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ABSTRACT

“Product velocity vector distributionsrhave been',f

-'?.determined for the reactive and nonreactive scattering

”fqiof N2 by CH,, CD,, and Ne. ‘In the most‘prohﬁble .

- j _reactive events, NZH and NéD+ are Scattered.forward R

;Ftﬁxiii"at almost exactly the velocity calculated from the
L ideal stripping model. At the higher pr°Ject11é

nvenergies, the internal excitation of CHs'even for Zero'l;;%”‘#;”x”f

| ‘angle scattering is significant, and product internal ,_,;ﬁffg;l]"i
"o excitation increases with increasing angle. Aflarge }' RIS ”Qg
if;iiéifl " isotope effect favoring abstraction of~H‘over‘D was - }:A;ii:iifl-fi
o " found. The nonreactiveﬁscattering showed the”occurrencef;iﬂfl}tV:?
U or highly inelastic collisions, even for small angle  €f“€¢vi' ;

scattering, and a feature which may be due to the
collisional electronic excitation of CH4 or oivmg was

discovered. o ) o " R
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Many of the details of the dynamics of gaseous ion-
ﬁolecule reactions can be deduéed from measurements of the ": ;xh /;4

energy and angllar distributions of the ionic products and -
| 1-4

scattered reactants. The first-investigations in this area 3¥”@51P
. have been largely concentrated on the reaction of N; with the

isotopic hydrogen molecules, because of ité simplicity, 1arge.1iflg}i;,
cross section, and a kinematic factor favorable for detectionJiigat o
of the_products. ’At relative kinetic energies above 3 eV, o
some of the prominent features of the N2H+ velocity vector fky;;ia.‘
distributions are direct consequences of the fact that the'5 {;; e
othér,(étomic) product cannot take'up energy as internal |

excitation. Therefore, it seems of interest to examine a v .

- similar reaction in which both products were polyatomic in -

L MR

order to see if the presence of extra internal degrees of
freedom significantly affects the partitioning of energy
between internal and translational modes of the products. Ih'
this paper we report and discuss our measurements of the

“-reactive and nonreactive scattering df N; by CH4, CD4, and Ne. -

1

EXPERIMENTAL

~ The apparatus employed in this work 1is the same as.was

used in our investigétion of the N;—H2 reaction.‘s’4 Briefly, ﬁ f  vl

1t consists of a magnetlc mass spectrometer for preparation

of the primary ion beam of known energy, a scattering cell - i
contdining the target gas, a 90° spherical electrostatic energy .
analyzer, a quadrupole mass spectrometer, and an ion counter.

The energy distribution of ions at various laboratory angles

e s s ¢ 4y 1 S e e bty i e s
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,‘7Js’frem the primary beam was determined by sweeping the'eleetro-f,}f Lo

.L]f‘static energy analyzer, and the angular'distribution of ions‘rv;?fhfﬁlg

\ of fixed energy was measured by rotating-the entire detection f3{
lzlvtrain with respect to the primary ion beam._ Further details jf]i
of the apparatus'and procedurevcan be found in our earlier )
'\f,publications.3’4 In the present experiments, mnnentum analysis
" of the projectile beam was performed at an energy of 32 eV,,f‘

'1 which produced a beam energy spread of 0.96 eV FWHM.

' RESULTS AND DISCUSSION

Figure'l shows a'velocity vector diagram for'25 ev .
++ {laboratory) N2 impinging on a CH4 target. The small circleJﬁiq
-"*'about the 1aboratory velocity origin indicates the locus of .

Lfﬁfthe rms thermal velocity vectors of the methane‘molecule."The53"”tir7

assumption of a stationary target for 25 eV and higher projectile'ﬁfﬁl

'fii,energies seems quite well Justified._

The region of velocity space where the ionic PrOduct of R

Loind T the reaction :
iR i

+
Np

<i->

+
+ CHy = NH' + CHy

;_} : /
. can appear 1s 11mited by the possible‘extreme values of Q, the L
- difference between final and initial relative kinetic energies.u,'*

i

ST Since for ground state reactants = 1
(o}
Q=- a0 - U

where AEg is the energy change of the reaction, and U is the
internal excitation of the product molecules, the values of Q

consistent with reaction (1) are given by



. 1limit of 3.5 eV. The latter corresponds to a value of -1 eV
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or ' | ) . T

-0 +
-AE] - D(N2 - H")

That is, for produots in their electronic groﬁnd states; the

" final internal excitation energy U must not exce.2d the sum of_ﬁ!r;ﬁ:gi

" . the smallest dissociation energies of NéH+ and CHz. Equationia[mfwli“ﬁ

- (2) can also be expressed as

_ 5
- -2.5 - D(CH2 - H) 2Q%- AE

which is based on a value of 4.5 eV for the first bond

dissociation energy of methane. Thus there is a lower 1imit hghfﬂﬁjiﬁ

. for the Q of reaction (1) of - 7.2 eV if D(CHZ—H)'is taken

as 4.7 eV.5 Any N, #' observed in regions of veiocity space

that correspond to smaller values of Q must come from colllsions

'ﬁ-vin which the methyl group 1is fragmented or electronically excited.

