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Abstract 

enero~Y and ano~ular distributions of X ~, 2" 

and N2D+ formed when a beam of N; passes through a 

scattering cell containing H2 , D2 , or ED have been 

measured at relative kinetic energies ranging from 

2.3 to 11.6 eV. From some experiments,intensity 

contour maps that show the complete product 

velocity vector distribution in the center of 6ass 

system have been generated. Although backward 

recoil scattering occurs at all energies, most 

products are scattered forward in the center of 

mass system. The shape and position of the forward 

scattered product peak are largely consis~ent with 

the stripping model modified to accoun~ for target 

motion. 
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The purpose o~ this work was to investig~te the dY~h~~CS 

0:" •.. ~ - - r, -'- -'..... -C> NT' .-; J_ ',-. t.7 D "Y' CO HD 
vlllj rea\..;v.l..Od 0"'.'2 W-,-·L.d "2' 2' cu .... '1'0 do tf':is) a 

xo~entu~ analysed beam of N; was directed thro~gh an isotropic 

scattering gas, and the e~ergy and angular distriau~ions of 

products and inelastically scattered reactant ions deter~ined. 

Besides its molecular simplicity, the reaction of x; with 

the isotopiC hydrogens has a number of features that r;'lake it 

at~ractive for reactive scat~ering studies. Moderately 

intense, stable, low energy beams of N; can be produced without 

great difficul~y. The tota: reaction cross section is large 

at low relative ener~ies (100 K2 at 0.1 eV) although it 

decreases to 1 K2 at 8.5 eV relative energy. The detected 
.l. .l. 

product N2H' or N2D' is confined by ffiomentum conserva~ion to 

a small range of laboratory scattering angles J and the low ~ass 

of the product facilitates mass analysis with an instrume~t of 

relatively low res~lution but high transmission. 

The first investigations of these reactions with· conven-
1 2 . 3 4 tional' and then with tandem. mass spec~rome~ers' served to 

determine the energ~ variation of the total reaction cross 

section. More recenily, velocity spectra of ions scattered 

through small angles have aeen determined,S and in other exper-
/' 'r 

-i ~" ""n+ so, .......... cJ. v energy and some angular distributioYls of X2D-' from 

the K;-D2 reaction were ~easured. Despite the cOflsideraale 

attention this reaction has received, more data are needed in 

order to elUCidate the details of the reaction dynamics. 
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Experimental . f .. 

•. ' .t ., 
, .. 

Thea~paiat0s used~wili be des~ribed'in-6etail in a 
.,.. 'r ~; 

- " ,.. .. ' 

future publica'tlon/,but· the fo~lowing general comInents v;ill 
': ~ 

indicat~~how the experiments'were performed. Our instr.ument 

consists of a magrietic mass,spectrometer for preparation of the 

, primary ion beam}, a, scattering cell containing the target 

". "' 
", - '-. 

. ',:'" ,', 

, " 

',;. 

:;i' . 

.. ~ :-' . 

: ~. . 
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" I 
gas, a 90° spht=:ricalelectrostatic,epergy analyser} a quad-

rupole' mass spectrometer' and' an ion cou.."1ter. ,Primary ions 

from a magnetically confined oscillating electron (50 eV) 

'impact source were eitracted and focused on ihe entrance slit 
, , 

of an unsyrnlnetrical } approximately 60 ° sector mass spectrometer~ . 

Together with its post focusing system} this spectrometer pro-

duced anion beam which had an angular spread of less than 2° 

full width at and an energy sprea~ of approxi-

ma tely 0.8 eV ?'\tlHM., 
. ~. 
" 

The prlma~yions entered a cylindrical scattering cell 

(T = 300 0 K) which was located in the center ofa large vacuum 

tank: The gas pr~ssu~e in the cell was measured directly Wl~n 
r ,.,: .: • 

an ionization-gauge in the H2 and D2 experiments. In the 

experiments with hu, the pressure was monitored 'by a gauge 

outside the scattering cell in order to avoid isotopic mixing 

on the hot filament. When the, pressure in the scattering cell 

the 
, -- . ,-4 . 

usual range of 3-5 -x 10 Torr} 'the pressure in the 

','surrounding vatuum ~~nk and along the rest of the ion path was 

: only 2-i x~o-7 Tor~.:Beca~se of this v~ry favorable pressure 
I 

-ratio} co~r~ctions due to reactions With the background gas 

.. 
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were always small, and only important for energies and angles 

very near those of the primary beam. 

