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Ultraviolet photodissociation dynamics
of 2-methylallyl radical from the 3p Ryd-
berg state were investigated in the wave-
length region of 226-244 nm using the
high-n  Rydberg atom time-of-flight
(HRTOF) technique. The 2-methylallyl
radicals were generated by 193 nm pho-
tolysis of 3-chloro-2-methyl-1-propene
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precursors. The photofragment yield
spectrum of H-atom products increases
in intensity with decreasing wave-
lengths in 226-244 nm. The TOF spec-
tra of H-atom products show a bimodal
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channel (with ~98% branching ratio) has a kinetic energy release peaking at ~7 kcal/mol, with
an average ratio of Et in the total available energy, (fr), of ~0.18 in 226-244 nm and an
isotropic product angular distribution. At the low Ft, isotropic component is from statistical
unimolecular decomposition of highly vibrationally excited hot 2-methylallyl to the
methylenecyclopropane+H products, following internal conversion from the excited electron-
ic state. The minor product channel (with ~2% branching ratio) has a large kinetic energy
peaking at ~50 kcal/mol, with (f1)~0.63 and an anisotropic angular distribution (8~—0.2). At
the high ET, anisotropic component is non-statistical and is postulated to be from direct loss
of H atom via the 3p Rydberg state or repulsive part of the ground state to the 1,3-butadi-

ene+H products.
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I. INTRODUCTION

The 1-methylallyl and 2-methylallyl radicals are
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methyl substituted allyl radicals and are good systems
to examine the influence of methyl substitution on the
photochemistry of the allyl radical. The methylallyl
radicals also play roles in combustion chemistry.

The current study focuses on the 2-methylallyl radi-
cal, which has been investigated previously by various
methods such as absorption [1-3], resonance-enhanced
multiphoton ionization (REMPI) [4-7], photoelectron
[8-10], resonance Raman [11, 12], photofragment yield
[13], and infrared (IR)/ultraviolet (UV) ion dip spec-
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FIG. 1 Potential energy diagram of C4H7 dissociation pathways. The energetics and pathways are based on the theoreti-

cal calculations in Refs.[13, 15, 16].

troscopy [14]. The UV absorption spectra were first
measured in 220-260 nm by Callear and Lee [1], show-
ing a main feature peaking at 238 nm with a progres-
sion of broad bands in 220-243 nm and a weak feature
with narrow and sharp bands in 254-260 nm. The
strong UV absorption in 220-243 nm was confirmed by
Nakashima and Yoshihara [2] and Bayrakceken et al.
[3]. Hudgens and Dulcey reported two-photon REMPI
spectra of 2-methylallyl and identified the origin of the
B(?A1) 3s Rydberg state at 260 nm [4]. The assign-
ment was confirmed in REMPI or photoelectron spec-
tra by Chen et al. [5], Gasser et al. [6], Herterich et al.
[7], and Roéder et al. [10], and it is consistent with the
weak feature in 254-260 nm in the absorption spectra
[1]. In addition, Gasser et al. observed a broad absorp-
tion feature (with very short excited-state lifetime)
starting at ~240 nm in the REMPI spectra and as-
signed it to the 2°B; 3p, and 1°Bs 3p, Rydberg state [6]
and was later confirmed by Roder et al. [10]. This fea-
ture and its assignment also agree with the previously
reported main feature in 220-243 nm in the absorption
spectra [1-3].

