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The Collision Tnduced DissociationiofxMolecular‘Ions

M H Cheng, M Chlang, E A. Glslason, B. H Mahan,

C. W. Tsao, and A S.,Werner

Department of Chemlstry and Inorganlc Materials Research
Division. of the Lawrence Radiation Laboratory,
' Un1vers1ty_of California, Berkeley, California.

fbstract

Velocity'vector distribotions of "the fragment :
ion products of the dlssoc1at1ve collls1ons of 02,
N;, NO , and NZO w1th helium have been determlned
us1ng progectlleetarget relatlve_klnetlc energ;es
which are one to three times the bond'energy of the
'amoleoule. The most probable.dissooiation event
produces a fragment ion whose velocity is very
nearly the same as that of the original projectile
'ion. Fragment ions also appear at smaller Ve1001t1es
and larger scatterlng angles, and the 1mportance of
these features 1ncrease with increasing 1n1t1al
‘relative energy. Three.models forrthe dissociation. .
are discussed, and»it is concluded that a version
ofathelstripping model is most nearly consistent with

the data.
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‘ Recently, the energy and angular distribution of the
fragment ions from the collision induced dissociation of H;
and other diatomic molecular idns has been the subject of

several'experimentall‘a'and théOreticalg’lO'investigations.
Most work has involved the use of kilovolt.ibn‘beams, although
. v 6.7 .

more recently some experiments with low energy ions have

been conducted. In the case of the high energy collisions of

3,4:5 {hat dissociation occurs

H;, it seems well established
prihéipally by means of & collisional excitation of Hg to the
-repuléiVe 2pgu state, and a»leéser degree by excitation to
-2pvu and the totaliy ionized_sﬁate., Other features oflthe
pfotbn»velocityvspectrum have been attributed4 to excitations
to the vibrational continuum 6f the ground electronic state

of H;. In order to assess the importance of this single
"strong collisionf mode of dissociation at relative kinetic
energies which are of the order of magnitude of a few times

the bond strength, we have measured fhe velocity vectbrbdistri;
butions of the ionic products of the dissociative collisions

'of O+, N+

2 0" with He.

Not, and N,

 EXPERIMENTAL

The apparatus employed in this work has been described

in detail in a previous publica_tion.11 In brief, it consists
of a magnetic méss spectrometer fbr preparation of the primary
jon beam of known energy, a scattering cell contalning the
target gés, a 9Q° spherical electroétatic énergy analyser, a

quadrupole mass spectrometer, and an ion counter. The energy
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distribution of ions scattered_at‘Variousvlaboratory angles
from the primary beam was determined by sweeping the electro-
static energy analyZer;.and.thevangular‘distribution of ions
of a fixed energy was measured by rotating the entire detection
train with respect to the primary ion beam. To generate con-
tour maps of scattered ion 1nten51ty, angular scans were made
at a number of different analyzer energies (typically 15
energiesveach with points taken at 15-20 angles). From these
data a series of curves of normalized intenSity versus angle
.at’fixed energy and intensity Versus energy at fixedlangle
mere produced by drawing'smooth curves through the data points.
Intensity contours were then determined by locating all‘points
of a given intensity on these curves. The_maps'then giveh
relative‘values7of the specific intensity, Which”is-defined
as the number of product counts per second, normalized to unitd
incident beam strength, scattering gas pressure, scattering
volume, and velocity space volume.

In order to avoid difficulties associated with operating '
a heated filament in an oxidizing atmosphere, all;molecular. |
- ions were extracted from a microwave discharge through the
appropriate parent gases. A Broida-type cavity designed to
Operate‘at 3000 Mc was powered by a QK-61 magnetron and pro—
duced a discharge in a l-cm dia. quartz tube. The plasma
-potential was set by the extracting aperture. The energyv-
spread of the ions from such a source is larger than that pro-

duced by a_conventional electron impact source, but much smgller
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thén that displayéd,by'ions from a 13 Mc radio—freQuénCy
discharge. | ' | | |

The microﬁave discharge has anbﬂher important ad&antage.
From the operating chafaCteristics‘of the-diéchafge; the
average electron energyléan be:deduced to be_appfdximately
_5 ev. Rel&ti?ely few electroﬁs kave energiés greatlybin excess:
-of 10 eV;.and consequently most of the ioniiétion is produced éf
by electrbné-which have energies which are hbt much éreater
than*the ionization energy.of the gés. As a result, thé
numbervOf métaétable excited.ions such as O; (4wu) which are
‘ produ¢ed is smalier in a microwave.dischérge thaﬁ in a con-
ventioﬁai’SO‘éV electron impact source. Beam attenuation

1z showed

experiments of the type described by Turner et al.
that the mbmentum analyzed NO+ and O; beams contained less than

3% excited metastable ions.

