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and

~=a(lm)/8+I /E (lb)

that the cross sections depend greatly upon the di-
pole moment. The HCO' and N,H' molecular ions
have nearly equal dipole moments of 3.3 and 3.4 D,
respectively. The cross sections for these two
ions are nearly the same except for some differ-
ence in the near threshold region. In the case of
CO' the dipole moment is smaller (2.5 D) and
therefore the cross sections are lower.

The dependen. ce of the cross section on the di-
pole moment D, can be approximatel. y given by the
scaling law

(la)

where A and n are energy-dependent parameters.
For higher energies (about E &0.5 eV) these para-
meters can be expressed in the form

CO+ HCO+
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TABLE I. Bate coefficients in units of 10 cm sec
for (J'=0 to J=l) rotational excitation of CO+, HCO, and
N2H+ at various temperatures.

n = 1/(c+ dE), (1c)

where a, b, c, and d are constants. The values of
these constants are a=36.62, b= 103.91, c =4.11
~ 10 ', and d = 4.77 ~ 10 '. In the above expres-
sions D is to be taken in D, the energy E in eV,
and o' is obtained in ao, where ao is Bohr's radius.

The cross sections obtained by using Eq. (1) are
found to be within 10% of the exact results [ob-
tained from Eg. (20) of Mathur"] for energies
above 0.5 eV, for all the molecular ions studied
here. Therefore the above scaling law can be used
to obtain a rough estimate of the cross sections for
other ions in the high-energy region (far from the
threshold).

The rate coefficients for a temperature range
from 10 to 1000 'K are presented in Table I. As is
evident from the table, the rate coefficients show
an increase with the increase in dipole moment of
the ion at all temperatures. However, we do not
find any systematic fit to the calculated rates with
dipole moment at various temperatures.

There is no experimental data available at pres-
ent to compare our results for these molecular
ions. However, it may be noted that the magnitude

of these rotational cross sections and reaction
rates are quite large, especially for HCO' and
N, H', and can easily be measured experimentally.

In conclusion, we note that the present approach
provides a simple way for estimating the cross
sections and reaction rates of some atmospher-
ically interesting molecular ions.
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