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By using cavity ring-down spectroscopy technique, we have observed the channel leading to Br
molecular elimination following photodissociation of bromoform at 248 nm. A tunable laser beam,
which is crossed perpendicular to the photolysis laser beam in a ring-down cell, is used to probe the
Br, fragment in theB °I1;,— X 'S transition using the range 515-524 nm. The ring-down time
lasts 500 ns, so the rotational population of thg Bagment may not be nascent nature, but its
vibrational population should be. The vibrational population ratio of(8# 1)/Br,(v=0)=0.8

+0.2 implies that the fragmented Bis vibrationally hot. The quantum yield of the molecular
elimination reaction is 0.280.05, consistent with the values of 0.26 and 0.16 reported in 234 and
267 nm photolysis of bromoform, respectively, using velocity ion imaging. A plausible
photodissociation pathway is proposed, based upon this worklamdtio calculations. The\ n,,

BE, andC A, singlet states of bromoform are probably excited at 248 nm. These excited states
may couple to the high vibrational levels of the ground stéié\; via internal conversion. This
vibrationally excited bromoform readily surpasses a reaction barrier 389.6 kJ/mol prior to
decomposition. The transition state structure tends to correlate with vibrationally Bot Br
Dissociation after internal conversion of the excited states to vibrationally excited ground state
should result in a large fraction of the available energy to be partitioned in vibrational states of the
fragments. The observed vibrationally hot,Bragment seems to favor the dissociation pathway
from high vibrational levels of the ground state. Nevertheless, the other reaction channel leading to
a direct impulsive dissociation from the excited states cannot be exclude®00® American
Institute of Physics.[DOI: 10.1063/1.1777211

I. INTRODUCTION —CHBr+Br, AH=349 kJ/mol 2

The atmospheric chemistry of bromine has recently re-
ceived considerable attention. In spite of the low concentra-
tion of bromine in the atmosphere, its catalytic rate on deple-
tion stratosphere ozone is proposed up to be 100 times more —CBr+HBr+Br AH=530 kJ/mol. 4
rapid than chlorine atom’sin addition, the coupling of BrO
and CIO cycles to produce the atomic forms of Br and Cl carEarly in 1961, Simons and Yarwood studied the photodisso-
enhance the ozone depletion by chloroflorocarbons up t6iation of CHBE using flash photolysis near 200 riThey
20%. Halons and methyl bromides are well known source@scribed the observation of CBr to the primary loss of Br
of atmospheric bromin&® Bromoform, which can last long atom followed by decomposition of the energized ChiBr
in the atmosphere and is primarily biogenic in origin, is an-radical. By using photofragment translational spectroscopy,
other source that can contribute to active bronfin®hoto- ~ McGivern et al. suggested that the loss of bromine atom is
dissociation is considered as the major mechanism for brahe only primary channel in the 193 nm photolysis, while the
moform removal from the atmosphere, but the knowledge ofémaining CHBy may undergo secondary dissociation to
its photochemistry is very limited. give rise to comparable yield for the HBr elimination and

In CHBr, photolysis, four dissociation channels are ther-CBr bond cleavagé.On the other hand, Xet al. using a
modynamically probable in the ultraviolet wavelength re-Vvelocity ion-imaging detection first observed a channel for

—CBrL+HBr AH=245 kJ/mol 3

gion: the elimination of molecular bromine in the 234 and 267 nm
photolysis of bromoform, and reported a quantum vyield of
CHBr;—CHBr,+Br AH=258 kJ/mol (1) 0.26 and 0.16, respectivéhSuch an observation has an im-

