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Multiphoton processes following the excitation of methyl iodide to the A-band continuum are studied using
a pulsed laser beam of 5 eV photons with pulse duration of 15 ns, 5 ps, and 500 fs. Velocity map images are
obtained for the resulting photoelectron, I+, and CH3

+ fragments. Both one-photon dissociation and multistep
ionization are observed, the latter process becoming dominant at the shorter pulse duration. The photoelectron
spectra (PES) obtained from velocity map imaging, which provides uniform transmittance for all electron
kinetic energies, show that two-photon excitation of CH3I mediated by the dissociative A-band leads to the
production of excited CH3I+ ions with non-Franck-Condon intensity distributions. The vibrational distributions
obtained are compared with zero kinetic energy (ZEKE) and magnetic bottle PES measurements under similar
conditions. Velocity images of the I+ and CH3

+ show a marked anisotropy whose angular dependence on the
scattering angle varies strongly with the laser pulse duration. At progressively shorter pulse durations,
multiphoton ionization/fragmentation of CH3I+ dominates the observed signal.

Introduction

Photoexcitation of methyl iodide to the A-band (first dis-
sociation continuum) produces methyl radicals plus ground-state
and spin-orbit excited iodine atom fragments, which we label
hereafter as I(2P3/2) and I*(2P1/2), respectively. Three dissociative
excited electronic states, designated as3Q0, 3Q1, and 1Q1 by
Mulliken,1-3 are optically accessible from the ground state. The
3Q0 state correlates asymptotically to CH3+I*, while excitations
to the 3Q1, and 1Q1 states lead to the production of CH3+I.
Despite numerous studies of this photodissociation process,
which have been summarized in several articles,4-6 deconvo-
lution of the contributions of each of these states to the overall
A-band cross-section remained experimentally unresolved.
Recently, the partial absorption cross-sections have been
determined7 for each state using the technique of velocity
mapping,8 demonstrating also in this way the method’s capabil-
ity to successfully address difficult questions in chemical
dynamics. Contrary to previous studies,9 the 1Q1 state is found
to contribute less than 1% to the total A-band absorption
spectrum.

Because of its relatively strong absorption cross-section, the
dissociative A-band region of CH3I provides a path for exciting
higher lying electronic states or probing the structure of CH3I+

by photoionization, an experimental approach pioneered by
Colson and co-workers.10 For methyl iodide, such intermediate-
enhanced two-step photoionization experiments have been
reported using both zero kinetic energy (ZEKE)11-13 and
conventional photoelectron spectroscopy (PES).14 Two inde-
pendent ZEKE experiments were performed using ns laser
systems, while the PES experiment used a 2.5 ps laser system

operating at 252.5 or 251 nm. Each of the above-mentioned
studies reported that all six normal modes of the CH3I+ ion are
excited during the photoionization. These findings deviate from
the predictions based on the Franck-Condon factors (FCF)
calculated between the ground-state ion and the neutral mol-
ecule, which indicate that only transitions with∆V ) 0 should
have appreciable intensity. This behavior was attributed to the
dissociative A-band intermediate, whereby the CH3I begins to
stretch its C-I bond length during the dissociation process, just
prior to absorbance of the second photon that excites the
molecule to the ionization continuum. The change in C-I bond
length modifies the FCF sufficiently such that the overtone
transitions gain considerable intensity.

Theoretical treatment of the two-photon ionization of CH3I
through the A-band has been performed by Abrashkevich and
Shapiro,15 referred to hereafter as AS. Their analysis, in sharp
contrast to the experimental observations, predicts mostly
excitation of the combination bands of theν3 and ν2 (CH3

umbrella bend) modes. Initially this discrepancy was attributed
to possible artifacts in peak intensities of ZEKE spectra.
However, in light of the conventional PES spectra of Schultz
and Fischer,14 referred to hereafter as SF, whose intensities agree
with the those of the ZEKE data, this possibility should be
discounted. SF suggested that a possible explanation could be
inaccuracies in the potential energy surfaces for the intermediate
states. Other indications of inaccuracies in the potential energy
surfaces were found in a study of the internal energy distribu-
tions of the CH3 fragments using velocity mapping.16 SF also
point out that the shape of the PES spectrum changes drastically
with small changes in the dissociation laser wavelength, which
implies that very subtle changes in the intermediate geometry
impact the appearance of the PES spectrum tremendously. To
verify this statement, in this report we present the two-photon
photoelectron spectrum of CH3I at 248 nm measured via
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photoelectron velocity mapping. In addition, we also record the
velocity distribution of the I+ and CH3

+ product, which yields
extra information concerning the competition between ionization
and dissociation of the A-band.