The upper limit for Q is uncertain since AE or equiva-

lently-D(N -H ) is not known exactly. We have previouslyh

77£Aestimated for D(N -H ) a lower limit of 2.5 eV and an upperv

- for Ang In the contour maps of scattered particle 1ntensity

as a function of speed and angle.in the center of mass system

ff',which will be presehted, the loci of velocitles of N;, N H+, or':

2
N2D+ which correspond to certain critical values of Q appear as

circles about the origin.

| ] IR
- D(cH, -’H) QT - aRD (2) |

S R U —

R ST RS




,'*elarge ratio of projectile to target mass insured that all
,h%~scattered particles were confined to a very small range of -

‘A'laboratory angles and speeds, regardless of their center of

| .very thinly through a large region in velocity space, and |
) the counting rate in the veloc1ty space volume of the detector
’Mvji;_could easily be too small to be seen above background. Second,ﬁ
'+, the ions scattered through center of mass angles near 180° are

f;?tmoving with quite small velocities in the laboratory, as is

5. o UCRL-1838O | ,

-

In our earlier investigation of the NZ'HZ reaction, the

| mass scattering angle. Thanks to this kinematic concentration,',lﬁ o

we were able to determine the complete center of mass velocity ‘f?fgiﬁ

. vector distribution of products. In the N -CH, system, however, yp,ki

the masses of projectile and target are more nearly comparable,;i%ﬁfl,“

,ﬂ and therefore, the scattered products can be spread out over

;f; a much larger range of laboratory. scattering angles and Speeds.j:f;ffk‘
?, It 1s possible, therefore, that products scattered through

?17:large center of mass ‘angles will not be detected for two reasons,_;ﬁif"

o First, large angle scattering, intrinsically weak because 1t

comes from small impact parameter collisions, would be spread'l”ft

clear from Fig. 1. Since the transmission of our detection
train falls for ions of less than 10 eV energy, many of the

'particlesiscattered through large angles might not reach the

detector. It was important, therefore, to perform an experi-
ment which would indicate the sensitivity of the apparatus
to.products scattered through large angles. To this end, we

studied the scattering of NZ by Ne..



“:ffilapproximately 50 eV laboratory translational'energy, which is
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. Figure 2 shows an intensity contour map in the center ofv;f jfﬂm

' mass coordinate system of NZ scattered by Ne at a relative

-~ energy of 31.5 eV. In this cohtour map and all others we

o féllow our. usual procedure3 of plotting the counts per second AR

per unit velocity space volume, normalized to scattering gas PR

pressure, beam strength, and scattering volume. As we have

' pointed out,® this quantity is the same in the center of mass

= and laboratory coordinate systems. The scattering at small angles-gv-
is largely elastic, since it falls bn or near the Q = 0 circle.*¢f*fiﬂ}

/v . At large angles the scattering is increasingly inelastic as

 is indicated by the nonclrcular dashed line which runs through

/.. the peak scattered intensity at each center of mass angle. The .ﬂﬁ“-g

- magnitude of the energy loss suggests rotational and vibrationaliﬂ??‘;f

excitation of Ni is occurring, end the low-lying (1.12 ev) A °7
+

state of Nz

» difficult to detect at center of mass angles of approximately f?f:.;ﬂ

T 60°. At these angles, however, the scattered Ng still has

certainly high enough to assure efficient transmissioh and

| detection. Thus our failure to detect N; scaftered from Ne :
through angles greater than t 60° has a simple interpretation.;i
Even for this case, in which the scattering is fairly well
confined to a sphefiéal shell 1n velociﬁy space, with ouf-
pfesent combinatioh of ion beam intensity, scattering gas pres-
sure, and detector resolution, the back-scattered ions are
spread so thinly in velocity space-that they cannot be detected.

Consequently, for nonreactive or reactive scattering of NZ %y

may also be excited. The scattered signal becomes e




S CH4, the great number of possible final internal states will

. the methyl radical in most Feactive events.

