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Abstract

N atoms absolute concentrations were obtained in the afterglows of N,/(x=0-5%H,) mixtures by optical
emission spectroscopy (OES) coupled with NO titration in the 2-6 Torr pressure range and at distances
to the discharge varying between 20 and 50 cm. Band intensity measurements were then used to
obtain absolute concentrations of N,(A) and N,(X, v>13) metastable molecules in the same conditions.
From these data, absolute NH and H-atoms densities were deduced from a set of kinetic mechanisms.
Independently, absolute N and H atoms densities were also measured using the TALIF technique. The
comparison between TALIF and OES results suggests that the NH species can be generated outside the
discharge (i.e. in the afterglow) by the 3-body recombination process N + H + N,—»NH + N,, with a
rate coefficient of 1.0 103® cm® s, the NH(A) state being itself produced by the reaction N
(X,v>13) + NH->NH(A) + N,, with a rate equal to 5 10! cm? s’. The agreement between the
TALIF and OES measurements is further improved considering the role of N(?D) metastable atoms in
the H and NH kinetics.

1 - Introduction

Previous results [1,2] have reported that the introduction of a small H, quantity, less than 1%, into N,
and Ar-N, microwave discharges produced a marked increase of the N and H-atom densities in the
afterglows flowing at reduced pressure (2-20 Torr). Several studies of the electron and vibrational
kinetics of N,-H, discharges [3,4,5] have also concluded to an increase of the electron energy and thus
of the electron excitation and dissociation of N, and H, as a few H, was introduced into N..

In this work, the H-atom density present in N,/(0-5%)H, flowing afterglows was determined by two
independent methods. The first one is Optical Emission Spectroscopy (OES), easy to experimentally
overcome with a standard spectrometer but based on a simplification of the kinetics reactions
populating and depopulating the emitting states and requiring the knowledge of the associated rate
coefficients. The second method is Two-Photon Absorption Laser Induced Fluorescence (TALIF), more
complex to implement but allowing obtaining after calibration the absolute H-atom density without
any kinetic assumption. These two methods are here used and compared to validate both the kinetic
scheme populating the emitting NH(A) state from which the H-atom density is obtained in the flowing
afterglow and to choose the most appropriate rate coefficients from data available in the literature.



2 — Experimental set-up

Figure 1 shows a photography of the experimental set-up. The plasma is produced by a microwave
surfatron launcher (2.45 GHz, 50-200 W) in gas mixtures flowing in a 4 mm i.d. quartz discharge tube.
The different gas flow rates are separately controlled by flow-meters in the 0.3-3.0 sim range. At 10
cm downstream the surfatron gap, the discharge tube enlarges to a second quartz tube of 19 mm i.d.
and 60 cm in length, itself connected to a 5 liters pyrex reactor. Three different tubes can be mounted,
each equipped with a pair of symmetrical MgF, windows (Fig. 1) allowing the laser beam to cross
perpendicularly the afterglow flow. MgF, windows were installed at z = 20, 30 or 50 cm from the
discharge, allowing performing TALIF measurements at different positions in the afterglow. The
operating pressure can be adjusted between 2 and 20 Torr by means of a throttle valve and a rotary
vane pump placed downstream the reactor.

Emission spectra were recorded perpendicularly from the tube axis by a mobile optical fiber connected
to an Acton Spectra Pro 2500i spectrometer (focal length 50 cm, grating 600 gr/mm) equipped with a
front illuminated Pixis 256E CCD detector (1024 x 256 pixels).

Detailed informations concerning the TALIF set-up and the TALIF signal calibration by Krypton were
given in [6]. The two-photon excitation and fluorescence schemes used for the detection of N and H
atoms and for Kr calibration are shown Figure 2. The tunable UV laser beam (206.65 nm for N, 205.08
nm for H or 204.13 nm for Kr) was focused by a MgF, 250 mm focal length lens at the center of the
afterglow tube and the fluorescence signal emitted by the afterglow was focused and collected
perpendicularly to the afterglow axis by a Hamamatsu H7421-50 photomultiplier operating in photon
counting mode. As time (At = 0.512 ns) and wavelength (AA = 1 pm) resolved photon counting were
performed, the TALIF fluorescence intensity was obtained by integrating the wavelength signal over
the whole laser excitation profile while the temporal fluorescence signal variation provides the
radiative lifetime of the excited state and then the effect of quenching on the excited state population.
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Fig.1. Photography of the experimental set-up showing the afterglow operating in pure N,, the laser
beam path through the MgF, lens and windows and the photomultiplier collecting the fluorescence

signal.
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Fig.2. Two-photon excitation and fluorescence schemes of N, H and Kr (calibration) used in this work.

