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The photodissociation dynamics of CF2Br2 has been studied using a two-dimensional photofragment ion image
technique for the two excitation wavelengths 234 and 265 nm. At 234 nm, three dissociation channels, i.e.,
the radical CF2Br + Br (2PJ) (J ) 1/2, 3/2), the three-body CF2 + 2Br (2PJ) (J ) 1/2, 3/2), and the molecular
elimination channel CF2 + Br2, were observed with quantum yields of 0.84, 0.15, and trace, respectively.
The difference betweenâ (CF2Br + Br (2P3/2)) ) 0.65 andâ (CF2Br + Br (2P1/2)) ) 0.80 suggests that the
excited A1 and B1 states are strongly correlated by avoided curve crossing with a probability of 0.78. At 265
nm, the radical channel, the observed major primary dissociation channel, shows several components due to
the transition close to the curve crossing point. On the basis of observations at both wavelengths, we have
proposed a photodissociation dynamics model of CF2Br2 after A-band excitation.

1. Introduction

CF2Br2, a frequently used fire retardant, is a strong ozone
depleting reagent in the stratosphere.1 The A-band photodisso-
ciation of CF2Br2, centered at 230 nm in Figure 1,2 exhibits a
complex multichannel photochemistry. Three primary channels,
i.e., radical (R1), molecular elimination (R2), and three-body
dissociation channels (R3), are attainable energetically in the
A-band.3-11

The CF2Br radical formed through the radical channel can
undergo further photodissociation (R4) or unimolecular decay
of internally hot radicals (R5).

These channels are further resolved realizing the ground Br
(4p 2P3/2) and the spin-orbit (SO) excited-state Br* (4p2P1/2),
where the SO coupling energy,Eso (Br - Br*) ) 44.1 kJ/mol.
The [2 + 1] resonance enhanced multiphoton ionization
(REMPI) time-of-flight (TOF) image technique is adopted in
the present study, since it allows Br and Br* fragments to be
selectively monitored and can also be used to study the vector

quantities of the photofragments. Photodissociation studies of
CF2Br2 have been performed at 193 and 248 nm using the
rotatable mass spectrometric technique.4,5 The radical channel
was the only observed primary photodissociation channel in the
248-nm photolysis experiments, while both the radical and the
molecular elimination channels were observed at 193 nm. The
bromine atom product quantum yield obtained by fluorescence
detection at 222 nm has been found to be 1.63, suggesting the
presence of three-body dissociation channel after excitation in
the center of the A-band.6 The electronically excited CF2 (Ã)
radical has been produced through the secondary photodisso-
ciation at 248 nm.7-9

Earlier studies of its iodine homologues, CH2I2 and CF2I2,
may be instructive to understand the photodissociation of
CF2Br2. In the CH2I2 photolysis, the radical channel was found
to be dominant over the whole wavelength range of the
A-band,12-18 and very small amounts of I2 formed through the
molecular elimination channel were observed. The three-body
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CF2Br2 + hν f CF2Br + Br ∆H ) 247.6 kJ/mol (R1)

CF2 + Br2 ∆H ) 228 kJ/mol (R2)

CF2 + 2Br ∆H ) 407.6 kJ/mol (R3)

CF2Br + hν f CF2 + Br (R4)

CF2Br‡ f CF2 + Br (R5)

Figure 1. Absorption cross-section of CF2Br2 in the UV region. This
spectrum has been established by using the data available in ref 2.
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dissociation channel was not observed because of its large
dissociation energy. The photodissociation of CF2I2 has shown
a smooth transition from an exclusive radical channel at the
red edge of the A-band to an exclusive concerted three-body
channel at the blue edge, with no molecular elimination channel
observed.16-18 The I*(2P1/2)/I(2P3/2) branching ratio has shown
the increasing propensity with the photolysis energy increase
in iodine atom formation via the radical channel from both CH2I2

and CF2I2. The photolysis energy dependence ofI*/ I has
suggested that at least two excited states are related in the radical
channel interacting with each other by an electronic curve-
crossing. The interaction between the excited state potential
energy surfaces (PES), however, has not yet been fully
understood in the photolysis of CX2Y2 (X ) H, F, Y ) Br, I)
type molecules. Additional information is needed to draw a
quantitative picture of the competition between the three primary
channels and the interaction between these excited-state PES's
after A-band excitation.