portant impact on the chemistry of atmospheric bromine,
*Author to whom correspondence should be addressed. Fax: 886-20{here the current atmOSphe“C photochemical models con-
23621483; electronic mail: kclin@ccms.ntu.edu.tw sider only the loss of bromine atom.
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The present work aims to confirm the photodissociatiortion channel is estimated to be 028.05, which is consis-
mechanism of bromoform to produce the,Bragment by tent with those reported by Xet al. using velocity ion-
using a cavity ring-down absorption spectroscd@RDS). imaging detectioff. The vibrational branching ratio of
This technique has been widely applied in the studies oBr,(v=1) to Br,(v=0) is determined to be 0:80.2, sug-
spectroscopy, kinetics, dynamics, and photochemistry in thgesting that the Brfragment is vibrationally hot. With the
condensed or gas phases® The method is based upon the aid of ab initio potential energy calculations, the dissociation
measurement of the decay rate of light trapped in an opticahechanism leading to the products o, Bind CHBr may be
cavity with high reflectance. When a pulsed laser radiation igjained insight.
guided into an optical cavity, formed by a pair of highly
reflectivpT mirrors R>99.9%), the small amoun_t of Iig_ht Il. EXPERIMENTAL SETUP
trapped inside the cavity reflects between two mirrors with a
small fraction transmitting through each mirror for each pass. The CRDS apparatus used for photodissociation study of
The decay rate of the light leaking out of the cavity is relatedoromoform is depicted in Fig. 1. The radiation sources are
to the absorption coefficient of the sample in the cavity. Ascomposed of an excimer laser emitting at 248 nm for pho-
an emerging absorption technique, CRDS has the followingolysis of CHBg and a tunable dye laser working on Cou-
advantages(l) independence of fluctuation of radiation in- marin 503 dye(515-524 nm, pumped by the second har-
tensity; (2) more sensitivity than conventional absorption monic of Nd:YAG laser, used to probe the released Br
methods due to a longer optical path; &84 ease to set up fragment in theB °I1,,—X 'S transition. The photolysis
apparatus? and probe lasers, with pulse durations about 20 and 5-8 ns,

In this work, we adopt the CRDS technique to measureespectively, both were operated at repetition rates of 10 Hz.
the nascent vibrational spectra of the molecular brominérhe photolysis laser was focused with a 25 cm focal length
fragmented in the photodissociation of bromoform. An exci-cylindrical lens onto the ring-down cell at right angle to the
mer laser at 248 nm is employed to dissociate bromoform ircavity, while the probe beam was injected along the axis of
a ring-down cell, while the other tunable laser is used tathe cavity. The two laser beams were overlapped in the cen-
probe the By fragment. Given the absorbed photon numberter of the flow cell. The volume of the overlapping region
density and the Brconcentration produced in the beam- was evaluated by multiplication of the beam width and
crossed region, the quantum yield for the molecular eliminaheight of the photolysis laser and the beam diameter of the
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FIG. 2. CRDS spectra of Brobtained from photolysis of bromoform at pressure of 2 Teywithout use of photolysis laser arid) with use of photolysis
laser.(c) CARD spectra of pure Brcompound at pressure of 72 mTorr.

