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The dynamics of chlorine and hydrogen atom formation in the 193.3 nm gas-phase laser photolysis
of room-temperature 1,1-dichloro-1-fluoroethane ;CHClL (HCFC-141h, were studied by means

of the pulsed-laser-photolysis and laser-induced fluorescérEg¢ “pump-and-probe” technique.
Nascent ground-state GR,,) and spin—orbit excited €[?P,, as well as H{S) atom
photofragments were detected under collision-free conditions by pulsed Doppler-resolved
laser-induced fluorescence measurements employing narrow-band vacuum ultraviolet probe laser
radiation, generated via resonant third-order sum-difference frequency conversion of dye laser
radiation in krypton. Using HCI photolysis as a reference source of well-definetPgJ,
CI*(?P,,,), and H atom concentrations, values for the chlorine-atom spin—orbit branching ratio
[CI*]/[Cl]=0.36%0.08, the total chlorine atom quantum yield . ¢+ =1.01+0.14), and the H

atom quantum yield ®,=0.04+0.01) were determined by means of a photolytic calibration
method. From the measured Cl and @tom Doppler profiles the mean relative translational energy

of the chlorine fragments could be determined toBbgcy =157+ 12 kJ/mol andE+(cx)=165

+12 kJ/mol. The corresponding average values 0.56 and 0.62 of the fraction of total available
energy channeled into G&FCHH- CI/CI* product translational energy were found to lie between the
limiting values 0.36 and 0.85 predicted by a soft impulsive and a rigid rotor model of the
CH;CFCL— CH3;CFCI+ CI/CI* dissociation processes, respectively. The measured total chlorine
atom quantum vyield along with the rather small H atom quantum yield as well as the observed
energy disposal indicates that direct C—Cl bond cleavage is the most important primary
fragmentation mechanism for GBFC), after photoexcitation in the first absorption band. 2003
American Institute of Physics[DOI: 10.1063/1.155831]6

I. INTRODUCTION tropospheré, they still have the potential to lead to notice-
able chlorine transportation to the stratosphaviere they
can be decomposed via radical reactions or photolytically
after UV photon absorption in the 230—-190 nm spectral
region®® As a consequence, a number of reaction kinetics

cess of closed-cell insulating foams and for CJH,CI _ : . : :
(CFC-113, which is used as a solvent in a variety ofzindus-StUd'eS of CHCFClL with atmospherically important radi-
cals such as O¥ O(*D),** and CI'? along with studies on

trial processe$? As a consequence, measurements of tropo$ 1 P0Y) _
spheric concentrations of this compound have shown a rapith® YV phOtOdISSOCIﬁtIOI’] dynamics of GBFCL, have
increase since 199%Although its production has been been reported so far. _ o
stopped in 1996 and, based on the revised Montreal Protocol, | Ref. 13, ground-state CiP3;) and spin—orbit excited
its use will be phased out in developed countries by 2020,CI* (*P1) as well as HtS) atom photofragment formation
the release into the atmosphere is expected to further ircould be observed in the 193.3 nm photolysis of;CHCl,
crease in the coming few decades because of long-term usasd the relative product branching rat[d4]/[Cl+CI* ]
of the previously manufactured product®espite the fact along with the chlorine-atom spin—orbit branching ratio
that HCFCs such as G&FCl,, which contain one or more [CI*]/[CI] were reported. In further experiments, the influ-
C—H bonds, can be oxidized by OH radicals in theence of selective methyl stretching vibrational excitation on
the Cl atom spin—orbit branchifand the H atom versus

aauthor to whom correspondence should be addressed.+49:0)6221- chlorine atom prOdUCt branCh'H‘éb was 'nVGSUgated at a
545050. Electronic mail: aw2@ix.urz.uni-heidelberg.de UV photolysis wavelength of 235 nm. The results of the

CH;CFCL  (hydrochlorofluorocarbon: HCFC-141b
has been widely utilized as a replacement for GFCI
(chlorofluorocarbon: CFC-11lin the manufacturing pro-

0021-9606/2003/118(13)/5821/10/$20.00 5821 © 2003 American Institute of Physics

Downloaded 19 Mar 2003 to 147.142.186.53. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