In the present study we have investigated the photodissocia-
tion dynamics of CF2Br2 at the 234 and 265 nm photolysis
wavelengths adopting the [2+ 1] REMPI TOF technique to
investigate the interaction of the excited states and the competi-
tion between the three primary product channels (R1-R3).

2. Experimental Section

The reaction chamber coupled with a supersonic molecular
beam source and a TOF mass spectrometer was used in the
present study and described in detail elsewhere.19 In brief, the
beam source chamber is constructed based on an 8-in. stainless
steel tee and nipple-type chambers. Sample mixture was intro-
duced into the source chamber through a molecular beam valve
(General Valve) with an 800µm diameter orifice. The valve
was operated typically at 10 Hz with a pulse width of 200µs.
The source chamber was pumped with an 8-in. oil diffusion
pump (Alcatel, 6250) to ca. 1 x 10-5 Torr during the operation
of the molecular beam. A conical skimmer with an 800-µm
diameter orifice skimmed the molecular beam at 20 mm
downstream of the valve. The skimmer separates the TOF mass
spectrometer from the molecular beam source chamber. The
beam passed through the skimmer and was then collimated by
a 1-mm diameter pinhole before entering the ionization region
of the main chamber. The TOF mass spectrometer is installed
in the main chamber composed of an 8-in. cube and a flight
tube. The main chamber was pumped to a pressure of 5 x 10-8

Torr by a turbo-molecular pump (Varian V-450, 450 L/s). The
background pressure was monitored with a Bayard-Albert ioni-
zation gauge (Varian 572). The positive ions were detected with
a position sensitive detector. The sample mixture was prepared
with 10 Torr CF2Br2 (PCR) seeded in 1.5 atm of helium.

Linearly polarized UV laser light (typically 30-100µJ/pulse)
was generated by doubling the Nd:YAG pumped dye laser
output (Lumonics HD500) using a BBO crystal and was aligned
by using a half-wave retardation plate (CVI co. QWPO-244,
266). The UV laser light was focused perpendicularly onto the
molecular beam in the ionization region through a 150-mm focal
length lens. The CF2Br2 parent molecules were photolyzed by
the UV laser light, and bromine atom fragments were then
selectively ionized at 233.9 and 264.8 nm for Br* and at 233.6
and 264.9 nm for Br detection within the same laser pulse using
the [2+1] REMPI technique.

Bromine fragment ions were accelerated by a repelling plate
with positive high voltage and then passed through extract and
ground plates with a 20-mm diameter hole, which caused the
nonhomogeneous electric field around the electrode.20 The

bromine ion cloud was expanded spherically due to not only
the recoil velocity of the fragments but also the nonhomoge-
neous electric field. The expansion rate was calibrated against
known values obtained in the Br2 and I2 photolysis. The
expanded bromine ion cloud was then projected onto a two-
dimensional position-sensitive detector composed of a dual-
chevron microchannel plate (MCP), a phosphor screen (Galileo
Electrooptic Corp. 3040FM), and a charge coupled device
(CCD). The MCP signal was sent to the phosphor screen de-
tector to convert the ion signal to the photon signal. A negative
high voltage pulse with 150-ns duration was applied to MCP
to separate the signal of bromine ion from those of scattered
laser light and background ions with different masses. The image
was summed over ca. 10 000 shots and the background was
removed by subtraction of a reference image collected at an
off-resonance wavelength under the same conditions. The
REMPI TOF mass spectra were acquired with a photomultiplier
tube (Hamamatsu, 1P21) instead of the CCD camera.

