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In a recent series of experiments, femtosecond laser mass spectrometry (FLMS) was applied to benzaldehyde
utilizing laser pulse widths in the range 90 fs to 2.7 ps. Beam intensities up to 2× 1014 W cm-2 were used
with wavelengths of 750 and 375 nm. Different ionization-dissociation channels were found compared
with previous studies by other authors based in the nanosecond regime. The general theme emerging is one
of predominant above-threshold ionization-dissociation (ID) in which predissociative states are largely bypassed
via rapid optical up-pumping to the molecular ionization continuum. Above the parent ionization threshold,
ladder-switching is seen to be a function of laser pulse width, intensity, and wavelength with exclusive parent
ion formation being achievable in the lower intensity regions at all pulse widths. Increasing fragmentation
occurs as the laser intensity increases, although parent supremacy remains. At 750 nm however, the increase
of fragmentation with intensity is greatly reduced compared to 375 nm, leading to the conclusion that FLMS
at longer wavelengths is preferred for chemical analysis. Moreover at 750 nm and at laser intensities close
to 1014W cm-2 C7H6O2+ becomes evident. It is also shown that the C7H6O+/C7H5O+ ratio is strongly dependent
on the pulse width, suggesting that a hydrogen loss pathway has a dissociation time of about a picosecond.

Introduction

Photoionization and photodissociation investigations of poly-
atomic molecules are of current theoretical and experimental
interest. The advent of commercially available short-pulse-
width lasers has fuelled this interest in terms of approaching
saturation ionization efficiencies (100% ionization) coupled with
clearer insights into molecular structure and ionization/dissocia-
tion pathways.
Multiphoton absorption in molecules can lead to fragmenta-

tion by two distinct mechanisms.1-3

(1) Dissociation-Ionization (DI). The molecule in an
excited state below the ionization level fragments to form neutral
moieties. These fragments may absorb further photons within
the laser pulse to ionize and/or dissociate. If the intermediate
excited states have lifetimes shorter than the laser pulse width,
then dissociation followed by ionization (DI), ladder-switching,
is favored.
(2) Ionization-Dissociation (ID). Efficient multiphoton

absorption of photons can suppress fragmentation channels in
the sense that rapid up-pumping to the molecular ion continuum
can bypass predissociative states. This usually requires laser
pulse widths shorter than intermediate state lifetimes. This is
ionization followed by dissociation (ID), or ladder-climbing.
Dissociation can then occur via a myriad of ionic states,
depending on laser intensity, pulse width, and wavelength.

Molecular predissociation often competes with ladder climb-
ing, the latter becoming more dominant as the laser pulse
duration decreases.1 Laser intensities may be used to control
the degree of fragmentation, especially in the above-threshold
(ID) model. This can allow exclusive molecular ion formation,
which has significant implications for chemical analysis. In
general, choice of laser intensity and pulse width reflects the
goals of the experiment.
In a series of papers2,4-8 the Glasgow group has shown that

FLMS is becoming a universal system for the analytical
detection of molecules, in which DI suppression and abundant
parent ion appearance are consistently attained. This is coupled
to reduced relative intensities of lighter mass fragments in the
mass spectra. FLMS can also provide valuable information on
ionization/dissociation pathways and the associated dissociative
lifetimes.
The mechanism of ionization itself is being challenged in

that nonperturbative physics may provide a more complete
description than multiphoton theories.9,10 In addition nonstatis-
tical energy migration within the molecules upon photon
absorption is probable, leading to selective local dissociation.11

This may develop an increased understanding in energy
flow and interaction within molecular systems. Thus the
potential for FLMS in both theoretical and applied science is
considerable.2,4-15

Benzaldehyde photoprocesses have generated considerable
interest (ref 16 and references therein). The molecule’s ioniza-
tion potential is 9.52 eV.17 Electronic excitation to the first
singlet excited state (S1) gives rise to a weak absorption band
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system at 371.5 nm. The second absorption band to the S2 state
occurs at 4.51 eV (275 nm) while by far the strongest absorption
peaks occur at 220-245 nm (∼5 eV, S3 ) and at 194-195 nm
(∼6.4 eV, S4).16-18 The triplet manifold is less well categorized,
although intersystem crossing via T-states has been reported.19,20