5822 J. Chem. Phys., Vol. 118, No. 13, 1 April 2003 Lauter, Suresh, and Volpp

latter studies demonstrated that vibrational excitation of theIKS-Baratron. Flow rates were regulated by calibrated mass
fundamental symmetric CH(1vcy) stretching mode leads flow controllers and were maintained at high enough rates to
to an increase in the chlorine-atom spin—orbit branching raensure renewal of the gases between successive laser shots at
tio compared to that of vibrationally unexcited gEFCL  a laser repetition rate of 6 Hz. The unpolarized output of an
molecules*® A comparable increase in the chlorine-atom ArF excimer laser(193.3 nm emission wavelength, pulse
spin—orbit branching ratio was observed in the 235 nm phoeuration 15—20 nswas used as a “pump” laser to dissociate
tolysis of CHCFCL after preexcitation of the second the CHCFCL parent molecules as well as HCI. Pump laser
(3vcy) and third (4vcy) overtones of the symmetric GH  intensities were typically between 2 and 10 mJcm
stretching vibration, while at the same time the relative H For LIF detection of Cl, Ci, and H atoms, narrow-band
atom versus chlorine atom product branching was found t&/UV “probe” laser radiation, tunable in the wavelength re-
decrease upon overtone excitatidl. However, to the best gion 133.5-136.4 nm and around the H atom Lynaainan-
of our knowledge no measurements of absolute photoprodugition (121.567 nm was generated by resonant third-order
quantum yields have been reported so far for the UV photosum-difference frequency conversion{,, =2wr— w7) of
dissociation of CHCFCl, which, along with the corre- pulsed dye laser radiatiofpulse duration 15-20 hsn Kr
sponding optical absorption cross sectifigre a prerequi- and in a phase-matched Kr/Ar mixture, respectivély the
site for a detailed understanding of its UV photochemistry infour-wave mixing process the frequencywg (Ag
the atmosphere. =212.55nm) is two-photon resonant with the Kp-%&p
In the present article we report results of absolute chlo(1/2, ) transition. For chlorine atom LIF detection the sec-
rine and H atom quantum yield measurements in the 193.8nd frequencywy could be tuned from 480 nm to 521 nm to
nm photolysis of CHCFCL, which were performed using cover the four allowed C|(g2pj,H3p2pj,,; j’=1/2,3/2
the pulsed laser photolysi&P)/VUV laser-induced fluores- . j"=1/2,3/2) transitiond® Ground-state CRPs,) and
cence (LIF) “pump-and-probe” technique. In the present excited-state CI(2P,,) atoms were detected via thg’(
study, the nascent Cl-atom spin—orbit branching ratio, the=j) transitions, which have the highest transition probabili-
absolute chlorine atom quantum yieleg,. ¢~ , and the ab-  ties f,, 5,=0.114 andf,,,,=0.088, respectivel§’ For H
solute H atom quantum yield, were obtained by means of atom LIF detection via the (@2P«— 1s2S) Lyman- transi-
a photolytic calibration method employing HCI photolysis astion w+ could be tuned from 844 to 846 nm. The fundamen-
a reference. In addition, the analysis of the measured Clg| |aser radiation was obtained from two tunable dye lasers,
Cl*, and H atom Doppler profiles along witkb initio cal-  simultaneously pumped by a XeCl excimer laser. The first
culations, carried out to determine the heat of formation Ofdye laser was utilized to provide; using Coumarin 307 dye
the CH,CFCl parent molecule and the GBFCI radical, i case of the CI, Gl LIF measurements and Styryl 9 dye for
allowed us to derive information about the energy partition-tne H atom LIF detection. The second dye laser was operated
ing in the CI, Cf, and H atom forming photofragmentation \yith Coumarin 120 to generate light with a wavelength of
step. Primary dissociation mechanisms for the formation of;25 10 nm from whichvg, was obtained by frequency dou-
chlorine and H atoms will be discussed. bling with a BBO Il crystal. The VUV light generated in the
four-wave mixing process was carefully separated from the
Il. EXPERIMENT AND THEORETICAL CALCULATIONS unconverted laser radiation by a lens monochromator fol-
lowed by a light baffle systertfor details see, e.g., Ref. 21
The present photodissociation experiments were carriefjaximum pulse energies up to 28] can be achieved with
out in a flow cell at mTorr level pressures using a LP/NVUV- this four-wave mixing methoé? In the present study, how-
LIF pump-probe setup similar to the one previously used tQyer, the actual pulse energies were considerably lower due
study the chlorine and H atom formation dynamics in the UVig apsorption in the cell windows and optics. In all experi-
photodissociation of CECF,Cl (HCFC-142p.'>° ments the actual probe laser intensity was reduced until a
CH;CFChL  (ABCR-Chemicals, purity-99.7%) was |inear intensity dependence of the LIF signal was obtained.
pumped through the cell at room temperature. According terpe bandwidtHfull width at half maximum(FWHM)] of the
the manufacturer, the impurity consists of {FF,Cl and  prope laser radiation was determined to 6.3 cni* by
CHyCF; (HFC-143a, with the latter compound having & measuring Doppler profiles of chlorine and H atoms gener-
negligible absorption at 193.3 nm. For gBF,Cl the room- 4t in the 193.3 nm photolysis of HCI under thermalized
temperature optical absorption cross section at 193.3 nm iSynditions.
O cHycR,c1= 0-58X 10"2%cn?,***7 which is considerably The probe beam was aligned to overlap the photolysis
lower than the corresponding absorption cross section dheam at right angles in the viewing region of a LIF detector.
CHCFCh (0ch,crcy, =558 107 en¥) recommended i The delay time between the photolysis and probe laser pulses
Ref. 8c). Because the impurity level is less than 0.3%, con-was controlled by a pulse generator and monitored on a fast
tributions from the photolysis of CHF,Cl can be ne- oscilloscope. In the chlorine atom formation dynamics mea-
glected. surements, the delay time between pumping and probing was
In the photodissociation experiments the CHCI, kept short enough, typically 80—150 fwith a time jitter of
pressure in the cell was typically 9—23 mTorr: for the cali-about £10 n9, to allow the collision-free detection of the
bration measurements H@Vesser Griesheim, 99.99%vas  nascent Cl and Cl atoms produced in the GE&FCl, and
flowed through the reaction cell at pressures of typicallyHCI photolysis. As outlined in Ref. 16, these delay times
9-72 mTorr. The pressure in the cell was monitored by arwere chosen to avoid any time overlap between pump pulse
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and probe laser pulse, which could results in unwanted mul-
tiphoton dissociation processes. Under the described experi-
mental conditions, relaxation of Thby quenching as well as
fly-out of Cl and Ctf atoms and secondary reactions with
CH;CFCl, and HCI were negligible.

