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Evidence for the onset of three-body decay in photodissociation
of vibrationally excited CHFCl 2
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Excitation of C–H stretch overtones of CHFCl2 followed by ;235 nm photodissociation was
applied to investigate the effect of internal parent excitation on the dynamics of two- and three-body
photofragmentation. The;235 nm photons also tagged ground Cl2P3/2 @Cl# and spin–orbit
excited Cl2P1/2 @Cl* # state photofragments, via (211) resonantly enhanced multiphoton
ionization in a time-of-flight mass spectrometer, and monitored their time-of-arrival profiles. These
profiles revealed the product velocities and angular distributions of35Cl and35Cl* and suggest the
contribution of three-body decay in photodissociation of CHFCl2 pre-excited with five quanta of
C–H stretch. This is the first evidence for three-body decay in photodissociation of vibrationally
excited molecules. ©2001 American Institute of Physics.@DOI: 10.1063/1.1367282#
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I. INTRODUCTION

Vibrationally mediated photodissociation~VMP!,1 in
which molecules are prepared in a vibrationally excited s
and then promoted by a photon to a dissociative exc
state, is now recognized as a method that provides di
means for studying the influence of rovibrational excitati
on dynamics. The VMP approach was applied to several
lecular systems including water isotopomers,2–6 HNCO,7

C2H2,
8,9 C2HD,10 CD3C[CH,11 CH3Cl, and CHD2Cl,12

HN3,
13 CH3CFCl2,

14,15 and CHFCl2.
16 These studies re

vealed the effect of the initial state preparation on relat
yields of product channels, on internal state distributions
on vector correlations. In particular, in some cases altera
of product identity or distribution in VMP could be found i
comparison to the almost isoenergetic one-pho
photodissociation.7,8,11,12,14,15This is due to sampling of dif-
ferent portions of the upper potential energy surfaces~PESs!
by the vibrationally excited wave function and as a result
the participation of more than one PES leading to differ
adiabatic and nonadiabatic interplay in VMP compared
the one-photon photodissociation.

In view of the impact of vibrational pre-excitation o
two-body photodissociation processes it is expected
three-body break-up of molecules, where molecules split
three fragments, might be affected as well. As sta
recently,17,18 three-body decays are of much importance
atmospheric and combustion processes, but nevertheless
resent an almost unexplored field of chemical reaction
namics. Therefore, studies that test the effect of initial par
nuclear motion on the three-body fragmentation, although
high complexity, might provide new insight into these pr
cesses and an understanding of bond breaking. Of partic
9030021-9606/2001/114(20)/9033/7/$18.00
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interest in three-body dissociation is the energy dispo
among the emerging fragments that might shed light on
involved PESs and the ensuing dynamics during disso
tion.

The molecule chosen to test the plausibility of thre
body breakup in VMP is CHFCl2. This hydrochlorofluoro-
carbon~HCFC! compound, like other HCFC’s is of atmo
spheric relevance due to their use as interim replacement
the ozone destroying chlorofluorocarbons~CFC’s! and ha-
lons. Various aspects of the photolysis of CHFCl2~HCFC-21!
received previously some attention. Rebbertet al.19 photo-
dissociated CHFCl2 at 213.9, 163.3, and 147 nm at roo
temperature in the presence of radical scavengers (CH4, Br2,
HBr, and HCl!. They found that for the first two wavelength
the primary process is C–Cl bond cleavage, while at
shorter wavelength the resulting CHFCl radicals further
compose to produce HCl and CF. Similarly, Hautecloqu20

photodissociated CHFCl2 in the 170–190 nm range an
found that the predominant channel is Cl formation, but th
also found appreciable yields of the molecular fragme
HCl and Cl2. More recently, dynamical studies under col
sion free conditions were carried out to observe the ma
pathway of loss of one chlorine atom16,21 and the minor re-
lease of hydrogen photofragments.16

