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Note on the Interchange of Rotational and. Vibrational Energy in Collisions
of Diatomic Molecules*
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The results of a previous report are extended to molecule-molecule scattering with interchange of rota-
tional or vibrational energy. Differential and total cross sections for 02—N& scattering are given.

' 'N a previous report' we discussed the excitation of
- - molecular rotations and vibrations in various in-
elastic scattering processes, giving detailed results for
excitation by impinging single charged particles. In the
present note we extend the results to include the case
of a molecule A-A in a specified state of rotation or of
vibration colliding with a molecule B-B initially in the
ground state, with de-excitation of A-A to the ground
state and excitation of B-B to A-A's former state. In
addition, we investigate the process in which A-A is
initially in a vibrationally excited state and excites
8-8 to a rotational state from its ground state, itself
going Anally to the ground state.

The general process for collisions of this type is dis-
cussed in reference 1 under "molecule-molecule colli-
sions, " so we just recapitulate brieAy and state a few
results. We use the Born approximation for the calcula-
tion of the scattering amplitude (since the internal
velocities of rotation and vibration are small), Fues's
model of the diatomic molecule to describe the vibra-
tion, and a simple repulsive potential of the form egg
=c exp( —aRAR) to describe the interaction of an A
atom with a 8 atom. The latter merely assigns an
effective range and strength to the interaction and has
no quantitative significance beyond this.

For the transition A (state tt), B(state b) +A (state—s),
B(state t) we have the scattering amplitude (center-of-
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mass system), Eq. (13) of reference 1,

f(A(a), B(b); A(s), B(t))
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where p is the reduced mass of A-A and S-B, r and g
the internal coordinates of A-A and B-B, and E the
momentum change (E'= k,ps+k, P—2k,bk, 4 cose, 8 being
the angle of scattering in the center-of-mass system,
and. k;s' ——(2ts/k') (E—E—E ) E= ,'tsar'+E. +-Eb, u

=initial relative velocity of A-A and B-B).Using now

Fqs. (7), (8), and (12) of reference 1, we construct at
once the diGerential cross sections:

(a) for the interchange of rotational energy,
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(b) for the interchange of vibrational energy,

I(A (n), B(0);A (0), B(rt))
k.p 256 n'
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FIG. 1. Differential cross section for scattering of 02 by N2 with
interchange of 2, 4, and 6 rotational quanta.
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FIG. 2. Differential cross section for scattering of 02 by N& with
interchange of 1 and 2 vibrational quanta.

899



900 RBQ7ARD H. KERNER

.07

.06-

.05
I {I/2 IO6-

M

~04

.03

.02

.0 I

0
0 I 2 3 4 5 6 7 8 9

K

Ol

b
2

0
0

I

ko

4.58 IO-&

ko~

I.65 IO-"
ko2

II.2 IO ~

ko~
7. 77 IO"~

k@2
4

Pro. 3. Differential cross section for scattering of 02 by N2
with the interchange: 1 vibrational quantum —+2, 4, and 6 rota-
tional quanta.

(c) for the interchange, vibrational energy in A-A-+
rotational energy in 8-8,

I(A(e), B(0);A(l), B(0))
k y 256 n'

J P(A) (2t+1)jP(Eb).
k, g x (o.'+E')4

Here 2a and 2b are the equilibrium nuclear separations
of A-A and B B, and J„-O2(A) is the function specified
in Eq. (12) of reference 1 for A-A. The cross section is
given in units m-ao' when atomic units are used for all
quantities. j& is the spherical Bessel function.

In Figs. 1—3 we illustrate these results for the colli-
sion of 02 with N2, plotting I& ~ersls E for various

l, n, and taking n=2 atomic units. In Fig. 4 we give
total cross sections for cases (a) and (b). We expect,

FIG. 4. Total cross sections corresponding to Figs. 1 and 2.
The numbers in parentheses are factors by which the ordinate
must be multiplied.

and 6nd, complicated interference eGects in the angular
distribution of scattered molecules. The interchange of
rotational energy is generally much easier than that of
vibrational energy, but note that already the ease of
transfer of /=6 rotational energy is comparable with
that of e= 1 vibrational energy. The first maximum of I
dominates the scattering for a rotational or vibrational
interchange but not necessarily for a vibrational~
rotational interchange (n=1, /=6 curve of Fig. 3);
that is, in the rotational or vibrational interchange the
angular distribution o'f scattered molecules has a first
large lobe followed by much smaller lobes as one goes to
larger scattering angles, but in a vibrational~rotational
interchange it may be the second or higher lobe that
is the largest.

Thanks are due Miss Elaine Kratosky for assistance
with the numerical computations.


