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H-atom product channels in the photodissociation of jet-cooled methyl halides (CH3X, X ) Cl, Br, and I) at
121.6 nm are studied by using the high-n Rydberg-atom time-of-flight technique. Bimodal product center-
of-mass (c.m.) translational energy distributions (with a fast and a slow component) and isotropic angular
distributions have been observed. In going from CH3Cl to CH3Br to CH3I, the translational energy of the fast
component in the bimodal profiles decreases slightly, while that of the slow component, as well as its relative
intensity, increases. The fast component, with a significant energy release, corresponds to direct production
of H + CH2X(X̃2B1). The slow component, as suggested by the correlation of its translational energy distribution
with the parent molecule CH3X, might be mainly due to H+ H2 + CX(X2Π) and/or X(2P3/2)/X*( 2P1/2) + H
+ CH2(X3B1) channels via the concerted three-body and/or two-step sequential dissociation. Although CH3I
is excited above its first two ionization thresholds, its neutral fragmentation could compete with the
photoionization processes.

Introduction

Vacuum ultraviolet (VUV) photodissociation of methane and
halogenated methanes has recently attracted considerable at-
tention in the scientific community.1-13 The most intense stream
of work has focused on photodissociation of CH4 via the 1t2 f
3s Rydberg transition at Lyman-R radiation (121.6 nm). The
basics of this photodissociation have been elucidated by
Mordaunt et al.,1 and a number of recent papers have completed
the picture.2-7 A fast H-atom product channel (or two channels)
that corresponds to H+ CH3 fragments was shown to be an
important channel, and in addition, a slow H-atom channel was
also observed, which is due to either sequential decomposition
of the highly internally excited CH3 fragment or concerted three-
body fragmentation processes.1-6 For photodissociation of
methyl halides (CH3X, X ) Cl, Br, I), Tonokura et al.
investigated the H-atom product channels at 157 nm using the
resonance-enhanced multiphoton ionization (REMPI) technique
and Doppler spectroscopy.8 Brownsword et al. studied the
H-atom channel in the photodissociation of CH3Cl at 121.6 nm
using H-atom laser-induced fluorescence (LIF).9 Both studies
observed similarly a Gaussian and a non-Gaussian component
in the Doppler profiles of H-atom REMPI or LIF spectra and
thus bimodal profiles in the product translational energy releases,
which suggests two competitive mechanisms: (i) a direct C-H
scission (the fast H-atom channel), corresponding to the H+
CH2X products; and (ii) a two-step dissociation (the slow
H-atom channel), via either a sequential decomposition of the
highly internally excited CH3 or CH2X fragment, or dissociation
via a highly excited CH3X** intermediate.8,9 In the case of CH3-
Cl, the total H-atom quantum yield increases from 0.29 at 157
nm to 0.53 at 121.6 nm, while the branching ratio of the fast/
slow components decreases from 4 to 0.71.8,9 For the fast
component in the photodissociation of CH3Cl at 121.6 nm, the
average product translational energy〈ET〉fast ) 0.57Eavail, and

for the slow component,〈ET〉slow ) 0.10Eavail.9 For CH3I
photodissociation in the range of 140-170 nm, the C-H
scission was shown to be the primary dissociation channel by
Levy and Simons.10 Photodissociation of related molecules such
as CHF2Cl at 121.6 nm has also been the subject of recent
studies,11,12and similar bimodal (or even three-channel) profiles
in the product translational energy release have been observed.

