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Photodissociation study of CH 3Br in the first continuum
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The photolysis of CHBr is studied in the energy region of the A band between 4.94 and 5.76 eV
using ion imaging. Velocity distributions for both the bromine-atom and methyl-radical
photofragments are determined. Our results indicate that transitions &Qthand 3Q, states
dominate the absorption cross section and the partial cross section to each state is determined. The
[Br<]/[Br] branching ratio is found to be strongly dependent on the excitation energy varying
between 0.6 and 1.5. Both the bromine-atom and the methyl-radical translational energy
distributions suggest that the vibrational distribution in the nascenj iSHonstatistical with
appreciable excitation in the, umbrella mode. The lifetime of thé band is estimated at
=120+40fs. © 1998 American Institute of Physids$0021-960808)00114-7

I. INTRODUCTION In this paper we present our results concerning the pho-
todissociation of CHBr in the wavelength range between

Methyl bromide has been the focus of much attention251 and 215 nm. Angular and translational energy distribu-

recently, mainly because of its ozone depletion potential.tions of the Br, B, and CH photofragments are obtained

Photodissociation via excitation to th& band (first con-  using a velocity imaging technique. The wavelength range

tinuum) produces ground state, BR3,), and spin—orbit ex- probed covers the lower-energy portion of the absorption

cited, BréP,,,), bromine atoms that we label as Br and'Br  spectrum of methyl bromide and provides detailed informa-

respectively. Bromine atoms are known to be 40 times moré¢ion concerning the nature of the states involved in the pro-

efficient than chlorine atoms in breaking down the atmo-cess, their relative absorption strengths, and 8@ ]/[Br]

spheric ozoné.Recent studies have indicated that methylbranching ratio.

bromide produced both by natural and anthropogenic sources

is the largest reservoir of atmospheric bromide and respon-

sible for as much as 10% of the global loss of stratospherié" EXPERIMENT

ozone? The experimental apparatus described in detail
Unlike methyl iodide, which has been studied glsewher® is described here only briefly. A cold molecular
extensively’ very little work has been done on the photodis- beam is produced by expanding a gas mixttypically 10%
sociation of CHBr. As pointed out by previous studie§, CHsBr in He) into the source chamber via a home-built
the C—Br bond lengtt1.939 A in methyl bromide is sub- pulsed nozzldbacking pressureB,<1 atm. The molecular
stantially shorter than the C+2.132 A bond length in me-  peam, which is skimmed and collimated +€0.8 mm diam-
thyl iodide, causing theA band absorption maximum in eter, is intersected at right angles by two counterpropagating
CHgBr to shift to higher energies~<200 nm)/ Excitation  |aser beams, one used for the photolysis of;BiHand the
from the ground state can take place in three dissociativether for the state-selective ionization of the desired photo-
excited states, designated dQ,, °Q;, and 'Q; by  fragment. In the case of the Giphotofragment, monreso-
Mulliken.®*° The 3Q, state correlates asymptotically to nantMPI scheme is used in order to detect all quantum states
CH;+Br*, while excitations to théQ;, and'Q, states lead produced. To ensure that no photofragment escapes from the
to the production of Cht+Br. probe volume, a zero time delay between the two lasers is
Experiments performed on both sides of the absorptiorthosen. The exact wavelength of the dissociation laser is
maximum of CHJ indicated that 1 is the major productl  checked by resonantly ionizing either Br or Xe through a
and that the production of | atoms depends strongly on th&nown transition, and its polarization is always maintained
extent of nonadiabatic curve crossing between®@g and  parallel to the detector plane. For the REMPI detection of
the'Q, states. In the case of methyl bromide, however, phopromine atoms, the bandwidth of the laser is found to be
todissociation studies performed at 193, 222nd 208 nm,  narrower than the velocity Doppler profile of the photofrag-
showed thati) the internal state distribution of GHis hotter  ments. Consequently, its wavelength is scanned across this
for the Br producing channel compared to the channel leadprofile, ensuring that all velocity components are detected
ing to the production of BY, and(ii) most of the CHinter-  with equal probability. Details about the photodissociation
nal energy excitation is stored in thg umbrella mode. energies and the states involved in the REMPI detection are
given in Table I.
3Electronic mail: theo@Iuce.ieslforth.gr, P.O. Box 1527; telephone: ~ 1he ions produced in the interaction region are acceler-
++30-81-391467; fax:++30-81-391318. ated by a suitable electric field along the axis of the time-of-
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TABLE I. Listing of the photodissociation wavelength, the measured an- > o
isotropy paramete, and the intermediate states through which the (2 1.0y° o 215.00 nm v
+1) resonant ionization of the Bi®,) and B (°P,,,) photofragments is Z o8 v 22014 nm
achieved. < : o 229.22nm
g 06}
Excitation Intermediate Intermediate s
wavelength  state for state for 2 04}
(nm) Br REMPI  Br* REMPI B(Br) B(Brv) g 02
250.98 2pY, 0.19+0.02 =
229.22 2pl, 2p0, 0.39+0.02 1.94-0.05 0.0 '
220.14 “pY, 2p9, —-0.49+0.04 1.9%0.05 1.0} (a) Br —¥—220 nm
215.00 4PY, 2pY, -0.11+0.02 1.86:0.15 - —0—229 nm
= 0.8+ —&— 251 nm
S
S 0.6
&
flight mass analyzer and are detected using a home-built > 04
position-sensitive ion-imaging detector. Discrimination §
against background ions is achieved by gating the detector S 0.2

