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Fig. 3, Scatiering diagram for the charge-trans-
for reaction Ar*(Nz, Ar)N,* at 1.73eV collision
energy. The crosses mark the center-of-mass
velocity and the c. m, velocity of N2 prior to
collision. Break in line indicates the velocity
vector difference between the Nz neutral and
Toere center-of-mass is not to scale, The distance of
' ' - the two crosses should be multiplied by about 1.7
v art oy e dr ey’ to correspond to the indicated velocity scale,
o TeL73eV Contours define the probability densities of
' ) product velocities (in Cartesian coordinates) and

e demonstrate that a direct mechanism populates a

‘ f(:\ “:\\\“'.; slightly endothermic channel, The inscribed
o |il‘||((é§\\ '\:‘,‘.:”: J\/7 radius is the locus of vectors corresponding to
v ’ the transiational to internal enmergy conversion

] required to drive the reaction Ar*(2P3/)+

sxio® cmss N2(X, v=0)=Ar ('So) + N2* (X, v—1) with no

renergy deposited as rotation,
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Fig. 4. Scattering diagram for
the charge-transier reaction
Ar*(N3, Ar)N3* at 1.1eV col-
Fision energy. The crosses
mark the center-of-mass velo-
city and the c. m. velocity of
N2 prior to collision. Contours
define the probability densi-
ties ob product velocities (in
Cartesian coordinates) while
the inscribed circles define the
loci of velocity vectors for Nz*
products leaving the collision
center with translation-to-in-
ternal energy conversion cor-
responding to the formation of
N.*(X?Zg) with 0,1,2,3,4
quanta of vibration and of

.’auz—..*n“
SID‘W Taliev X
-1 - Nz*(A%Iln, 7#=0) with no

energy deposited in rotation.
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FIG.5, Scattering diagram for the charge-trans-
fer reaction Ar*(Nz, Ar) N2* at 4.01eV collision
energy. The crosses mark the center-of-mass
1 velocity and the CM velocity vector of N2 prier
ar’ +Ny == Ar + Ny’ to collision. Break in line indicates the velocity
Te 400 eV vector difference between the N: neutral and
center-of-mass is not to scale, The distance
between the two crosses should be multiplied
by about 2.6 to correspond to the indicated
velocity scale, Contours define the probability
densities of product velocities (in Cartesian
J\, coordinates) and demonstrate that a direct
mechanism populates a slightly endothermic
channel, Note the shoulder on the peak which
reflects a modest increase in momentum transter

- relative to Fig.2,
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tional exoergicity observed for the reaction
Ar*(N2, Ar)N2* at 1.73 eV collision energy.

The correlation with AU is shown with a super-
posed scale for v=0,1,2,3 vibrational levels for
N2*(X2Xg*). The hatched peak is the energy
distribution of the neuntral N2 beam convoluted

N with the analyzer apparatus function and integ-

5T o rated over scattering angle. (Fig. 4 of ref. [1]

' ' atievi is reprinted with permission of the copyright
Sl ’ owner.)
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FIG.7. Relative translational
energy distribution of products
expressed in terms of the
translational exoergicity ob-
served for the reaction Ar'
(N2, Ar)N2* at 4.01 eV colli-
sion energy, The correlation
with AU is shown with a su-
perposed scale for v=0,1,2,3
vibrational levels for Ny*

- R e
l: Ny*X2EQN (X2Zg*). Note the broader
3

i ve0 2 velocity distribution which

| oL i " —

pot - A Au. ; s indicates - higher rotational
i 4) . . < .

?i i RN excitation than Fig. 4. As dis-
! ar”. - i R M

' *Ne \:\"‘Nz - cussed in text, this probably

results from impact parameter
collisions, The crosshatched
peak is the emergy distribu-
tion of the neutral Nz beam
convoluted with the analyzer

D3 0z -01 0 Ol 0z 03 04 05 Os or o8 epparatus functien e2né integ-
AT V) reted over scattzrinug angle.
——, See discussion iu the text.
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Fig.8 Scattering diagram
for the! charge transfer
reaction N2*(N2z, N2)N2*
at 0.74 eV collision ener-
gy-The crosses mark the
velocity of the center-of-
-mass of the system and
I the CM  velocity of N2
| prior to collision. Con-
tours define the relative

3210" cy : : ) X
probability densities of

product velocities (in Car-
tesian velocity space).
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Fig.9, Scattering diagram for
the charge transfer reaction
. Ng*(Nz, N2)N2* at 9.94 eV
‘ collision energy. ; The crosses
mark the velocity of the cen-
ter-of-mass of the system and

NoTety = Moty . the CM velocity of N, prior
Te994ev . ;

to collision, Contours define

the relative probability den-

‘ sities of product velocities (in

i Cartesian velocity space). The

—f- broken line indicates that the

‘ vector {§ not to sca)z: the CM

T em/s ‘ velocity is eausl {0 the dis-

tance between crosses multip-
lied by 2.35,
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equations in text) at 0.74 eV collision
energy for the reaction N2*(N2,Nz2)N»",
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Abstraot

The basic mechanisms for low energy electron transfer processes have been
a subject of much debate for several years, The role of energy resonance and
Franck-Condon factors, the presence or absence of intersecting potential ener-
gy surfaces for these processes and the possible participation of collision com-
plexes have been discussed extensively. The reactions of rare gas ions with
simple molecules have been studied most extensively as a source of information
on these issues, largely because these systems have well defined and relatively
widely spaced energy levels,

Charge-transfer (CT) reactions are also a suitable subject for energy con-
version investigations between chemical particles because they provide favorable
opportunities to examine the fate of translational and intermal energy in an
elementary process, :

Using an apparatus described in detail elsewhere, complete dynamical stu-
dies of the differential cross-sections as a function of collision energy and scat-
tering angle have been carried out for the reactions Ar*(Ar,Ar)Art, Kr*(Kr,
Kr) Kr*, NI(N2,N») N}, CO*(C0,CO) CO*, Art (N2, Ar)N%,Art(CO,Ar)CO,

Ar* (NO, Ar) NO*, Net (N, Ne) N* and Ne*(Nz, Ne+N) N* in the range
of collision energies from below lev to 20ev (center-of-mass),

The charge transfer reaction of Ar* with Ar provides a very clear cxample
of translationally resonant charge transfer (TRCT) over the entire range of

translational energies investigated.
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The reaction of N} with N; at low collision energy exhibits two mecha-
nisms, a direct resonant CT mechanism and one involving extensive energy
transfer, The angular scattering diagram for this reaction at 0.7ev collision
energy evidence for two well-resolved mechanisms—a direct mechanism which

NI(X23g,V=0)+Ni(X!3g,V=0)>N(X2Zg, V') + Ny (X1 Zg, V")
may be described qualitatively as an electron jump mechanism and a “comp-
lex” mechanism distributing products symmetrically about the center of mass,

The charge transfer reaction of Ar* with N3 is highly quantum state spe-
cific, It is properly written as

Art (2P3,3) + N2(1 g, V=0)N5(23g,V= D+Aﬂ%®
A long-range curve-crossing mechanism involving the couplmg ‘of adiabatic
curves for Ar*Ny with N5Ar as described by Spalburg and Gislason properly

accounts for the large cross section, specific population of the V=1 level and
the observed small angle scattering at high emergy.
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