probe laser, corresponding tb8x1x3)+5 mnt. The delay  spectra were obtained by scanning the wavelength of the
time between photolysis and probe laser was adjusted to herobe laser with a spectral resolution of 0.1 ¢m
20 ns. In order to remain mostly the Ti)ymode, the probe
beam was guided through a spatial filter made of a pair of;; pOTENTIAL ENERGY CALCULATIONS
lenses of 10 and 5 cm focal length and a pinhole with.i®
diameter. The pulse energies for photolysis and probe laser The excitation of CHBy at 248 nm is lower in energy
were controlled at 281 and 4-0.2 mJ, respectively, prior to than that of the vertical transition to its first excited singlet
entering the ring-down cell. stateA A, .° Stationary points on the ground state potential
In this work, we used CHBr, CCLBr, and CHCIBras  energy surface were located using the B3LYP density func-
. H H H 6,17 H
photolysis reagents. The later two were used to checkional theory with the 6-3118 basis set>!’ Unrestricted
whether the recombination process between primary Br-atorgomputations were performed throughout this work. For the
fragments played a significant role during the long ring-transition state$TSs, intrinsic reaction coordinate calcula-
down time. They were all purified by repeated freeze-pumptions were performedf The computations were carried out
thaw cycles at 77 K and each individual was introduced inwith the GAUSSIAN 98 suite of programs?
the ring-down cell with the pressure regulated at 1-2 Torr ~We have located a secondary saddle p6lr§1) on the
monitored by an mks pressure gauge. The ring-down celPES at 389.6 kJ/mol above the CHBminimum, and a
was sealed with two mirrors with high reflectane69.9% at  genuine TS(TS2 which lies at 195.8 kd/mol. TSIC,) has
500 nm, a diameter of 25.4 mm and a radius of curvature ofn (S%) of 0.939 and two imaginary vibrational frequencies
1 m. The probe beam was injected through the front mirrogt 273 and 84 cm', which correspond to symmetric and
into the ring-down cell, but only a small fraction could be asymmetric C-Br stretchings, respectively. The symmetric
coupled into the cavity by transmission through one of cavitystretching mode leads to CHBBr, (327.0 kJ/mol. TS2
end mirrors. The mirrors were mounted about 53 cm apart if(S*)=0) has an imaginary frequency at 261 Tmwhich
such a way that their positions may be slightly adjusted tocorresponds to C-Br bond breaking, leading to the
trap a laser pulse inside the cavity by ensuring it retroreflect&HBI,: - -Br intermediate IN(172.1 kJ/mol, which further
back and forth between two mirrors. A photomultiplier tube dissociates into CHBr-Br. The Br--Br distance in the in-
was positioned behind the rear mirror to record the intensitjermediate is 2.719 A.
of the light pulse leaking out of the mirror on each round trip
inside the cavity. The intensity envelope composed of eachy. RESULTS AND DISCUSSION
transmitted pulse exhibits an exponential decay, because of a
constant loss of light at each mirror surface. The temporaf"
profile of the ring-down signal was recorded on a transit ~ As shown in Fig. 2, the CRDS spectra of,Bragment in
digitizer and transferred to a personal computer. The ringthe B °I1, X '3 transition are obtained following photo-
down time for each laser pulse may be determined by a beslissociation of bromoform at 248 nm. The,Bspectral as-
fit of the acquired exponential decay. The,Bibsorption signment is referred to the report by Barr@wal?° Part of

Nascent vibrational distribution of Br  , fragment
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FIG. 3. Detection of CRDS spectra of Biollowing photolysis of(a) CCl;Br and (b) CHBr; at 248 nm.