3 — Determination of N-atoms and of N,(A) and N,(X, v>13) metastable molecules absolute densities
using band intensity ratios

As can be seen on Figure 1 and on the spectra presented Figure 3, emission in the late afterglow region

(z = 50 cm) of N,/(x=0-5%H,) mixtures is dominated by the N, first positive (1+) N,(B,v'=11) —

N,(A,v"’=7) vibrational transition, conducing to an intense yellow-green emission at 580 nm (I335,7 ).
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Fig.3. Emission spectra of the N, 1+ Av = 4 sequence recorded in a N,/1%H, afterglow at different
distances z to the discharge. Spectra are normalized to the maximum emission of the N, 1+ (11-7)
band at 580 nm.

(4 Torr, 0.5 sim, 150 W)

In this late afterglow region, the N,(B,v'=11) level is only produced by the N-atom 3-body
recombination :

N+ N+ Ny,->N,(B,v =11) + Ny, (a)
and we have:
Lo =K' [N2(Bv' = 11)] = K580 [N]2. (1)

The NO titration method, presented in detail in [7], allows obtaining the absolute N-atom density and

the proportionality constant K580 relating it to the observed band intensity 13357 .

Closer to the discharge (z = 20 or 30 cm), concentrations of high vibrational levels N,(X,v'>13) and of
N,(A) metastable states are still high and the full afterglow condition is not obligatory fulfilled as the
N,(B,v'=11) level can also be significantly populated by reaction (b) ([8], [9]):

No(Xv' > 13) + Np(A) =Ny (B = 11) + N, (b)

implying that only a fraction a (0 < a < 1, where a = 1 stands for full late afterglow conditions) of the
observed 13157 intensity can be related with [N]2:

a Igom = K580 [N]2. (2)

In the full pink afterglow region (z = 5 cm), the population mechanisms of the N,(B,v'=11) level are
dominated by reaction (b), conducing to a = 0.

The value of the a fraction at a given observation point z in the afterglow for a given set of operating
parameters (pressure, total gas flow rate, microwave power, gas mixture) can be obtained [10] by
observing the changes in the vibrational band intensity distribution of the Av = 4 sequence of the N,
1+ system between the full pink (@ = 0) and the full late (a = 1) regions of the afterglow (Fig. 3), and
considering the relation:

1580mm(2) = @ Isgonm(z = 50 cm) + (1 — @) I5g0,m(z = 5 cm). (3)
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Fig.4. Variation of the a fraction with the distance z to the discharge in different N,/(0-5%H)
mixtures. (4 Torr, 0.5 sim, 150 W)

Figure 4 shows the variations of the a fraction obtained along the afterglows in pure N, and in the
different N,/H, mixtures studied in this work (4 Torr, 0.5 slm, 150 W). It is observed that for these
operating conditions, a full late afterglow (a = 1) is not yet reached at z = 50 cm from the discharge in
pure N,, the a fraction varying almost linearly between z = 20 and z = 50 cm. In N,/H, mixtures, as the
a fraction is always higher than 0.6, it is deduced that reaction (a) is the main population mechanism
of the N,(B,v'=11) level in the afterglow at distances higher than 20 cm from the discharge, the full late
afterglow condition being always obtained at z=50 cm.

Once the a value obtained at a given z position, the absolute N-atom density is deduced from the
measured I};éo_gm(z) band intensity through eq. (2). From a practical point of view, as bands overlap
within the N, 1+ Av = 4 sequence (Figure 3), half of the measured I19~® band intensity at 581 nm
(wavelength where the (11-7) and the (10-6) bands overlap) is subtracted to the measured maximum
intensity of the (11-7) band.



25000

N, 2+ band system

20000 NH A-X 0-0

0-0 337.13nm 0-1
336
15000 4 nm \ e 357.69 nm
-~ 1-0 1-2 /
& toc0  315.93nm 353,67 nm L3
T | /|375.54 nm
5000 | L}/}\/L

. . T . .
300 320 340 360 380
Wavelength (nm)

Fig.5. Emission spectra recorded at z = 30 cm from the surfatron gap in the afterglow of a N,/1%H,
mixture at 2 Torr (0.5 sim, 150 W).

