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. We present experimental evidence that'ét relative
energies ébove 10 ev the>non4reactive inéiastic scatteriﬁg
of O+ by Ha, Dz, and HD arises from impulsive élastic
scattering of O+vby‘individual H or D atoms. The relation

'of-this impulsivé non-reactive scattefing to the reactive

scattering from these systems is briefly discussed.



2. . .
The study of reactive and hon-reactive scattering

at relatively high energies offers a particularly attractive
path to the'understanding‘of collisional processes. For
collisions at relative energies of the order of 10 eV and
above we can expect that most frequently the results will

be influenced only by the gross features_of the potential.
energy surface, rather than by the subtle details. An
uhderstanding of dynamicai'processesvin the high energy
regime would provide the basis'for the interpretation of
lower’energy collision phenomena with considerably more
certainty than has heretofore been possible.

One of the most useful piétures of high energy
scattering processes is the impulse model, in which a-.
collision of an atom with a molecuie is viewed as a sequence
of independent binary atomic interactions. This model and
its’variatidns and extensions have been used to discuss and
interpret_bOth inelastic and reactivé scattering, [1-6] and
in some cases have produced quite acceptable agreement with
experimental data. In this Letter we wish to report
experimental results fhat explicitly displayvfeatures which
varise.directly from the impulsive nature of-cértain high
energy collisions. These phenomena appear in the non-reactive
scattering of‘O+(4S) by Hz, D2, and HD. We have recently
given an extensive report of the léw energy reactive

scattering in these systems [7].
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~ The experiments iere'performed by allowing a
collimated' energy sclected beam of O in its electronic
ground state to 1mp1nge on the target gas (Hz,»HD, or D2)
which was contained in a scattering cell at_approximately
lOf3 torr.. The energy—angularvdistribution of the
scattered O was measured with a moveable electrostatic
‘energy analyzer quadrupole mass filter combination. The
results can be diSplayed either as complete contour maps
of the velocity vector distribution of scattered O or as
plots of'O intensity as a function of laboratory speed
in the original direction of the 0T beam. The source and
characterization of the'O+ beam, as wellvas‘the details
of the apparatus and the data reduction techniques have |
been described previously [7,8]. | | |

Figure 1 shows a contour map of the specific
intensity of O sCattered'from‘Dz at an initial relative
energy of 25 0 eV The outermost circle labeled Q =
has its origin at the velocity of the}center4of—mass of
© the complete O+-D2 system;'and represents thevlocus ofv
O+ scattered elastically from Dz. In the_small angle (< 45°)
region, the,coqtours indicate an intensity ridge‘which :
follows this elastic circle quite-closely. At larger
.angles;'however, the scattering lies_well‘within the
elastic circle,'andvtherefore is very inelastic. In fact,
this inelastically scattered 0" forms a second, ratnerv

broad, ridge of intensity which closely follows the circle
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labeled Vo This circle, which has its origin at the

veiocity of the cgnter-bf-mass'of O+ and one D atom, is

the locus of 0% scattered elastically from a free deuterium

atom. Thé'factﬁthat fhe largeiangle scattering has its
maximumxinfensity very close to this Circle indicates that‘-
in many small impact parameter collisions, the interaction
between O and Dz is té a good approximation a two*body
impulsive force betwéen ot and one-D_atom."During this
interaction; the second D atbmvaCts as a‘sbéctétor.‘

_While the location of the inelastic ridge suggests
that much of the inelastic scattering is weil.describéd |
by the spectator or impulse model, the breadth of this
ridgevis noticéably greater'than would be expected if ot
were being'scattered-by a'truly free D atom. This conclusion
éanfbe reached by comparing the inelastic O+-D2 scattering
with the scatterihg of O+ from He.(not shbwn'here)'or'with
the small angle elastic ridge in Fig. 1. Thus, while the
baSicaliy impulsivé.nature of fhe O+~D2 collision is clear,
the effects of the_phird’body are also manifested in the
data.

While intensity contour maps such as Fig. 1 give
valuable indications of thé overall natﬁre of the scattering
processes, some of the.detail available in the original data
"is lost. 'It is useful, therefore, to examine the intensity
profiles of O+ scattered at a laboratory angie of 0°, which

‘ cbrresponds to a cut along'the 0°-180° axis in the projectile-

. P
. ,4



: _ -5.
target molecule‘barycentric'system. ‘Samples of such velocity

-spectra are shown in Fig. 2. It is clear that ot backscattered
from Hg-or Dz reaches its maximum intensity‘at a velocity very

