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LETTERS TO THE EDITOR

The Letters to the Editor section is divided into four categories entitled Communications, Notes, Comments, and Errata.
Communications are limited to three and one half journal pages, and Notes, Comments, and Errata are limited to one and
three-fourths journal pages as described in the Announcement in the 1 January 1997 issue.
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Scattering measurements performed at an energy slightly higher than that of the lowest crossing
between the ground and the first electronically excited state of theystem are reported. The
essentials of the reactive dynamics are describable in terms of a classical motion of the nuclei on the
lowest adiabatic electronic potential. €97 American Institute of Physics.

[S0021-960697)01918-1

The possible contribution of more than one potential en-assembled up to total energies 2.4 eV. These data in-
ergy surface to reaction cross sections or rate constants isctude reaction rate constants for the production of individual
subject of great interestHowever, inaccurate potential sur- internal statesE,,=1.1-2.2 eV,**"*®low resolution angu-
faces and low resolution data preclude, in general, definitivéar and/or velocity distributions of the nascent products
conclusions on that point. The prototypictt, exchange (E,,=0.73, 1.48 eV,}"8 differential cross section€DCS)
reaction, well characterized from a theoretical viewpoint,into a specific rovibrational product stat&{=2.39 eW*®
might constitute an exception to this situation, but until nowand angular distributions resolved into the final internal
the energetic region of the first excited electronic state hadiates of the scattered moleculeB,(=1.47, 2.39 eVy.>%?
been beyond the reach of reactive scattering experiments. Afgr practical convenience, these investigations have used
account of the progress made in the knowledge of this reagyeyterated isotopic variants of the reaction. Existing discrep-
tion can be found in Refs. 2 and 3. The lowest electroniGyjes petween theoretical calculations and some of the just
states of the ki system have been investigated with great,ontioned experimental results were apparently removed by
deta|ll (see, for. instance, Refs. 4 gnd 5 an_d referenceﬁqe explicit consideration of the geometric phase in quantum
therein. In particular, thoroughab initio calculations have mechanical calculations of the dynami@42 This was for-
E;?‘ggg? Virgrfiit:‘gjeg S;TS,”T“ha;;"e” t\(/)vrc]J tFt‘E St\;voe)l(?]\i/éis; Eg:ﬁn'tunate since GP effects are oscillatory in energy and seem to
cal inter?éction forD 3y, ﬁuclear configurations; that is, the gepend In a very critical wayon the shape of the F?ES aSed;
two electronic states are degenerate for geometries in which fact, the highest re_solutlon m_easurement.s avallable_ could
the nuclei are at the vertices of an equilateral triangle antﬁ)e well reproduced W|tr210dynam|cal calculations that did not
that their energies split in an approximately linear way forlncorporatg GP eff(_acfs. In any case, GP effects are ex-
deviations of this geometry. The minimum conical intersec-Pected to increase in lmportgnce as the energy of the system
tion energy is at~2.7 eV above the bottom of the ,H approaches that of the conical intersection anq should be
(1Eg) potential well® and it has been suggested that “elec- MOre marked for DCS than for total cross sections or rate

tronic nonadiabatic collisions may make a significant contri-constants®*

bution to any collisional processes at total energies large N this Communication we report a high resolution

enough to reach the conical intersectiohEurthermore, in a  experimental study of the HDy(v=j=0)—HD(",j’)

series of recent works, Kuppermann and Wi have  +D reaction at a collision energyEg,) of 2.67 eV, corre-

pointed out that the geometric pha&dP), associated with Sponding to a total energyE(,) of 2.86 eV, slightly above

the presence of the conical intersection, should induce oihat of the minimum conical intersection. To the best of our

servable effects in the dynamics even for energies well beknowledge, this is the first time that the conical intersection

low that of the actual surface crossing. is accessed in a reactive scattering experiment. The measure-
A considerable set of experimental data has now beements have been simulated with quasiclassical trajectory
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FIG. 1. Laboratory totafincluding all internal states of the producengu-

lar distribution of the D atoms scattered in the reactior (v = j
= 0)—HD(v',j")+D at a collision energ¥.,=2.67 eV.
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(QCT) calculations, which have proven reliable for the simu- - T e
lation of experimental results at lower energies. [ Opap=10° e Iﬁlfﬂll‘f"'_l'_'l_'#'

The experimental arrangement used is described in Refs.