.- This shows that the 1.0 eV exothermicity of the reaction aPPears :

"f77g' lational energy . At the larger scattering angles, the most

_;{_‘ - ’ UCRL-18380.

| ‘tend to spread the products even more thinly in velocity space,
3 and we cannot expect to observe the scattered particles at
large center of mass angles. ' - e \

Figure 3 shows the N HT intensity distribution from the -

2

33 N2 CH4 reaction at 25 eV laboratory, or 9. 1 eV relative energy..

'f,As expected, the detectable scattering was confined to rather

", small angles in thevcenter of mass systemQ.'The maximum

‘f'intensity occurs very close to the velocity (ind_cated by a-
. cross) calculated using the ideal stripping model. The N2 beam B

:i’profile atlzo% maximum intensity'and the similar-one for NzH
;M intercept only + 3.5° and t 6. 5 in the center of mass system,?ﬁ

lif'which again indicates that very 1ittle impulse 1s imparted to.j}cgf e

It is clear from Fig. 3 that the scattered products lie .

fi;at velocities which correspond to Q values less than + 1 eV.-i
as‘internal,energy of the products, and not as relative trans- }ifﬁ

probable value of Q tends to be slightly more negative than
at smaller angles. - It seems reasonable that in the smaller .
impact parameter collisions which lead to larger angle scatterinéylgii :
| the methyl radical might interact With‘projectile more strongly,‘ﬂtf“iif
and thereby acquire larger internal excitation. The dependence o k
of Q on scattering angle displayed here 1is opposite to that
observed for the Nz-H2 system.3’4 In this latter case, the.
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N H+ product scattered through small angles 1s excited almost‘

2
to its dissociation 1limit, while at large scattering angles

the product internal excitation is approximately 0.7 ev smalléf;giﬁh;g'
and Q correspondingly less negative. Apparently in this case
the strong interaction of the departing ion N2H+ witﬁ an
atomic neutral having no accessible internal modes produces a
lowering of the product internal excitation at large scattering.;iﬁkfj,

»v  angles, whereas in the N;-CH4 collislons the stronger interactioniflp .
between N2H+ and CH3 tends to leaVe.internal energy in the |
methyl radical.

Figure 4 shows the nonreactive scattering.of N; by CH, . ﬁ*ﬁY?f-

.7 at 9.1 eV relative energy. Essentlally all the observed o f51 ;ﬁ

'17-, scattering is slightly inelastic, with Q = -0.8 eV. The éeparatélt 
"'GQ‘ closure of the two wings of the distribution and the absence o
S . of intensity in the region of the unscattered beam results
%;3};ff i from computing the intensity from I -I ., where I 1is
| - the intensity due to the beam with no scattering gas, and,Io;l;s
is the signal with gas in the cell. The introduction of
scattering gas of course gives a net attenuation of the ﬁon4
réactive signal in the center of the beam. Hence at this pointilfﬁﬂ ?
~-I is negative, and no information 1is obtained.‘ Away |

obs “beam
from the beam center, when Ibeém has fallen to 10-20% of its

T

- peak value, the nonreactively scattered signal IObs usually

is much larger than I , and scattering information can be

beam
obtained. However, if there 1s a large reactive cross section,

- then the nonreactive signal Iobs will be éttenuated, and thus

Ioﬁs-Ibeam may remain negative out to center of mass angles of

et e ey oy 2 it it e o atea
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.10 o approximatel 5°-10°. This is the case for the Nj-CH system; FREaroa
SRy Yy . 2 4 RN

"~ 'whose reactive cross section is large at low energies, and is };”

’.i’the reason why the intensity contours of Fig. 2 close at
g;}fi}lg;ffapproximately 10°. | .

S At any particular scattering angle greater than 10°, the\i.
“??areactive and nonreactive scattering are distributed in speed |
vizdifferently, but have approximately the same intensity. The
nonreactive scattering is confined to}a_relatively small rangezf
. of Q values, and the distribution does not broaden appreciably‘f
;iﬁ5in speed as the_scattering angle increases. Consequently, if~f%
57; chemical reaction were not occurring, we -should expect to |

j;observe the nonreactive scattering to angles of approximately ;

1?,60 » as in the Nz-Ne system. Since no nonreactive scattering f
.'31[;13 detected beyond 30°, we can conclude that the various

}E'reactive processes must also attentuate the nonreactive signalf;;

" for the smaller impact parameter collisions that would lead to .-

SRR \
G larger angle nonreactive scattering.: .

- - Figure 5 shows the distribution of NZD from the NZ-CD4 o

f":‘fi"j.reactlon at 10.4 eV relative energy.. The peak product intensity_ioijh i
‘{51§t}i‘is almost a factor of ten smaller than that found for the NZ-CH4' E
' ﬁ“f;Lsystem at the comparablé relative energy. This very large |

fw:ffisotope effect for small angle scattering was also observed f_n;.f,f

. for the Ng-HDsystem,4 and is evidently characteristic of the

LTy, Yt £ e i

Tﬁg?hfdfli stripping mechanism. The maximum intensity of. N2D+ occurs very

near to the product velocity calculated from the ideal stripping j'

- model, which is indicated by a cross in Fig. 5. The product - |
distribution is sharply peaked in angle, with the 20% of maximum .