the results are shown in Fig. 2. When the photolysis laser isnono-Br-containing molecules. Even when the sample pres-
off, the B, signal disappearig=ig. 2(@)]. To confirm the ac- sure was increased to 2.5 Torr and the photolysis-probe delay
quired spectra resulting from the Bfragment, a pure Br  time was extended to 80 ns, we could not find any detectable
compound at 72 mTorr was substituted in the cell and itdoromine molecules either. Second, the measurement of laser
CRDS signal was also measured for comparigeig. 2(c)]. energy dependence was performed for a selective rotational
Consistence of the spectra between Fige) 2and Zc) re-  line P(37) of the band(35,0 at 519.68 nm. The plot of
veals only the By fragment occurring in the 515-524 nm rotational intensity as a function of the laser energy in a
region in the photolysis of bromoform. logarithmic scale yields a straight line with a slope equal to
When the photolysis-probe delay time is varied from 20one, indicating that only single photon is involved in the
to 100 ns, the rotational feature of Bremains the same. formation of bromine molecule. Two photons are otherwise
Since the ring-down time is long, about 500 ns, the rotationatequired for the recombination process.
population becomes thermally equilibrated and probably This work demonstrates for the first time using CRD
loses its nascent nature. Nevertheless, the occurrence of \@bsorption spectroscopy that,Bis formed in the primary
brational energy transfer takes a longer time such that thphotodissociation of bromoform at 248 nm. When laser
vibrational population detected by CRDS method may stillwavelength is changed to 266 nm, the CRDS signals fgr Br
be in a nascent state. The vibrational population amounts tare also detected but it is weaker under otherwise identical
summation of each rotational line of the corresponding levelconditions. However, when a laser-induced fluorescence
The rotational lines oP andR branches in the band87,0 (LIF) technique was employed, we failed to find any detect-
and (41,1 both have been assigned upJte 34. To estimate able signals fronB to X transition of By fragment in the
the branching ratio of vibrational populations in the=0 primary dissociation channel at a pressure of 8 Torr GHBr
and 1 levels, one must take into account Franck-Condon faand with a photolysis-probe delay time of 150 ns. As the
tors of the band$37,0 and(41,1) and Hml-London factor  delay time is prolonged to 150 ns, only a Swan band gf C
for each rotational liné' The ratio of Bp(v=1)/Bry(v appears in the 516—-517 nm regigiWVhen a pure By com-
=0) yields a value of 0.80.2, which bears a large uncer- pound is substituted for bromoform, the LIF signals of the
tainty caused by ignorance of the rotational lineg=34  rotation lines in theg37,0 band appear to be twice as wide
and the partial overlap between them. In spite of that, thevhen compared to those detected by CRDS method. The
branching ratio shows significant evidence that thefBag-  difficulty with LIF detection may rise from a low fluores-
ment is vibrationally hot following photodissociation of bro- cence quantum vyield caused by predissociation with the re-
moform. pulsive C 1, state?®?*
During a long ring-down time, is it probable that the,Br
fragment comes from the secondary recombination of two Br
atoms resulting from the dissociation chan(®l? We car-
ried out two experiments to verify this possibility. First, a
precursor CHCIBr or CCLBr was used to replace CHBIn The quantum yield for the CHBmphotolysis via channel
the cell. Under otherwise identical conditions, Fig. 3 shows(2) can be determined from the ratio of Bconcentration
no detectable signals of Bfragment in the photolysis of the produced in the beam-crossed region of photolysis/probe la-

B. Quantum yield for Br , elimination
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sers to the photon number density absorbed in the same re
gion. The absorbed photon number dengitis evaluated by
using the following equation:

_Ein_Eout
TN ©

1.2+

0.91

where h denotes the Planck’s constant,denotes radiation
frequencyAV denotes the beam-crossed region, Bpdand
E,ut indicate the photon energy of the incoming and outgo-
ing radiation for photolysisk;,, andE,,; may be estimated
by using Lambert-Beer’s law, as expressed by

Ein=Epexp —ont,), (6)

0.61

0.3+

Absorption Coefficient (x10%)

Eou=Eoexp(—onty), ()

) i 1 N ¥ N 1
where EQ is the photon energy of inci(_jent photolysi; laser 0 Number D:nsity (molecu:e/cms) (xlo'“g)
pulse prior to the cellp is the absorption cross section of
CHBr3, nin the number density of CHBIin the cell, andl;  FiG. 4. Plot of absorption coefficient versus number density gfdiaser
(or £,) indicates the distance between the inner side of thavavelength of 519.68 nm, yielding a slope indicative of the corresponding
entrance cell window and the frorfor reay edge of the absorption cross section (8.3)x 10" cn.
beam-crossed region. The schematic is depicted in Fig. 1
o is reported to be 1.9410 *8cn? at 248 nnt° ¢, and(,
are measured to be 6.39.02 and 6.6%0.02 cm, respec- be used to obtain corresponding photon number density and
tively. The number density of CHBrin the cell is 4 Br, concentrations. These two parameters are linearly pro-
% 10*molecule/cm. The beam-crossed region is estimatedportional to each other. A plot of these quantities yields a
to be (5.4-0.5)xX 10 2cn?. straight line whose slope is equal to the quantum yield of
The Br, concentration may be determined by measuringd.23+0.05 for the molecular elimination channgfig. 5).
its absorption coefficient after photolysis. The absorption coOur result is consistent with those reported by Jackson group
efficient « is evaluated by the following equation: using velocity ion-imaging detectichThey obtained the
quantum yields of 0.26 and 0.16 at 234 and 267 nm, respec-
= i(l_ i (8) tively, by assuming the ionization cross sections were iden-
cl tical between the two fragment ions CHBr and {B".
whered=53cm, the distance between two high reflectance’ 'US far, the dissociation channéls and(2) have ever been
mirrors;| = 1.8 cm, the optical length of the absorbeis the observed with sh.ort wavelength rad|qt|on. The quantum yield
light speed, and and r, are the ring-down times of Bms a [0 the other primary channel leading to ChBand Br
result of the probe laser wavelength in-resonance or oﬁ_should bg 0.77. The branching ratio of dlSSOClatlon c'han'nels
resonance with 519.68 nm, respectively. If an empty cavity id ) t0 (2) is about 3:1. Therefore, the molecular elimination
used for the measurement, the additional bound-free absor! Br2 must play a significant role in the atmospheric chem-
tion may contribute to error in determining the term «1/
—1/7g). In this work the photolysis-probe delay time is set at
20 ns which are short enough to ignore the diffusion loss of ;]
Br, fragment. Given the absorption cross section of the Br ]