The photochemistry of 2-methylallyl was previously
investigated [7, 13]. Gasser et al. [13] examined the pho-
todissociation from the 2-methylallyl B 3s state and
measured the H-atom production near the band origin
at 258 nm using the Doppler profiles. The H atoms had
a modest kinetic energy release of 11.8 kcal /mol and ap-
peared on the nanosecond time scale. Partially labelled
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2-methyallyl (CD3C3Hy) had a statistical H/D product
ratio of 4:3 following isotopic scrambling. The results,
along with the time resolved experiments by Herterich
et al. [7], suggested that 2-methylallyl undergoes inter-
nal conversion from the 3s Rydberg state and dissoci-
ates on the electronic ground state. The ground state
energetics from ab initio calculations indicated that 2-
methylallyl = predominantly dissociates to H+
methylenecyclopropane and may also isomerize to 1-
methyallyl and dissociate to H+1,3-butadiene [13]. In
addition, 2-methylallyl can lose a methyl radical to
form allene, which could compete with H-atom loss.
Roder et al. employed femtosecond time-resolved pho-
toelectron spectroscopy to study the photodissociation
and nonradiative relaxation of 2-methylallyl at 236 nm,
238 nm, and 240.6 nm via the 3p Rydberg state [10].
The initially excited 3p Rydberg state rapidly decays to
the 3s state, and the 3s state subsequently undergoes
decay within a few hundred fs and ultimately deacti-
vates to the ground electronic state on a picosecond
time scale.

The energetics of unimolecular decomposition and H-
atom product channels of the C4H7 isomers have been
examined theoretically (shown in FIG. 1) [13, 15-20].
The 2-methylallyl is 0.4 kcal/mol higher in energy than
1-methylallyl (the lowest energy isomer). The 2-methy-
lallyl does not directly lose an H atom. It can cyclize to
1-methylcyclopropyl, which then loses a methyl H atom
to form H+ methylenecyclopropane (with an overall
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barrier of 65.5 kcal/mol, the lowest energy pathway for
H-atom production from 2-methylallyl), or an H atom
on the ring to produce H + 1-methylcyclopropene (with
an overall barrier of 76.0 kcal/mol). In addition, 2-
methylallyl can isomerize to 1-buten-2-yl via a 1,2-
methyl shift over a barrier of 77.4 kcal/mol and further
to 1-methylallyl. The 1-methylallyl could then lose a
methyl H atom to generate H+1,3-butadiene, or the
central H atom on the allyl frame to produce H+1,2-
butadiene at higher energy. The 1-buten-2-yl could lose
an H atom to produce H+1,2-butadiene or H+1-bu-
tyne. The energetics of the H-loss channels of the C4H7
system are summarized below, as shown in FIG. 1.

2-methyallyl AHxn,0

63.8 kcal /mol
74.9 kcal /mol
44.5 kcal /mol
56.4 kcal /mol

57.5 kcal/mol

— H 4+ methylenecyclopropane
— H+ methylcyclopropene

— H + 1, 3-butadiene

— H + 1, 2-butadiene

— H + 1-butyne

The theoretical calculations by Gasser et al. [13] and
Tranter et al. [18], also showed that 2-methylallyl can
produce allene +CH3 via C—C bond fission over a barri-
er of 56 kcal/mol. This channel can compete with the
H +methylenecyclopropane channel, the most energeti-
cally favored H-atom product channel (with an overall
barrier of 65.5 kcal/mol).

This work builds on previous studies of the photodis-
sociation of 2-methylallyl via the 3s Rydberg state [7,
13], and investigates the photodissociation dynamics via
the 3p Rydberg state at higher energy for the first time.
The photodissociation of jet-cooled 2-methylallyl at UV
wavelengths of 226 nm to 244 nm was investigated us-
ing the high-n Rydberg time-of-flight (HRTOF)
method. Photofragment yield (PFY) spectrum of the H-
atom products was obtained. The product kinetic ener-
gy and angular distributions provided detailed dynam-
ic information for 2-methylallyl photodissociation via
excitation to the 3p Rydberg state. This study also re-
vealed a non-statistical H-atom dissociation channel of
2-methylallyl for the first time.