RESULTS AND DISCUSSION

Beéauée the products of thesevdissociative molecular ion-
atQm_collisions consist of three free particleé, and the trans-
lational momentum of only one of these products is measured,
the systeﬁ is kinematically underdetermined. Some information
can still be drawn from conventional velocity vector diagrams,

hbwever._-Two‘SUCh diagrams are shown in Fig. 1. The initial
velocity of the taréet is taken to be zero, since the avefage
speed of the target helium atoms is usually less than O.QS

times the projectile velocity. The velocity of the center-of-mass
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of the térget—projéctile éystem is a useful referenée, and

is shown in the didgfams of Fig. 1. Iﬁ addition, for discussion
of the impﬁlse model of diséociatibh, the_vélocity éf the
éenter—bf—mass of the ﬁarget and one of the atomé.in'the pro—'
jectile is a significant quantity, and is also indicated in

Fig. 1.-'Other quantities in these;diagramé will be defined

ahd dichsSed subsequently in connection with specific models
for the dissoéiation procéss. Table 1 gi&es the energies

required to form the various fragments from the ground state

of the molecular ions.

Figures 2-8 show contour maps of the specific intensity of

the fragment ions from the dissociative collisions of”o;, N;,

_ NO+, and-N20+ with helium. Thébvalues of the intensities_on

different maps are directly comparable; except that no aftémpt'
has been made to correct for_tﬁe (probably small) Variation of
the transmission of our apparatus with ion mass. -
Figures 2 and 3 are typical of several of our measured
distributions of O+ from O;—He collisions.l The overdli'intensity
is quite Small, and the intensity maximum»occurS’at a velocity |
which is only a little less than that of the original Op beam.
As the initial kinetic énergy of the projectilebis increased,

the total intensity and the angular region over which O+ is

found increase, but the velocity at which the maximum intehsity

occurs remains very nearly equal to the velocity of the

original projectile.' We find some fragment ions that are moving
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more rapidly'than fhe ofiginél beam barticleé;'but mbst producﬁ
ions’appéér.at smal1ef'vélbcities. | | |

| ‘Asifigs."4é9 show, similar remarks can be made about the =
véiocity distribution'of fragment'ions from Ng; NOT, and NZOT,
‘although éach distribution differs in'deﬁail'from the others.
vwFigureé 5 and é show thét.the N+:and ot from.NOf'are distributed
in a superficially similar'manner, éxcépﬁ tha£ the N+ appears

in greater intensity;ﬁahd is spread over a somewhat larger
region of velocity space. Thé.differenCe in.the diStributioné
of these two fons is even more obvious in Fig. 7, which shows
'fhe intenéity-profilés of.théSe ion§ measured as a function
of'veloqity ét>zer0'degrees in théllaboratory frame. The N
distfibution is’ much less noticeabl& péaked‘than the 07 dist-
vfibution;_'Figufe 8 shows that the intensity éf ot from N20+

is quite significantiy 1arger'than the intehsities of the .
fragmentfibns from the diatomic molecules. In addition, the
émouﬁt of.O+ that is prbduced with velocities greater than that
of the prbjectile is. clearly greater than what is bbsérved'

| when the diatomics dissociate. Finally, Fig. 9 demonstrafés
ot-He collisions moves noticeably slower

2
than the original projectile, whereas the O+ fragment prodﬁced

that the NOT from N

[

in collisions of the same energy has its most probable velocity

very close to that of the projectile. | | .
Relative total'bross sections were determined by ihtégrating

the specific intensity of the fragment ions over ceﬁter—df-mass

angles and velocity. These relative cross sections were put
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on an absolute basis by the foilowing prdcedure; The total
Cross éectioh for scattering of O+ by He wés detefmined'by
méaSUring the attentuation of a beam of Q+ 5y several different
knoWn pressures_of helium. Then a contour ﬁap of'the distri-
bution of Of écattered.by helium was determined and integrated

ﬁo give a total cross section in arbitrary units. Comparison'

between the absolute cross section determinéa by attenuatiqn

and the value obtained by integrating the scattered intensity

" then gave a scale factor which was used to convert all felative

.eross sections to absolute values.