Experimental

The experimental apparatus used in this study has been
described in detail elsewhere.17,18Briefly, a cold molecular beam
is produced by expanding a gas mixture (typically 5% CH3I in
He) into the source chamber via a home-built pulsed nozzle
(backing pressuresP0 e 1 atm). The molecular beam, which is
skimmed and collimated to∼0.8 mm diameter, is intersected
at right angles by a laser beam generated by a KrF excimer
pumped-dye laser system capable of producing 15 ns, 5 ps, and
500 fs laser pulses.19 This is a one-color experiment so the same
laser is used for both for the A-band excitation of CH3I and
subsequentnon-resonantionization of either the parent molecule
or the neutral photofragments (e.g., I, I*, or CH3). The laser
light is vertically polarized (parallel to the plane of the two-
dimensional detector) and is focused using a lens with a 20 cm
focal length. The laser beam is attenuated to the point where
no more than∼100 ions/shot are created, in order to avoid space
charge problems. Typically, 500µJ pulses are used. Ions or
electrons produced in the interaction region are accelerated by
a suitable electric field8,18 along the axis of the time-of-flight
mass analyzer and are detected using a home-built position-
sensitive ion-imaging detector.17 Discrimination against back-
ground cations is achieved by gating the detector, so results
presented in this article are obtained by recording the CH3

+

and 127I+ ion signal. Details about the image processing
techniques and extraction of velocity distributions can be found
in ref 17. In the case of photoelectron imaging, no detector
gating is necessary, while magnetic shielding made up of two
sections of concentric tubes (L140-L150 mm andL70-L80
mm) rolled from a 0.5 mm thicknessµ-metal sheet are installed
along the axis of the spectrometer to screen the electrons from
the earth’s magnetic field.

Results

Typical velocity map images for photoelectrons produced
from the two-photon ionization of methyl iodide using a 5 ps
laser pulse are presented in Figure 1(a). Images obtained using
a 500 fs pulse are very similar to the 5 ps pulse, while the
photoelectron image using a nanosecond pulsed laser was too
weak to analyze. The 5 ps and 500 fs photoelectron images
consist of a very intense center part, and a series of isotropic

concentric rings, the brightest of which appears on the outer
edge. Calibration of the CH3I photoelectron images is performed
using the NO photoelectron image shown in Figure 1(b),
produced from the two-photon ionization of NO (ionization
potential 9.26 eV) under identical conditions to that of Figure
1(a). The spectrum shows a series of three anisotropic rings,
with most of the intensity appearing along the laser polarization
direction.

Typical velocity map images for I+ and CH3
+ produced from

the irradiation of methyl iodide at 248 nm are presented in
Figures 2 and 3, respectively. The velocity distribution of the
I+ product (and CH3+) appears to depend strongly on the laser
pulse duration. Specifically, we note that as the pulse duration
shortens, the images tend to become more anisotropic with an
increased amount of intensity along the laser polarization
direction and a narrowing of the image “waist” along the
equator. In addition, the partially resolved ring structure of the
ns duration image shown in Figure 2(a) is absent in both the ps
and fs duration images shown in Figures 2(b) and 2(c),
respectively. In the CH3+ image shown in Figure 3, a set of
two weak discs can be seen more clearly at higher velocities,
above which are superimposed a much stronger anisotropic and
continuous kinetic energy structure as seen in the I+ images.
The two weak discs arise from the nonresonant ionization17 of
the methyl fragments formed in the I and I* channels after one-
photon dissociation of the parent molecule.

The photoelectron and I+ speed or kinetic energy distributions,
which we determine by appropriate reconstruction of either the
e- or I+ images17,20 are shown in Figures 4, 5, and 6,
respectively. The I+ kinetic energy distribution has been divided
up into three regions labeled as inner, middle, and outer. The
relative intensity of these regions changes with laser pulse
duration such that the inner region appears nearly invariant,
while the middle and outer regions are essentially identical for
both the ps and fs durations but differ substantially from the ns
results.

