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The dynamics of chlorine atom formation after UV photoexcitation oCHCI(HCFC-142D in

the gas phase was studied by a pulsed laser photolysis/laser-induced fluoregicétce
“pump-and-probe” technique at room temperature. The parent molecule was excited at the ArF
excimer laser wavelengtfl93.3 nm and nascent ground state €R,;) and spin-orbit excited
CI*(?P,,) photofragments were detected under collision-free conditions via laser induced
fluorescence in the vacuum ultraviolet spectral region. Narrow-band probe laser radiation, tunable
over the wavelength range 133.5-136.4 nm, was generated via resonant third-order sum-difference
frequency conversion of dye laser radiation in Krypton. Using HCI photolysis at 193.3 nm as a
source of well-defined Ci#P,,) and CF(?P,,) concentrations, values for the total Cl atom
quantum yield @®¢,c+=0.90-0.17) and the[CI*][CI] branching ratio 0.380.11 were
determined by means of a photolytic calibration method. From the measured Cl &ratoti
Doppler profiles the average relative translational energy of the fragments could be determined to be
125+25 kJ/mol. The corresponding valdige=0.48+ 0.10 of the fraction of total available energy
channeled into product translational energy was found téwithin experimental uncertaintyin
agreement with the resul{=0.39 of a dynamical simulation assuming a repulsive model for single
C—CI bond cleavage. Both the measured total Cl atom quantum yield and the energy disposal
indicates that direct C—Cl bond cleavage is a primary fragmentation mechanism JGFEH after
photoexcitation at 193.3 nm. @999 American Institute of Physids$0021-960809)00624-§

