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Direct AM1 with specific reaction parameters (AM1-SRP) trajectory calculations were performed to investigate
the photodissociation of vinyl chloride at 193 nm. Marked differences were found between the trajectories
run from the transition states to the products for the four-center (4C) and three-center (3C) dissociation channels.
The average internal energy of HCl is found to be about 2.5 times larger for the 4C channel. The calculated
translational and HCI vibrational distributions, especially those obtained with a quasi-classical normal-mode
sampling method, are in good agreement with the experimental data. The results are consistent with a concerted
but nonsynchronous 3C mechanism, producing a lifetime for vinylidene to acetylene isomerization in line
with the experimental observations. The theoretical HCI rotational distributions are in reasonable agreement
with experiment, although they do not support the experimental interpretation of Lin t &hém. Phys

2001, 114, 160], who attributed low} and highd components to the 4C and 3C channels, respectively.

I. Introduction corresponding to 340 and 22600 K, but Boltzmann-like
distributions corresponding to rotational temperatures of 2100
and 1850 K for thes = 1 andv = 2 states of HCI, respectively.
Very recently, Lin et af® reported fully resolved vibration
rotation emission spectra of HCI in the spectral region 2000
3310 cnt. Contrary to the observations of Reilly et #they

The photodissociation dynamics of chloroethylenes has been
long studied in the literature during the last thirty yetr
The ultraviolet absorption in these molecules is characterized
by a strong band near 190 nm dominated byt a— s transition.

At wavelengths< 200 nm, there is sufficient energy for several X ) . o . :
dissociatior? pathways to compete. The eliminati%{] of HGI. H obtained bimodal rotational distributions for all of the vibrational
' ; levels studied = 1—6). Upon the basis of statistical phase

H, and CIgP;) have all been identified as primary dissociation S
processes in the 193 nm photodissociation of the simplest SPace theory (PST), separate statistical ensamble (SSE), and
chloroethylene molecule, vinyl chloride (VCI). impulse model approaches, they concluded that the observed

Berry? determined the population of vibronic states of HCI fhigh-J ﬁmd lowJ corr;pconentjs Z(():rrelg,pqnd .to Hf:‘%ll) prolduced
up to v = 4 for various chloroethylenes in a chemical laser rom three-center (3C) an elimination channels, respec-

study. He concluded that HCI is produced primarily via a four- UVely:
center (4C) elimination channel and rationalized the observed ~Gordon’s group! also reported state-resolved translational
nonstatistical vibrational distribution of HCI according to an energy distributions of Cl and HCI. They found that the product
impulse mechanism in which the localized energy is partitioned translational energy distribution is nonstatistical, in agreement
between internal energy of HCl and relative translational energy with the results of a previous photofragment translational
of the fragments. Infrared emission spectroscopy by Moss et spectroscopy (PTS) studyTo explain the experimental data,
al® showed substantial excitation in the acetylene/chloro- they proposed that the 3C elimination and the isomerization
acetylene partner fragments and a high degree of rotationalfrom vinylidene (CCH) to acetylene (HCCH) occur in a
excitation in the HCI products. Donaldson and Leéhasing concerted but nonsynchronous fashion. The isomerization is
a Fourier transform infrared (FTIR) spectrometer, found a expected to be rapid enough to share its exothermicity with
somewhat cooler HCI vibrational distribution than that reported nearby HCI fragments so that HCl departs with augmented
by Berry2 Gordon and co-workets performed pump-probe vibrational and translational energies. Blank et?alysing
experiments in a molecular beam containing VCI and detected photofragment translational spectroscopy, found that all chan-
Cl and HCI after photolysis at 193 nm usingt2)-resonance- nels, except the Cl dissociation, are consistent with competition
enhanced multiphoton ionization (REMPI) followed by time- on the ground electronic state following internal conversion from
of-flight (TOF) mass spectrometry detection. They found a the optically prepared state. The translational energy distribution
bimodal rotational distribution for HCk(= 0) with temperatures  for HCI peaked at about 12 kcal mdland had an average value
of 18 4 1 kcal mofll, in agreement with previous studies.
*To whom corres . E-mai : ; ;
uscfern @cesga.es.pggaggzcsslsggggjlge addressed. E-mail address: Qp the theoretlcal side, Morokuma and co-workers _performed
extensive calculations of the ground-state potential energy

T Permanent address: Departamento dav@a Fsica, Universidad de | ]
Santiago de Compostela, 15782 Santiago de Compostela, Spain. surface (PES) for all reaction channels of VCI and dichloro-
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Figure 1. Schematic potential energy diagram showing the main (3C
and 4C) HCI elimination channels involved in the photodissociation
of vinyl chloride.

ethylene!®1° They examined all 3C, 4C, and migration mech-

Nlfez, et al.

