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Using the laser photolysis/vacuumltraviolet laser-induced fluorescence (LP/VBYIF) “pump-and-probe”
technique the dynamics of H atom formation after photoexcitation of chloromethanes at 193.3 nm were studied
in the gas phase at room temperature under collision-free conditions. For all chloromethanes, H atoms were
detected byZp?P — 1s°S)-LIF using tunable narrow-band Lymaniaser radiationA , &~ 121.6 nm) generated

by resonant third-order sundifference frequency conversion of pulsed-dye-laser radiation. However, only

in the cases of C§Cl and CHCI, were the H atoms found to originate from a primary photodissociation
step. Absolute quantum yields for the formation of primary H atoms were measured by means of a calibration
method to bepy(CHsCl) = (1.24 0.6) x 1072 and¢y(CH.Cl,) = (0.24 0.1) x 1072, From H atom Doppler

profiles measured under single-collision conditions, the average translational energy released t¢ the H
CH,CI and H+ CHCl, products in the center-of-mass system was determined t&Het—CH,CI) = (86.6

+ 14.2) kd/mol ander(H—CHCI,) = (84.3+ 8.9) kdJ/mol. On the basis of available thermochemical data,

the corresponding fraction of the available energy released as product translational energy was determined to
befr(H—CH,CI) = (0.444+ 0.07) and+(H—CHCl,) = (0.41+ 0.04). In the CH{ photodissociation, primary

H atom formation was not observed. The H atoms detectable after laser irradiation of &H®B.3 nm

were found to originate from secondary photodissociation of the gkGlical.

I. Introduction enhanced multiphoton ionization (REMM)!8 and the laser-

. induced fluorescence (LIF) technidddor CI* and Cl atom
The photochemistry of halogenated methanes has been Ofyetection. The measured CI*/CI branching ratio values are

great interest ever since it was recognized that Chloromet_ha”e%ummarized in ref 20. For GJ&l and CHCl, it was found
in the stratosphere may release Cl atoms upon absorption ofihat the CI*/CI branching ratio increases in going from a
solar radiation and the Cl atom so produced may catalytically photolysis wavelength of 193.3 nm to a photolysis wavelength
decompose ozore’ of 157.6 nm, while for CHG within the experimental

For the chloromethanes optical vacutimitraviolet (VUV) uncertainty, no dependence on the photolysis wavelength was
and ultraviolet (UV) absorption specttzf photoelectron spec-  gpserved.

tra,/® and fluorescence yields after photodissociative VWUV
excitatior? have been measured. The B¥hultiphoton disso-
ciation of chlorinated methanes has been stdfliesd the VUV

The formation of H atoms was observed in the 157.6 nm
photolysis of chlorinated metharfésand relative [H]/[CI* +
photolysis of CHOJ and UV~ mltiphoton fonization of 0 nimber of 1 atoms present in the moleddien those
CHyCl and CHCI,'? has been investigated in matrices. studies, bimodal H atom Doppler line shapes were observed

The VUV and UV gas phase photodissociation dynamics of \hich could be described by a superposition of a Gaussian and
the chlorinated methanes have been studied by several groupg non-Gaussian profiR2. The presence of two distinct H atom
using different experimental techniques. Photofragment trans-ye|ocity distributions was explained by the possibility for the

lational spectroscopy was used to investigate the dissociationcH cl, , molecules to undergo both a direct and indirect
dynamics of CHCI****and CHC}'® at a photolysis wavelength  photolytic G-H bond scission at 157.6 nm.

of 193.3 nm. In neither study was HCI molecular elimination
or, in case of CHG| molecular elimination of Globserved,
and it was suggested that single-Cl bond fission is the
primary photolytic process for both compounds. At photolysis
wavelengths of 193.3 and 157.6 nm, ground statéPg) atoms
and electronically excited CI?Py;;) atoms could be detected
and [CI*(2P12)])/[CI(2Ps2)] fine structure branching ratios were
measured for the chloromethanes using+21) resonance-