- STy
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o intensity profile intercepting only * 7° in the center of

. mass system, Jjust as was true for N2H+ from CH, - Again, there

; 5L3{Asponding N;—CH4'data. The scattering is slightly inelastic, =~ '

"'ﬁfi scattering is much smaller than for the Ng—CH4 system. The

- . intensity of scattered N; at any fixed angle is greater from -

:; must be a consequence of the smaller reaction cross section

.. is no evidence of strong forward recoil, and consequently the :

"vexothermicity of reaction appears as product internal excitation.fﬁ)ﬁf”

The nonreactive scattering of Ng by CD, at 12.5 eV relative ;llﬁiV

- energy, shown in Fig. 6, is somewhat similar to the corre- .

and is confined to angles smaller than ¥ 30°. The intensity -
contours do not close at the small angles shown in Fig. 6

" because the background beam attenuation due to reactive

e CD, than from CH, at comparable relative energies. This alsofj¥7; ?fﬁ 

observed for CD4., Again, the disappearance of nonreactive

scattering at angles as small as 30° indicates that small

“impact parameter collisions lead to charge transfer or chemical‘ZV&fﬂ

reaction with products spread throughout velocity space.
The reactive and nonreactive scattering of the N;-CD4Q‘

system at 50 eV laboratory (20:.8 eV relative) energy were also

mapped, but are not shown here. The N, D" product had a maximum T

intensity almost exactly O 1 of that observed in the experiment

at 10.4 eV relative energy. In all other respects the product

distribution resembled what was found at 10.4 eV. The intensity o

maximum fell almost exactly at the ideal stripping velocity,
the 20% intensity contour fell within * 8°, and virtually all

detected product occurred at Q values between ~1.8 and -4.5 eV,
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“?L:T“;f'% The value of Q at. the intensity maximum was -3.0 eV, If all };fm';;‘“:

"' _the product internal excitation was present in NZD » the most o
:ﬂ'negative value of Q consistent with a stable NzD would be '
;-2 S5 eV. Since we observed the peak intensity of NzD was

" ‘associated with a Q of ~5.0 eV, there must be at least O 5 eV ;
fiﬂinternal excitation energy in the Chz group formed by the most?
mi-probable reactive process. - | ” o
The nonreactive scattering at 20 8 eV was qualitatively

_“isimilar to that observed at 10.4 eV, except that the Q values
5ilare more negative, which indicates that the higher energy L
'ﬁt.collisions are more inelastic. ‘A map of the intensity of

?f NZH from ‘the N2 CH4 reaction at 27.3 eV relative energy was ;}
iigff.also prepared, and has been published elsewhere.

The distribution of N2H from the NZ-CH4 reaction carriedfl
.- out with a prejectile.energy of 110 eV or a'relativé energy fr
%f:Of'4o eV is shown'in'Fig. T Thejintensity peak lies_élmost E
" exactly at the ideal stripping velocity.which is marked by a
~cross. The corresponding Q value is -3.3 eV, which by the

© argument glven above indicates that the methyl radical formed i

;f?in the most probable type Qf collision must have at leastto.e_f;ﬁ;é
,'H?.eV internal excitation energy. From tne intensity contours‘itﬁgff“

| 1s: clear that in a substantial fraction of the Qbservable v
y reactive eollisiqns; mnch larger amounts of internal energy..

© ' . are transferred to the methyl group. Appreciable intensity

... . appears on the @ = -7.2 eV circle, at which the minimum energy ' . -
.KQSQ;;-U' in the methyl group is equal to its bond dissocilation energy‘77ﬂﬁﬁ§?fi°
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§1z Unless this energy 1s present as electronic excitation of‘u

CH3: the reaction which produces N2H+ agsocliated with Q yaluésfiffn‘Q“i

more negative than -7.2 eV must be

+

4
> H' + CH

N, + CH4'”'N

2 2

Some intensity 1s observed even at the Q = ~11.7‘eV circle,'~f',j*

.., and product formed at this velocity must-cbme from:

. .
o + CH4 —+ N

N JH + CH + 2H

unless the excess internal energy is taken up as electronic

. " excitation of CH, .

scattered by CH4. Most of the observed scattering appears to -

ﬁ   be inelastic with a relative energy loss of 4.4 eV or less.
o There 1s, however, appreciable scattering in which the inelastic;

-.loss 1is much greafer. The Q values of ~-4.4, -13.6, and -17.1;'%f%ﬁ fﬂ

" indicated by circles in Fig. 8, correspond to excitation

energies sufficiént to cause methane to dissoclate into one,

" three, and four hydrogen atoms, respectively. The Q value for ﬁﬂ3i; i

}j  dissociation to two hydrogen atoms 1s'-9.1 eV, and is located

!

quite close to the Q = -8.2 eV circle in Fig. 8. Of course,

:31 some of the Internal energy may appear as excitation of N;,‘or

- fragments, so that the dissoclation of methane may not be
complete even for Q values more negative than -17.1 eV. Thus, H
because of the large number of available final states, it is

not possible to specify the neutral products of these very

. . AL N
+ H T e "-:~’\._,
. LS ', "

BN

Figure 8 shows the distribution of 110,ev Ng projectiles?;;jff;ff

. as electronic excitation of. some of the hydrocarbon dissociation ~..'

