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The ~235 nm photodissociation of GBFCL pre-excited to three, four, and five quanta of C—H
methyl stretches was studied to investigate the effect of internal parent excitation on the dynamics
of two- and three-body photofragmentation. Th€35 nm photons also tagged spin-orbit ground
Cl2P,, [CI] and excited CIP,, [CI*] state photofragments, vié2+1) resonantly enhanced
multiphoton ionization in a time-of-flight mass spectrometer. Monitoring the shap&Cband

35CI* time-of-arrival profiles revealed their energies and angular distributions and showed broad
and unstructured fragment kinetic energy distributions. Although a significant ame&080 of

the available energy is transferred into internal energy of thgGE&Il fragment, the spatial Cl
distribution is characterized by a nonvanishing anisotropy param@tevhich indicates at a fast
dissociation of the parent molecule along the C—Cl dissociation coordinate. Morgbfar,Cl
changes from a slightly positive value to a negative value, while that forir@reases when the
pre-excitation is increased from three to five quanta of C—H methyl stretches. This is attributed to
the promotion of one of the nonbonding electrons located on the Cl atoms t&" thatibonding

C—Cl orbital and involvement of several upper states with different symmetry propertie200®
American Institute of Physics[DOI: 10.1063/1.1404392

I. INTRODUCTION tential energy surface@PES’9 and the ensuing dynamics
, during dissociation.
The hydrochlorofluorocarbor($§iCFC'’s) have reached a Vibrationally mediated photodissociatiofMP),>® in

fundamental significance since they were introduced as inghich molecules are prepared in a vibrationally excited state
terim replacements for chlorofluorocarbai@-C’s), that re- and then promoted by a photon to a dissociative excited
lease atomic chlorine into the stratosphere, which partici-

tes in th talvii destruct lo. C tIstate, is now recognized as a method that provides direct
pates in the catalylic ozone destruction cycie. Lonsequentiy, ., ¢ tor studying the influence of rovibrational excitation

photochemistry of the HCFC's is placed in the focus of theon dynamics. The VMP approach was applied to the two-

Zt;[:e:(t;oonz (?rf\ea:;|20|se?igirlcofehniir£;l'sfgz ;Qtecjrgjse'ztrint?" (e:\é%ua;i_th%ody fragmentation of several molecular systems including
P b ' b hydrocarboné:’~1° These studies revealed the effect of the

todissociation is normally linked to fragmentations into two . 7 " . . :

photoproducts. However, at higher dissociation energieén't'al state preparation on relative yields of product chan-
conditions that might be’ found in the upper stratosphereﬁels’ internal state distributions, and vector correlations. In
three-body decay, where molecules split into three photofragparticmar' in some cases alteration of product identity or dis-

ments becomes possible and needs to be taken into accodfPution in VMP could be found in comparison to the almost
for an understanding of atmospheric chemistry. isoenergetic one-photon photodissociatidit!~** This is