In the H atom formation dynamics studies, the delay
time between pumping and probing was kept at 80—100 ns.
As in our previous CHCF,CI and HCI photolysis studies,
the quality of the spatial overlap of the pump and the probe
laser beam was carefully checked in order to ensure that no
photolytically produced “fast” H atoms escape the detection
region during the delay times used in the experiméfis
details see Ref. 15

Cl, CI*, and H atom LIF signals were detected through
bandpass filters, ARC model 130-B-1D, and 122-VN-1D, re-
spectively, by a solar blind photomultiplier positioned at
right angles to both pump and probe laser beams. The probe
laser beam intensity was monitored after passing through the o %%
reaction cell. As the probe laser beam itself produced appre- A
ciable Cl, CF, and H atom LIF signals via photolysis of
CH3;CFClL, and HCI, respectively, it was necessary to sub- R %0
tract these “background” atoms from the respective atoms
produced in the 193.3 nm photolysis of gEFCL and HCI. n=11x+01
Therefore, an electronically controlled mechanical shutter :

) . ; 0.0 0.5 1.0
was inserted into the photolysis beam path, such that at each . .
point of the fluorescence excitation spectra, the signal could pump laser intensity [a.u.]
first be_30 times averaggd with the shutter oper_led and agajqu. 1. Dependence of the observed @, CI* (b), and H atom(c) LIF
be 30 times averaged with the shutter closed. Finally a pointsignal from the CHCFCL, photodissociation on the 193.3 nm photolysis
by-point subtraction procedure was adoﬁfetd) obtain di-  (“pump”) laser intensityl ,,mp. Solid lines are the result of a least-squares
rectly and on-line a LIF signal representing the contributionfit (15 to the experimental data in order to determine the power depen-
from Cl, pl*, and H atoms generatgd solely by the 193.3 nn}dheen;:ig;?;the respective LIF signals. The values obtainednfare given in
photolysis laser pulse. The LIF signals and the probe and
photolysis laser intensitgthe latter was monitored by a pho-
todiode were recorded with a boxcar system and transferred
to a personal computer where the LIF signals were normaldted to systematic errors in the calculation of the atomization
ized to both pump and probe laser intensities. In the experienergies. It was found that the application of spin—orbit cor-
ments special care was taken that the CF,Gind H atom  rections can reduce the deviation from the experimental val-
signals generated by the 193.3 nm photolysis laser pulsées in the case of chlorine compounds, and it was concluded

showed a linear dependence on the pusge, e.g., Fig.)1L that G2 theory is not sufficiently accurate for compounds
and probe laser intensity. containing two or more F and Cl atoms. However, the appli-

In the present work the GRIP2) method* of the  cation of isodesmic reaction schemes, where the number of

GAUSSIAN 98 ab initio program packade was used for a €ach kind of bond stays the same, was found to significantly
direct calculation of heats of formatiod(H,eg for the improve the accuracy of the heats of formation values ob-
CH3CFC|2 parent molecule and for the QBFC| fragment. tained by direct theoretical metho%ﬁsfl'herefore, GavIP2)

For both species no experimental values are available. 1galculations on the isodesmic reaction scheme

case of CHCFCl, a value ofA{H%qe= —335.1 kJ/mol was

reported in Ref. 26, which was eg?mated from available lit ~ CHeCHa*+ CHFCh—CH,CFCL+CH, @
erature values ofAHygs for CHyCCly, CHsCR,Cl, and  yere carried out in the present work to calculate the enthalpy
CH;CF; employing a nonlinear fit procedure. The latter change from whichh {H g for CH;CFCl, could be derived
value was found to be in good agreement with the valugmpioying the literature values for the experimental heats of
A¢H5%gg= —333.3 kd/mol calculated by Melius with the formation of CHCH,; (—84.1 kJ/mo],28 CHFCl, (—283.3
BAC-MP4 method”’ The value ofAHjgg= —358.6 kJ/mol kJ/mo),%® and CH, (—74.9 kJ/mo).2 With this approach a
obtained for CHCFCL in the present GMP2) calculations,  yajye of AHje=—339.2kJ/mol was obtained for
however, deviates significantly from the results of thecH,cFcl,, which is in reasonable agreement with the two
two previous calculationgfor the CHCFCI radical the g es reported earlid??’

present GRMP2) calculations yielded a valuedH o To derive an improved value fak{H g for CH;CFCl a
=—126.2 kJ/mol]. Large deviations in the heats of forma-.5|culation on the isodesmic reaction

tion of fluorinated and chlorinated compounds calculated by

the GZMP2) method were mentioned in Ref. 28 and attrib- CH;CH,+ CHFCL— CH3CFCI+ CH;CI (2

fluorescence intensity [a.u.]
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TABLE |. Standard enthalpies of formatioAsH>4g, and reaction enthalpied, H544, Of energetically acces-
sible photochemical reaction channels R1-R14 in the 193.3 nm photolysis &R, . Energies available to
the respective product&,,, were calculated VidE =% wpumd193.3 NM)-A H2gs. Energies are given in

kJ/mol.

Species AH%g Ref. Reaction channel A H%g Eavi
CH,CFCl, —-339.2 a  CHCFCL—CH,CCL+F 461.8 157.9 Rla
CH,CFClI —-119.1 a  CHCFCL—CH;CClL+F* 466.6 153.1 Rib
CH,CCl, 43.2 27  CHCFClL—CH,CFChL+H 449.0 170.7 R2
CH,CFCl, —108.2 27  CHCFChL— CH,CF+Cl, 407.1 2126 R3
CH,CFClI —165.4 52  CHCFChL— CHZCCI+CIF 500.9 1188 R4
CH;CCl 212.0 53 CHCFCL—CH,CFCIH+HCI 81.5 538.2 R5
CH,CF 67.9 27  CHCFCL—CH,CClL+HF 69.0 550.7 R6
CH,CCl, 2.2 54  CHCFClL—CHyz+CFClL 389.7 2300 R7
CH,CClI 257.0 27  CHCFCL— CH,CCl+F+HCI 583.3 36.4 R8a
CH,CF 109.1 27  CHCFCL—CH,CCI+F* +HCI 588.1 31.6 R8b
CHCCL, 260.7 27  CHCFChL— CHCFCH H+HCI 542.7 770 R9
CHCEFCI 77.8 a CHCFCL— CHCChL+H+HF 545.5 742 R10
CFCl —95.2 27  CHCFChL—CH,CF+Cl+HCI 477.3 1424 Rlla
CH; 145.7 31 CHCFChL—CH,CF+CI* +HCI 487.9 131.8 R1llb
CIF —50.3 31 CHCFCL—CH;CFCI+CI 341.4 278.3 Ril2a
HCI -92.3 31  CHCFCL—CHCFCH-CI* 352.0 267.7 R12b
HF —272.4 31 CHCFCL—CH,CFCI+CI+H 513.1 106.6 R13a
FIF 79.4/84.2 31 CHCFCL—CH,CFCIHCI* +H 523.7 96.0 R13b
Cl/ICI* 121.3/131.6 31  CKCFCL—CH,CCI+CI+HF 445.1 1746 Rl4a
H 218.0 31 CHCFCL—CH,CCI+CI* +HF 455.7 164.9 R14b