a

T 7))’

i 2.8
vapor at 519.68 nm, its concentration may be readily ob-7
tained. = 29

To determine the absorption cross section of,Bwe ,,F

2.4 —~
2.2+

2.0

replace the precursor with the pure,Brompound regulated

at different vapor pressures in the flow cell. The correspond-
ing ring-down timesr and , were measured using the probe
laser alone, as tuned in-resonance or off-resonance witt g
519.68 nm, respectively. By using E) in which | is re- ] B
placed byd, the absorption coefficient for a given vapor 4 //
pressure may be obtained. As shown in Fig. 4, the linear plot = 2] //{’

of the absorption coefficient against the number density of  1.01

Br, has a slope that is equal to the absorption cross section 3 s 5 6 7 8
0= (1.3£0.3)x10 cn?. The B concentration pro- Absorbed Photon Density (photon/cm®) (x10°'%)
duced in the interaction region may be evaluated from the _ ) _
ratio of a/og,,. FIG. 5. Plot of number density of Brproduced in 248 nm photolysis of

. . . romoform against the absorbed photon density, yielding a slope indicative
When the photolysis beam energies are varied from 10-%‘ quantum yield 0.23:0.05 for the dissociation channel of molecular elimi-

22.4, and 25.4 mJ/pulse, the methods described above maytion.

1.8

Br;] (molecule/cm
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FIG. 6. Ab initio state energy calculations of bromoform dissociation along an adiabatic reaction coordinate. Two dissociation channels are calculated, the one
leading to CHBH# Br, via a transition barrier 389.6 kJ/mol and the other leading to GHEr via a transition barrier 195.8 kJ/mol.

istry of bromine, which has been ignored in the past atmointernal conversion. In this manner, the prolonged lifetime of

spheric models. photodissociation  through theBE—X'A, or C!A;
—X1A; couplings should cause a large fraction of the avail-
C. Photodissociation pathway able energy to partition in vibrational levels of the fragments.

_ o _ o The vibrationally hot By fragment observed in the CHBr
According toab initio calculations, shown in Fig. 6, the pnotolysis at 248 nm seems to favor the dissociation pathway
energy barrier leading to the fragments CHBr and; Br from the highly vibrational levels of the ground state, al-

amounts to 389.6 kJ/mol, with respect to the electroniGhoygh the information for the partition of translational en-
ground state of bromoform. The transition state lies along aRrgy is not yet known.

adiabatic reaction coordinate for a photodissociation channel "gromoform excited at 248 nm has an energy of 483
on the ground state surface bromoform that leads to thgj/mol, which is enough to readily surpass the transition bar-
CHBr+Br, products. This part of the surface is character-rier, As shown in Fig. 7, the elongation of both C-Br bonds in
ized by A" symmetry, and its structure has two C-Br bondshe transition state may break concurrently along a symmetry
elongated to 2.680 A relative to 1.950 A in the ground statep|ane. Thus a concerted mechanism is anticipated in any

The Br-C-Br angle is bent symmetrically with respect to appotolysis. We failed to find the possibility for a stepwise
mirror plane, and the Br-Br is separated by 2.570 A about gissociation in the calculations. That is, a free Br atom re-
10% larger than 2.332 A in the ground state, BThus the

photodisociation pathway via the transition state should lead
to a vibrationally hot By fragment.