The study of C–Cl bond rupture in photodissociation
vibrationless ground state CHFCl2 molecules at 193 nm
~51 813 cm21! was performed by Huber and co-workers21

using the method of photofragment translational sp
troscopy ~PTS!. They revealed the kinetic energy relea
and a positive anisotropy (b50.560.1) for it. We
photodissociated16 jet-cooled CHFCl2 molecules excited to
C–H stretch–bend polyad components22 including N53
~three C–H stretch quanta!, N57/2 ~three C–H stretch
3 © 2001 American Institute of Physics
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quanta1a bend), andN54 ~four C–H stretch quanta! by
;235 nm photons. These photons also tagged the spin–
ground Cl2P3/2 @Cl# and excited Cl2P1/2 @Cl* # states via
resonantly enhanced multiphoton ionization~REMPI! in a
time-of-flight mass spectrometer~TOFMS!. The action spec-
tra and the Doppler profiles of the corresponding photofr
ments were measured, revealing that both Cl and Cl* are
released as a result of C–Cl bond cleavage. From the
ratios of the Doppler profiles, the branching into the Cl* and
Cl photofragments were determined with a Cl* /Cl ratio of
about half. We also found a low fractional yield o
H/@Cl1Cl* #, indicating H photofragments generation
some extent. In addition, due to the reduction of the ro
tional inhomogeneous broadening and of the overlap w
hot bands, in the action spectra, details about the vibratio
dynamics were obtained.

In this work we focus on the;235 nm photodissociation
of CHFCl2 molecules prepared in the 31 , 41 , and 51 C–H
stretch–bend polyad components~the subscript 1 designate
the highest frequency component!.16 These components ar
mixtures of zeroth-order bright states and close lying d
states. They comprise main contributions of the form
which are three, four, and five C–H stretch quanta, resp
tively, and some of the latter that include bends and
coupled via the 2:1 Fermi resonance. The velocities and
isotropy parameters,b, were obtained from the time-of
arrival profiles of35Cl and 35Cl* . The velocity distributions
of both Cl and Cl* for molecules promoted from the 51 state
of CHFCl2 are broader than from the 31 and 41 states reflect-
ing the higher energy content in the former. However,
broadening does not result only from ‘‘fast’’ Cl and Cl*
photofragments, but also from a small fraction of ‘‘slow
photofragments, indicating the onset of three-body deca
235 nm photodissociation of CHFCl2 (51).

II. EXPERIMENT

The experiments were carried out in a home-bu
Wiley–McLaren TOFMS23 similar to that reported
previously.14–16 The CHFCl2 sample~98% purity! prepared
as a;10% mixture in Ar at a total pressure of 760 Torr, w
expanded through a nozzle-skimmer arrangement. The p
sure in the ionization chamber was typically;6
31026 Torr with the molecular beam on. Under these co
ditions the beam is characterized by a predominant rotatio
temperature of;8 K and vibrational temperature of,100
K, as estimated from the VMP of propyne-d3 (3n1).11 These
temperatures minimize the rotational inhomogeneous st
ture and the overlap with hot bands in the region of
monitored polyad components.16 The source of vibrationa
overtone excitation~IR/visible! pulses ~;10 mJ around
1147.6 nm for preparation of 31 , ;10 mJ around 878.7 nm
for 41 , and;20 mJ near 716 nm for 51) was the idler beam
of an optical parametric oscillator~bandwidth;0.08 cm21!.
Following the excitation pulse, after a delay of;15 ns, the
excited CHFCl2 molecules were photodissociated by a cou
terpropagating UV beam~;100 mJ! from a frequency
doubled tunable dye laser~0.4 cm21!. The wavelength of this
beam was chosen to fit the two-photon transition
Downloaded 08 Jan 2002 to 134.169.41.178. Redistribution subject to A
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Cl (4p 2D3/2←3p 2P3/2) at 235.336 nm and Cl* (4p 2P1/2

←3p 2P1/2) at 235.205 nm in order to also tag the Cl an
Cl* photofragments, respectively, by (211) REMPI.24 The
IR/visible beam was focused with a 15 cm focal length~f.l.!
lens, while the photolysis/probe~UV! beam with a 30 cm f.l.
lens. The UV laser photolysed the CHFCl2 molecules effi-
ciently only when overtone excitation was induced, due
the very low absorption cross section of vibrationless grou
state molecules at;235 nm.25