Apart from its role in atmospheric processes, the dynamdue to sampling of different portions of the upper PES by the
ics of three-body decay has recently become a subject ofiorationally excited wave function and to the participation
research in its own rigt® Nevertheless, until today, even Of more than one PES, leading to different adiabatic and
for photoinduced three-body decay, as the simplest exampfeonadiabatic interplay in VMP compared to the one-photon
of an elementary three-body chemical process, only fewphotodissociation.
studies exist, leaving an almost unexplored field of chemical ~ Like the impact of vibrational preexcitation on two-body
reaction dynamics. In particular, studies that test the effect ophotodissociation, it is expected that three-body breakup of
initial parent nuclear motion on three-body fragmentation areénolecules might also be affected by internal nuclear motion
scarce’ Although of high complexity, they can provide new of the parent. The feasibility of corresponding experiments
insight into these processes and an understanding of borths recently been demonstrated by the evidence for the onset
breaking. Of particular interest in three-body dissociation isof three-body decay in the photodissociation of vibrationally
the energy disposal among the emerging fragments and theixcited CHFC).*
spatial distribution that might shed light on the involved po- Halogenated alkane compounds containing two identical
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halogen atoms are ideal candidates for studying three-bodybtained from the time-of-arrival profiles 8fCl and>°CI* .
decay. Their electronic configuration lets one expect a localThe energy distributions of both Cl and*Cior molecules
ized electron excitation from nonbonding electrons locatecprepared in theve_y=3-5 C—H methyl stretches of
on the haloger(X) atoms into the antibonding™ (C—X)  CH,CFCl, are broad and similar, ranging from nearly zero
orbital '® thus weakening both C—X bonds simultaneouslycenter-of-mass(c.m) translational energy to the maximal
and leading to their rupture. Three-body decay has been studvailable energy. Therefore, it seems that the energy remains
ied in detail for CRBr,'’ and CHl,,*® which exhibit easily mainly in the parent fragment GBFCI where the internal
accessible absorption bands above 200 nm and a relativelhergy increases with pre-excitation from three quanta of
low three-body decay threshold. For {Bf,, a sequential C—H methyl stretches to five. Nevertheless, the energy dis-
three-body decay was observed in the wavelength range fromibution of Cl obtained via five quanta of C—H methyl
260 to 223 nm, whereas for Gk a smooth transition took stretches differs from that via three or four quanta states by a
place from a two- to a concerted three-body decay, in comtail in the lower energy region. The small fraction of “slow”
petition with two additional 4 producing channels, upon in- photofragments indicates an onset of a three-body channel
creasing the energy of the dissociating photon from 3.53 eVor the photodissociation via five quanta of methyl stretches
(351 nm to 6.42 V(193 nm). where the three-body decay threshold is surpassed. For spin-
Vibrationally mediated photodissociation studies areexcited Cf, no hint for a three-body decay was observed.
greatly facilitated by the existence of chemical bonds where
a significant amount of energy can be deposited upon vibra-
tional excitation. To this end, one or more C—H, O—H, or!l- EXPERIMENT

N—H bonds are employed to tune the pre-excitation energy  The experiments were carried out in a home-built
over a wide range. In our study of the VMP of CHEtthe Wiley—McLaren TOFM&? similar to that reported
evidence for the onset of three-body decay was observegreviougy}?»—lf: The CHCFCl, sample(98% purity, pre-
upon surpassing the three-body decay threshold by increagared as a~10% mixture in Ar at a total pressure of
ing the energy of the vibrational pre-excitation of the C—H 103 mbar, was expanded through a nozzle-skimmer arrange-
bond. The VMP of CHFGI pre-excited to the 3and 4  ment. The pressure in the ionization chamber was typically
C—H polyad components occurs via two-body decay, while—gx 10-® mbar under working conditions. The beam is
that of CHFC} (5;) occurs via both two- and three-body characterized by a rotational temperature-e8 K and a
decay. The three-body decay mechanism cannot unequiv@ibrational temperature 0100 K, as estimated from the
cally be determined due to the little available energy in theymp of propyned; (3v,), carried out under similar
decay to three fragments. Nevertheless, the observed anis@onditions'* These temperatures minimize the rotational in-
ropy parameterp, of 0.47 for ground state CPy, [Cl] at-  homogeneous structure and the overlap with hot bands in the
oms, suggests a concerted decay in agreement with the epegion of the monitored vibrational statésThe source of
pectations from considering the involved molecular orbitalsyibrational overtone excitatiofiR/visible) pulses,(typically
(MO’s). Yet, observation of differeng values, accompanied 6 mJ around 1166.3 nm for preparation f =3, 10 mJ
by different kinetic energy distribution$KED’s) for the  around 887.4 nm fow._;=4, and 12 mJ near 727 nm for
spin-orbit states of the chlorine atoms, are an evidence of a._,,=5) was the idler beam of an optical parametric oscil-
more complex fragmentation scheme involving excited statemtor (bandwidth ~0.08 cm%). Following the excitation
of A” andA” symmetries that probably mix via curve cross- pulse, after a delay of typically 15 ns, the excited{CRCL,
ing. molecules were photodissociated by a counterpropagating

