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ABSTRACT
The chemospheric processes lead to various possibilities for description of the contribution of nitrogen

oxides in the airglow. An excitation of the Vegard-Kaplan system is indicated when nitric oxide is
formed by a three-body collision process involving molecular nitrogen. A bimolecular association
leading to nitrogen peroxide must show 8 eont~uous airglow during dsrk hours as well as in a sunlit
atmosphere. Electronic systems emission of NO, is also possible becsuse of a reaction between ozone and
nitric oxide.
A reaction leading to an excitation of the 0, red atmospheric band system with its peculi8r emissions
is also discussed.
Since these various prooesses causing day. twilight, and night airglow occur in the mesosphere and at
the mosopause level, dynamic effects msy lead to strong variations in the airglow.

1. INTROIIUCTI~N
THE study of the identification of the airglow radiations suggests that additional
processes are required to explain ultraviolet and visible features.
Using results
obtained in a preceding paper (NICOLET, 1955), we discuss various possibilities
here that may be of importance in the airglow. Before accepting a ~gh-altitude
origin for all of the emissions of the airglow, it is necessary to assess the likelihood
of occurrence of some chemical reactions;
and, in particular, the contributions
of the nitrogen oxides have to be studied. An initial study, made by BA.TES (1952,
1954) and BATES and WITHERSPOON
(1952),has led to our brief analysis of the
aeronomic problem of nitrogen oxides (NICOLET, 1955) in which several reactions
involving atomic oxygen and ozone were discussed.
It appears that the main
processes thus far discussed can provide possible mechanisms of excitation for
the airglow.
2. NITRIC OXIDEF~R~ATIONA~DTHEVE~AR~-KAPLAN~YSTEM

It does not appear possible to accept the previous identifications of night-airglow
radiations with the Vegard-Kaplan
intercombination
system of N,.
However,
bands which seem to show a degradation toward the red lead, as may be expected
from synthetic spectra, to the possibility t,hat some night-airglow emissions would
be due to a relatively small number of these N, bands.
In the thermosphere,
the presence of nitrogen and oxygen atoms results in
the format,ion of nitric oxide. It is interesting to consider the following mechanism:
+ N2(ASE,+)
(0 + N)(Y) + N, (xl&,+) + NO(XW)
(1)
__..-_. __
._
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instead

of the reaction

usually invoked:

(N + N)(Y) +N, -+ NpW+)
for the excitation of the V~gard-Kaplan bands.

+ N,W&+)

(2)

BATES (1952) has discussed the process of type (2) and shown that it is not
able to give an observable intensity of Vegard-Kaplan band-system emission
unless the nitrogen-atom concentration is considerable.
With (l), the presence of oxygen atoms is of interest, since it increases the
the rate of the process. Nevertheless, other objections can be msde, such as
those BATES (1952) has indicated. It seems, however, that the conditions are
less severe with (1) than with (2); and a limited excitation is to be expected.
If an effort is made toward finding a possible mechanism for the excitation of
Vegard-Kaplan bands in the night airglow, attention mny be drawn to the fact
that (1) is energetically possible. The dissociation energy of nitric oxide is about
150 kcal (GAYDON,1947; BRIX and HERZBERQ-,
1954) while the excitation energies
of N,(A3E) are as follows:
2)’ = 0 142.2 kcal
VI =I

146.3 kcaf

u) =2

150.3 kcal

Adopting the conditions BATES (1952) has chosen for (2), n(N) would have
smaller values using (1). Instead of ltP1 cm-8, for example, about 6 x lo* nitrogen
atoms would be needed.
For the formation of NO we may w&e
dn(N0)
at

= 5 x lo-34P’%(M)n(O)n(N)

in which the rate coefficient has chosen to be the same as for the forma.tion of
0, by three-body collisions (BATES and NICOLET, 1950).
The excitation from lZZ to A3Z(v’ 5 2) of N, will be

dn(N2,A3E)
dt

= 4 x 10-34T1~2n(N2)n(0)n(N)p,,

in which p,, denotes the probability factor for the excitation, and n(N,) .= +n(M).
The emission from A3Z to AIZ will be
dn(
VK)
__-.-_l
= p12p21 4 x ~O-3*~1’2~(N~)~(0)~(N)
dt
in which p,, denotes the probabihty factor for the deactivation.
At 120 km, a yield for the total emission in t’he Vegard-Kaplan bands of
the order of 10 cm--3 set-i requires a concentration of nitrogen atoms of about
% X 10* (3m-3 if piss1 = 1.
With the same conditions (pIzp,, = lf, and keeping the day concen~,ration
of oxygen atoms, it is possible to reach the same yield wit,h 2 X* lo6 nit,rogen
:Itoms cm-3 at 50 km and 2 x 10’ cm-3 at. 80 km.
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In other words, the presence of Vegard-Kaplan
bands would be detected
in airglow spectra if j+~;r
= 1 and, therefore, the emission would be more
important at mesospheric levels than in the thermosphere.
However, as deactivation must occur,
PZI <