B I e e A e S e e £4 8




' S inelastic collisions. The data are significant in that they_&f
24V show that even for rather small scattering angles, yery ' |

- .inelastic scattering can occur. Consequently we can expect

iﬂ:,location of the peak at 0°, and its Quite narrow profile.makew‘5

uif state, and thus either electronic éxcitstion of N; or CH4

© =13~ o . | imRLQi8380‘g}o&f[A;;'T

% that the small impact parameter collisions that lead to the

unobservable large angle scattering will be even more inelastic,fiﬂl;i
+ and will produce high levels of electronic excitation and

ix-or dissociation.l.\

One other feature of’Fig. 8 requires comment. There is

& small peak in the intensity distribution at 0° and Q = - -8. 2 ev.éfﬂfﬂi-

fﬂfThis peak also appears with the same intensity and Q value when .
-f",CD4 is the scattering gas, and is also detectable in the
scattering of N2 from CH4 at 75 eV projectile energy. The

:f 1t 1likely that it arises from an electronic excitation process.jikbs“?

" The first allowed, electronic transition of CH, has a thrésholdfj
2.+ i |

"“'at 8.5 eV. The C 5, State of N; lies 8.0 eV above the ground -’

. could be responsible for the observed peak. Figure 2 shows
?!-that'the peak is not present when NZ is scaftéred b& Ne,

f:\f;and this suggests thaﬁ'in.N;-CH4-collisions,it is the CH,
which is being excited. On the other hand, we have'obsefved'“

rather weak excitation of the 8.0 eV level of N; in_collisionsfpfﬁﬁﬁff

with Ar at comparable relative energies. The process which :_ﬁi.’ o

occurs in the‘N+-CH4 system, therefore, must-remain unclear

~until spectroscopic investigations can show whether or not the

c 22+ state of N is exclted in these collisions. o

gLt




5f we have derived from our experiments. As we saw from the

f;w‘observed values of v/vo and those predicted from the ideal-

’ ”TT'Z the results for the N -Hy, Dy, and HD system. In the latter ;ff;f&f”

-14- ) UCRL-18380
Table I summarizes some of the.numerical results which,iﬁ

maps, the product velocity is in all cases very close to that

calculated from the ideal stripping model. The product-tq
projectile laboratory velocity ratio v/vO is, according to‘the;fiﬂ‘
model, simply M/(M+m), where M is the mass of Ng, and m 1s

the mass of the transferred H or D atom. For the transfer

of H or D,_m/v is 0.966 and 0.933, respectively. The velocityf
';:ratios in Table I are all very close to these predlcted values;;

The close agreement over a wlde energy range between . ;

- stripping model found in the NZ-CH4 system is in contrast to

2

",case, the observed~’?

values of v/v0 were greater than those
predicted from the model, and became more so as the proJectiIéi?‘?Af}
energy increased. There 1s a simple explanation for the

‘difference. According to the stripping model, the internsl

excitation energy of the product U is the sum of the exothermicity

" to the atom it abstract8° ‘ : W
: ' i

¢’ of reaction -AEO, and E » the energy of the proJectile relative ':;‘jk

U

It

- AEO + Ea

For the reaction of N+ with the isotopic hydrogen molecules,

all the product. internal excitation must be present in N2 , i.‘ '{{si

and since the ion will not be stable if U exceeds its smallest

_ dissociation energy, there is a natural upper limit4

1.
'
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dr"&”i_Ea 2.5 eV for operation of the ideal stripping model. For :73’ i
.-‘-('~-;v' ' E

o N -CH, collisions this limitation of the ldeal stripping model ¥

|'~to low energies does not exist, since the internal excitationf
o energy U may enter the methyl group and allow the NzH to rfﬂ
i stay below its dissociation 1limit and still move with the .
. ideal stripping velocity. It is questionable whether one
;tshould continue to describe such very high energy collisionS-;i
}nas "ideal" stripping processes, for although the value of

i:ethe velocity ratio v/v0 implies a weak interactionlbetween :
Ei‘the’projectile N; and the spectator CHy, the amount of energyf
| .that must'necesSarily be transferred to the internal modes.of{fJ
"i’h::ﬁipchS suggests that the interaction 18 not weak. | :;
- ; The quantity that appears in the intensity contour mapsvﬁ
;{is I(6,u), the normalized intensity per unit velocity space:ff;
éivolume, averaged oyer the detector.qurom this Quantity,fﬁ:
ffabsolute differential cross sections\l(e) and total*cross's

 sectlons ¢ were calculated using the!relations -

© 1(8) =.[ TI(8,u) u“du -
. O i

RS o = 21rj I(6) sins do . | L ()
e 0 o , S

and the results are given in Table.I and Figs. 9 and 10.
fqufﬁg - Although the transmission factor of our detector'system has
| | been found to be constant over a wide range of energies, the

actual value of the factor is difficult to determine accurately.,

Consequently we have scaled all of our results for N2 reactionsv-ii

. N : l
R ORI

! ' . . * . . LN o R LT 4




i: _calculations and the normalization were discussed in our
© 'normalization factor is * 25%. The uncertainties in the
‘;{tf absolute differeﬁtial cross sections are at least this large.