Like CHFChL, we have recently studied the235 nm UV beam(ca. 120uJ) from a frequency doubled tunable dye
photodissociation of jet-cooled GBFCL excited with two  laser(~0.4 cmi 1). The wavelength of this beam was chosen
and three quanta of C—H methyl stretch&She action spec- to fit the two-photon transition of Cl (@°Dg—3p 2Py at
tra and the Doppler profiles of the corresponding photofrag235.336 nm and I (4p 2Py, 3p 2Py,) at 235.205 nm to
ments were measured, revealing that both Cl andPG]  tag the photofragments bi2+1) REMPIZ?® The IR/visible
[CI*] are released as a result of C—Cl bond cleavage. Theeam was focused with a 15 cm focal length.) lens and
action spectra were characterized by a multiple peak struahe photolysis/prob€UV) beam with a 30 cm f.I. lens. The
ture, attributed, relying on a simplified local mode UV laser photolyzed the CICFClL molecules efficiently
model’®?°to couplings of C—H methyl stretches and defor- only when overtone excitation was induced, due to the very
mations. From the area ratios of the Doppler profiles, thdow absorption cross section of vibrationless ground-state
CI*/Cl branching ratio was found to be0.5. molecules at 235 nrff:

In this paper, in continuation of our work on CHRE! lons formed via REMPI in the focal volume were sub-
and on direct photodissociation of GEFCL?! at 193 nm, jected to continuously biased extractior450 V), two ac-
we report on the results 0f235 nm photodissociation of celeration stage6—850 V and—1700 V), two pairs of or-
CH,CFCL* excited with three, four, and five quanta of thogonal deflection plates, and an einzel lens prior to
C—H methyl stretche¥?° This molecule was chosen to entering the field-free drift region and eventual detection by
study the involvement of the different PES’s, to examine thea microsphere plate. The time-of-arrival profiles of thel
role of the three-body channel in VMP and to get insight onand 3CI* resulting from 5000 shots were recorded with a
the structural dependence of the decay mechanism. Thaigital oscilloscope and stored on a disk for later analysis.
speed distributiorf(v) and anisotropy parameter8, were  The TOF profiles were taken under space focusing
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condition€? at two different geometries, verticdUV laser
polarization perpendicular to the TOF axiand horizontal
(UV laser polarization parallel to the TOF axig he effect of
the apparatus on the time-of-arrival profiles was previously
determined using the approach of Varley and Dagdigfan,
i.e., measurement of the time-of-arrival profiles®®&| pho-
tofragments from 355 nm photolysis of LIThese profiles
allowed the electric field strengtk, to be calculated in the
ionization region, which was found to be 124 Vicm, 12% 745 720 725 730 7.35 740 745 720 7.25 7.30 7.35 7.40
lower than the nominal field strength. In addition, the profiles
enabled the estimation of the apparatus response time and t
effective probe laser linewidth that affects the time-of-arrival
profiles through Doppler velocity selection along the probe
laser directiorf®

The KED's and the anisotropy parameter were extractet
from the TOF profiles, employing a previously described for-
ward convolution methof.