The similar behavior observed in the VUV photodissociation
of CH3Cl, CH3Br, and CH3I can be rationalized in terms of the
corresponding electronic excitations. In all cases, a lone-pair
pπ electron on the halogen atom is promoted to a molecular
Rydberg state13-20 that then undergoes dissociation. As the
Rydberg excitation involves the nonbonding electron on the
halogen atom, the excited state maintains a tetrahedral geometry
similar to that of the ground state, and in addition, these Rydberg
electronic transitions in methyl halides are very similar, with
the only difference being the energy gaps between the electronic
states.13-20 At 121.6 nm, the electronic transition of CH3Cl is
3pπ f 5p and/or 4d [i.e., the (3e)4 f (3e)35p or (3e)34d
transitions, converging to the2E3/2 ion state at the first ionization
threshold],13-16 and that of CH3Br is 4pπ f 9p (converging to
the 2E3/2 ion) or 7p′ (converging to the2E1/2 ion at the second
ionization limit).13,17,18 As Rydberg transitions decrease in
energy in the order of CH3Cl-CH3Br-CH3I, 121.6 nm radiation
is slightly above the second ionization limit of CH3I; the possible
Rydberg transition of CH3I at 121.6 nm is 5pπ f 13d′ (V2′ )
1) (converging to the vibrationally excited2E1/2 ion state).13,19,20

In the high-energy range above 78 000 cm-1 (λ < 128 nm),
besides the structured sharp Rydberg absorption features, there
is also an underlying broad background, which could be due to
σ f σ*(C-X) and/or σ f σ*(C-H) valence transitions of
methyl halides.13-20 It is also worth noting that the main
difference between the electronic excitation of methane and
methyl halides is the lack of lone-pair electrons in methane,
and thus higher Rydberg orbitals are involved in methyl halides
at the same VUV excitation energy.
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Despite a wealth of information available at the longer
wavelengths in the UV region, much less is known about the
photodissociation of methyl halides in the VUV region such as
121.6 nm. Specifically, no product angular distribution of CH3-
Cl at 121.6 nm was previously measured, and the H-atom
channels of CH3Br and CH3I at 121.6 nm have not been
investigated before. In the present study, H-atom product
channels in the photodissociation of CH3Cl, CH3Br, and CH3I
at 121.6 nm are studied. Product center-of-mass (c.m.) trans-
lational energy and angular distributions are obtained, which,
along with their change and correlation with the parent
molecules, reveal detailed information about the VUV photo-
dissociation dynamics (particularly the decay of high Rydberg
states) of CH3X.

Experimental Section

H-atom product time-of-flight (TOF) spectra were obtained
by using the high-n Rydberg atom TOF technique that has been
described previously.21,22 A pulsed molecular beam was pro-
duced by expanding a mixture of∼5% CH3Cl, CH3Br, or CH3I
in He carrier gas at a total pressure of 100 kPa into the source
chamber through a pulsed nozzle. The pulsed beam was
collimated by a 1 mmdiameter skimmer 2.8 cm from the nozzle.
At 4.6 cm further downstream in the main chamber, the beam
was crossed with the VUV radiation tuned to the Lyman-R
transition at 121.6 nm. This VUV radiation was generated by
tripling the 364.7 nm UV radiation [doubled output from a
Nd:YAG pumped dye laser (Lambda-Physik 3002)] in Kr, and
was focused into the interaction region by a MgF2 lens, and its
polarization could be changed by rotating the polarization of
the 364.7 nm UV light with aλ/2 plate.6 The 121.6 nm radiation
first induced photodissociation of the methyl halide molecules.
The H atoms produced were subsequently excited to the 22P
electronic state by the same 121.6 nm radiation. These H atoms
were further excited from the 22P level to a high-n Rydberg
level (n ∼ 40-90) by the doubled output (∼366 nm) from
another Nd:YAG pumped dye laser (Laser Analytical System
2051). Background ions (generated by photolysis or probe laser
beams) were removed by a small negative potential applied
below the interaction region and thus were prevented from
reaching the detector. The high-n Rydberg H-atom fragments
are radiatively metastable and drifted with their nascent veloci-
ties to a microsphere plate detector (El-Mul Technologies) with
the TOF path perpendicular to both the molecular beam and
the laser beams. Upon arrival at the detector, the excited atoms
were field-ionized as they passed a wire mesh and were then
detected as ions. The nominal flight distance was 37.1 cm. TOF
spectra were recorded and averaged by using a multichannel
scaler (EG&G, Turbo MCS, dwell time 20 ns), and the spectra
shown in this work represent 100-200k laser firings. As the
364.7 nm UV radiation was not separated from the Lyman-R
radiation and the 366 nm probe was slightly focused in the
interaction region in our experimental setup, one need to
consider possible signals due to multiphoton dissociation by the
UV radiation, in addition to the weak signals from 121.6 nm
photodissociation. However, our results for CH3Cl (discussed
below) were very similar to those by Brownsword et al. (in
which the Lyman-R radiation was carefully separated from the
212.5 nm UV radiation and no 366 nm probe was used),9

suggesting little or no contribution from the UV radiation.
Furthermore, the fast H atoms (withET > 55 kcal/mol) observed
in our TOF spectra (discussed below) were beyond the energetic
limit of two-photon dissociation by the 365 nm radiation, and
should be due to only the 121.6 nm photodissociation.