Figure 1 is a diagram showing some of the energetically allowed
fragmentation pathways in the neutral and ionic manifold of
states. The appearance potentials are taken from refs 1 and 18.
The absorption spectrum for benzaldehyde is also shown as well
as the absorption of nine photons at 750 nm and five photons
at 375 nm.
The laser mass spectrometry of benzaldehyde has been

investigated at varying laser pulse widths, intensities, and
wavelengths. A primary process in benzaldehyde photolysis
involves the formation of benzene and carbon monoxide (via
the S2 and S4 states)1,16-21 from below the molecular ionization
threshold, thus suppressing molecular ion production. The
products can then absorb further photons and ionize/fragment:

Dissociation from the S2 singlet occurs on a time scale less
than 2 ns17 but greater than 25 ps.1 The S4 singlet is thought to
dissociate faster.16

A general theme emerging is as follows: nanosecond pulse
lengths yield small or nonexistent parent ions, with a strong
dominance of lighter mass fragments. This is consistent with
below threshold dissociation-ionization (DI). DeCorpo et al.,22
Seaver et al.,23 and Antonov et al.21,24 show mass spectra for
benzaldehyde at 20 ns with very low intensity parent or high
mass peaks. Long et al.17 report a similar conclusion, namely,
that total dominance of lighter fragment ions occurs, indicating
predissociation competing strongly with direct photoionization,
specifically from the S2 state. In this pulse length regime, the
choice of wavelength is seen to significantly influence whether
ladder-switching or -climbing occurs. Yang et al.18 in a

multiphoton investigation of benzaldehyde using laser pulse
widths of 8 ns found competition between ID and DI pathways
at 266 nm (one photon energy coincides with the S2 band) which
was also dependent on laser intensity. The molecule in the
excited S2 singlet would either dissociate or be effectively
bypassed by optical pumping. However at 355 nm (one photon
energy coincides with an S1 state), irradiation at both nanosecond
and picosecond times led to ID domination over the entire laser
intensity range. They concluded that wavelength selection was
a more important parameter in protecting the molecule against
DI than laser intensity.
In the picosecond pulse width region, parentlike dominance

over its moieties is largely found, in contrast to the nanosecond
findings. A specific above-threshold dissociation pathway is

As with nanosecond studies, a wavelength influence on
ionization dynamics is found. In another study Yang et al.1

described the “immediate” dissociation of C7H6O+ in the above
pathway at 25 ps and 266 nm, whereas increasing the wave-
length to 355 nm resulted in larger parent ion peaks. “Immedi-
ate” in this sense is presumed to mean less than 25 ps. They
also suggested that the role of ladder-climbing increased as the
laser pulse decreased from nanosecond to picosecond duration.
The present paper extends the previous measurements in the

nanosecond and tens of picosecond regimes, describing recent
experimental findings for benzaldehyde photochemistry. Time-
of-flight (TOF) techniques are used with short, intense laser
pulse durations ranging from 90 fs to 2.7 ps at wavelengths of
750 and 375 nm and using laser intensities up to 2× 1014 W
cm-2. In particular it was of interest to investigate the fast
hydrogen loss dissociative pathway and to determine at these
short pulse widths and high laser intensities whether ID is the
generally preferred dissociative mechanism similar to the results
reported for other molecules carried out in this intensity
regime.2,7,8

Experimental Section

Femtosecond Laser System.Technological advances in
lasers are producing desirable results in terms of reliable short-
pulse duration.25 Figure 2 shows the femtosecond laser system
coupled to the linear time-of-flight mass spectrometer used in
this study. The time-of-flight6 and laser26 arrangements are
described more extensively elsewhere. Pulses of 45 fs duration
were derived from a mode-locked titanium-sapphire oscillator
pumped with about 7 W from an all-lines Beamlok argon ion
laser (both Spectra Physics). A simple stretcher consisting of
two pairs of BK7 prisms in a double-pass arrangement was used
to negatively chirp the pulses to about 700 fs prior to
amplification in a three-stage dye laser. The dye LDS 751 was
used in preference to the higher gain rhodamine 700, normally
used at this wavelength, to provide sufficient gain bandwidth
to support 45 fs pulses. After the amplifier a 4 cmblock of
SF10 glass allowed recompression of the pulses down to 50 fs,
although they did lengthen to 90 fs prior to entry into the TOF
after passage through the optical components shown in Figure
2.
The fundamental output harmonic, 750 nm, was collimated

using a 1 m focal lens (f/50) to give a beam width of
approximately 10 mm. A 0.5 m focal length fused silica lens
focused the 750 nm light into a type I BBO crystal of width
200µm cut at 28.7° to frequency double the beam. Addition-
ally, a 750 nm half-wave plate was added before the 0.5 m focal

Figure 1. Some of the energetically allowed fragmentation pathways
in the neutral and ionic manifold of states. The absorption spectrum
for benzaldehyde is also shown as well as the absorption of nine photons
at 750 nm and five photons at 375 nm.