and the results presented in this article are obtained by re- 0.0
cording the®Br™ ion signal. lon images are recorded using a 0
CCD camera and background images are obtained by tuning
the ionization laser off resonance. Details about the imageic. 2. (a) Angular distribution of the BAPs;,) photofragment at a series
processing techniques and extraction of velocity distributionsf wavelengths.(b) Angular distribution of the BRP,;,) photofragment
can be found in Ref. 12 obtained at a series of wavelengths.

Following the pioneering work of Eppink and ParRkér,

we have adopted theeloc_:ity imagingtechnique as a r_n_ajo_r along the equator, while the Br image is generally isotropic.

: . ) ) . Nn the CH; image two distinct rings are observed that corre-
involves replacing the uniform extraction field a:ssembly,spond to the production of Br and Br

which consisted of a repeller and a flat-fine-mesh grid by an Angular distributions for Br and Br presented in Fig. 2

electrostatic zoom lens consisting of repeller, extractor, an%re obtained by appropriate reconstructionf the corre-

ground electrodes. With this arrangement, Eppink an : : ; :
3 . o . o ponding data images. The anisotropy paraméfgss listed
Parker® report that ions with identical velocities produced in Table | are determined by fitting the functional form

anywhere within the interaction volume can be spatially fo'l(a)oc1+0 53(3cod 6—1) to the experimental angular
cused to a very small “spot” on the detector (50 xm). In 14,15 B(Br*) appears to be insensitive to the

th f this work, b f the limited spatial resos ot Putions:
€ course of this work, because of the fimited spatia reSObhotolysis wavelength, and hence the direct measurement of
lution offered by the microsphere platés Mul) used in our

. .. _the Br* angular distribution at 251 nm was deemed redun-
dete’c,:to.r, we have been able to achleve_ only moderate i0N3ant. On the contrary(Br) displays a nonmonotonic de-
spot sizes 0f~800xm. Even S0, we find that the energ})/ crease from positive to negative values as we move from the
resolutuzn of our spec.tro.meter is improved to about 10A)Iow-energy tail toward the peak of the absorption continuum.
from 20% when the grid is used. Kinetic energy distribution§KED) that we determine by
appropriate reconstruction of the Ghhages'? are shown in
Fig. 3. The overlaid stick spectra indicate the calculated po-

Typical data images for Br, Br and CH produced by sitions for CH (v,, J=0) and reveal several interesting
the photodissociation of methyl bromide are presented ifrends:(a) the relative intensity of the two peaks in the €H
Figs. 1. A first look reveals obvious differences in the angu-KED varies as a function of wavelengtti) both KED cor-
lar distributions of the Br and Brfragments. The Brimage responding to the formation of the Br and*Bpeak atv5®
has most of the intensity at the poles and very little intensity>0; and(c) v5*{Br)>uv5*(Br*).