Figure 5 presents the emission spectra recorded in the UV-A region at z = 30 cm from the surfatron
gap in the afterglow of a N,/1%H, mixture (2 Torr, 0.5 slm, 150 W), showing different bands of the N,
2+ system emitted by the N,(C,v'=0,1) levels. Among these bands, the N, 2+ (1-0) at 316 nm is well
separated from the others and was used to obtain the N,(A) absolute density.

The method, already exposed in refs [6], [8] and [9], is based on the assumption that reaction (c):
N2(A) + Nz(A) »N2(C,v' =1) + Na(X) (c)

is the dominant production mechanism of the N,(C,v’'=1) level at the origin of the N, 2+ (1-0) emission
at 316 nm.
a I5gon,

nm
evolves as:

In this condition, the observed band intensity ratio —571_¢
1316nm

alsgonm _ _ K58 [N]?
I%l_(?nm — K316 [NZ(A)]Z.

(4)

Using the quasi-stationarity assumption, the k>89 and K316 constants can be analytically expressed
as:

he  Np(By'=11)

I330nm = C(580mm) * g+ Ay 0 y—gy [N2(BY' = 11)] (5)
— kq[N]?
11-7 _ ,_he | 4N2(Br=11) — 1580 [N12
@ Isgonm = C(580nm) 580nm * N2(Av'=7) 'V§12(8,11)+[Nz]kilzv(zB,u)+[H2]kl?1§(23,11) = KN (6)
and
_ _ hc N,(Cv'=1) '
I31enm = C(316mm) * 57—+ Ay g [N2(CV' = 1)] (7)



he No(Cr'=1) kc[IQVZ(A)]Z .
' " N H
316nm “"N2(BY'=0)"v{ 1y +[Nalky, (et Halkn, (e

I376nm = C(316nm) - = K316 [N,(A)]%. (8)

In these equations, C(A) is the spectral response of the whole intensity acquisition system, obtained

in arbitrary unit with a deuterium-tungsten halogen source (Ocean Optics DH-3P-BAL-CAL),

Ny(By'=11) R Ny (Cr'=1)
Ay av=7) and Va1 and Ay g gy

probabilities and the radiative loss frequencies of the N, 1+ (11-7) band of the N, 2+ (1-0) band, k, and
k. are the rate coefficients of reactions (a) and (c), and k%’z”’(g_n) and k}%f(c,l) are the quenching rate
coefficients of the N,(B,v’=11) and N,(C,v’=1) levels by M = N, or H, molecules.

and Vﬁz(C,l) are respectively the vibrational transition

Using the radiative and collisional data of Table 1, the absolute N,(A) density can be deduced at a given

z position from eq. 4, using the previously determined a value, the absolute N-atom density and the

111—7
580nm

measured band intensity ratio.

11—0
316nm

Assuming now that, for the same z position, a fraction (1-a) of the N,(B,v"’=11) level is produced by
reaction (b), it comes that :

a kq[N]?
T—a = kp[No(A)][Na(X,0>13)] (%)

Table 1 — Radiative and collisional rate coefficients used in egs. (6) and (8).

N,(Bv'=11) R Qn Qu
ka N, (AV'=7) VN, (B11) szfB,n) kNZEB,ll)

(cm®s1) (s1) (s?) (em3s1)  (cm3s?)
1.3103% 7.810* 1.910° 2.8101 2.8101
[6] [11] [11] [12] (5]

ke AN o) Eh Koy Koo
(cm3s1) (s?) (s (em3s?t)  (cm3s?)
4.110% 1.3107 2.7 107 3.3101 3.2101°

[13] [11] (11] (14] [15]




4 - Results
4.1 — TALIF measurement of N and H atoms absolute densities

Figure 6 compares the absolute N-atom concentrations measured in N,/(0-5%)H, late afterglows at z
=50 cm by TALIF and by OES using equation (2).