I. INTRODUCTION fore besides atmospheric concentration measurements and
advanced 3D modeling calculatiohg&gboratory photodisso-
As a consequence of the Copenhagen Amendment of thelation dynamics studies of HCFCs and in particular quanti-
Montreal Protocol, which allows the use of hydrochlorofluo-tative measurements of primary photochemical product
rocarbongHCFC9, on a transitional basis, as replacementsyields are needed to assess their environmental intfact.
of the ozone-destroying chlorofluorocarbdi@=C9," it can For a number of HCFCs, optical absorption spectra in
be expected that the atmospheric HCFC concentrations Withe infrared(IR), ultraviolet (UV), and vacuum-ultraviolet
continue to increase rapidly over the next years. Althoughvuyv) spectral region were measurett. Pyrolysis? and
HCFC compounds, which have at least one C—H bond, cagecomposition of chemically activatedCH,CF,Cl as well
be oxidized by OH free radicals and &) atoms in the as the infrared multiple photon decompositidRMPD)415
tropospheré, they still have the potential to lead to signifi- of CH,CF,Cl was studied in detail. The results of these stud-
cant chlorine transportation to the stratosphevaere they  jes indicate that decomposition on the ground state electronic
are destroyed by photochemical processes initiated by lighiotential energy surfacéPES can be characterized by a
absorption in the 190-230 nm wavelength redidn.addi-  four-center unimolecular elimination pathway leading to
tion, HCFCs, like CFCs, absorb long-wavelength radiationcH,=CF,+HCI as major products and to a minor extent to
and should therefore also be considered as potential greegH,=CFCH+HF products.
house gasesIn recent measurements of stratospheric pro- Early gas-phase photodecomposition —studies of
files of CHCF,CI (HCFC-142b, which has been used since cH,CF,Cl after irradiation with VUV light(147 nm2® 123.6
the late 1980s to replace g, (CFC-12 as a foam blowing  nmL7) were carried out under static conditions as a function
agent in industry, it was found that CHCF,Cl is not yet in of irradiation time(30—180 min, CH,CF,Cl pressure(3.6—
equilibrium, due to its rapidly increasing emissidrisThere- 20.6 Tor) and/or in the absence and presence of radical
scavenging agents (NO;H,HI) with stable end-product
dAuthors to whom correspondence should be addressed. analysis(CH,CF,, CH,CHF, GH,, CH,, and CHCI) being
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performed by flame ionization gas chromatography. Only rephotolysis experiments the GEF,CI pressure in the cell
cently laser-based GJEF,Cl low-pressure gas-phase pho- was typically 30-45 mTorr. For the calibration measure-
tolysis experiments have been carried out in which primaryments, HCl(Messer Griesheim, 99.99%as flowed through
photochemical product yields could be determined undethe reaction cell at pressures of typically 7—13 mTorr.
collision-free condition$®°In Ref. 18, the H atom forma- CH,CF,CI flow rates were regulated by a calibrated mass
tion dynamics after UM193.3 nm and VUV (121.6 nm  flow controller. The HCI flow was regulated by a needle
laser excitation was investigated and absolute quantumjalve. The pressure in the cell was monitored by a MKS-
yields &, for H atom formation were reported. The mea- Baratron. Gas flow through the cell was maintained at a high
sured values ofb,(193.3 nm=0.06-0.02 and®(121.6  enough rate to ensure renewal of the gas between successive
nm)=0.53+0.12 indicate the increasing importance of the H|zser shots at a laser repetition rate of 6 Hz.
atom formation pathway in the GBF,CI fragmentation in A UV excimer laser{Lambda Physik LPX 2050perat-
going from UV to VUV excitation wavelengths. In Ref. 19, jng with an ArF mixture(193.3 nm emission wavelength
H atom, ground state ClPs;) and spin-orbit excited was used to photodissociate both the CR,CI parent mol-
CI*(?Py;,) atoms, and HCI product formation were investi- gcyles as well as HCI. A circular aperture was used to skim
gated after laser excitation at 193.3 nm. Using time-of-flightsff the homogeneous part of the rectangular excimer laser
mass spectrometryTOF-MS) in combination with (2+1)  profile in order to provide the photolysis beam. A cylindrical
resonance-enh_anced multiphoton |0n|zat|(m_EMPI) for lens (1 m focal length was used to slightly focus the pho-
product detection H, ClI, and Clatom formation was ob-  (5|ysis beam. Pump laser intensities were typically between
served. In these experiments, no HEIE0,1) product mol- - 412 mJyjcrh The analysis of nascent H atom Doppler pro-
ecules could be detected and an upper limit of 1%jes recorded in the HCI photolysis showed that the pump
(Preiwr=01)(193.3nm)<0.01) was estimated for the HCl |ger peam was essentially unpolarifeee, e.g., Fig. @) of
elimination channel. In addition, the relative product branch-ges 27a)] and it can therefore be expected that any possible
ing ratio [H/([CI]+[CI*]) and the CI atom spin-orbit state 4nisatropy of the photodissociation process is averaged out.
distribution[CI* J/[Cl] were determined to be 0.60.21 and For VUV-LIF detection of Cl and Cl atoms, narrow-
0.18+0.04, respectively. _ _ band probe laser radiation, tunable in the wavelength region
In this article we report on the extension of our earlier 133 5_136.4 nm was generated using Wallenstein’s method

work on the H atom formation in the UV/VUV photolysis of ¢, yesonant third-order sum-difference frequency conversion
CHFZCI(H%':C'ZQ’ " chloromethanes (Gi€l,_)* and (| " _5, ) of pulsed dye laser radiation in
CH,CF,CI*® towards the direct measurements of absolute C rypton2S In the four-wave mixing process the frequency

atom formation yields via the pulsed laser photoly&iP)/ wr (\g=212.55nm) is two-photon resonant with the Kr

VUV laser-induced fluorescenciIF) “pump_—and-probe” 4p—5p (1/2,0 transition. The second frequenay could be

method. In the present work, the CIfClfine-structure tuned from 480 to 521 nm to cover the four allowed

branching ratio and the absolute Cl atom formation yieIdC|(4szp_ 3p2P,, ' =1/2,312—" = 1/2,3/2) transi
J/(— "y = y “— = s -

D+ in the 193.3 nm photolysis of GEF,Cl were de- tions 2 Gro nd-stjate c and excited-state (2P
termined by means of a photolytic calibration method usin ons: . 1P xcl (Pa)