715 720 725 730 7.35 740 745 720 7.25 730 7.35 7.40
I1l. RESULTS AND DISCUSSION

A. Time-of-arrival profiles and their analysis

Experimentaf°Cl and®*CI* ion arrival profiles, follow-
ing the~235 nm photodissociation of GBFCL prepared in
the main peak of the observed multiple peak structure o
ve_y=3-5 vibrational staté§?° are displayed in Figs.
1(a)—1(c), respectively. In the case of four quanta of C—H
methyl stretches, the pre-excitation of the two main peak:
observed in the action spectfavere examined, whereas for 745 720 725 730 735 740 745 7.20 7.25 730 7.35 7.40
ve_p=3 and 5, only the main peak was measured. No sig- ) .
nificant differences were found between the two g time-of-flight (us)
=4, therefore only the results from the main peak are pre-
sented. Although essentially similar distributions were ob-FG: 1. Arival time distributions of*CI(Py;) and *CI(*Py;) photofrag-

. . . ments produced in the-235 nm photolysis of CECFCl, pre-excited with
served, at slightly longer flight times, for tR&C! fragments, 4, <o quantapanel a, four quanta(panel b, and five quantapanel o of

only the portions showing th&Cl fragments are exhibited. C—H methy! stretches. Solid points and open circles are the experimental
Also, since the intensity of the signal ®fCl is three times data points taken with the polarization of the UV photolysis/probe laser
|arger than that of’Cl. due to its Iarger natural abundance parallel and perpendicular, respectively, to the TOFMS axis. The polariza-
. ' . ' tion of the overtone excitation laser was perpendicular to the TOFMS axis.
analysis of the fom_]er was preferred. These profiles r_emese@ lid lines are the simulations of the corresponding profiles. These lines
the VMP “net” profiles, and were obtained by removing the denote the best-fit velocity distributions, with constahtfinite time re-
small contribution, when present, resulting from th&35 sponse of the apparat@siodeled as a Gaussian with 20 ns full-width-half-
nm photodissociation of vibrationless ground-state molecule?axnmun) and Dopipler selection by the finite bandwidth of the probe laser
. . L . . modeled as 0.3 ciit at the 1-photon wave number

(vibrational excitation laser offfrom the signal monitored
when both the vibrational excitation laser and the UV laser
were on. of five quanta of C—H methyl stretches are noisier than that

The observed profiles were obtained with the polariza-of v._,=3 and 4 due to the smaller transition probability in
tion of the photolysis/probe UV laser parallel or perpendicu-the vibrational excitation step, but the qualitative behavior
lar to the TOFMS axis and with the polarization of the IR/ remains the same. A doubly peaked TOF profile is observed
visible vibrational excitation laser axis remaining fixed with only if the dissociation process forms photofragments of
perpendicular polarization. The profiles of both Cl and,Cl equal translational energies but with velocity vectors point-
taken under these polarization conditions, are shown in Figsng toward and opposite the flight axis. These spatially an-
1(a)-1(c). isotropic fragment distributions are characterized by rela-

The main feature in the profiles of Fig. 1 is found in the tively narrow speed distributiond,(v), centered around a
difference between the shapes of the Cl antl §din-orbit  large speed value. In principle, ion-flyout, where particles
components. The ground-state Cl photofragment spectra areiss the detector because of small velocity components
singly peaked for the parallel and perpendicular polarizatiortowards the detector and large velocity components perpen-
of the UV laser, although different widths and profile shapedicular to the detector axis would also reduce the profile
are noticeable for different UV polarization. The excited center, but the acceleration voltages were adjusted so that
state Cf photofragment spectra are doubly peaked for thehis effect can be ruled out.
parallel and singly peaked for the perpendicular polarization  The spatial fragment distributionP(v )< f(v)(1

of the UV laser. The profiles obtained for the pre-excitation+ B(v) P,(cos6))?®?’is characterized by the velocity depen-
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dent anisotropy paramet@rranging from—1 (perpendicular
transition to +2 (parallel transitioh, where# is the angle of
the polarization vector of the dissociating laser with the
product recoil velocity vector, ané, is the second Legendre
polynomial: P,(x)=3(3x?—1). The observed difference in
the profile shapes of the different spin-orbit states could, in
principle, be accounted for by a similar speed distribution
accompanied by a significantly different anisotropy param-
eter. However, the calculatggiparameter does not vary sig-
nificantly for Cl and Cf in vc_y=3 and 4 pre-excitation
(see Sec. Q.

