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Reactive excitation functions for F  +p-H,/n-H,/D, and the vibrational
branching for F +HD
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(Received 13 March 2000; accepted 8 June 2000

Complementary to our recent report on the D reaction, the reactive excitation functions for the
other isotopomers are presented. Through analysis of the differential cross section data, the
collisional energy dependencies of product vibrational branchings+#&t are also reported here.
Several important conclusions can be drawn from this work. First, the transition-state properties, in
particular the barrier height, of this reaction are well-characterized by the SW PES, despite its
neglect of spin—orbit couplings. Second, contrary to the theoretical conclusion in recent literatures,
an experimental observation is presented which seems to suggest that a resonance may indeed exist
for the F+H, reaction in support of the original interpretation proposed by Lee and co-workers.
Third, the vibrational branching for the #HHD—HF+D reaction elucidates another facet of
resonance effects in the integral cross sections. Finally, the nonadiabatic reactivity of the spin—orbit
excited P (°P,,) atom is found to be small, which is in line with the conclusion inferred from a
most recent, full quantum mechanical multisurface calculation.20®0 American Institute of
Physics[S0021-960680)01233-3

I. INTRODUCTION bending potential, but it cannot establish the reaction barrier
] o ) ) heightbecause of the uncertainty in the dissociation energy
The reaction of F%I_D)+H2 and its isotopic variants have ¢ {he FH, anion. On the other hand, using the SW PES,
X - i . ?ﬁscrepancies between QM calculations and scattering ex-
tion dynamics- These reactions have been extensively stud- 1617 and particularly more

S . L . . periments still persist for H,,

|ed.|n a large variety of kinetic anq dynamic experiments. A o for F+HD—HF+D.1® More significantly, the original in-
major breakthrough on the experimental front was the 193 erpretation of a resonant scattering mechanism proposed by
Lee and co-workers in 1985 was challenged by a QCT in-

crossed-beam study of Lee and co-workers ferHz/D,/
HD in the range of 0.7—3.4 kcal/mol collision energfés. vestigation on the SW PE.The QM calculations and

Anomalous forward scattering peaks in the vibrational Stateénalysis performed later for4H, seemed to confirm the

resolved angular distribution were observed, which was at- . )
tributed to quantum dynamical resonance phenomena Th%lternatlve QCT line-of-center model that the sharp forward
. , Lo ) . .
experimental result has since then inspired numerous thegcattering of HF¢ __3) n F+.H2 'S att”bUt.Gd 0 tunneling
retical works both on the potential energy surfée&9S and thrqugh T?@ centrifugal b_arrle_r fqr large impact parameter
on a series of quasi-classical traject¢@CT) and quantum collisions:*® Hence, at this point it appears that the experi-
mechanical(QM) calculations of its reaction dynamits. mental anomalies in angular distributions could be classical
Meanwhile, impressive experimental investigations of thismechanics in origin. , , i
reaction progressed. These include new crossed-beam ex- 'Nere are other unsettled issues about this reaction.
periments with improved resolution for#D, in an extended Since all experimental works performed so far involved an