Recently, the dissociation dynamics of the H atom formation
channel were investigated after photoexcitation of chlo-
romethanes at the Lymam-wavelength {£121.6 nm) and
absolute H atom quantum yields ¢f(CHsCl) = (0.53+ 0.05),
¢n(CHLCIy) = (0.28+ 0.03), andpr(CHCI3) = (0.23+ 0.03)
were reported® In the case of CkCCl the measured H atom
Doppler profiles showed a pronounced bimodal structure, while
for CH,Cl, and CHC} the H atom Doppler line shapes could
each be well-described by a single Gaussian function, which

T On sabbatical leave from Chemistry Division, Bhabha Atomic Research corresponds to MaxwelBoltzmann-like translational energy
Cep ¥§'V§‘§O”r}f’ac¥,;,'2§’;%ndence should be addressed. distributions. At both photolysis wavelengths (157.6 nm and

€ Abstract published ilAdvance ACS Abstractdune 15, 1997. 121.6 nm) at which in the chloromethane dissociation H atom
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formation was observed, valence, as well as Rydberg, transitions Tunable Lymana-laser light @prone = 121.567 nm) for H
can be excited. For the chloromethanes, excitation in the first atom detection via (ZP — 1*S) laser-induced fluorescence
absorption band (denoted as A band in ref 5), located in the was generated by resonant third-order sutifference frequency

wavelength region 220170 nm, can be described by a83p~ conversion @yuy = 2wg—oT) in a Kr—Ar mixture 26 The fixed
0*(C—Cl) valence shell transition, where Bgs a lone pair frequencywg (Ar = 212.55 nm) was resonant with the Kr two-
orbital of the Cl ando* is an antibonding €CI o-MO. photon transition 4p5p (1/2, 0), while the frequenayt was

Absorption in the B and D bands which occurs at shorter tuned from 844 to 845.5 nm to cover the H atom Lynan-
wavelengths €170 nm) was assigned to 3p— 4s,p Rydberg transition. The “primary” laser radiation for the nonlinear
transitions In ref 14, on the basis of the results obtained in mixing process was obtained from two tunable dye lasers,
CHzX (X = Cl, Br, and I) photodissociation studies at different simultaneously pumped by a XeCl excimer laser, one of which,
photolysis wavelengths, it was suggested that for methyl halideswg, was frequency doubled with a BBO Il crystal. The
C—H bond fission is correlated with excitation to a Rydberg- generated Lyman: light was carefully separated from the
state which has a lifetime long enough to allow electronic energy fundamental laser light by a lens monochromator followed by
transfer from the initially excited €X bond to one of the three  a light baffle system. A bandwidth okv ~ 0.4 cnT! was
C—H bonds. determined for the Lyman-laser radiation in separate experi-
The aim of the present study was a systematic investigation ments by measuring Doppler profiles of H atoms (generated
of the chloromethanes’ H atom formation dynamics after by a microwave discharge) under thermalized conditidhs: (
selective valence shell excitation. A photolysis wavelength of 300 K).
193.3 nm was therefore chosen which allows excitation inthe  The photolysis laser beam was aligned so as to overlap the

long-wavelength tail of the respective A bands. probe beam at right angles in the viewing region of the LIF
IIl. Experimental Section detector. The delay time between the pump and probe pulse
was typically (1004 5) ns. The LIF signal was measured
through a band-pass filter by a solar blind photomultiplier
positioned at right angles to both pump and probe laser. In
order to obtain a satisfactory S/N ratio, each point of the H
atom Doppler profiles was averaged over 30 laser shots. During
the experiments, the change of the intensity of the probe laser
beam was monitored with an additional solar blind photomul-

The photodissociation studies were carried out in a flow
reactor at milliTorr level pressures under collision-free condi-
tions using an apparatus similar to that used in previous VUV/
UV —photodissociatioff2*and reaction dynamics experimefits.

