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de Desenvolvimento Cientifica e Tecnologico = CNPq,
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ABSTRACT

A detailed analysis is undertaken of jon composition results available from rocket
measurements in the D and E region, using the presently known complete ion
chemistry schemes, to determine the distribution of nitric oxide in this height
region. The method of analysis uses, as input, an atmospheric model and the ion
production rates due to X rays, and yields the height distribution of nitric oxide
and production rates of the major initial jons NO' (for a given Lyman o flux) and
02+. Analyses are carried out for Cassino (Brazil), a southern temperate latitude
station and for Thumba, India, a northern low latitude station and the results are
compared with available nitric oxide distributions from the NO Y band measurements.
The role of the mesospheric water vapor. and temperature on the deduced D region

[NO|] distribution is discussed.

INTRODUCTION

Considering the importance of Nitric Oxide, in the ionization balance of the lower
lonosphere, very few direct measurements of its concentration has so far been
obtained. This lack of information has, to some extent, slowed down our attempts
to study such atmospheric processes as are involved in the seasonal, latitudinal

and disturbed time variations in the lower ionospheric MO concentration. More



frequent and reliable determinations of [Nd] is essential also for an
understanding of the different ionization sources of the lower ionosphere on a
global scale. Direct determinations from the rocket measurements of the NO Yy band
emission rates, [1,2], has uncertainties below about 90 km, though improved
techniques have been introduced in more recent measurements [3,{]. Therefore, to
complement the direct measurements, indirect determinations using ionospheric
parameters such as electren density and ion composition, have been tried by
several workers [5 - 1Q]. Indirect determinations of NG, especially those using
the ion composition data, are fairly simple and reliable., above approximately
90km, whereas at lower heights, where the process of conversion of the initial
molecular ions,O; and N0, to their hydrates are important, reliable
determination of the NO concentration would require involved calculation

proceedures,

In the present paper, we have deduced the NO height distribution in the 80-110km
region from the ion composition data measured by Narcisi et al.Iiﬂ] over Cassino,
:Brazil on 5 November 1966, and by Aikin and Goldberg [}2] over Thumba, India on

139 March 1970. The analysis is based on the presently known detailed ion

chemistry for the lower ionosphere and the method of calculation, which uses as
input, the ion composition data and the ion production rates due to X -rays in the
1-1008 band, yeilds the NO concentration and the production rates, qoz and qNO+ of

the major initial ions.

Ion chemistry scheme

The number densities of NO and OZ and the total ion density, EN;, measu;ed in the
lower ionosphere, in the present case from 80 to 110 km, are used to derive the
NO density profile. WO ions, in this height region, are produced by (1) photo-
lonization of NO by the solar Lyman o radiation and (2) charge transfer reaction,
0; + NO + NO© 0s; the Oz itself being produced by the ionization of 0> and OQAg

by the solar Lyman B, X radiation in the 1-100X band and EUV. At the lower levels



of this height region, most of the NO' and OZ produced are lost through three body
reactions leading to the formation of the hydrates of these ions, before their
dissociative recombination with electrons. The dissociative recombination becomes
the important loss process of these ions only above, approximately, 90km. The
cluster ion reaction path with OZ as the initial iom is generally more important
at higher latitudes and under disturbed conditions. We have used the relevant
reaction schemes and rate coefficients based on the works of Fehsenfeld and Ferguson
_[13], and Swider and Narcisi [1{]. For the case of the low and middle latitude
quiet D region, the more important reaction path in the ‘cluster ion chemistry, is
‘believed to be the one starting with NO© as the initial ion. We have based this
part of the reaction secheme on the recent works of Thomas [}5] and Reid [ld] that
consider thé three body reaction of N0 to form NOﬁCOZ amiN0+.N2, the collisional
dissociation of the latter two ioms, and the switching reaction of the weakly bound NO+.N2 with
CO forming the more stable N0+.C02 as the initial stages in the production of
NO+.H20 (besides the direct hydration of=NO+I, from which successive clustering
proceeds, The complete reaction scheme, used in the analysis, is shown in Figure
(1), and we may point out that hydration processes for either of the initial ions,
O; or NO+, are highly temperature dependent apart from their dependence on the

mesospheric water vapor concentratiom.