C7H6O+ nhν f C7H6O* f C6H6 + CO

C7H6O+ mhν f C7H6O
+ f C7H5O

+ + H
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length lens when frequency doubling. The 375 nm beam was
therefore vertically polarized, consistent with the vertically
polarized 750 nm output. The 750 and 375 nm light was
recollimated with an off-axis 0.5 m focal length parabolic mirror
with UV-enhanced aluminum. Further broad-band UV mirrors
directed the laser pulses toward the mass spectrometer. For
375 nm, an infrared absorbing filter eliminated the presence of
750 nm light and background amplified stimulated emission
(ASE). With 750 nm, energy measurements revealed an ASE
content of about 25%. This was taken into account when
determining the laser intensity. Controlled attenuation of the
beam energy was achieved using a variable neutral density filter.
The energies of the beam pulses were measured using a
Molectron joulemeter.
Upon entering the TOF, the beam was focused using a

concave mirror of focal length 10 cm, yielding calculated spot
diameters of 5 and 10µm for the 375 and 750 nm beams,
respectively. As such, laser intensities from 7× 1011 (375 nm)
and 6× 1012 (750 nm) up to 2× 1014 W cm-2 for both
wavelengths were generated. Laser intensities were estimated
to be accurate to 10-15%.
Autocorrelation diagnostics27were used to measure the pulse

widths for 750 nm and from these were inferred the pulse widths
at 375 nm. Laser pulse durations from 90 fs to 1.32 ps (375
nm) and 2.7 ps (750 nm) were produced by lengthening the
pulses after passage through various thickness of SF10 blocks.
The laser energy and intensity fell sharply as the pulse width
increased. Estimated errors in the autocorrelation measurements

came from the nonuniformity of the beam intensity profile and
pulse width broadening due to group velocity dispersion in the
optical components of the correlator. Variation in pulse-to-
pulse generation also contributed. As such an uncertainty in
pulse length of(10% was estimated.
Time-of-Flight Mass Spectrometer (TOF). The TOF is of

conventional linear design, with a field-free drift region of 1.2
m. A turbo pump ensured a base pressure of 10-8 Torr, rising
to approximately 10-5 Torr during active experimentation.
Conditions were therefore essentially unimolecular since the
collision probability was small. Ion optics was based on a
Wiley-McLaren design and an einzel lens placed immediately
after the extract optics increased the ion transmission through
the system. The mass resolution was typically 200 at 100 D.
The benzaldehyde sample was admitted effusively from the

inlet system to the high-vacuum environment via a needle valve,
before passing through a tiny hole in the pusher electrode of
the TOF. The position of the laser spot with respect to this
opening was critical.2 Optimum spatial ionizing conditions were
achieved using anxyz vernier-controlled mechanism coupled
to the focusing mirror to vary precisely the beam position. The
inlet line to the TOF chamber was heated independently at 120
°C, which minimized the sample sticking to the walls. The
entire TOF system could also be heated, which was very
effective in creating a clean environment when coupled to
efficient evacuation and occasional gas-flow flushing.
The time-of-flight mass spectra were recorded using a Thorn

EMI electron multiplier coupled to the Lecroy 9304 digital
oscilloscope, typically averaging over hundreds of laser shots.

Results and Discussion

Figure 3 shows the ionization-dissociation mass spectra at
750 and 375 nm for varying laser intensities up to 1.2× 1014