Discussion

A. Photoelectron Spectra.In the case of the two-photon
ionization of NO, the photoelectron speed distribution consists
of three peaks which correspond to formation of NO+(V ) 0,
1, 2) from the processes

Our experimental resolution is limited by the size of a single
ion spot on our detector, typically 2-3 pixels wide (∼200µm).
This spot size is common to all parts of the detector, a statement
confirmed by our ability to model the NO photoelectron speed
distribution using three Gaussian functions of identical widths
(Figure 4(a)). The area of each peak corresponds to the Franck-
Condon factor for this transition, and, since the simulation peak
widths are the same, the area of each peak is proportional to its
height. The calculated positions and Franck-Condon factors21

using Morse potentials for NO and NO+ and a temperature of
50 K are overlaid in the same plot, and clearly the agreement
to our experimental values is excellent. This justifies the use of
photoelectron velocity mapping as a suitable technique for
quantitative measurements of the photoelectron spectra. It is
noteworthy that the corresponding kinetic energy of the slowest
peak is only 135 meV, and yet it is detected with the same
efficiency and signal-to-noise ratio as the higher energy peaks.
This efficiency of detecting slow e- results from the acceleration
of the nascent photoelectrons to energies ofg750 eV, thus

Figure 1. (a) Two-photon photoelectron image of CH3I at 248.6 nm
using a 5 pspulse duration. (b) Two-photon photoelectron image of
NO at 248.6 nm using a 5 pspulse duration. The arrow indicates the
laser polarization direction. Lighter areas in these grayscale images refer
to higher signal levels.

NO + 2hν (248 nm)f NO+ [(V ) 0, 1, 2), J]+ e- (1)
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minimizing the effects of stray fields. The resolution (∆E/E) at
the outermost ring, NO+ (V ) 0), is ∼6%. In principle, one
could image photoelectrons just above threshold (true ZEKEs)
with 1 meV of energy, in which case the energy resolving power
of the velocity imaging technique would be∼0.06 meV (0.5
cm-1), a resolution comparable to the bandwidth of conventional
ns laser systems.

The photoelectron speed distribution of CH3I shown in Figure
4(b) consists of a dominant peak assigned to the origin band,
followed by a series of fairly regularly spaced peaks. As in both
the ZEKE12,13and the PES14 experiment, we initially assign the
structure in the spectrum to a pureν3 overtone progression. We
therefore model our spectrum using a series of fixed-width
Gaussian functions similar to those used in the NO calibration
spectrum. This single mode fit, along with the expected positions
for a progression in the C-I stretch is shown in Figure 4(b).
The fit is poor, especially when compared to the calibration fit
of NO photoelectron spectrum (Figure 4(a)). As both the NO
and CH3I spectra are obtained under identical experimental
conditions, one doesn’t expect any degradation of the experi-
mental resolution between the two systems. Here it is assumed

that essentially all of the photoelectrons arise from CH3I
ionization. Furthermore, the intrinsic width of the CH3I PES
peaks is (like NO) assumed to be less than the apparatus
function, which is determined by the size of a single ion event.
Consequently, we are led to believe that the assumption of a
singleν3 overtone progression is not sufficient to explain our
measured CH3I photoelectron spectrum.

Naturally, adding more Gaussian functions improves the fit
to the experimental data, yielding the results shown in Figure
4(c). This is a best-fit population spectrum using all possible
CH3I+ vibrations and their combinations, following the approach
of SF. The estimated uncertainty is at least 2% in total
population for the stronger vibrations (g 10% of the totalV >
0 population) and higher fractional uncertainty for the weaker
peaks. The positions and heights of the underlying stick spectra
represent the position and intensity of each Gaussian function
used in the fit. Also shown above the spectrum are the positions
for vibrations corresponding to the six normal modes of CH3I+

and theν2 (V ) 1), ν3 combination band. The agreement between
the predicted positions and the results of the fit is very satisfying,
and the spectral assignments are listed in Table 1. We are unable
to distinguish the overtone transition 30

3 from the 501 and the
transition 602 from the 20130

1 because of their close proximity
in the spectrum, and consequently we only report their cumula-
tive contribution to the overall spectral intensity.