For the four-center channel, we used the ab initio data of
Riehl and Morokum# to fit a semiempirical AM1-SRP PES
of the form

@)

whereV; andV, are different AM1-SRPs that describe properly
different regions of the PES arfds the switching function

f=0.51+ tanhf(roc — )]} (2)

which varies from 0 (near the transition-state region) to 1 (at
the asymptotic product limit). Thus, near the transition state
(low values ofrcg), the potential is almosYi, while as the
reaction proceeds andc| becomes largely, dominates. In eq
2, parametea controls the rate at whichis “turned on”, and
h is the point at whichf is “turned on” halfway. The values
werea =2 A-landh =45 A

V1 was chosen after minimization of the following expression:

V=(1-HV,+1V,

anisms for molecular elimination. For VCI, the calculated
barriers for the 3C and 4C elimination of HCI are 69.1 and
77.4 kcal mot?, respectively. Except for the 3C channel, that

study predicts that the dissociation pathways have substantial . . N
exit barriers and that the 3C channel is the dominant channel WNere each term involves the AM1-SRP minus ab initio values

for HCI production, in agreement with experimental wé#k! (QCISD(_T)/G-BlJ:l—G(d,p) f_or ene_rgies and MP2/6-31_G(d,p_) for
Also, the barrier to H-atom migration was determined to be 9eometries and frequencie$)E, is the reverse barrier height

slightly below the 3C elimination barrier, suggesting that partial o' reaction (the energy difference between TS4 and the
H-atom scrambling may precede dissociation. This is consistent Products) wr is the imaginary frequency at TS4, andare the
with the indistinguishable rotational state distributions found CC: CCl, CH, and HCI bond distances at this transition state
for HCI produced from the deuterated and normal VCI. (Hi being theZH atc2>m attached to %l)' The weights in e923 are
In this work, we present dynamical calculations for the HCl We = 1 kcal”2 moP?, We = 3 x 107 en??, and W, = 2 Az
elimination channel from the 193 nm photodissociation of VCI. Va was fitted to reproduce thg experimental or ab initio
The aim is to corroborate or clarify or both the conclusions 980metries or both and frequencies of the HCl and acetylene
derived from the reported experimental studies. To the best of Products, and the function minimized to obtain the SRPs was
our knowledge, this is the first dynamical study on this
prototypical s%/stem. Specifically, pro)éluct energy di{;tributions ZWH(“’E - wgi)z + Zwr(ri -’ (4)
for HCI elimination occurring through the 3C and 4C channels ' '
were calculated by direct classical trajectories on two different yyhere we and r; are the HCI and acetylene vibrational

semiempirical potential energy surfaces (PESs), one for eachfrequencies and bond distances, respectively. The weights in
channel (see Figure 1 for the description of the 4C and 3C eq 4 areWe = 1 x 103 cn? andW, = 1 A2

channels). The parameters of the AM1 Hamiltonian were  For the 3C channel, we only considered one AM1-SRP PES
modified to achieve good accordance between the ab initio PESpecause this is a more involved PES in which either acetylene
of Riehl and Morokum# and the semiempirical AM1 calcula- o vinylidene can be formed, making it difficult a treatment
tions. This is known as AM1 with specific reaction parameters compared with that used for the 4C channel. The function
(AM1-SRP)?° The trajectories for each channel were started minimized in this case to obtain the SRPs was
from the relevant transition states (TS3 and TS4, see Figure 1),
considering that a microcanonical ensemble is maintained atw.[(E, — E)? + (E, — E)* + (E; — EDF] +
least up to the transition-state region. This seems to be a good 02 5

