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Emission of » 6300A in Martian atmosphere

ABSTRACT. The paper deals with the emission of A 6300A of Olin the Martian atmosphere.

D. C. AGARWAL

J. K. Institute of Applied Physics and Technology
University of Allahabad, Allahabad

(Received 27 October 1969)

Using the

recently measured rate of coefficients of ion-atom interchange and other ionie reactions, the volume emission of this
radiation is caleulated out and found to be approximately 5 K&,

1. Introduction

The atmosphere of the planet Mars has been
studied by several investigators. Three models,
namely, F,, F; and E models have been proposed
by them for the Martian atmosphere. As in the
earth’s atmosphere, there is every possibility
for the emission of A 6300A in the Martian at-
mosphere. The purpose of the present paper
is to calculate the intensity of this radiation for
all the three models of the Martian atmos-
phere.

2. Production and deactivation of O (*1)) atoms
The O (D) atoms may be produced by—
CO, + hv (1200 <A< 1700 A) — CO + O (WD)
(1)
(Groth 1937, Mahan 1960 and Wijnen 1956).
0, + hv (1350 <A << 1750 A) - O (*P) +
+ 0 (*D) (2)
0, +e=0+0(D) B
(Ghosh and Sharma 1961) and
NO+ +e—-> N+ 0O('D)
(Chamberlain 1961)

(4

For the reaction (3), the spin conservation
rule does not hold good and so, this reaction
has not been considered in the present calcula-
tions. CO, is dissociated by the solar ultra-
violet radiations in the wavelength range
1700—1050 A  (Chamberlain 1962) The photo-
dissociation of CO, in the wavelength range
200—1700 may produce O(*D) atoms (Moll
et al. 1966).

Probability of photo-dissociation of CO, at

an altitude z is given by -

P.=7Z n(hv). oy, CO, (6)
L
where, #n (hv), = photon flux corresponding to
a frequency at an altitude z,
ovs ("0, = absorption cross-section of CO,
for the frequency v and

v = efficiency of the observed quantum
for the dissociation of CO,.

In the absence of the precise informations, y is
assumed to be unity. Utilising the values of
absorption coefficients of CO, given by Nakata
el al. (1965) and the photon flux data* given by
Hinteregger ef al. (1965), photon flux and dissocia-
tion probability at various altitudes are obtained,
Rate of production (R.) of O('D) atoms is then
obtained from the relation—

R. = n (CO,), * P, (6)

where, n (('0,), is the concentration of CO, at
the altitude =.

Production of O('D) atoms by the photo-
dissociation of O, in the wavelength range 1350-
1750A has been calculated (« e Agerwal p. 391).
The absorption cross-section of O, has been
taken from the data given by Hinteregger et al.
(1965). The distribution of O, given by Cham-
berlain and McElroy (1966) has been utilized
here.}

Let us now consider the deactivation of O(1D)
atoms. The deactivation of O(*D) atoms has
been considerably disscussed in the literature,
Bates and Dalgarno (1953) pointed oub that
O('D) atoms should be very rapidly deactiva-
ted by the following reactions—

O(1D) 4+ 0, (X 32, v = 0) = O(°P,) +

+0, (A2, v =2) (7)

*The valuos are errrected for the the atmosphere of Mars by multiplying each by 0.44, the dilution factor.
$1ts values have been ext rapolated down to an altitude of 90 km.
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as this reaction is nearly in exact resonance. Deac-
tivation by N,, namely,

O(‘D) 4+ Nz (X1 Zﬁ"i') - O(°P) + N; (X lzﬂ'} ) (8)

is disallowed by the spin conservation rule (8. K.
Gupta, private communication, 1969). From
an analysis of amount emission in the earth's
atmosphere, Wallace and Chamberlain {1959)
concluded that 10710 = £, > 5 X 10712 qm3 sec ™1,
Dalgarno and Walker (1964) have shown that
ifb; = 1079 ¢cm3 sec ! is assumed, the red
line intensity in the day airglow of the earth’s
atmosphere can be explained. DeMore and
Raper (1962) have shown that O, is approximately
4:5 times faster than N,in deactivating O(’D)
atoms.

While discussing the photochemistry of O, in
the earth’s atmosphere, Hunt (1966a) conclu-
ded that in order to maintain the required con-
centration of O('D) atoms in the ozonosphere,
which effectively coutrols the O, abundance,
the deactivation of O(1D) by O, and N, should be
slow. He proposed that &, = 2:5 X 10714 ¢m3
sec’? and kg =5 X 10715 om? sec). These
rate coefficients can be discarded on the ground
that the concentrations of O('D) derived by
them in the lower atmosphere of the earth would
give an unacceptably large red line in the day
airglow. However, in & modified photochemical
theory of the ozonosphere (Hunt 1966 b) for an
oxygen-hydrogen atmosphere, he finds that if
k, = 5 X 102 cem?® sec!is accepted, the
calculated O, abundance agrees with the observed
value and that O(1D) concentration lies within
the acceptable limits. Warneck and Sullivan
(1966) obtained from a laboratory study that %,
=40 X 10715 cm? se¢™? which also be considered
as being low. We have assumed its value as 10-10
cm® sec! as given by Dalgarno and Walker
(1964).

Deactivation of O(*D) atoms with CO, also
ocours with the formation of CO, molecules
(Katkis and Taubes 1962; Warneck 1966, Young
and Ung 1966; Raper and DeMore 1964; Young
and Graham Black 1967; and Weissberger e
al. 1967). Slanger (1966) on the assumption that
the recombination of O('D) and O(3P) atoms
does not hold good, gave the following reaction
scheme for the production and loss of metastable
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COg molecules,

hv
CO; - CO* - CO + O('D) (9)
O(D) + €D, = C0,4 (10)
CO; 4 CO, - 2C0, + O, (11)

Young and Ung (1966) showed that O(1D)
complexes with CO, with a rate coefficient greater
than 1072 ecm® sec™* and that O('D) forms
CO, at least five times more rapidly than it is
deactivated to O(*P) by CO,. In the present
calculations, 1 have taken %, = 10712 ¢m?
sec 1.

The deactivation through superclastic ecolli-
sions with electrons is negligible (Chamberlain
1961).  Neglecting the reaction (8), the equili-
brium concentrations of O(1D) at any altitude
z is given by—

S (0'D), + ¢, (0'D), + ky (0y1) (e)
ks 1 (0y); + kyg m (COy), + 0-0091
(12)

n[O(D)].

where, 7, (0'D), and ¢, (O1D). are the production
rates of O(D) atoms by the photo-dissociation
of 0, and CO, respectively at the altitude = and
0-0091 sec™® is the transition probability for
6300 A lines,

In practice, the first and the last {erms in the
numerator, and the first term in the denominator
of Eq.(12) are negligible. Since ¢, (01D) is equal
to J,n (CO,), where J, is constant at high alti-
tudes, there is an extended region with n(01D)
= Jyllg = 6:0 X 10° cm3; approximately
the same in all the three ' models, _ namely,
F,, I, and E models of the Martian atmosphere,
This maximum density extends from about 100
to 150 km in each model., Total emission
from—

Rysn0, = = n (01D), % 0°0069

is thus about 15 kr. A more recent value of
kyp = 3 X 1072 (Noxon 1970) reduces this to
b Kr.

8. Conclusions

(1) The maximum number density of O(1D)
atoms extends from 100 to 150 km,

(2) Total
KR.

emission of A 6300 A is about b
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