Results

Figure 1 shows the H-atom TOF spectra from photodisso-
ciation of CH3Cl, CH3Br, and CH3I at 121.6 nm, with the
polarization of the VUV radiation parallel (θ ) 0°) to the TOF
axis. TOF spectra at perpendicular (⊥, θ ) 90°) polarization
were also obtained, and they were identical to those atθ ) 0°.
A separate experiment indicated that the detection sensitivity
of H atoms was the same for both polarizations of the VUV
radiation. Product c.m. translational energy distributions at the
two polarization angles,P(ET,θ)’s, are derived from the TOF
spectra,21,22andP|(ET)’s are shown in Figures 2-4. Depending
on the dissociation channels and mechanisms, the counterfrag-
ment of the H atom can be different. However, due to the small
mass of the H atom compared to other photofragments, the
difference inET due to conversion of the TOF spectra toP(ET)’s
is insignificant. For convenience, CH2X is chosen as the
counterfragment for derivingP(ET)’s, which is exact for the H
+ CH2X channel (the fast component in the P(ET)’s, discussed
below).

The product c.m. translational energy and angular distribution
for the photodissociation is expressed as23 P(ET,θ) )
(1/4π)P(ET)[1 + â(ET)P2(cos θ)], where â is the anisotropy
parameter (-1 e â e 2), θ is the angle between the electric
vector of the polarized VUV radiation and the recoiling velocity
vector of the H-atom product (the direction of detection) in the
c.m. frame,P2(cosθ) is the second Legendre polynomial, and
P(ET) is the product c.m. translational energy distribution.â is
calculated by usingâ(ET) ) 2[P|(ET) - P⊥(ET)]/[P|(ET) +
2P⊥(ET)]. Theâ parameters of CH3Cl and CH3Br are essentially
zero (with some fluctuation due to noise) (Figures 2 and 3),
and their product angular distributions are isotropic for both
the fast and slow components. Thus,P|(ET)’s are independent
of â andθ, and are equivalent toP(ET)’s and used for calculation
of translational energy release and product branching ratios
(Figures 2-4).

Figure 1. H-atom TOF spectra of photodissociation of CH3Cl, CH3-
Br, and CH3I by 121.6 nm radiation (with its polarization parallel to
the TOF axis). The spectra have been normalized to the same number
of laser shots. The arrow indicates the threshold of the H+ CH2X
channel (the lowest-energy H-atom product channel).
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The most important feature in theP(ET)’s is the bimodal
profiles, in agreement with the 121.6 nm study of CH3Cl by
Brownsword et al.9 and similar to the results for CH3Cl, CH3-
Br, and CH3I at 157 nm by Tonokura et al.8 The bimodal profiles
suggest at least two different mechanisms for the formation of
H-atom fragments. Similar to the studies by Tonokura et al.8

and Brownsword et al.,9 theP(ET)’s of the three methyl halides
are deconvoluted by fitting with two peaks. An RRK-type
functional form,P(ET) ) A(ET)p(E0 - ET)q, is utilized, withA,
p, and q as the adjustable parameters.E0 corresponds to the
maximum available energy of each component. For the fast
peak,E0 is chosen to be fixed atEavail (134 kcal/mol), while
for the slow peak, it is adjustable. This functional form provides
good fits to both the fast and the slow peaks, and the

deconvolution results are shown in Figures 2-4. The decon-
volutedP(ET)’s for the fast and slow components are similar
to those obtained by Brownsword et al.9 Furthermore, the
relative branching ratio of the fast and slow components
decreases from CH3Cl, CH3Br, to CH3I, similar to 157 nm
photodissociation by Tonokura et al.8 The properties of the
bimodal profiles, such as the translational energy release and
branching ratios, are summarized in Table 2.