" near to that predicted by the impulse model

‘The scatterlng of - O from HD at relatlve energles
of 23. 7 and Sl 5 eV prov1des an even more spectacular '
demonstration of the basic valid;ty of the impulse model.
For this sYstem{ the high_energy inelastic O+ scatteriﬁg-'
shows tyg_peaks; one'corresponding to scattering from the
H atom, the other to scattering from the D atom. While
the'higher.veloclty peak is well centered at the velocity

expected for purely impulsive scattering from H, the lower

'velocity peak departs somewhat from the predictions of the

impulse model. At lower initial relative energies, the two

peaks coalesce into one, which is conSistent with the

-departure from pure impulsiVe behavior expected at low

relative energies.
Some evidence for this type of impulsive inelastic
scattering has been found in an 1n9estigation of the Lit-Ha

system by Schdttler and Toennies [9], and in very high

“energy (> 40 eV) collisions of kY with Hz and Dz by Van Dop,

Boerboom and Los [10]. The latter.authors mention having

‘observed two peaks in the scattering Ofvlo keV Ar+ from HD,

but giVe no details. The present work is apparently the
flrst complete angular dlstrlbutlon which clearly dlsplays

impulsive 1nclastlc scatter;ng,_and the first demonstratlon
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of. the inelastic iSotope'éffect-from HD'at_moderate
‘energies. ‘ |
- . It is of intefest to speculate 6n.what feétures?
of the poténtiéi'energy éurfagé are requnsibie for the.
~ appearance df iﬁpﬁléive scattering'in thé.O+-Hz at'these
energies;_and what the other.consequenées bf these features
might be;v Thé éimplest'requirement for impuiéive scattering
_1sa[1]v", | : . . . _

@&« R €
where w is the circular frequéncy.of vibratibn, v is thé

, réiative Speed,band L is avlength parametef measuring'the
range of the repulsive forces between cdiliding atoms. -

5.8 x 10** sec ')

Using the vibration frequency of Dz (w

_ -1
4.2 E 2, where E

i

and taking L to be 0.25 A, we get wL/v
is the laboratory enérgy:of O+'in volts. Thus for the
125 eV experiment shown in Fig. 1, wL/v = 0.37, which 1is
not much less than uhity. However, the ineQuaiity (1)
may be overly restrictive. In a pbteﬁfiallyfreactive_
system suéh'as’0+-D2, the effective frequencyxof the
-interhal;motion'Of Dz when the three atoms are ciose will
{be significantly‘lowér.tﬁén the_vibration frequency of fhe
free Dz molecule, thereby alldwihg the spectator D atom to
-ekperience on1y small forces in properly oriénted Of-De'
collisions. | |

Some support for this point of view comes from

.our observation [7] that the small angle reactive scattering
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in this system shows very strict adherence to the spectator

stripping model at'relative'energiés'below.lo‘eV. This in
itself'indicates a potential surface in'mhioh certain motions
of the déuterium»atomS'are'significantly decoupled.i At .
rélati?é.ehergies above 10 eV, the‘OD+'reaqtion-produot
formed by spéctatom'strippihg becomes unstable with respect
to diSsociétion, and at the same time, impulsive'non-reactive
scattering or of bécomeé prominéot.7 We feel that this is

a fﬁrther,indication that reactive spectator stripping and
impulsive ineiastiC‘scatterimg_have théir origins in the
same features of the potential energy surface.

The impuISive nétdre ofvthe non-feactive_soattering
in this syétem'suggesté that thezhigh energy reactive -
scattering ét lérge angles might be well represented by
a sequential impulse model (O+fhitsvD, D hits D, o' picks :
up_eitherwb) of the type outlined by Bates,vCook, and Smith (3],
ahd'deveioped by.George and Suplinskas [5,6]. We havo v.
investigated this point and will report the résuits fully
‘a subsequent publication.’ | | | |
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Figure zaptionsv
Figure l;‘ A contour map of thelSpedifiévinténSity of ot
scattered from Dz at an initiéi rélative’energy'of 25.0 ev,
plofted in theFO+-Dé:center?of-mass'coordinafeAsystem. The
v  circle labeled Q = O.is the locus ofvo+:e1astically écattéied
from Dz. Scattering inside the circle labeled Q ='-4.5 ev
».comés from C§llisioné inelastic enough to dissociate Da.

Thé circle labeled V.. is the locus of ot scattered

KO

elastically from one D atom.

Figure 2. Profiles of the'infensityvof O+ séattered along
the 0°-180° axis in the atom*molecule[centerfof-mass system.
 In each panel the abscissa is the laboratory veloéity,'
increasing from :left to right. The label B locates the
beamvvelocity;-CM,the center-of-mass velo¢ity;_VH2, the

H’ the
've10city of Of scattered from a free H atom, and similarly

‘velocity of O scattered elastically from Hz; V

for Vp_and Vj. (a) 150 eV (Lab) 0" scattered from Hz,
' 16.7 eV relative energy. (b) 150 eV O+'scattered frotha,

30 eV relative energy. .(c) 150 eV O+_scattered from HD,
23.7 €V relative.energy. (d) ZOO,éV O+:Scattéred'from HD,

31.5 eV relative energy. All cqfves are normalized to

give a peak height of unity.
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