be related to
from the mass spectra at 355 and 266 nm, rules out the pro-the difficulty in achieving dynamic alignment for the heav-
duction of multiply charged parent ions at these wavelengthsier alkyl iodides at 355 and 266 nm. The lack of molecu-
even at the higher laser intensities use® & 101°W cm—2) lar alignment with the laser polarization vector results in
in the present work. This is opposite to the results reported weaker molecule/laser field coupling and therefore the pos-
for methyl iodide (CHI) where complex profiles for the ion  sibility of multiply charged unstable parent ion production
peaks have been clearly observed even at 355 and 266 nmdecreases.
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Fig. 3. The Mass spectra of alkyl iodide molecules recorded at 35% ath.Q x 1015 W/cn?).

On the other hand, at 1064 and 532 nm the peak profileselectric field applied in the acceleration region of the TOF
of the fragment ions exhibit a complex structure. Each peak systemzis the charge anah(inamu) the mass of the fragment
component corresponds to ions generated from different pre-ion.
cursors because the fragment ions are liberated with different  The estimated, values for some of the fragment ions
kinetic energiesHyn) from the various dissociation channels. are presented ifiable 1
If the ejection away and towards the detector is also consid- TheEyj, values appearing in this table offer some insight
ered then the appearance of pair of components (backwardnto the origin of the complex ion peak profiles discussed
and forward) is expected. The TOF separation between theabove. Thus, th&, values of [P-If at 1064 nm which are
backward and forward components of an ion peak can befound to be 2.3-3 eV, are conceivable only if a Coulomb ex-
used to estimate the kinetic energies of the fragment ions inplosion mechanism within a multiply charged unstable par-
accordance to the following relation: ention is assumed. Although at this stage it remains unclear
2 2.2 how these multiply charged species are produced (i.e., via
7AIZTF” MPI or field ionization (FI) processes), their generation is

8m beyond any doubt. This conclusion is also supported by the
whereAt (in ns) stands for the time difference between the Eiin values of C* ions. As far as thén values of the 1
forward and the backward componeft(in V/cm) is the and P* ions are concerned, it is obvious that these species

Exin(eV) = 9.65x 10~
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Fig. 4. The Mass spectra of alkyl iodide molecules recorded at 266 a.0x 105 W/cn?).

are generated from different precursors. In other words, the |2+ could imply that these species are generated from fur-
12* are not produced by further ionization of singly charged  ther ionization of #* ions. This approach is in agreement
iodine ions (because they have differ&qt,) and therefore  with the proposed mechanism for the interpretation of the

their precursor should be higher charged molecular ions in jonization/dissociation processes in the case oglGhhder
accordance with what is stated above. However, the fact thatthe same experimental conditions fat 1064, 532 nm and

the Ein values of the'T", n>2, ions are similar to those of  |=2 x 10'5Wcm2) [7].
Table 1
Estimated kinetic energy values (eV) of the fragment iorls=& x 105 W/cn?

A (nm) |+ |2+ |3+ |4+ |5+ C+ C2+
1-lodopropane 1064 0.7#0.08 1.3:0.2 1.2+0.2 29+04 7.9+1.2
2-lodopropane 1064 0.8D0.07 1.3:0.2 1.2+0.2 1.1+0.2 1.9+0.3 52+1.0
1-lodobutane 1064 0.980.07 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-lodobutane 1064 0./ 0.06 1.06+0.15 1.0£0.2 1.1+0.2 1.5+0.3 4.0+£1.0
1-lodopentane 1064 1.190.08 2.0+£0.2 1.5£0.2 1.8+0.4 1.9£0.3 46+1.0

2-lodopropane 532 020.06 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, 632n355, 26
A (nm) Intensity thresholds accordingto  12* 13+ 14+ 15+ 16+ c* c c3* cH
the BSI model (1&* W/cn?)
2.1 4.6 9.4 15 43 0.6 3.5 23 43
1064 1-lodopropane <0 0.79 27 4.7 113 <04 12 94 -
1-lodobutane <@ 0.79 30 6.8 113 <04 0.81 88 —
2-lodopropane <a 0.81 26 51 120 <04 0.81 66 30
2-lodobutane <@ 081 25 47 100 <04 0.81 81 30
1-lodopentane <a 0.79 30 7.0 14 <Q4 107 90 30
532 1-lodopropane <6 15 4.4 9.3 27 <06 15 155 42
1-lodobutane <® 15 35 9.6 27 <06 15 163 40
2-lodopropane <6 17 50 105 31 <06 17 171 45
2-lodobutane a 13 32 105 34 <04 24 187 -
1-lodopentane < 25 54 121 26 <14 25 126 46
355 1-lodopropane 8 3.6 7.0 139 23 <06 45 17 -
1-lodobutane i 32 5.3 132 24 <06 5.3 22 -
2-lodopropane D 31 75 151 - <Q7 49 22 —
2-lodobutane ® 23 47 153 - <08 23 25 -
1-lodopentane 1 38 53 151 27 <Q7 38 19 —
266 1-lodopropane & 42 74 21 - <10 107 25 -
1-lodobutane D 51 15 24 - <07 15 - -
2-lodopropane ) 4.6 134 23 - <13 107 28 -
2-lodobutane 2 48 15 21 - <07 15 26 -
1-lodopentane X 4.0 9.6 19 - <09 103 26 -