collision energy range of 2—5.5 kcal/mfol’ a rotationally ~ F-atom source with unknown spin—orbit conte(ttee spin—
resolved differential cross section measurement for a fey@bit excited ?Py, state lies 404 cm' above the?Ps,
selected ¢',j’) states of HF in F-H, at E,=3.64kcal/ ground statg one of the long-standing questions is about
mol,®® newer measurements of the rovibrational state distritheir relative reactivities. Could the nonadiabatic reactivity
butions of HF from F-H, at 2.46 kcal/mol° and the rota-  of F*(*Py;) account for the remaining discrepancies be-
tional state distributions of Hi( = 3) over the energy range tween theory and experiment? Facing this challenge, spin-
of 0.3-2.4 kcal/mof! and, most notably, the photodetach- orbit effect has then been included in a refined version of the
ment spectroscopic approach of Fhin direct probing the SW PES(hereafter HSW PES® Its major effect was the
transition-state region of PE$:14 increase of the barrier on the ground adiabatié¢A1) PES
The development of a highly accurate, state-of-thezart by 0.35 kcal/mol relative to its value on the spin-free SW
initio PES by Stark and WernésW)*® around the mid-90’s PES. Paradoxically, QM simulations on the HSW PEH!
has really made possible quantitative comparison betweesingle-surface calculationfor both F+H, (Refs. 20 and 211
theory and experiments. Full QM calculations on the SWand F+D, (Ref. 22 scattering experiments turned out to be
PES led to an unprecedented, nearly quantitative agreemestmewhat worse than with the SW PES. Recently, the first
with the photodetachment spectfd? This confirms the “exact” QM multisurface scattering calculation, which in-
shapeof the transition state to be bent with a relatively flat cludes all three HSW PESs, derivative coupling, spin—orbit
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FIG. 2. A schematic of the discharge F-atom beam source. The labels are
(1), (2), and(4): Teflon or ceramic insulator(3) and (5): S.S. electrodes;
(6): skimmers. The O-rings are made of Kalrez 4079.

o(A%)

F+HD —> DF+H tion and the shape of the steplike feature at low energies are

oM well reproduced, although the magnitude is off by a factor of
QCT 2. The reactivity at higher energi€s 1 kcal/mo) also agrees
. 5 T well with experiment. As shown in Ref. 24, the peculiar
0 1 '

2 1 4 5 steplike feature turns out to be an unmistakable fingerprint
E, (kcal/mot) for resonance in the integral cross section of this reaction.

FIG. 1. Excitation functions for the two isotopic channels of theHD Since the “resonance hierarChy” is expected 0
reaction. The experimental results are shown with dots. The QM and QC'FOIIOW the trend: (.F'_HDH_HF.—FD)>(F+H2)>(F+ D>)
simulations on the SW PES are plotted with solid and dashed lines, respee=(F+HD—DF+H), this new finding seems to reopen the
tively. The experiment is normalized to theory by a single scaling factor fororiginal resonance interpretatiaﬁ, particularly for the
both channels(Adapted from Ref. 24. F+H, reaction, of the landmark 1985 crossed-beam scatter-
ing experiments. This paper tries to shed some light on this

o ) issue by presenting the similar excitation function measure-

and Coriolis coupling effects, has been performed for thenents for F+p-H,/n-H, and D,. The collisional energy
. .23 _ H . T . .

F+H, reaction:” It was found that ford=1/2 the reaction  gependencies of the product vibrational branchings for
prgbablhty of F(“Pyp) is less than 10% of that for FiHp are also included to further elucidate the resonance
F(*P3p). Although the reaction cross sections foPP{,)  effect on integral cross sections, and to delineate the

and F*(“Py;) are yet to be calculated, it appears that thepx(2p, ) contribution to total reactivity of this reaction. The
dominant feature of this reaction may very well be repre-jatier is currently of considerable intere&fd;11:20-23

sented by the adiabatic dynamics on the lowest electronic
PES, i.e., the SW PES.