10" 5 T r T . T r T . 0 ; I
—
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0 1 2 3 4 5

H, percentage in the mixture (%)

Fig.6. N-atom absolute concentrations obtained by OES and by TALIF in the afterglows of N,/(0-5%H)
mixtures. (4 Torr, 0.5 sim, 150 W, z = 50 cm)

@) (K
Considering the 50% uncertainty in the two-photon excitation cross section ratio (C;(Z)((Nr)) =0.67 £0.33,

[16]) and the 30% uncertainty generally considered for the OES method [7], a good agreement is found,
both methods showing similar relative evolutions and a maximum of the N-atom density in highly
diluted mixtures N,/(0.5-1.0%)H,, corresponding at least to a doubling of the atomic concentration
obtained in pure N..

The TALIF method was then applied to the determination of H-atom densities in the N,/(0-5%)H, late
afterglows operating in the same conditions (4 Torr, 0.5 sim and 150 W at z=50 cm). The determination
of the ground-state atomic hydrogen density was performed using the value of the ratio of two-photon

gDED _ .62 +0.31

excitation cross sections given by Niemi et a/ [16]: o @ (H)

As shown Figure 7, the H-atom density was found to increase rapidly from 1 104 to 3 10'* cm when
x increases from 0.5 to 1%, and reaches a maximum of 4.5 104 cm3 in the N,/5%H, mixture, in correct
agreement with the relative variation previously given by Bockel [2]. The corresponding H, dissociation
rate [H]/2[H,] shows a pronounced maximum higher than 12% in the N,/1%H, gas mixture, much
higher than the N, dissociation rate close to 1% obtained in the same conditions.

At z = 50 cm, the evolution of the H-atom density with the operating pressure was also measured by
TALIF in the N,/1%H, gas mixture. Between 2 and 6 Torr, it was found an almost constant density of 3
10% cm-3 (0.5 slm, 150 W).
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Fig.7. H-atom absolute concentrations obtained by TALIF in the afterglows of N,/(0.5-5%H,) mixtures
(4 Torr, 0.5 slm, 150 W, z = 50 cm). The corresponding H, dissociation rates [H]/2[H,] are also given.

4.2 — H and NH kinetics in the afterglow region and determination of their absolute densities by OES

NH(X) molecules were already detected by LIF in a DC flowing discharge operating at 2 Torr in a N,/H,
mixture [17]. Despite several attempts and a LIF detection threshold as low as 10° cm3, the NH(X)
concentration has never been measured in N,/H, afterglows ([2], [17]) while the NH A-X (0-0) band at
336 nm can easily be observed far away from the discharge, as can be seen in the emission spectra
reproduced Fig. 5, overlapping with the N, 2+ (0-0) band emission.

These results suggest that NH can always be created in the ground state NH(X) in the afterglow by the
3-body recombination process:

N+ H+ N,—»NH + N, (d)

with a rate coefficient varying in the literature between the measured value given by Brown (k; = 5
1032 cm® s, [18]) and the value k; =1 1033 cm® s* assumed by Gordiets [19], but is rapidly destroyed
by the couple of fast reactions:

N+ NH-H+ N, (k.=5101" cm3 s, [5]) (e)
and
H+ NH-N+ H,. (ks=3 10" ecm3 s, [5]) (f)

In previous works ([8], [9]), we considered the NH(A) state production in the pink afterglow through
the reaction:

Ny(X,v>13) + NH->NH(A) + No, (g)



with a rate coefficient k; = 5 10! cm3 s, assumed equal to the rate coefficient of the similar N,
(X,v > 13) 4+ N2(A4) and No(X,v > 13) + N3 processes [5].

Considering this kinetics and using the pseudo-stationary condition, [H] and [NH] densities are related
by:

ke[N][NH]
[H] = % INTINZ1+k, INH]

(10)

The absolute H atom density can then be derived from the absolute [NH] density obtained through the
measured band intensity ratio I&o,/n/ 1930m. as:

alMln  Ksso [N’ ).
1958m — K336[N2(X,v>13)][NH]’

where 1332, is the measured intensity of the NH A-X (0-0) band (Fig. 5), with:

K anr = C(336nm) - —<— . gANHAY'=0) s , 2
3367 ( nm) 336nm NH(X'U”:O).V§H(A,0)+[NZ]kNII\;%A,O)+[HZ]kNZ%A,O).