The exit aperture of the scattering cell, the electro

static energy analyser, the quadrupole mass spectrometer, and 

the ion counter were all mounted on a large rotatable lid. By 

rotating this lid, the exit aperture of the scattering cell 

as well as the analysing and detecting apparatus could be 

located within a range of ~55° from the primary ion beam. The 

detector had an angular resolution of 2.5 0 geometric full 

width, and an energy resolution of 3% }'VJHM. 

After selecting the desired primary beam energy, the 

detection mass spectrometer was set to the appropriate mass, 

and data were collected either by scanning energy at a fixed 

angle, or scanning the angle at a fixed energy. For each 

primary beam energy the angular scans were repeated at a series 

of different analyser energies, and at least one scan of energy 

was made at zero scattering angle. The result was a set of 

profiles of the scattered intenSity which could either be used 

individually or combined so as to produce a contour map of 

scattered intensity. All measurements were normalized to the 

ion beam intensity, the scattering cell pressure, the trans

mission band of the e~ergy analyser, and the scattering volume 

subtended by the detecto~ at the different scattering angles. 
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Twen"cy':"niri'e:, e,~pe'rimerits were perfotrried in which the 
',e, 

,cii stri bution ,'of' :products ,of reactions' 0:f~H2' ,D2, and I-ID itJi th 
,.J.. " . 

:N2 'c:.,t rela ti ve energies betwe'en .2 ~ ~ and 11 ~ 6 eV were measured.. 

'In six of these ei~eriments enough data were collected to 
'> ""', ~. 

~. . 

, I 

.. ~. ' 

permit constructiQn of contour mapsofPx:oduct'inter.sity. 

Four of t~e~e maps ~r~ ~res~nted in figs. 174, and show the 

entire angUlar 'distribution . of reaction products in the center 
. .' . . 

'of mass coordiriatesystem. These appear to be the first 

-.-~,.. 

'complete angular distributions reported ·for any chemical 

reaction. ,The m6st probable velocities of products scattered 

at 0° and 180 0 in the center of mass system are given in 

table 1. 

A velocity vector diagram for the reaction of 2S eV N; 

with D2 is shown in fig. 5. Because the thermal velocities of 

. ,", .,the1.arget molecules are spherically distributed and are 
, , 

" . ~ r .• < 

" ",." ,:. :mostly quite small compared to the projectile ion velocity, 

we will tak.e the, target" molecules to be stationary in the first 

approximation. The initial relative velocity of collision g 

",' ,.is th.erefore equal to the projectile velocity v 0' and the 
'-<" ~. 

initial relative kihetic energy is 

2' 1 M(m1 +r~) g2 
ml +m2 flg 'K -2 = "2 M+mi+m2 

= 
M+ml+rrl.z 0 

, (1 ) 

~ .... :. :' 
f.L is the reduced mass of reactants, M is the projectile 

.... 

mass, m1 and ~ are the masses of the hydrogen atoms, and Eo is 

'. "", 
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the primary ion laboratory energy. The final relative velocity 

g' ca~ be calculated from the experimental me~surements. Thus 

the experiments permit the evaluation of the effective exo-

thermicity of the 'reaction Q) defined by 

~' = 
(M+ml )m2 
M+ml +m2 

where ~' is t'h,e. reduc ed mass of' the produc,ts) and ml is the 

mass of the hydrogen atom in the product ion. Q is the net 

(2 ) 

internal energy converted to translational energy, and can be 

expressed as 

Q=W-U, 

where W = _ABo is the heat of reaction, and U is the energy 
o 

(3) 

which appears as internal excitation of the products. For the 

. reaction we are investigating 

Here D(N2 - H+) is the un~illowD dissociation energy of N2H+ 

into a proton and nitrogen molecule. Isotopic substitution 

introduces variation of less than 0.1 eV in the value of W. 

The general features of the reaction dynamics can be 

(4 ) 

discerned from the intensity contour maps shown in figs. J.-~. 

lJ.'he scat taring is symInetric about the initial rela ti ve velocity 

vec~or) except for small deviations attributable to instru~ental 

effects. The product intensity is particularly great at small 
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the proj ectile":sp~ed. Such intense 

'fo~i'lard ·scait.~iihg:'::in'the center of~a:ss' system is consistent 

\.:i t'h the fi~dirig's'of Bailey et al. 6. and Wolfgang' and co-workers. 7 

The scattered '~ntensity.at angles greater: than 90 0 is small' 

but finite at .ail,.energies investigated. .This backward scat-
6 7 tering has also been found by others. 7.' 