In Figure 5 we plot the populations of each vibrational
progression separately and compare our results with the ZEKE
experiments and the theoretical predictions. We note that only
modesν2, ν3, and the combination modeν2ν3 were considered
in the calculations of AS. Our intensities have been scaled such
that theν3(∆V ) 4) intensity in the ZEKE spectrum of SF agrees
with ours. Although quantitatively there is disagreement between
our data and the theoretical predictions, there are interesting
qualitative similarities. Specifically, we observe that in both
cases theν3 vibrational progression shows several local maxima,
which in our data occur at∆V ) 1 (overall maximum), 4, and
7, while for the theory they correspond to∆V ) 1, 5, and 9
(not shown). This trend is not observed in the ZEKE spectra
where theν3 progression shows a single peak at∆V ) 4. Also,
the intensities of the combination bandsν2ν3 decrease almost
linearly beyond the 20130

2 transition in both the calculations of
AS and our experiment, while this trend is reversed in the ZEKE
experiment. In the ZEKE experiments the dominant feature in
the spectrum is the∆V ) 4 transition, while in the SF
photoelectron spectra (shown in Figure 6(a), our work, and the
theoretical calculations, the origin band is the strongest feature.
SF attributed this difference in the relative strengths of the
overtone and origin band amongst the ZEKE (ns experiments)
and PES (ps experiments) to what they calledsimultaneous

Figure 2. I+ photofragment images following the photolysis of CH3I at 248.6 nm using: (a) 15 ns pulse duration, (b) 5 ps pulse duration, and (c)
500 fs pulse duration.

Figure 3. CH3
+ photofragment image following the photolysis of CH3I

at 248.6 nm using a 5 pspulse duration. In order to enhance the weaker
signals, the image is presented as inverted grayscale where the (off-
scale) darker areas refer to higher signal levels. The maximal kinetic
energy releases (minimal CH3

+ internal energy) are indicated by dashed
circles for the I and I* channels.
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rather thansequentialtwo-photon absorption. In other words,
because of the facile ionization achieved using short pulse length
lasers, the direct simultaneous process will contribute intensity
only to the origin band because it is this transition that has the
dominate FCF between the ground states of the ion and the
neutral. This effect, however, should not change the relative
intensities of the spectral features within the overtone progres-
sion. If this were the case, then using an even more intense
laser field (shorter pulse duration), the relative intensity of the
origin band should become even greater than in the case of the

ps PES spectra. Inspection of Figure 6(a) where both ps and fs
photoelectron kinetic energy spectra are shown, indicates that
no such effect occurs and that the 500 fs and 5 ps PES spectra
are nearly identical. The slight broadening of the peaks in the
500 fs spectrum is caused by the increased bandwidth of the
shorter pulse duration. Hence we believe that the explanation

Figure 4. (a) Photoelectron speed distribution produced from the
photoionization of NO at 248.6 nm (5 ps). (b) Experimental and single-
mode simulation of the photoelectron speed distribution produced from
the photoionization of CH3I at 248.6 nm (5 ps). (c) Experimental and
multimode mode simulation of the photoelectron speed distribution
produced from the photoionization of CH3I at 248.6 nm (5 ps). A series
of 20 Gaussian functions, whose positions and intensities are listed in
Table 1, is used to fit the spectrum.

Figure 5. Comparison of our overtone spectral intensities with those
of the ZEKE experiment from ref 13 and theoretical calculation from
ref 15.
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proposed by SF appears to be insufficient in settling the
discrepancy between the ZEKE and PES experiments.

Summing up the total intensity in each overtone progression
(V > 0), we conclude that the highest propensity belongs to the

ν3 mode (47%) followed byν6 (16%), ν2 (14%), ν2ν3 (10%),
ν4 (6%), ν1 (4%), andν5 (3%). These are relative fractions of
theV > 0 peaks, which themselves comprise∼66% of the total
PES. Not only are there long progressions inν3, also each
possible vibrational mode in CH3I+ has some population. As
this non-Franck-Condon behavior arises from the influence of
the A-band intermediate state, the observed CH3I+ vibrational
distribution can be compared with the internal energy partition-
ing observed in methyl iodide photofragmentation via the
A-band. Removal of an I atom from CH3I results in the
cancellation of two vibrational modes,ν3(a), and also the doubly
degenerateν6(e), corresponding to the off-axis methyl rocking
motion. The other four modes of CH3I, ν1(a), the C-H stretch,
ν2(a) umbrella mode,ν4(e) asymmetric C-H stretch, andν5(e)
methyl rocking deformation correspond to theν1(a), ν2(a), ν3-
(e), andν4(e) modes in CH3, respectively, with roughly the same
internal coordinates.