 The values of the total cross sections determined in this

manner are given in Table IT. All the cross sections are

- quite small, even when the relative energy of collision consider-

ably exceeds the bond dissociation energy . " The small cross’

sections show clearly that the "strong collision" or singlef}_,

" shot mode of dissociation of diatomic molecules is not of gréat 

importance in thermal systems even at very highvtemperatures.
Our experiments and their results are most nearly Comparablé’

to thoée of Champilon, Doverspike, and Bailey,1 who studied the

collision induced dissociation of Dg by argon and nitrégen

targets, in the fange of 5-120 eV iaboratory energy. These
investigators found a very prominenﬁ maximum in the D+‘intensity
at a velocity equal to that of the original-projectile. In
addition, they detected a less intense feature whichvextéhded
over a broad rangefof velocities, and was nearly symmétric |

about the value of the projectile velocity. These results
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_resemble‘uhat we have found for 02, Ng,'and NO+-dissociations

-as far'as,the most‘probable velocity of‘the'fraément ions is"

concerned, _However, whlle a relativel& large fraction of the *

product'D+-from'D;'dlssociations recoils. from the collision ,

at velocities>well in excess of the projectile velocity, we

found no such result in the 02, Ng,'and NO' diSsoclations.
Recently, Moran, Petty, and Hedrick® have studied the

_dissociation of Ng, O;, cot, and w0t induced by collisions

d with their parentlneutral'molecules by using the Aston-band

_technique:in'a single mass spectrometer. In~eaChAsystem_

projectile‘ions had energies of 2000 eV, and thebvelocity

dlstrlbutlon of product ions scattered at zero degrees in the

lahoratory system was measured These workers report data

only for. product ions with velocities greater than the pro-

Jectlle veloclty, SO any comparlson with our measured 1ntens1ty

profiles»is necessarlly incomplete. It is clear, however,

that Moran:gt_al.B find a greater intensity of ions which haue

recoliled with velocities subStantially'in excess of the"broé

jeCtile velocity than we have found in our work. This difference

is undoubtably connected with the difference in the progectlle

energles employed in the two sets of experiments.

There are several models which can be used_to discuss

the collisional dissociation of molecular ions. One of the ?

simplest involves the assumption that the'collision-produces
'an excitation of the molecule ion to an unbound electronic
state which is followed by dissociation of the excited ion.>?t0
This two—step model, with minor refinements,-has been used

“extensively and successfully to explain the features observed
| ! . ' .
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in the high energy collisional dissociation of H;,;and has

also been applied by Moran et al.s,to their}data on the N+,

+
2’

be understood with the help of Fig. la. ' In the first step,

0 CO+, and NO+ systems. The kinematics of this process -can

the exéitation of:the molecular ion is accompanied by a

decrease in its velocity. If U is the internal excitation.

| produced by the Collisioh,fand %'_is veldcity of the molecule

.relative to the target after the collision, then

1/2
g' =4 [Z(Er - U)/utp]
where E_ is the initial relative energy of the collision, and:

D is the reduced mass of_the targetQprojectile system{‘

: The quantity g is a unit vector in the direction of'the new

target-projectile relative velocity. If.ﬁt is the ﬁass‘bf_ o
the target, and m, that of the projectile,'multiplicatibn'of: )
g: by mt/(mt4-m?) gives the velocity of the eXcited molecule
relative tbthe projectile-target center-of-mass Velocity{ The
condition that the excitatlion energy U exceed the dissociétion
enefgy D defines a sphefical region of velocity space, ihdiF
cated in‘Fig. la, which contains all collisionally exéited
mdlecules subject td dissociation. | o

If all the excitation energy in exéess df ﬁhe bqnd énergy
is converted to translational energy of the dissociatihg
fragments, the reco;l velocity of a fragment of mass'ml.fe1a¥

tive to the center-of-mass of the diésociating molecule is

1/2 _
n [Z(U;-D)/uin -mz/(ml-+m2)
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”.wherebg Is a unit vector in the final directidn of_thevrélative
_Velocity of the dissoéiating fragmen,ts,-a‘n'd'ul2 is the'féduced
mass of the dissociating molecule. The final laboratory vel-

ocity Ve cf'the product of mass ml is then ﬁhe vectorvsum_of
the velocity of the center-of-mass of the projectile-target ¥
syatem,_the‘veiocity of the excited-moleculéArelativé té.this

saﬁe centef—of—mass'véldcity, and tge recoil Velocity'bf the
fragmentvqf mass ml'reiative to the center—of—maés of the'
-dissqciating molecule.  Thus

1

¥ = v mp/(mt+mp) + %[Z(Er;U)/utp] mt/(m£+mp)

J

+_E[?(U—D)/u12 mz/(m1+m ) (1)

 'SuCh'a COnstrucﬁiop‘is indicated in Fig. la.