. . toms were detected via thg' &j”)-transitions, which have
HCI photolysis as a reference source for well-defined Cl an anp

X o X he highest transition probabilitiefs, 3,—0.114 andf 1/, 1/
* m m i ’
CI™ atom concentrations. In addition, fro _the a_naly3|s 9f the_ 0.088, respectivel§/7. The fundamental laser radiation was
measured Cl and €latom Doppler profiles, information

e . obtained from two tunable dye laseflsambda Physik FL
about the energy partitioning in the CIICformm_g photp- 2002, simultaneously pumped by a XeCl excimer laser
fragmentation step could be derived. A possible primary | ampda Physik EMG 201 MSC The first dye laser pro-
fragmentation mechanism for GEF,CI after photoexcita-

. ; . .2 vided w+ by utilizing Coumarin 307 dye. The second dye
tion at 193.3 nm will be discussed in light of the new results.Iaser was operated with Coumarin 120 to generate light with

a wavelength of 425.10 nm from whiehg was obtained by
frequency doubling with a BBO Il crystal. The VUV-light
Photodissociation studies were carried out in a flow celigenerated in the four-wave mixing process was carefully
at mTorr level pressures using the LP/VUV-LIF pump-and-separated from the unconverted laser radiation by a lens
probe setup previously used to study the H atom formationmonochromator followed by a light baffle systeéfar details
dynamic$® in the UV and VUV photodissociation of see Ref. 2t The bandwidth of the VUV probe laser radia-
CH;CF,Cl. A detailed description can be found in Ref. 23. tion (0.4-0.5 cm') was determined by measuring Doppler
The setup was recently modified to allow VUV-LIF detec- profiles of Cl atoms generated in the 193.3 nm photolysis of
tion of Cl and Cf atoms produced in bimolecular reactions HCI both under collision-free and thermalized conditions. In
as described in Ref. 24. In the following only a brief sum-the latter case Cl atoms were generated by HCI photolysis in
mary of the experimental method will be given. 3 Torr of N, and probed after 1s. The Cl atom Doppler
CH;CF,CI (Messer Griesheim, purity>98% was profiles measured under thermalized conditions could be
pumped through the cell at room temperature. As stated bwgicely fit by a Gaussian function indicating that the probe
the manufacturer, the amount of HCFC-141b GCHCL) in laser lineshape itself can be represented by a Gaussian func-
the sample was less than 0.1%, with the remaining impurityion. The VUV probe beam was aligned to overlap the pho-
being CHCF; which exhibits a negligible absorption at tolysis beam at right angles in the viewing region of a LIF
193.3 nm. The water content was less than 5 ppm. In theletector. The delay time between the photolysis and probe

Il. EXPERIMENT
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laser pulses was controlled by a pulse generator and moni-

tored on a fast oscilloscope. The delay time between pump- _ o5l n=11+0.1
ing and probing was kept short enough, typically 80—170 ns 3

(with a time jitter of about+10 ng, to allow the collision- 2 25}

free detection of the nascent Cl and*Gltoms produced in =

the CH,CF,CI and HCI photolysis. On the other hand, these qr:"; 24r o
delay times were long enough to avoid any time-overlap be- E 55l

tween pump pulséduration~15 n9 and probe laser pulse 5

(duration~10 ng, which would lead to unwanted multipho- § 22}

ton photochemical processes. Under the described experi- -

mental conditions, relaxation of Cby quenching as well as 21 , , ,

fly-out of CI(CI*) atoms and secondary reactions with 18 19 20 21 22 23
CH;CF,Cl and HCI were negligible. l0g(lphoto) (a.u.)