dvalues obtained in the present work from (@®P2) calculations employing different isodesmic reaction
schemegdetails are given in the text

was performed using the experimental heats of formation ogalibrating the Cl and €l atom signalsSc,(CH;CFCL) and
CH,yCH, (120.9 kJ/mo),*® CHFCl, (—283.3 kJ/mo),*® and S, (CH,CFCl,) obtained in the CKCFCl, photodissocia-
CH;Cl (—83.7 kJ/mg 30 The latter calculation yielded a tion against the Cl and €l atom signalsSg(HCI) and
value of A{H5ge=—119.1 kd/mol for the CECFClI radical. S (HCI) generated in the 193.3 nm photolysis of HEe
The A¢H5gg values obtained for CECFCL and CHCFCl  Fig. 2). Values for the quantum yield® and @ in the
via the isodesmic reaction€l) and (2), respectively, are photolysis of CHCFCL were determined using Eq$4a)
listed in Table | along with available literature values of and(4b), respectively®
other possible photolysis products, which were used to cal-
culate the reaction enthalpidsH g of different dissociation Pci= v Sel CH;CFCh) écionciPrer/
channels and the corres_pondingovalues of the energies avail- {Sci(HCl) ocpy,cre,Pen,crel) (43
able to the products. With th&¢H,4g values for CHCFCl,
and CHCFCI of the present work along with thiefH%gg
value reported in Ref. 31 for the Cl atom a value of
A H5%gg=341.4 kd/mol for the C—CI bond breaking reaction
channel CHCFCL— CH3;CFCI+ CI can be obtained, which
is in good agreement with an estimated value of 351
+35 kJ/mol reported in Ref. 14).

In the same way, the heat of formation valiigH 595
=77.8 kd/mol for the CHCFCI radical, for which to the best
of our knowledge also no experimental value is available,

a) o] cr

LIF intensity [a.u.]

. . . . b o] Ccr
was calculated employing the isodesmic reaction scheme :
along with the known heats of formation of CHGKR99.6 J/\/V/JV\\\\M
kd/mo),?” CCl, (—95.8 kd/mo), CF, (—993 kJ/mo}, and , . , " , ~
CH, (—74.9 kdJ/mo).28 1 0 p 1 0 1

Doppler shift [om™)
IIl. RESULTS
. . . . FIG. 2. Doppler profiles of Cl and €l(a) atoms produced in the 193.3 nm

A [le]/[CI] Sp'n_orb'.t branching rgtlo laser photolysis of 12 mTorr of C}£FCl, and Cl and Ci (b) atoms pro-
and primary quantum yields for chlorine duced in the 193.3 nm laser photolysis of 72 mTorr of HCI. Doppler profiles
and hydrogen atom formation were recorded 150 ns after the photolysis laser pulse. Line centers corre-

Bri ieldsb - for Cl and ® .. for CI* spond to the (42P;,_g,—3p 2Pjs_5) transition of the Cl aton(74 225.8
rmary quantum yieldsbg, for and @c« tor cmY) and to the (42Pj _y;—3p 2Pji_1;) transition of the CI atom

atom photofragment formation were measured separately hy3983.1 cm?), respectively.

Downloaded 19 Mar 2003 to 147.142.186.53. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



J. Chem. Phys., Vol. 118, No. 13, 1 April 2003 Photodissociation of CH;CFCl, 5825

D = yor{ Scir (CH;CFCh) dhepx orciPrel/ a) b)
{Scix (HCl) och.crel,Penycrel ) (4b)

oncl and ocp crey, are the optical absorption cross sections

of HCI and CHCFCl, at room temperature at 193.3 n8y,
andSq« are the integrated areas under the measured Cl and
CI* atom Doppler profiles ang, and PcH,crey, are the

pressures of HCl and GIEFCL, respectively.¢pcx =0.40

and ¢~=0.60 are the Cl and €l quantum yields in the

193.3 nm photolysis of HCI, which can be derived, because

the photodissociation of HCI generates-&I(CI*) products  FIG. 3. Doppler profiles of H atoms produced in the 193.3 nm laser pho-

with a quantum yield of unity ¢n= dcix + pe=1), from tolys_is of (a) 8 mTorr of CHCFCL and (b) 7 m_Torr of HCI. Do_ppler

the [CI* 1en spin—orbit branching ratio, 0.670.09. re- profiles were recorded 100 ns after thg.photoly&s Iaier pulse. Line centers
. . . correspond to the H atom Lymantransition(82259 cm ).

ported in Ref. 16. For the HCI absorption cross section the

value ope=(8.1+0.4)x10 2° cn? was used, which has

been measured for the ArF excimer laser emission wave-

length (193.3 nm.*? The latter value is in good agreement

with the value of 8.26:10 2° cn? obtained by nonlinear

interpolation from the recommended d4tagiven in Ref.