Ions formed via REMPI in the focal volume were su
ject to continuously biased extraction~2450 V!, two accel-
eration stages~2850 V and21700 V!, two pairs of orthogo-
nal deflection plates and an einzel lens. The ions then ent
the field-free drift region~55 cm long! and were finally de-
tected by a microsphere plate. The time-of-arrival profiles
the 35Cl and 35Cl* resulting from 5000 shots were recorde
with a digital oscilloscope and stored on a disk for la
analysis. The TOF profiles were taken under space focu
conditions23 at two different geometries, vertical~UV laser
polarization perpendicular to the TOF axis! and horizontal
~UV laser polarization parallel to the TOF axis!. The effects
of the apparatus on the time-of-arrival profiles were det
mined using the approach of Varley and Dagdigian,26 i.e.,
measurement of the time-of-arrival profiles of35Cl photo-
fragments from 355 nm photolysis of Cl2. These profiles
allowed calibration of the electric field strength,E, in the
ionization region, which was found to be 124 V/cm, 12
lower than the nominal field strength. In addition, the profi
enabled to estimate the apparatus response time and th
fective probe laser linewidth that affects the time-of-arriv
profiles through Doppler velocity selection along the pro
laser direction.26

III. RESULTS AND DISCUSSION

A. Time-of-arrival profiles and their analysis

Experimental35Cl and35Cl* ion arrival time profiles fol-
lowing the;235 nm photodissociation of CHFCl2 prepared
in the Q-branch ~comprising several unresolved rotation
states! of the 31 , 41 , and 51 vibrational states are displaye
in Figs. 1~a!–1~c!, respectively. Only the portions showin
the 35Cl fragments are exhibited, although essentially simi
distributions were also observed, at slightly longer flig
times, for the37Cl fragments. However, since the intensity
the signal of35Cl is about three times larger than that of37Cl,
due to its larger natural abundance, analysis of the form
was preferred. These profiles represent the VMP ‘‘net’’ p
files, and were obtained by removing the contribution, wh
significant, resulting from the;235 nm photodissociation o
vibrationless ground state molecules~vibrational excitation
laser off! from the signal monitored when both the vibr
tional excitation laser and the UV laser were on.

The observed profiles were obtained with the polari
tion of the photolysis/probe UV laser parallel or perpendic
lar to the TOFMS axis and with the polarization of the IR
visible vibrational excitation laser axis remaining fixed wi
perpendicular polarization. The profiles of both Cl and C* ,
taken under these polarization conditions, are shown in F
1~a!–1~c!. It is worth noting that profiles monitored with th
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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polarization of the visible/IR laser parallel to the TOFM
axis were similar to those shown in Fig. 1. This indicates t
the vibrational excitation to theQ-branch of the 31 , 41 , and
51 states does not induce significant alignment to the m
ecules.

The Cl and Cl* photofragment spectra, shown in Fig
1~a! and 1~b!, indicate that the profiles are doubly peaked
the parallel polarization of the UV laser and singly peak
for the perpendicular one. The double peaks are due to
formation of Cl and Cl* photofragments of equal transla
tional energies but with velocity vectors pointing toward a
opposite the flight axis. The profiles shape indicate that b
Cl and Cl* photofragments are released predominan
through a parallel electronic transition with a positiveb.27–29

Also, from comparison of the profiles of Cl and Cl* obtained
in VMP via the intermediate state 51 to those via 31 and 41

it is evident that the intensities of the centers of the arri
time profiles increase and are much more pronounced in
former. This happens although the profiles were monito
under similar conditions, except the excitation waveleng
employed for the preparation of the 51 , 31 , and 41 states.
Therefore, the increase in the intensity of the center of