Cl and CF LIF signals were measured through a band
pass filter(ARC model 130-B-1D; transmission of 29% at FiG. 1. Dependence of the observed @tom LIF signal from CHCF,CI
134 nm by a solar blind photomultiplie(THORN EMI photolysis on the photolysis laser intensity. The slope of the fitted linear
model 9413 B positioned at right angles to both pump-and- 1°9-109 plot is given in the figure.
probe laser. The VUV probe beam intensity was monitored
after passing through the reaction cell by an additional ph°0.67to.09 for the nascerCI*
tomultiplier of the same type. Because the VUV probe bea
itself produced an appreciable Cl,*Catom LIF signal via

V[ Cl] spin-orbit state branch-
n?ng ratio in the 193.3 nm photolysis of H&.This value is

hotolvsis of | and HCI vely. i within the combined experimental error in good agreement
photolysis of CHCF,CI and HC, respectively, it was neces- with a value recently reported by Wittig and co-workéts.

sary to subtract these “background” Cl,*Thtoms from the Because the 193.3 nm photolysis of HCl generates

Cl, CI* atoms produced in the 193.3 nm photolysis 0fH+CI(CI*) products with a quantum vyield of unitygx,
CH;CFCI and HCI. Therefore an electronically controlled = oy + bo=1), valuesdey =0.40 andg=0.60 can be

mechanical shutter was inserted into the photolysis bearaerived for the Cl and ¢l fine-structure (ijantum yields
path, such that at each point of the Cl and Gpectra, the from the[CI* J[CI] ratio

signal could first be 30 times averaged with the shutter Quantum yieldsb, for Cl and @ for CI* formation

opened and again be 30 times averaged with the shutt% the 193.3 nm photolysis of CJEF,Cl were determined
closed. Finally a point-by-point subtraction procedure WaSUsing Eqgs(1a and (1b), respectively:
adopted? to obtain directly and on-line a LIF signal repre- ' ' '

senting the contribution from Cl and Tlatoms generated

solely by the 193.3 nm photolysis laser pulse. The Cf, Cl
LIF signals, VUV probe beam and photolysis laser intensity 03| @) C|(2P3/2)
(the latter was monitored by a photodigdsere recorded
with a boxcar system and transferred to a microcomputer 02l
where the LIF signals were normalized to both pump-and- -
probe laser intensities. During the experiments special care g
was taken that the Cl and Thtom signals generated by the ~ 0.1t
193.3 nm photolysis laser pulse showed a linear dependence =
on the pump and probe laser intensity. Slopes of the linear 2 0.0
log—log plots of Cl and ClI LIF signal intensity against pho- "GE) ' A ; '
tolysis laser intensity were 090.1 and 1.1#0.1, respec- " b)
tively (see, for example, Fig.)1 = 1.5¢
>

IIl. RESULTS 2 10}
A. Primary photolytic chlorine atom quantum yield 05l
(I)CI+CI* .

In order to determine the total chlorine atom quantum 0ol
yield ® .+ quantum yieldsb, for Cl and @« for CI* ; } '
formation were measured separately by calibrating the ClI, -1.0 0.0 1.0
CI* atom signalsS¢(CHsCF,Cl), Sci(CH3CF,Cl) mea- Doppler shift (Cm-1)

sured in the CHCF,CI photodissociation against the CI,*Cl
atom signalsSg(HCI), Sci+ (HCI) from well-defined Cl, Ci FIG. 2. Doppler profiles of Cl atoms produced in the 193.3 nm laser pho-
atom number densities generated in the 193.3 nm photolysig8lysis of (&) 37 mTorr of CHRCF,Cl and(b) 10 mTorr of HCI. The Doppler

. . . . .~ profiles were recorded 170 ns after the photolysis laser pulse. Line centers
of HCI (see Figs. 2 and)3Recent kinetics experiments in correspond to the @?P;/_z»—3p2Pju_g;) transition of the Cl atom

which the relaxation of CI (CI* +M—M+CI; M=Ar, Ny, (74225.8 cm?). The laser bandwidthFWHM) was determined to be 0.42
HCI, H,, D,, and HD was investigated, provided a value of +0.06 cm®.
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from the known distances inside the flow cell and the relative
CI*(P,,) difference in the VUV probe laser attenuation measured in
the CHCF,CI photolysis and HCI calibration runs. Under
typical experimental conditions pgy cr,ci=30mTor=3