3. Results

3.1. TOF Spectra.
The TOF spectra of photofragments in 234-nm photolysis of

CF2Br2 were obtained in the rangem/e ) 0-230 as shown in
Figure 2. Five peaks were found in the TOF spectra corre-
sponding tom/e ) 12, 31, 50, 80, and 160. The peak atm/e )
80 represents the mixed signal of79Br+ and81Br+ formed via
REMPI, while the other peaks result from nonresonant pro-
cesses. The peaks atm/e ) 12, 31, and 50 belong to C+, CF+,
and CF2+, respectively. The peak atm/e) 160 may be attributed
to the mixed signal of79Br79Br+, 79Br81Br+, and81Br81Br+, since
the natural isotope abundance ratio of79Br/81Br is 1:1.

TOF spectra in the 265-nm photolysis of CF2Br2 were also
obtained. The major difference in the spectra of the 234-nm
photolysis is the absence of the molecular bromine ion peak at
m/e ) 160. Four additional peaks were found atm/e ) 12, 31,
50, and 80.

Figure 2. Time-of-flight mass spectra of photofragments in the time
range obtained in the 234 (a, b) and 265 nm (c, d) photolysis of
CF2Br2. Br+ ion signal formed by the [2+1] REMPI process, while
the other peaks result from nonresonant ionization.
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3.2. Relative Quantum Yields.
The number density ratio of Br and Br* is proportional to

the measured ion signal ratio of the TOF mass spectra and is
calculated via eq 1,

where S(Br) is the measured ion intensity of Br,N(Br) the
number density of Br, andk the proportionality constant. The
k value, corresponding to the ionization probability ratio of Br*
to Br, was obtained from the Br2 photolysis under the same
experimental condition, since the value ofN(Br)/N(Br*) is well-
known in the Br2 photodissociation at 234 and 265 nm.21 The
estimatedN(Br)/N(Br*) values determined via eq 1 were 2.57
( 0.29 at 234 nm and 1.12( 0.10 at 265 nm.

Since Br and Br* atoms can be produced through several
production channels, the total numbers of species,N(Br) and
N(Br*), are obtained by summing the numbers of species over
the product channels, e.g., the radical, three-body dissociation,
and secondary channels.

By fitting the speed distribution of Br to the several distribution
curves of each channel, the Br ratio of each channel to the total,
N(Br)channel/N(Br)total, was obtained by comparing the areas of
the distribution curves. The same method was also applied in
the case of the Br* fragment.

3.3. Speed, Translational Energy and Angular Distribu-
tions, and Relative Quantum Yields.

The shape and intensity distribution of an image represent
the velocity and angular distributions of the photofragments.
Figure 3 shows the raw images of two-dimensional projections
of the three-dimensional velocity and angular distributions of
photofragments. Since the two-dimensional raw image is
cylindrically symmetric around the polarization axis of the
photolysis laser, a three-dimensional velocity distribution can
be reconstructed by performing an inverse Abel transformation.22

This transformation is very sensitive to noise, therefore the raw
images were smoothed with a Gaussian filter with a 5 x 5pixel
window and 2 pixel standard deviation to reduce noise effects
in the transformation. Because of the cylindrical symmetry of

the velocity distribution, every planar slice containing the sym-
metry axis is equivalent to the reconstructed images.