We(wp = 0p)” + 3 Wi(r, = 1))* (5)

1

We (B, — ED? + We(wp — wp)* + Zwr(ri SN

approximation because the reaction barriers for VCI dissociation
are high enough to ensure rapid vibrational energy redistribution

at the reactant phase space (in comparison with the rate OfwhereEl, E,, andE; are the relative energies between TS3 and

reaction), at least at the 193 nm excitation considered here. 'nHCI + acetylene, TS3 and HGF vinylidene, and TSva and
addition, results extracted from classical trajectories initiated o vinyliden;a respectively (see Figu’re 1 is the

at the barrier should be reliable because comparisons betweeri‘maginary frequency at TS3, amdare the CCI, CH and HCI
classical and quantum dynamics have shBwhat classical  onq distances at this transition state @#ing the H atom
dynamics gives accurate results for a direct process like motion gi- -hed to Cl). The weights in eq 5 aMe = 1 kcal 2 moP
down a potential energy barrier provided that the trajectories Wk =1 x 1075 cm?, andW, = 100 A2, '

are initialized with the correct quasi-classical conditions. Each of the preceding fits included 30 parameters that were
optimized by using a gradient-based least-squares minimization
procedure considering upper and lower bounds ©5% of the

In this section, we present the model PESs employed for eachoriginal AM1 values. The optimized parameters for each channel
channel. Semiempirical restricted Hartree-Fock (RHA&M1 are collected in Table 1. Table 2 shows a comparison between
PESs were parametrized (AM1-SRP) for each reaction channelexperimental or ab initio results or both for some attributes of
to fit ab initio and experimental data of those features relevant the vinyl chloride ground-state PES and those obtained with
to the dynamicg? the present model PESs. Overall, the differences between the

Il. Potential Energy Surfaces
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TABLE 1: Parameters Employed in the AM1-SRP microcanonical ensemble of rovibrational states at the barrier
Hamiltonians for the 4C and 3C Reaction Channels of HCI by assigning, J, andK quanta to a given degree of freedom,
Elimination using the following probability function:
4C
parameter \A \A 3C N;S Ik
UdH)  —11.5673735 —11.4989950 —12.2716724 P(n,J.K) = —— (6)
Bs(H) —6.766 47059 —6.87759874 —4.32535518 tot
Z{(H) 1.198 770 75 1.280 748 12 1.118 21903
g(s';(")_') 1%‘2%8 ggg }16 éggg ‘Z% %5 3:858 g;g gz where N, is the total number of rovibrational states at the
U«{C) ~50.1556284 —54.3699491 —52.340830 2 barrier andNtn‘T'J’K is the barrier sum of states with a given
Ups(C) —41.2780365 —39.9707668 —39.6142376 degree of freedom having a fixed number of quanta. In the
gs(((é)) —1;5-%% ggsg —1;1-%28 ggg 25 _12'62323 ggg 36 present study, the total angular momentum was restricted to zero.
Z:(C) 1678 441 18 1678 441 18 1.901 992 09 The second bar_rl_er sam_plmg method employed here (S2) is
Z,(C) 1781167 65 1,937 883 42 155066589 Pased on the efficient m|cro_canon|cal_ sampling of Nyman,
o(C) 2.560 880 92 2.560 880 92 2565647 72 Nordholm, and Schran’;*>which takes into account the full
Gs{C) 11.386 129 7 11.753 029 6 11.9438172  anharmonicity and vibrational coupling of the PES. A Markov
Gsi(C) 11.504 4103 11.4355903 112291299  chain is propagated by moving at random some (or all) of the
gngg 18-32; ggg fs 15-;23 ggg go 1;-3?3 ;'(S)I 26 Cartesian coordinates of the system, confining the sampling to
H: 10) 5’517 480 06 2 437 290 07 1.701 000 02 the conflggratlon space spanned by thg normal mode coordlna}tes
UdCl) —111.279103 —123.668249  —109.805 796 at the barrief® For each accepted configuration, random atomic
Up(Cl)  —76.4101859 —70.4322586 —76.6401039 momenta are generated to match the total energy of the system.
B«(Cl) —27.0295412 —20.9054695 —21.4367133 With the generated momenta, the vibrational energy in each
Be(Cl) —14.6372156 —15.7350066 —14.7865148 normal mode is calculated and compared to the corresponding
%S(CI) 3.63137603 4.165 188 22 3.50282522 zero-point vibrational energy (ZPVE). If the energy of every
»(Cl) 2.388 3187 1.889 887 04 2.352 182 37 . .
Z4Cl) 1.150 000 O 1.150 000 00 1.300000 00 Normal m_odg is greater thar\ the cor_respondlng_ZP_\/E_, the phase
a(Cl) 2.910 609 93 3.024 465 26 3.124 30757 Space pointis accepted. This sampling method is similar to those
Gs{Cl) 16.021 979 6 17.284 499 3 11.8917355  employed by Nyman et &f. and Mark$® and is explained in
S RIBI) L0 1000 moredeal nrert
GZZ(CI) 5.970 000 27 10.299 010 2 9,975 081 97 Each ensemble of trajectories was excited at the energy