Therefore, the increase in the intensity of the center of
the arrival time distribution obtained in VMP of GBFCI,
ve-n=3-5 can be attributed to an increase in production of
ground-state Cl photofragments with nearly zero center-of-
mass(c.m,) translational energies. The difference in the pro-
file shapes for perpendicular and parallel polarization geom-
etries in the case of pre-excitationgf_,,=3 and 4 indicates
that both Cl and Cl photofragments are released predomi-

nantly through a parallel electronic transition with a positive
B 26,28,29

0 50 100 150 200 250

To quantitatively extract th@ parameters and the c.m.
Cl and CF photofragment speed distribution, simulations of
the TOF profiles were carried out and optimized by a genetic
algorithm procedure which minimized the deviation of the
simulated profile from the experimentally observed profile.
Identical 8 parameters were used for simultaneously fitting
the profiles for both polarization geometries. The simulation
procedure has successfully been employed for the dissocia-
tion of CHFCL.# The best results for the KED obtained by
the simulations are shown in Fig. 2. As can be seen from Fig.
1, the fits to the experimental data are of good quality, al-
though only a single velocity-independeBtparameter was
employed in the simulation procedure.

E (kJ/mol)

B. Energy distributions

The kinetic energy distribution®(E), and theB param-  FIG. 2. Energy distributions of°CI(*P5,) (solid line) and *CI(3Py,)
eters obtained for Cl and Clphotofragments resu'ting from (dashed ling in ~235 nm photodissociation of vibrationally excited

: - _ CH;CFCl, ve_y=3-5. The distribution was obtained from simultaneous
VMP via three, four, and five quanta of C-H methyl fitting of the parallel and perpendicular profiles. The arrows at the high

stretches are shown in Figs(a2-2(c). The combined ener- energies, in the different panels, indicate the maximum possible energies
gies (IR/visible+UV) employed in the VMP of CECFCL  calculated for the two-body photodissociation of CHEfoF three, four, and
ve_y=5 [~56 240 cmt (673 kd/ma)], vc_py=4 [~53 760 five quanta of C—H methyl stretches, respectively. The other two arrows in

—1 _ . ~1 the slow energy region of the bottom panel indicate the maximum allowed
cm (643 kJ/mo)] and ve-H 3 [ 51070 cm (611 kJ/ energy in the sequential and concerted three-body process, respectively.

mol)] exceed that required for the loss of one chlorine atom,

hv
CHyCFCh—CH;CFCH-Cl - (AH3q5=351+35 k/mo), The enthalpiesAH®, of reactions(1) and (3) were calcu-
@ lated for the spin-orbit states with the lowest energy from the
and for the loss of molecular chlorine standard enthalpies of formatioA H?) of the molecule and
. radicals involved in the proce¥s3?and the errors were cal-
CHsCFClL—CHsCF+Cl, (AH%=417+42 kJ/mo), culated as the sum of individual squared errors. The standard

) enthalpies were partly estimated as arithmetic means from
the fully chlorinated and fluorinated species, when data was
not available in the literature. ThieH g required for loss of

Whe or two Ct atoms are higher than the values given for Cl

but the pre-excitation viavc_y=3 and vc_,=4 does not
surpass the threshold for the three-body process where t

chlorine atoms are released: in reactions(1) and (3) by 10.6 kJ/mol and 21.2 kJ/mol,
hy respectively.
CH;CFCL— CH;CF+CI+Cl (AH298= 660+66 kJ/mo). Taking into account the combined energies channeled

(3)  into CH,CFClL molecules, and assuming thAH® equals
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TABLE I. Calculated maximal kinetic energids,,,,, observed mean totﬁT, fraction of the kinetic energy
and theg anisotropy parameters in the photodissociation of vibrationally excitegCEHL, .