33. For the CHCFCI, absorption cross section the value

ocnycro,= (5.58+0.11)x 107 1% cn? derived from the data

recommended in Ref.(8) was employed.

The factorsyc« and yq in Egs. (4@ and (4b), respec-
tively, are corrections accounting for the different degrees o
absorption of the Cl Xpope=134.72nm) and CI(\ yope Cl, CI*, and H atom Doppler profiles were analyzed in
~135.16 nm) VUV probe laser radiation by GBFCL and  order to determine the mean kinetic energy of the respective
HCI. These absorption corrections were directly determinedragments in the photolysis of GEFCL. The Doppler pro-
from the known distances inside the flow cell and the relativdiles directly reflect, via the linear Doppler shjft— vq]/vq
difference in the probe laser attenuation measured in thev,/c, the distributionf(v,) of the velocity component,
CH;CFCl, and HCI photolysis runs. Under the present ex-of the absorbing atoms along the propagation direction of the
perimental conditions the absorption corrections wegg  probe laser beam. As a consequence, for an isotropic velocity
=0.94+0.05 andyc» =0.96+0.05. The experimental data distribution the average kinetic energy of the fragments in
sets evaluated via Eq#d) to determine® and®« con-  the laboratory system is given & = 3m(v2). Here(v?)
sisted of 13 CI (Ci) atom profiles obtained in combination andm represent the second moment of the laboratory veloc-
with 13 CI (CF*) profiles from HCI calibration runs. Experi- ity distribution f(v,) and the mass of the photolytically pro-
mental errors were determined from the 4tatistical uncer- duced atoms, respectively. However, because the measured
tainties of the experimental data, the uncertainties of the opspectral profiles represent a convolution of the laser spectral
tical absorption cross sections, and the uncertainty of therofile and the Doppler profile of the absorbing atoms, a
[ CI* ]/[ CI] branching ratio value in the 193.3 nm photolysis numerical deconvolution was applied to obtain the correct
of HCI using simple error propagation. Values df.;  fragment velocity distributiorf(v,) employing a Gaussian
=0.74+0.11 andd ¢« = 0.27+ 0.03 were obtained, resulting function to describe the VUV probe laser spectral prdfite
in a spin—orbit branching ratio ofCI* J/[Cl]=d« /P details see, e.g., Refs. 15 and).16
=0.36%=0.08. From the measured Cl and*Gltom quantum In the chlorine atom formation dynamics studies the
yields a value ofb ¢, o> =1.01+0.14 can be derived for the evaluation of the 26 recorded Cl and*Chtom Doppler
total chlorine atom quantum yield in the 193.3 nm photolysisprofiles, taking into account the actual laser bandwidth,
of CH;CFCl,. yielded values OfEr+ jancy=2107+8 kd/mol andEr jan(ck)

The absolute primary quantum yiedd, for H atom for-  =113+8 kJ/mol for the mean laboratory kinetic energy
mation in the CHCFCL photodissociation was determined of the respective fragments. For the H atoms produced in the
by calibrating the H atom signal obtained in the {HFCL, CHZCFCL photolysis, a value ofEr japHy=25=4 kd/mol
photodissociation against the H atom signal measured in theas obtained in the evaluation of the eight recorded Doppler
193.3 nm photolysis of HQlsee Fig. 3. As in the case of the profiles. The quoted errors include the $tatistical uncer-
chlorine atom quantum yield measurements, an absorptiotainties obtained in the numerical least-squares fit analysis
correction had to be applied to account for the difference irof the spectral profiles as well as the respective uncertainties
the absorption cross sections of gECL and HCI at the of the laser bandwidth measurements. With the values given
Lyman-a probe laser wavelengfi. Under the present ex- above the corresponding mean relative translational energies
perimental conditions the absorption correction wgs  in the CH,CFCI+Cl center-of-mass system were calculat-
=0.85+0.04. Further details about the calibration procedureed to be Egy=157=12kJ/mol and Eq(cix)=165
are given in Ref. 15. Fob, a value of 0.040.01 was *12 kJ/mol.

-
!

H atom LIF intensity [a.u.]

-4 0 4 -4 0 4
Doppler shift [cm™]

obtained in the evaluation of eight independent calibration
measurements.

B. Average chlorine and hydrogen atom
%ranslational energies
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IV. DISCUSSION eters 8 measured in the 235 nm photolysis of GEFCl
o ) methyl stretches, it was proposed that electronically excited
In principle, the amount of energy provided by a 193.3gt5tes ofA’ and A” symmetry are involved in the UV pho-

nm photon {»=619.6 kd/mol) would be high enough to togissociation process for excitation energies up to 53 761
allow for a variety of two-body as well as three-body decaycm1 (643.9 kJ/mol.

channels for the energized GEIFCL molecule. The ener-
getically allowed reaction product channels R1-R14 are ) )
listed in Table I. However, as absorption of a 193.3 nm pho—B' C—Cl*bond cleavage mechanism, energy disposal,

ton actually leads to excitation in the first UV absorption and [CI*J/[CI] spin—orbit branching ratio

band of CHCFCL, which originates from a B= Although the dynamics of C—Cl bond cleavage has been
— o* (C—ClI) transition within the valence shell §3r is a Cl  investigated previously for CYCFCL under molecular beam
lone pair orbital andr* is an antibonding C—G#-MO), one  conditions at photolysis wavelengths of 235 and 193.3 nm,
can expect that UV photolysis leads preferentially to C—CIno information about the energy disposal was derived in
bond breaking. The result of the present absolute quantuiiose studies>**@*® From the Cl and Ci translational
yield measurements for chlorine atom formatishg .o~  €nergies obtained in the present 193.3 nm photolysis study
=1.01+0.14, is in line with this expectation. In addition, translational energy disposal fractions fa{c) = Er(ci)/Eau
because the three-body decay channel in which two chloring 0.56 andfr(cix)=Er(cix)/Eay=0.62, respectively, can be
atoms are formed along with the GEF radical is energeti- derived employing the respective valueskyf, for the two
cally not accessible in the 193.3 nm photolysis ofsingle Cl bond breaking reaction pathways,