The dominance of theν3 mode in CH3I+ is expected as this
is the dissociation coordinate of CH3I upon excitation to the
A-band. Studies of the CH3 product state distributions find that
methyl radical produced in conjunction with ground-state I
atoms have substantial amounts of excitation in theν2 umbrella
mode. In contrast, the CH3 radical produced by the I* channel
is quite cold. The yield of I atoms at 248 nm is∼20%, with
∼30% of the methyl fragments in this channel inV ) 0. The
remainingν2 population inV > 0 is thus 14% in agreement
with the 14% propensity we find for theν2 mode in CH3I+.

The other dissociation coordinate,ν6, is also found to be
populated in CH3I+. When the neutral molecule is thermally
populated in this mode, the excess vibrational energy is found
to convert almost completely to translational energy in the
fragments.16 It is believed that coupling between the dominant
optically active state3Q0 (A1 symmetry, correlates to I*) and
the higher lying1Q1 state (E symmetry, correlates to I) is caused
by Jahn-Teller distortion (eXE) of the C3V symmetry of1Q1

state via thisν6 (e-symmetry) rocking vibration. This curve
crossing process results in the production of I atoms with a 20%
yield as mentioned above. Once again, this I/I* yield is
comparable to the 16% propensity found in this study for the
ν6 mode in CH3I+. Concerning theν2ν3 combination mode, as
a first approximation, one can assume that its propensity should
be equal to the product of the individual mode propensities,
i.e., 47%*14%) 7%, close to the 10% value determined from
our spectra simulations.

The totalν1 (C-H stretch) activity in CH3 from the photolysis
of CH3I at 248 nm has been reported16 to be∼8%, with most
of the activity in the I atom channel. In ref 16, and previous
TOF measurements, it is difficult to quantitatively separate the
methyl C-H stretch motionsν1 andν3, while ν3 activity is not
observable in the CH3 IR emission and REMPI measurements
reported previously. It appears from our measurements thatν3

in CH3 (equivalent to the observedν4 mode in CH3I+) is active,
but to a lesser extent thanν1. Finally, a small amount (3%) of
ν5 activity is indicated in CH3I+. This motion corresponds to
ν4 in CH3, and interestingly, evidence for a small amount ofν4

motion in CH3 has recently been reported.16

In general, it appears that the vibrational excitation patterns
observed here in CH3I+ compare very favorably with those
observed for CH3 radicals produced at the same dissociation
wavelength. While the present observations are not quantitative,
they do suggest that the two very different measurements-
intermediate state influenced CH3I+ photoelectron spectroscopy
and photofragment end-product analysis- yield essentially the
same results. It could be expected that the PES measurements

Figure 6. (a) Experimental and simulated photoelectron kinetic energy
distribution produced from the photoionization of CH3I at 248.6 nm.
Also shown are the results of SF ref 14. (b) Vibrational energy spacings
for the observed progressions in the photoelectron spectra.

TABLE 1: Intensities, Positions, and Spectral Assignments
of the Gaussian Functions Used to Simulate the Spectrum
Shown in Figure 4(c)