X pucy) the absorption corrections wegg,=0.87+0.04 and
vcr=0.860.04. The experimental data set evaluated via
Eq. (19 to determined ¢, consisted of ten Cl atom profiles
obtained in combination with ten ClI profiles from HCI cali-
bration runs. The Clatom guantum yield was evaluated via
Eqg. (1b) in the same manner. The quoted errors were deter-
mined from the & statistical uncertainties of the experimen-
tal data, the uncertainties of the g&F,Cl and HCI optical
absorption cross sections and the uncertainty of the
[CI*][CI] value in the 193.3 nm photolysis of HCI using
simple error propagation. The following values for the CI
and CF atom quantum vyields were obtained:
®(193.3nmpE=0.65-0.12 and Px(193.3nm)=0.25
+0.05 leading to a value ofPg,cx(193.3nm)=0.90

, : : +0.17 for the total quantum yield. From the measured ClI
-1.0 0.0 1.0 and CF atom quantum vyields, the spin-orbit branching ratio
of the Cl fragment in the 193.3 nm photolysis of ¢gEF,Cl

can be calculated:CI* ]/[CI]=0.39+0.11.

0.08| a)

0.04¢

0.00

VUV LIF intensity (a.u.)
s

o
o

0.0+

Doppler shift (cm™1)

FIG. 3. Doppler profiles of Cl atoms produced in the 193.3 nm laser
photolysis of(a) 37 mTorr of CHCF,CI and (b) 10 mTorr of HCI. The
Doppler profiles were recorded 170 ns after the photolysis laser pulse. Line

centers correspond to thes{an,:l,ze:%p 2Pj~:1,2) transition of the Ci B. Average Cl atom translational energy
atom(73983.1 cmY). The laser bandwidttFWHM) was determined to be

0.45+0.07 cm™. The measured Cl atom spectral profiles were analyzed in
order to determine the average kinetic energy of the frag-
ments in the CKHCF,CI photolysis. The Doppler profiles di-
@ 1= yed Sci( CHiCF.Cl) deiohciPrer! rectly reflect, via the linear Doppler shiffv—vo]/vg
=v,/c, the distributionf(v,) of the velocity component,

{Sci(HC) och cr,ciPeh.cr.clt 13 ihe absorbing atoms along the propagation direction of the
® e = Yeped S (CHsCF,C) e Pt probe laser beam. Hence, f(_)r an |sotrop|c_velocny distribu-
tion the average Cl atom kinetic energy in the laboratory

{Scix (HCh o ch crciPerycr,cit- (Ib)  system is given b yc)=3/2 mc(v?), where(v?) repre-