CH3CFC, the result of the present chlorine atom quantum  cH.CFCl,— CH,CFCI+Cl, (R123
yield measurement can be directly used to derive an upper
limit of ®g; r1=0.13(Ref. 35 for the total quantum yield CH3CFClL— CH;CFCI+-CI*, (R12b

.....

of the other thermochemically allowed wo-bodR1-R7% a5 given in Table I. The presefif values, which lie between
and three-bodyR8-R10 decay channels, which do not re- the imiting values 0.36 and 0.85 predicted by a soft
sult in either Cl or CI atom formation(see Table)l impulsivé’? and an impulsive rigid rotor modéf, demon-
CH;CFCl, pyrolysis experiments in which the thermal strate that C—Cl bond cleavage leads to a rather high trans-
kinetics of the dehydrochlorination chanri®5) was studied |ational energy release in the GEFCl, photodissociation.
in the temperature range 610-853 K yielded values of 196.§he present results therefore indicate the presence of a
kJ/mol (Ref. 36 and 238.7 kJ/mo(Ref. 37 for the activa-  prompt dissociation from one or more PES's, which are
tion energy of this channel. Only the latter value was foundstrongly repulsive in the C—Cl coordinate. A prompt disso-
to be consistent with reaction threshold barrier energies oiation mechanism, which is consistent with the absence of
225.9 and 236.0 kJ/mol obtained in chemical activationany structure in the first absorption band of the CHCl,
experiment¥’ andab initio quantum chemical calculatio$, molecule, was also proposed in Ref.(@4to explain the
respectively. With an activation energy of 238.7 kJ/mol, thenonvanishing Cl and ¢lphotofragment velocity distribution
molecular elimination channéR5) should be energetically anjsotropy parameters observed in the vibrationally medi-
accessible in the 193.3 nm photolysis of {LHFCL. How-  ated UV photodissociation of GJEFCL,. The present results
ever, the HCI¢ =0,1) quantum yield ofPci,-0,1)<0.01  are in general agreement with the energy disposal fractions
reported in Ref. 1&) along with the fact that no IR emission opserved in the vibrationally mediated 235 nm photolysis of
of HCI(v=1-4) could be observed following the 193.3 nm CH,CFCl, (3v¢.), which, with a total excitation energy of
photolysis of CHCFCL (Ref. 40 indicates that the HCl 612.9 kJ/mok“” is almost isoenergetic to the 193.3 nm
molecular elimination channéR5) as well as HCl formation (% »=619.6 kJ/mol) photolysis of vibrational ground-state
via the three-body decay channéR8), (R9), and(R11) is  CH,CFCl,. From the Cl and Cl translational energies given
only of minor importance in the primary UV photochemistry in Ref. 14a), values off(c)y=0.44 andfr(ci<y=0.51 can be
of CH;CFCL,. This parallels the results obtained in the UV calculated using the thermochemical data of Table I. The fact
photolysis of CHCH,CI where HCI elimination was also that the latter values are somewhat smaller than the present
found to be a minor pathway onfy.HCI formation observed values might be due to the absence of a significant energy
in the 193.3 nm photodissociation of GEBH,Cl was attrib-  flow from the initially excited C—H methyl stretch vibration
uted to a mechanism, which involves internal conversiorinto the C—Cl bond dissociation coordinate. In Ref(cl4
from the initially electronically excited ste® to the elec- the experimental observation that the Cl and @roduct
tronic ground state. The fact that HCI could not be observedranslational energies remained almost constant upon preex-
in case of CHCFCl, [Refs. 13a) and 40 along with the citation with three, four, or even five quanta of C—H methyl
quantum yield for chlorine atom formation of unity—as ob- stretch was attributed to the rather small amount of addi-
tained in the present study—indicates that the dissociatiotional energy which finally ends up in the C—CI coordinate
takes place on onéor more potential energy surfacs, after complete energy randomization among the 18 normal
which is (are repulsive in the C—CI coordinate and which is modes of the parent molecule. On the other hand, although
(are not efficiently coupled to the CH{CFCL(A’) electronic  C—H methyl stretch preexcitation was found to be insignifi-
ground staté? In Ref. 14c), based on the analysis of Cl and cant for the energetics of Cl and’Catom formation, a pro-
CI* photofragment velocity distribution anisotropy param-nounced influence on the overall Cl,*C$ignal strength and
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on the [CI*]/[CI] spin—orbit branching ratio was In order to access whether “secondary” formation of H
observed>4@145 ypon vibrational excitation of the sym- atoms via a three-body decaglenoted as R13 in Table, |
metric C—H methyl stretch vibration the spin—orbit branch-which occurs most probably via a sequential mechanism
ing ratio was observed to increase by about a factor of 2 from
a value of [CI*]/[CI]=0.22+-0.06, as observed in the CH;CFClL +7% w— CH3CFCHH-CI/CI*, (R12a,b
193.3-nm ground-state photolysis of gEFCL, under cold
molecular beam conditionsT(;,~100 K),'® to a value of  followed by
[CI*]/[CI]=0.49+0.11 in the isoenergetic 235 nm photoly-
sis of CH,CFCh (3vcp).* 9 In the present 193.3 nm gas- CHs;CFCl—CH,CFCH H, (5)
phase photolysis study of room-temperature;CHCL (T
=298 K) an intermediate value ¢fCI*]/[CI]=0.360.08  \yould be energetically possible in the 193.3 nm photolysis of
was obtained. . . CH3CFCl, the kinetic energy distributions of the CI and
As has been suggested in Ref(dxthe alteration of the  cj* fragments derived from the Doppler profiles measured in
[CI* J/[CI] spin—orbit branching ratio upon vibrational pre- ine present study were analyzed employing the thermo-
excitation could be due to differences in the improvement ofhemical data compiled in Table I. This analysis revealed
the Franck-CondoKFC) factors relative to the FC factors of ¢ in the present case about 1266rresponding to a frac-
the ground-state molecules. This is turn could result in aRjon of 0.12 of the CH,CFCI fragments formed in reactions
alteration of the ratio of the partial absorption cross sectiongr12a jy would have enough internal energy to further de-
to the upper electronically excited PESne of which has  compose vig5) into H atoms with an average relative trans-
A’ symmetry and correlates with Cragments, and a sec- |ational energy of 25 4 kJ/mol as observed in the present
ond one with A” symmetry which correlates with Cl stgy and CHCFCI molecular fragments, if the latter are
fr.agm.ent§3<°)) involved in the dissociation process of the prodyuced without internal excitation. The fact that the ex-
vibrationally excited molecules. In case that f@* ]/[Cl]  perimentally observed H versus chlorine atom formation ra-
spin—orbit branching ratio would indeed be determined bytio [H]/[Cl+CI*]=®,/d ¢, o+ =0.04+0.02 is about a
the relative strength of the two initial partial absorption crossgacior of 3 lower might indicate that in the actual dissocia-
sectionsg™ (A’ —A’") ande(A’—A") and not significantly tion mechanism of the three-body decay chani®d3) the
altered by subsequent nonadiabatic interactions while thgy,cFCI product fragments are formed with an significant
fragments separate, the high@1* ]/[ CI] spin—orbit branch- 5 mount of internal excitation.
ing ratio .observed in the present 193.3-nm room-temperature  ajthough the results of the energy analysis described
photolysis studycompared to the 193.3 nm molecular beamapoye show that both the H atom translational energy and the
photolysis study’) could be the result of the markedly dif- 1y atom quantum yield of the present work would be consis-
ferent parent molecule vibrational state distributions. For thgent with the three-body decaR13), the possibility that H
molecular beam conditionsT(;,~100 K) one can estimate atoms are formed to a certain extend via reaction channel
that only a small fractiorica. 7% of the CHCFCL mol-  (R9) or (R9) and (R10) cannot be completely ruled out on
ecules are in vibrational levels with>0, while for the room e pasis of the present results. However, in any case an
temperature sample this value is considerably higler  hner fimit of dg, roR10R150.05 can be derived for the
78944 total yield of the H atom formation channe(®2), (R9),