Examination of Eq.'(l) shoWs that>depending.on-the choice
of U, g, g,'the masses, dissociation energy, and initiai-
relatiVé ehergy of a particular system, gf may be.gfeater, less,
or equal to.the projectile velocity Vor However; in order to
produce $tomic.idns with a velocity nearly equal to thét of

the primary beam, the energy of excitation, and the energy:

and direction of fecoil would have to satisfy very special v

conditidns. It is extremely unlikely that these‘conditions3
would be met consistently for all initial relativ'e.venergi"es
for all ‘the systemé we have investigated. 'Furthermore,_>”
Symmetrj;considerations suggest that electronic excitétion

followed by dissociation of the isolated mdlecule would produce
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 'not7just ore, but two peaks or two ridges inrthevatomic ion

: velocity distribution, corresponding to forward and backward

recoil of the atomic ion in the center-of-mass system-of the

'dissociating_molecule. If only one peak occurs, it should be

symmetric. - Only one peak is observed, and it is not symmetric..

Tpus the two-step model of dissociation appears to be incon-

‘sistent with the major features of our observations. While

the existence of this mode of dissociation cannot be ruied out .

entirely, it is not of major importance in these systems.

It should be stressed again that several groups of .

2-4,8

experimenters have been able to fit measured product ion

velocity distributions'by using the two-step model,iassuming

Franck-Condon excitation to the upper repulsive state, and

taking account of the proper distribution of internuclear
8

distances in the projectile ions. 1In parﬁieular, Moran et al.
successfully applied this model to their studies of the
dissociations of Nj, O, CO', and NO' at 2000 eV projectile

energy. In none of these applications, however,_it'is clear

. that the authors took explicit account of the fact that'upon

collision, the projectile ion slows down by varying amounts

- depending on the energy required to reach the excited state

in a vertical transition. 1In fact, in the analyses2f4vofethe_

high energy experiments on Hg and Dg, the flowing of ﬁhevprk_
jectile hés been ignored entirel&, since it is small compered

to the total projectile energy. Such an approximation is not
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- valid for small progectlle energles, and for small reduced
masses of the target—progectlle system. These condltlons,
whlch apply to the experlments reported 1n this paper, force
‘us to take account of the. slow1ng of the. progectlle and lead
us: to the conc1u31on that the s1mple two- step model does not
descr;be_our results adequately.

Anotherlpossible simple description of the dissociation
process is in the primitive knockout model. In this picture
only one:of the atoms of the molecular ion collides:impnlsiVely
,with.the”target; and thereby suddenly acquires a velocity.
relative to'the rest of the molecule. Figureilb'shows that
if the COlllSlon between the target and one of the prOJeCtlle

atoms 1s head -on, the maximum relatlve ve1001ty between the

two atoms of the molecule is produced,vwhlch has»magnltude
g = thvo/(m2 + mt),

where m2 'is the mass of the atom Wthh is struck by the target.

If thls relatlve ‘velocity satlsfles -

the molecule will dissociate.
As a result of the head-on collision with one of the’
atoms, the center-of-mass of excited diatomic ion has a minimum

velocity equal to

c = { lVO + myv o[ --th/(m2 +-mti]}/(ml +'m,)
The dissociation which follows this head-on COllision occurs

under the influence of the bondlng force. Wthh slows the

1 I
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fragment mass m, to,a ve1ocity

Cvpmet o (/) s lmy rm) (@)

Two observations can be made immediately. 'First, the condition

for dissociation requires that the initial relative energy
+—- v o
2

fér 0 Hebcollisions is 18.1 eV or’gréatera In contrast to
this prediétidn,'we have observed that dissociation oécurs'

as soon aé’the initial relative energy excéeds the bond_disso-
f.ciation_énergy. Threshold energies for the diséociationsvof