Very recently, in a combined experimental and theoreti-, expERIMENT
cal investigations of FHD, we reported our experimental
excitation function result§® Conclusive evidence was pre- The experiments were carried out in a crossed-beam
sented for the existence of a reactive resonance in thelHF apparatug®?” The experimental details, except the F-beam
product channel. For illustrations and for ready comparisonsource, have been described previod&fand thus will not
with the other isotopic variants of this work, the results arebe reiterated here. A schematic of the beam source is de-
replotted here in Fig. 1. As is seen, both G€&and QM*  picted in Fig. 2. Basically it is a modification of a standard
calculations on SW PES gave excellent account for the totgbiezoelectric transducePZT) pulsed valve. An extended
reactivity of the DF-H isotope channel. The agreement be-housing is attached to a PZT pulsed valve to act as a gas
tween QM and experiment is in fact nearly perfect, excepholder so that the piezoelectric disk is not exposed to the
for an experimental scaling factor. For the HB product corrosive gases. A pair of electrodes is mounted further
channel, however, significant discrepancies by QCT arelownstream, and a dc high voltage, typicathyl.1l kV, is
seen. Specifically, the peculiar steplike feature observed faapplied to the front electrode. As the pulsed valve opens, the
E.<1 kcal/mol in experiment is entirely absent in the QCT gas inside the extended chantizlmm ¢, 6 mm long ini-
result, and at higher energies QCT also underestimates ite@ates the discharge and sustaingiie., a glow discharge
reactivity. By way of contrast, the QM calculation is in sig- until the gas expands out of the channel. Also mounted be-
nificantly better agreement with experiment. Both the positween the two skimmers is a pair of deflection plates which
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remove any discharge-generated ions from the beam. Typi-
cally, 5% F, in He or Ne(total pressure at 15 ajrwas used
in this work. F+D,—DF +D

Two ways were used to characterize the mean speed of am
the F-atom beam. It was found that there is always a trace 3|----QcT .
amount of discharge-generated H-atoms entrained in the ',";.
beam. Assume that all supersonically expanded gases travel _ S
at the same speed. The Doppler-shift techrigueas then = 2t S
employed to measure the beam speed through(ihel) °
REMPI detection of the entrained H-atoms. Alternatively, y
one can monitor théuulsed discharge current. Knowing the I o
distance from nozzle to the scattering center, the measure-
ment of the time delay between the probe laser and the onset 0
of the discharge current pulse also provided a convenient
way to determine the beam speed. Agreement of these two
methods is always within=3%. The collision energy deter-
mined in this fashion is confirmed to be accurate within 0.05
kcal/mol from the rotational state-resolved differential cross
section measurements. It is known that discharge,ofdn 0 1 5 3
also generate a spin—orbit excited Btom. Unfortunately, E, (kcal/mol)

. 2 .
the relative amounts of FPy;) and F*(*Py) in the beam IG. 3. Excitation function for the ¥D,—~DF+D reaction (the upper

could not be measured with our setup. Hence, only a rougBane). Both the QM(Ref. 22 and QCT(Ref. 31 results are based on the
estimate can be madéSince the assumption involved is not SW PES. The same scaling factor asHD is used here. The open circles

readily verified, one should not take this estimation too seri&re the experimental data points from Ref. 5. The low panel compares the
. . . . _ isotope effects. The experimental result feiH, is taken from Fig. 4, and

O_US|y' In the fo!'o‘""”g Only the ¥ contribution, not its rela the theoretical curvéthe solid ling is the corresponding QM result.

tive cross section, will be reportedThe measured F beam

speeds correspond to an effective source temperature of

about 600 K for both seeded sources. Assuming the populacgjing factor used here is the same as that for the

tions of_ the_ two spin—orbit .:,taztes eqwhbrate. at this temperag, Hp_.DF+H reaction; thus the agreement in magnitudes

ture, this yields about 16%*K“Py,,) present in our beam. g quite significant.

Before presenting the experimental results, we want 0 the only previously reported experimental excitation
mention two more relevant points. First, the rotational tem+,ction for this reaction is that by Faubet al® Their re-
peratures of our target beams were estimated to be 152% KfQits are depicted in Fig. 3 as the open circles for compari-
H; (bothn-H; andp-H,), 100 K for D,, and 50 Kfor HD™® 550 The scaling of their data is somewhat arbitrary by
Accordingly, the theoretical results reported_ below, Wh'Chmatching the three higher energy points. Their lower energy
are all based on the SW PES, have taken into account tgyta clearly appear to be too low compared to either the
initial j-dependencies of reaction cross sections whenevqheory or the present result.
they are available. And the multisurface factor has been ap-
plied to all theoretical results in this work. Second, while the

experimental excitation functions are not in absolute cros®. Excitation functions for F +n-H,/p-H,