At this point, however, it should be noted that the ob-(R10), and(R13 from the upper error bound of the present
served dependence of the spin—orbit branching on C—H Vi atom quantum yield measurement.

brational preexcitatiori’** could also be due to the fact that “Direct” H atom formation via reaction channglR2)

(in the case that only one excited-state PES is involved in thg,55 proposed to explain the high average translation energy

UV dissociation processdifferent regions of the excited 5 gg+19 kJ/mol, which was observed in the 193.3 nm

electronic state are sampled from which Cl and @om  cp.cFCl, molecular beam laser photolysis studies along

formatlon occurs via complex relaxation processes and conigitp a[H]/[ Cl+ CI* ] branching ratio of 0.18 0.073 For H

cal intersections. atoms formed with an average translation energy of 98 kJ/

mol, the kinetic energy distributions of the Cl,*Ciragments

as determined in the present work, assuming that under the

molecular beam conditions of Ref. 13 the H and the chlorine
The H atom quantum yield b, =0.04+0.01 obtained atoms are formed through the reaction charfRdl3), would

in the present work demonstrates that H atom formationpnly allow for a substantially smalléiH]/[ Cl+ CI* ] branch-

despite the fact that it could in principle occur via a numbering ratio of ca. 3X10 # even in the limiting case of the

of reaction channels, such €82), (R9), and(R10), isonlya CH,CFCI molecular fragments being formed without any in-

minor product channel in the 193.3-nm gas-phase photolysiternal excitation. Therefore, it seems to be rather unlikely

of CH;CFCL. The rather low value ofby along with the that the considerable amount of H atoms observed under

previously reported H atom quantum yields for £H,ClI  molecular beam conditions can result from the three-body

(Ref. 195, CH;CI, and CHCI, (Ref. 46 show that photoab- decay(R13). In addition, in case of the molecular beam pho-

sorption at 193.3 nm, which leads to @8—¢*(C—-Cl)  todissociation studies H atom formation along with HF for-

valence shell transitioff, does not result in efficient “pri- mation through the three-body dec#R10 is also quite

mary” C—H bond cleavage. unlikely as for this product channel the amount of energy

