
Metastable 0 +ions m Martian atmosphere
D. C. AGA In\' ,\ I,

J . K. Ir..tilltlc oj Applied Ph!Js1a and Technology,
U,Ii''eT.,it!J oj Allnhalxul, Allahabad

(Recei,"e'l27 OctlJber IX ?)

ABSTRA <..'T. Production rates of atomic oxygen ions in the meteeteble fi't.tu (tp and ID) by photo-Ioniee tlon
ha ve been calculeted. Jo:quilihriumdistributiunBoftht>IMtRPf'Cifo8 have been calculated u!-in,z recently meeeured rete­
coefftclente of ion-atom interchange And ot her ionic reect loue. F inally, the zeni t h i nten~it)· of the (731M 'fl.7330A )
multiplet of O+in thedayglow has been calculate d and found to beappeoxlmetefj in the reuge t '5- 8'0 R.

i, Introduction

For the ionospheric chemistry of the Martian
atmosphere, metastable ions arc of importance
as they carry extra energy with them. Because of
this extra energy, BOrne reactions may occur which
are not possible for the normal states . For instance,
O+( ' D) ions may produce a simple charge ex­
change reaction 0 + + CO, .... 0 + CO,+ which
is energetically possible.

In this paper, metastable ions 0 +('P) and
Ot('D) in the day-time Martian atmosphere have
been computed .

2. Models for the Ionosphere of Mars

Three different models, namely, Fo' F, and
E analogous to terrestrial ionosphere have heen
proposed by different investigators for the ~Iartian

ionosphere (Chamberlain and McElroy 1966 ;
Donhaue 1966 ; ~lcElroy 1967 ; Fjeldbo e1 al.
1968; and McElroy 1969). These models are
shown in Figs. I, 2 and 3 respectively. The density
of respective neutral gas constituents are tabu­
lated in Tables I to 3.

The crit ical qnestion is the temperature distr i­
butiou and photochemistry of COo in ~Iart ian

atmosphere. The temperature structure (or these
models are given in Fig.t. It is evident from th is
figure that Fo model requires a cold temperature
profile which is not at all close to radiative balance
and this cold profile is also not consistent with
the measured amount of water vapour (Goody
1968). Further, the F: model gives no appreciable
differences between temperature of electrons, ions
and nentrals at this level, whereas detailed cal­
oulations and experience with earth's ionosphere
suggest that pronounced differences should indeed
exist. Because of these limitations, it is doubtful to
follow the F, model of the Martian ionosphere.

The possibility of an F, layer is also ruled out

because the number density required at 125 km are
inconsistent with McElroy's (1967) radiat ive­
diffusive equilibrium calculations by a quite wide
margin ,

Existence of an E layer seems to be favourab le
as it .wouldHOt require a low temperature profile.
But all E region theories encounter particu lar
difficulties. If E layer does exist. the dissociative
recombination of CO.+ must have a rate cocflicient
of 10-' which is very high and a laboratory in­
vestigation is clearly indicated.

Thus an appropriate model of the ~Iartian

ionosphere is in doubt as yet. So, in the present
calculations, we have ca lculated the equilibrium
distr ibutions of 0 .('1') and 0 f ('D) ions for all
the three models mentioned above.

3. Froduetlon rates

The photo-ionizat ion reactions by which the
metastable 0 ' ('P ) and 0 f (OD) ions may be pro­
duced arc -

O('P) + P (A.. 663 A) ~ O+(OP) + e (I)

O('P) + P (A" 732A) .... 0 . (OD) + e (2)

At an altitude z, the rate of production of the
ions due to photo-ionization is gh'en by-

q(O)A, = YA 1I(P).I, 11(0 ), (3)

where,

YA = photo-ionization cross-section of 0 at
the wavelength A,

lI(l')A, = photon flux density for the wavelength
~ at the altitude z and

11(0), = concentration of 0 atoms at alt itude z.

The productia rate of these ions (or all wavelength.•
below the threshold is obtained by calculating the
q(O)A, at the small wavelength intervals of the
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