sections, they have all been normalized to one another. Figyre 4 shows the excitation functions for the reactions
Hence, only a single scaling factor, which was based on thgs F+n-H,/p-H,. The purity of p-H, was greater than
F+HD—DF+H reaction}” is involved in comparison with 994, as reported previousk.As expected, tunneling be-
theory for all isotopomers. comes more pronounced, in particular for theH, case.
Even at energy as low as 0.2 kcal/mol, the reactive cross
section is still quite significant. Again, both the magnitude
and the global shape are reproduced reasonably well by a
IIl. RESULTS AND DISCUSSION QM coupled-state calculatioti. Similar to the comparison
shown in Fig. 1 for FHD—HF+D, the QM calculation
appears to overestimate the reactivity of p~H, at low en-
The excitation function for FD,—DF+D is presented €rgies(<0.5 kcal/mo}. Another way to make a comparison
in Fig. 3. As is seen, both the threshold and the general shagetween experiment and theory is to examine the ratio for
are very much like that for FHD—DF+H (Fig. 1), which  different target molecules, as displayed in the lower panel of
suggests that the-4D, reaction is also dominated by direct Fig. 3 for op /oy, and of Fig. 4 foroy y,/op.p,. In this
scattering. Also shown in the figure are the &NP and  way, no scaling factor is involved; thus the experimental
QCT® results and the adiabatic barrier height of the SWabsolute ratio is compared directly with the theoretical value.
PES. Small tunneling at low energy is discernible. The theVery good agreements can be seen in both cases. Based on
oretical predictions, both QM and QCT, are in reasonablghe comparisons shown in Figs. 1, 3, and 4, we conclude that
agreement with experiment. In particular, the experimentathe main properties of the transition state including the bar-

E, (meV)
40 50 100150 200

SW barrier

A. Excitation function for F +n-D,
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the F+H, reaction probability’® There is, however, a signifi-
cant difference between the two reactions. For the
F+HD—HF+D reaction, at the resonance energye.,
“peak A”) there is little or no direct reactive scattering.
Thus it is an isolated resonance, which appears to survive the
partial-wave averaging and manifests itself as a distinctive
steplike feature in the integral cross secti¢fig. 1).2* In the
case of A-H,, the QM calculatioff indicated that the onset

for direct scattering shifts significantly closer toward its
“peak A.” Consequently, we expect a substantial contribu-
tion to the integral cross section from direct scattering even
near the reaction threshold, which then blurs the resonance
signature(i.e., the steplike featuyen the integral cross sec-
tions. Nevertheless, QM calculations also indicated that the
“peak A” intensities for both reactions diminish with even
one quantum of rotational angular momentum in eithgr H
(Ref. 16 or HD?* reactant. In other words, the resonance
contribution, if it exists, should be more pronounced for
p-H, than forn-H,. The significant enhancement of reactive
cross section observed at low energies [BH, than for
FIG. 4. Excitation functionsthe upper pangifor the Fp-H, (®) and F n_l_!z (Flg' 4) s entirely consistent Wlth.the respnance sce-
+n-H, (O) reactions. The QM coupled-state results are taken from Ref. zghario in F+H,. Furthermore, the opposite rotational depen-
and the QCT simulatioffor p-H, only) is from Ref. 31. The experimental dencies predicted by QM and QCT at low energies can also
scaling factor is the same as-FD (Fig. 1) and F+D, (Fig. 3. The lower  be reconciled by the existence of a resonance state in this
panel compares the initigddependencies. The solid line is the QM result. ragction provided that the absorbing potential used in Ref. 33
was sufficiently far out without missing the resonance con-
tribution. A QM wave packet analsysis fortH,, similar to
rier height are well characterized by the SW PES, despite itiat reported for FHD,** has recently been performed,
neglect of spin—orbit effectsThe inclusion of spin—orbit Which firmly establishes the existence of a reactive resonance
effects will increase the barrier height spoiling the remark-0n the SW surfac& Thus, it seems that the theoretical bal-