Room temperature GI&l (>99.8%, Messer Griesheim),
CH,ClI, (>99.5%, Fluka Chemie, amylene stabilized) and GHCI

(99.8%, Riege:;de F?’hCHROMASOhLV’ arr|1ylene stabilizeéj) tiplier of the same kind. The H atom LIF signal, Lymarprobe

was pulmp_e t I‘Ol;l% t ehreactor. . T em ovxéwas starte h beam, and the photolysis laser intensities were recorded with a
several minutes before the experiments in order to ensure they, .o channel boxcar system and transferred to a microcomputer,
removal of the small amounts O,f impurities, which were stated 5 an analogue-to-digital converter, where the LIF signal was
by the manufacturer to be mainly HCI and gHand higher o ali7ed to both photolysis and probe laser intensities.
hydrocarbons, all of them having a considerable higher vapor A contribution to the LIF signal from H atoms produced

pressure than CHgl The liquids CHCI, and CHC} were . .
: directly by the Lymana photolysis of the chloromethanes was
degassed prior to the measurements by fregzenp-thaw observed? Although the probe laser fluence was considerably

cycling at liquid N, temperature. In test runs with ethanol- . Pl - . .
stabilized CHCI (0.5-1% ethanol) it was found that in this 1OWer (typically 1x 10:2cm2) than in the experiments carried
out in ref 23, an electronically controlled mechanical shutter

case the H atom signal observed was dominated by H atoms ) d i h hotolvsis b hoi d
from ethanol photolysis. This was verified by a comparison of \(/j\{as _|n§ert'[e b |tnto t (tah P otqdy5||s “Leam bpatk n c()jr |e_|r to
the observed H atom Doppler profiles with those obtained by Iscriminate between the residual “Lymansackgroun

photolyzing a sample of pure ethanelq9.8%, Riedel-de Hen). atom signal and that from H atoms produced by the 193.3 nm

Using amylene-stabilized Gi8l, and CHC4 samples no H atom photolysis laser. At each point of the H atom Doppler profile,
signal due to ethanol photolysis could be observed signal was recorded first with the shutter open, and then with

The CHCI flow was controlled by a Tylan flowmeter. the shutter closed, the difference between the two signals was

CH,Cl; and CHC} flows were controlled using a needle valve. obtained using a point-by-point sgbtraction procedure. This
For the calibration measurement, HCI (99.999%) was passedf;”ml’(vGd todobta(;n aquppLer progllel free frr]omlthg H atom
through the reactor. The HCI flow was also controlled by a Caﬁ:(ground p():rgcuce via the probe laser photolysis of@H
needle valve. Typical chloromethane pressures during the ~''2-'2 an 4

photodissociation experiments were-38 mTorr, measured ' '

by an MKS Baratron. The HCI pressure used in the calibration Ill. Results and Discussion

runs was typically 1520 mTorr. The gases flowed through ] . .

the reactor at a rate high enough to ensure renewal of the gas A. CHACI, CH:Cl,: Absolute Quantum Yield for Primary

between successive laser shots. All measurements were carrieb—| Atom Formation. At the UV wave_length of 1.93 nm,
out at a laser repetition rate of 6 Hz. CHsCl and CHCI, have rather low optical absorption cross

An ArF excimer laser fpump = 193.3 nm) was used to sectiong®1%0f 6.96 x 1072%and 3.7x 1071° cn¥, respectively.
photodissociate the chloromethanes as well as HCI. A circular [N order to verify that the H atoms observed in theCHand
aperture was used to skim off a homogeneous part of the CH,CI, photodissociation originate from primary dISSOC.IatIOH.
rectangular excimer laser profile in order to provide the processes, the erendence ofthe H atom S|gr_1al on the intensity
photolysis beam. In some of the experiments a cylindrical lens of the phOtO'YS'_S and prOb? laser was mvgsﬂgatgd. For both
(1 m focal length) was used to partially focus the photolysis molecules, within the experlmen_tal uncertainty, a Ilnt_aar depen-
beam. Intensities were typically between 20 mJ/c (flu- dence of the measured H atom signal on the photolysis (“pump”)
ences were between 0:210'% cm 2 and 1x 10% cm-2). The and probe laser intensities was observed (see e.g., Figure 1a,b)
pump laser beam was determined to be essentially unpolarizedC0nsistent with the following primary dissociation steps
and it is therefore expected that any possible anisotropy of the
photodissociation process would be largely averaged out. CHLCI + Aiw(193.3 nm)—~ CH,CI + H 1)
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0.05 significantly to H atom formation, a deviation from a linear
a) CHaClp pump laser power dependence is expected. Although a pro-
. nounced deviation was not observeafter calibration of the H
atom signatthe H atom quantum yield of the secondary
. 1 photodissociation step which would be consistent with the