:tﬂ the reactive scattering are shown in Fig. 9, and the values of |

‘> increases. The intensity maps here and in Ref. 6 show that

"./ . ocecur, particularly at large angles. The combination of theseifu

"7 effects. produces the broadening in I(6)/I(0). Eridently as

- =16- © UCRL-18380 b

:_ to the total reaction cross section for NE-D2 at 11.2 eV

:‘relative energy which was measured by Turner et al.7 Such

‘earlier work.® We estimate that the uncertainty in the total E 'ﬂ?éyi}
RN L W

. cross sections due to experimental uncertainties and the

The reduced differential cross sections_I(e)/I(e=o°).for'ﬁ

1(6=0°) are»gviven in Table I. For the Ng-.CH4 system, the |
| angular distribution I(G)/I(O)rtecomes markedly‘broader with \j
’ﬁ‘increaeing projectile energy. The data in Table I show. that ‘i
at 8 = 0° the intensity falls rapidly as the projectile energyt

[

at the higher energies, very inelastlc reactlve processes

?Z projectile energy increases, the contributions of the grazing'gi
' collisions to the reaction cross section arevlost,.and the,
.‘more violent smaller impect parameterzcollisions increase
in relative importance. A ; | | |
The rather limited data on reactlve collisions for the |
CD, system do not show the breadening cf I(6)/1(0) at the
higher energy. The larger momentum changes agsociated with
large angle reactive scattering of the heavier isotopic product\-
are apparently not favored, just as one might expect from thel"ﬁ'

- Born approximation, for example. .::7 *.i,;. .




17- o UCRL—1838(')_"'>"£‘,,Q:‘

The'experimental values of the total reaction cross

section are shown in Fig. 10 along with: the results for thef}

iﬁNz'Ha’ Dz, and HD systems,%-for comparison. These total cross
ﬁ-sections are'plotted as functions of E:, since for the
:Tmolecular hydrogen systems at least, the cross_section'for:?
;iabstraction of H and D are very neariy equal at the same
value of Eo The two isotOpic methanes have, however, quite
i'different total cross sections even at the same value of E

" The difference between the molecular hydrogen systems on onev?

;vhand, and the methane systems on. the other, may be at least
ipartially‘related to the availabllity of internal modes in CHsi
ngut.not the hydrogen atom. The large high energyfisotope '
}vleffect for forward scattering and in the totai-cross sectionf
'of the molecular. hydrogen system has been attributed to the
Fﬁjdifficulty of product stabilization through forward recoil.,
'LThe observation that the cross section for forming NZH and

L

N

2D+ from isotopic molecular hydrogens.is the same at_the sameif
JE_ is attributed to the fact that the inclpient internal i
i-excitation energy of an- ion formed by stripping is -AE + E
‘*rwhlch is the same for various isotopes at a given Ea' Thusv
the stabilization problem is the sameifor'both isotopes at the
same E:. In the methane system, forward recoilpis not necessanyliiﬁ
to stabilize the product ion, and the significance of E:-must_‘

be diminished.t'Thus it 1s not too~surprising;that the cross

sections for the isotopic methanes are not the same at a given

EO‘ S . N ;‘} . ~.-"’.lf‘l -
a P RS
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It 1s obvious that the total reaction cross sections

for the Ng

-methane systems are smaller than those for the
N;-hydfogen systems. This 1s perhaps surprising in view of;f

the_Virtually identical energetics of these reactions, and .’

. the product stabllization problem that exists in the N;',

v,:' hydrogen system. -It.may be, however,:that the undetected _
:7l products scattered through large angles in N;—CH4 collisionsjﬁ
may account for a significant fraction of the difference in
;17to£al cfoss sections. - oy | l
wll It has been poihted out that the-iﬁtensity observed at B
!;fl‘very negative Q values in the higher energy experiments may-f
‘ "represent collisions in which the methyl radical 1is fragmented
“;*-or electronically excited. In order to display in a more
\’%yi quantitative manner the increasing‘importance of such highly j
endothermic collisions, we computed partialrdifferential and |
" total cross sections which include only intensity that lies .
:A.at Q = -4.7 eV. This cut off value Qf.*4-7 eV for Q was chosen .-
;ng'somewhat arbitrarily, although Q > -4.7 eV does correspond tol