able agreements with experimeihis conclusion corrobo- ance is now tilt bagk in favor of the existenqe of a resonance
rates with recent QM simulations of the other reaction atfor the F+H, reaction, though the correct interpretation of
tributes using the HSW PE%;?2as alluded to early. the Iandm_a_rk 1985 _scattering _experiment which was at
A closer inspection of the experimental data also reveal§igher collision energies could still remain an open question.
a subtle, yet significant dependence of reactivity on the ini/n this regard, it is |_ntere_st|ng to note that using ser_nlcla_ssmal
tial j-state of H. At high collision energies, the rotation of R€gge pole analysis, with the help of Pade approximation, of
H, apparently has a positive, abeit small, impact on its reacth® “exact” QM differential cross section for FH,,
tivity. Similar propensity has previously been observed forSokolovski and Castilf§ very recently argued that the
Cl+H, (Ref. 32. Both QM*® and QCT! (only p-H, is anomalous statg-sglectlve forward scattering has a major
shown here for claritycalculations display a similar trend. "€Sonance contribution.
Its physical origin is purely classical, and can be traced to the
long-range anisotropic interactions in the entrance valleyC. Vibrational branching for F +HD
This stereodynamics also manifests itself in the intramolecu- ,
lar isotope branching ratio, as discussed previously for the- FHHD—-HF(V)+D
F+HD?*?® and the C#HD reactions’® At lower energies As depicted in Fig. 1 and discussed in details
(E.<1.4 kcal/mol) such g-dependency persists in the QCT elsewheré? the distinct steplike feature forfHD—HF+D
calculation(not shown; see Ref. 31 for tHedependencigs is indeed an imprint of the long-searched reactive resonance
which is in sharp contrast with experimental observation. Orin the integral cross sections. The resonance fingerprint in
the other hand, QM coupled-state calculationsrfal, and  product angular distribution has also been uncovéfeth
p-H, show the same propensity as experiment. Clearlyinteresting question then arises: is there any other experi-
something quantum in nature, and probably more than jushental observable which signifies the existence of a reso-
tunneling, must come into play at low energies. We conjechance? and in what way? Presented here is the product vi-
ture that it is reminiscent of the very same resonance state dsational branching.
what we have recently found for the HHD—HF+D We used the Doppler-selected TOF approach to measure
reaction?* the differential cross sections for+fHD. The experimental
The reason is the following. As shown previoudthe  details have been given previouShand the resulted state-
resonance state we identified for the-IHD reaction corre- to-state differential cross sections fot-HD will be reported
sponds to “peak A” in its cumulative reaction probability. in the future. Here it suffices to say that once the product
A similar feature(also labeled “peak A’j is also present in  velocity-flux contour map is obtained, the integration of all
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FIG. 5. A few examples qf the product tranglationa_l energy distributions f,orFIG. 6. Collisional energy dependence of the HF product vibrational

the F+HD—HF+D reaction. Also marked in the figure are the energetic ;o ching (upper panel and the vibrational-specific excitation function

onsets for the formation of HE() products from F{P5;) and F*(*Pyy). (lower panel for F+HD—HF(v')+D. The “total” excitation function is

These PE,) distribgtions have been normali;eq to the exgitation function gpiained by connecting the data points from Fig. 1. The oscillations at

(Fig. 1). Note the different scale for each collision energy,in kcal/mol. higher energies are the experimental uncertainties. The small contributions
from F*(?Py,) (the shaded area, upper panefere included in the indi-
vidual vibrational state-specific excitation functioftlse lower pangl

