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We have performed photodissociation experiments on CHBr3 at 248 nm using VUV ionization photofragment
translational spectroscopy. Prompt C-Br bond fission is the dominant single-photon dissociation channel. In
addition to primary Br and CHBr2 signals, we observe Br, CHBr, CBr, HBr, and Br2 products attributed to
secondary photodissociation of CHBr2 and CHBr. There are three competing fragmentation channels from
the photodissociation of CHBr2: CHBr + Br, CH + Br2, and CBr+ HBr. The conclusion that Br2 fragments
do not arise from a single-photon channel in appreciable yield is supported by transient FM absorption
measurements of the CHBr radical. Because the molecular HBr and Br2 detachment channels are multiphoton
processes, they will have very little impact on the atmospheric chemistry of CHBr3. We conclude that the
most important photodissociation channel of CHBr3 in the UV region is C-Br bond breaking.

I. Introduction

The role of anthropogenic chlorine and bromine containing
molecules in stratospheric ozone depletion has been well
established.1 The importance of bromine and its chemistry on
the atmosphere is receiving renewed interest on the basis of
predictions that bromine is almost 100 times more destructive
to stratospheric ozone than chlorine on an atom for atom basis.2,3

The role of bromoform (CHBr3) as a dominant source of
stratospheric bromine, however, has been the subject of recent
debate.3 The absorption spectrum of bromoform is significantly
red-shifted compared to the spectra of other organic bromine
compounds.4 Theoretical calculations indicate that triplet excited
states of bromoform may contribute to the absorption at
wavelengths longer than 300 nm.5 The excitations to the first
several low-lying excited singlet and triplet states primarily arise
from the promotion of an electron from the Br nonbonding
orbital to the antibonding C-Br σ* orbital. Therefore, the
photodissociation of bromoform in the UV region is expected
to result in simple C-Br bond fission. A photofragment
translational spectroscopy (PTS) experiment at 193 nm with
VUV ionization detection by McGivern et al. concluded that
the C-Br bond cleavage was the only primary dissociation
channel.6 The CHBr2 photofragments were produced with
sufficient internal energy to undergo secondary dissociation,
producing both CHBr+ Br and CBr+ HBr with quantum yields
of 0.3 and 0.4, respectively. The result was a total Br atom
quantum yield of 1.5( 0.2. Recently, Sander and co-workers
performed Br quantum yield measurements from 266 to 344
nm using atomic resonance fluorescence detection.7 Their results
suggest that Br quantum yields from bromoform photodisso-
ciation at wavelengths greater than 300 nm are unity, which is
consistent with theoretical prediction. However, the measured
Br quantum yield at 266 nm was 0.76( 0.03, suggesting the

existence of alternative dissociation pathways or radiationless
processes. The latter, in particular, will significantly affect the
atmospheric modeling of this compound. The UV photodisso-
ciation experiments of bromoform at 234 and 267 nm by Xu et
al. using velocity map ion-imaging suggest nonunity Br quantum
yields at both wavelengths. The authors reported that the Br2

elimination channel is an important primary single-photon
dissociation channel at the wavelengths studied with quantum
yields of 0.2-0.3.8

Any investigation of single-photon chemistry, however, must
account for the role of multiphoton dissociation channels in the
interpretation of experimental results. The multiphoton dis-
sociation of the CHBr3 has proven a convenient means to
produce CH(X2Π) radicals with high yield.9-13 Lichtin et al.
observed CH(A2∆fX2Π) and CH(B2Σ-fX2Π) emission spec-
tra in their photodissociation experiment of bromoform at 266
nm.14 Several possible reaction pathways have been proposed
for the multiphoton processes, which involve either CHBr or
CHBr2 as intermediates. The CH emission from the multiphoton
dissociation of bromoform at 193 and 248 nm has also been
studied by Lindner et al.15 The rovibrational state distribution
of CH(A2∆) fragment was measured by using time-resolved
Fourier transform emission spectroscopy. The power dependence
of the CH(A2∆fX2Π) fluorescence was second order and third
order at 193 and 248 nm, respectively. Although a sequential
fragmentation mechanism was developed to rationalize their
two-laser molecular beam experiment results, the identity of
the intermediates could not be definitively determined.

