Photodissociation of HCI at 193.3 nm: Spin—orbit branching ratio
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HCI was photodissociated by ultraviol@iv) radiation at 193.3 nm. Time-of-flight spectra of the
hydrogen atom fragment provided the spin—orbit state distribution of the chlorine fragment,
[CI(?P4,) 1/[CI(?P5,) ]=0.69+0.02, in excellent agreement with recent theoretical studies. The H
atom angular distribution studied by changing the uv photolysis laser polarization confirmed a
dominantA IT1—X 3" electronic transition in the photoexcitation procé8s- —1.01+0.04 and
B*=—-0.94+0.07. © 1997 American Institute of Physid$50021-960607)01629-3

Hydrogen chloride is one of the simplest model systemsprimarily perpendicular & TT—X 3 ").27° Recently, the
for studying photophysics and photochemistifIts firstuv  ratio has also been measured between 193.3 and 119%3 nm.
absorption bands are assigned & —npm transitions; Givertz et al.” and Alexandeet al® usedab initio methods
among the electronically excited repulsive statés'II, to calculate the branching ratio; however, the results differed
a %Ml,, a °M,, a °My+, anda °II,-), the allowed perpen- from each other, as well as from the early experimental
dicular transitions 4 =+1) are from theX '>* ground data®® These discrepancies prompted two more theoretical
state to theA 11 anda 3I1, states, and the allowed parallel studies’'®and it was shown that the branching ratio is very
transition AQ=0) is toa °I,+.1%° At higher energy, the sensitive to details of the nonadiabatic coupling. The primary
t 33 * state can be accessed via®«— o transitionl'?°Dis-  goal of this article is to provide a new, accurate experimental
sociation of HCI on the excited surfaces into atomic frag-measurement of the spin—orbit branching ratio at 193.3 nm.
ments HES) and CIPP;) occurs with the spin—orbit elec- In this study, the higw Rydberg time-of-flight
tronic excitation of the Cl atom as the only internal energy,(HRTOP) technique was utilized to record the H atom prod-
aside from the hydrogen and chlorine hyperfine levels. Belict TOF spectra and to obtain center-of-méssn,) transla-
sides theX '3+ ground state, four excited electronic sur- tional energy distributions.™** The apparatus has been de-
faces(A I, a 3I,, a °I,, anda 3I1,-) correlate adia- Scribed preV|ousI§/.2’l_3A pulsed HCI molecular bt_—:‘am was
batically with HES)+CI(2Ps),); while the a 3Il,+ and Produced by expanding 1% HClin Ar or 5% HCl in He at a
t 33 states correlate with H6)+ CI(2Py,,). 125 It is note-  total pressure of-760 Torr. HCI was excited with 193.3 nm
worthy that in small light-atom molecules, such as HF andadiation from an ArF excimer lase4—15 mJ. This radia-
HCI, the spin—orbit interaction is very small compared tolion could be polarized with an eight-plate stack of quartz

that in HI; therefore, the photoexcitation is restricted prima—SI'deS_ p'?‘cel‘j at the Brewster angle, r?S”'“T‘g.'” 85266
fily to spin-conserving transitions, i.e., the1S* to A 11 polarization.” H atoms from HCI photodissociation were ex-

transition is much more important than those a1 cited to radiatively metastable highRydberg states by se-
a 3. andt 33 2258 Though the HCl molecule isléx- quential absorption of 121.6 and 366 nm photons. A small
citedopredomina;t.ly 0 a sing?e electronic surfa&eTl in fraction of these excited atoms drifted with their nascent ve-

the Eranck—Condon reaion. nonadiabatic counlings betweeIocities to a microchannel plate detector, where they were
glon, ping Uetected as ions after being field ionized in front of the de-

the excited surfaces may nevertheless occur at long rangg .or The flight path is 110.6 cm. TOF spectra were re-
and can redistribute the photodissociation flux as the fragéorded by using a transient digitizer: spectra usually repre-

ments recoil. The multiple-surface environment of the ex-oo v 3 15107 Jaser firings.

ci'Fed states provides a means for studyjng nonadiabatic cou- Figure 1 shows the c.m. translational energy and angular
plings between the excited electronic states. A strongyisyribtions for 193.3 nm photolysis of HCI; they were ob-
indication of such couplings can be observed via the Spin,ineq from a direct conversion of the TOF spectra taken at
orbit branching ratio, and its measurement can provide ingjitferent polarization conditions of the photolysis radiation.
sight into dissociation mechanisirs. The two peaks correspond to the two spin—orbit states of the
Despite extensive experimental and theoretical studieg| atom product, and their relative probabilities reflect the
on HCI photochemistry; *°the spin—orbit branching ratio of rejative differential cross sections for these two product
the Cl product from photodissociation of HCI in the ground channels and can reveal the relative total cross sections, i.e.,
vibrational state is still subject to controversy. The measuredpin—orbit branching ratio. Both the ¢R,,,) energy and

spin—orbit branching rati()CI(ZPl,z)]/[CI(2P3,2)5] was 0.50  Dy(H-CI) agree with literature values:'® The resolution,
+0.05 at 193.3 nm and 0.880.13 at 157 nnf,°and itwas  j.e., width of the peaks, is limited by the excimer laser line-

shown that the electronic transition at these wavelengths igidth. As shown in Fig. 1, when the uv laser radiation is

horizontally polarized, i.e., perpendicular to the flight path,

dCurrent address: Department of Chemistry, University of California, Riv- ‘9_: 90°, the H atc_)m S'gnal IS a maximum, whereas the .S|gnal
erside, California 92521-0403. with the uv polarization parallel to the flight pat@€0°) is
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Horizontal UV Polarization, 8 = 90° B(CI*)=—-0.94£0.07 andB(Cl)=—1.01=0.04. The sta-
tistical error limits reflect a 95% confidence level Alfis the
percentage of parallel ariélis the percentage of perpendicu-
lar character, one finds thaf=(B8+1)/3 and B=(2

