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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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Penning Ionization of H2 by He :

: x
Calculation of Anomalous Structure in the Singlet Interaction Potential

‘ # o ¥+
A. D. Isaacson, A. P. Hickman and W. H. Miller
Department of Chemistry, and Materials and Molecular Research Division

Lawrence Berkeley Laboratory, University of California,
Berkeley, California 94720

Recent experimental measurements 2 of‘Penhing ionization of several
species, H2 being one, by the singlet metastable state of helium (1s2s 1S)

have indicated that there is a relative maximum in the interaction potential

(cf. Fig. 1). This is somewhat mystifying since experiments with:ﬁhe
triplet.state of helium (1s2s 3S) do not imply interaction pétentiaﬁ;with
such a structure. If the "inner well" is thought to arise f;&m an avoided
crossing with the ionic state He+—ﬁ_, for example, then it is not_cléar |
why it should affect ﬁhe singlet interaction potential and not the triplet,
Hickman, Isaacson, and Miller3 have recentiy répofted 1arge scale
configuration interaction calculations for the interaction‘potential,of
triplet He* (1s2s 3S) and H2 (and also the "width" of this state with
respect to autoionization) which was used to compute cross sections for
the Penning ionization reéction He* + H2 -+ He + H;>+ e—, etc; Related
éalculations have also been cérried out by Cohen and ﬁane4 (see also Preston
and Cbhens), but the interaction potentials were obtained from a much smallef
(i.e., valence bond) configpration interaction expaqsion aﬁd aiso invoi&ed =

a single center approximation for H Rate constants computed with both

2

’" agree reasonably well with experimental

of these triplet potentials
results, although the potential obtained by Haberland® by fitting his

molecular beam differential cross section measurements agrees much better



‘with that of Hickman gg!al.?. ‘None of these triplet potentials, theoretical
or experimental, show a relative maximum. Also, the ahisqtropy of bdth_

>" is. quite small, so

-

theoretical‘triplet potential energy surfaces
that most aspecfs of.the scatt%?ing can be analyzed byktaking thev
interaction to be spherically symmetric. . | |

ThistommUnication réports‘our calculatioﬁs7 for the singlet He*--H2 .
potentiai energy surfaée.' Figure 1 shows that the p6tentia1 curve for a
perpendicular (CZQ) approach does ﬁave a relative maxiﬁum while tﬁat fdr a
qollineaf (Cav) app:oach.does not. This singlet potentigl surface is
much more anisotropic/shan'the triplet one,3 however, so that the effeétive
spherically symmetric ;btential (cf. Fig. 1) which Haberland6 obtained- by
fitting to his experimental data bears no simple relation to ;he tfue '
potenﬁial energy surface. It is interestiﬁg, and perhaps significant,
that the height of the_reiative maximum of our C2v potenti;l is approximately
ﬂthe same as that of Haberland‘s6 effective potential, but a meaningful
comparison between theory and egperiment must await scattering calculations
-with the full anisotropic potential energy surface. These are in prqgress}_

The physiéal_origin of the structure in the singlet potential appears ' .
(ffom a preliminary aQalysis of our wavefunction) to be due tg.interaction (
between the two states that dissociate to He*(ISZs 1S)-H2 and to o !
He*(ls2p lP)—HZ: for internuclear distances beyond the ;elative maximum
. the outer eléctron of helium is in essentially a 2s érbital, while for
internuéiear distances shorter than the relative maximum it is in aﬁ
orbital roughly characterized aé a 2s-2p hybrid.v (Tﬁe fact_that‘the strugture

appears for sz gedmetry and not Coov indicates that it cannot be due to inter-

+ -
action with thg ionic state He ~H,, because in sz the singlet and fonic

L



states are of different -symmetry.) 'This same.effect.is seen in -the -
interaction potentials computed by Slocomb gg_gl;s-for the states
arising froom He-(ls2 IS) and H(2s,2p); here the 2s and 2pbstates of H
are: degenerate so that s-p hybridization is induced at large internuclear
distances and: leads to an interaction potential with a sizable (v 2.5 eV)
well depth.

The "mechanism . leading to s-p hybridization-can be understood ‘in

10 used in électronically.non—adiabatic.

: : 9
terms of the Demkov model”?’
scattering theory. A two-state approximation is assumed for the electronic

Hamiltonian matrix {Hi j},'i,j:= 2s8,2p, -and the Demkov model assumes that

b

the matrix elements-vary with internuclear distance-as

|H2$,zs - H2p,2p] = Ae = constant

. =AR
st’zp Ae .
-AR . . . X . ‘
For large R,Ac >> Ae ' so.that the Hamiltonian is diagonal in the 2s,2p
basis; for sufficiently small R, however, Ac << Ae—AR,'and the Hamiitonian
is diagonalized by a transformation to the states 2s + 2p, i.e., s-p hybrids.
The switch-over takes place in the region of R for which ’HZS,ZS - H2p,2pl

2] i.e., at R = AT n(2A/A€).

HZS,ZpI’

This same type of interaction is also possible, of course; for the
triplet interactioﬁ potential--the relevant states of helium in this case
being 1s2s 3S and 1s2p 3P——but'asymptotically the 1s2s 3S ; 1s2p 3P.separati0n
is 1.14 eV, while that for 1s2s lS - léZp lP is only:0.60 eV. fhe Demkoy

model thus implies that s-p hybridization in the triplet.case will not take

place until smaller R (because At is larger) where no attractive well



appears because the potential is too steeply repulsiﬁe.

The Demkov .picture also provides a qualitative explanation of the -
anisotropy of the pptential inside the relativé meximum (cf. Fig. 1).
s-p hybridization essentially places the 2s-2p electron on the opposite
'side of He from'HZ, effectively bearing the +1 core of He to HZ' The
interaction is thus quaiitatively that of a charge-quadrupole, V(R,Y)
!'Pz(cbsy), éo that the perpendicular geometry is most stable. (The
chargeééuadrupole picture is not quantitative because of.thé small
ihterﬂuclear”distaﬁcé.) |

Calculation of the autoionization width for the‘singlet‘poten;ial

surface and cross sections for Penning ionization are in progress.
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Figﬁre-Caption
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The two solid curves aré the.present results for the He*(1$23 lSj-Hé
interaction potential for perpendiculaf (CZV) and collinear (Cgv) approaches.
R is 'the distance'betWeeQ He and the centeg of mass of HZ’ and thé H-H
distance is fixed at iﬁs equilibrium.value'1.4 ay- The units of energy
are milli—eleétron volts and of distance are Bohr radii.. The dashed

curve is the effective spherically symmetric potential of ref. 6.



(meV)

V(R)

150

|00}

50

. XBL7737927



Vi de /7386778

&,

This report was done with support from the United States Energy Re-
search and Development Administration. Any conclusions or opinions
expressed in this report represent solely those of the author(s) and not
necessarily those of The Regents of the University of California, the
Lawrence Berkeley Laboratory or the United States Energy Research and
Development Administration.




-~ iles

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