In the above equations, the [N,(X,v>13)] absolute density is obtained from eq. (9) (using the absolute
[N,(A)] density is deduced from the measured intensity ratio I%éo_,zm/lgfgnm) and C(336nm) is the
relative spectral calibration factor of the intensity acquisition system at 336 nm. According to
Hofzumahaus [20], as the (0-0) band is the main band of the NH A-X system, radiative frequencies
JNH(AY=0)

NH(X,v"=0)
by N, and H, are respectively equal to 5 10 cm3 st and 5 10 cm3 s

and v,“f,H(A,O) are both equal to 2 106 %, while the quenching rates of the NH(A,v'=0) level

Again, as the NH A-X (0-0) band and the N, 2+ (0-0) band overlap, half of the minimum intensity
between the two peaks is subtracted to the observed NH A-X (0-0) maximum intensity.

2410 —r—-—F—+—F——T——T——— T

2.0x10' 4 —s—2 Torr ]
' - o 4 Torr
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1.2x10° 4 e . L —

[H] (cm)

8.0x10"
4.0x10" 4
0.0 4 I 4

20 25 30 35 40 45 50

Distance z to the discharge (cm)

Fig.8. H-atom absolute densities measured by TALIF at different distances z to the discharge in
afterglows of a N,/1%H, mixture at pressures of 2, 4 and 6 Torr (0.5 sIm, 150 W).
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TALIF measurements of the H-atom absolute concentration along the afterglow of a N,/1%H, gas
mixture (0.5 slm, 150 W) are shown Figure 8 for pressures of 2, 4 and 6 Torr. It is observed a general
decrease of the H-atom density with the distance z to the discharge, as N and H atoms are essentially
produced in the discharge by direct electron collisions. The H-atom population decrease is more
pronounced at 6 Torr, showing the increase of the influence of the three-body reaction (d).

Table 2 gathers band intensity ratios, a fraction values, absolute [N,(X,v>13)] and [N,(A)] densities
obtained from the Iééo_,zm/lé_gnm band intensity ratio and absolute [NH] and [H] densities deduced
from egs. (11) and (10) in the afterglow of a N,/1%H, gas mixture (0.5 slpm, 150 W) at 2 Torr.

Table 2 — Band intensity ratios, a values and absolute species densities obtained in the afterglow of a
N,/1%H, mixture operating at 2 Torr (0.5 sIm, 150 W). The H-atom density is obtained using eq. (10)
with the rates (i) k; =5 1032 cm® s [18] or (ii) ky =1 103 cm® s [19].

z I%éagm I%slzo_rzm a [N] [Ny(X,v>13) [Ny(A)] [NH] [H]
710 190 |
(cm | “316nm | 7336nm (10 cm3) (10°cm- | (108 cm3) (cm3)
) (o2em?) | )
02 8.7 108 (i)
20 13 12.6 3 6.2 1.6 9.4 61
8.5 10 (ii)
5.1 102 (i)
30 58 110 0.3 6.6 3.0 4.0 3.3
2.0 10% (ji)
1.7 10%2 (i)
50 490 230 0.6 11 6.0 1.7 1.1
0.8 10% (ii)

The increase of the a fraction with the distance z to the discharge shows the increasing weight of
reaction (a) in the population of the N,(B,v'=11) level in the N,/1%H, afterglow. In the intermediary
region between the full pink and the full late afterglows (z = 20-50 cm), it is observed a decrease of the
[N,(A)] density while the [N,(X,v>13)] population still increases. It is here shown that this increase
conduces to a dissociation enhancement through reaction (h):

N2(X,10 < v’ < 26) + N5 (X,10 < v < 26)—>No(X,v' =0) + N+ N (h)

The NH density rapidly falls down between 20 and 50 cm, to reach concentrations of few 108 cm= lower
to the detection threshold of TALIF measurements, which certainly explains why NH cannot be
measured by this technique in the afterglow.

By comparing [H] densities given by eq. (10) with the order of magnitude of the TALIF measurements
shown Fig. 8, it is deduced that the better agreement is obtained using the rate coefficient ky = 1 1033
cm3 for reaction (d) [19].
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4.3 - Role of N(2D) metastable atoms

It is now considered the role of the N(2D) metastable atoms in the H and NH kinetics.