3 and 20, and in more detail in Ref. 21, and only the details
relevant to the present measurements are given here. A su-
personic beam, obrtho-D, cooled to the ground rotational
level (j=0) with virtually no contribution (less than 2% ) ) X ) WL
from other rotational states was crossed with kinematically 30 2.5 20 15 0.5
“hot” H atoms generated by the photolysis of HI with the LAB D-atom kinetic energy [eV]
linearly polarized output of a spectrally narrowed ArEx-  FIG. 2. Laboratory kinetic energy spectra of the nascent deuterium atoms
cimer laser at 193 nm. The laser polarization was chosen stPm the reaction HD,(v = j = 0)—HD(v",j’) + D ata collision energy

“« =2.67 eV and for the laboratory scattering angbggg =0°, 5°, and 10°
col B
that Only the “fast” H atoms(l.e., those correspondlng to the (solid line) and theoretical simulation@ashed ling using the results of

B 2 . -
formation of I(°P3,) in the photolysis of the HI molecule  guasiclassical trajectory calculations on the BKMP2 potential energy sur-
intersect the Dbeam. The resulting collision energy is 2.67 face(Ref. 9. The energies corresponding to the various rovibrational levels

+0.013 eV. Time of arrival distributions of the reactively of the HD molecule are also shown.

scattered D atoms were measured at various laboratory

(LAB) angles by using the Rydberg atom time-of-flight (CM) v’, j' state resolved DCSs into the LAB system using
(TOF spectroscopy technique, developed at the Universitghe appropriate Jacobian factors and taking into account the
of Bielefeld?2 Kinetic energy spectréKES) reflecting a par- experimental broadening and the geometric effects of the ap-
tial resolution of the rovibrational states of HD were ob- paratus. The scaling between experimental and theoretical
tained from the TOF distributions. The total kinetic energytotal (summed over all products’ stajesngular distribution
resolution (FWHM) of the KES ranged from 33 meV at (AD), as shown in Fig. 1, has been carried out by a least
O = 0° and low D atom kinetic energy to 88 meV at square procedure. The factor so obtained has been used to
O_,5=50° and high kinetic energy of the D atoms. The scale all the simulated and measured KES. More details of
angle of acceptance of the detector is 1° in the plane of théhe procedure can be found in Ref. 24. An analogous calcu-

molecular beams and 5° perpendicular to it. lation on the Liu-Siegbahn—Truhlar—Horowitd STH)
The details of the QCT method used can be found inPES led to similar results.
previous article$®?* For the present work, 210° trajecto- The total LAB angular distribution is broader than those

ries were run on the new version of the Boothroyd—Keogh—found at lower energies. This broad LAB AD corresponds to
Martin—PetersolBKMP2) PES at the collision energy of a CM angular distribution with a significant contribution of
2.67 eV and for the ground rotational state of the deuteriunsideways scattering. The measured distribution is well repro-
molecule. The assignment of the vibrational' | and rota- duced with the QCT data. Kinetic energy spectra of the scat-
tional (j") quantum numbers of the product HD moleculestered D atoms at six representative laboratory angles are
was done as in Refs. 3, 20, and 24 and the rovibrationallghown in Figs. 2 and 3. The experimental and theoretical
resolved DCS are calculated by the method of moments exesults have been represented together for comparison. The
pansion in Legendre polynomidl$.The simulation of the QCT results provide a good global description of the spectra
LAB kinetic energy spectra of the scattered D atoms wasand can account for the observed tendency toward hotter
performed by transforming the theoretical center-of-massnternal states distributions with increasifigg , but fail to
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nearly degenerate is very small and slight deviations from

LI L s e e S S the D5, symmetry cause a large splitting of the two PESs,

[ VERMTTT T T T T T T T T 1 T T 1 . . . e . . .

| LI e e rendering nonadiabatic transitions unlikely. The possible in-

| ©p,p=14° {an-LLLIL AL B fluence of the geometric phase is more difficult to estinzate

L ‘ priori and little can be said until accurate QM calculations
Experiment taking this effect into account are performed. Such calcula-

— QCT BKMP2

tions, though cumbersome and computationally very expen-
A “ A sive, are becoming feasible. The fact that no dramatic “non-
L e T e classical” effects are unveiled by the present investigation at
30 25 20 18 1o 85 the intersection of two electronic states, is in a way reassur-
ALLLILI B P N S R R N A ing since it strengthens the confidence in the use of quasi-
R o At s B classical trajectories, a method virtually available to every-

body, for the design and analysis of high resolution

experiments in reaction dynamics.
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