position (pixels) position (eV) intensity ((10%) assignment

192.7 0.466 1.40 I*f I+ + e-

186.5 0.437 7.14 00
0

173.5 0.378 1.42 30
1

163.0 0.333 0.84 60
1

159.4 0.319 0.73 30
2 and 50

1

150.5 0.284 1.31 20
1

143.8 0.259 0.99 30
3

133.5 0.224 1.09 20
1, 30

1, and 60
2

127.0 0.202 1.01 30
4

115.0 0.166 0.85 20
1, 30

2

110.0 0.152 0.73 30
5

101.0 0.128 0.55 20
2

95.7 0.115 0.28 60
3

92.8 0.108 0.38 20
1, 30

3

88.5 0.098 0.66 30
6

83.0 0.086 0.37 50
2

76.0 0.072 0.6 10
1

68.8 0.059 0.85 40
1

65.0 0.053 0.15 20
1, 30

3

59.6 0.045 0.84 30
7
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would probe much earlier time scales in the photodissociation
process than the asymptotic end product measurements. That
both measurements yield similar results may suggest that the
vibrational propensities are mainly determined at the absorption
step of the process rather than by the topological details of the
potential energy surfaces reached later in the photodissociation
event. This could also partially explain the wavelength depen-
dence of the CH3I+ PES reported by SF, who reported drastic
changes in the appearance of their PES upon changing excitation
wavelengths between 252.5 and 251 nm, the main difference
being the relative importance of the 30

1 overtone in the spectrum.
However, in the intermediate state influenced PES spectra, an
extra wavelength dependence in the second absorption step (A
f X(2Π3/2) CH3I+) may arise because of autoionization of
Rydberg states converging to the higher2Π1/2 spin-orbit
component. It should be noted that the vibrational yield patterns
in CH3 radicals were found in ref 16 to be relatively invariant
to changes in the dissociation wavelength. In any case, the
consistency of the overtone propensities determined from
velocity mapping with those determined from photodissociation
studies is thus quite encouraging and lends support to the
proposed spectral assignments given in Figure 4.

The photoelectron kinetic energy distributions obtained from
the speed distributions are shown in Figure 6(a). From the
assignments in Table 1 and using the relationship

ωe andωexe are obtained by plottingG (V) - G (V ) 0) vs V,
as shown in Figure 6(b). The results listed both in Figure 5(b)
and in Table 2 are in very good agreement with previous
spectroscopic measurements.13 If we compare our results to PES
of SF at 252.5 nm (Figure 6(a)), they appear to be consistent
up to 0.2 eV. Although our total two-photon energy is only 99
meV (802 cm-1) higher then the excitation energy used by SF,
we observe a far greater number ofν3 overtones. Specifically,
while SF were unable to reliably measure photoelectrons beyond
the V ) 4 overtone, we observe 7 quanta of excitation in the
C-I stretch, thus reaching the energetic limit defined by our
total photon energy. This discrepancy could be attributed to
either an experimental shortcoming in the SF study or extremely
sensitive dynamics of the A-band. Concerning the former
experimental explanation, the inherent transmission limitations
of the magnetic bottle analyzer used by SF could prohibit the
observation of overtones up to their energetic limit ofV ) 6.
The great advantage of the imaging method is that it not only
offers 4π collection efficiencybut, in addition, it has uniform
transmittance for all particle velocities. Furthermore, because
velocity mapping is a distance-of-flight method, no Jacobian
correction factors are needed as in the more common time-of-
flight experiments.

B. Photofragment Kinetic Energy Distributions. B.1. Iodine
Atom Images.The kinetic energy distribution (KED) for the I+

photofragment is shown in Figure 7. As mentioned earlier, it is
known that upon excitation of methyl iodide to the A-band at
248 nm the molecule dissociates, producing both I and I* with
a branching ratio I/(I+I*) ≈ 20%. Hence one possible mech-
anism for I+ formation is nonresonant ionization of these neutral
iodine photofragments. The energy of a single photon in our
current experiment is 4.987 eV, which means that three photons

are necessary to ionize ground-state iodine (I.P.) 10.454 eV)
and two photons to (auto)ionize I* (I.P.) 9.511 eV).

Evidence for I atom ionization can be verified by the presence
of a corresponding peak in the photoelectron kinetic energy
spectrum. The kinetic energy of the electrons produced from
three-photon ionization of I atoms would be 4.5 eV,too large
to be detected under our current experimental capabilities. Given
our limiting acceleration voltage (5 kV) and the length of our
TOF spectrometer (45 cm), photoelectrons with greater than
∼3 eV of energy in the center-of-mass frame (such as those
produced from three-photon ionization of I), fly off our detector.
However, photoionization of nascent I* atoms does appear to
occur, as is suggested in the photoelectron spectrum in Figure
4(b), where a partially resolved shoulder at the highest kinetic
energy is assigned to this process. This peak in the PES could
also be due in part to CH3I hot band activity (∆V ) -1),
however, which was found to be active under similar conditions
in ref 16. The intensity of the I* ionization peak when compared
to the rest of the 5 ps PES spectrum is relatively small in any
case. An observation of I* atom ionization is less surprising
than I atom ionization as the overall mechanism of this process
involves three photons, one photon needed for the dissociative
excitation to the A-band and two for the ionization, whilst the
photoionization of CH3I is a two-photon process.