30 60 90 120 150 180
Scattering angle 0 (deg)

Ill. RESULTS

IV. DISCUSSION

0 255 o A. Photofragment angular distributions and the
: A-band lifetime
v G ' The ground state symmetry of GBr is A; while the
P symmetry of the three excited statesEsfor the Q,, Q,
(a) (b) (c) states and\ for theQ, state. Assuming a prompt dissocia-

tion and an axial recoil of the photofragments, then the ex-
FIG. 1. () Image of the BrtPs;) produced by the photodissociation of citations to the’Q; and'Q; states constitute perpendicular
CHyBr at 229.22 nm(b) Image of the BrtP, ;) produced by the photodis-  yransitions, i.e., the angular distributidé) of the photo-

sociation of CHBr at 229.22 nmJ(c) Image of the CH fragment by the . . 415
photodissociation of CEBr at 218 nm. The arrow indicates the laser polar- fragments will follow a sif & dependenCé' AnaIOQOUS|y’

ization direction. Intensity at the center of the Chhage is due to the the transition to théQ, state will be a parallel one, namely
photodissociation of (C§Br)y—;3.4.. clusters. I (8)=cog 6. Hence, we expegB(Br*)=2.0, as Bf corre-
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FIG. 3. Kinetic energy distributions for the GHbhotofragment. The tic
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curve crossing. For the Brchannel, assuming a rotational
temperature off~50 K, we obtaino~1.1x10? s, and
setting x;=0° in Eqg. (1), we find thatr=120+40 fs when
B(Br*)=1.9+0.5. This value constitutes an upper lifetime
limit of the A band in CHBr and is comparable to the results
of Dzvonik et al,}” where a 70 fs upper lifetime limit was
reported for theA band in CHl. From our determined life-
time settingy;=90° (for the Br producing channelsn Eq.
(1) we estimate thaB(Br)=—0.95+0.5.

B. Product state distribution

The KED for the CH photofragment are bimodal, each
peak corresponding to the formation of Br and* Brespec-
tively. As pointed out above, the Ghhternal state distribu-
tion appears to be significantly hot, for both the Br and the
Br* producing channels. As rotational structure is not ob-
served in our data, the question we need to address concerns
the partitioning of this internal energy between the rotational

marks indicate the calculated translational energies corresponding to th@nd vibrational degrees of freedom of the methyl radical.
production of CH (v,, J=0), and the arrow indicates the calculated posi- Both Hesset al® and van Veeret al® have pointed out that

tions for CH; (v,=J=0) for the Br and Bf channels, respectively. The
peak appearing at 1 eV for the KED at 226 nm, is due to (GBrn-234...
cluster photodissociation.

lates to the’Q, state, ang3(Br)=—1, as both théQ, and

in order to induce large rotational excitation on £H sig-
nificantly bent excited state is necessary. However, our an-
gular distribution analysis suggests that the transition dipole
moment is either parallel \;=0°) or perpendicular ¥;
=90°) to the C—Br bond, leading us to believe that @
geometry of the ground state is maintained by the excited

the °Q, states correlate to Br. Although our observedstates. In light of this argument, we conclude that most of the
B(Br*)~1.9 is very close to the ideal value 2.0 predictedexcitation in the CHmust be stored as vibrational energy. In
above, the angular distributions for Br differ substantially addition, given that the dissociation axis is always perpen-
from the expected sfp behavior. These deviations can be dicular (or nearly so to the H-atom plane, it is reasonable to
attributed to two possible phenomertg:the lifetimes of the  assume that the’, umbrella mode will have the greatest
dissociative states are sufficiently long to smear out th@robab”ity of excitation upon photodissociation.
sir? ¢ distribution}*** or (ii) a sufficient amount of the Br As in previous studie¥ Fig. 3 indicates that the amount
produced by direct excitation is converted to Br because obf v, excitation is greater for the channel producing Br than
nonadiabatic coupling betweé@, and'Q; states, thus add- for the channel producing Br Specifically, we note that the
ing sufficientparallel character to the otherwiggerpendicu-  Br KED peak at 1-2v, quanta higher than the BrkKED.
lar type Br angular distribution. Hesset al® have attributed this to the difference in slopes
The first scenario assumes that the rotational period obetween the potential energy surfaces, stating that the steeper

the electronically excited C48r is comparable to the time it 1Q, state provides less time for the Glghotofragment to
takes for the photofragments to separate, thus changing thelax. In the theoretical treatment of @HMorokuma and
orientation of the dissociation axis with respect to the direcco-workeré® found that the C—H bonds are situated at 90°
tion of the polarization of the photolysis laser. The coeffi-angles with respect to the C—I bond in th@, state(i.e., a
cient 8 can be related to the lifetime of the dissociative planar CH geometry, and this angle increases to about 104°
state via the relationshif for the 3Q, state(i.e., a pyramidal shaped GH Their tra-