The CHBr fragment has been studied by Sears and co-
workers16,17 and Liu et al.18 using the photodissociation of
bromoform and transient frequency modulation spectroscopy.
Recently, Liu et al. proposed that nascent CHBr radicals from
photodissociation of bromoform at 266 nm were significantly
more energetic than those produced at 193 nm on the basis of
the measured appearance kinetics. The result suggests that the
CHBr fragments at 266 nm may arise from a multiphoton
process because the energetics of CHBr formation via one
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photon at 193 nm, due to spontaneous secondary dissociation
of CHBr2, and via primary Br2 elimination at 266 nm should
be similar.

Despite all this previous work on UV photodissociation of
bromoform, key questions remain unsettled. What are the
primary dissociation channels? How do the branching ratios
depend on excitation wavelength? What is the role of multipho-
ton processes? We have studied the photodissociation of CHBr3

at 248 nm using photofragment translational spectroscopy (PTS)
with VUV ionization detection. The power dependence and
forward convolution fitting of the time-of-flight mass spectra
reveal that the dominant primary dissociation channel is CHBr2

+ Br. We find that the molecular bromine product arises from
the secondary photodissociation of the resulting CHBr2 radicals,
in competition with Br and HBr elimination.

II. Experiment

The experiments were carried out at the Chemical Dynamics
Beamline at the Advanced Light Source (ALS) of Lawrence
Berkeley National Laboratory. A complete description of the
rotating-source fixed-detector apparatus can be found else-
where.19 Briefly, a pulsed molecular beam of<1% CHBr3
seeded in helium was collimated with conical skimmers and
intersected at 90° with the output of an excimer laser operating
on the KrF transition (248 nm). Neutral photodissociation
products traveled 15.1 cm, where they were ionized by tunable
VUV undulator radiation, mass selected, and counted as a
function of time. The characteristics of the VUV undulator
radiation used for product photoionization have also been
previously described.20 The time-of-flight mass spectra of each
individual positive ion were recorded with the excimer laser
fluence ranging from 60 to 1400 mJ/cm2 for power-dependent
measurements. In some cases, the VUV radiation was tuned to
check the crackdown pattern of the ions of interest.

Additional spectroscopic experiments were performed at
Brookhaven National Laboratory to compare the yields of CHBr
following CHBr3 excitation at 193 and 248 nm. The spectrom-
eter uses frequency modulated (FM) transient absorption of a
cw Ti:sapphire laser and a multipass Herriott cell with a slowly
flowing mixture of CHBr3 and He. The technique21 and
apparatus16 have been previously described.

The CHBr3 (99%) was obtained from a commercial source
and was used without further purification.

III. Results and Analysis

A. Photofragment Translational Spectroscopy Experi-
ments. There are several photodissociation pathways that are
energetically accessible in the UV region (eqs 1-5).4,6,22Only

channels 1-3 are allowed via single-photon absorption at 248
nm. Time-of-flight (TOF) mass spectra of Br (m/z79, 81), HBr
(m/z 80, 82), CBr (m/z 93), CHBr (m/z 94), CBr2 (m/z 172),
and CHBr2 (m/z 173) were collected. Center-of-mass transla-

tional energy distributions,P(ET), were obtained from the time-
of-flight (TOF) spectra using the forward convolution (FC)
technique.23 The forward convolution fitting of secondary
photodissociation processes has been discussed in detail previ-
ously.24 A primaryP(ET) distribution is first chosen to represent
the translational energy of those primary fragments that undergo
secondary photodissociation.25 All spectra were recorded using
unpolarized light at 248 nm. For all the TOF spectra presented,
circles represent the data and lines represent forward convolution
fits.