Method of deducing the NO density

, . . . + + . .
Considering the reactions involving Op and NO in the general scheme and assuming
. . + + .
steady state, we can derive an expression for the equilibrium [BO_J/[@ZJ ratio.
Since the full form of this expression obviously becomes fairly complicated, we
give below a shorter representation of it, with a discussion of only the most

essential aspects,

(w07} /[07) = {(ayys /Qqy) (L+D-H)+D}/ (F-G-H) (1)
where QNO+ = qNO+ + al[Ng] + bIENf] + cl[b+] ’
and Qt = Qi+ a2£Ng] + by [N] + cp[07].



The description of the remaining simbols are same as in Abdu and Batista [JQ]. A

second equation for the total iom density is written down as follows:
+ + + +
IN, = (Quy*t + D[02])/(F-c-#) + Qut/ (LaDa) + (8o ]+ ] +[0"]

+ 17[M07 (4,00 ; + Zn[H+.(H20)]j

(2)
Since the cluster ions and ion hydrates can be calculated from NO' and OZ, using
an atmosphere model,the parameters that are considered unknown in the equations (1)
and (2) are the nitric oxide concentration and the ion production rates. The
[Nz],[b+] and [Nf] are directly related to their corresponding ion production
rate; qNZ, 95" and et These ion production rates are due to X rays in the 1-1008
‘band and/or high energy charged particles, and, hence, they bear a fixed
relationship among them and the corresponding qOZ' Accordingly, for practieal
reasons, we divided the ion production rates into three groups: (a) qN; which is a
function of NO density and the Lyman o flux (taken for the present calculation as
3 x 10t em? sec_l), {b) qOZ produced mostly by the action of solar Lyman B and
EUV on Op and ozlag, respectively, and (c) qN;, 45" qN+ and a fraction of qog,
all produced by X rvays in the 1-1008 wavelength band. For the present analysis, we

have adopted values for (c) from the results of Swider [17], and determined NO,

+ and + from equations (1) and (2).

According to the calculation procedure that we adopted, we first determined, from
(1), an NO and Gyot that make the calculated [NOf]/[OEl ratio equal to that
observed, and, subsequently, qO; was determined from (2) such that the observed
EN; was accounted for by the total ion production rates. Repetitions of the two
steps of calculation were necessary, many times in some cases, to obtain the NO,

+ +
qNO+ that explain the observed [ﬁo J,[C;J and ZNi simultaneously.

RESULTS AND DLSCUSSION

The [NQ] height profile deduced for Cassino, Brazil, from the ion composition
results of Narcisi et al. [}Il, for a solar zenith angle y = 180, is presented in
Figure 2 (above 106km the results are from extrapolated ion composition values and

below 80km extrapolation of [NQ] 1s done assuming constant mixing ratio). For



comparison, we have shown some experimental profiles from NO vy band measurements,
over middle latitude at y = 63° by Meira[ﬁl and around ¥ = 90° by Tohmatsu and
Iwagami [3}, and by Baker et al. [51. The morning result for Thumba, by Tohmatsu
and Iwagami [31, is also shown. These various experimental profiles show very gaod
agrement in their general features, especially in the occurrence of a minimum in NO
density around 84 km. Our deduced NO distribution seems to agree with, though in
general somewhat higher than, Meira's results above 86km, whereas the downward
gradient on our profile, around this height, is steeper and [NQ] below B4km is
lower than in the experimental profiles. A well defined minﬁmum near 84km, present
in our result, is in excellent agreement with the experimental profile. Swideﬂs[i%}
‘results, also deduced from the same ion composition results of Narcisi et al. (1372
for Brazil, show reasonably good agreement with ours above 85km. At 80km, his
results, calculated by excluding the cluséer ion chemistry, are, however, less than
ours by a factor of 3, The same ion composition data was also used by Taubenheim
[8] to deduce [NQ] below 90km, but assuming a simplified model of the cluster ion
chemistry, and his results show excellent agreement with ours above 85km, whereas,
at lower heights, his results (not shown in the figure 2) are higher by factors of
5-5 than curs. The NO distribution, obtained by Mitra and Rowe Dﬂ by applying
constraints on the NO density profile which give best agreement between calculated
ionization rates and the observed electron density profile, is alsc shown in

figure 2, and it is generally higher than other results except near 80km,

In figure 3 we have compared the results for Cassino, Brazil (3005), with those for
Thumba, India (BON).Excapt in the height region 93-105km, there seems to be

reasonably good agreement between the results for the case of y = 280, for Thumba,

O
)

and the results for Cassino, for which Y is 18°. From the results shown for y = 53
for Thumba, it may be observed that a possible zenith angle dependence of NO
distribution seems to have oposite tendencies on either side of a transition region,

which is around 92-95km,. Taubenheim's [3] results, using the ion composition data

LA :
of Goldberg and Aiken [lQ] below 87km, are also shown and there is good agreement



with our results near 86km.