HeC1) 2420 000 08 2724 920 04 54301640 corresponding to a photon excitation of 193 nm, the photon
wavelength employed in the experimental work of Béiry,

ab initio (or experimental) data and the AM1-SRP PESs are Donaldson and Leong,Reilly et al.}? Blank et al.?6 and Lin
rather small. The maximum deviations (absolute error-@f et al?® Each run consisted of 5000 trajectories, which were
kcal molt) between the ab initio and the semiempirical barriers integrated by using a combined fourth-order Rungetta and
are those involved in the acetyleneinylidene isomerization sixth-order Adams Moulton predictofr-corrector algorithm with
process. Regarding the geometries at the transition states, the fixed step size of 0.05 fs, using an extensively adapted version
comparison is very good, major differences appearing for the of the GENDYN prograni? which incorporates the relevant
CCl distance at TS3. The products acetylene and HCl are verysubroutines of MOPACT7.¢241 During the integration of
well reproduced by the 4C PES and reasonably well by the trajectories, energy conservation of better than four digits was
three-center PES (in the four-center PES the product geometriebtained. When the HElacetylene (vinylidene) center-of-mass
and frequencies were employed in the parametrization proce-distance reached 10 A, the trajectories were halted and the
dure). Taking into account the complexity of the global PES, distributions of product internal and recoil translational energies
the comparison between the ab initio (or experimental) and were computed. The distributions of translational energy were
AM1-SRP results is satisfactory, and therefore, our model PESsfitted by using the method of Legendre moments, and the HCI
seem to be appropriate for dynamical purposes. vibrational quantum numbers were calculated by the Einstein

Figure 2 shows contour maps of the 3C and 4C PESs drawnBrillouin—Keller (EBK) quantization of the action integral.
by varying the CCl and Kl bond distances and constraining
the other coordinates to their values at the corresponding saddldV. Results and Discussion

point. As can be seen, the 4C channel exhibits a large number o tyangjational Energy Distributions. Figure 3 shows the

of contour lines in the direction of product formation because 5ngjational energy distributions (TEDs) obtained here for the
of its large exit barrier, whereas the contour map of the 3C 3¢ 44 4C channels using the two different excitation models

channel depicts a typical case of a reaction with a rather “loose (S1 and S2). For the 4C channel, the distributions peak at
transition state. On the other hand, the-BI distance at the energies between 30 and 40 kcal molwhich is consistent
4C transition state TS4 (1.79 A, see Table 2) is significantly with the very large reverse barrier (52 kcal mYlof this
longer than the corresponding value at TS3 (1.45 A). Obviously, yeaction channel. In cases such as this, the fragments rapidly
these substantial differences between the 3C and 4C exit barriergyisqociate with considerable translational energy, having little
will have important implications on the dynamics of product chance to randomize the available energy at the barrier, which
formation. results in nonstatistical product energy partitioning. For channel
3C, the most probable translational energy is in the range 10
15 kcal motL. This result is, at first sight, unexpected because
The trajectories were initiated at transition states TS3 and this channel has a very small reverse barrier (only 1.5 kcal
TS4 by using two sampling methods. The first is a quasi- mol~1), which should lead to a near-statistical TED with a
classical rigid-rotor/normal-mode method (hereafter S1), de- maximum probability near zero, as predicted, for example, by
scribed in detail elsewhef@32 which allows one to obtain a  a prior distributiod? (see Figure 3a). However, if the 3C process

lll. Trajectory Computational Details
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TABLE 2: Some Attributes of the AM1-SRP PES* in Comparison with ab Initio Results and Experiment