The TOF spectra of Br+ (m/z 79) and CHBr2+ (m/z 173)
shown in Figure 1 were taken at a laboratory angle of 10° and
ionization energies of 13.8 and 12 eV, respectively. The Br
atoms arise from either single-photon dissociation (reaction 1)
or multiphoton dissociation channels (reactions 4 and 5). To
minimize the contribution from multiphoton dissociation, the
Br (m/z 79) spectra were taken with low laser fluence of 60
mJ/cm2. The low laser fluence Br and CHBr2 spectra (Figure
1) can be fitted using a single center-of-massP(ET) distribution,
shown in Figure 2. The two peaks evident in the CHBr2 TOF
spectrum represent fragments scattered forward and backward
with respect to the molecular beam velocity. The fits indicate
that at low laser fluence, Br atoms are primarily produced from
C-Br bond cleavage. The Br TOF spectra did not show any
significant differences using VUV ionization photon energies
from 12.0 to 15.8 eV, suggesting a minimal contribution from
dissociative ionization of other photofragments. TheP(ET)
distribution of the CHBr2 + Br channel is nearly Gaussian in

CHBr3 f CHBr2 + Br ∆rH
0 ) 63.8 kcal/mol (1)

CHBr3 f CHBr + Br2 ∆rH
0 ) 83.3 kcal/mol (2)

CHBr3 f CBr2 + HBr ∆rH
0 ) 59.0 kcal/mol (3)

CHBr3 f CHBr + 2Br ∆rH
0 ) 129.0 kcal/mol (4)

CHBr3 f CBr + Br + HBr ∆rH
0 ) 126.0 kcal/mol (5)

Figure 1. TOF spectra of Br+ (m/z 79) and CHBr2+ (m/z 173) at 10°
obtained at low laser fluence to minimize the contribution from
multiphoton processes.
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shape with a maximum at 8.4 kcal/mol and a fwhm of 6.7 kcal/
mol. The soft fragment impulsive model usually provides a
reasonable estimation of the fraction of the available energy
that is partitioned into translational energy for dissociation
occurring on a repulsive potential energy surface.26,27According
to this model, 0.19 of the total available energy will be
partitioned into translation for the CHBr2 + Br channel. At 248
nm, the total available energy is 51.4 kcal/mol with a C-Br
bond energy of 63.8 kcal/mol according to ab initio calculations
by McGivern et al.6 Assuming that the Br atoms are formed in
their electronic ground state (2P3/2) the impulsive model predicts
an average translational energy of 9.8 kcal/mol. Because the
spin-orbit splitting between the ground and excited state in
the Br atom is 10.6 kcal/mol,28 the total available energy will
decrease to 40.8 kcal/mol if the Br atom is at its excited state,
lowering the average translational energy to 7.8 kcal/mol. Both
states of Br have been observed by Xu et al. for bromoform
dissociation at 234 and 267 nm and a 2.3 branching ratio for
Br(2P3/2):Br(2P1/2) products at 267 nm was reported.8 It is
reasonable, therefore, to assume that both ground- and excited-
state Br atoms are produced at 248 nm and our measured
translational energy represents a weighted average of these two
channels.

The CHBr2 TOF spectra show a linear power dependence at
the lower laser fluences but exhibit saturation behavior at higher
fluences. This behavior is expected over our range of laser
fluences on the basis of the reported cross section of bromoform
at 248 nm of 1.9× 10-18 cm2.4 The power dependence of the
Br TOF spectra was determined using laser fluences up to 1400
mJ/cm2. A broad feature at longer flight times appears with
increasing laser power, as shown in Figure 3. This signal initially
exhibits a quadratic dependence on laser fluence that decreases
to less than quadratic at the highest fluences employed. No
momentum-matched counterpart to the slow feature in the Br
TOF can be observed in the CHBr2 TOF spectra using the same
laser fluence. The secondary photodissociation of both CHBr2

and CHBr can produce Br atoms (channels 6 and 7, respec-
tively). The dissociation of CHBr has been previously suggested

as the source of CH(A,B) radicals using CHBr3 as precursor.14,15

We have assigned the additional features in the high-power Br
atom TOF spectra to channels 6 and 7.