+
2

ions were observed at energies below those permitted by the

N and NO+”were not measured, but_in both syStems fragment'
knockbut model. Thé second observation is thét,Eq.‘(2) demon-
strates.that the final vélo¢ity Qf the fragment which suffers
 nQ collision will always be smaller than the projectile vel-
ocity if ﬁﬁe'dissociation energy of the molecule is nonzero.
Thus the primitive knockout model cannot account for the prin-
cipal feature of the product distribﬁtioh, nbrléan it acéOuht
f0r>thé occurrence of any dissociation at low energies.v -

The,inability_of the primitive knockout- or impulse model
to account for large‘angle reactive scattering in thevN;—'D'2

11

system has been noted™™ earlier. 1In a subéeqﬁent paper which

describes our measurements of the velocity distributions of

+
2

‘impulse model clearly overestimates the vibrgtionalfand'réta-'

and NOf séattered inelastically by He, we will show that the

tional excitation which occurs in such collisions. - If the

simplé im@ulse model overestimatesvinelastidity;ahdiyét,predicts
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- a dissociation threshold higher than,is‘observed, it is af
little use. in describing thé'collisioﬁs studied here."
ConSiiefation‘of”the experimensal data suggests that z .
picture akin to the ideal stripping modelll.may account for
most of the observations. In this msdel; one atom sf the
moieCulefinteractskWith the térgetlatom, whileuthe other frag-
ment of the molecule‘proceeds as a spectator and is subject
“to 1little or no force.‘ Thus if the spectator is cﬂarged,'a
fragment ion is expected to appear at or Véfy near to the
s'velocity'ofthe original pfbjectils.
| In ordér for this process to oécur,'tﬁe interaction of
sthe'target with the atom it strikes must'bé'suqh as to reduce
- the force between the molecular fragments:to a small. or zero
_Vélue. ‘The.mechanism by whicﬁ this dissolﬁtidn'of‘thé fsrce
between bonded atoms occurs has not been specifiéd'in the
msdel itself,'nor in itsHvarious épplicatibns:to atom transfers.
»In thé case_of-collision induced dissociatioh, it is possible
 ito imaginé atsleaSt two mechanisms by which the.bohding in
the molecular ion may disappear. The collisioh between the
vtarget and one of the atoms may excite the'moleCular ion to a
weakly bonded or slightly repulsive electronic state. The tWo'
fragments then would separate under negligible fofces, snd the

atom which had not been disturbed would appear with a velocity

near that of the primary beam. Such collision-induced electronic -

transitions are not unprecidented, even at low relative

s 13
energies.

This description of the strivving process produces
a mechanism for the dissociation which is very similar to the
. L ) ' e s ]

simple two-step model discussed earlier. The significant

N

11,13

U
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ﬂ_differénce'between'the'two pictures is that in the simple two-

step model, the complete projectile molecule is imagined to

slow down as a result of theveiectronic‘transition; whereas

in the.stripping'model, only oné:atom'in the projectile éhanges

its velocity. .. |
A second way in which the stripping phenomenbn may_oEcur

18 as follows. The collision between the target and one of

the atoms in the molecuie adiabatically produces a short-lived

'collision complex with électrdnic_propertieé such that the

}bonding between the two atoms}of the prbjectile moiecule is

greatly diminished. As the ihteractibn'betWeén thé‘target

and the’sfruck‘atom occurs, the sﬁéCtator atom movés.with-hearly

cohstahﬁ'Velocity; while the struck atom is slowed down. vThéy

tafget then leaves the collision scene and the isbiated

moleculariién is again in its ground electroﬁic state. waever;

by this.time the two atoms of the moleéule will have separated

.due‘to the difference in velocity induced by the collision.