Il. EXPERIMENTS

The experimental apparatus and the HRTOF tech-
nique have been described before [21-25] and are briefly
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summarized here. The 2-methylallyl radical beam was
generated by photolyzing 3-chloro-2-methyl-1-propene
(in~2% mixture in He at ~120 kPa) using 193-nm ArF
excimer laser radiation [1, 11, 12, 26]. The 2-methylal-
lyl beam was characterized by vacuum ultraviolet
(VUV) photoionization TOF mass spectrometry
(TOFMS) at 121.6 nm. A UV laser radiation
(226-244 nm, linewidth 0.3 cm™ !, 0.25-1.5 mJ/pulse,
linearly polarized) was utilized to photodissociate the 2-
methylallyl radicals. The H-atom photoproducts were
probed by two-color resonant excitation from 1%S to
22P at 121.6 nm and further to a high-n Rydberg state
at 366.3 nm. A small amount of the metastable Ryd-
berg H atoms flew toward a microchannel plate detec-
tor and were detected after field ionization. The flight
length was 37.2 cm. The H-atom TOF spectra were
recorded and averaged with 1x10°-5%10° laser shots
each. The REMPI spectrum of 2-methylallyl was mea-
sured in 239-243 nm using a (1+1) ionization scheme
in the same HRTOF instrument. The m/z=55 ion sig-
nals were measured as a function of UV laser wave-
length with a Boxcar averager to produce REMPI spec-
trum of 2-methylallyl.

ll. RESULTS

The 2-methylallyl REMPI spectrum in the region of
41100-41900 cm (243.3-238.7 nm) is plotted in
FIG. 2. The spectrum contains five peaks at 41264,
41453, 41501, 41687, and 41706 cm ™!, which agrees with
the spectrum by Gasser et al. [6] and confirms the pro-
duction of 2-methylallyl radicals in the molecular beam.
The peaks at 41264, 41687, and 41706 cm ! were previ-
ously assigned to B19!, 3191181, and B19'17! (v19-
CH3 C-H stretch, v18-CHj3 in-plane bend, v17-CCC
bend) [6]. However, these peaks may be better assigned
to the 3p;/3p, Rydberg states instead [10], as they ap-
pear to be in a different series from those of the B 3s
state at lower energies and they are consistent with the
progression of the main absorption feature starting at
~243 nm in the absorption spectra [1, 3] that was as-
signed to the 3p Rydberg states [6, 10].

The H-atom product TOF spectra from photodisso-
ciation of 2-methylallyl in the wavelength region of
226244 nm were measured at both parallel and perpen-
dicular polarization of the UV laser (with respect to the
flight path). The main background in the HRTOF spec-
tra was from photodissociation of the precursors and
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FIG. 2 141 REMPI spectrum of the 2-methylallyl radi-
cal generated from 3-chloro-2-methyl-1-propene in the re-
gion of 238-243 nm. The peaks at 41264 cm !, 41687 gmfl,
and 41706 cnl_l were previously assigned to B19!,
B19'18', and B19'17! (119-CH3 C-H stretch; v13-CHj3 in-
plane bend; v17-CCC bend) [6]. But they may be better as-
signed to the 3p,/3p. Rydberg states [10], as_they appear
to be in a different series from those of the B 3s state at
lower energies and they are consistent with the progres-
sion of the main absorption feature starting at ~243 nm in
the absorption spectra [1, 3].
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FIG. 3 H-atom TOF spectrum in the photodissociation of
jet-cooled 2-methylallyl radical at 238 nm, produced from
193-nm photolysis of 3-chloro-2-methyl-1-propene. This is
the net H-atom TOF with the 193-nm photolysis radia-
tion on minus off. H-atom TOF spectra of 238 nm pho-
todissociation of 2-methylallyl with the polarization F vec-

tor of the photodissociation radiation parallel (6=0°) (a)
and perpendicular (§=90°) (b) to the TOF axis.

was properly removed as described previously [21, 22,
25, 27]. The H-atom TOF spectra of 2-methylallyl at