e uncertainty of the measured linear pump laser power dependence
’ d (see, e.g., Figure 1a) and the corresponding contribution of
0.02 . secondary photolysis to the overall H atom yield can be

¢ estimated.

On the other hand, should secondary photolysis of @htl
CHCl radicals by the probe laser contribute significantly to H

atom formation, the H atom signal would exhibit a square
% 02 oa 06 o8 10 12 dependence on the probe laser intensity, unless the radical probe
pump laser intensity in a.u. photolysis step is saturated. The lattter would require, because
of the very low probe laser fluence of aboutx1 102 cm=2
used in the present experiments, VUV absorption cross sections
0chy(121.6 nm) anducp,ci(121.6 nm) of~10712 cn?, which
seem to be unreasonably high.

In addition, different test runs were carried out in which the
delay time between the pump and probe laser pulse was varied
. 2% between 80 and 150 ns. No significant change in the H atom
oo T * signal was observed, consistent with production of H atoms
* solely by photolysis rather then chemical side reactions of
. . photolysis products.

s Absolute H atom quantum yield$y were obtained by
3 calibrating the H atom signab(RX) measured in the chlo-
e o ) . \ romethane photodissociation against the H atom sig§f&Cl)
0 025 050 075 100 125 150 from well-defined H atom number densities generated by
probe laser intensity in a.u. photolyzing HCI. The values for the absolute H atom quantum
he yields were calculated using the following equation:

0.04

o
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Figure 1. Dependence of the observed H atom LIF signal: (a) ont
photolysis “pump” laser (193.3 nm) and (b) Lyman®“probe” laser _
intensity for CHCl,. The solid lines represent the results of a fit ¢ = ¥ {Su(RX) 011yt HSU(HCD) OryProd ()
assuming d" dependence of the H atom LIF signal on the pump and ] ]

probe laser intensity, respectively. The obtained numerical values for where S is the integrated area under the measured H atom

n are given in the figure. Doppler profiles. puci andprx are the pressure of HCl and the
chloromethanes, respectivelyopc) and orx are the optical
CH.CI, + fiw(193.3 nm)— CHCl, + H (2 absorption cross sections of HCI and the chloromethanes at