. a region of velocity space in which exciﬁation of CHy to its

. lowest known electronic level is not possible. The results
are shown in Fig. 10 and Table I, and it is clear that highly
vlﬂiiﬁt@lvendothermic collisions constitute an important fractlon of
;Rupfzzf_ the reactive processes at high collision energies._ »
| Although the data of Fig. 2 were intended primarily as a.l'kf:“
i';;ﬂ‘;f - test of the apparatus sensitlvity, a comment concerning their". (
- interpretation is in order. We have computed differeﬁtial

cross sections for the N; - Ne scattering using Eq.-3 for the

5
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" region between 0 = 20° and. 50° at 5 intervals. Although’ I(e)‘
fifalls off rapidly with increasing angle, we. found that |

9 sind I(e) - 0.76 R%/sr

lidis a very good approximation at all angles (stndfldev. =}t‘:v
{oo.quﬁg).~ Since the relative'energy in the experiment.was(i‘
" fairly high (31.5 eV) and the observed intensity fell outsideé
:jthe.very small angle region, the scattering 1s clearly from :
ithe repulsive wall'of the intermolecular'potential. It may‘yi
f;be possible to draw from the eXperiment some information aboub
;‘this partvof-the'potential by using the'elegant‘high energy ;i
1fanalysis of F. l Snitn et al al.8 The scattering is primarily
inelastic in the 20° 50° region, however, 80 to apply the A
. theory 1t is necessary to assume that all collisions of a “¥;
?:given impact parameter will scatter into the same center ofi}?
4:mass angle, whether elastic or inelastic. It is by no'means:s
;?clear that this assumption is valid for all inelastic processes;ﬁ
ﬁf'and consequently no detailed analysis of the data of Fig.'zf; :

:V;has been made. AR o '-».i;yi“
o I
- oy
SUMMARY |

This study of the dynamics of the reactions of N2 with

" CH, and CD4 has shown that over a wide range of energies, theiﬁ

8 - most probable reactive event 1s abstraction of g hydrogen or‘ff

R S N B
. e .
A

.- deuterium atom by the stripping process. Althou h very little_jﬂﬂgp[f

or no momentum 1s imparted to the methyl radical’ in such

. collisions, it‘is left with a substantial amount of internal' :
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;f;h.;:;ﬁ5 energy, particularly when the projectile energy 1is large.

T"} Even for the highest projectile energies,'there 1s no appre-f53'4

QZ'Ciable forward recoil of the N2H+, in contrast to what wa.s :
A;ifound in the N; - Hz’ Dz’ and HD systems. Even in the relativelyé
?‘smail range of angles where reactive scattering eould be Q-}
i detected, Q was found to be a function of angle, with product
‘t'internal exoitetion increasing with increasing angle. The (;_g;?
:u'nonreactive scattering was very weak at low projectile energies;"’
f:because of competition with reactive scattering. The dis- |
'”'appearance of nonreactive scattering at all energles for anglesi
E-".tc._r,:r'eater than 30° indicates that small impact parameter |
,ff'collisione are overwhelmingly reactive or highly inelastic‘f
,‘;a;and spread the products very thinly over a large region of f )
':'velocity space. - At high projectile energies the nonreactiveJﬁ:
| scattering 1s very inelastic, and there,exists at 8 = 0° and‘fM
Q = -8.2 eV a feature which may be due to the electronic 1
f?f;excitation of methane or of‘N;. "A very large isotope effectvi;l
 is observed in the reactive scattering, with the N D+ productiin

2
* of much lower intensity and confined to smaller angles than

the N2H+ ion. Finally, it has been demonstrated that even at -'
o what might be considered by chemists. to be enormous relative
jQ’collision,energies, a.simpleeabstraction reactlion occurs withi -

- . large cross section.,.‘  ﬂ.g,g} K;T;ﬂ§f$g%ﬁ_j;f~-“




-2~ - UCRL-18380 o

Acknowledgémeqt: ‘This work was suppbrted_by the U. S«
. Atomic Energy. Commission. L.A.G. wishes to acknowledre a , -
 postdoctoral fellowship from the National Center for Air =

,{ﬂ‘Pollutioh Control, Public Health'Service.’ " "

‘. T
. '
Ces
.
i
i
i
.
i

Y




.22 _-1 e L , UCRL~18380AE

Table I A e

Scattering Data for Reactive N,-CH,,CD, Collisions.”

Sl E9(ev) Epgy- V/v,® Q(ev) I(6=0

CH4

"25.0° 9.1 0.961 ".-1.1 89.4 5.85 °
©45.1  16.4 . 0.958 ' -2.2 " 41.1  -- -
. 55.2 *© 20.1 0.964 " -2.1. 44.9 - 2.58 "
60.2 - 21.9 0.958 & -2.9 . 8.8L = == .°
ST 7501 27.3 0 00963 -2.9 001045 1.7L
LoueL R 75.2 0 27.4 0,961 -3.2 - 21.6 1227 -
079001 32.8 0,965 1.-3.2 0 3.91 1 --
770110007 40,0 0,969 ;0=3.0 i 3.48  a-
' 7110.1 40.0 0.965 0 -3.8°° 2.97 0.821
S0 13001 47.3 0 0,967 L1-4.00n —n L s

co, | :
25.1  10.5- 0.928 .-2.0 11.8 0.457 . - 11.8 .. . 0.462 .
. 40.0 16.7 0.93¢ -2.6  T7.97 ‘--' 7,93 = .. o
. 50.0 20.8 0.937 -3.0  1.82 0.0765 1.81° 60724 F
. 60.0 25.0 0.930 . -4.4 -= = aa - -