With regard to the I+ signal, CH3 photofragments produced
in conjunction with I* atoms have been found to be internally
cold,22 and consequently a narrow KED for the I* photofrag-
ments in the I+ spectrum is expected. From Figure 7 we see
that the I+ KED is bimodal, and the position of the peak at the
highest kinetic energy is consistent with formation and ionization
of I* atoms. As a second confirmation a tunable dye laser
operating at similar conditions to the 248 nm nanosecond laser
was used to photodissociate and resonantly ionize I atoms at
247.9 nm. In this case, the dominant peak in the image appears
at the kinetic energy expected for one-photon dissociation of
CH3I into CH3 plus I* atoms.Nonresonantionization using the

TABLE 2: Estimated Frequencies for the Six Normal Modes of CH3I + Observed in the Photoelectron Spectrum

mode ν1 ν2 ν3 ν4 ν5 ν6

ωe (cm-1) 2937( 20 1241( 15 496( 10 3042( 20 1415( 10 861( 10
ωexe (cm-1) 6 ( 2

G (V) - G (V ) 0) ) (ωe - ωexe)V - ωexeV
2 (2)

Figure 7. Photofragment I+ kinetic energy distributions.
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KrF laser system at 248 nm thus produces I+ via two
mechanisms, the higher energy peak being due to ionization of
I* atoms formed from one-photon dissociation of CH3I.

An alternative method of producing I+ is the postionization
photodissociation of CH3I+, which means that the daughter
CH3I+ ions absorb another photon, are excited to a dissociative
continuum, and then decompose into I+ and CH3 (or I+CH3

+).
Using the known values of the ionization potentials for I (10.454
eV), CH3I (9.54 eV), and the dissociation energy of CH3I (2.42
eV), the energy needed to dissociate CH3I+ into I+(3P2) and
CH3 is ∼3.33 eV. Should all of the excess energy be channeled
into translation, this would produce an I+ peak at nearly the
same position as the I* atom peak from neutral CH3I dissocia-
tion. While most of the previous studies of the photodissociation
of CH3I+ have been performed at lower excitation energies,23,24

Szaflarski and El-Sayed25 have reported the kinetic energy
distributions of I+ and CH3

+ fragments following the ionization
of CH3I using a 30 ps laser operating at 266 nm. They found
an average kinetic energy release for I+ of 0.05 ( 0.03 eV,
which compares favorably with the KED of the slower
component seen in Figure 7(a). Calculations using a statistical
model for the fragment kinetic energy based on the Franklin
approximate formula25 agreed well with the experimental
observations at 266 nm. In contrast to the present work at 248
nm, direct two-photon ionization of CH3I is not possible at 266
nm. Our photoelectron spectrum shows that the dominant

channel at 248 nm is the formation of CH3I+, which is then
dissociated with a third 5.0 eV photon. Because the CH3I+ is
formed in a wide range of vibrational modes, a wider distribution
of I+ kinetic energies may also be expected. When increasing
the laser intensity by way of decreasing the pulse duration, we
notice that the relative amount of the fast vs the slow peak in
the I+ KED decreases. This would imply that under these
conditions, namely stronger (more intense) laser fields, the
propensity for ionization of the A-band is greater than that for
dissociation.

B.2. Methyl Radical Image.Figure 3 is an image of CH3+

obtained using a 5 pslaser at 248 nm. While the methyl radical
does not absorb in the near UV region, with sufficient laser
intensity it is possible to ionize the molecule via two-photon,
nonresonant, three-photon ionization, as has been observed
previously in studies of CH3Br17 and CH3I.16 The two weak
discs seen in Figure 3 at higher velocities arise from this
nonresonant ionization of the methyl fragments formed in the
I and I* atom channels after one-photon dissociation of the
parent molecule. The corresponding signal for this process
should appear around 0.14 eV in the photoelectron spectrum.
There is no significant peak seen at this energy, confirming that
nonresonant photoionization of CH3 radicals is a very minor
channel compared to production of CH3

+ from CH3I+. In the
velocity map images of CH3+ using 500 fs pulses (not shown),
the anisotropic middle part of the image, from CH3I+ photo-
dissociation, completely dominates the higher velocity CH3 two-
photon ionization signal.