W cm-2 at 90 fs pulse duration. It is clear that for both
wavelengths at all intensities the parent peak is dominant.
Fragmentation increases with increasing laser intensity and also
becomes more prominent for the shorter wavelength. For
analytical purposes, soft ionization with an exclusive parent ion
formation is to be favored and is achieved for the lower laser
intensities particularly for the longer wavelengths. This has
important implications, particularly in multicomponent analysis,
for example, environmental air monitoring.28 On the other hand
when structural information is sought, then significant molecular
fragmentation is desirable which is obtained using higher laser
intensities and shorter wavelengths. It is also important to point
out that the doubly charged benzaldehyde ion is a strong peak
under 750 nm irradiation and is not apparent in the 375 nm
spectrum.
As a comparison, Figure 4 illustrates the mass spectra

recorded by Yang et al.1 at 355 nm and 25 ps. The parent peak
again is predominant at all laser intensities suggesting an ID
dissociative route as Yang et al. concluded. However, the
dependence of the ion intensities as a function of laser power
for the different fragments are markedly dissimilar, indicating
that DI pathways are also open for some of the moieties. This
point will be discussed in more detail later.
As previously stated, the fragmentation at 375 nm is

considerably greater than at 750 nm. Thus the UV photons
would seem less suitable for analytical purposes at these laser
pulse widths, due to a lower production of intact molecular ions.
Over the intensity range, the 375 nm daughter fragments show
a factor of about 4 times greater intensity than at the longer
wavelength.

Figure 2. Experimental apparatus showing the femtosecond laser
system coupled to the linear time-of-flight mass spectrometer. Pulse
widths ranging from 90 fs to 2.7 ps were generated. Peak intensities
were of the order of 2× 1014 W cm-2 at wavelengths 750 and 375
nm.
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Figure 5 shows the ion yield as a function of laser intensity
for 90 fs pulses for the main fragment mass peaks. In a
multiphoton description of the process the appearance of the
parent molecular ion implies absorption of at least 3 photons at
375 nm and 6 photons at 750 nm over the intensity range
studied. From the gradients, a dependence of 2 for 375 nm
and 3 for 750 nm were measured. This is consistent with a 3
(375 nm) and 6 (750 nm) multiphoton absorption process
approaching saturation, which is expected at such high laser
intensities.29 The gradient of the benzaldehyde doubly charged
ion is much greater than the other ions, which is also true for
the H and C ions at 750 nm.
The mass spectra indicating the predominant initial appear-

ance of parent molecular ions even at the lowest laser intensities
suggest a common parent precursor in an above-threshold
dissociation mechanism. Furthermore the consistent dominance
of benzaldehyde parent ions over its moieties as the laser flux
increases also supports an ID route. This parent supremacy was
true for all pulse lengths used. In addition it can be seen that
the mass fragments have the same slope as the parent ion at
both wavelengths (apart from the doubly charged benzaldehyde
ion and C and H at 750 nm), again suggesting a common parent
precursor in an ID model.8 If the DI route were dominant, then
the gradient of the fragment moieties, whose appearance

potentials are normally different from those of the parent, would
not necessarily follow that of the parent as was evident from
Figure 4. The principal DI route is C6H6 + CO as indicated in
the Introduction. When these neutral molecules are irradiated
individually as ground-state gases at high intensities, by far the
predominant peaks in the mass spectra are the parent ions at
mass 78 and 28, respectively.28 In the present work these peaks
are very small, which suggests that these neutral fragments are
largely missing and thus the DI dissociative pathway is a minor
one.
In the region of 1014 W cm-2, saturation29 of the parent ion

signal is approached. This has been described as maximum
sensitivity FLMS30 and relates to unity ionization probability,
which physically corresponds to all molecules within the
sensitive volume being ionized, this volume being intimately
related to the laser spot dimensions at the local region of
ionization. Experimentally this is a reduction in the rate of
change of ion yield as the laser intensity increases and can be
seen as a characteristic bend at the uppermost curve locality.
Any increase after this is mainly due to an expansion in the
focal volume of the laser beam. This effect is more visible
with 750 nm where slightly higher intensities were achievable.
Figure 6 shows the total ion yield (summing all peaks in the

mass spectra) as a function of laser intensity at 750 and 375
nm and 90 fs. Saturation is apparent from the experimental
yield curves and is also expected from the general considerations
of multiphoton ionization cross sections29 at laser intensities in
excess of 1013 W cm-2. In benzaldehyde, at 750 nm the

Figure 3. Ionization-dissociation mass spectra for benzaldehyde
illustrating the relative ion yield against their corresponding time-of-
flight for wavelengths 750 and 375 nm at 90 fs laser pulse widths.
Laser intensities up to 1.2× 1014 W cm-2 were used, and for any
opposite pair of mass spectra intensities are as close as possible in
value. The amplifier gain and gas pressure are the same in these spectra.
Note the consistent parent ion dominancesindicative of predominant
above threshold ionization-dissociation (ID)sparticularly at 750 nm
where there is less relative fragmentation compared to 375 nm. At both
wavelengths daughter ions are seen to increase with increasing beam
intensity. Doubly charged benzaldehyde is apparent as a strong peak
at 750 nm.