(6)

1

From 120 km to 50 km, the variation
and p,, increases towards low altitudes.
of the factor p,, should be more than 104; for example,
&l

(120km)
.. 2)$)-Q

The detection
(i) an atomic

: p21(55km) =I

of Vegard-Kaplan
nitrogen

(ii) a complete

(iii) no deactivation

bands in airglow

concentration

excitation

: lo-2 : lo-4
spectra

not less than

in the association

(7)
requires:

lOa cm-3;

process

(1);

and

effect.

Therefore, there is maximum probability of the emission in the thermosphere
where n(O)%(N) is maximum.
However, the exact rate of such an emission
cannot be determined without knowledge of the deactivation
factor.
In any
case, the emission rate should be less than 10 cm-a set-l, and the observation
Because of a
of Vegard-Kaplan
bands, even if possible, should be difficult.
deactivation effect, the final possibility is the emission of bands from A3X (v’ = 0).
3. NITROGEN

PEROXIDE

AND THE ATMOSPHERICOXYGEN SYSTEM

If the concentration
of NO, is sufficiently
considered for an excitation of O,,

large, the following

process

NO, + 0 -+ NO + O,,

may be

(8)

for which the rate coefficient b, is not well known at mesospheric temperatures
(NICOLET, 1955).
According to data deduced from the chemical equilibrium, NO, = NO + &02,
the dissociation energy of NO, is about 72 kcal. The data of BODENSTEIN and
LINDNER (1922), considered by ZEISE (1936) lead to
E,O = -2555

kcal = 2D,O(NO)

+ D,‘J(O,)

-

2D,O(NO,)

(9)

in which Eoo is the heat of reaction at 0°K and Do0 the atomic heats of formation
(or the heat of dissociation for diatomic molecules).
Since the heat of dissociation of 0, is 117.96 kcal (BRIX and HERZBERG, 1954).
the following equation can be written,
NO,

= NO + 0 + 71.75 kcal.

(10)

The photochemical
decomposition
is complete at 13650 A (Hg line), while
at R4050 A (Hg line) the efficiency is not complete (predissociation?),
and at
24360 A no detectable effect was found (NORRISH, 1929; HOLMES and DANIELS,
1934). According to NOYES and LEIGHTON (1941), excited molecules are produced
by 1 > 3700 A, and a few of these may be expected to dissociate by acquisit,ion
of thermal energy.
The predissociation
has been considered (HERZBERG. 193 1;
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NOYES and HENRIQUES, 1939); however, it is difficult to determine a precise value
of the dissociation energy of NO,, since that for thermal decomposition
is only
an average value. It may be pointed out that HALL and BLACETT (1952), having
separated the absorption spectra of NO, and N,O,, indicate an effect of the
NO, spectrum at 3900 A which could alter the photochemistry
of the system.
In any case, it appears that the energy of dissociation of NO, into NO + 0
cannot be greater than 77 kcal, and is probably near 72 kcal. Considering (8)
the excitation
of 0, may correspond
to
NO, + 0 --f NO + O,(rC, w’ 5 2)

(11)