193.3 nm. The optical absorption cross section of HCl at 193.3
followed by a single-photon H atom VUV-LIF detection step. nm has been measui@do be (8.1+ 0.4) x 1072 c?. For
An alternative route of H atom formation via a two-photon  cH,C| and CHCI,, values for the optical absorption cross
(193 nm) two-step photodissociation mechanisms where both gaction of 6.96x 10729 and 3.7x 10-19 cm? were reported in
photons are absorped in the same pump laser pulse refs 3c and 10, respectively, for the 193.3 nm wavelength. In
eq 5, the factoy is a correction which accounts for the different
CH,Cl + fi(193.3 nm)—~ CH; + Cl (32) degrees of abZOrption of the Lymanprobe laser radiation by
CH3CI/CH,CI; and HCI. Optical absorption cross sections for
CH; + hw(193.3 nm)— CH, + H (3b) CHsCl and CHCI, at the Lymane. wavelength were reported
to be (8.84 0.2) x 10717 and (4.04+ 0.1) x 10717 cn¥,
CH,CI, + hw(193.3 nm)— CH,CI + ClI (4a) respectively?® In the case of HCI, the absorption of the
Lyman-. probe laser radiation was negligible under our
CH,Cl + Aw(193.3 nm)— CHCI+ H (4b) experimental conditions.
Figure 2 shows typical H atom Doppler profiles obtained in
could also lead, if the second steps 3b and 4b would be saturatedthe 193.3 nm photodissociation of @&, CH,Cl,, and HCI.
to a linear dependence of the measured H atom signal on theln independent calibration runs, integrated areas under the
pump laser intensity. However, because of the low pump laser fluorescence curves were determined under identical experi-
fluences = (0.2—1) x 10'cm~2 employed in the experiments, mental conditions which gave, using eq 5, the following average
saturation of 3b and (4b) is rather unlikely, although the3CH values for the H atom quantum vyieldgiq(CH3Cl) = (1.2 £
and CHCI radicals are expected to have higher optical 0.6) x 1072 and¢n(CH.Cly) = (0.2 £ 0.1) x 1072
absorption cross sections than the parent molecules. UV As mentioned above, from the experimental uncertainty (2
absorption cross sections for the €&hd CHCI radicals were of the least-squares-fit result) in the H atom versus pump laser

measured by different groups.2° Values ofocp, (200 nm)= intensity plots, one can estimate using the available literature
1.6 x 100 em 2 andocp,ci(198.5 nm)= 13.1 x 10718 cm2 values for the Chland CHCI absorption cross sections the

were reported in refs 28 and 29. In both cases, even for the corresponding maximum “secondary” H atom quantum yield
maximum pump laser fluence the proddigt.ocH, = 0.0016 and hence the maximum contribution of secondary photolysis.

and fmaoch,c = 0.13 is well below unity, and therefore  For CH;Cl, because of the very small absorption cross sections
saturation of the steps 3a and 4b is not possible. As a of CHjs, only a small number of the GHadicals are actually
consequence, if reaction sequences 3 and 4 would contributephotolyzed at the pump fluences of the experiment and therefore
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TABLE 1: Comparison of Primary H Atom Quantum

a) CHgCl Yields ¢, Obtained in the Photolysis of Chloromethanes
molecule AphotdNM o
CHsCI 193.3 (1.2+0.6) x 1072
157.6 0.29
121.6 (0.53+ 0.05)
CH.Cl, 193.3 (0.2 0.1) x 1072
157.6 0.23
121.6 (0.28+ 0.03)
. . ' CHCl; 193.3 ~0
T ' ! 157.6 0.13
b} CHCl2 121.8 (0.23+ 0.03)
3 aThe ¢y values at 157.6 nm were calculated from the relative H
£ versus Cl atom yields given in ref 21 assuming att ¢ciicr = 1.
g) b Results for the photolysis wavelength at 121.6 nm are from ref 23.
o
= TABLE 2: Standard Enthalpies of Formation AH®; (298 K)
E and Reaction EnthalpiesAHRg of Different Product Channels
® in kJ/mol@
I
I : } species  AH{298 K) reaction AHR(298 K)  Eau
CHCI —82 CHCl— CH,CI +H 421 197
CHCl, —95.4 CHCIl, — CHCL + H 411.7 207.2
CHCl; —103.3 CHC}—CClz +H 392.4 226.5
CH.CI 121.8 CHC}— CHCI, + ClI 322.9 296.0
CHCl, 98.3 CHCt — CHCI, + CI* 3325 286.3
CCls 71.1 CHCp,—CCL+H 358
CCl, 239
Cl/CI* 121.30/130.94
H 217.997

aFrom ref 32. For primary dissaciation channels the available energy

8 " 0 4 a to the products is given bffau = w193.3nm(618.9 kd/moly-AHg (298
K). ® AH? (298 K) of CI* has been calculated usidg= = 0.1 eV (kJ/
mol) for the Cl @Py,-32) spin—orbit splitting.