Discussion

1. Possible H-Atom Production Channels and the Elec-
tronic Transitions. Upon the 121.6 nm excitation, there are
nine energetically possible, spin-allowed H-atom product chan-
nels of the CH3X molecules. These channels are listed in the
order of increasing enthalpy of reaction,∆Hr°, for CH3Cl:

As limited spectroscopic and thermodynamic information is
available for the CH2X, CHX and CX species (X) Cl, Br, I),
the energy thresholds of the various dissociation channels are
estimated with considerable uncertainties. Table 1 lists the values
of ∆Hr° (calculated from literature heats of formation and
electronic and spin-orbit splitting energies24-30) for the nine

Figure 2. Upper: product c.m. translational energy distribution,P(ET),
of the H-atom product channel in 121.6 nm photodissociation of CH3-
Cl, converted from the TOF spectrum in Figure 1. The experimental
P(ET) (in thin solid line) has been slightly smoothed by fast Fourier
transformation. The overall fitting (in thick solid line) and the
deconvoluted slow (in dot line) and fast (in dash line) components are
plotted. The arrows indicate the thresholds for H-atom production
channels 1-9. See text for more details. Lower: anisotropy parameter
â of the H-atom product channels as a function ofET.

Figure 3. Same as in Figure 2, except for CH3Br.

Figure 4. Same as in Figure 2, except for theP(ET) of CH3I only.
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H-atom product channels of CH3Cl, CH3Br, and CH3I. The
expected onsets of these product channels in CH3Cl, CH3Br,
and CH3I are also labeled in theP(ET)’s in Figures 2-4.
Channel 1 is the only two-fragment H-atom product channel.
Others [(2)-(9)] involve three fragments (including at least one
H atom) via either sequential two-step (as described in eqs 2-9
and only spin-allowed first steps are considered) or concerted
three-body dissociation processes, although the three final
fragments are not distinguishable in both cases.

The electronically excited states upon 121.6 nm excitation
in all the three CH3X are predominantly due to Rydberg
transitions, resulting from promotion of a p electron on the
halogen to a higher p or d Rydberg orbital (i.e., an ef e
promotion in theC3V molecule), while theσ f σ* valence
transition might also be involved.13-20 Since the Rydberg
electron interacts with the ionic core (2E3/2 and 2E1/2), the
resulting excited state could in principle exhibit either A1, A2,
or E character in theC3V point group.13,16,20However, as the A1
f A2 transition is forbidden, the ground-state CH3X(X̃1A1) can
be excited only to a A1 or E excited states via the one-photon
VUV photoexcitation. For the high Rydberg states to dissociate
into the low-lying neutral fragments, the initial electronic energy
of the Rydberg electron has to be transferred to the nuclei or
the molecular ion core (accompanied with exchange of angular
momentum),31-33 which in general could be facilitated by
nonadiabatic processes such as crossings of the Rydberg states
with the low-lying (repulsive) valence states or the repulsive
walls of the bond valence states. As the Rydberg electron spends
most of the time away from the ionic core, the strength of the
Rydberg-valence interactions and thus the radiationless transi-
tion rate is∝n3 (i.e., the probability for penetrating to the ionic
core), wheren is the principle quantum number of the Rydberg
state.16,31-33 Also, the strength of the interactions scales with s
> p(π) > d, in the order of decreasing overlap of the Rydberg
orbital and the molecular frame.13,16 Finally, multiple steps of
couplings may be required in the radiationless decay and
dissociation of the high Rydberg states.34