Figure 4. The 25 ps MPID mass spectrum of benzaldehyde at 355
nm at low to medium laser average power. Reproduced by kind
permission of the authors of ref 1 and the American Chemical Society.
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multiphoton transition proceeds with the absorption of 6 photons
to reach the parent ion, while 375 nm ionization requires 3
photons. The predicted yields for the cross sections are shown
in Figure 6 as a solid curve, and the agreement with the data is
excellent. In calculating the theoretical curves, the effects due
to the beam spot size, time profile of the laser pulse and the
finite acceptance volume of the time-of-flight mass spectrometer
have been taken into account. The cross sections for the six-
photon (nonresonant) absorption for 750 nm and the three-
photon absorption for 375 nm were treated as variable param-
eters in the fitting and were found to be 1.38e-180 cm14 s5 and

1.5e-82 cm6 s2, respectively. Both sets of theoretical curves
were normalized by the same factor for this comparison. The
fitted cross sections are to be compared with the generalized
cross sections of 3.2e-176 cm14 s5 and 6.74e-81 cm6 s2 given by
Ammosov et al.31 for hydrogen atoms. The generalized cross
section would produce saturation at much lower values of the
laser intensity, particularly for 750 nm, and are not compatible
with the experimental observations.
A series of experiments was carried out at different pulse

widths in a manner described in the Experimental Section. These
pulse widths have been shown to have similar bandwidths. For

Figure 5. Relative ion yield as a function of laser intensity at 90 fs pulse widths for the main mass fragments. Vertical multiplication factors are
indicated that serve to separate the ion plots. The ions are multiplied by these factors prior to drawing the graphs. Note how the general consistency
of the gradients is suggestive of a common parent precursor in an ID model. The gradient of the doubly charged benzaldehyde ion as well as those
for the H and C at 750 nm are much steeper. Also notice the approach to saturation of the parent ion signal for intensities in the region of 1014 W
cm-2 at the uppermost section of the curve.
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the 750 nm wavelength, the pulse widths varied from 90 fs to
2.7 ps and for 375 nm from 90 fs to 1.3 ps. In Figure 7, four
mass spectra showing the parent and the hydrogen loss peaks
for different pulse widths at both wavelengths are shown. The
ratios of parent to hydrogen loss for all the different pulse widths
and the two wavelengths are shown in Figure 8. It is clear that
the relative parent intensity grows as the pulse width decreases,
an effect that is more significant at 750 nm. It must be
emphasized that the ratios of parent to hydrogen loss at all pulse
widths are only weakly dependent on the laser intensity, and
the error bars in Figure 7 are a measure of this dependence.
The data in Figures 7 and 8 suggest a hydrogen loss pathway
with a dissociation time of about 1 ps.

Several authors have argued that when the laser intensity
reaches 1014-15 W cm-2, it is possible that field ionization
(tunneling)10,32-35 can provide a more complete description of
the ionization mechanism than multiphoton theories. This is
perhaps intuitive when one considers that associated electric
fields at these high intensities match or even surpass molecular
Coulombic fields felt by valence electrons, whose orbital periods
are comparable to the laser pulse duration. The electric field
of a high-intensity laser can cause severe modifications to the
molecular potential energy surface resulting in the possibility
of the valence electron(s) tunneling through the barrier formed
by the molecular potential and the instantaneous electric field
of the laser. For tunneling to take place in the ac field of the
laser, the barrier must remain static for long enough to allow
the electron to cross the barrier.

The Keldysh parameter36 defined by

whereEi is the zero-field ionization potential expressed in eV,
I is the laser intensity in W cm-2, andλ is the laser wavelength
in µm, has given a semiquantitative indication of the tunnel
ionization mechanism.
Values of γ < 0.5 have been postulated as a pragmatic

threshold for tunneling.37 In the present experiment all values
for γ are greater than unity. A number of authors have indicated
that saturation in multiphoton ionization is expected to occur
for intensities of the order of 1014 W cm-2, which are lower
than the intensities needed for tunneling to become important.
The ionization is not purely multiphoton in the sense that
tunneling has a small contribution to the total ionization rate.29,38

The relative importance of multiphoton and tunneling ionization
for high-intensity lasers needs to be examined in greater detail,
particularly for larger molecules. In the view of the authors of
the present paper, the multiphoton process is the principal
mechanism for ionization/dissociation of molecules for laser
intensities up to∼1014 W cm-2.

