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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Crossed Molecular Beam Study
Rotational Excitation of HD (J=0+1) in

Collisions with He .
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The study of rotationally and vibrationally inelastic scattering has received
C s L ’ 1 ; ’
significant attention in recent years and the He~H2 system has served as a model

systan for many studies. Most experimental studies on this system have been con-

. cerned with spectroscopic line broadening, nuclear spin relaxation, and ultrasonic

dispersion and a verlcty of calculations have been performed on this system to
explaln_these data in terms of an interaction potential. The 1sotoplca11y substi?
tuted syetemsAHe—Dz, He-HT, and He-HD have also received attentien,-the latter
two evstewq with regard -to the role of electronic ahiSotropyby§: mass asymmetry in
inducing rmtatlona] tran51L10ns.3 The He-HD system has been the focus of a number

4,5
of tneoretlcdl tudleo !

and the importance of the mass aqymmttry Ln lotdtlonally
inelastic scattering has been established.

We wiéﬁ to repo}t the observation of retationally inelastic scattering in the
He + HD system in a crossed molecular beaﬁ.experiment conducted at a'collision

enexgy of 19.3 meV, low enough such that only the J=0+J=1 rotational excitation
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occurs. The crossed molecular beam apparatus has been described in detail and
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the oxperiments woere conducted by crossing two liquid nitrogen cooled supersonic

nozzle beans of He .and HD at 90° in a vacuun chamber held at lO-7 torr by an oil
diffusion punp. The scattered KD signal was. detectéd with a quadrupole mass
spectroreter detector which rotates about the'collision center in the plane of the
beams. The velocity distribution of the scattered HD molecules is measured by

the time of flight (POF) technique. The TOF chopper consists of 8 slots of width

1 mm equally spvaced on the circumference of an aluminum disc of radius 8.5 cm.

The chopper is rotated at 400 Hz and a reference lamp - photo—FETAarrangement
initiates data collection by é 40 channel multiscaler controlled by a minicomputer.
The data are collected and stored in synchronization with modulation of the He
beam at 150 Hz by a tuning fork chopper. TOF spectra are recorded as a fupctioh

of laboratory scattering angle with data collection times on the order Of'S to 6
hours per laboratory angle. - For normalization and determination of the spherical
part of the interaction potential, we have measured thebangular distribution of
scattered HD with the TOrI wheel removed. These data are shown in the upper panel
of Figure 1 along with the Newton diégram portraying the kinematics of.the elastic
aiud inelastic tiansitions; TOF data at selected 1aboratory anglés d:e shown'in
the lower panel of Fiéure’l. The prominent peaks in the data arise from elastic
scattering and the small shoulder at longer flight times results from the in-
elastically scatteréd HD. We have chosen to show data‘which correspond to HD
scattered inelastically in the backward hemisphere, theory indicating that the in-
elastic cross. section should:peék at ® c.m. = 180°. In order to provide some
theoretical insight into our observations we have performed close-coupling calcula-
tions of the differential cross section for J=0>1 scattering using the He—H2
potential of Shafer and Gordon2 and shifting the center of mass of the moleéular
partner as redquired for HD; the results of these calculations are also shown in
Fig. 1. The center of mass shift is the primary source of the rotational in-
elasticity in the He-HD system and consequently the data provide additional infor-

nation on the spherical part of the interaction potential with on]y‘a minor role

ct

'played by the electronic anisotropy. More detailed calculations to refine the in-
teraction potential are currently underway.
Support of this research by the U.S. Energy Research and Development Adminis-

tration is gratefully acknowledged.
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Figqure 1l:

Figure Caption
Upper panei - Lab angular distribution of scattered HD in He + HD
collisions. Solid iine is a calculation.bésed on the potential of
Ref. 2. The Newton diagram showing the circles for elastic (J=O4O)
and inelastic (J=0>1) is shown. |
Lower panel - TOF data at ) = 45°, 605, 70°.

Solid line - The results of cross sections computed with Shafer-Gordon

"potential. Arrow marks location of the maximum in the inelastic HD

intensity.
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