2. The Fast Component in theP(ET)’s. The fast component
in the P(ET)’s (i.e., the narrow peak at early time in the TOF
spectra) corresponds to the H+ CH2X(X̃2B1) channel 1, since
this is the only possible H-atom dissociation channel in the high
ET region (Figures 2-4). In the dissociation of CH3X (in C3V)
into H + CH2X(X̃2B1) [in C2V, with the unpaired carbon p
electron perpendicular to the plane (yz) of the radical], the
conserved symmetry element is the reflection plane (xz) that
bisects the HCH group of CH3X and perpendicular to theyz
molecular plane of CH2X. If the H atom leaves in thexzplane
(the plane of reflection) and thus aCs symmetry is assumed for
the dissociation process, the ground-state CH2X(X̃2B1) (reduced
to 2A′ in Cs) product correlates adiabatically with the ground-
state CH3X(1A1) (reduced to1A′) and the 13A′ state (inCs). On
the other hand, the highly excited Rydberg states of CH3X
accessed by the VUV photoexcitation, which are of A1 and E
characters in theC3V geometry and are reduced to A′ and A′ +
A′′ in Cs, correlate with higher electronic states (including
Rydberg levels) of the CH2X + H fragments.5 Therefore,
nonadiabatic processes such as internal conversion (IC) to the
ground-state CH3X(1A′) and/or intersystem crossing (ISC) to
the low-lying 13A′ state are required for the higher Rydberg
states of CH3X to dissociate into the H+ CH2X(X̃2B1) products.
Similarly, in the VUV photodissociation of CH4 via the 1t2 f
3s excitation, dissociation mechanisms by IC to the 11A′ ground
state and ISC to the 13A′ state have been proposed for the H+
CH3(X̃2A2′′) channels.1,5,6

The average translational energy release of the fast peak is
0.52, 0.47, and 0.44 ofEavail in CH3Cl, CH3Br, and CH3I,
respectively. This〈ET〉 is significantly larger and more repulsive
than that in a statistical dissociation, suggesting a primary and
nonstatistical dissociation process. Similarly, the fast component
of the H + CH3(X̃2A2′′) product channels in the 121.6 nm
photodissociation of CH4 has a comparable translational energy
release, and is believed to be produced from dissociation on
the repulsive (along the C-H coordinate) triplet 13A′ surface
of CH4 after ISC from the 3s Rydberg level.5,6 If the same
mechanism is true for CH3X, the fast component should be more
likely due to final dissociation from the 13A′ state, instead of
from the 11A′ ground state, after crossing from the higher
Rydberg states. It should be pointed out that in the photo-
dissociation of CH3Cl at 193 nm, the translational energy release
of the H + CH2Cl channel (a minor channel with an H-atom
quantum yield of 0.01) is 0.44Eavail,36 where only the valence
transition σ f σ*(C-Cl) [with small mixing with σ f
σ*(C-H)], rather than the Rydberg transition, is involved.13 The
broad underlying absorption features of CH3X due to theσ-σ*
excitation at the high-energy region (λ < 128 nm)13 may also
contribute to the H+ CH2X dissociation channel, as well as
the CH3 + X channel (which could then undergo secondary
decomposition to produce slow H atoms).

As the transition dipole moment of the A1 f A1 transition is
along the C-X axis (z), if the H atom dissociates from the A1

state in its initial configuration (i.e., in a prompt dissociation),
the anisotropy parameterâ, based on the H-C-X angle,27 is

TABLE 1: Enthalpy of Reactions ∆Hr° (kcal/mol) for the
Nine Possible H-Atom Production Channelsa

channel CH3Cl CH3Br CH3I

(1) 101( 2 101( 2 101( 1
(2) 189( 5 183( 15 175
(3) 189( 4 194( 4 197( 4
(4) 191( 1 180( 2 167( 2
(5) 193( 1 191( 2 188( 2
(6) 200( 1 189( 2 176( 2
(7) 202( 1 200( 2 197( 2
(8) 201( 5 202( 5 203( 5
(9) 207( 5 205( 5

a The ∆Hr° values are referred to the final products (i.e., triple
fragments for channels 2-9) and are calculated without including the
121.6 nm photon energy. Due to the large uncertainties in the
thermodynamical values of the methyl halide systems, corrections of
enthalpies of reaction from 298 to 0 K are generally within the error
limits. Literature values (including electronic energies) are from refs
24-30.