1+ w272 jectory calculations showed that it is easier to excite the

152022’ mode when the CHlis planar rather than when it is pyrami-

dal and consequently, dissociation on fiqg, state generally

where o~ (7kT/21)Y? is the angular velocity of the parent yields cold CH, consistent with our observation for GBt.
molecule,| is the moment of inertia, ang; is the angle Furthermore, Morokuma and co-workers also point out that
between the internuclear axis and the direction of the transiin the case of curve crossing, the substantial change in the
tion dipole for the final state. For the Br channel that in-geometry of the methyl group from pyramidal to planar,
volves a perpendicular transition, an extremely long lifetimecauses a significant amount of excitation in the;Qkhbrella
ryields agB value of —0.25, and hence only th&Br) at 220 mode. This behavior is confirmed by our Br images by not-
nm could be accounted for by the lifetime scenario. Thereing that the distribution of photofragments at the pdle®-
fore, we conclude that the semi-isotropic angular distributiorduced by curve crossings noticeably wider than at the
of the Br photofragment is generally caused by nonadiabatiequator(direct dissociation

B~2P;(cos x}) 1
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FIG. 5. Total and partial absorption cross sections ofAt®nd for CHBr.
C. Br*/Br branching ratio

The amount of curve crossing is determined from thepy cyrve crossing and by direct excitation, respectively.
KED of CH; obtained by considering only scattering a”9|eSHence, the relative amount of Bproduced is given by the
in the region 20 = —20°, i.e., only the polar part of the relationship

image, the results are plotted in Fig. 4. This procedure is

justified by the conclusions presented above, mainly that the _ @)
direct production of Br results in a perpendicular transition  [Br*]+[Brlingirectt[Brlgirect 1+A’

(B=—0.95) and, consequently, any contribution at the polesdnd the results are listed in Table Il. Using E) and the

wil arise from curve crossing. I.n a Landqu—Zener model thetotal cross section values from Fig. 5, we extract the contri-
probablht_y for curve crossing is proportlon_al to exi{v) bution of the®Q, state at each wavelength studied. The re-
wherec is a constant related to the coupling strength be g a6 shown in Fig. 5. Ignoring once again the data points

tween the states and the slope of the potential curvesy and between 220 and 224 nm. we note that a Gaussian function
is the photofragment velocity at the curve crossifgve fits very well to our experimental points as well as the two

should ?omt Otr’]t here t?at 'g@‘?'v geoml%try, Eised C(;I’]l SYM= hoints of van Veeret al® This Gaussian function represents
metry alone, the coupling between thQ, (A1) and’Q; .o absorption cross sectipa(3Q,)] of the 3Q, state. Sub-

(E) is zero 7 ®E=E). We suspect that the nonzero cou- tracting e(3Q,) from the total cross section yields a bimodal

pling is caused by Jahn—TgIIer distortioa(E) of the C.?’v shaped distribution that we fit with two additional Gaussian
symmetry of the!Q, state via thevg (e symmetry rocking

vibration? Figure 4 clearly contradicts the Landau—Zener
model as _the_ obseryed pro_pen_sny for curve crossing deragie oL Branching ratio[Br* V([Br* 1+[Brlugrectt [Blrec) for the pro-
creases with increasing Br kinetic energy and hence with quction of B* and the curve crossing probability Brlygrec/
as well. Indeed, ignoring the data points between 335Q[Br*]+[Brligiec)-

(~220 nm) and 3500 cit (~224 nm), we find that the
remaining data points fit nicely to a straight line. Details
about the nature of the curve crossing and ithegularity

[Br¥] 1

[Br]indirecl [BI‘*]
[BI’* ] +[Br]indirect [BI’* ] +[Br]indirect+[Br]direct

Excitation

observed for excitation wavelengths between 220 and 224"avelengthinm) (+0.02) (£0.05)
nm will be discussed elsewhetk. 218 0.15 0.61
220 0.14 0.54

220.25 0.22 0.46

D. Partial absorption cross sections 23832 852 g:ig
The total absorption cross section for B’ is pre- 221 0.31 0.47
sented in Fig. 5. In order to extract the partial absorption ggg 8'28 8'32
cross sections(3Q,), €(°Q;), and €(*Q,) for the three 224 023 048
states that comprise bard, it is necessary to know the 225 0.20 0.54
relative amounts of Br vs Br produced from each state. 226 0.19 0.50
From the KED of CH in Fig. 3 we determine the branching 230 0.25 0.54
ratio ([Brlgirectt[Brlingirec? /[Br* J=A by fitting the experi- gig 821 g:ig
mental distribution with two Gaussian functions, where 245 0.38 0.46

[Bringirect 2aNd [ Brlgirect represent the amount of Br produced
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