FIG. 1. Arrival time distributions of Cl(2P3/2) and Cl(2P1/2) photofragments
produced in the;235 nm photolysis of CHFCl2 pre-excited to theQ-branch
of the 31 @panel~a!#, 41 @panel~b!#, and 51 @panel~c!# states. Open circles
and solid points are the experimental data points taken with the polariza
of the UV photolysis/probe laser parallel and perpendicular, respectivel
the TOFMS axis. The polarization of the overtone excitation laser was
pendicular to the TOFMS axis. Solid lines are the simulations of the co
sponding profiles. These lines denote the best fit velocity distributions,
constantb, finite time response of the apparatus~modeled as a Gaussia
with 20 ns full-width-half-maximum! and Doppler selection by the finite
bandwidth of the probe laser~modeled as 0.3 cm21 at the 1-photon wave
number!.
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arrival time distribution can be attributed to increase in p
duction of Cl and Cl* photofragments with nearly zero cen
ter of mass~c.m.! translational energies.

To extract quantitatively theb parameters and the c.m
Cl and Cl* photofragment velocities, simulations of the TO
spectral profiles were carried out. In order to derive kine
energy distributions~KEDs! from the measured TOF pro
files, one first must calculate the corresponding speed di
bution P(v). The speed distribution can be obtained fro
integrating over the angular part of the fully thre
dimensional velocity distributionP(vuw) in the spherical
coordinate system associated with the electric field vecto
the dissociation laser:

P~v !5E E v2 sinu du dw P~vuw!, ~1!

with P(vu)5P(v)@11b(v)P2(cosu)#. b(v) is the
~velocity-dependent! anisotropy parameter characterizing t
spatial fragment distribution, ranging from21 ~perpendicu-
lar transition! to 12 ~parallel transition!, andP2 is the sec-
ond Legendre polynomial:P2(x)5 1

2 (3x221). The experi-
mentally observed TOF profileP(Dt), on the other hand, is
proportional to theP(vz) distribution of the velocity compo-
nentvz along the spectrometer axisz:

P~vz!5E
vz

`

dvE E dvy dvx P~v;vxvyvz!

3d~v2Avx
21vy

21vz
2!, ~2!

where the~xyz! Cartesian coordinate system is attached
the spectrometer axis definingz. The d function only serves
to satisfy the conditionv25vx

21vy
21vz

2. Then, upon proper
transformation of the coordinate systems, the experiment
observed TOF profile, represented byP(vz), and the desired
KED, represented byP(v), are related by

P~vz!5E
vz

`

dvS P~v !

2v S 11b~v !P2S cos
vz

v D P2~cosg! D D ,

~3!

whereg is the angle of the electric field vector of the diss
ciation laser with the spectrometer axisz. In general, this
equation cannot analytically be inverted in order to obt
P(v) from P(vz). Often, the relationship betweenP(v) and
P(vz) is even more complicated. Especially for a large
netic energy release the laser bandwidthdnL is usually
smaller than the Doppler widthDnD of the absorption lines
of the fragments, and the selective excitation of a fragm
subset with small velocity componentsvx along the laser
beam axis must be considered. Then, thevy integration can-
not be performed anymore, and Eq.~3! becomes

P~vz!5E
vz

`

dvE
2Av22vz

2

Av22vz
2

dvy P~v !
L~v,vy ,yz!

Av22vy
22vz

2

3H 11b~v !P2S vy sinr 1vz cosr

v D J , ~4!

whereL(v,vy ,vz) contains the excitation probability for
narrow bandwidth laser (dnL,DnD). Moreover, the propor-
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tionality betweenvz and Dt is affected by the instrumen
response function of the spectrometer, with which theP(vz)
velocity component distribution has to be convoluted. The
fore, we developed a robust forward convolution proced
based on a genetic algorithm where trial functionsP(v) and
b(v) are optimized with respect to Eq.~4!, i.e., taking into
account all the above-mentioned effects. Further details
the algorithm will be published elsewhere. The best simu
tions obtained by the outlined procedure are shown as s
lines in Fig. 1. As can be seen, the fittings to the experim
tal data are very good, although only a single veloci
independentb parameter was employed for Cl or Cl* pho-
tofragments.