. . .__sents the second moment of the laboratory velocity distribu-
e and ociicr,cr are the optical absorption cross sections; f(v,) of the photolytically produced Cl atoms. How-
of HCl and CHCF,Cl at T=295K and 193.3 nn8¢; and  gyer, since the measured spectral profiles represent a
Sci are the integrated areas under the measured Cl @nd Clonyolution of the laser spectral profile and the Doppler pro-
atom Doppler profiles an@yc; and per,cr,ci are the pres- e of the absorbing Cl atoms, a deconvolution was carried
sures of HCl and CECF,Cl, respectively. For the HCI ab- out to obtain the correct Cl velocity distributidifv,) using
sorption cross sections, we used the valyg,=(8.1=0.4)  a Gaussian function to describe the VUV laser spectral pro-
X 10~?%cn? which has been recently measured for the ArFfile. The width of the laser spectral profile was determined
excimer laser emission wavelengtt93.3 nm.* This value  from CI (CI*) profiles measured in the HCI photoly$isee,
is in good agreement with the value of 8260 *°cn? g, Figs. ?b) and 3b)] recorded right after the Cl (€)
which can be obtained by nonlinear interpolation from theprofiles from the CHCF,CI photolysis[see, e.g., Figs.(d)
recommended daté® of Inn3 For the CHCF,CI absorp-  and 3a)]. Evaluation of the complete set of 20 experimental
tion cross section we used the valugcycr,ci=0.58  CI (CI*) profiles taking into account the actual laser band-
x 10~ 2%cn?, which represents an average value calculatedvidth revealed that the kinetic energies of both fragments in
from the recommended data listed in Ref(@land the re- the CH,CF,CI photolysis are the same within the experimen-
sults of the most recent measurements by Nagted>* The  tal uncertainty E| ayc)~E apcr)- Calculation of the sec-
uncertainty of the CKCF,Cl absorption cross section at ond moments off(v,) gave an average value & ,yc)
193.3 nm was estimated to bhe5% based on the scatter of =82+ 16 kJ/mol for the laboratory kinetic energy of the
the data reported in Refs. 33—-36 for the 180—200 nm regiorfragments. The quoted error includes thestatistical uncer-
The factorsyci ,yg in Egs. (18 and (1b) are correc- tainties obtained in the individual fits used to evaluate the
tions accounting for the different degrees of absorption of thexperimental spectral profiles from GEF,Cl and the HCI
Cl (¥probe=134.72nm) and CI(\,0p¢~135.16 nm) VUV photolysis using error propagation. The corresponding rela-
probe laser radiation by G&F,Cl and HCI, respectively. tive kinetic energy in the CI-C{CF, center-of-masgcm)
The absorption corrections could be directly determinedsystem was calculated to lig,,,= 125+ 25 kJ/mol.
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IV. DISCUSSION [CI*J[CI] branching ratio from photodissociation out of the
ground vibrational state was for a considerable time subject
to controversy?*3A recent study of the 193.3 nm photodis-
sociation of HCI by Wittig and co-workers, in which the
high-n Rydberg time-of-flighttHRTOF technique was uti-
lized to record H atom product TOF spectra, yielded a value
of [CI*]/[CI]=0.69+0.022° This value was found to be in
excellent agreement with the theoretical value of 0.71 calcu-
lated for the 193.3 nm excitation wavelengfhin a recent
experimental and theoretical study, spin-orbit branching in
the HCI photolysis was investigated at long excitation wave-
lengths (193.3-235.3 nm™ The experimental spin-orbit
A. Primary chlorine release channels and energy branching ratios, obtained by2+1) REMPI using the
disposal 4p2D4—3p 2P, two-photon transition for Cl and the

The present result for the primary photolytic chlorine 4P °Daz—3p Py, and 4p®Py,—3p?Py, two-photon
atom quantum yield suggests that the chlorine contents dfansitions for C detection, were found to be in good agree-
room-temperature C{€F,Cl, after photoexcitation at 193.3 Ment with the theoretical results only after scaling to agree
nm under collision-free conditions, is released to a large exwith the Wittig value at 193.3 niff. As a consequence, we
tent as atomic chlorine. The value for the chlorine atomtend to believe that the latter one can serve as a general
quantum yield measured in the present work is consisterfi@libration point for the measurement of CI atom spin-orbit
with the earlier measured H atom quantum y}@@f branching ratios, in particular because it has been determined
®,(193.3nm)=0.06+0.02 and with the upper limit for the by a technique which is independent of the detection effi-
HCI quantum vyield reported in Ref. 19. In the latter experi-ciency of Cl and C atoms.
ments, no HCl¢”=0,1) product molecules could be ob- The value [CI*]/[CI]=0.39+0.11 determined in the
served and the quantum yield was estimated to bd@resent investigation for the 193.3 nm photolysis of
P pcipr—01)(193.3nM)0.01. However, IRMPD experi- CHCF,Cl was obtained by calibrating the Cl and*GrUV-
ments revealed that in the four-center elimination, a largd-IF signals against those obtained in the HCI photolysis. In
fraction of the total excess energy85% is left as internal ~ Ref. 19, a significant lower value ¢CI* J/[CI]=0.18+0.04
excitation of the CH=CF, and HCI fragments and it was was reported for the 193.3 nm photolysis of {H,CI
suggested that the HCI fragments must be highly vibrain a molecular beam using tf{@+1) REMPI method for Cl
tionally excited** As a consequence, the actual HCl yield in and CI detection. The latter value was obtained using the
the 193.3 nm photolysis of CJ}&F,Cl could be considerably “old” HCI chlorine branching ratio[CI*]/[CI]=0.50 as a
higher than the upper limit estimated in Ref. 19 from thereferencé® Rescaling using the new HCI chlorine branching
absence of HCK”=0,1) products. The result of the present ratio of Wittig et al®® changes the value t¢CI*}/[Cl]
work puts an upper limit o (193 nm)<0.27 for the total =0.24=0.05 and brings it closer to the result of the present
HCI quantum yield. Hence, to fully elucidate the dynamicswork.
of a possible HCI formation channel after UV excitation, Spin-orbit branching of atomic products is usually gov-
further studies are clearly needed which should include deerned by the nature of the PEp excited in the Franck-
tection of HCIp”>1) product vibrational states. HCI elimi- Condon region as well as by subsequent nonadiabatic cou-
nation has been observed in the 193.3 nm photolysis oplings between the surfaces as the products depart. As a
CH5CH,CI and attributed to a mechanism which involves result, for the correct interpretation of measured spin-orbit
internal conversion to the electronic ground stite. branching ratios, information is required about the PESs in-