Bellow 85km, the present analysis method offers a possibility to infer other
atmosferic parameters such as the temperature or the water vapor concentration The
coeffieclents used for the three body hydration reactions are highly temperature
dependent (Reid [}QI, Swider and Narcisi [1{], both for the forward reactions as
well as for the collisional dissociation of the product. Further, the preffered
hydration path depends upon the mesospheric water vapor - concentration as well.
Thus, we may observe that there could be a wide range of specific temperature and
water vapor combinations that could yield NO values for an sbserved set of
[NofJ/[OZ] ratio and ENI. When the water vapor profile of Shimazaki and Laird [EQL
shown in figure 4 (part a), is used, the corresponding temperature prefile,
required to obtain agreement between the observed and calculated results of
[NO+],[OZ] and ZN;, is shown in part (b) of the same figure. These temperatures are
significantly higher than those used by Shimazaki and Laird in their modelling,
shown also in part (b) of figure 4. Further, a reduction by an order of magnitude
in the water vapor is not adequate to lower the required temperatures to the model
values, shown in the figure 4, It seems, therefore, that the ion composition data
over Cassino, is not consistent with the mesospheric temperature and water vapor

models used over middle latitude, such as that given by Shimazaki and Laird EQQ].

Figure 5 presents, for 80, 82 and 86km, a more detailed relationship between the
‘temperatures and. water vapor concentrations in their specific combinations,
that give agreement between the calculated and observed ion composition results,
within about .1Z. At 80 and 82km (and obviously for the lower levels, though not
shown here), the relationship is well defined and is such that even a large
uncertainty in Hp0, in the lower concentration region along the respective curves,
can still specify temperatures with reasonable accuracy. For large H,0
concentrations, however, it becomes necessary to have more precise information on
the water vapor concentration in order to infer the temperatures, and vice versa.

The vertical bars, on the curve for 86km, show the variability in the required



temperatures for obtaining 17 agreement between the calculated and the observed
ion composition data from which it is clear that,near this height and above, the
process of matching the calculated and observed data becomes somewhat insensitive

to the adopted temperature profile,
- CONCLUSIONS

We have used recket ion composition data for the lower ionosphere, in combination
with the presently known detailed ion chemistry scheme, to deduce the Nitric oxide
height distribution in this height region. The method of analysis, that utilizes
the [NOf]/[pZJ ratio and ZNZ, yield, besides the Dﬁﬂ, also the major ion
production rates qNO+ and qog. The general features of the deduced NO profile,
especially the occurrence of a minimum near 84km, agree very well with the
experimental results from the NO y band measurements. It appears that the
determination of Dﬁﬂ, using the detailed ion chemistry, can yield reliable results
below 90km, where the determination from the NO y band observation has still large
uncertainty. It seems possible also to use the present method of analysis to infer
other atmospheric parameters, such as the temperatures and water vapor concentra—

tions in the mesosphere.
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Figure 1,

Figure 2.

Figure 3.

Figure 4.

Figure 5.

FIGURE CAPTIONS

Ion chemistry scheme used in the analysis.

Nitric oxide height distribution for Cassino, Brazil, obtained from the
present analysis, compared to some experimental profiles from NO y band
measurement and indirect determinations from ionospheric parameters. The
results of the present analysis are shown by points at intervals of

2km, through which a smooth profile is drawn.

A comparison of the NO height distribution deduced from ion composition
data for Cassino. Brazil and Thumba, India. The part of the curves

below 87km (shown broken) for Thumba, was taken from Taubenheim (1977).

The temperature and water vapor. profiles used in the analysis. The
temperature curve indicated as 'present result' was used with H,0
profile of Shimazaki and Laird shown in part (a). The temperatures

indicated by the solid triangles corresponds to [H2Q] reduced by 10

times.

Relationship between temperatures and [H2Q] that gave agreement, within

0.1%, between the calculated and observed ion density data, plotted for

80km, 82km and 86km.
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