The speed distributions,P(υ), in Figure 4 were produced by
integrating the reconstructed three-dimensional velocity distribu-
tion over all angles at each speed. Their resolution is determined
to be ca. 7 m/s by the size (equivalent to the number of pixels)
of raw images in Figure 3 and is found much better compared
to those of TOF in Figure 2. Since Br and Br* atoms are
produced through several photodissociation channels, the speed
distributions are composed of several distribution curves, which
correspond to each channel. The curves were fitted by Gaussian
curves. We estimated the origin of the curves by considering
the speed, the available energy, the broadness of the curves,
and the shapes of the two-dimensional distributions. In general,
the speed distribution of the photofragments formed via second-
ary photodissociation (R4) is broader than one corresponding
to the primary photodissociation channels. The available energies
of channels are presented in Table 1. The molecular elimination
channel was considered to be a very small proportion in the
distribution. The Br and Br* speed distributions obtained in the
234-nm photolysis were fitted by three curves, the broad smooth
curve comes from the three-body dissociation channel (R3) and
the secondary photodissociation channel (R4), the narrow steep
curve from the radical channel (R1), and the broad steep curve
from the secondary photodissociation channel. In the case of
265-nm photolysis, the three-body dissociation is accessible
energetically except the CF2 + Br* + Br* channel. Since the
available energy of the CF2 + Br + Br* channel is almost zero
kilojoules per mole, their peak should be found near zero
kilojoules per mole in Figure 4d. However, any experimental
peak of the channel was not found in speed distribution. Hence,

Figure 3. Raw ion images of Br and Br* fragments from the photolysis
of CF2Br2 at 234 (a, b) and 265 nm (c, d). In all images the linear
polarization vector of the photolysis laser is vertical.

N(Br)

N(Br*)
) k

S(Br)

S(Br* )
(1)

N(Br)total ) N(Br)radical+ N(Br)threebody+ N(Br)secondary (2)

Figure 4. Speed distribution of the Br and Br* fragments for the 234
(a, b) and 265 nm (c, d) photolysis. Small letters in the bracket indicate
the origins of the fitted curves; (r), (s), and (th) indicate radical, sec-
ondary, and three-body dissociation channels, respectively. The com-
ponents of the radical channel in (c) and (d) are illustrated in Figure 5.

TABLE 1: Average Translational Energies of Primary
Dissociation Channels at 234 nm

channel Et, kJ/mol Eav, kJ/mol FWHM 〈ft〉 Φa

CF2Br + Br 106.3 263.8 41.1 0.40 >0.63
CF2Br + Br* 101.4 219.7 35.6 0.46 >0.21
CF2 + Br2 trace
CF2 + 2Br 96.4 <0.08

56.7b 90.3
CF2 + Br + Br* 52.3 <0.05

51.1 89.9
CF2 + 2Br* 8.2 <0.02

a Normalized quantum yields of primary dissociation channels.
b Speed distribution of two channels which overlapped each other.
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the CF2 + 2Br channel should be the only possible one at 265
nm. The bromine atoms produced through the three-body chan-
nel seems to be in the slow part of the speed distribution in
Figure 4c because of their small available energy. Although this
part may consist of the three-body and the secondary channels,
we have spent our main attention to the radical channel at 265
nm because the slow part is negligibly small compared to the
total contribution and, hence, the separation of two components
is meaningless. The Br speed distribution was fitted by two
broad curves representing the secondary channel and three
narrow curves representing the radical channel. That of Br* was
fitted into two broad and two narrow curves (see Figure 4).

The center of mass translational energies for the radical and
three-body dissociation channels were calculated by using eqs
3 and 4, respectively.

The translational energy distributions,P(E), in Figure 5 were
obtained from the speed distribution by eq 5.

The available and average internal energies of the CF2Br
radical for the radical channel and the CF2 radical for the three-
body channel were calculated by using the energy conservation
relationship,

wherehν is the photon energy (452 kJ/mol for the 265 nm and
512 kJ/mol for the 234 nm photolysis wavelengths),D0 is the
dissociation energy of each channel at 0 K,Eint

P is the internal
energy of CF2Br2, andEel is the electronic energy level of the
Br atom.Eint

P is assumed to be zero for the supersonic molecular
beam.Eel is 0 kJ/mol for Br and 44.1 kJ/mol for Br*. The
average translational energies and the relative quantum yields
for each primary channel observed in this work are listed in
Tables 1 and 2. The contribution of the secondary channel in
the quantum yield calculation was not performed since the part
is too broadly overlapped to be resolved from the background

noise. The precise description of the contribution is rather
premature at the present stage and requires further study.