4Cc 3C
parameter ab initfdexpt AM1-SRP ab initi¢/exp€ AM1-SRP
Exit-Channel Energetics

= 52.3 52.4 44.3 44.7

E, 1.5 -0.8

Es 3.7 5.7

Transition States

rcal 2.43 2.43 2.58 2.49

on 1.26 1.26 1.36 1.35

IHcl 1.79 1.79 1.44 1.45

wTs 1844, 267, 385, 1847, 353, 468, 575, 183, 387, 509, 183, 379,
609, 707, 747, 584, 915, 956, 491, 714, 817, 485, 491, 722,
749, 887, 1577, 1080, 1111, 1746, 894, 1290, 1437, 861, 1218, 1286,
1904, 3432, 3505 2012, 3423, 3518 1743, 3225, 3335 1894, 2674, 2744

Products

el 1.27;1.27* 1.27 1.27;1.27* 1.23

ree 1.22; 1.20* 1.22 1.22;1.20* 1.19

reH 1.06; 1.06* 1.07 1.06; 1.06* 1.08

WHal 2991* 2983 2991~ 2414

(WHCCH 612* (2), 730* (2), 610 (2), 770 (2), 612* (2), 730* (2), 430 (2), 941 (2),
1974*, 3289*, 3374* 1972, 3305, 3364 1974*, 3289*, 3374* 2237, 3030, 3099

aEnergies in kcal mot, frequencies in crmt, and distances in & From ref 18, MP2/6-31G(d,p) results for frequencies and geometries and
QCISD(T)/6-311-G(d,p) calculations at the MP2/6-31G(d,p) optimized geometries for enefdigperimental values (identified with an asterisk)
from ref 31.
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Figure 2. Countour maps of the PESs for the 3C and 4C channels. The plots are drawn by Wyyiagd R+l with the other coordinates fixed
to the values at the corresponding saddle point. Contour space is 3 kcal rim symboH- denotes the position of the saddle point. To illustrate
the larger HCI vibrational excitation involved in the 4C mechanism, a typical trajectory, projected onto the subspace spanriRgtimnthig.ci
coordinates, is represented in each panel by a bold line.

occurs concertedly, as first proposed by Gordon and co- have performed an additional trajectory calculation for the 3C
workers?! the isomerization of singlet vinilydene to acetylene channel on a modified PES, in which the energy of TSva (the
may share its exothermicity with the nearby HCI fragment, transition state for the vinylidereacetylene isomerization) was
leading to enhanced translational (and vibrational) energy. The artificially shifted up to 60 kcal mol' above vinylidene to
present results support Gordon’s assumption. Furthermore, theensure that all of the trajectories finish as vinylidene. The TED
lifetime of vinylidene was calculated to lie between 58 fs (from thus obtained is shown in Figure 3a (labeled as 3C*). As seen
the S2 calculations) and 77 fs (from S%)\alues which are in in the figure, the 3C* TED, which is substantially different from
the range of 46200 fs estimated from line width analysis of that obtained using the “true” PES, peaks close to zero and
negative ion photodetachment experiméniBo corroborate that  agrees quite well with the prior statistical distribution.

a significant fraction of the translational energy comes from  Figure 3 also shows a comparison between the present results
the concerted (but nonsynchronous) isomerization process, weand the experimental determinaticfi.o calculate a weighted
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Figure 3. Calculated translational energy distributions for the photodissociation of VCI at 193 nm using the S1 and S2 excitation models for (a)
the 3C channel and (b) the 4C channel. For the 3C channel, the prior distribution and the trajectory results obtained with an unrealistic PES (with
a highE; value; see text) are also shown for comparison. The total translational energy distributions calculated as weighted contributions from the
4C and 3C channels (see text) are displayed for (c) excitation model S1 and for (d) excitation model S2, along with the experimental curve of Blank
et al?8 (solid thick line). In both cases, the experimental distribution was normalized to have the same area as the theoretical ones.