According to theab initio potential energy calculations l-ll H| \H\
by Peterson and Francistdthe A!A,, B1E, andClA, (@) Br/ﬁ\ S Br/c:‘\.\ - _C
states are probably excited by the laser at 248 nm. The trar Br Br P Br
sition R~1A2<—;( 'A, is dipole forbidden, but the transitions B B Br—_ "
BE—XA, andCA;—X*A; are allowed and the ratio of \

the corresponding transition probability is 50:1. The excited
statesB 'E andC 'A; have the correct symmetry to correlate

N —T

1 N

with the fragmented products via the molecular elimination (b) Br/ B — /(Tl — _c
pathway. If the photodissociation occurs directly from a re- Br d‘Br Br E/Br Br __Br
pulsive limb of the excited state, the available energy is an- B Br \
ticipated to substantially partition into the translational states

of the fragment_s. OI’_I the_ other hand, the excited states M3YG. 7. Photodissociation mechanisms proposed for the efimination
couple to the high vibrational levels of the ground state viareaction.(a) concerted dissociation ard) stepwise dissociation.

Downloaded 13 Aug 2007 to 140.109.113.120. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 121, No. 11, 15 September 2004 Photolysis of bromoform 5259

sulting from one C-Br bond cleavage moves to form a Br-Brvibrational levels of the ground state such that a prolonged
bond before the other C-Bibond breakgFig. 7).2° In this lifetime of dissociation may cause the recoil fragments iso-
manner, the obtained Bifragment may be produced rota- tropic relative to a transition dipole, yielding a zeBovalue.
tionally hot but vibrationally cool. Our theoretical calcula- Otherwise, the fragment with a nonzeoand a large trans-
tions suggest that as long as the single C-Br bond is elorlational energy would be anticipated as a result of direct
gated, the products CHBrand Br are readily obtained photodissociation.
through a transition barrier 195.8 kJ/mol, about a half of that By analyzing ultraviolet resonance Raman spectra of
encountered in the molecular elimination react{éig. 6). bromoform in cyclohexane solution, Phillips and coworkers
In a similar photolysis study using velocity ion-imaging found significant intensity in the overtones of nominal Br-
detection, Jackson’s group have determined an anisotrop®-Br symmetric bend i¢), H-C-Br asymmetric bendi),
parameter8 and the translational energy distribution of the Br-C-Br symmetric stretch ,), and Br-C-Br asymmetric
other moiety CHBr produced by molecular elimination atstretch (s) vibrational mode$® The lack of strong combi-
234 and 267 nm, respectivélfresuming these two primary nation between these four Franck-Condon active modes sug-
photodissociation processes originate directly from a repulgests that more than one electronic transition contribute to
sive potential surface, then an impulsive model may be apthe resonance Raman spectra. This seems to suggest that
plied to predict how the available energy is partitioned in thethese four active modes in the Raman spectra are related to
photofragmenté’?8 According to this model, the fraction of the two major primary dissociation channels via single Br
the available energk ., partitioned into the product trans- atom cleavage and Brmolecular elimination. Electronic
lation, Et, is given by transition that involves short-time dynamics along the
asymmetric stretch or; asymmetric bend may lead to the
_(Ug— CHBr, and Br fragments, while the transition involving the
Er= E Eavail, ©) pathways along/g symmetric bend ow, symmetric stretch
modes probably result in the Belimination. In contrast to
whereu,, 5 is the reduced mass of C and,Bu,_g is the  this viewpoint, Phillips and coworkers related the observed
reduced mass of CHBr and BrThe available energies are four active modes to the secondary HBr elimination or C-Br
511.4 and 448.2 kJ/mol in 234 and 267 nm photolysis, rebond breaking, by considering scheifig as the only chan-
spectively. Thus with this model the average translationahel present in the photolysis with ultraviolet radiatfdrFor
energies are predicted to be 30.9 and 18.9 kJ/mol, respetstance, they anticipated the electronic transition involving
tively. The theoretical translational energy for CHBr are es-the v; H-C-Br asymmetric bend mode to correlate with the
timated to be 19.5 and 12.0 kJ/mol at 234 and 267 nm, resecondary HBr elimination reaction. There is no available
spectively. In contrast, the observed translational energy ahformation to support their speculation regarding this mo-
CHBr peaked at 10 and 20-25 kJ/mol, and the correspondecular elimination process.
ing anisotropic parametef was measured to be-0 and
~0.5 in 234 and 267 nm photolysis, respectiveljhe bro-
moform photolysis at 234 and 267 nm should apparently leay- CONCLUSION