Doppler shift in cm-1

Figure 2. H atom Doppler profiles obtained in the 193.3 nm
photolysis: (a) CBCI (50.3 mTorr). The solid line represents the result a5 relative H-CH,Cl and H-CHCl, translational energy after
of a fit of a symmetric double sigmoidal function. (b) &, (57.5 photoexcitation of CKCl and CHCl, at 193.3 nm. The average

mTorr). Here the solid line represents the result of a fit using a . .. .
Gaussian function. (c) HCI (17.3 mTorr). The centers of the LIF kinetic energy of the H atoms was calculated directly from the

spectra correspond to the Lymantransition of the H atom (82259 ~ Measured profiles_ by fitting an a_nalytical_ function to the
cm™). observed Doppler lineshapes (see Figure 2) in order to calculate

the second moment of the laboratory velocity distribution. The
even for a quantum yield of unity the contribution of the so following values for the translational energy and, based on the
produced secondary H atoms (which exhibits a square depenthermochemical data compiled in ref 32 (see Table 2), the
dence on the pump laser fluence) cannot lead to pronouncedfraction of the available energy released into the relative
deviation from a linear pump laser power dependence. The translational degree of freedom were determined t&-+ei—
maximum contribution of secondary H atoms to the measured CHCl) = (86.6+ 14.2) kJ/mol Er(H—CHCL,) = (84.3+ 8.9)
signal is estimated to be10%. However, in case of GiEl,, kJ/mol andfr(H—CH.CI) = (0.44 &+ 0.07), f{(H—CHCL) =
because of the much higher absorption cross section of the(0.41=+ 0.04), respectively. A comparison of the latter values
CH,Cl radical, the observed linear pump laser power dependencewith the results of a statistical “prior” calculatié#>* which
(1.0+ 0.2) clearly restricts the possible H atom quantum yield YieldsfrPrr (H—CHCI) = ftP"°" (H—CHCl) ~ 0.17, indicates

in the 193.3 nm photolysis of the GEI radical to~1%, which that in the photodissociation process the available energy is
is consistent with HCI elimination being the main product partitioned in a nonstatistical fashion.
channel in the CLCI secondary photolysis. In case of @, C. CHCIs: Secondary H Atom Formation in the 193.3

photolysis, the maximum possible contribution of secondary Nm Photolysis. In the case of CHG]J the observed H atom
photodissociation to the observed H atom signal which is signal showed a quadratic dependence on the pump laser
consistent with the experimental pump laser power dependencentensity (Figure 3a). In these measurements the pump laser
of (1.0 £ 0.2) is estimated to be30% at the highest fluence  beam was unfocused with the highest intensity being about 2
used in the experiment. mJ/cnf. In measurements with a slightly focused pump laser

In Table 1, the experimental results are summarized and Péam with intensities up to 10 mJ/éthe same quadratic pump
compared to primary H atom yields obtained at shorter !aser power dependence was observed.

photolysis wavelengti&:23 A similar trend was observed in For _the probe laser, an almost Iin(_ear H atom signal versus
early alkyl iodide flash photolysis experiments by Levy and [ntensity dependence was found (Figure 3b). The observed
Simong! where they found that at long wavelengthsl70 nm) pump and probe laser intensity dependencies would be consistent
the quantum yield of €H bond scission is quite smalk@0-2), with the following sequential two-photon dissociation mecha-

while at shorter wavelengths-H rather than €1 bond scission ~ NiSM
is going to become the dominating photodissociation process. .
B. CHj3Cl, CH.Cl,;: Average H Atom Translational CHCl; + fw(193.3 nm)— CHCL, + CI/CI (62)