238 nm with the parallel and perpendicular polariza-
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FIG. 4 H-atom product yield (PFY) spectrum as a func-
tion of photolysis excitation energy in the region of
226-244 nm. The solid circles (®) represents the integrat-
ed HRTOF signals using the 3-chloro-2-methyl-1-propene
precursor. The solid lines represent the absorption spectra
taken from Nakashima and Yoshihara [2] and Bayrakeeken
et al. (with background removed) [3], which are similar to
that by Callear and Lee [1]. The onsets of the 3s and 3p
excited states are indicated by the arrows [6, 10]. The
wavelength range of the REMPI spectrum in FIG. 2 is in-
dicated.

tions are presented in FIG. 3. Both spectra have a large
broad peak at ~35 ps, indicating an isotropic angular
distribution. The perpendicular TOF spectrum has a
small shoulder on the broad peak at~20 ps, while the
parallel spectrum shows to a lesser extent. The HRTOF
spectra at other UV photodissociation wavelengths are
similar to those at 238 nm.

The H-atom PFY spectrum of 2-methylallyl in
226244 nm is presented in FIG. 4. The spectrum was
derived from integrating the H-atom TOF spectra ver-
sus the photolysis wavelength. The spectrum was scaled
to the signal at 238 nm as a reference to normalize vari-
ation in experimental conditions. The PFY intensity
decreases with increasing wavelength. FIG. 4 also com-
pares the UV absorption spectra of 2-methylallyl from
Nakashima and Yoshihara [2] and Bayrakceken et al.
(with background removed) [3], which are similar to
that by Callear and Lee [1]. Although our experiment
indicates that the H-atom TOF signals and PFY spec-
trum are from 2-methylallyl, the PFY spectrum ap-
pears different from the UV spectra, suggesting addi-
tional dissociation products (such as CH3) in addition
to H atoms.

The H-atom product TOF spectra of the 2-methylal-
lyl photodissociation are converted to product center-of-
mass (CM) kinetic energy distribution, P(FEr). The
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FIG. 5 Center-of-mass product kinetic energy distribution, P(Et), of 2-methylallyl radical derived from the TOF spectra
in FIG. 3, with the 238 nm photolysis radiation polarization (a) parallel to the TOF axis, (b) at magic angle, and (c) per-
pendicular to the TOF axis. (d) Anisotropy parameter is derived from (a) and (c). P(ET) are plotted at the same scale. In
(b), the magic-angle Pp(FE1) distributions are de-convoluted with a fast component, Pi(Er) (red line) and a slow compo-
nent, Pii(Er) (blue line). The vertical lines in (a) and (c¢) indicate the maximum kinetic energies of the H-atom product

channels. See the text for details.

product CM kinetic energy Bt is derived from the H-
atom flight time, ¢, with the following equation,

By = (1 4+ H ) By
mC4H7

1 L\?
2 mcyH, tH

where Ej is the laboratory kinetic energy of the H-atom
product and L is the TOF path length. The P(FET) and

photofragment angular distribution can be expressed as

P(Er,0) = %P (Et)[1+ SPy(cosb)], where P (ET)

is the angle-integrated product kinetic energy distribu-
tion, B is the anisotropy parameter (-1< 5 < 2), 6 is
the angle between the recoiling direction of the H-atom
product (the TOF axis) and the photodissociation laser
radiation polarization, and Py (cos 6) is the second Leg-
endre polynomial [28]. P (Er,0) at parallel (6 =0°)
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and perpendicular (6 = 90°) polarization, By (Er) and
P, (Et), are transformed from the TOF spectra in
FIG. 5 (a) and (c). The anisotropy parameter § (Er) is
2[P (Br) — PL (E7)]
Py (ET) + 2P (ET)
shown in FIG. 5(d). The CM kinetic energy distribu-
tion at the magic angle (0 =54.7°), Py (ErT) =
(1/4m) P (E7), is calculated by combining P (ET) and
P, (E7) and is plotted in FIG. 5(b). Py (ET) is propor-
tional to P (F1) and independent of 3, thus it is em-

evaluated using 8 (E1) = and is

ployed in calculating product kinetic energy release and
branching ratios.