TABLE 3: Vibrational Populations of HCI 2 Obtained for
the 4C and 3C Reaction Channels from the Vinyl Chloride
Photodissociation at 193 nm

TABLE 4: Product Energy Partitioning Obtained for the
4C and 3C Reaction Channels from the Photodissociation of
Vinyl Chloride at 193 nm?

expt 4C 3C total theory

4C 3C total theory ref ref ref energy S1 S2 2SI S2 S1  S2 expt
v St s2 S1 sz St S2 3 11 28 Eens 370 378 153 1905 106 232 18I
0 0.71 0.76 1.43 1.87 1.320.05 1.72+0.07 1.17 Erot HecH 6.7 9.2 9.2 10.3 8.7 101
1 1.00 1.00 1.00 1.00 1.080.05 1.00+0.07 1.00 1.00 1.00 Evibtcen 324 30.2 779 758 688 66.7
2 1.29 096 0.71 0.61 0.4 0.05 0.65+0.05 0.90 0.62 0.87 ErotHe 17.0 16.2 104 98 11.7 111 9.3
3 1.33 0.86 0.43 0.35 0.580.05 0.42+0.05 0.80 0.50 0.74 Evib,Hel 29.1 28.8 9.4 6.8 134 111 18.88.0
4 114 0.75 0.24 0.22 0.340.05 0.28+0.05 0.63 0.37 0.61 a . . .
5 0.90 057 0.14 0.04 0.240.03 0.12+ 0.02 0.42 Ener%les (|n kcaImOF) are Wlth reSpeCt to the ZPVE of the
6 0.62 046 0.07 0.04 0.180.03 0.09+ 0.02 0.26 products? Total vibrational populations calculated as weighted con-

aNormalized tov = 1. ® Total vibrational populations calculated as

tributions from the 4C and 3C channels (see text for det&ilEaken
from ref 26.9 Taken from ref 28¢ Taken from ref 3.

weighted contributions from the four-center and three-center channels
(see text for details). Errors are evaluated at the 99% confidence limit. times greater for the 4C than for the 3C channel (see Table 4).
This is a consequence of the different nature of the 4C and 3C

(total) contribution from the results for the 3C and 4C channels, channels. As mentioned before, the 4C channel presents two
we used a 3C/4C branching ratio of 4/1, which is between the important features that lead to a high vibrational content in the
experimental estimations (2.3/1 and 3/1 in refs 7 and 15, nascent HCI species. First, this channel has a large reverse
barrier (52 kcal mott), part of which is converted into
As can be seen, the results for sampling S1 are in very goodvibrational energy of HCI. And second, the HCI distance at TS4
(1.8 A) is significantly stretched in comparison with the

respectively) and the RRKM calculation (6.7/1) of Lin e£&l.

agreement with the experimental TED. Both curves peakl&
kcal moll, and the average energies are about 18 kcal

with that of the 3C channel.
B. HCI Vibrational Populations. The vibrational state

3, together with the available experimental d&ta2® The

greatest populations in = 3 andv = 1 for the S1 and S2

Boltzmann. Thus, the vibrational energy content of HCI+43

equilibrium bond length (1.3 A) of the HCI molecule. Quantum-
mol~1. The minor contribution from the 4C channel is respon- mechanically, this corresponds to a high FranGondon
sible for the long tail decay of the total TED in comparison projection of the transition-state wave function onto the product
HCI wave function for high vibrational levef$.Qualitatively,

our results can be visualized as depicted in Figure 2, in which
distributions obtained in this work using both excitation models a typical trajectory is projected onto the plane defined by the
(S1 and S2) for the two elimination channels are listed in Table Rcci andRy,c) coordinates. As seen in the figure, the trajectory
on the 4C PES exhibits large-amplitude oscillations, as compared
vibrational distribution for the 4C channel is inverted, with the to the 3C trajectory, indicating that the HCI fragment departs
with significant vibrational excitation.
samplings, respectively, while that for the 3C channel is nearly = The comparison between theory and experiment is reasonably
good (especially with the results of Donaldson and Lé§ne
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Figure 4. Theoretical rotational state distributions for HGK0—2) using the S1 and S2 excitation models for the 3C channel (left panels) and 4C
channel (right panels) from the photodissociation of VCI at 193 nm.