B. Speed distributions

The speed distributions,P(v), for Cl and Cl* photofrag-
ments resulting from VMP via the 31 , 41 , and 51 states
are shown in Figs. 2~a!–2~c!. In some cases the distribution
suffer from some distortion, due to the binning of velociti
during the simulation procedure. Nevertheless, it is clea
seen that the top panel distributions of both Cl and C*
are significantly narrower than the bottom panel distribut
corresponding to VMP of CHFCl2 via the 51 state. It is
also obvious that the broadening of the latter resu
from production of ‘‘faster’’ Cl and Cl* photofragments, as
well as slower Cl and Cl* . The production of faster C
and Cl* photofragments arises from higher combin
energies (IR/visible1UV) employed in the VMP of
CHFCl2 (51) @;56 459 cm21 (675 kJ/mol)# than in (41)
@;53 873 cm21 (644 kJ/mol)# and (31) @;51 236 cm21

(612 kJ/mol)#. The combined energies in the VMP o
CHFCl2(31), (41), and (51) exceed that required for th
loss of one chlorine atom,

CHFCl2 ——→
hv

CHFCl1Cl ~DH298
0 5344616;

DH0
05336616 kJ/mol!, ~5!

but the first two do not surpass the threshold for the thr
body process where two ground state chlorine atoms are
leased:

CHFCl2 ——→
hv

CHF1Cl1Cl ~DH298
0 5651632;

DH0
05642632 kJ/mol!. ~6!

The enthalpies,DH0, of reactions~5! and ~6! were calcu-
lated for the ground spin–orbit state of Cl from the stand
enthalpies of formation (DH f

0) of the molecule and radical
involved in the process30,31 and the errors were calculated
the sum of individual squared errors. TheDH0 required for
loss of one or two Cl* atoms are higher than the values giv
for one or two Cl atoms in reactions~5! and ~6! by 10.6
kJ/mol and 21.2 kJ/mol, respectively.

Taking into account the combined energies channe
into CHFCl2 molecules and assuming thatDH0

0 equals the
C–Cl bond dissociation energy,D0 , the available energy
Eavl , and the maximum energetically allowed velocities f
Cl photofragments were calculated. The maximum Cl vel
Downloaded 08 Jan 2002 to 134.169.41.178. Redistribution subject to A
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ity arising from decay channel~5! is ;3220690 m/s for
molecules pre-excited to the 31 state,;3400690 m/s for
those to the 41 state, and;3570690 m/s for those to the 51
state, as indicated by the arrows in Fig. 2. Also, Fig.
clearly shows that the velocity distributions are centered
relatively high values with tails that reach the maximum
velocities. The correspondence of the distribution center
large velocities might indicate that the dissociation proc
occurs on a repulsive PES, as expected from the broad
unstructured first absorption band of CHFCl2.

25

In addition, by converting the speed distributions o
tained in VMP of CHFCl2(31) and (41) to translational en-
ergy distributions, the average translational energy^ET& re-

FIG. 2. Velocity distributions of Cl(2P3/2) ~solid line! and Cl(2P1/2) ~dashed
line! in ;235 nm photodissociation of vibrationally excited CHFCl2 31 , 41 ,
and 51 . The arrows at the high velocities, in the different panels, indic
the maximum possible velocities calculated for the two-body photodisso
tion of CHFCl2 31 , 41 , and 51 , respectively. The other two arrows in th
slow velocity region of the bottom panel indicate the maximum allow
velocity in the sequential and concerted three-body process, respective
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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lease of the CHFCl1Cl fragment pair via reaction~5! could
be calculated. ThêET& for VMP of CHFCl2(31) and (41) is
126 and 141 kJ/mol, respectively. Since the excess ofEavl ,
276 kJ/mol for (31) and 308 kJ/mol for (41) is imparted into
internal and translational energies of the fragments, it is
duced that 150 and 167 kJ/mol remain as internal energie
the CHFCl in VMP of CHFCl2 (31) and (41), respectively.
Also, the translational energy disposal fraction,^ET&/Eavl ,
was calculated to be 0.46 for 235 nm photodissociation
CHFCl2 (31) and (41). Comparison of this value to that ob
tained directly in the PTS experiments of Huber a
co-workers21 in 193 nm photodissociation of vibrationles
ground state CHFCl2 (0.44) shows an excellent agreeme
Our value is also quite close to those measured for the
nm photolysis of other chloromethanes releasing Cl pho
fragments, including CHCl3 @0.43 ~Ref. 21! and 0.41~Ref.
32!#, CF2Cl2 @0.50~Ref. 32! and 0.47~Ref. 33!#, CFCl3 @0.43
~Ref. 32! and 0.47~Ref. 34!#, and CCl4 @0.35~Ref. 32!#. This
implies that a rather high kinetic energy release occurs in
photodissociation of vibrationally excited CHFCl2 similarly
to the photodissociation of vibrationless ground state m
ecules, agreeing with a direct dissociation process on a
pulsive surface. It is worth noting that, as stated by Hube21