Figure 5, transformed from Figure 4, shows that more than
one-third of the low energy portion exceeds the available energy
of the three-body channel and suggests that a considerable
amount of bromine fragments formed through the secondary
reaction. Consequently, the quantum yield of the three-body
channel calculated should be less than the upper limit ratios,
i.e., 0.08 for CF2 + 2Br, 0.05 for CF2 + Br +Br*, and 0.02 for
CF2 + 2Br*. The two bromine atom formation by one photon
was also considered for the quantum yield calculation of the
three-body channel.

The angular distributionP(θ) was obtained by integrating the
reconstructed three-dimensional velocity distribution over a
proper range of speed at each angle, whereθ is the angle
between the laser polarization axis and the recoil velocity of
the photofragment. To estimate the anisotropy parameterâ, P(θ)
was fitted using the standard formula (see Figure 6),

whereP2(cosθ) is the second order Legendre polynomial. We
calculated the anisotropy parameter only for the radical channel

Figure 5. Translational energy distribution of the primary channels at
234 nm (a, b) and components of the radical channel at 265 nm (c, d).

ET(radical)) 1
2
(mBr + mCF2Br)

mBr

mCF2Br
υBr

2 (3)

ET(threebody)) (mBr + 2mCF2Br cos2 R)
mBr

mCF2Br
υBr

2 (4)

P(E) ) P(υ)
dυ
dE

(5)

Eava) hν - D0 + Eint
P (6)

Eint ) Eava- Et - Eel (7)

TABLE 2: Average Translational Energies of Components
of the Radical Channels at 265 nm

channel origin
Et,

kJ/mol
EaV,

kJ/mol FWHM 〈ft〉 Φa

CF2Br + Br B1
1st f B1

1st 83.8 202.3 22.1 0.41 0.33
B1

2nd f A1 96.8 202.3 23.8 0.48 0.34
A1 f A1 128.3 202.3 27.3 0.63 0.11

CF2Br + Br* B1
2nd f B1

2nd 72.9 158.2 20.6 0.46 0.11
A1 f B1

2nd 96.8 158.2 23.3 0.61 0.11

a Quantum yields were obtained only for the radical channels.

Figure 6. Angular distributions of the Br and Br* fragments for the
234 (a, b) and 265 nm (c, d) photolysis wavelengths.

P(θ) ∝ 1 + âP2(cosθ) (8)
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because the distribution of the three-body channel was so broad
and was disturbed strongly by background noise and signals
from the secondary channel.â values of Br and Br* at 234 nm
were calculated for the ranges 1160-1400 and 1135-1360 m/s
in Figure 4, parts a and b, respectively. At 265 nm,â values of
Br and Br* were extracted only for the components of radi-
cal channel which are expected to originate fromB1 states. In
the case of Br and Br* at 265 nm,â values were obtained for
the ranges 1100-1275 and 985-1140 m/s in Figure 4c,d. (see
Table 3).

4. Discussion

The A-band of alkyl halide consists of several electronic
transitions to the different dissociative excited states.23,24 The
overlap and curve crossing between the excited-state PESs are
the origin of the complex photodissociation dynamics of alkyl
halide after A-band excitation. The A-band of CH2I2 consists
of three components located at 310, 280, and 250 nm, which
correspond to B1, B1, and A1 symmetry excited states, respec-
tively.14,23 For CF2I2, the A-band is shifted to slightly longer
wavelengths and the B1, B1, and A1 components approach each
other. In the case of CF2Br2, the close approach of the three
components results in a strengthening to make a nearly single
Gaussian shaped A-band as in the cases of CF3Br and CH3Br.
Comparing the molecular symmetry with those of CF2I2 and
CH2I2, B1(denoted B11st), B1(denoted B12nd), and A1 components
of CF2Br2 are expected to be in A-band in descending order of
wavelengths. The locations of components, however, are not
describable due to the broadness and overlap (Figure 1).