angles yields the desired product translational energy distri-
bution P(E;) =do/dE;. A few of them for the HF¢') +D
isotope channel are shown in Fig. 5 for illustration. The en-mation of HF¢'=3) from the FEPj,) reaction becomes
ergetic onsets for different product vibrational states are alsenergetically allowed, its population show a sudden boost. In
marked on the top. Quite obviously, the vibrational struc-particular, ate.=1.18 kcal/mol, the contributions to HE(
tures are well-resolved. Even after the integration of all=3) from FPg,) and P (?P,;,) are most evident as two
angles(note: the energy resolution in our experimental ap-distinct features. Apparently, there is no delayed onset, i.e.,
proach depends on the c.m. scattering angleme rotational no exit barrier, for the formation of Hb(=3). Using a
structures for the most dominant vibrational state=2 are  procedure similar to our previous wotkwe partitioned the
still noticeable. P(E;) distributions into product vibrational states. The re-
Also marked in Fig. 1 is the energetic onset for the for-sults for 17 collisional energies ranging from 0.4 to 4.52
mation of HFp'=3) from the FEP,,)+HD reaction, kcal/mol are summarized in Fig. 6. The vibrational branch-
which occurs atE.=1.16 kcal/mol. Yet, atE.=0.4kcal/ ings are given in the upper panel, and the vibrational state-
mol there is a prominent spike near zero kinetic energy respecific excitation functions are in the lower panel. We first
lease. Note that at 50 K onfy=0 (82%) andj=1 (18%) of note that the overall contributiotnot cross sectionfrom
HD need to be considered. The rotational energyjfefl is  F*(?Py,) (i.e., sum of allv’, in shaded aréas only a few
0.26 kcal/mol which is far too small to be responsible for thispercent over the entire energy range of this work. That is true
spike. Similarly, a smaller peak at 0.4 kcal/mol can also beesven for E.<1.1kcal/mol when the formation of HE(
seen forE,= 0.8 kcal/mol, which energetically does not cor- =3) from F(P3),) is energetically closed.
respond to any highstate of HF('=2). Based on the en- It is noteworthy that very recently Nesbitt and his
ergetic considerations, we ascribed them t5(%P;,)  co-workers®!also reported the experimental evidence for a
+HD—HF(v'=3)+D which is a thermal neutral process. finite nonadiabatic reactivity of*f2P,,,) in the reaction of
This is an unequivocal evidence for the finite reactivity of F+n-H,, which at first glance seems at variance with the
F*(°Py)»), but its contribution to total reactivity is appar- earlier crossed-beam scattering restitS-” The present
ently small even in the threshold region. It should be stressedork for F(?P)+HD indicated, however, that there is actu-
that this evidence rests only on thermochemistry, i.e., it isally no significant conflict among all experiments provided
completely independent of the barrier height of the SW orthat there is no substantial isotope effects #{(%P,,,) reac-
HSW PES, and does not depend on the comparison with artyvities. First, the measurement of the HF(j’) product
dynamical calculation. It can also be seen that once the forstate distribution by Nizkorodoet al'! was made only for
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FIG. 8. As in Fig. 6, except for the-FHD—DF(v') + H reaction.

FIG. 7. As in Fig. 5, except for the+FHD—DF+H reaction.