— B)/3.1% For the photodissociation of HCI at 193.3 nm, the
Cl channel has 100% perpendicular character, while tfe Cl
channel has 98% perpendicular and 2% parallel characters.
‘ The minor parallel character should come from the singlet—
14000 15000 16000 17000 triplet transition @ °[g+—X 2 %). This differs from uv

c.m. Translational Energy /em™ photodissociation of HF in which both*Fand F have 100%
perpendicular charactét.Ilt seems that as the molecule gets
larger, besides the dominant singlet—single{

A MI—X 13", perpendiculartransition, a minor singlet—
triplet transition (a 3My+«—X 3%, paralle) starts to be-
] come noticeable, to a small extent in HCl and to a much
larger extent in HI.

Two approaches are taken to calculate the spin—orbit
branching ratid CI*J/[CI]. The first is to use the integrated
peak areas in the translational energy spectra obtained by

T T using unpolarized radiation and to include a weighting factor
14000 15000 16000 17000 of (1+ B/4)~?* for each peak’!® The second is to use the
¢.m. Translational Energy /em’ sum of the integrated areas from the horizontally and verti-
cally polarized spectra and to include a weighting factor of 2
FIG. 1. c.m. translational energy distributions. Conditions: 1% HCI/Ar, total for the horizonta"y p0|arized dat%% 900)_17’19 These two

stagnation pressure 760 Torr. Spectra are normalized to the laser energy aggts of data increase the precision of the spin—orbit branch-
number of laser shots. Signals at vertical polarization are mainly due to the

imperfect polarization of the stacked-plate polarizer. ing ratio measurement. Our best estimate [&* /[Cl]
=0.69+0.02. The statistical error reflects a 95% confidence
level. This result is in excellent agreement with the recent
a minimum. The signal observed with vertically polarized uvtheoretical value of 0.71 at 193.3 riilNote that our experi-
radiation (#=0°) is largely a result of imperfect polarization mental technique is independent of the detection efficiency
from the stacked quartz-plate polarizer. Since HCI dissociof Cl and CF atoms, as opposed to previous experimental
ates on a time scale much faster than its molecular rotatiostudies. The photolysis and probe laser delay is checked to
period (fs vs pg, the H atom will recoil along the original ensure that it does not affect the spin—orbit branching ratio
HCI molecular bond and it is obvious that the eleCtI’OﬂiCmeasurements, i.e., it does not affect the collection effi-
transition dipole moment of HCI is perpendicular to its mo- ciency.
lecular axis. Both C1 and Cl peaks have nearly the same uv  Unlike HlI, uv photoexcitation promotes HCI primarily to
polarization dependence, and it appears that both channedssingle electronic statey 'II, and complications from ini-
derive predominantly from the perpendicular transitiontial population of multiple zeroth-order electronic states is
AMI—X13*. minimum. In the adiabatic limit, the atoms separate slowly
For one-photon, electric-dipole-allowed photodissocia-and the initially populated molecular states correlate adia-
tion of randomly oriented molecules, the fragment angulabatically with the atomic fragment spin—orbit states, i.e., the
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distribution is described BY branching ratio CI* J/[CI] should be G>% In the diabatic
o limit, separation occurs very fast, such that the formation
()= yp [1+ BP,(cosH)], (1) probabilities of Cf and Cl are determined by the probabili-

ties of projecting the molecular wave function onto the
where B(—1<8<2) is the asymmetry parametet,is the eigenstates of the separated atoms. In this case, the branching
polar angle between the electric vector of the polarized raratio in the diabatic limit is 0.5:>2°Our measured branching
diation and the final photofragment recoil direction, andratio of 0.690.02 corresponds to neither the adiabatic limit
P,(cos¥) is the second-order Lengendre polynomial. For anor the diabatic limit, being higher than both.
perpendicular transitionAQ=*1), 8=—1 and for a par- Detailed theoretical studies of HCI have helped elucidate
allel transition AQ=0), B=2. Based on Eq(1), the 8 its photodissociation mechanist&:'° Since both spin—
parameters can be calculated from the measured product aoebit channels derive predominantly from thelll state
gular distributions, i.e., the relative probabilities of the Clwhich is accessed in the Franck—Condon region, it is the
peaks at different uv polarizations. The*Chnd Cl atom nonadiabatic couplings at large separation that determine the
peaks in the c.m. translational energy spectra are fitted tepin—orbit branching ratio. At large H—CI distances where
Voigt functions and the relative peak areas are used. Correthe spin—orbit energy becomes significant, couplings of the
tion for imperfect polarization is also taken into accotf® A 11 state and the€)=1 components of the tripleta °II
The resulting3 parameters for the two product channels areand t 3" will redistribute the photodissociation flux and
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