Since the anisotropy parameter,â, represents theµ · υ
correlation, it is possible to obtain information about the excited
states participating in the photodissociation from theâ value
of the photofragments. The assumed geometry of CF2Br2 during
the photoexcitation process is C2υ with the Br-C-Br moiety
on thexz plane. The transition from the ground state, X(1A1),
may allow access to A1, B1, or B2 symmetric states via theµz,
µx, andµy components of the dipole moment operator, respec-
tively. The angles of Br-C-Br and I-C-I, denoted asR,
calculated for CF2Br2 and CF2I2 via RHF/MP2/3-21G level
using the GAMESS are 112.5° and 114.7°. When we compare
R ()114.7°) of CF2I2 with R ()112.5 ( 0.5°) obtained in
electron diffraction studies,25 R of CF2Br2 is expected to be close
to 109.5°, which is smaller than that of CF2I2 due to its smaller
atom size. The angles between the transition dipole moments
and Br recoil direction are 54.7°, 35.3°, and 90°, yielding â
values of 0, 1, and-1 corresponding to A1rX, B1rX and
B2rX transitions, respectively.

In Table 3, theâ values of Br and Br* formed via the radical
channel at 234 nm are 0.80 and 0.65, respectively. These values
are close to the limit value of theâ ) 1 for a B1rX transition
indicating that this transition is the main photodissociation
channel at 234 nm. However, the deviations ofâ values from
the limiting values are too large to be ignored. The differences
may be rationalized by the following three arguments. First,
the rotation of the molecule during the dissociation reduces the
â due to its comparatively shorter rotation period compared to

the dissociation time. Nonetheless,â ()0.99( 0.05) of Br at
265 nm, which is quite close to the limit value, suggests that
the dissociation time is very short compared to the rotational
period and also indicates that the rotational motion will not affect
the â values unless very high rotational levels are populated.
Second, the overlap with the nearly isotropic Br photofragments
of the secondary product channel may further reduce the value
of â. The smallâ ()0.73 ( 0.05) of Br* at 265 nm could
originate from an overlap between the distribution curves (see
Figure 4). In the cases of Br and Br* at 234 nm, the overlap is
very small compared to the one at 265 nm. In addition, these
two arguments cannot elucidate the difference inâ for Br and
Br*. The assumption of an A1rX transition might be a possible
explanation sinceâ is zero for such a transition. The difference
in â for Br from Br* fragments in the 234-nm photolysis can
also be explained by an A1rX transition. The Br2+ ion formed
through the molecular elimination channel is another strong
evidence for the presence of an A1rX transition. Since the B1
excited state is expected to have a nodal plane between the two
bromine atoms as in the case of CH2I2, a B1rX transition will
not lead to a dissociation into CF2 + Br2 molecule.12 If the Br2
originates from a Br2 impurity in the sample, it should be in
vibrational ground state due to the supersonic expansion
conditions. The photodissociation of cold Br2 molecules at 234
nm is known to produce mainly fast Br atoms (VBr ) 1864 m/s)
and very small amounts of Br2

+ ions via a nonresonant
ionization process.21 The absence of Br component atVBr )
1864 m/s indicates that the origin of the Br2

+ ion is not due to
Br2 impurities in the sample. Br2 molecules produced through
the molecular elimination channel are expected to be vibra-
tionally hot, because the Br-Br bond contracts during the
molecular elimination process. Since there are many bound
Rydberg and ion-pair states of Br2 above 60 000 cm-1,26,27we
suggest that the vibrationally hot Br2 molecule produced through
the molecular elimination channel undergoes a transition to a
Rydberg or ion-pair state by absorbing another photon, out of
which it is then ionized by absorption of one more photon.