TABLE 2: Properties of the Fast and Slow Components in the BimodalP(ET)’s of 121.6 nm Photodissociation of CH3X

Eavail

(kcal/mol) 〈fT〉slow
a

(ET
peak)slow

b

(kcal/mol) 〈fT〉fast
a

(ET
peak)fast

b

(kcal/mol) I fast/Islow
c ref

CH3Cl 134 0.08 4 0.52 70 0.54 this work
0.10 0.57 0.71( 0.15 ref 9

CH3Br 134 0.10 6 0.47 62 0.24 this work
CH3I 134 0.13 10 0.44 56 0.08 this work

a 〈fT〉 ) 〈ET〉/Eavail. b ET
peakis the peak translational energy of each component.c Branching ratio based on the integrated areas of the fast and slow

components.
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estimated to-0.64.8 On the other hand, the transition moment
of A1 f E lies in the plane (xy) perpendicular to the C-X axis,
and aâ parameter of 0.33 is predicted for a prompt photodis-
sociation from the E state.8 However, the experimentalâ
parameter of the fast component, based on the studies of CH3-
Cl and CH3Br, is essentially zero, revealing an isotropic angular
distribution. Theâ ≈ 0 could be due to mixed and averaged
contributions from both the A1 and E excited states. This
mechanism requires fast IC and ISC from the excited states of
CH3X and prompt subsequent dissociation into the H+ CH2X-
(X̃2B1) products, as in the case of the fast H+ CH3(X̃2A2′′)
photodissociation channels in CH4 (which have anisotropic
angular distributions).6 However, the complex nonadiabatic
couplings of thenp andnd high Rydberg states and the valence
states might slow down the decay of CH3X from the high
Rydberg states to the ground state or the low-lying triplet state.
Alternatively, the isotropic angular distribution could be due to
a longer time scale of dissociation (in the order of a rotational
period of the parent molecules).

3. The Slow Component in theP(ET)’s. While the fast peak
in the P(ET)’s shifts to lower energy from CH3Cl to CH3Br to
CH3I, the slow peak broadens and shifts to higher energy, with
〈fT〉 ) 0.08, 0.10, and 0.13, respectively (Figures 2-4 and Table
2). The slowP(ET) is essentially in a Maxwell-Boltzmann
energy distribution (typical in a statistical dissociation process),
and it also has an isotropic angular distribution. This slow
component likely results from triple dissociation channels 2-9
(whose energy thresholds are indicated in Figures 2-4), via
either concerted three-body or sequential two-body dissociation.
Note that these slow H atoms must be produced within the 7
ns pulse of the VUV radiation. While the concerted three-body
dissociation pathways in channels 2-9 should be allowed,5a

some of the two-step sequential dissociation pathways in (2)-
(9) could be restricted by symmetry and spin conservation. In
channels 2 and 3, triplet CHX and CH2 are not considered in
the first step, while the singlet CHX(X˜ 1A′) and CH2(ã1A1)
correlate with H+ CX(X2Π) and H+ CH(X2Π), respectively,
in the A′ symmetry (assuming a planar dissociation), and thus
can readily undergo unimolecular decomposition in the second
step (provided that enough energy is available). The second step
in channels 4-7 correspond to unimolecular dissociation of CH3-
(X̃2A2′′) into an H atom and one of the two energetically possible
states of CH2. As the ground-state CH3(X̃2A2′′) correlates
adiabatically to H+ CH2(X̃3B1) and the excited-state CH3(B̃2A1)
to H + CH2(ã1A1),35 in the two-step dissociation pathways,
channels 4 and 5 should be more important than (6) and (7). In
channels 8 and 9, assuming a planar dissociation in the second
step, CH2X(X̃2B1) (reduced to2A′′ in the Cs group with the
molecular plane as the plane of reflection) correlates adiabati-
cally with H + CHX(ã3A′′), and thus the unimolecular
decomposition in channel 9 is assumed to be more important
between the two.