C. Photofragment Angular Distributions. The ground-state
symmetry of CH3I is A1 while the symmetry of the three excited
states forming the A-band isE for the 3Q1, 1Q1 states andA1

for the 3Q0 state. Assuming a prompt dissociation and an axial
recoil of the photofragments, then the excitation to the3Q0 state
will be a parallel transition, namely producing angular distribu-
tions I(θ) ∝ cos2θ,26,27 and since I* correlates to the3Q0 state,
i.e., anisotropy parameter, (I*)) 2.0. Deviations from this ideal
value are caused by the nonadiabatic coupling between the3Q0

and 1Q1 and have been observed and quantified.7 For an
excitation wavelength of 248 nm, the measured anisotropy
parameter for I* is (I*)≈ 1.8. Given our assignments for the
features in the I+ KED, by integrating theouterregion we should
obtain an angular distribution characteristic for I*. For the ns
pulse duration, our experimental results shown in Figure 7(a)
are in good agreement with the value (I*)) 1.8. For the ps
and fs pulse durations, however, the I+ angular distributions
resemble a cos4(θ) functional form. This is a reassuring result,
given our earlier conclusion that at shorter laser pulse durations,
fragmentation of the CH3I+ rather than ionization of I* produced
from the A-band dissociation is the primary source of I+.

A question remains in explaining the observed cos4(θ) angular
distribution for the CH3I+ photodissociation. For a one-photon
dissociation process, as we mentioned above, the extreme
functional forms for the photofragment angular distributions are
cos2(θ) and sin2(θ). When angular distributions with higher order
terms in cos(θ) are observed, this usually signifies either a
multiphoton process or an alignment effect.26,28,29,30The cos4(θ)
dependence is expected in a two-photon excitation where parallel
transitions are involved in both steps. In our experiment, the
photoionization step involves two photons, and therefore such
a process could generate aligned daughter ions with the desired
cos4(θ) angular distribution. However, the proposed alignment
could eventually wash out on a time scale similar to that of a
rotational period, which for CH3I+ is ∼1 ps.

Figure 8. Photofragment I+ angular distributions for the kinetic energy
regions indicated in Figure 7.
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An alternative alignment explanation is related to the interac-
tion of the strong electric fields produced by short pulse lasers
with atoms and molecules. Estimations of the laser field
intensities at the interaction volume under our experimental
conditions are approximately 106 to 107 W/cm2 (ns duration),
1011 to 1012 W/cm2 (ps duration), and 1012 to 1013 W/cm2 (fs
duration). The laser field intensities for the ps and fs situations
are high enough that they could cause an alignment of the CH3I
parent molecules prior to their dissociative photoionization.31-33

The strong laser field induces a dipole moment which then tends
to trap the molecule in pendular states, causing them to librate
about the electric field direction (laser polarization direction).
The magnitude of this effect increases with increasing field
strength and polarizability of the molecule.31 This behavior is
entirely consistent with our experimental observations, and we
believe it is the mechanism causing the cos4(θ) angular
distribution.

Conclusions

Methyl iodide is excited to the A-band continuum using 5
eV laser photons with pulse durations of 15 ns, 5 ps, and 500
fs. Both ionization and dissociation of A-band are observed,
the former process becoming dominant at the shorter pulse
durations. The photoelectron spectrum is dominated by two-
photon, nonresonant ionization of CH3I and consists of non-
Franck-Condon overtone progressions in a surprisingly large
number of modes. Velocity images of I+ and CH3

+ show two
channels, a dominant channel with a broad energy distribution
due to dissociation of CH3I+, which becomes increasingly
anisotropic at shorter pulse durations, and a much weaker signal
due to nonresonant, two-photon ionization of the neutral
fragments created at the one-photon level. At shorter pulse
lengths ionization appears to compete effectively with dissocia-
tion at the one-photon level.
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