N(2D) metastable atoms in the afterglow are produced by the following reaction:

N + N(A)=N(?D) + Ny, (with k;=2 1012 cm3 s, [5]) (i)
and destroyed either by quenching:

N(?D) + N,—>N(%S) + N, (with k; =2 10 cm? 2, [19]) (i)
by reactions with H, molecules:

N(?*D) + H,»NH + H, (with k= 2.3 1012 cm3 5%, [5]) (k)
or by collisions with the afterglow tube walls, with a frequency:

UN@p) = YN@p) <V> /2R, (13)

where y"N"(ZD) is the N(2D) destruction probability on the quartz tube walls (y}’v"(zn) =0.1, [21]), <v>
is the thermal gas velocity (5 10* cm st at 300 K) and R is the afterglow tube radius, conducing to v"‘N’(ZD)
=3103s.

Considering this kinetics, the N(?D) density is given by:

ki[N][N2(A)]
INGZD)] = BN+ R [ +07

= (14)

For a 2 Torr pressure, with the N and N,(A) densities of Table 2, it is found a N(?D) density decreasing
from 2.0 10° cm3 for z=20 cm to 0.6 10'° cm3 for z =50 cm.

Reaction (k) has also to be taken into account as a source term for H-atom production and eq. (10)
becomes:

ko[N1[NH]+k,[N(D)|[H]

[H] = = [NI[No1+ e, [NH] (15)
As [H,] = [Hz]o — [H]/2, where [H], is the initial H, density, it is obtained:

_ ke NIINH]+i [NCD)][Hs]o
L] = e NN e INH e DT (16)

2

H-atoms densities calculated with eq. (16) (with kg =1 1033 cm3, [19]) are given Table 3 and compared
with TALIF measurements, showing a better agreement than densities obtained with eq. (10) and the
strong influence of N(2D) metastable atoms in the H-atom production in N,/<5%H, flowing afterglow
through reaction (k).
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Table 3 — H-atom densities calculated with eq. (10) and with eq. (16) in a N,/1%H, afterglow in
conditions of 2 Torr, 0.5 sim and 150 W, using the rate coefficient ky = 1 1033 cm? given in [19] and
densities indicated Table 2.

z (cm) 20 30 50

[H] from eq. (10)
8.5 2.0 0.8
(in 10 cm3)

[H] from eq. (16)
9.2 4.0 1.9
(in 10 cm3)

[H]TALIF
72147 |72+247(129+19
(in 10 cm3)

5 - Conclusion

Absolute nitrogen active species densities (N-atom, N,(X,v>13), N,(A)) have been measured using band
intensity ratios in the afterglows of N,/<5%H, discharges and calibration by NO titration. TALIF
measurements of the N-atom density were also performed and compared with results derived from
OES measurements at different distances from the discharge. A detailed analysis of the NH and H
kinetics in the afterglow and the use of the NH A-X (0-0) band emission at 336 nm allowed us obtaining
the NH and H absolute densities and to compare this latter with the absolute H-atom concentrations
measured by TALIF. A correct agreement is obtained when the rate coefficient of the N+ H + N, - NH
+ N, 3-body recombination is chosen equal to 1 1032 cm®s?, as previously estimated by Gordiets [19].
The agreement is further improved when considering the role of N(2D) metastable atoms in H and NH
production. In the afterglow, the NH ground state is either rapidly destroyed by reactions with N and
H atoms, or excited into the NH(A) state by the reaction No(X,v > 13) + NH-NH(A) + N,, with a
rate coefficient equal to 5 101! cm? s, explaining why its density, estimated as low as few 108 cm?3,
cannot be measured by the TALIF technique.
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In this paper :

» N atoms absolute concentrations were obtained in the afterglows of N,/(x=0-5%H,) mixtures
using a) optical emission spectroscopy (OES) + NO titration and b) TALIF

» N,(A) and N,(X,v>13) metastable densities were also obtained using band intensity ratios
» H atoms absolute concentrations were obtained in the same conditions using TALIF

» For the N,/1%H, mixture, absolute H atoms concentrations were obtained between 2 and 6
Torr at distances to the discharge varying between 20 and 50 cm

» Akinetic scheme relating the H, N, NH and NH(A) species is given, showing that the NH
species can be created in the afterglow by the 3-body recombination reaction N + H + N,
—-NH + N, with a rate coefficient of 1.0 1033 cm® s'1. This NH species is either rapidly
destroyed by reactions with N and H atoms, or excited into the NH(A) state by the reaction
No(X,v>13) + NH->NH(A) + N, with a rate coefficient equal to 5 10** cm3 s,

14



» The agreement between OES and TALIF measurements is further improved when N(2D)
metastable atoms are included in the kinetic scheme.
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