.-(: 

At the high~rdoI11sionenergies, th~ angular distribution . 

as sumes ariinteres'tlngcrater-like shape. The total scattered 
. . . 

. .., ........... "-'-'-'-- ~'-.-~- ._.- -_. __ ._, ......... ---.. .---.,~ ........ . 

. intensity decreases' a's the projectile energY' iBCreases, . but 

. ,the intensi tyloss is particularly rapid ~t final relative 

speeds near zero .. It is this excavation of intensity near 
i 

.g' = 0 that causes the ~rater~like distribution to appear at 

high primary ion energies. This behavior is to be expected, 

since for zero final relative kinetic speed; all the initial 

relative kinetic energy and the heat of reaction must be 

accommodated as internal excitation energy of the product ion. 

:.;.T;Jhen the internal energy exceeds the dissociation energy of 

N.;>H7, this'iori will not be found in the products. Combination 
'- .' 

of eqs. 2, 3, and 4 with gl = o shows that the maximum initial 

~i,:'; ' .• ::cela ti ve energy' for which product ions with no final relative. 

...... ' 

kinetic energy can be formed is 2.5 eV, independent 0~D(N2 - H+). 

The fact that some product ions with g' = 0 are observed 

at 2 ~ 5 eV and higher initial energies ·is in part a consequence 

of imperfect en~rgy and angular resolution. For example, in 

both the low energy experiments with H2 and D2 shown in figs. 1 

,and 2 , the initial . relative energy was 3.13 eV, 'high enough so 

that no intensity should be observed at gl = O. Both contour 

. -~ .. 



maps show appreciable intensity at this p6int, however, and 

only in the experiment with H2 is there any evidence of a 

shallow intensity minimum. This small difference is a result 

of the better energy resolution of the primary beam in the 

experiment with H2 . 

There is another factor that can lead to product intensity 

near g' = 0 even when the initial kinetic energy is quite high. 

Because of the isotropiC velocity distribution of target 

molecules, the initial relative kinetic energy may be greater 

or less than the nominal· value ca.lculated by assuming a 

stationary target. 'I'hus for any projectile velocity molecules 

moving sufficiently rapidly in the direction of the primary 

beam may react to form a stable product even if the true 

final relative kinetic energy is zero. Furthermore, products 

backscattered from collisions in which the true center of mass 

velocity exceeds the nominal value, and any forward scattered 

products from collisions with a true center of mass velocity 

less than the nominal value will contribute intensity in the 

region of small apparent g I. Theref,ore , it is not surpris ing 

'that product intensity near the center of the crater remains 

appreciable for initial relative energies above 2.5 eV, and 

does not fall to zero even in the highest energy experiments. 

The concentration of product intensity near 0 0 suggests 

that the reaction can be described qualitatively as proceeding 

in large measure by a pickup or stripping mechanism, as was 
, 5 

first proposed by Lacmann and Henglein. In the ideal stripping 

process, the projectile interacts with only one hydrogen atom, 
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and transfers .. rlb"momentum· to the other..'~ CqJ;1sequently, all 
. ".' '," • . I . . . ~. '. . ,- .,.' 

Pl~oducti~ns'<.f6rmed 'by this'Orocess;' sh~uld:be' found near 0
0 

. . . : ;.~. " ", : .. \-' .- '" ;.. . . , .'., , . , . 

'dith a l~bor:atoryenergy of [rrJ/(M+ml)fEo'~: The"finite interlsity 
,' ...... 

, -,,' . of products :~'lhi~h we, find at all large center' of mass angles· 
, ') 

demonstratestha~.thereact~ons do. not pr06eed exclusively by 
, . 

the ideal stripping process at any energy. This result is 

not unexpected, ,since the small ,impact ,parameter collisions 

. -. t 

, . 
". ' .. . of the ,free atom must always occur. There will be no backward 

'. , ; 
..... , . 

reactive scattering only if the reaction probability for small 

.' 'impact parameter' collisions is diminished by competition of 
" '. 