Based only on energetic considerations, it is difficult to state
which of these channels is the main contribution to the slow
H-atom feature. However, as the slow component (both the
leading edge and the overall shape) shifts to higherET in going
from CH3Cl to CH3Br to CH3I, its correlation with the
dissociation onsets of the three parent molecules can provide
some insight into the more likely dissociation channels (assum-
ing the same mechanisms for the three CH3X based on their
similar Rydberg transitions). This shift of slow peak to the higher
ET suggests that extra energy becomes available for the slow
channel, which has to involve breaking of the C-X bond of
CH3X or formation of CX product, whose strength decreases

in the same order. Based on the thermodynamical values (Table
1), the thresholds of channels 2, 4, and 6 decrease most when
going from CH3Cl to CH3Br to CH3I, while that of channel 3
increases, those of channels 5 and 7 decrease slightly [as the
decrease in (4) and (6) is compensated by the increasing spin-
orbit energy of Cl, Br, to I], and those of channels 8 and 9 stay
about the same (due to breaking of the two similar C-H bonds).
These trends in the change of the thresholds are indicated by
the arrows in Figures 2-4. Channels 2 and 4 [and possibly (5)
and (6)] are the more likely candidates for the slow peak, as
their thresholds follow the leading edge of the slow peak closely.
Channels 3 and 7 are not likely or at least they are not significant
for the fast portion of the slow peak, as their thresholds are
shifted away from the leading edge for at least one CH3X. In
addition, channels 6 and 7 are not favored in a two-step
dissociation mechanism due to symmetry consideration, as
discussed before. Channels 8 and 9 (breaking of the second
C-H bond) clearly make little contribution to the slow peak,
because their thresholds are far away from the leading edge
and in addition, in a two-step sequential dissociation mechanism,
the population of CH2X (from the fast peak, channel 1) with
internal energy above its dissociation limit is much smaller
compared to the slow peak.

In this experiment, the relative branching ratio (by integrated
areas) of the fast and slow components decreases from 0.54 to
0.24 to 0.08 in going from CH3Cl to CH3Br to CH3I (Table 2).
This trend of increasing relative contribution of the slow peak
with the decreasing C-X bond strength could be partially due
to an increase in the C-H fission of CH3 produced after C-X
dissociation (channels 4 and 5) or in the triple dissociation
channel 2, which is a consequence of increased available energy
for the two-step dissociation of the CH3 fragment and for the
triple photodissociation. This observed correlation between the
weakness of the C-X bond and the increase of the slow signal
could be consistent with channels 2, 4, and 5 being the major
contributions of the slow component, as these channels involve
cleavage of the C-X bond or production of CX.

4. Dissociation of the Superexcited State of CH3I. At 121.6
nm, CH3I is excited to a Rydberg state above the first two
ionization limits13,19 and is in the so-called superexcited state
(SES).31,37,38It is well-known that when polyatomic molecules
are excited into a high Rydberg state within several eV above
the first ionization threshold (a SES converging to vibrationally
excited ion or higher ionization limit), their ion yields are less
than unity, and nonionic decay channels such as neutral
dissociation and fluorescence can compete with direct photo-
ionization and autoionization.31,37,38 As the photoionization
fragmentation channel CH2I+ + H has an appearance energy
of 12.8 eV,39 this H-atom channel is not open at 121.6 nm. Even
if the 365 nm radiation might plausibly contribute to the CH2I+

+ H channel (e.g., via 121.6 nm photoionization of CH3I and
365 nm photodissociation of CH3I+, with a total photon energy
of 13.8 eV), this channel would be open with only∼1 eV excess
energy, which just corresponds to a maximumET ∼ 23 kcal/
mol in the P(ET). In addition, positive ions such as CH3I+

formed were removed by the small negative potential below
the interaction zone and cannot reach the detector.22 Therefore,
the observed neutral H atoms, particularly the small amount of
fast H atoms, should be produced from photodissociation of
neutral CH3I at 121.6 nm. This H-atom signal from CH3I, similar
to those of CH3Cl and CH3Br (which dissociate via the similar
types of Rydberg transitions but have the first ionization
threshold above 121.6 nm photon energy), provides direct
evidence that neutral photodissociation of the superexcited CH3I
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molecule competes with direct photoionization and autoioniza-
tion (into the2E3/2 and2E1/2 state of CH3I+).
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