v'=3. Thus the nonadiabatic contribution froi(BP,)) in integral cross sections. The low energy reaction is almost
their experiment refers to’ =3 only, whereas in all other entirely governed by resonant scatterifig’ The resonance
crossed-beam experiments, including the present one, thesgate has been identified, in the local-mode picturéPas3)
are referenced to the overall reactivity. Since bR 3) is  with three quanta of the H—F stretch and zero quanta of the
not the dominant product channel intlR-H, even at low H-D stretch and the bend. The dominance ofuhe 2 for-
collision energy(e.g., see Ref. 2, Fig. 3 fdE.=0.68kcal/  mation follows the usuahv-propensity rule in a vibrational
mol), an appreciable*{?P,,) contribution to the formation predissociation process, which says the larger Alve=v,
of HF(v'=3) will still amount to a small contribution to —uvs, then the much less probable the vibrational
total reactivity. Second, the evidence for nonadiabatic reacpredissociatior:*>* We will loosely term a decay process for
tivity of F* (?P,,) presented by Nesbitt's grotfh''depends Av+#0 a Feshbach-resonance detlt higher energies
upon the theoretical prediction near the threshold region. I{fE.=1.16 kcal/mol) the decay of this resonance state into
the true barrier height for this reaction is, paradoxically,HF(v'=3), which is called a shape-resonance deéCaye-
closer to that on the SW PES, as suggested by the presetdmes feasible. Hence, there is a competition between the
work, then the theoretical curve shown in the Fig. 7 of Ref.Feshbach- and shape-resonance decays, which explains the
11 should not be shifted upward by 0.38 kcal/mol. The re-abrupt rise ino(v'=3) around this energy. The resonances
sulted discrepancy between experiment and theory will bevill be associated with larger partial waves with further in-
greatly reduced—although the finite nonadiabatic reactivitycrease in collision energies. The centrifugal barrier for
from F* (2P,,,) might still be evident. shape-resonance decay becomes higher, lowering its prob-
Perhaps more intriguing in Fig. 6 is the collisional en- ability, which could be the origin for the gradual decline for
ergy dependency of the vibrational branching. At low enerv'=3 after 2 kcal/mol. Consequently, a prominent peak
gies, E.=<1 kcal/mol, most of reactive fluxe6>90%) are  shows up in both the state-specific excitation function and
channeled inta’ =2. As soon as’'=3 from F¢Pg,) be- the collision energy dependence of the vibrational branching
comes accessible, its branching rises sharply with a concufer HF(v' =3). Of course, there is the direct scattering com-
rent drop for v'=2. At even higher energiesk, ponent forE,=1.0 kcal/mol on SW PES which also needs
=2 kcal/mol, the branching fov'=3 declines gradually to be considered. A thorough QM analysis is necessary for a
whereas ' =2 stays more-or-less constant following a smalldefinite conclusion. Nevertheless, detailed analysis of our
initial increase. As to the branchings fof=1 and 0, both  differential cross section data indeed suggest tHat 3 is
increase slowly with the increase in collision energies. totally dominated by resonant scattering at all energies,
We will argue that this vibrational branching behavior whereasy’ =0-2 consists of both contributions from reso-
could be another ramification of dynamical resonance in th@ant and direct scatterings f&= 1.1 kcal/mol*
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TABLE I. Comparison of vibrational branchingyor the F+HD—DF(v") conceivable that the previous forward-convolution

+H reaction afE;=1.98 kcal/mol. procedurd might not yield a unique distribution as the
Method v'=4 v'=3 v'=2 v'=1 v'=0 F present direct-mapping approach, which also has higher
. resolution. Alternatively, the rotational temperatures of the
Expt.(Leeetal)” 025 058 021 001 HD molecules in these experiments are not the same: the
Expt. (Polanyiet al) 0.26  0.43 0.23  0.08 . , . .
This work 033 044 015 003 001 0038 thermal oné is at 300 K, the Lee’s beam experiment is
QMme 027 051 019 0.025 about 40 K(0.9 and 0.1 i =0 and 1, respectivelyand the
QCTe 034 043 023 0.003 present work is about 50 K0.82 and 0.18 i =0 and 1,

respectively. If the dynamics of this reaction depends

*Defined Aoy . . .
Caneg 8 [0 Ty strongly on the initial rotational state, it could be the origin

bReference 3.

‘Reference 41. of these discrepancies. Similar effects have previously been

‘Ec=2.0 keal/mol. noted for the F-D, reaction® In any event, it is recognized

“For HD (j=0) only. that the vibrational branching of this reaction is extremely
sensitive to the fine details of the PES Further work is
warranted.