If the séparatioh is great enough, the bondihg forces bétween‘

- the fragments will be Small, and ﬁhe spectator atom will con-

tinue to move with nearly its original velocity. Thus the

essence‘of‘this picture is that violent interaétion with the

target femOQes the bonding in the molecule 1ong'enough for'the

atoms to scpérate to a distance at which_their interactidn‘is

negligible. |

 Since the two.atoms of even a*homoﬁuclear'diatomic,

molecule ion are not dynamically equivalent in the critical

-
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stages_offafstrippihg coliisioh, only one peak in the fragment
::ion veloéify spectrum is expected; ‘This is'Consistént'with
obéervatiéns. The stripping peaks found in thiS work.are in
general not aS’éhafp as those found in atom transfer,reactioﬁs.
‘SOme of the atomic {on productAWhiéhvabpears atrhonZEr¢ ' |
_ s#attering ahgles and vélbciﬁies sﬁa1ler than thé ?rojédtile
velocify_ﬁay reasonably be attributed-to collisions in which'
fhé intéraction with the target does not cbmpletely'eliminate
attractive.fOrces between the atoms of the projectile. Thus
.as{the specta£or atom leaves the COllisiqnbécéne, it_mayﬂbe
subjected'to residual bonding forces'frohvité originai partner,
and be slowed and deflected from the original_projectileiv
_trajectbryf> This type of'attraCtivé-interaction on the oﬁt—'
going 1eg bf the trajectory may be responsible'for’the‘tfif
.angular shape of the;intensity chtours which we have deﬂermined.
Another'sourée of thevproduct ionlfound at vélocities |
less than that of the pfojeétile and ét the larger bafycéntric
'SCattering angles_might-be collisigns in which the spectatqr
‘particle is produced uncharged, andfhé‘product‘ion is scattered
vvby the target particle. ‘To estimate the'veiocity distribution
of atomic ions that have interacted strqngly‘with-the’targét
in a»stripping type of collisibn, we proceed as foil@ws, The
result of a targét—projectile.interaction is a free, transient,
target-struck atom complex which moves at the ideal stripping

~velocity.

_VZV t):.

oma/(ma.+ m

11

s
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where v, is the original projectile velocity, m, is the target
mass, anq'ma is the_mass ef the struck'atom.' Thetihternal
exeitation energy of this transient.afom-target species~is
equal to the initial kinetic ehergy of the mass ma'relative
- to the target, minus the bond dissociation energy of the -

I ' ) V! '

projectile;_or

Uat,=

EVIEE
©

o

d

O

The transient etom—target species will dissociatertesgive‘an
ion whosevfinal laboratory veloeity is the vector'Sﬁm of,ﬁhe
’Velocity.of the atom-target cemplexjaﬁd the recoil velocity'of
vﬁhe.atomiC'iQn relaﬁive io the center-of-mass of the atom-
target complex. Thus at a laberatory scattering anglebof Zero

'degrees, the atomic ion will be found at

1

- ' 1 . .
g = + | /2 '
_v'—v&w“%“m%)_[%—meﬁ] m{ﬁ%+md

The smaller value of the Velocity given by fhis-éxpression
vf,falls in.e'range where we have‘not-observed'any'scattered.
product. 'HoWever,.the larger veiocity has a' value which in
 all cases is less than that of the projectilesand falls-in_the
‘regiOns of the broad, somewhat weak produeﬁ intensity features
shown in Figs. 2-9. vaone considers that’ih the disSocigtive'
.collisiOh some momentum may be transferred ﬁe the spectator,

and that interaction with the target may prodﬁcevelectronically
excited'ions, the diffuse nature of the scattering at.velocities

less than that of the projectile may be rstionalized.
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. Thé méchanism wnich we feel is‘most consistent with our
ekperiméntal results is the version of the stripping model
Jjust described. In a sense, it is a combination of the |
-primitiVe knockout modél,.in that momentum is transferred
,impulsivcly1XDone-atom'of the projectile, and the tWo—Step‘ Q
model; in;thdt electronic escitation may be the process_' |
r;sponsible for‘dissolution of the bond of the projectile.
Unfortunately'it is not a simple matter to test this model
qnantitativély since a calculation of the product_distribution
vwould invoive knowlédge_of the complete potential energy
ssurfaces for the three particles in their gfoﬁnd‘state and
'NSeVerélvofbthém excited electronic states. ‘However,~it.is'_ |
-poSSible.to'reach some firm conclusions which are usefﬁlfin \ :
undérstanding kinetic processes in chemically more complek
systems. The cross sections for dissociation of molecules in
single collision events are not large, even when the initial
relative.translational energy is two to three times the bond
dissociation energy. Simple impulsive excitation into the
_Vibrational continuunvof the ground state is-not.aniimpoftant.
process, and consequently the "strong collision"lmodel often
used in'discussions of thermal dissociation praocess 1s of

N

doubtful validity.
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Table I. Dissociation Fnergies

D (eV)