—
—

e
—

‘Ht;{;}fa, The ratio of final product to initia proJectile 1aboratory
s velocities., Lo ~':l

I

]

. v N

7. b. Units of A%/steradtan. .
'*J;c. Units are'ﬁ?. -
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2‘;N+

“.‘to the rms speed of CH,. The small cross marks

)
'

Velocity vector diagram for the collision of 25 eV
. A

N_. with CHh at 300°K. The large circle is the locus.‘;;

2

of final velocity vectors for elastically scattered.';:f;:, L

2,_and the radius of the small circie is equal

S + S R
~ . the velocity of NQH .formed by the ideal stripping. . - . =

" mechanism.
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y ) K . R . . o A .

. The normalized Ascatvtered intensity of N; per :uhit .
'velocity space volume in the center of mas's system. : .
.The circle labeled Q = O is' the locus of ela,s_tvicaljly_ o .
'sca,'tte.red N;. Notice how the scattefing becomes - S ,,
more inelastic as the scattering angle increases.
- , 3




LY - rs
i ats ’

in

N3 s Ne = N} + Ne (75 eV} R

Profile

s e

v L]
L YT X M

~ Centerof Mass =

.l05 cm/sec L Intensity Contours
. 25 K '
15K .
10K
6 K o
o 2K
R

 20% Beam

_10‘4’(, -

" ogfgT-THON



28 | P  UCRL-18380 - o

. .
Figure 3. A contour map of the intensity of NEH from 25 eV

N2 on CH&' The stripping velocity is indicated by . ' - = . .

S ' ...across. Note that there is very little forward _-Lht:%a I

‘2ff.recoil,_aﬁd that the Q at meximum intensity decreases

»'and product internal excitation increases as the

'scattering angle increases.
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.. Figure b, ,-_‘A contour map of the nonreactively scattered NE from - L L
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e S umasto
3.4.;._:J'. . . Figure 5.@ A contour mep of the intensity of N2D+ from 25 &V - - o o !

B - -
. . : "‘5-N2 on CD&' The cross locates the velocity of NQD ' .

ey



UCRL-18380

3j1y0.d
wpag
%02

/

-

N

[

<

ad +

(A9 6°1-=D) 00€9 = Ki1suaiu) yoay

+

a2 ?woo.-.r (A v1°G2) $N

2



. “Bha S UCRL-18380

SRR .. Figure 6.2_The intensity contours of N2 scattered nonreactively . = ' . -

- U

e e ';;'.from CDM;. Notice that the scattering in principally ,4‘: ;1 o

. inelastic. even at angles as small as 10°.

t

¢ .
‘' ' ! g ‘
. RS
. 1
. : ' ) .
: e v |
B .
. Vv
i v
.




. .
YN »

+ L —
N5 + CDg4 NS + oo,
(30.25 eV)

Cenfer_Pf MOI'SS o

10™ cm/sec

25%
s/ Beam

Profile

“Ce-

ogegT-THON



o B . o a36- . UCRL-18380

2

| 4 - Figure 7. The intensity contours of N H" from 110 eV N;.on St -‘ff 'IJ._
, CH&' The peak intensity lies'very close to the ideal

”u*?n. S " stripping velocity, which is indicated by a cross. ‘_;3{ff?'f j : L

Notice that there is virtually no forward recoil, . ~~ i+ & ' &
“ especially at small angles.
et £ ) ¥
i ' ; - ¢
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'Figure 8." ‘A contour map of the intensity of nonreacti#ely scattered

1 R 2 .
."The subsidiary maximm at Q = -8.2 and zero aegreesAméy
';"be dﬁe:to:electronic excitation of methane or of ﬁ;. -

- =38~ : o . UCRL-18380 -

G:N+. Virtually all the detected scattering is inelastic. . .
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"~;¥Iﬁ151 " Figure 9. The ratio.of differential cross sections I(é)/I(O) forzf?j“  ?
... . formation .of N2H+ and 1\121)+ as ‘a function of the center ...’

i of mass scattering angle 6. The labels on the curves ”ﬁ;t;'f;”?kff ' s
give the values of Eg,,ﬁhe energy of the projectile '.;;jl' E;.f}f 3>*f¢

o relative‘tb the abstracted atom. . = . fff}f;"; fiki{ . “lj
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- Figure 10. - The total detected reaétive-cross sections as a
© - function of EZ. The solid line gives the results ”f-%_;’§"1f}550f3:(

e S rfor the reaction of N; with isotdpic hydrogen molecuies.f:”?'*
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