'-, , -. . .- ~. , 

. othe~inelast~c.~ut non-reactive scatter~n~. 

" ..... , 

, . •. . ~ ".' . 

. " 

:. '~" 

;'.:.' .:'"' ... 

1.'," I" 

'.! . 

<:!', j: 
. "', 

' .. 

.. -' .-

" 

.: .... 
" ' 
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t"'·:' , 
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As noted~byother workers 5,6 the ideal stripping model is 

consistent with the most probable velocity of the forward 

'sc~ttered product peak for initial relative energies of 3-6~eV 

when H2 and Diare the target molecules,. For.greater initial 

~nergies, the most'probable product velocity is higher than 

,that predicted from the ideal stripping model with a stationary 

target. T;Je have found the same results for both isotopic 

produc tsfrom HD as '\'Iell as H2 and D2 . Devia tions from the 
" . 

ideal, stationary target stripping model are revealed if any 

product ion is' observed at all for initial relative ehergies 

much above 6eV ... ,The model leads to the prediction that the 

,internal excitation energy of the ion product is 

, , 
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which is greater than the dissociation energy D(N2 - H+) for 

relative energies greater than 

2 
~~ax 
-2-' - ::::: (5 ) 

These critical initial kinetic energies are given in table 2. 

In each case significant product intensity was observed f6r 

initial kinetic energies well above the critical value. 

These observations 'suggest that either there is a mechanism 

by which the product ion, can recoil ,in the forward direction, 

or that because of the distribution of target velocities, the 

true relative energies involved in the reactive collisions 

are less than the nominal values. 

It is ~omewhat difficult to imagine how collisions that 

give recoil strongly peaked in the forward direction can occur. 

If a relatively long-lived collision complex between N; and 

the target were formed and then separated with product recoil, 

we would expect to observe not only forward icattering but a 

product distribution that was isotropiC, or nearly so, in the 

center of mass coordinate system. The intensity contour maps 

show very clearly that this does not happen, and the co~jecture 

of a long-lived collision complex must be rejected. Moreover, 

the idea that the collision complex should be long-lived for . 
any collision energy is difficult to accept, and is particularly 

unattractive when the initial relative energy is high. 



. , ':,.-. 

.;., . 

. ~" "" ", .. : ," 

r ' 

. ,". 

" ,~ 

.! • 

, ' 

, " 

. , 

,-10- UCRL-17674 

~orward recoit can also occur through a collision in 
. . 

.which . the. p,rojectile ,passes a hydrogen molecule which is so, 

oriented that the, closest approach to a hydrogen atom occurs 

during the outg<?ing'leg of the t:r:aj ectory. A tom trans fer with" 

recoil would then i give a product scattered through a relatively 

Bmall angle in the center of mass system. It would seem, 

however,that this process would favo~ small but finite rather 

than zero 'angle scattering . If it were dominant at high 

energies, ,the forward peak should be broadened in angle, and 

in'the extreme be 'resolved into a bimodal angular distribution. 

There is no evidence of this effect in the intensity contour 

maps. ,A more damaging argument is that orientation of ' the 

target nearly parallel to the proj e,ctile traj ectory occur 
., 

less frequently than the. perpendicular orientations that would 

give recoil through moderate to large angles. This is very 

difficult to reconcile with,the observed high intensity at zero 

scattering ,angle. Thus grazing collisions with recoil do not 

.provide a satisfactory rationalization of the intense forward 

scattering. 

Another, way to account ,for the intensity and velocity 

the forward scattering is to note that stable products can 

be formed by a stripping mec,hanism at every beam velocity v 0 

provided the relative velocity g is less than the critical 

value given by eq. (5). Thus when Vo is greater than ~ax' 
, 

products ar,e formed only in collisions, with hydrogen molecules 

moving rapidly in the direction of the beam. Simple kinematic 

arguments and recognition of the exponentially decreasing' 

- ~. 
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number of hydrogen molecules with increasing energy are 

enough to show that the only appreciable contribution to the 

product intensity comes from collisions where the target velocity 

is very close to v - ~ in the direction of the ion beam. o '-1llax 
With this ~odified stripping model we can understand 

the concentration of intensity at zero scattering angle, since 

only target motion in the beam direction can give stable 

products. It may also explain the approximately exponential 

decrease in the int~nsity of the forward peak observ~d by 

Lacmann and Henglein5 and ourselves, although a more complete 

analysis of the energy and angUlar spread of :he beam ,and the 

effect of detector resolution is needed to verify this 

conjecture. 