and Gentry32 and their co-workers, their translational ener
disposal fractions also differ from those obtained by M
sumi et al.,35 that probed the Cl atoms by REMPI and me
sured the Doppler profiles in 193 nm photodissociation
several chloromethanes. The^ET&/Eavl that they obtained
were much higher, i.e., 0.85 for CHCl3 and 0.78 for CH3Cl.

The slower Cl and Cl* photofragments, observed in th
VMP of CHFCl2 (51) might emerge from the synchronou
concerted three-body decay, where two C–Cl bonds are
ken simultaneously, or from sequential three-body decay.17,18

For the former the maximum allowed Cl velocity is 970 m
and for the latter 1100 m/s, as indicated by the correspond
arrows of the bottom panel of Fig. 2. Assuming that all t
slow Cl atoms are formed in the three-body process,
upper limit of their fraction can be estimated as 6% for t
synchronous concerted and 10% for the sequential th
body decay. It is noteworthy that the calculated maxim
velocities, based on the above enthalpies for reaction, su
from inaccuracies due to the relatively large uncertainties
the enthalpies. Relying on the observed velocity distributi
it is difficult to evaluate the contribution of each of the thre
body decay processes, however, it is anticipated that the
Cl and Cl* photofragments are formed via C–Cl bond ru
tures. An additional possibility that has to be considered
that of release of H atom first (DH298

0 5414 kJ/mol) followed
by release of Cl and Cl* (DH298

0 5604 kJ/mol). However,
since the first step is not too efficient,16 it seems unlikely that
the slow Cl and Cl* will result from this pathway. Moreover
it does not seem reasonable that the slow Cl and Cl* are not
observed in VMP of CHFCl2 preexcited to the 41 state that
provides a combined energy of 644 kJ/mol, above the
needed for this pathway.

C. Anisotropies

The recoil anisotropies derived from the profiles mig
also provide some information regarding the mechanism
Downloaded 08 Jan 2002 to 134.169.41.178. Redistribution subject to A
e-
of

f

.
3
-

e

l-
e-

-
-
f

o-

g

e

e-

er
n
,

-
w

is

e

t
f

bond breaking. The retrievedb parameters indicate that th
Cl and Cl* arising from ;235 nm photodissociation o
CHFCl2 (31), (41), and (51) via two- ~5! or three-body~6!
processes possess positive anisotropies, lower than the l
ing values. Theb parameters of Cl increase somewhat w
increasing combined energy, rising fromb50.1460.05 to
0.2760.06, and to 0.4760.07, while those of Cl* are nearly
constant with values ofb50.3660.06, 0.4360.05, and
0.3460.04. Errors were calculated from the scattering of
10 ‘‘best’’ b parameters obtained by the data analysis p
cedure described above.

As mentioned above, the magnitude and sign ofb are
related to the orientation of the transition dipole moment,m,
in the parent molecule, the symmetry of the excited state
the excited state lifetime. The theoretical limit for theb pa-
rameter, withm parallel to the line connecting the two C
atoms, was calculated by Huber and co-workers21 and esti-
mated to be;1.1 ~based on a Cl–C–Cl bond angle of 112°
in CHFCl2). They obtainedb of 0.560.1 in 193 nm photo-
dissociation of CHFCl2, indicating a partial loss of anisot
ropy. This loss was attributed either to a geometrical re
rangement during dissociation or to a small contribution
an electronic transition ofA8←A8 symmetry overlapping the
dominantA9←A8 transition.