i.e., to an excitation at v’ _< 2 for the lowest value of the NO, dissociation energy
and v’ = 0 for the largest value.
In order to explain an emission from OZ(lZ, V’ = 0) alone, as is observed in
the airglow, when D(N0,)
= 72 kcal, it is necessary to suppose that resonance
is not effective or to introduce BATES’S process (1954) in which the vibrational
energy is transformed by collision to the zeroth vibrational level of the excited
electronic
state.
Because of the uncertainty
of the coefficient values, it is not possible to
determine the exact rate of (11). However, by using extreme values for (11)
(NICOLET, 1955), we may obtain estimates as follows:
At 200”K, with n(N0,)
= 10’ cm-3, a yield of 50 photons cm-3 set-l in the
between
atmospheric
bands of 0, requires an atomic oxygen concentration
10” and 4 x 1O’O cm-3. At mesospheric levels, the reaction rates of (11) would
be of the order of 1O-5 cm-3 set-l to 5 x 1O-5 cm-3 see-l between 80 km and 90 km.
Therefore a total rate of 2-5 x lOa photons cm-2 set-l needs only an average
Since such a value can be reached after
concentration
n(N0,)
= 10’ cm-3.
twilight (NICOLET, 1955), process (11) does exist, and leads to an emission which
must be variable according to the mesospheric conditions.
Finally, it is interesting to notice that KAPLAN (1952) was the first to observe
the atmospheric bands in oxygen afterglows containing small amounts of nitrogen.
These afterglows are much more intense than those observed in pure oxygen.
There is strong emission in the visible and in the photographic infrared due to NO,.
4. NITROQEN PEROXIDE AND AFTERGLOW

The

radiative

process
O+NO+NO,+hv

(12)

has been studied in the laboratory by a number of investigators (RAYLEIGH, 1910;
STODDARD, 1934; NEWMAN, 1935; SPEALMAN and RODEBUSH, 1935; GAYDON,
1944; TANAKA and SHIMAZU, 1948). Other investigations
are those of NORRISH
(1929) and BAXTER (1930) pertaining to fluorescence, and of KONDRATJEW (1937)
concerning the thermal radiation of nitrogen peroxide.
They also show that the
general spectrum may be considered as a continuous spectrum with a possible
banded structure.
Let us first discuss the bimolecular association (12) which corresponds to the
continuous afterglow found by RAYLEIGH (1910) from about 4200 A to 6700 A,
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and observed in more detail by STODDARD (1934) and NEWMAN (1936) in a discharge
through air or through oxygen with traces of nitrogen.
The similarity of the
colours of this afterglow and the emission of flames containing oxides of nitrogen
(GAYDON, 1944) indicate that process (12) is an important one.
TANAKA and SHIMAZU (1948) have observed the chemiluminescence
in the
reactions bet,ween nitric oxide and oxygen and ozone, using discharges through
air, NO. NO,, and mixed gas. They have found various afterglows indicat’ing
that NO is necessary, and 0, is perhaps not essential.
Adopting the value of 10-l’ cm-3 see-’ for the rate coefficient of (12) (BYTES,
1954), a yield of lo3 photons cm-3 set-l at 3. 2 3900 A would result from only
2 x 1O1’ oxygen atoms if we adopt 5 x lOa NO molecules per cm3.
(‘onsidering the possible values of n(N0) 2 10s cn1-3 (NICOLET, 1955), there
is no doubt that (12) may produce a continuous airglow spectrum, for t,he rate
of (12) between YO-90 km is of the order of 2 x 1O-6 n(N0) cm-3 set-‘.
A t,otal
continuous emission of more t’han IO9 photons (2 2 3900 A) per cm2 and set
can be obtained in t’he night airglow.
As has been shown (NICOLET, 1955), the bimolecular reaction involving ozone
molecules leads to the excitation of NO,,
0, + PU’O--f 0, + NO,,

(13)

which corresponds to an energy of not less than 48 kcal. In ot,her words, the
energy released by this reaction is used for an excitation of NO, in an electronic
level leading most certainly to an emission of bands at il > 5950 A. Since we
know that the visible oxygen afterglow also consists of bands, for example at
I&980-6320-6400
A. it is possible to consider an airglow spectrum having such
This conclusion can be used to explain t)he experimental
results
a behaviour.
Furthermore,
it is interesting to not’e t’hat
of TA?;AKA and SHIMAZU (1948).
the observed airglow seems to show a diffuse spect’rum in t,he region of the sodium
and red oxygen lines.
The activat,ion energy of (13) being very low, the rate coefficient is large.
In the mesosphere, at 65 km for example, where a value of more than IO9 0,
molecules cm-3 and a temperature of the order of 250°K may be adopted, the
rate of format,ion of NO, by (13) would be of the order of

WNO,)
dt

-~

2 lo-%(NO)

cm-3-set-1.