The P(ET) at 238 nm shows a modest kinetic energy
release (FIG. 5). The major channel peaks at a low Er
of ~7 kcal/mol, while the minor channel peaks at a high
Et of ~50 kcal/mol and reaches the maximum avail-
able energy (~75 kcal/mol) for the H+1,3-butadiene
products. The anisotropy parameter S is ~0 at E7<35

© 2024 Chinese Physical Society
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FIG. 6 Photolysis wavelength and fraction of average ki-
netic energy release in the total available energy, (fr), as
well as (fr) of the deconvoluted fast and slow compo-
nents, in the UV photodissociation of the 2-methylallyl
radical. The average kinetic energies are calculated from
the experimental P(Et) distributions. The total available
energy at each photolysis wavelength is derived from the
corresponding photon energy and the dissociation energy
of 2-methylallyl to methylenecyclopropane-+H for the slow
component (II) as well as for the overall (fp) calculations.
The fast component (I) is assumed to be mainly the 1,3-
butadiene+H channel when calculating (fr). The error
bars represent the statistical uncertainty (1o) from multi-
ple measurements.

kcal/mol, indicating an isotropic angular distribution.
At FE1>50 kcal/mol for the minor component, S de-
creases to ~—0.2, implying an anisotropic angular dis-
tribution. The different 8 values suggest that there are
at least two dissociation pathways. The experimental
P(ET) is a combination of these dissociation pathways,
and the variation in S (E7) with energy is a result of
these channels, each characterized by distinct 8 param-
eters and energy-dependent branching ratios [23]. Con-
sequently, P(ET) and §(ET) can be expressed to be
P(Er)= Py(Br) + Pu(Br) and B(Br) = uy(Br) fi+
z11(ET) Byp, where P;(Etr) and f; are associated with
the respective ith channel, and x; = P;(Et)/P(ET) is
the energy-dependent branching fraction of the idth
channel [23]. If the B value of the slow component is
taken as a constant at ~0 and (3 of the fast component
at —0.2, the relative contributions, P;(FEr), of both
channels can be deconvoluted, as illustrated in FIG.
5(b). Using the deconvoluted components, the average
product kinetic energy, (Er), and the fraction of (E)
in the total excess energy, (fr), are evaluated for each
component. At 238 nm, the fast channel (I) has
(ET)=48.1 kcal/mol and (fr)=0.64 (assume the
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FIG. 7 Photolysis wavelength and branching ratio of the
fast and slow components in the UV photodissociation of
the 2-methylallyl radical. The intensities of the fast and
slow components are obtained from integrating the decon-
voluted fast and slow components in the fitted P(Et) dis-
tributions (for example, in FIG. 5 for 238 nm). The error
bars represent the statistical uncertainty (1o) from multi-
ple measurements.

H +1,3-butadiene products; discussed later); the slow
channel (II) has (ET)=10.3 kcal/mol and (fr)=0.18
(assume the H+methylenecyclopropane products; dis-
cussed later). As the contribution from the fast compo-
P(ET)s, the
H +methylenecyclopropane product channel in the slow

nent (I) is wvery small in the
component (IT) can be viewed as the dominant path-
way when estimating the overall (fr) of the H-loss
product channel, which gives an overall (fr)~0.20 at
238 nm. FIG. 6 shows the (fr) values of the H-loss
product channels in 226-244 nm. The overall (fr) is
modest, in the range of 0.17-0.21 from 226-244 nm
(with an average of 0.19). The (fr) of the fast compo-
nent (I) increases slightly from 0.58 to 0.68 in wave-
lengths from 226 nm to 244 nm, with an average of 0.63.
The (fr) of the slow component (II) changes slightly
from 0.16 to 0.19 in 226244 nm, with an average of
0.18. At 238 nm, the fast/slow branching ratio is esti-
mated from the integrated Pi(ET) and Pi(ET) to be
~0.03. The fast/slow branching ratios at other wave-
lengths in 226-244 nm are also derived and summa-
rized in FIG. 7. The branching ratios are from 0.02 to
0.03, with an average of 0.02. These values stay nearly a
constant as the intensity of the fast component (I) is
very small and has uncertainties.