A more detailed test of the modified stripping model is 

possible. Conservation of momentum requires that 

(6) 

where v ~ the usually neglected velOCity of the target, vf is 

the product velocity, and vo is the 'projectile velocit~ all in 

the laboratory system. At values of v'o much less than a °max 
the target velocity can be neglected, and from aq. (6) we get 

(78,) 

For Vo greater than ~ J we substitute Vo - g for the target imax max 
velOCity and get 
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= M
ml 

g ... , l+ml max 
.. , 

Figure ·6 . show,s v ~vf' plotted as a, function of Vo for all our 
" . 0 ;. . .... ',,' 

(7b) 

data. T~e resulti'ire in satisfactory ag~eement with eqs. (7a) 

and (7b),exc~pt for theN2D+ product at high velocities. The 
, " 

, ' 

. '. ' discrepancy at high energies, could very well be a . result of " 

,~., ",,< 
" ',: 

. :. 

, . . 't. ~ . . 

"' ... ;~ .. ". ,,\.,-

i. 

:- .. ' . 

,the finite energy s~read of the primary ~eam, and may also ' 
I ' , . 

. . '.,'. ; 

~efl~ct internal motion of the target and some forward recoil 
. . ... _._"- .~.- ... ,~- _. -. - .-.- -.~--. ~""'"'--""-:' ... ; 

contribution. 

,If the v~locity of the forward peak is determined at,high 

projectile energies by the requirement that U ~ D(N2 - H+), the 

'value of Qfor this peak should be no more negative than -2.5 eVe 

oui data ~how an average limiting value of Qof approximately 

-2.8 eV,foi forward scattering at high energies. The apparent 

value' of' Q is relatively insensitive to' target motion, partic~', 

ularly if th~ fin~l velocity lies near that predicted by the 

ideal stripping mechanism. Straightforward analysis shows 

. +~~~ ~o~ 0° ~na' ~ter~ng' ' 
: ~:' Vl.Lo.. v -,-.L . u'- V .i..l., the, error in Q made by as suming a 

stationary target is 

2 [Mv 
. ,0 

to first order in the target velocity v. This vanishes for 

the ideal stripping process. However, the yalues of Q are 
, . 

very sensitive to small errors in the measurement of ion energy, ' 

.. . .. " . 
. l:'- .. ~' .': and therefore the limiting value of -2.8 ey for Q seems in 

, 

satisfactoiy ag~eement with the eXpected -2.5 eVe 
." 

, .. 
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The contour maps show that at the higher energies products 

that recoil through angles greater than 45° have a velocity 
, 

relative to the center of mass that is virtually independent 

of angle, and an ~ntensity that is small, but increases 

somewhat for angles greater than 90°. The value of Q is 

nearly independent of scattering angle and is close to -1.8 eV 

over much of the range of initial energies. A Q value of 

-1.8 eV is consistent with the formation of stable products. 

Whereas the forward scattering can be rationalized successfully 

in terms of the essentially two-particle stripping model} the 

analysis of the backward scattering requires consideration of 

at least a three-particle model for the collision. No simple 

explanation of the Q val~e and the variation in intensity at 

large angles is known. 

To summarize, it appears that for high projectile energies 

the translational energy and angular distribution of products 

of the reactions of N; with H2 , D2J and HD is dete:cmined 

principally by two factors: the high. probability of atom transfer 

by the stripping process, and the requirement that the internal 

energy of the product be less than its dissociation energy. 

It is the latter factor that is ~esponsible for the crater-like 

product distribution for high projectile ener~ies. The com

·bination of these factors causes the'intens~ forward scattered 

product peak to appear at velocities higher than those predicted 

by the ideal stationary target stripping mechanism. 
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Table l':·.Ene~ge~:i~"Datafor For;;;ar'd" and:Backward Scattering. 
,; <.", , 

".' 0 .X= ,0 
• t '.E ' 

'. 0 

( eV) 
Erel " .' v 0 
(eV) " 5 ' 

"<,,)10 cm/sec' 
, • f',' 

" v f ' -Q 
. 5' ,,' (eV) 

10 em/sec 

.J.. 