although our vibrational distribution is slightly cooler than those in the figure, both sampling methods yield very similar rotational
obtained experimentally. This is clearly seen in the average distributions for all vibrational states of HCI.
vibrational energy content of HCI (Table 4): 413 kcal mot? The theoretical rotational distributions far = 1-6 are
calculated here vs 1417 kcal moi?! estimated experimentally.  compared in Figure 5 with those obtained experimentally by
Of the two initialization methods, the S1 leads to a better Lin et al?® For simplicity, given the good agreement found
agreement with experiment. The differences between the S1 andbetween the S1 and S2 results, we only show in this figure the
S2 sampling methods and their influence on the product energyresults obtained for the S1 initialization. As for the TEDs, the
distributions have been discussed in detail elsewkfet@t’ theoretical rotational distributions shown in Figure 5 were
C. HCI Rotational Populations. Figure 4 depicts the  obtained by weighting the 3C and 4C contributions using a 3C/
rotational distributions for = 0—2 obtained in this study using  4C branching ratio of 4/1. In addition, to compare the
both S1 and S2 sampling methods for the 3C and 4C channels.experimental and theoretical results, both sets of results were
For both channels, the maximum rotational quantum nurdber scaled using a single value in such a way that the total population
is slightly higher than 30. However, while the average HCI summed over all rovibrational states experimentally probed is
rotational energy for the 3C channel is around 10 kcalhol  the same. Both the theoretical and the experimental results of
that for the 4C channel is 3617 kcal mot?. In addition, for Lin et al28 give an average HCI rotational energy around 10
the 3C channel, all rotational levels withranging from O to kcal mol! (see Table 4), although the theoretical rotational
30 are populated, whereas for the 4C channel only rotational distributions are less populated for lalwalues. It is important
levels withJ > 10 are substantially populated. As can be seen to note that in the experimental distributions of Reilly et?al.
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Figure 5. Relative rotational distributions of HGK=1—6). The total theoretical distributions were calculated by using the S1 initialization and a
3C/4C branching ratio of 4/1. A single scaling factor for all distributions was used to make the comparison.

(not shown) there is an absence of population for higiates, only the TS4 geometry and the eigenvector of the imaginary
which may arise from the lack of sensitivity of the REMPI frequency play a role on the computed product properties. Their
scheme for these transitions of HCI, as stated by Lin ¢ al. model rules out the possibility that the “dissapering modes”
These latter authof$adjusted their distributions to biexponential  (which are correlated with product rotational and translational
functions to yield two rotational temperatures and denoted the motion) contribute to the rotational energy of the products. More
two components as highand low< contributions. On the basis  involved methods, such as the statistical adiabatic impulse model
of PST, SSE, and impulse model calculations, they attributed of Mourdant et al*> should be employed for a more reliable
the highd and low< components to the 3C and 4C elimination prediction of the product energies. If the rotational distributions
channels, respectively. By contrast, our calculations do not had bimodal character, as suggested by Lin eal.might be
predict bimodal distributions for = 1—6 (neither forv = 0), due to subtle effects in the PES. For this reason, we are currently
at least apparently. Their lod-component (with values of performing MP2/6-31G(d,p) direct trajectories on the HCI
less than 10) has an average rotational energy of less than lelimination from VCI photodissociation. The preliminary cal-
kcal mol~t, which is much smaller than the value-168 kcal culations for the 4C channel give an average HCI rotational
mol~! obtained here for the 4C channel. Additionally, the energy of 18 kcal moft and indicate that the percentage of
fraction of 4C trajectories witll < 10 is negligible. Therefore,  trajectories with] < 10 is small, in agreement with the AM1-
the present results are not consistent with the interpretation of SRP computations. A full account on the ab initio direct
Lin et al?® We note that they used an impulse model in which trajectories will be reported in a separate paper.
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V. Summary and Conclusions

N(fez, et al.

(13) Mo, Y.; Tonokura, K.; Matsumi, Y.; Kawasaki, M.; Sato, T.;
Arikawa, T.; Reilly, P. T. A.; Xie, Y.; Yang, Y.; Huang, Y.; Gordon, R. J.