(14)

Considering a possible concentration
for n(N0) of log crn3 see-l, t’he rate
of excitation in (14) would be of the order of lo4 cm-3 set-l.
This process will be efficient during twilight, and it must therefore be considered
as playing a disturbing role in the twilight emissions as observed in the red lines
of atomic oxygen and even, perhaps, for the sodium line.
As was shown in a preceding paper (NICOLET, 1955), all the reactions discussed
here are very sensitive to the concentrations adopted, and depend on the activation
energy chosen for (11). If chemical data were more precise, it would be possible
to discuss in a more quantitative manner the diurnal variation of nitrogen oxide
concentrat)ions.
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These various results on the possible effects of nitrogen oxides in the night
airglow may be related with observational
data. For example, the continuum
of the airglow spectrum, starting at about 3900 A, should be affected by these
reactions even if the maior part is due to a stellar continuum (CHAMBERLAIN
and OLIVER, 1953; M&EL,
1953).
5. DAY AIRGLOW
Observational
data obtained by rocketborne
photoelectric
photometers
(MILEY,
CULLINGTON, and BEDINGER, 1952) have been discussed recently by BATES and
DALGARNO (1954). After this analysis, it is interesting to make an attempt to
describe the behaviour of nitrogen oxides in the day airglow.

./

/-

90

s,\4

(ON

MUILIBRKIM)

00

s
8

75

b51

“\

sol I
IO’ 2

\

I

I

bo

I

\I

(

1

5

tLtc’ 1
03 2

’

”

5

'\ i

/I

/

I

o’io’
lo* 2’ t 6 aI’II’IO_ 2I xB 5I lllb’IO”
CoNCENTRAT&

2

5L aLuJ
Icp

Fig. 1. Concentrations of ozone and atomic oxygen in an atmosphere in which the effect of
minor constituents

is neglected.

To make the position clear, the vertical distributions of ozone and atomic
oxygen between 50 km and 90 km are given in Fig. 1. The atomic oxygen concentration is greater than the ozone concentration
under daytime photoequilibrium
At any time during the day, the photoequilibrium
does exist for
conditions.
ozone. During dark hours, the problem is entirely different, and is not studied
here. It must be pointed out that the night-time distribution shown in Fig. 1
deals with night-time equilibrium values in an oxygen atmosphere.
Insofar as
atomic oxygen is concerned, the problem of photoequilibrium
is different.
In
Fig. 2 various states of recombination
are shown. The upper curve corresponds
to the loss-rate coefficient of oxygen atoms by association with 0,.
The lower
curve corresponds to a recombination
effect by reaction between 0 and 0, in a
sunlit atmosphere.
The right heavy curve represents the same process with the
maximum possibility during hours of darkness.
The heavy curve in the left
part of that figure shows the effect of the recombination
of two oxygen atoms.
This effect becomes preponderant above 85 km. Furthermore, the surface limited
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by the heavy curves shows the possible limits for t,he recombination
of oxygen
atoms in an oxygen atmosphere.
It, indicates that below 60 km the t,ime of
re~on~bination is less than one day. At. 75 km the rnini~lu~~l time is obtained
during dark hours and is of the order of twenty-four
hours. At SOkm. this minimum
time is of the order of three days.
In view of the above, we cannot increase the oxygen concentration
below
65 km by verGea tzansport. for the recombination
by collision between 0, and 0
is efFective in less t,han one hour for no(O) ;=I 3 x I OX1en-3
But, from 65 to 75 km
the concentration
of 2 x fO1’ cm-3 may have a lifetime of not less than three
hours. Thus, it may be concluded that the vertical transport
of oxygen atoms
to lower heights is possible. Above SO km. we may have n concentration
of oxygen

Ir--_i
10'

Fig.

2

5

L'. R+yornbinat,ion

10'

2

5

,Ii iY i ;
SEC'

rate coefficients of
mygel,

OS~@?II

atoms.

atoms vemus height or lifetimes

of

atoms larger t,han the photochemical
value, because the time of dissociation
is longer than t,wo clays.
At# 90 km, the process which plays an effective role in the recombination
of oxygen is the normal association of oxygen by a three-body
collision.
The aeronomic problem is more complicated than the problem in an oxygen
atmosphere.
It was shown by BATES and NICOLET (1050) t,hst the presence
of hydrogen may affect the general beha~io~~r. However. the aeronomic study
such t.hat preliminary
of nitrogen oxides (WICOLET. 1955) shows difficulties
conclusions are hardly changed by use of an oxygen at,mosphere.
1~1 any
case, t)he assignment1 of a night’-airglow spe&rum to reactions between
nitric aside nnd atomic osygen or ozone, and between nitrogen peroxide and
osygen, suggests possible effects resulting in an important, day airglow.
In a sunlit2 atmosphere.
process (12) nttnins it,s nrasimum rate. since tl(N0)
\~hcn
ant1 72,(O) cert,ainly have t.heir ma.uimum values under t’hese conditions.
303