In Table 1the estimatedy;, values for the fragmentions tally determined,, values are lower that those predicted by
at 532 nm are given only for the case of 2-iodopropane be- the BSI model. This is in accordance to results reported pre-
cause the temporal splitting between the backward and for-viously [7,11] and it implies that simple quasistatic models
ward components is even smaller for the rest of the moleculesare inadequate. Moreover, while the BSI model predicts no
and the accuracy in th&,, values is reduced. THg&, val- wavelength dependence for the, from theTable 2itis clear
ues were found to be less than 1eV, i.e., smaller than thethat this is at variance with our experimental values since the
values determined from the experiments at 1064 nm. Thus, |, values for I and C*, with n> 2, are increasing as the
the involvement of a Coulomb explosion mechanism is un- laser wavelength decreases. The trend oflghevalues re-
certain at this wavelength and this will be further discussed veals that the multiply charged atomic ions are not generated
in a following paragraph. by MPI processes, because at shorter wavelengths the mul-

In order to elucidate the ionization mechanisms involved tiple ionization can be achieved by lower order multiphoton
in multiply charged ion production, the intensity thresholds processes which have higher cross section and therefore a
for the appearancéyf,) of the fragment ions have been de- decrease of thky,, values should be observed.
termined. These values are presentetbale 2 In the same The Iy values determined when a circularly polarized
Table the intensity thresholds predicted by the Barrier Sup- laser beam was used are showiTable 3 It is clear that the
pression lonization (BSI) modé¢P4,25] are also depicted. Iy values are increasing as the laser wavelength decreases
The latter intensity thresholds can be calculated using thefor all multiply charged atomic ions. The comparison of the

expression: It values appearing ifiables 2 and &dicates that théy,
£ increases when a circularly polarized laser is used.

Tinr(W cm‘z) =4 x 109_2| In Fig. 5 the peak profiles of some ions recorded with
Z

linear and circular polarization at different wavelengths are

whereE,; is the ionization energy (eV) of the atom (ion) and presented. The influence of laser polarization on the ion sig-
zis the charge of the ionic state. nal varies at the different wavelengths used. For instance,

The BSI model is applicable in the field ionization regime the signal variation of the molecular fragments iongH(¢',
and the predictet}, values are presented because the valuesx=1-3,y=0-7) is significant at 1064 nm while no change
of the Keldysh parameter for the laser intensities used are was observed for these species at 355nm. In contrast, the
y<1(y~0.15 at 1064 nm angd~ 0.6 at 266 nm). multiply charged iodine ion signal is dramatically reduced

The experimentally,, values presented ifable 2should in the spectra recorded with a circularly polarized laser and
be considered as upper intensity limits. Lower values could this observation is valid for all wavelengths used. Therefore,
have been found if, for instance, a larger diameter hole hadalso from this point of view, the multiply charged atomic ion
been used in the first ion optic. However, all the experimen- production should be attributed to a common mechanism for
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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 1064n532, 355n

X (nm) Intensity thresholds according to 12 13+ 14+ 15+ 16+ c* c2* c3*
the BSI model (1&* Wicm?