Evidence for channel 6, the secondary photodissociation of
CHBr2, is observed in the CHBr TOF spectrum shown in Figure
4. The spectrum was taken at a laboratory angle of 10° with an
ionization energy of 10 eV. The solid line represents the overall
forward convolution fit, the dotted line represents the fits to
the dissociative ionization of CHBr2, and the dashed line
represents the secondary photodissociation of CHBr2 (elimina-
tion of Br). The dashed line is momentum matched to the
corresponding dashed line contribution in the high-fluence Br
TOF spectra (Figure 3). The TOF spectra of CHBr taken at
two different laser fluences are shown in Figure 5. Bilogarithmic
plots show that the CHBr+ signal arising from dissociative
ionization has a slope of 0.9( 0.1 whereas the CHBr2 secondary
photodissociation signal has a slope of 1.8( 0.1 at fluences
below 200 mJ/cm2. TheP(ET) distribution for the CHBr+ Br
channel shown in Figure 6 peaks at 10 kcal/mol with an average
energy of 15 kcal/mol. The soft-fragment impulsive model
predicts that almost one-fourth of the available energy will be

Figure 2. P(ET) distribution of CHBr2 + Br channel derived from
fitting the TOF spectra in Figure 1.

CHBr2 f CHBr + Br ∆rH
0 ) 65.2 kcal/mol (6)

CHBr f CH + Br ∆rH
0 ) 79.5 kcal/mol (7)

Figure 3. TOF spectrum of Br+ (m/z79) taken with higher laser fluence
(1400 mJ/cm2). The forward convolution fitting is improved by
including the contributions from the photodissociation of CHBr2 and
CHBr. The dotted line represents dissociative ionization of CHBr2, the
dashed line represents the photodissociation of CHBr2, and the dot-
dash line represents the photodissociation of CHBr.

Figure 4. TOF spectrum of CHBr+ (m/z 94) at a laboratory angle of
10° with ionization energy of 10 eV. The contributions from the
different dissociation channels are indicated.
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partitioned into translational energy for this channel. Based on
the average translational energy for the CHBr2 + Br channel,
the average available energy for CHBr and Br fragments will
be 80-90 kcal/mol assuming electronic ground-state CHBr and
Br as products. Therefore, the measuredP(ET) distribution for
the secondary photodissociation of CHBr2 appears consistent
with the impulsive model prediction.

No additional components are required to fit the CHBr+ TOF
spectra, suggesting that the elimination of Br2 from CHBr3 is a
minor channel. Molecular bromine photofragments are observed,
however. The Br2 TOF spectrum shown in Figure 7 was taken
at a laboratory angle of 10° with an ionization energy of 12
eV. The signal exhibits a quadratic (1.9( 0.1) dependence on
the laser fluence, indicating that the dissociation results from a
multiphoton process. We attribute the observed Br2 to the
photodissociation of CHBr2 radicals,

TheP(ET) distribution used to fit the CH+ Br2 channel is shown
in Figure 8. The distribution is nearly symmetric in shape and
peaks at 18 kcal/mol with a fwhm of 15 kcal/mol. No effort
was made to collect CH+ (m/e 13) TOF spectra because the

original intention of our study was the elucidation of the single-
photon channels and CH can only arise from multiphoton
dissociation. Forward convolution fitting of the CH+ could,
however, provide constraints on both the CH+ Br and CH+
Br2 channels.

The ionization energy dependence of the CHBr+ TOF spectra,
taken with 10 and 12 eV ionization energies, is shown in Figure
9. The ionization potentials are 8.9 and 8.3 eV for CHBr and
CHBr2, respectively.29,30 The dissociative ionization of CHBr2

requires 65.2 kcal/mol more energy than the ionization of CHBr.
Decreasing the ionization energy from 12 to 10 eV decreases
the signal attributed to the dissociative ionization of CHBr2

relative to the signal attributed to the CHBr fragments providing
confirmation of our assignments of the components observed
in the CHBr+ TOF spectra.

The elimination of HBr from CHBr3 is also accessible
following single-photon absorption. We find, however, that
although the HBr elimination is the most energetically favorable
channel, the observed HBr signal cannot be attributed to a single-
photon process according to our power dependence measure-
ments. The CBr2 (m/z 172) TOF spectrum shown in Figure 10,
taken at a laboratory angle of 10° and an ionization energy of
12 eV, consists only of signal from the dissociative ionization

Figure 5. CHBr+ (m/z 94) TOF spectra taken with two different laser
fluences. The relative intensities of the features assigned to the
multiphoton dissociation channels increase compared to the signal
attributed to the single-photon channel.