The appearance time of the H-atom production in 2-
methylallyl was investigated using the photodissocia-
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FIG. 8 H-atom product signal as a function of photolysis
and probe delay time at 232 nm. The signals are obtained
by integrating the HRTOF spectra at various photolysis-
probe delay times. The solid line is the fitting result of the
H-atom product time profile for obtaining dissociation rate
constant kp. See text for more details.

tion pump and probe experiment. The HRTOF spectra
were measured at various photodissociation-probe laser
delays at 232 nm, and their integrated intensities ver-
sus the delay time gave the appearance time profile of
the H-atom products (FIG. 8). The rise of the temporal
profile indicates the H-atom production from 2-methy-
lallyl, while the decay is due to the H-atom departing
the detection zone. The microcanonical rate constant of
unimolecular H-loss dissociation of 2-methylallyl, ky,
can be extracted from the H-atom appearance temporal
profile, Sp(t), by fitting with the following expression
20],

1
exp[(t —a)/b] + 1

S (t) = N [1 — exp(—knut)] - (1)
where a and b are parameters for describing the flying
out decay of the H-atom signal. The dissociation rate
constant lq{:1.6><108 st at 232 nm was derived
(FIG. 8). This kg is a lower limit of the actual dissoci-
ate rate constant, since the 7-ns pump and probe laser
pulses set the time resolution of the H-atom product ap-
pearance time measurements.

IV. DISCUSSION

The H+C4Hg product channel in the UV photodis-
sociation of 2-methylallyl via the 3p Rydberg state was
examined in 226244 nm. The PFY spectrum of H-atom
is broad and increases in intensity with decreasing
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wavelengths. This trend is different from (or a part of)
the reported UV absorption spectra in 226-243 nm that
peaks at 238 nm [1-3]. This could be due to non-H-atom
photoproducts that were not detected by our experi-
mental setup, such as the CHg loss product channel that
could compete with the H-loss product channels [13, 18].

The P(Er) distributions of photodissociation of 2-
methylallyl are similar in 226-244 nm (with those at
238 nm shown in FIG. 5). The P(ET)s at both polariza-
tions have a broad feature peaking at E7~7 kcal/mol
and extend to ~75.6 kcal/mol (the maximum available
energy at 238 nm for the H+1,3-butadiene product
channel). The B(Et) parameter shows two different re-
gions (FIG. 5(d)), indicating two H-atom photodissoci-
ation features. The 3 value is ~0 in the F range of 0 to
~35 kcal/mol,
35 kcal/mol and reaches a constant of about —0.2 at
E1>~50 kecal/mol. The P(Et) therefore is deconvolut-
ed into two components, a minor high Er (fast) compo-

whereas (B decreases from FEr=

nent (I) and a dominant low Er (slow) component (II),
indicating two dissociation channels in 2-methylallyl via
the 3p Rydberg state (FIG. 5).