C. H atom formation dynamics
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available to the product& = 71.9 kJ/mol, is considerably =1-5) photofragments might be produc€dased on the
less than the observed average H atom product translationilermochemical data complied in Table I, HF could be
energy of 98 kJ/mol. formed in the 193.3 nm photolysis basically via the three-
Therefore, the comparison between the present resuliody decay channeléR10) and (R14), as well as via the
obtained in a room-temperature photodissociation study andnimolecular 1,2-elimination proce$g6).*®
the results previously obtained under molecular beam condi- Formation of HF{=0,1) via the three-body decay
tions suggests that quite different H atom formation mechachannel(R10 would be virtually consistent with the transla-
nisms are operating. While in the room-temperature photolytional energy distribution derived from the H atom Doppler
Sis re'ative'y “S|Ow” H atoms are formed most probab'y prOfileS measured in the present Study. The analySiS of the
through a sequential three-body de¢®yL3), in which the H translational energy distribution revealed that HIE(Q) for-
atoms originate from a “secondary” unimolecular decompo-mation is energetically possible for 98% of the experimen-
sition of internally excited CKCFCI fragments produced in tally observed H atoms. Formation of HFE 1) is still pos-
the “primary” C—Cl bond cleavage reactiofR12a,h, the sible along with 52% of the observed H atom products.
“fast” H atom observed under “cold” molecular beam con- Formation of HF{>1), however, would energetically not
ditions are more likely to be formed by the two-body decayP€ allowed. An upper limit 0fPg,,=<0.05 for the quantum
(R2) which involves single C—H bond cleavage. Further-Yield of HF molecules, vv_hlch could be formed via reaction
more, internal excitation of the parent molecule seems t&hannelR10), can be derived from the upper error bound of
have a pronounced influence on tHé]/[ Cl+ CI*] branch- the H atom q_uz_antum yield measgred in the present work.
ing ratio as indicated by the significant increase from a value  T1he possibility for HF formation via the three-body de-
of 0.04+0.02 to a value of 0.180.07, which is observed €&y channelR14) can be assessed by analysing the transla-
upon expansion cooling the parent molecule from room temtional energy distributions of the chlorine atqm fragments
perature down to a vibrational temperature of about 100 KOPServed in the present experiments. For this channel the
Results of H]/[Cl+ CI* ] branching ratio measurements ob- analysus showed.that HBE0) formation is energetically
tained in the 235 nm molecular beam photolysis of vibra-POSSiPIe along with up to 66% of the observed Cl and Cl
tional ground-state and vibrationally preexcited LHFCl, atoms. From the total chlorine atom quantum yield measured
in which the [H]/[CI+CI*] branching ratio was found to N the present work a value 6Pgyy(r=0.76 can be ob-
decrease upon selective C—H methyl stretch excitdsee, (@ined for the maximum quantum yield for H=C0).™ The
e.g., the results obtained in the 235 nm photolysis of Vibragn??l}\/;fuIgjr:)heere:l(ae\;zzlt?cdalltca;II(c))C\I/)édHE)rforgigg: zﬁgr?nel
tional ground-state CHCFCL, CH;CFChL(3vcy), and . .
CH3CFg|z(4VCH) as rep%gduclzed in T?éble |||2|(0f %Hgf. (8], (R14). Hence it can be concluded thaF if HFJ%3_) .pI’O(.ZiUCtS
might be taken as an indication that the markedly differenf"® observed, they must be formed via the eI|m|n:_;1t|on_ chan-
vibrational state distributions in the molecular beam and thé1e| (RG). For the latter channe! population of HF V|brat|o.nal
room-temperature gas-phase experiments, which could restfates up =5 as observed in Ref. 40 would be certainly

in a different Franck-Condon overlap between the grouncPOSSible considering the high value of the energy available to

50,51 ;
vibronic and the electronically excited state wave functions,the productgsee Table)l Because reaction chanr(ét)

are the reason for the observed difference in [/ foetf] n?ttrelsult |nte|the_r ICdIfor ﬁllf:r?gmer;_ts, th_e f{ﬁ.perh“m't |
[ Cl+CI* ] branching in the 193.3 nm photolysis. However, or the tota quantum yield tor ormation via this channe

as already pointed out in Ref. 16 in conjunction with the!S restricted by the relationshipre=Pg,. ryg<0.13, which

interpretation of the 193.3 nm room-temperature and mogvide supra can be derived from the lower error bound of

lecular beam photolysis results of QEF,CI, additional the- the E;iffr;:‘ghgg'or\]/ee aé%rgug:%l:ﬂ?iglilgaﬁq?ﬁ;rrf?;f?zn:ﬁore
oretical work is clearly needed both on the involved elec- o .
. : , guantitative assessment of the overall importance of HF for-
tronically excited molecular PES’ as well as on the molecular® " .~ : oo .
. 7 ) . mation in the UV photodissociation of GBFCL, in general
dissociation dynamics before it can be expected that a com- . N
) . and the potential contributions of the three-body decay
plete picture of the H atom formation mechanisphtan be . . .
. . channels (R10, R14, in particular further experimental
drawn for these molecules. On the experimental side, de: o o
S ) . fforts toward the determination of th¢HF(v=0)]/
tailed information on the H atom energy release along with . . . :
o S : HF(v=1-5)] branching ratio, which could not be provided
atom photofragment velocity distribution anisotropy param- . .
. : . N . y the TRFTS studies of Ref. 40, would be required.
eter measurements in particular in the vibrationally medlateé)
CH3CFCL, photolysis, for which the reportedH]/[CI
+ CI*] branching ratios indicate that H atom formation be-
comes a major product chanié&P*4® would be most help- v SUMMARY
ful to shed more light on the actual dissociation mechanism
leading to H atom production. In the present gas-phase pulsed-laser photolysis and
laser-induced fluorescence “pump-and-probe” experiments
absolute quantum yields for photolytic formation of CI*CI
Preliminary studies of the 193.3-nm gas-phase photolyand H atoms were determined after UV laser excitation of
sis of room-temperature GEFCl,, in which time-resolved room-temperature C}{€FCL (HCFC-141h at 193.3 nm. A
Fourier-transform spectroscopyTRFTS in the emission value of ® ¢, cx=1.01+=0.14 was obtained for the total
mode was applied, indicated that vibrationally exited HF( chlorine atom quantum yield along with a rather small H

D. HF formation
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