to different dissociation pathways. Xet al. suggested that By using CRDS technique, we have observed thg Br
the pathway differences at these two wavelengths is probably,iacyjar elimination as a second major reaction channel
related to the naturg of the excited. states, but they (_jid n%llowing the photodissociation of CHBrat 248 nm. The
have any further d|scussu§nAccord|ng to the theoretical |\ 5cent vibrational spectra of the,Bragment was reported,
calculations, th@ °A, state may be excited at 267 nm, while showing the fragmented Bwas vibrationally hot. The quan-
A*A;, B'E, andC*A, states are probably excited at 234 ym yield for this reaction channel was determined to be
nm.!® The transition probability to th& °A, is weak and itis  23+0.05, consistent with those reported by Jackson and
symmetry forbidden to dissociation via the molecular elimi- co\workers using velocity ion-imaging detection in the 234
nation reaction. However, it can borrow intensity from the 3nq 267 nm photolysis. With the aid of the calculations by
nearbyb °E and ¢ A, triplet states which have relatively Ppeterson and Francisco on the low-lying electronic states and
larger transition probabilities by 4 and 30 times, respectivelythe theoretical state structure calculations of the transition
and these surfaces are allowed for reaction. If bromoforngjong the adiabatic reaction coordinate on the ground state
dissociates vid *E« X *A; perpendicular transition, the re- surface in this work, a plausible photodissociation pathway is
coil fragment relative to the transition dipole would give rise proposed. The\ *A,, B 'E, andC *A; singlet states of bro-

to a negatives value; which does not agree with the ob- moform are probably excited at 248 nm. These states may
served average value of 0.5. Thus, the 267 nm photolysigouple to the high vibrational levels of the ground state
may probably undergo fast direct photodissociation from thex 1A, , from which the excited bromoform feasibly surpasses
repulsive limb of excited stai@®A; . In contrast, when pho- 3 reaction barrier prior to decomposition. The transition state
tolysis occurs at 234 nm, the measured translational energtructure tends to correlate with vibrationally hot levels of
of CHBr is far less than that predicted by the impulsiveBr, fragment. In addition, a concerted mechanism of photo-
model. A large fraction of the available energy should begissociation is anticipated, since two C-Br bonds elongate in
partitioned into the vibrational levels of the fragments. Asthe transition state and may break Concurrenﬂy a|0ng a sym-
with the photolysis at 248 nm, the excited staB4E or  metry plane. The observed vibrationally hot,Bragment
C'A; of bromoform may have chance to couple with high seems to favor the dissociation pathway from these high vi-
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brational levels of the ground state. Nevertheless, the othéfJ. Pearson, A. J. Orr-Ewing, M. N. R. Ashfold, and R. N. Dixon, J. Chem.
reaction channel leading to a direct impulsive dissociatior),Phys.106 5850(1997.

U. Lommatzsch, E. H. Wahl, T. G. Owano, C. H. Kruger, and R. N. Zare,
from the excited state can not be excluded. Chem. Phys. Lett320, 339 (2000.

143, J. Scherer, J. B. Paul, A. O'Keefe, and R. J. Saykally, Chem. Rev.
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