The b values obtained in the VMP experiment are al
positive, presumably due to the access of similar upper e
tronic states as in 193 nm photodissociation. The CHF2

molecule belongs to theCs symmetry group, for identica
chlorine isotopes, and it is anticipated thatA8 andA9 transi-
tions are also involved in the absorption from the vibr
tionally excited state. Indeed, calculations by Ying a
Leung36 have shown that two transitions ofA9 and two ofA8
symmetry underlie the first absorption band of CHFCl2, re-
lated to thes* ←n transition, and that the predominant co
tribution rises from the lowest energyA9 transition and some
from one of theA8. Relying on the accessibility of the uppe
dissociative states it is conceivable that the dissociation
prompt and does not seem that the rotational motion
counts for the reduction ofb from its limiting value. Conse-
quently the observation of less than limitingb values emerge
from dynamical factors. From the measuredb, it is inferred
that both Cl and Cl* are produced as a result of simultaneo
absorption to bothA9 and A8 states, that mix probably via
curve crossing to release Cl and Cl* . Also, due to the in-
crease of theb corresponding to Cl, it is likely that the con
tribution of the A9 state to this channel increases with i
creasing combined energy. Relying on our observation
in ;235 nm photodissociation of vibrationally excite
CHFCl2 (31) and (41) the yield of Cl* photofragments was
about half that of Cl, we already suggested that probably
states are involved.16 However, the new findings contrast ou
suggestion that preferential Cl formation rises from a p
dominant A9 transition that proceeded adiabatically
ground state chlorine, and that of Cl* from theA8 state that
correlates with it directly or via nonadiabatic crossing. A
sorption via several transitions and curve crossings were
gested to account for the observed branching ratios or
anisotropies in other halocarbons as well, including CH3Cl
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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and CHD2Cl,12 CH2BrCl,37 CH3I,
38,39 CF3I,

40 CH2I2,
41

CF2I2.
42

The observed increase in the Cl channel anisotropy
VMP of CHFCl2 molecules promoted from 51 relative to
those from 41 and 31 is a hint for a concerted three-bod
decay. This is since in case of sequential three-body de
one would expect a lowerb parameter than in the two-bod
case due to the increased dissociation lifetime. Relying
the observation of the increase inb it seems likely that the
concerted three-body decay is responsible for the slow Cl
for Cl* photofragments, due to the decrease inb in VMP of
CHFCl2 (51) relative to that in (41) it might be that a se-
quential three-body decay is also involved. A similar beh
ior was observed in the photodissociation of CF2I2,

41 and of
CF2Br2.

43 For CF2I2, a smooth transition took place from
single two-body decay to a sequential three-body decay
finally to a concerted three-body decay upon increasing
energy of the dissociating photon.

IV. CONCLUSIONS

The VMP of CHFCl2 pre-excited to the 31 , 41 , and
51 C–H polyad components was studied using the REMP
TOF technique for measurement of time-of-arrival profi
for the Cl and Cl* photofragments. The data analysis yield
the photofragments velocity distributions and the recoil
isotropy parameters. These results suggest that the phot
sociation of CHFCl2 (31) and (41) occurs only via two-body
decay while that of CHFCl2 (51) via both two- and three-
body decays. In the two-body decay, the translational ene
release into the fragments is quite high~;45% of the avail-
able energy! and excellently agrees with that found in 19
nm photodissociation of vibrationless ground state CHFC2.
The evidence for three-body decay comes from the slow
observed in the velocity distributions of Cl and Cl* appear-
ing when the combined energy of vibrational and electro
excitations overcomes the dissociation barrier. The ani
ropy parameters are lower than the limiting values indicat
that more than one PES is involved in the excitation and a
that both Cl and Cl* are released from both of them. Due
the similarity of the anisotropy parameters obtained for C
the two- and three-body decays, it is deduced that the la
one is concerted, while for Cl* it could be both sequentia
and concerted. Additional studies that will further exami
the internal parent excitation effect on the three-body bo
breakup are needed.
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