Conclusions

The mass spectra at 750 and 375 nm have been recorded at
different pulse widths between 90 fs and 2.7 ps and for a range
of laser intensities up to 1.2× 1014 W cm-2. The principle
points that can beconcluded from these data are as follows:

Figure 6. Total relative ion yield summed over all ions produced as a function of laser intensity for 90 fs at 750 and 375 nm. Both graphs are
normalized consistently. In calculating the theoretical curves (solid curves), the effects due to the beam spot size, time profile of the laser pulse,
and the finite acceptance volume of the time-of-flight mass spectrometer have been taken into account. The cross sections for the six-photon
(nonresonant) absorption for 750 nm and the three-photon absorption for 375 nm were treated as variable parameters in the fitting and were found
to be 1.38e-180 cm14 s5 and 1.5e-82 cm6 s2, respectively. The agreement between theory and experiment is excellent.

γ ) (Ei/1.87× 10-13Iλ2)1/2
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(1) For the two wavelengths, the parent peak height dominates
at all intensities and pulse widths.
(2) The parent peak alone is visible at the lowest intensities

at all pulse widths and for both wavelengths. This soft
ionization procedure is particularly important for analytical
purposes especially with multicomponent samples. If one
wishes high ionization efficiency with a predominant parent
peak, then a high laser intensity at longer wavelengths is
preferred.
(3) 375 nm gives more fragmentation by a factor of about 4

over that at 750 nm. This is difficult to explain unambiguously
but is a characteristic of molecular dissociation at high intensities
for a number of other molecules, e.g., NO2, CO2, CS2, benzene,
toluene, naphthalene, and 1,3-butadiene.39 On the other hand,
for the nitro aromatics the fragmentation becomes greater at
750 nm.2,7 One of the obvious differences between the spectra
in Figure 3 at 750 and 375 nm apart from the marked increase
of fragmentation is the large doubly ionized benzaldehyde peak
at 750 nm which is completely missing in the spectrum at 375
nm. The doubly ionized parent peak is also a prominent feature
of a number of other molecules: CO2, CS2, CH3I, benzene,

toluene, naphthalene, and 1,3-butadiene39 at laser intensities of
about 1014W cm-2. The observation of doubly ionized medium
mass hydrocarbons points to considerable structural stability of
these ions. How the charges reside on such a molecule without
blowing apart is an interesting question.

(4) The relative ion yields for the parent and principal
fragment ions have been measured as a function of the laser
intensity at the two wavelengths. The gradients are similar for
all the species suggesting a common parent precursor which is
characteristic of ID. Apart from doubly ionized benzaldehyde,
C and H, the measured slopes of 3 and 2 for the principal
fragments at 750 and 375 nm respectively indicate that the
process is approaching saturation in a multiphoton model. The
total ion yields also show signs of saturation. The data can be
fitted closely using a rate equation model and off-resonant
multiphoton cross sections.

(5) The ratio of the ions C7H6O/C7H5O is almost independent
of laser intensity for a given pulse width. However it varies
considerably as the laser pulse width changes, increasing as the
pulse width decreases. This is characteristic of an H loss
dissociative time on the order of a picosecond, although it is
unlikely to be the only mechanism of producing the H loss
fragment. Using 25 ps pulses, Yang et al. are also in agreement
with this short dissociation time, having suggested that there
was an immediate fragmentation of the parent ion into C7H5O+.
This behavior also occurs with recent results30 for NO2

+/NO+

under similar experimental conditions
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Figure 7. Mass spectra of the parent and hydrogen loss ion peaks for
different pulse widths at 375 and 750 nm. For shorter pulse widths the
dominance of the parent ion over its daughter increases. Evidence is
also seen of protonation of the benzaldehyde ion.

Figure 8. Ratio of the benzaldehyde ion to its hydrogen loss daughter
as a function of pulse width at 750 and 375 nm. The relative parent
intensity grows as the pulse width decreases, an effect that is more
pronounced at the longer wavelength where a greater relative number
of ions are produced. At any given pulse width, C7H6O+/C7H5O+ shows
only a weak laser intensity dependence. The points represent the mean
ratio value, while the error bars indicate this weak intensity dependence
as the standard deviation.
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