The average Cl translational energy determined in thevolved in the initial optical excitation and subsequent frag-
present work corresponds to a valuefet=E_,/E,,=0.48 mentation process. Although such information is so far not
+0.10. This value is—within experimental uncertainty—in available for CHCF,Cl, comparison can be made with
agreement with the value df.=0.39 calculated using a re- CHCI for which more detailed spectroscopic and dynamical
pulsive modef® This confirms that formation of chlorine data is available. For C}€! it was found that photoabsorp-
atoms proceeds predominantly by a direct dissociatioriion at 193.3 nm is associated with a parallel transition from
mechanism on a PES that is repulsive along the C—Cl bonthe X 'A; ground state to théQ, state, which correlates
coordinate. diabatically with Cf products. The observed Cl formation
was attributed to a level crossing of tA@, potential curve
by the electronically excitedQ, state which diabatically
correlates with Cl products. Therefore ff@&* J/[Cl] branch-

Accurate measurements of spin-orbit branching ratiosng ratios should depend on the relative velocity of the prod-
[X* (?P1,») /[ X(?P3)] of halogen atoms (%ClI, Br, 1) pro-  uct fragments while the system passes through the crossing
duced in the photodissociation of halogenated compoundsgion and thg CI*J/[CI] branching ratio is expected to in-
play an important role in the elucidation of the influence ofcrease in going to shorter photolysis wavelengths. Such a
nonadiabatic couplings on molecular dynanft$ How-  behavior was indeed observed in Ref. 47 whigt& J/[Cl]
ever, even for HCI as one of the simplest systems, thdéranching ratios of 0.270.01 and 0.620.06 were reported

Absorption of a 193.3 nm photon by a @GEF,CI mol-
ecule leads to an excitation in the first absorption bated
noted as A band in Ref. 14)]. “A band absorption” origi-
nates from a B7— o* (C—CI) transition within the valence
shell, where P is a Cl lone pair orbital and-* is an
antibonding C—Clo—MO. Therefore it is expected that the
initial excitation is localized in the C—Cl bohtf leading
preferentially to the breaking of this boA#? Furthermore
the A band of CHCF,CI is structureles$!® suggesting a
direct dissociation mechanisth.