The predominant broad feature in P(ET), compo-
nent (II), peaking at low kinetic energy, shows a statis-
tical-type kinetic energy release in the H-loss dissocia-
tion channel. This main, slow pathway has an isotropic
angular distribution, which implies a dissociation
timescale longer than one rotational period of the radi-
cal parent (~10 ps). The photodissociation mechanism
of component (II) is consistent with a statistical mecha-
nism. The low Er release, broad shape of P(Er), and
isotropic angular distribution suggest a unimolecular
dissociation mechanism of vibrationally excited hot rad-
ical on the electronic ground state to produce the statis-
tically favored H-loss products, after internal conver-
sion from the excited 3p Rydberg state. Indeed, the
femtosecond time-resolved study on the 3p Rydberg
state of 2-methylallyl shows that the initially excited 3p
state rapidly decays to the 3s state, which then subse-
quently deactivates to the electronic ground state on a
picosecond time scale [7, 10]. The lower limit of the rate
constant for the H-atom production from 2-methylallyl
at 232 nm, measured to be >1.6x10% s in this study,
is consistent with the statistical unimolecular decompo-
sition. The unimolecular dissociation mechanism of 2-
methylallyl via 3p is also similar to that of 3s in the pre-
vious studies [7, 13].

To identify the H-loss products in the slow compo-
nent (IT), it is noted that direct H-loss from 2-methylal-
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lyl is not feasible (except at very high energy), and iso-
merization of 2-methylallyl is needed. On the ground-
state potential energy surface (FIG. 1), the lowest ener-
gy pathway for 2-methylallyl isomerization is cycliza-
tion to l-methylcyclopropyl radical over a transition
state barrier of 50.8 kcal/mol (starting from 2-methylal-
lyl). Two H-atom product channels are then possible
from 1-methylcyclopropyl. The I1-methylcyclopropyl
could lose a methyl H-atom to form H-+methylenecy-
clopropane (at lower energy AH=63.8 kcal/mol), over a
barrier of 65.5 kcal/mol (this is the lowest overall barri-
er for H-atom loss on the ground state). The 1-methyl-
cyclopropyl can also lose an H atom from the ring to
generate H +methylcyclopropene at higher energy, with
a much higher barrier of 76.0 kcal/mol. Another isomer-
ization pathway of 2-methylallyl is via a 1,2-methyl
shift to 1-buten-2-yl over a barrier of 77.4 kcal/mol and
further to 1-methylallyl. The 1-methylallyl could then
lose a methyl H atom to produce H+1,3-butadiene (at
AH=44.5 kcal/mol, the thermodynamically lowest en-
ergy H-loss channel in the C4H7 system), or the central
H atom on the allyl frame to generate H+1,2-butadi-
ene at higher energy. The 1-buten-2-yl could lose an H
atom to generate H +1,2-butadiene or H+1-butyne at
higher energies. The overall barrier for the H-loss path-
ways via l-methylallyl and 1-buten-2-yl is the large
77.4 kcal /mol isomerization barrier from 2-methylallyl,
11.9 kcal/mol higher than the overall barrier for pro-
duction of H+methylenecyclopropane. These energet-
ics indicate that the dominant statistical dissociation
channel on the C4H7 ground electronic state is most
likely the production of H4methylenecyclopropane.
Other H-loss channels, although accessible by the pho-
in this (117.2-126.5
kcal/mol), are expected to be much less important than

toexcitation energies study
the H+methylenecyclopropane pathway. This is sup-
ported by the deconvoluted P(Et) of the slow compo-
nent (IT), which does not extend beyond the energy lim-
it of the H+methylenecyclopropane product channel
(FIG. 5(b)). This conclusion also agrees with the early
study of the photodissociation of 2-methylallyl via 3s,
which indicated H +methylenecyclopropane as the
main unimolecular H-loss decomposition channel on the
C4H7 ground electronic state, following nonradiative
decay from the 3s Rydberg state [7, 13]. Using the ener-
gy limit of the H +methylenecyclopropane product
channel, (fr) of the dominant, low ET component
(II) is calculated and shown to be modest with values of
~0.16-0.19 at the photodissociation wavelengths of