CHZCFCl, Epreex(kd/mol)  E, . (kJ/mol) ET (kd/mol)  Ejne (kJ/mol)  E/Eyy B
ve_y=3 Cl 103 260 119 141 0.46 0.2M.04
CI* 249 131 118 0.53 0.250.04
ve_p=4 Cl 135 292 112 180 0.38 0.2.03
cI* 281 126 155 0.45 0.250.05
Ve_y=5 Cl 165 322 106 216 0.33 —0.14+0.05
CI* 311 123 188 0.40 0.3560.06

the C—Cl bond dissociation ener@y, the available energy and 0.47(Ref. 36], CFCk [0.43 (Ref. 35 and 0.47(Ref.
E.., and the maximum energetically allowed energies for CI37)], and CC} [0.35 (Ref. 35]. This implies that a rather
photofragments were calculated and are shown in Table high kinetic energy release occurs in the photodissociation of
The maximal kinetic energies for Cl and*Cérising from  viprationally excited CHCFC}, similarly to the photodisso-
decay channe(l) are indicated by the arrows in Fig. 2. In cjation of other vibrationless ground-state molecules and of
fact, the arrows should be shifted to somewhat larger enexiprationally excited CHFGI, agreeing with a direct disso-
gies if (AHp) are retrieved. The energy distributions are cen-cjation process on a repulsive surface. Our results for
tered at relatively high values with tails that reach the maXi'CHFCIZ and CHCFCl, and as stated by Hubérand
mum Cl energy as Fig. 2 clearly shows. The correspondencgeniry and their co-workers, their translational energy dis-
of the distribution centers to large energies might |nd|cateposa| fraction, differ from those obtained by Matstehial 3
that the dissociation process occurs on a repulsive PES, eﬁwey probed,the Cl atoms by REMPI and measured the
Expzctec::fr?:nlgcthembroad and unstructured first absorptioE)oppler profiles in 193 nm photodissociation of several
and o H‘ b. . chloromethanes. ThE;/E,, that they obtained were much
In addition, the average ”a'.‘s'?‘“o”a' e_neng_,/ release higher, i.e., 0.85 for CHGland 0.78 for CHCI. With respect
gtége é:i:!ca:ceir?:eilcg:g?neent%;aig \Ii:f?o;sr?cttrl]oentlr)alr?slc:tligﬁal to the latter values, it must be taken into account that an
: ! ' integrative method like Doppler profile analysis generally

energy .dlsposal fractlorET/Eav| can be calculated and is tends to underestimate the contribution of slow particles, es-
shown in Table | for the different quanta of C—H methyl . . L
R/emally if the speed distribution is broad.

stretches. In order to compare these values with the recent : )

obtained data for the VMP of CHFGI* a detailed, second It is noteworthy that theEy values shown in Table |
table (Table 11) is presented. From estimating the energy re-/émain constant, within experimental error, upon pre-
lease via the impulsive mod&la value between 0.4 and 0.5 €xcitation with three to five quanta of C—H methyl stretch.
is obtained forE;/E,, and therefore the measured valuesRelying on the involved MO's, the observed anisotropy, and
seem to be reasonable. Comparison of these values to thote unstructured absorption spectrum, all hint at a direct,
for VMP of CHFCL, (3,) and (4,) recently obtained in our barrierless dissociation on a repulsive surface. Moreover,
group (0.45,* and to that obtained by photofragment trans-structurally similar molecules were found to dissociate di-
lational spectroscopy(PTS experiments of Huber and rectly and fast in the dissociation coordinaté” However,
co-workers* in 193 photodissociatiof0.44), shows that the N CH;CFCL, there is no significant additional energy flow
values are in good agreement. Our values are also quite clod&0 the dissociation coordinate upon increasing C—H methyl
to those measured for the 193 nm photolysis of other chlostretches excitation as observed in the case of CHFCI
romethanes releasing Cl photofragments, including: GHClwhere E increased from 126 kJ/mol to 139 kJ/mol upon
[0.43 (Ref. 34 and 0.41(Ref. 35], CF,Cl, [0.50 (Ref. 35 pre-excitation via three to four quanta of C—H methyl