MARCEL
NICOLET
NO, is produced by (12), this molecule emits its continuous
spectrum and,
afterwards, is dissociated after a mean lifetime of 200 seconds (BATES, 1954). But
before dissociating, NO, can be excited to an excited electronic level from which
fluorescence occurs. This last process was observed in the laboratory (NORRISH,
1929; BAXTER, 1930) when there were recognized two characberistic bands lying
in the red-orange and yellow-green regions, namely broad bands between 6200-6500
A and 5600-6050 A. BAXTER (1930) has assumed a mean lifetime of the electronic
state of the order of lo-’ set, and HEIL (1932) has obtained a time of about 10-j set
by a diffusion method.
Since the absorption coefficient of NO, has a peak near
4000 A (HALL and BLACETT, 1952) of t’he order of lo-l8 cm2, and is still about
7 x lo-l9 cm2 at 5000 k, in a spectral region where the solar emission is most
important, it seems, therefore, that an absorption process leading to an excitation
giving fluorescence is not less effective than a photodissociation
process due to
the ultraviolet radiation.
In other words, during its lifetime of 200 seconds,
nitrogen peroxide can be excited to an electronic level t,o emit a fluorescence
spectrum.
Unfortunately,
the experimental data are not, suitable for theoretical
The recent analysis of NEUBERGER and DUNCAN (1954) shows
determinations.
that the fluorescence spectrum of NO, excited by ?,4358 A is apparently continuous
at low dispersion, and extends from the exciting line to the limit of obserrat)ion
at about 8000 A. The fluorescence spectrum excited by a radiation of longer
wavelength, namely 15461 A, shows relatively sharp emission bands superimposed
Since the interpretation
of such esperion an apparently cont,inuous emission.
mental data is difficult (the knowledge of t,he electronic levels of NO, being very
poor), no simple suggestion can be offered;
the fluorescence spectrum due to
relat,ively short wavelengths must be ascribed to a series of different levels which
partly overlap. However, the narrow bands obtained by the excitation of 15461 A
may be of importance
in the day airglow.
These bands have the following
approximate wavelengths:
115890,6160,6385,6460,6540,
and 6700 A. They come
from electronic levels having a very short’ lifetime (-lo-’
set), and cannot, be
excluded
from twilight phenomena.
A cert,ain number of features observed
in twilight spectra which are not due to OH emissions may belong to NO,. As
far as the appa’rently continuous spectrum is concerned, its lifetime is relat,irely
long and is of the order of 4.4 x 1O-5 set, according to NEUBERGER and DUNCAN
(1954).
Without
any additional contribution
toward the interpret#at,ion of this
spectrum it is not possible to reach a more precise conclusion concerning the
fluorescence of the day or twilight airglow.
The whole problem is complicated,
for it is a problem of radiation transfer
involving
absorption
of solar radiation by NO,, eventual fluorescence
after
collisions at low height, photodissociation.
and, perhaps, subsequent absorption.
Nevertheless, the way in which nitrogen oxides and their various reactions may
behave in the day airglow must be shown.
Let us consider the photoequilibrium
which does exist between NO, and NO.
The equation of phot’oequilibrium is (see NICOLET 1955, equation( 18)),

n(NO,)
_
p_n(NO)

b,n(O) + WO,)
JNo,+@(O)+b,n(N)
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in which the rate coefficients

correspond

to the following

reactions

0 + NO -+ NO, + hv

(b,)

0, + NO --+ NO, + 0,

(b4)

NO,+hv+NO+O

Go,)

O+NOz+NO+O,

(&A

N+NO,+NO+NO

(4

Inserting numerical values in (15), the ratio n(NO,)/n(NO)
for day equilibrium
has been found and is shown in Fig. 3. It is less than unity in the atmospheric
region which was analyzed, and decreases with increasing heights.

dL

” (Nl J PHOTOEQUILIBRIUti

[1

50
RAT!QS

Fig. 3. Photoequilibrium
n(NO)/n(N) for a limiting

conditions.
n(NO,)/n(NO)
corresponding to real conditions,
case, since departure from photoequilibrium conditions does exist.