CF2Br2 photolysis in the A-band can be complicated by the
curve crossing between A1 and B1

2nd PESs. The correlation
diagram between CF2Br2 and CF2Br + Br(Br*) in C2υ symmetry
is obtained from the relationship of the point group and the
direct productions of the species.28 CF2Br + Br correlates with
2A1, 2A2, 2B1, and 2B2 states. By matching the states in
ascending order of energy, we have found that the A1 state
correlates to CF2Br + Br diabatically. For the correlation of
B1

2nd to CF2Br + Br*, another B1 state has been assumed below
the B1

1st state, in comparison with the CF2I2 case where three
B1 states have been found in the A-band. Two surfaces cross
each other due to different symmetries. If the two surfaces are
the same symmetries due to symmetry break, an avoided curve
crossing occurs between them (see Figure 8). By employing
this curve crossing model and eqs 9-11, the crossing prob-
abilities were calculated as listed in Table 4,

whereXB1
2nd is the relative fraction originated from the B1

2nd

TABLE 3: Anisotropy Parameters â of the Radical
Channels

wavelength, nm channel â

234 CF2Br + Br 0.80 ((0.03)
CF2Br + Br* 0.65 ((0.03)

265 CF2Br + Br 0.99 ((0.03)
CF2Br + Br* 0.73 ((0.03)

â ) XB1
2ndâB1

2nd + XA1
âA1

)

XB1
2ndâB1

2nd(âA1
) 0, XB1

2nd + XA1
) 1) (9)

P1 )
ΦBr(B1

2ndf A1)

ΦBr*(B1
2nd) + ΦBr(B1

2nd f A1)
(10)

P2 )
ΦBr*(A1 f B1

2nd)

ΦBr(A1) + ΦBr*(A 1 f B1
2nd)

(11)
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PES, ΦBr(B1
2nd f A1) is the relative quantum yield of Br

produced by “jumping” from the B12nd PES to the A1 PES, and
P1 is the probability of avoided curve crossing in the B1

2nd PES.
The photodissociation dynamics of CF2Br2 and CF3I in A-band
resemble each other. A1, B1

2nd, and B1
1st correspond to1Q1, 3Q0,

and 3Q1, respectively. In the case of CF3I at 275 nm, the
discrepancy ofâ values, i.e., 1.12 for I and 1.91 for I*, is strong
evidence of curve crossing between1Q1 and3Q0.29 In the same
manner, the discrepancy ofâ values of 0.80 for Br and 0.65
for Br* is also strong evidence of curve crossing between A1

and B1
2nd states. On account of the effects of the overlap, the

trueâ of CF2Br + Br at 234 nm is expected to be between 0.8
and 1.0. TheP1 values were calculated for the three cases
assuming that theâ(Br) values are 0.8, 0.9, and 1.0. With the
difference betweenâ(Br) andâ(Br*) fixed to 0.15, theP1 values
were estimated to be 0.78. TheP1 value of 0.78 is considerably
large compared to those of 0.1-0.4 reported for CF3Br and
CH3Br.30,31The retainment ofCs symmetry during the dissocia-
tion is an important factor to determine the avoided curve
crossing probability. By increasing the C-Br bond length during
the reaction, theC2υ point group changes toCs, and the
symmetries of A1 and B1

2nd PESs become the same, A'. The
interaction of two A' PESs results in a strong avoided crossing.

After departure of the Br atom, the CF2Br radical recovers its
C2υ symmetry. In the cases of CF3Br and CH3Br, although their
geometries retainCs symmetries during dissociation, they are
not so departed fromC3υ symmetries. Hence avoided curve
crossing is relatively less probable, whereas in the 234-nm
photolysis, the large change in geometry (fromC2υ to Cs) gives
rise to the large avoided curve crossing probability.