TABLE II. Calculated maximal kinetic energids,,.,, observed mean totﬁT, fraction of the kinetic energy
and theg anisotropy parameters in the photodissociation of vibrationally excited CHFCI

CHFC'Z Epreex(kJ/mOI) Emax (k‘]/mOI) ET (kJ/moI) Eim (kJ/mOI) ET /Eavl B
3 Cl 104 276 126 150 0.46 0.3D.05
CI* 265 134 131 0.50 0.360.06
4, Cl 136 308 139 169 045 0.200.06
CI* 297 140 157 0.47 0.480.05
5, Cl 167 339 131 208 0.39 0.40.07
Three-body decay 33 >28 <5 0.85
CI* 328 121 207 0.39 0.340.04

&The > symbol is due to the unknow; of CHF.
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stretches. This observation can be explained by the following The magnitude and sign @f are related to the symmetry
arguments: As the time period between the pre-excitation andf the ground and excited state, the orientation of the transi-
the dissociation is by far long enough for a completetion dipole momentu in the parent molecule and the
redistribution** which occurs on a subnanosecond timeexcited-state lifetime. The theoretical limit for tiparam-
scale, the pre-excitation energy via three, four, and fiveeter, withu parallel to the line connecting the two Cl atoms,
quanta of C—H methyl stretches will be distributed over theis estimated to be-1.1 for the transitio’A” <A’ (based on
18 normal modes in the GJEFCL molecule® Total equi- a Cl-C—Clbond angle of 112° in CKCFCL) and in the
partitioning of the pre-excitation energy on all vibrational range from —1 to 0 for the transitionA’<A’ as the
degrees of freedom leads to an additional energy flow of 950CH;CFCl, molecule belongs to thE€, symmetry group.
1250, and 1530 ciit, respectively, into the C—Cl dissocia- The recoil anisotropies provide essential information re-
tion coordinate. Therefore, only one or two quanta of C—Clgarding the mechanism of bond breaking. Thearameters
stretch will be populated taking a typical vibrational quan-extracted from the experimental data are shown in Table I.
tum of 600 cm* into acount’® The corresponding increase Errors were calculated from the scattering of the 10 “best”
of the kinetic energy of the ejected Cl atoms is so small thaparameters obtained by the data analysis procedure described
it is not observable due to the experimental resolutionpreviously. Relying on the data in Table |, it is seen that the
Whereas in the case of CHFCla smaller molecule with Cl and CF arising from ~235 nm photodissociation of
only 9 normal modes, the increase of the kinetic energy oCH,CFC}, v._;=3 andvc_p=4 via two-body processe4)
the Cl atoms from photodissociation of 30 4, is notice-  possess positive anisotropies with almost constant values,
able, while via § the three-body decay channel starts tolower than the limiting values.
contribute by adding low kinetic energy fragments. The ob-  The B values obtained in the VMP experiment via
servation of constanE; hints at a similar shift for the . =3 and v._=4 are positive, ruling out a purd’
ground- and excited-state surface in the reaction coordinate-A’ excitation, however, they are lower than the limiting
by approximately the value of the internal energy of the partvalues for the purd”—A’ transition. Relying on the direct
ner fragment CHCFCI or CHFCI, whereas the small addi- excitation of C—Cl| antibonding MO's, the dissociation
tional kinetic energy is induced by only few quanta of C~Clshould be prompt and it does not seem likely that the rota-
stretched? tional motion accounts for the reduction gffrom its limit-