Figure 6. P(ET) distribution for the CHBr+ Br channel of secondary
photodissociation of CHBr2 derived from fitting the high-fluence TOF
spectra in Figures 3 and 4.

CHBr2 f CH + Br2 ∆rH
0 ) 99.4 kcal/mol (8)

Figure 7. Br2
+ (m/z 160) TOF spectrum taken at a laboratory angle

of 10° with ionization energy of 12 eV. The signal is fitted with a
singleP(ET) distribution shown in Figure 8.

Figure 8. P(ET) distribution for the molecular bromine elimination
channel from bromoform.
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of CHBr2 (channel 1). The power dependence of CBr2 signal is
linear. On the basis of these observations we believe that the
single-photon elimination of HBr from CHBr3 is negligible at
248 nm.

The HBr (m/z 82) TOF spectrum shown in the upper panel
of Figure 11 was taken at a laboratory angle of 10° and an
ionization energy of 15 eV. There is a small contribution from
the dissociative ionization of CHBr2 represented by the dash-
dot line. The majority of HBr observed is attributed to the
secondary photodissociation of CHBr2 represented by the dashed
line. The CBr (m/z91) TOF spectrum shown in the lower panel
was taken at a laboratory angle of 10° and an ionization energy
of 13 eV. Two components are observed in CBr TOF spectrum,
the dissociative ionization of CHBr2 represented by the dash-
dot line and the secondary photodissociation of CHBr2 repre-
sented by the dashed line. The secondary photodissociation of
CHBr2 to give CBr+ HBr fragments has aP(ET) distribution
shown in Figure 12. TheP(ET) distribution is slightly asym-
metric, which peaks at 9 kcal/mol with a fwhm of 10 kcal/mol.
The signal associated with this channel in both TOF spectra
exhibited a quadratic power dependence on the laser fluence
that started to show saturation behavior at the highest fluences
employed.

B. Laser Absorption Spectroscopy of CHBr.Independent
laser absorption experiments were undertaken to test for the
possibility of a single photon channel producing Br2 and CHBr
in the 248 nm photodissociation of bromoform. The frequency

Figure 9. CHBr+ (m/z 94) TOF spectrum taken with two different
ionization energies.

Figure 10. TOF spectrum of CBr2+ (m/z 172). The CBr2 signal arises
solely from the dissociative ionization of CHBr2.

Figure 11. (Upper) TOF spectrum of HBr+ (m/z 82). The dash-dot
line represents the dissociative ionization of CHBr2, and the dashed
lines represent the CBr+ HBr channel from the secondary photodis-
sociation of CHBr2. (Lower) TOF spectrum of CBr+ (m/z 91). The
dash-dot line represents the dissociative ionization of CHBr2, and the
dashed line represent the CBr+ HBr channel from the secondary
photodissociation of CHBr2.

Figure 12. P(ET) distribution for the CBr+ HBr channel from the
secondary photodissociation of CHBr2.
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modulated transient absorption spectrometer at Brookhaven
National Laboratory has been previously used to measure CHBr
spectroscopy and kinetics, following 193 nm photodissociation
of bromoform.16 A direct comparison of CHBr signal strength
using 193 and 248 nm excimer laser photolysis permits an
assessment of the relative yields of CHBr at these wavelengths.
We further intended to measure the power dependence of the
CHBr signal at 248 nm to characterize any multiphoton
pathways to CHBr.