226-244 nm (FIG. 6). The (fr) values are compara-
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ble to that in the 3s photodissociation of 2-methyallyl at
258 nm [13]. The (fr) values are also similar to those
of 0.18-0.22 in the statistical dissociation of the allyl
radical in the UV photodissociation in 216-249 nm [21].
The high Et component (I) in the P(ET)s at 238 nm
has a repulsive and large energy release (peaking
at ~50 kcal/mol). The kinetic energy release of compo-
nent (I) goes beyond the maximum available energy al-
lowed for the H+methylenecyclopropane channel (the
main products of component (IT)) and extends
to~T75kcal/mol, the onset of the H-+1,3-butadiene
product channel (FIG. 5(a)—(c)). The anisotropic fea-
ture of FIG. 5(d) with the negative 3 parameter (8<0
at B> ~40 kcal/mol) indicates a rapid dissociation in
a timescale shorter than the rotational period of 2-
methylallyl (~10 ps). All these dynamic information in-
dicates a repulsive, non-statistical photodissociation
mechanism for the fast component (I), possibly directly
via the 3p Rydberg state or from the repulsive part of
the ground electronic state. This non-statistical pho-
todissociation channel of 2-methyallyl has not been re-
ported previously. The P(ET)s in FIG. 5 show that the
fast component possibly leads to the production of
H+1,3-butadiene. However, direct H-loss via C-H
bond fission on methyl site of 2-methylallyl is not feasi-
ble due to the high energy requirement (C—H bond dis-
sociation energy ~ 105 kcal /mol), and further it does not
produce the fast H atom products nor the H+1,3-buta-
diene products (FIG. 1). Although 2-methylallyl can
undergo a direct C—C bond fission to produce CH3+al-
lene over a barrier of 56 kcal/mol [13], which competes
with the C-H bond (mainly
H +methylenecyclopropane), our experiments can only
monitor the H-atom product but not the CH3 product.

fission channels

It is not clear how in the fast channel 2-methylallyl los-
es H atom directly and repulsively via the 3p Rydberg
state or from the repulsive part of the ground electronic
state. It is speculated that upon excitation to the 3p Ry-
dberg state there is a minor isomerization process to 1-
methylallyl on the excited surfaces that positions the
system for a fast, direct and repulsive H loss to produce
1,3-butadiene +H. A conical intersection might medi-
ate this direct dissociation process, as in the case of pho-
todissociation of the Rydberg states of alkyl radicals
[23, 30-32]. It is also noted that the negative 8 parame-
ter of the fast component (I) implies that the direction
of the H-atom ejection is approximately perpendicular
to the transition dipole moment p between the ground
electronic X (?Ag/?A") and the excited (3p Rydberg)
states. If the excited state is the 3p, (22B1/3%A") Ryd-
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berg state (preferred to 3p, (12By/32A’) due to its larg-
er oscillator strength) [6, 10], g is then of A’ symmetry
and in the molecular plane. This would give rise to a
negative 0 parameter when the H atom on the terminal
CHgj group of 1-methylallyl departs out of the molecu-
lar plane (leaving the CHg group in the plane of the 1,3-
butadiene product). This speculative mechanism would
be consistent with the observed negative 3 value of the
fast component (I).

V. CONCLUSION

The H-atom product channels in the UV photodisso-
ciation of the jet-cooled 2-methylallyl radicals via the
3p Rydberg state were investigated at the wavelengths
of 226-246 nm. The P(Er) and angular distributions
were bimodal. The low Er isotropic (8~0) component
(II) is consistent with internal conversion from the 3p
Rydberg excited state followed by unimolecular dissoci-
hot 2-methylallyl to H+
methylenecyclopropane. The high FEr anisotropic

ation of the radical
(8~-0.2) component (I) is presumably from direct loss
of H atom from the 3p Rydberg state or via a repulsive
part of the ground state. The statistical unimolecular
dissociation channel of 2-methylallyl is similar to those
previously reported in the photodissociation of the simi-
lar radicals [7, 13, 21, 33]. The non-statistical photodis-
sociation dynamics of 2-methylallyl (component (I)) is
reported for the first time.
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