Projectile- Fragments
oy o',0 6.78
- wot of,N 10.9
No* Nt,0 11.9
Ny NT,N 8.78
N0 NOT,N 1.35
N,0" O+,N2 2.47

- UCRL-19171
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_Table II. Total Cross Sections fOr_Dissoéiation;

2

System E_ (ev) o (R?)
of = o* 8.32 0.013
1.1 0.054
16.5 0.1
16.5 0.23
19.4 © 0.83
19.4 0.85
27.7 1.5
No*_—f ot 23.6 0.12
- NOT - Nt 17.7 0.054
N,0' = 0" 12.5 0.49"
N~ Nt 18.7 10.056

\/
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Flgﬁre'l Veloc1ty vector diagrams for d1ssoc1at1ve colllslons
(a) Dlagram appropriate for dissociation via the two-step process of
excitation follqwed by fragment recoil. (v). Diagram approprlate for the
impulse model of dissociation. Circles giving the loci_of ﬂhe yelocity

" of the struck atom of the projectile immediately after collision with the

target, Iand of the freevatom after dissociation uhder.the bonding force

are shown o - | v
pro;echle eloshc ~r¢gior) of prp!ectl,le |
~scattering o |n;stob|l|jy: o
-0 ! o
~ excited — S
- projectile fragment recoil

VC_"OCH)’ - . - S Vye'loc“y L

target-projectile

atom CM | " - target-projectile
velocity ™/ S CM velocity
R < > v
R N
myvy N\ N /~~projectile atom
| | ‘elastic scattering
(myt+my) (CHASTIL SEATRTTR

‘final fragment:
velocities

(b)
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Figure 2. A contour map of-the specific intensity of O. in the QE-HeY
center-of-mass coordinate system. The dashed contours are of less

certain shape because of the very low counting rate in the peripheral

regions of the map.

. oo
'z 8
o +
o _
41
q-
~ >
~ o
o _
+ N? '
o
‘3:, "o
1.+ > 8)
+ - E? (0]
o & —_
T W
: o
S I
+ ©
T
S«

IOScm/sec .




eh- - UCRL-19171

Figure 3. A contour map ofﬂthe specific intensity of"‘OJr in fhe O;-H'e' center-of- ,

mass coordinate sySte_m- The circle labelled Q = -25.3 eV repreSé-nts the change in
relative translaﬁional ehergy upon collision under the assumption _that thé ‘héutral
prbductsvHe and O xﬁove from the collision site togéthér, with‘no-kinetic'.energyv '

yelative to each other. _

O} +He — 0% +0+He (249.9eV)
Relative Energy = 27.8 eV o
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1
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. : R . . o +. +
Figure h.v A contour map of the specific intensity of N in the NQ—He-center—Qf- :
mass coordinate system.” For an explanation of the circle labelled Q = -16.8, see

the éapﬁion of Figure 3.
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Figure 5. A contour map of the specific intensity of O in the NO -He center-of-
 mass coordinate system. The convention adopted for the label on the circle is

_éxplained ih'the caption of Figure'3. The-small crosses locate the peak intensity
of the product and the beam. '

| NO*+He=0%+He +N (199.3 eV)
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Figure 6. A contqﬁr;map ¢f the specific_intensity‘of N* in the‘NO+—He center-of-
~ mass coordinéte system. For an explanation of the circle labelled Q = -21.84 see the

lcaptlon of Flgure 3. Note that the 1nﬁens1ty of N shown in this map is sllghtly

greater than that of O obtalned at the same energy, as. shown 1n Figure 5.

'lNO++,_ He = N++O'+ He (20! eV)
Relative Energy =23.6eV
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, . o .
Figure 7. Profiles of the relative values of the specific intensity of N and o

from NO -He collision, measured along the 0° line in the laboratory coordinate system.
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bigure'8 A contour map of the specifie 1nten51ty of O from N0 "-He COlllS1°ns

See Fig. 3 for an explanatlon of the circle labelled Q = -12 0 eV. Note that the

'1nten31ty of O from this system is greater than is observed for fragment ions from

any of the other collls1on partners.
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laboratory system

Figure 9.‘

given as functions of the laboratory velocity of the ions and at a scatterlng angle of zero degrees 1n the

projectile veloc1ty

I

Profiles of the relative values of the specific intensities of O+ and NO+ from N O+-He collisions

Note that the NO 1nten31ty peaks at a velocity which is- substantlally smaller than the
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: _

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ‘

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, 'person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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