2. F+HD—DF (V' )+H At last, it is interesting to note the appearance of a

double-peaked kinetic energy distribution for DFE3 and

The productP(E,) distributions for this channel are pre- " i . L
sented in Fig. 7. Again, the vibrational structures are readily4) atEc=4.0keal/mol. A bimodal rotational distribution has
1Iso been reported recently for the backward scattered

resolvable. The resulted vibrational branchings are summ e
rized in Fig. 8. Although the differential cross section mea-DF(v —.2_an.d 3 from F+.D2 at. 2'07. keal/mof. Due to
pace limitation, further discussion will be deferred to our

surements for this isotope channel were performed at onl ) . :
four different energies, Doppler profile measuremefits uture report on the state-resolved differential cross section.

configuration indicated a rather smooth variation over the
entire energy rang®. Thus the main feature of the energy V- CONCLUSIONS
dependency of the vibrat_ional branching should be captured. The reactions of FH, and its isotopic variants stand at
As is seen, in contrast with the Hi() + D product channel, 5 ynique position in the field of reaction dynamics. A number
there is a more democratic distribution for this channel. Exf important issues about this reaction are addressed in this
cept forv’=4 (the least exothermic stateall other vibra-  \york from which several conclusions can be drawn.
tional states display a gradual increase in both the cross sec- [y, at the level of detail of the integral cross section
tion and the branching with the increase in collision energiesye transition-state properties including the barrier height of
The P*(?Py;) contribution to this isotope channel is again s reaction are well characterized by the SW PES, despite
rather small. _ _ the fact that from theb initio point of view the correct PES

~ There are two previous experimental rep_%ﬁson the  for the F@Ps,,) reaction should be the HSW which raises
vibrational branching, both at a single collision energy.ihe parrier by 0.35 kcal/mol. This conclusion corroborates
Table | summarizes the comparisons, along with the dynamige finding from the recent QM simulations of the other re-
cal calculations on the SW PES. Qualitatively, all three eX-5ction attributes using the HSW PE%?22
periments are consistent: an inverted distribution peaking at Second, based on the excitation functions farg=H,
v’ =3. Quantitatively, however, some discrepancies are noznq F+n-H,, we speculated that a resonance may indeed
ticed, which are beyond the experimental uncertalt$%  eyist for the F+H, reaction, in support of the original sug-
for v'=2-4) of this work. The dlffer_ence between_ the gestion by Neumarkt al This conclusion seems in conflict
present work and the Lee’s 1985 experiment rests mainly oQith the classical line-of-center interpretation of the land-
the ratio of ¢’ =4)/(v'=3). On the other hand, Polanyi's 3 1985 scattering experiment drawn from the recent the-
result;? for which the collision energy is less defined, indi- gretical investigation261°but the correct answer, classical
cated a slightly more even distribution fof =2, 3, and 4. \grsys resonance, could just be a question of degree.
Compared to the dynamical calculations, the QM regfolt Third, it is conjectured that the unusual energy depen-
j=0 only)*®is in excellent agreement with the Lee’s experi- gence of the vibrational branching of the HF product pro-
ment, whereas the QCT res‘\:’l_ltagrees better with the \iges another measurable signature for dynamical resonance
present one for’ =3 and 4. At first glance, these compari- jn F+HD—HF+D.
sons might be a bit confusing. First, in terms of total integral Finally, the nonadiabatic reactivity of the spin-orbit ex-
Cross sectionstig. D, f[he QM result is certainly ir_1 be’Fter cited P (2P,,) atom is found to be small in-FHD over the
agreement with experiment than QCT. Yet, for vibrationalgntire energy range of this work. This conclusion is in cor-
branching QM yields a somewhat larger variance with our§goporation  of the other crossed-beam scattering
than QCT. Second, while there are appreciable differenceéxperiment§;3v5‘7 and of a most recent, full OM multisur-
from the two dynamical calculations, both gave an equallyizce calculation?

good simulation to the experiment@F+H) laboratory an-
gular distributiont®*3 Clearly, neither the total excitation
function nor the product laboratory angular distribution for
this reaction provides a very stringent test of the calculation We are indebted to Professors R. T. Skodje, D. E.
for a reaction attribute such as the vibrational branching. It isManolopoulos, and F. J. Aoiz for stimulating discussions and
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