Product energy distributions were obtained for the HCI J. Chem. Phys1992 97, 4815.

elimination from the VCI photodissociation at 193 nm by direct
AM1-SRP trajectory calculations. The trajectories were run from

(14) He, G.; Yang, Y.; Huang, Y.; Gordon, R.Jl.Phys. Cheml993

(15) Huang, Y.; Yang, Y.; He, G.; Gordon, R.J.Chem. Phys1993

the transition states to the products for the four-center and three-gg 5752

center dissociation channels. The product energy distributions

(16) Sato, K.; Shihira, Y.; Tsunashima, S.; Umemoto, H.; Takayanagi,

calculated for these channels showed significant differencesT.; Furukawa, K.; Ohno, S]. Chem. Phys1993 99, 1703.

among them. Particularly, the 4C mechanism is highly non-
statistical with a large percentage of the reverse barrier going
into product translational energy. For the 3C channel, the

(17) Huang, Y.; He, G.; Yang, Y.; Hashimoto, S.; Gordon, RCHem.
Phys. Lett.1994 229, 621.

(18) Riel, J.-F.; Morokuma, KJ. Chem. Phys1994 100, 8976.

(19) Riel, J.-F.; Musaev, D. G.; Morokuma, K. Chem. Phys1994

trajectory calculations are consistent with a concerted but 101, 5942.

nonsynchronous mechanism, previously proposed by Gordon
and co-workerg! and the calculated lifetime for vinylidene to

(20) Suzuki, T.; Tonokura, K.; Bontuyan, L. S.; Hashimoto JNPhys.
Chem.1994 98, 13447.
(21) Huang, Y.; Yang, Y.; He, G.; Hashimoto, S.; Gordon, R. Lhem.

acetylene isomerization agrees with the experimental observa-pnys 1995 103 5476.

tions#* This concerted mechanism allows some of the energy

(22) Ssato, K.; Tsunashima, S.; Takayanagi, T.; Yokoyama, K.; Fujisawa,

involved in the reverse isomerization barrier to be released asG.; Yokoyama, AChem. Phys. Lettl995 232 357.

translational energy of the fragments.

The vibrational and rotational populations of HCI for the 3C

(23) He, G.; Yang, Y.; Huang, Y.; Hashimoto, S.; Gordon, R. Lhem.
Phys.1995 103 5488.
(24) Ssato, K.; Tsunashima, S.; Takayanagi, T.; Fujisawa, G.; Yokoyama,

and 4C channels are substantially different. The average internala. J. Chem. Phys1997 106 10123.

energy of HCl is about 2.5 times larger for the 4C than for the

3C channel.

The calculated translational distributions, especially for S1
are in good accord with experiment. This agreement supports

(25) Tonokura, K.; Daniels, L. B.; Suzuki, T.; Yamashita, XK.Phys.
Chem. A1997 101, 7754.
(26) Blank, D. A.; Sun, W.; Suits, A. G.; Lee. Y. T., North, S. W.;

' Hall, G. E.J. Chem. Phys1998 108, 5414.

(27) Cho, S. H.; Park, W. H.; Kim, S. K.; Choi, Y. 3. Phys. Chem.

the concerted nature of the 3C mechanism, as well as aA 200Q 104 10482.

branching ratio 3C/4@- 4/1. The rotational energy distributions
obtained here are in reasonable agreement with experiment,Y

(28) Lin, S.-R,; Lin, S.-C.; Lee, Y.-C.; Chou, Y.-C., Chen, I.-C; Lee,
.-P.J. Chem. Phys2001, 114 160.
(29) GonZéez-Lafont, A.; Truong, T.; Truhlar, D. GJ. Phys. Chem.

although the trajectory results are at odds with the interpretation 1991 95 4618.

of Lin et al?8 They obtained bimodal distributions and claimed

(30) Untch, A.; Schinke, R.; Cotting, R.; Huber, J. R.Chem. Phys.

that the lowd distribution arises from the 4C process, whereas 1993 99, 9553.

in the present calculations only a very low fraction of trajectories
initiated at TS4 led to low} values in the nascent HCI species.
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