B. Chlorine atom spin-orbit branching ratio
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for photolysis wavelengths of 235 and 193.3 nm, respeceonsiderably highefca. 70%.5%° As a consequence of the
tively. Assuming that for both CECF,Cl and CHCI, the  markedly different parent molecule vibrational state distribu-
spin-orbit branching is determined as the fragments separat®mns in the molecular beam and the room temperature gas
(and not in the initial excitation the higher [CI*]/[Cl] phase experiments, UV photon absorption could lghat to
branching ratio observed in the 193.3 nm photolysis ofa different Franck—Condon overlap between the ground vi-
CHgCI can be attributed to the higher relative velocity of the bronic and the electronically excited states wave funcjions
separating fragments. For the ¢HCI fragments, a relative to the excitation of different PESs. The assessment of differ-
velocity of 6300 m/s can be calculated from thevalue of  ent electronically excited PESs or—in the case that only one
0.78 reported in Ref. 48, while the present work yields aelectronically excited PES is involved—the assessment of
value of 3200 m/s for the C}CF,+Cl fragments. Hence the different regions of the excited PES could be one possible
CH;+Cl fragmentation process should be more diabaticexplanation of the observed difference in the dissociation
leading to a higher amount of Clragments formed on the dynamics. However, further theoretical work on the elec-

initially excited *Q,PES. tronically excited molecular stai® structure in combination
with additional experimental work in the gas-phase and un-

C. H atom formation dynamics and [H]/[CI+CI*] der well-characterized molecular beam conditions is needed

branching ratio before a more detailed picture of the H atom formation dy-

In a study of the H atom formation dynamics in the namics can be drawn. On the experimental side, measure-

193.3 nm laser photolysis of room-temperature;CRCI, a ments of the product state distribut_ions (.)f the LRCl,
value of ®4(193.3 nm)=0.06+0.02 was reported for the H and CF.&CFZ co-frggments and th? investigation of vector
atom product quantum yield and the relative translationaForrGI"’ltlons for different photolysis wavelengths would be

energy of the H atom fragments was determined to pdnost u_seful in .helping to identify the excited electronic
Er(ty(193.3 nm)= 51+ 10 kJ/mol*® From the results of our statds) involved in the UV photolysis of CECR.CI.

earlier H atom study and the present @nd Cl atom quan-
tum yield measurements [&]/[CI+CI*] branching ratio of V. SUMMARY

0.07+0.03 can be calculated. Comparison of E. of the In a gas-phase laser photolysis/laser-induced fluores-
present paper which was used to determing, ci» with the  capce “pump-and-probe” study absolute quantum yields
corresponding Eq(1) for @y in Ref. 18 shows that the ac- for photolytic formation of C! and Cl atoms were deter-
tual values of the HCI and CfF,Cl optical absorption mined after UV laser excitation of room-temperature
cross sections are not needed if one wants to determine Onb;’H3CF2CI(HCFC-142)) at 193.3 nm. In agreement with our
the relative branching ratigH]/[CI+CI*]=®y/Pciicx - earlier H atom quantum yield measuremeltahich gave a

In that case the HCI photolysis measurements serve as gjye of ®,(193.3 nm)=0.06+0.02, the value ofb ¢, o
calibration of the relative H versus Cl atom LIF detection —q g0+ 0.17 obtained in the present work clearly indicates
efficiency. Hence the aboviH}/[CI+CI*] branching ratio  hat c_c| bond cleavage is the dominant dissociation path-
can be directly compared with the results of Ref. 19 in which, .,y after A band excitation. The fraction of total available
H atoms were observed during 193.3 nm laser photolysis Oénergy channeled into GBF,+Cl product translational en-

a “cold” molecular beam of neat CYCF,CI. Here th92 H  ergy was found to be in agreement with the result of a dy-
atoms were detected by2+1) REMPI via the 3°S  pamjcal simulation assuming a repulsive model for single
<_125 S two-pzhoton transition around 343'135 nm and thec_c| pond cleavage. Both the measured total Cl atom quan-
4p“D3p—=3p“Pgz and 4 °Dgp—3p Py, two-photon vy yield and the energy disposal indicates that direct C—Cl

transitions were utilized for Cl and Clatom(2+1) REMPI  pon4 cleavage is a primary fragmentation mechanism for
detection, respectively. In this study a relat[v¢]/[Cl+CI*] CH,CF.Cl after photoexcitation at 193.3 nm.
branching ratio of 0.620.21 was measured using HCI pho-
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