( ) 2.1 4.6 9.4 15 43 0.6 35 23

1064 1-lodopropane 5 36 9.4 16 - <04 27 24
1-lodobutane ® 41 88 17 - <04 23 20
2-lodopropane ) 32 7.9 18 - <04 25 20
2-lodobutane ® 36 100 17 - <04 25 22
1-lodopentane 6 31 12 19 - < 24 22

532 1-lodopropane 1 4.4 118 23 - <08 22 27
1-lodobutane i 53 124 27 - <08 5.3 30
2-lodopropane 5 6.9 163 27 - <06 6.9 39
2-lodobutane D 6.8 130 25 - <08 6.8 39
1-lodopentane 4 42 158 26 - <08 37 40

355 1-lodopropane 8 6.2 19 - - <052 66 -
1-lodobutane i 83 23 - - <064 83 -
2-lodopropane 5 7.2 21 - - <068 72 -
2-lodobutane 2 9 24 - - <040 79 -
1-lodopentane 2 7.9 19 - - <072 54 -

all wavelengths and this mechanism appears to have a strondgound that the precursor of [P2ljons (ejected wittEi, of
dependence on laser polarization, which is a characteristic ofabout 1 eV) were excited parent ions and the contribution of
FI processes. the corresponding back and forward peak components be-
For the molecules studied in the present work no polar- came dominant at shorter wavelengf23]. The same argu-
ization dependence in the multiphoton ionization is excepted ment can be used for the present case too. We suggest that
because of the low molecular symmetry. Therefore, the ab- after the absorption of six-photon at 532 nm (=13.98 eV) the
sence of polarization dependence for the molecular fragmentmolecules were excited to an ionic electronic sfagj, and
ions (GHy™) in the spectra recorded at 355 nm indicates that the observed recoil energy is due to the available excess en-
molecular ionization at this wavelength is taking place within ergy after molecular dissociation. Undoubtedly, this approach
the MPI regime. At the same time, the dependence of the lies within an MPI excitation scheme and its contribution be-
same molecular fragment ions at 1064 nm on the laser po-comes more prominentwhen the contribution of Fl to the total
larization implies that at this wavelength another mechanism ion signal is reduced, which is the case when circular polar-
contributes to the molecular ionization, i.e., a Fl mechanism. ization is used. In other words, the dependence of the P—I]
It is known that FI processes such as the electron tunneling,ion peak components on laser polarization manifests the in-
barrier suppressidR4], and electron re-scattering processes, volvement of MPI processes at 532 nm in parallel with FI.
are dependent on laser polarizat[@6,27] Hence, the above analysis can be summarized as follows:
Some further discussion is needed to explain the depen- o
dence on laser polarization ogB8;* as seen in the spectra - Molecula_r |on|_zat|on at the_short_er wavelengths (355 and
recorded at 532 nm. At this wavelength, the signal intensi- 266 nm) is taking place mainly via MPI processes even at
ties of the molecular fragment ions are found to be slightly ~ these high laser |nten.S|t|e§1015Wcm_‘2).. _
weaker when a circularly polarized laser beam is used. This~ At 1064 nm the multiple molecular ionization proceeds
is reasonable because the contribution of FI processes is ex- Mainly through a FI mechanism. At 532 nm both MPI and
pected to be smaller at 1064 nm (shorter optical cycle and Fl have _slgmflcant contrlbL_Jtlon.The con_tr|but|on of Fl pro-
smaller pondermotive energy). Nevertheless, the back and C€SSesis reduced when circularly polarized laser beam was
forward components of thes€l;* peak appear to gain inten- used. . ) )
sity in the spectra recorded with circularly polarized laser at - Regardless of the mechanism involved in molecular ion-
532 nm. Obviously, the ions contributing to the formation of  iZation, the multiply charged iodine ions"{| n>2) are
these peak components are not generated via Fl processes. gener'ated through FI processes at all the laser wavelengths
The dependence of the [Pxipns peak components on laser ~ Used in the present work.
polarization has been clearly observed in the mass spectra From the comparison of the presented data with those re-

of 1-iodopropane while for the rest of the molecules (due t0 oy renorted for the same molecules under strong fs laser
the fact that the peak splitting is somewhat smaller, as com- irradiation[11] it is evident that:

mented previously) this behavior is not so pronounced. The

TOF splitting between these two peak components revealse The recoil energies of the fragment ions is much lower
that the corresponding ions were ejected with a kinetic en- when a ps laser was used and this is related to the fact
ergy of about 0.6eV. In a recent publication on {LHve that higher charged unstable parent ions were generated at
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fs experiments. Although the higher charged state of the e
recorded iodine ions is similar in both sets of experiments
their production mechanisms are completely different. Infs
experiments thé'f,n < 7, ions are released from explosion
within highly charged parent ions while in ps experiments
these ions are generated via FI processes’anyl 2,
ejected from unstable [P], z< 3.

The charge distribution on the parent ion prior to Coulomb
explosionis ascribed to be asymmetric in fs experiments. In
the present ps work, tHe,, values for I and G* ions are
found to be in line with the trend of the ionization energy

of these ions. This observation is reasonable because it ise
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 ¥ 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 chargéd ions,
especially fon > 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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