At 193 nm, previous studies have shown CHBr to be formed
with a yield of about 0.3, following spontaneous fragmentation
of the single-photon, primary CHBr2 photoproduct. In a flowing
sample consisting of about 100 mTorr CHBr3 in 1.5 Torr He,
the transient absorption spectra of CHBr following 193 nm
photolysis rise to a maximum in about 5µs and decay in tens
of microseconds, reflecting thermalization and reaction time
scales. The strong line in Figure 13 (closed circles) is the Q(10)
line in theA(0,0,0)-X(0,1,0) band of CHBr, near 10 841 cm-1,
measured at the time of maximum absorption. Similar time-
dependent signals have been observed for rotational lines of
the origin band, probing the ground vibrational state of CHBr.18

The 193 nm laser fluence was 30 mJ/cm2 for this measurement,
and the plotted spectrum reflects the peak intensity, observed
4-6 µs following the ArF excimer laser pulse.

Changing the excimer laser gas from ArF to the KrF mixture,
exchanging one dichroic beam steering mirror, and repeating
the scan on the same flowing mixture resulted in the null
spectrum displayed in Figure 13 (open circles). At no time
during the 100µs observation time was any absorption signal
observed in this spectral region, putting a small upper bound
on the relative yield of CHBr production at 248 nm relative to
that at 193 nm. Despite the absence of CHBr absorption signals,
visibly stronger violet emission from excited CH was observed
with 248 nm than with 193 nm. The 248 nm fluence exceeded
the 193 nm fluence by a factor of 1.8 in the displayed scans,
with all else remaining constant. On the basis of the noise level
of these measurements, we set an upper bound of 1:200 for the
relative populations of the detected rovibrational level produced
at 248 nm relative to the 193 nm reference. The absorption cross
section of CHBr3 at 248 nm is smaller than that at 193 nm by

a factor of 1.8, the same factor by which the 248 nm laser
fluence exceeded the 193 nm fluence. If a single photon process
produced Br2 + CHBr at 248 nm with a quantum yield as large
as 0.2, we should expect CHBr signals of comparable intensities
in these two scans. We conclude the single-photon yield of Br2

+ CHBr at 248 nm is at least a factor of 100 smaller. In addition,
we were unable to detect any CHBr that we could attribute to
multiphoton pathways at 248 nm.

Additional related experiments at 266 nm did produce easily
detectable CHBr signals at lower fluences. The growth of low-
energy CHBr rovibronic states is slower than at 193 nm, as
previously reported.18 This is consistent with a requirement for
more extensive relaxation from a higher energy initial distribu-
tion of CHBr formed by more than one 266 nm photon. The
pressure, power, and time-dependent CHBr signals we observed
from CHBr3 at 266 nm were complex and will require further
study to confirm and interpret. We suspect the striking differ-
ences between 248 and 266 nm experiments are attributable to
differences in thesecondaryphotochemistry of CHBr2. The
branching among Br2 + CH, HBr + CBr, and Br+ HCBr
dissociation channels may change abruptly with excitation
energy, or the absorption cross section of HCBr2 may be
changing rapidly in this region.

IV. Discussion

A. Br 2 Elimination Channel. Our measurements indicate
that the formation of Br2 requires at least two 248 nm photons
and involves the secondary photodissociation of CHBr2. It is
difficult to determine the relative yields of Br2, HBr, and Br
from photodissociation of CHBr2 because the internal energy
of the fragments, and hence photoionization cross sections, may
differ substantially. We postulate that the majority of CHBr
products observed in the current experiment very likely in the
experiments of Liu et al. arise from sequential photodissociation
of CHBr3 and not from the primary CHBr+ Br2 channel. The
elimination of Br2 from the photodissociation of CHBr2 can only
result in ground-state CH on the basis of energetics. This
mechanism is consistent with recent measurements measuring
a quadratic power dependence of the formation of CH(X2Π)
at 248 nm.12,13 Previous studies reporting evidence of a three-
photon mechanism to produce excited-state CH, detected via
CH(A2∆fX2Π) emission, likely characterized the sequential
loss of three Br atoms.14,15

B. HBr Elimination from CHBr 2. There is a significant
difference between theP(ET) distributions for the CBr+ HBr
at 248 nm in the current study and the distribution measured at
193 nm (ref 6), which peaked near zero translational energy.
This is not surprising given the dissimilar formation mecha-
nisms. TheP(ET) distribution for the CHBr2 f HBr + CBr
channel at 193 nm peaks is consistent with a spontaneous
decomposition mechanism. Theoretical calculations reveal that
the exit channel barrier is only 0.6 kcal/mol higher than the
asymptotic product energy for the HBr elimination, resulting
in a translational energy release well described by statistical
models of energy partitioning. The secondary dissociation of
CHBr2 at 248 nm, however, requires an additional photon and
the translational energy suggests dissociation on a repulsive
potential.