D2~2D' 

,65.00 8.125 21.18 20.04, 2.49 

24.96 : 3.119 ·13.12 12.30 1.47 

35:07' '4.'384 
.~ 

15.56 '2.15 
, 

14.56 

75.00 9."375 22.75 21.53 2.82 .' 

24.93 3.117' 13.12 12.33 1.32 

44,95 5.619 17.61 16.50 2.67 

54.86 6.858 19.46 18.34 2.58 

89.84 11.23 24.90 23.62 2.92 

H
2

, N
2

H+ 

34.89 2 .. 326 ,15.52 15.00 1.11 
" 

84.32 ,5; 621 24.12 23.33 2 .62, 

70.09 tR 4.673 : 21.99 21.21 2 .57 .j.:': 

110.23 •. ~-!. ,~. '7 .349, 27.58 26.69 3.29 , 

x = 180 0
, 

16.90 

10.69 

12.54 

18.13 

-' 
14.22 

15.67 

19.89 

21.58 

19.74 

24.58 

'. -Q 

(ev) ' . 

,1.51 

1.57 

1.53 

1.50 

2.11 

2.30 

2.30 

,.. 

1.72 

1.88 

1.24 

198 ·:'133.86. r~ 8.924 30.39 29.48 3.33 27 .06 1.28 " 

: , 
',199 47 .00 3.133 18.01 17.33 1.89 16.22 1.56 

:200 121.68" ' : 8.112 . , 28.98 28.08 3.,34 25.82 1.32 
...•... 

HD J 
N

2
D-'-

'207a 44.84 " 4.339 17.59 16.48 2.65 15.11 1.41 
~.: 

208a 59.84, 5.791 20.32 "'\ C"j.6 .J.. oJ ... __ ...: 2.80 17.42 1.63 

210a '7.1. o-! 7~249 '22.7 ? 21.48 2.9,( 19.48 1.84 '. : _ ~ _J...:... 

211a: 89.86 8.697 24.90 23.62 2.59 21.40 2.93 
.. 

212a. 105.36 '. 10.20 26.96 25.61 2.63 23.15 3.17 

213a 119.45 11.56 28.71 ,27 . ::)2, 2.26 24.61 3.12 

214a 35.05 3.392 15.55 ,14.49 2.48 

(Continued) 

-. 
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Table 1. (Continued) 

x = 0 0 

X = 180 0 

E Erel v 
Expt 0 0 

(eV\ ( eV) 105em/see 
v.C' -Q 

v-", 
-Q \ ) ..L J. 5 .. 

105em/see 10 em/sec (eV) ( eV) 

HD, N u+ 
~12~ 

207b 44.84 4.339 17.59 16.96 1.66 14.75 1.33 

208b 59.84 5.791 20.32 19.61 2.15 17.00 1.53 

210b 74. ·91 7 .249 22.74 21.95 2.61 18.94 1.33 

211b 89.86 8.697 24.90 24.12 2.53 20.76· 1.76 

212b 105.36 10.20 26.96 26.19 2~37 22.48 2.03 

213b 119.45 11.56 28.71 27.93 2.32 23.94 2.28 

214b 35.05 3.392, 15.55 14.97 1.46 13.19 1.68 
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Table 2~ Maximlli"n Ini tialEnergie's ' for 

• i • Product Stability. 

-2 
. , Svstem ' 
• v 

" ~g (max) ( e V) " 2 ' E (max) (eV) 
0 

H
2

-N
2

H+ , 4.83 72,.5 

'D
2

-N
2

D+ 4.68 37.5, 

..L. 

h'D-N H' , 2 ' 7.01 72.5 

, 
HD-N

2
D' 3.63 37_.5 

., ' . 
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,'. 
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from experiment 190 of Table 1, with an initial relative energy of 3.117 eV. 
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Figure 3, Inte::;sity distribution of N
2

D' from D
2

, The intensity at X =0° is 18) 

and at -c:1e dott.ed lines 0.05, Other intensities can be obtained by 
" 

linear interpolation. The small circles give the location of intensity 

Ytle.x:ima founcJ. from the experimental profiles, The semicircle thrQugh 

the large angle maxima corresponds to Q = -1.50 eV. EA~eriment 186} 
initial. relative energy 8.125 eV. 
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Figure 6. The difference between initial projectile and final product 

velocities plotted as a function of projectile velocity. The 

predictions of the stripping and modified stripping models are 

indicated by the solid lines. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1SS1on, 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 information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

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

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