Using the complete set of reactions, the equation
of n(N0) is (see NICOLET,
1952,
equation (32)).
dn(N0)
-___

at

-[

= b,n(M)n(O)n(N)

in which the rate coefficients

correspond

O+N+M-tNO+M

governing

the rate of change

1

JNO+ 4+(N) WO)
to the following

(16)

reactions:

(0

NO+hv+N+O

(JNO)

NO+N+N,+O

(bs)

It is not possible to find the variation of n(N0) from equation (16), because of
its dependence
on the atomic nitrogen concentration.
Furthermore,
photoequilibrium cannot be accepted because of the long lifetime of NO and, since
in any case, the lifetime of atomic nitrogen is more than one day. Nevertheless,
by considering the ratio n.(NO)/n(N), w h’lc h under equilibrium conditions depends
on the association between oxygen and nitrogen atoms, it’ is possible to reach
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preliminary

conclusions

u&g

(16) in which

dn(N0)
dt

= 0.

Such a hypothesie

means that the variation of NO due to photodissociation
is less rapid than the
loss of nitrogen atoms entering into the formation of nitric oxide. We can assume
such a process, for the mean lifetime of a nitrogen atom is of the order of 1.5 x lo5
set at 50 km and 1.3 x lOa set at 75 km.
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Extreme c88e~ of the vertical distribution of nitric oxide.

Since this behaviour implicitly assumes that n(N0)
below 90 km, we can write the following condition
J,o

>

b,WL

> n(N), which is correct

(17)

and therefore
-n(NO)
n(N)

=z b+(M)+)

J NO

(18)

corresponding
to photochemical
conditions.
Using numerical values in (18), we
find approximate results which show (Fig. 3) a decrease of the ratio n(NO)/n(N)
from about 50 near 50 km to unity above 90 km.
It is not possible to deduce the vertical distribution of n(N0) from (16) or (18).
However, utilizing a chemical equilibrium by employing the condition,

J,, < WV,
instead

of (17), the following

equation
n(N0)

(1%

can be written,

= 2 n(M)n(O)

PO)

6

which leads to the vertical distribution of nitric oxide concentration
shown in
Fig. 4. Such a distribution corresponding to the limiting case of chemical equilibrium, does not correspond to aeronomic conditions, as has been shown (NICOLET,
1955); we must consider the problem of the departure from equilibrium conditions
so far as nitric oxide is concerned.
Taking an average value of 5 x lo8 cm-3
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for the nitric oxide concentration at 80 km, a value which may be used to interpret
the ionospheric behaviour of region D (NICOLET, 1955), it is possible to invoke
mixing (complete departure from photochemical
conditions) in order to adopt
the atmospheric distribution for nitric oxide (Fig. 4).
In considering the content of a column of about 30 km between 59-90 km, one
is permitted to use the same total number of molecules accurate to within one

Fig. 5. Rates of the principal reactions affecting nitrogen oxides end occurring in the day
airglow when nitric oxide follows the atmospheric distribution.

order of magnitude for any vertical distribution which is adopted.
Owing to lack
of other basic data, we adopt nitric oxide concentrations following the atmospheric
distribution in order to compute the yields corresponding to processes (ll), (12),
and (13). The results are plotted in Fig. 5.
The continuous spectrum at 1 > 3900 A due to the reaction
NO + 0 -+ NO, + hv
leads to photon emission rates per cm3 set not
of 30 km. Therefore, the total yield due to the
is not less than 2 x lOlo photons cm-s set-l.
The reaction between nitric oxide and ozone
of NO, according to
NO + 0, --f 0, +

(12)

Iess than IO3 photons
continuousday-airglow

in a layer
spectrum

leading to an electronic

excitation

NO,

(13)

has a very strong rate at low altitudes. If the ozone and nitric oxide concentrations
are of the same order, as adopted here, 10’ photons cm-3 see-l could be emitted
when there is no quenching of fluorescence by atmospheric gases.
Finally, the reaction between nitrogen peroxide and atomic oxygen which
leads to an excitation of the first atmospheric system according to
NO, + 0 + NO + O,*

(11)

is very effective at low heights and should play a role which may be detected
in twilight spectra.
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6. CONCLUSIONS
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