CASSCF and MRCI calculations of CH2Br by Li et al. reveal
that the low-lying excited states are all repulsive along the C-Br
bond, indicating the C-Br bond fission is the dominant
photodissociation channel in the UV region.31 There is evidence
for more complicated dynamics in the transient resonance
Raman spectra CHBr2 radical in methanol solution.32,33 The

Figure 13. Comparison of peak spectral intensities for a CHBr line
following photodissociation of CHBr3 at 193 (filled circles) and 248
nm (open circles). The derivative line shape is measured by frequency
modulation absorption spectroscopy and illustrates at least a 200:1
reduction in the signal level as the photolysis wavelength is changed
from 193 to 248 nm.
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Raman spectra show activity not only in the C-Br stretch but
also in the Br-C-Br bend and combinations of these modes,
suggesting a more multidimensional photodissociation than CH2-
Br, which exhibits only a C-Br stretching progression. These
studies provide indirect support for molecular elimination
channels in addition to the CHBr+ Br channel in the
photodissociation of CHBr2.

C. Br Atom Quantum Yield. The photodissociation quantum
yields of CHBr3 have been reported recently by several groups
in the wavelength region from 193 to 324 nm.6,7,8 The
experiments by Bayes and co-workers represent absolute
quantum yield measurements, and the authors conclude that the
Br atom quantum yields at wavelengths>300 nm should be
unity.7 Although the quantum yields reported in this wavelength
region were less than unity, the authors attributed this finding
to random errors related to the small absorption cross sections
and weak signals at long wavelengths. At 266 nm Bayes et al.
report a Br quantum yield of 0.76( 0.03, which was interpreted
to indicate the involvement of other dissociation channels. Xu
et al. subsequently observed Br2 formation from CHBr3 pho-
todissociation at 266 and 235 nm.8 Their reported Br2 quantum
yields of 0.16 and 0.26 suggested that Br2 elimination was the
reason that the Br atom quantum yields were less than unity.
The authors used the CHBr and CHBr2 signal intensities to
estimate the branching ratio between the C-Br bond fission
and Br2 elimination channels by assuming the photoionization
cross sections of CHBr and CHBr2 at 118 nm were equivalent.
Verification of this assumption requires more experimental
evidence because it may significantly alter the branching ratio
derived by Xu et al. The fragment channels were also not
momentum matched, suggesting that the fragments may derive
from different processes. Finally, no test for linearity of fragment
yields with laser power was performed.

Theoretical calculations5 suggest that the dominant primary
photodissociation channel of bromoform in the UV region is
prompt C-Br bond fission, which would result in a primary
Br quantum yield of unity. Although the PTS experiments by
McGivern et al. at 193 nm (ref 6) and the current study are not
well suited for determining absolute quantum yields, they can
often provide accurate relative quantum yields. We find that at
248 nm, as is the case at 193 nm, the only single-photon
dissociation pathway is the CHBr2 + Br channel. Unless there
are nondissociative pathways that participate at 248 nm, which
we consider unlikely given the prompt fragmentation channel,
the Br atom quantum yield should be considered to be unity at
this wavelength. It is difficult to reconcile this conclusion with
previous reports at 266 and 235 nm, although it is possible that
several excited states may be involved in the dissociation, which
lead to different products over this narrow wavelength range.
Though we observe Br2 fragments, our experiments demonstrate
that these fragments arise from multiphoton dissociation.
Transient absorption spectroscopy of CHBr confirms that a
single-photon CHBr+ Br2 channel is minor. Because the Br
quantum yields and branching ratios between different dissocia-
tion channels are important for atmospheric chemistry modeling,
more experimental and theoretical studies will be needed for
resolution of the contradictory results. To this end, additional
PTS experiments performed at 266 nm may prove extremely
insightful.
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