In previous photodissociation studies of CH2I2 and CF2I2, the
B1

1st state has been suggested to be related to the CF2Br + Br
channel only.15,16 The relations between the upper states and
the three primary channels, however, are not well understood.
We have proposed a simple model (in Figure 9) to explain the
correlation between three excited states and three primary
dissociation channels. In this model, the CF2Br + Br channel
originates from B11st and A1 states diabatically and B12nd state
adiabatically by the avoided curve crossing. The CF2Br + Br*
channel comes from the B1

2nd state diabatically and from the
A1 adiabatically. The molecular elimination channel is scarcely
related to the A1 state at 234 nm (see Table 1). The three-body
dissociation channel originates from the B1

2ndstate and competes
with the radical channel. This model is also useful for the
photodissociation of CF2I2 in A-band. In the case of CF2I2, the
proportion of the A1rX transition seems not so significant,
because of its very small transition probability or because the
photolysis wavelength is too long to allow access to the A1

excited state. The avoided curve crossing between the A1 and
B1

2nd PESs and the exclusively high proportion of B1 excited
states can be interpreted in terms of the wavelength dependence
of the I/I* branching ratio of the radical channel, the nearly
unit â value of the radical channel over all ranges of the A-band,

Figure 7. Geometry of the CF2Br2 molecule. The angleR determines
the values of the recoil anisotropy parameterâ (see text).

Figure 8. Simple model representing the avoided curve crossing
between1A1 and1B1

2nd potential energy surfaces.

TABLE 4: Avoided Curve Crossing Probability of A 1 and B1
2nd Potential Energy Surfaces in the Radical Channel at 234 nm

conditions A1 f A1 A1f B1
2nd B1

2nd f B1
2nd B1

2nd f A1 X (A1) X (B1
2nd) P1

a P2

â ) 0.80 0.15 0.61
0.23 0.77 0.79 0.35

â* ) 0.65 0.08 0.16
â ) 0.90 0.08 0.67

0.14 0.86 0.78 0.53
â* ) 0.75 0.06 0.19
â ) 1.00 0 0.75

0.04 0.96 0.78 1.00
â* ) 0.85 0.04 0.21

a P1 andP2 are the probabilities of avoided curve crossing in the B1
2nd and A1 PESs.

Figure 9. Schematic representation of the three primary photodisso-
ciation channels of CF2Br2 at 234 and 265 nm.
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respectively. Nevertheless, further work is necessary to under-
stand the competition between the three-body dissociation and
the radical channel on the B1

2nd state in greater detail.
The transition at 265 nm, the red edge of the A-band, is

expected to originate mainly from B1
1st r X transition. Figure

4c,d shows that the speed distributions of the CF2Br + Br and
CF2Br + Br* channels are composed of three and two
components, respectively. However, all the components of the
speed distributions cannot be assigned completely assuming only
two transitions. A complete assignment is possible when we
assume the presence of an A1 r X transition at 265 nm. We
propose that the origins of the three components are the B1

1st,
B1

2nd, and A1 states and those of two components are the B1
2nd

and A1 states in the ascending order of the translational energy
given in Table 2 and Figure 5. Though a 265-nm photon does
not provide enough energy to access the A1 excited-state PES
in its equilibrium geometry, an A1 r X transition probably can
occur when the electronic state transits close to the curve
crossing point. The A1 excited state approaches the B1

2nd state
near the crossing point, and the strong mixing between the two
states occurs by symmetry breaking. Therefore a B1

2nd r X
transition can induce an A1 r X transition when the two excited
states are so close that they mix near the curve crossing point.
A similar appearance has been found in the case of CF3I
photodissociation at 295 nm, which is too long a wavelength
to reach the higher excited state,1Q1. The transition close to
the crossing point near 295 nm produces the mixed recoil
anisotropy of the I* fragments because of the strong mixing of
the 3Q0 and 1Q1 states.29 These results suggest that CF2Br2 is
excited to a position near the curve crossing by absorbing a
265-nm photon. This curve crossing point seems to be located
at an energy ca. 38 000 cm-1 (∼265 nm) above the ground A1

state (see Figure 9).
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