The very slow Cl photofragments, observed in the VMPing value. If only rotation of the parent molectdés respon-
of CH;CFCl, via five quanta of C—H methyl stretches, might sible for the reduction 0B, then lifetimes ofr=172, 57, and
emerge from a synchronous concerted three-body decagp fs are estimated for temperatures of 10, 100, and 300 K,
where two C—Cl bonds are broken simultaneously, or from gespectively, and an equilibrium bond angle of 86°. These
sequential three-body dec&yFor the former, the maximum small limiting lifetimes are a consequence of the large mo-
allowed ClI velocity is 610 m/$6.5 kJ/mo) and for the latter  ments of inertia for the CKCFCl,, leading to fast loss of
720 m/s(9.1 kJ/mo), as indicated by the corresponding ar- anisotropy due to molecule rotation. Thus, for a bulk experi-
rows of the bottom panel of Fig. 2. It is noteworthy that the ment at 300 K, it should be virtually impossible to observe
calculated maximum energies, based on the ahbi8os  the limiting 8 parameter values even for a direct decay. Un-
values for the reactions, suffer from inaccuracies due to thger molecular beam conditionsT,,,=10K, T,,=100K)

relatively large uncertainties in the enthalpies of formationhowever, a significantly highep parameter than the ob-
The SlOW atoms Contribute to IeSS than 4% to the '[Otal Cgerved values of 0.2 to 0.3 would be expected for a direct
fragments, whereas in the case of CHftB contribution of  fragmentation process. Consequently, the observation of less
the three-body decay channel was about 10%. Thus, the dyhan |imiting 8 values should emerge from dynamical factors
namics of the three-body decay cannot be verified. In thgy from the simultaneous excitation f andA” states, that
case of CI no slow atoms were observed, which is not Sur-probably mix via curve crossing and release both photofrag-
prising due to the very small available energy which wouldments. From the measurgtand the spin-orbit state branch-
lead to maximal speeds of 270 i3 kJ/mo). ing ratio* it is inferred that both Cl and ¢lin vc_,,=3 and
ve_y= 4 photodissociation are produced as a result of simul-
taneous absorption t8” andA’ states.
C. Anisotropies Due to the decrease ¢ corresponding to Cl viarq_
=5, it is likely that the contribution of an additional excited
state of A’ symmetry increases. If this involved’ state
..(17a")%(10a")2(11a")2(18")2(12a")%(19%’)°. responsible_for the observe;@ value were identic_al to the
above-mentioned’ state, which releases predominantly Cl
Both unoccupied (12')° and (1%')° MO’s are C—Cl anti- atoms, an increase in the *@CI branching ratio would be
bonding. The occupied (&7)%, (10a")?, (11a”)?, and expected. However, a decrease was found in this ratio from
(18a')? are nonbonding MO’s composed of thp-8lectrons  0.36 to 0.16 upon increasing the dissociation energy from
of the Cl atoms. Single electron excitation gives rise to eigh235 nm to 193 nni*?'whereas the ratio is about 0.5 via 235
states ofA’ andA” symmetry which are the result of elec- nm photodissociation pre-excited with three and four quanta
tron excitation from nonbonding electrons located on the Cbf methyl stretches. Therefore it seems that at least three
atom into antibonding C-Cl MO'$¢c* (C-Cl)«—n(Cl)) lead-  different upper states are involved in the {LHFCL, photoly-
ing to a direct decay. sis in the 40 000—56 000 c energy range.

The electronic configuration of the ground state is:

Downloaded 08 Jan 2002 to 134.169.41.178. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



6424 J. Chem. Phys., Vol. 115, No. 14, 8 October 2001 Einfeld et al.

The contribution of the three-body decay is sniall%) energy become negligible, whereas the modified vibrational
although after populating the antibondingj (C—CI) orbital ~ wave function of the electronic ground state results in ac-
for both Cl's one would expect significant three-body decaycessing different parts of the upper PES in a basically con-
since the energy threshold is surpassed. The insignificarstant energy range.
contribution is probably due to the small available energy for
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