Energy. The H atom Doppler profiles were evaluated in order *
to determine the fraction of the average available energy released CHCL," + Aeo(193.3 nm)—H + CCl, (6b)
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pump laser intensity in a.u. Figure 4. Doppler line shape of H atoms formed by the secondary
photolysis of CHGJ fragments produced in the 193.3 nm photolysis
0.35 of CHCL. As in Figure 2, the center of the Doppler profile corresponds
b) CHCI3 to the Lymanet transition of the H atom (82 259 cH).
0.30 | .
g 3 _g.: produced via (4a) to bEj,(CHCL) = 163 kJ/mol. Using this
c 025} o value the fraction of the available energy which shows up in
@ . . the H—CCl; translational degree of freedom can be calculated
S 020 n=(0.9+0.1) . to befr(H-CCl) = (0.19+ 0.03) for the dissociation step 6b.
e e The error of thet value was calculated from the uncertainty of
J 015 f the fragment translational energies of eqs 6a and 6b using simple
E error propagation. The experimental uncertainty in the mea-
; 0.10 * surement of the fragment translational energy of eq 6a was
assumed to be similar to the one of eq 6b of the present study
0.05 |- (~10%). A comparison with the corresponding statistical prior
4 value offtPer (H—CClp) = 0.25, calculated taking into account
0 L . ! ! L energy conservation onf#;33might suggest that the intermediate
° 05 1015 20 25 30 35 formed by photoexcitation of the CHLtadicals decomposes
probe laser intensity in a.u. via eq 6b by a statistical unimolecular decay with a lifetime
Figure 3. Dependence of the observed H atom LIF signal: (a) on the Iong Qnough to allow for almost Complet.e internal energy
photolysis “pump” laser (193.3 nm) and (b) Lymanprobe” laser redistribution. In a recent study on the unimolecular decom-

intensity for CHCY. The solid lines represent the results of a fit position of CHC} radicals, a Cl formation and HCI elimination

assuming a" dependence of the H atom LIF signal on the pump and pathway could also be observéd.
probe laser intensity, respectively. The obtained numerical values for
n are given in the figure.

IV. Conclusions

where the H atoms are produced by secondary photolysis of The H atom formation channel after photoexcitation of
internally excited CHGl radicals within the same pump laser chloromethanes at a wavelength of 193.3 nm was investigated.
pulse followed by a single-photon H atom LIF detection step. The rather low H atom yields observed in the present studies

A direct two-photon dissociation mechanism show that dissociation of GJ&€I and CHCI, after photoab-
sorption at 193.3 nm, where 3p— ¢*(C—Cl) valence shell
CHCl; + 2 x Aw(193.3 nm)—H + ... @) transitions are excited, does not result in efficient primasyHC

bond cleavage. Comparison with earlier measurement confirms
which could give rise to the same pump laser intensity thatprimary photolytic H atom production becomes increasingly
dependence seems to be rather improbable at the low pump laseimportant in going to shorter photodissociation wavelengths.
fluences of the present study. The product of the pump laser The observed nonstatistical energy partitioning could be ex-
fluence 2 x 10' cm?) and the optical absorption cross Plained ly a H atom formation mechanism taking place on a
section of CHCGJ at 193.3 nm (8.3« 1071° cn?)%is well below time scale which does not allow for complete internal energy
unity. redistribution of the photolytically prepared intermediate.

In Figure 4, a typical H atom Doppler profile as observed in  In case of CHQ, primary H atom formation could not be
the CHC} photolysis experiments is depicted where the solid observed after photoexcitation at 193.3 nm. H atoms detectable
line represents the result of a fit using a Gaussian function. Thein the experiments were found to originate from secondary
corresponding fragment translational energy was determined tophotolysis of CHCJ radicals which are generated as primary
be (82.6+ 9.0) kd/mol. products in the photodissociation of CHCIThe observed

Chlorine atom formation after excitation of CHCit 193.3 energy partitioning suggests that the secondary H atom forma-
nm has been investigated in great detai3> For the primary tion proceeds via statistical unimolecular decay of the GHCI
dissociation step 6a the CI*/Cl branching ratio has been radical upon absorption of a 193.3 nm photon.
measured to be 0.2%and the fragment kinetic energy has been
reported to be 130 kJ/mét. These results can be used to Acknowledgment. R.K.V. acknowledges a fellowship and
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