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ARSTRACT

In the present work the velocity distribution of the N cn)

molecules excited in the exothermic collisions of N,(xgz)with

metastable N, molecules and Ar atoms is investigateé. Form of

this distribOtion is found by regularization methods from the

shapes of the 2% system of I, spectral lines. Effect of trans-
lational relaxation of the e%ectronically—excited molecules is
discussed.

1. INTRODUCTION

In low pressure plasma the lifetimes of the electronically—-ex-
cited molecules are typically smaller or comparable with the
thermalization times for internal and translational motions.
That is why the peculiarities of the vibrational, rotational
and translational energzy dist_-ibutions essentially depend on
the excitation mechanisms. If the vrocesses of excitation are
exothermic collisions with atoms or molecules, the electroni-
cally-excited molecules will have nonequilibrium rotational
and translational movements. In egrlier works the nonequilib-
rium rotational distribution N,(C’N ) was investigated [1-31] .
In tgis communication the velogity distribution formation of
N,(C°N ) in the exothermic collisions of Na(Xiz ) with the me-
tastable H2 molecules and Ar atoms are und€r investigation.

>, TXPERIMENTAL , CALCULATION PEOGIDURE.

The nonequilibrium movement of N (05ﬂ ) molecules results in
anomalous broadening of the secogd positive system (2%) spect-
ral lines [ 471 . The line shapes are studied with the pressure
scanned Fabry-Perot interferometer crossed with the grating
monochromator. The interferometer basae must be chosen with ac-
count of both the needs of sufficiont resolution and free
spectral range for single line resolution in the developed
molecular spectra. The R,-branch lines of the (0,0) band of
the second positive systém are investigated in glow discharges
in the cvlindrical tube and hollow cathode with water and li-
quid nitrogen cooling. The pressures of the mixtures l,-He,
N,-Ar, NE—Ar—CO2—H2 are 0.05-5 Torr; the discharge curfTent
26-30 m*

The relation between the intensity distribution in the
line contour‘Qd(V) and the isotropic velocity distribution
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function P(\ﬂ is as follows:

e TR I

The interferometer function G(U) deconvolution procedure
leads to equation:

_OS;Q(\)—\)’)L‘)(\”H\)’:H\)\ =L +E(), 2

where £(;0) ’ q)(V) are measured and real lineshapeos;
E(\f) is the noise. Bquation (2) was solved by regularizabi-
on methods: a) statistical regularization method; b) TFourier
modification of the Tichonov's method; c) Kryanev's method
(see[ 5] ). The composition of different mebhods was performed
for a wide range of modeling tasks. The method b) proves to be
mostly acceptable, and the effective numerical algorithm was
developed. To determine the velocity distribution function
from equation (1) we have also used the rogularization methods.
Function g(V) was determined by using the laser lines and from
the measurements of the lines with known profiles as well.

3. RESULTS.

The anomalous broadening of spectral lines of the second posi-
Live system of N, is observed under excitation in reactions:

Ny (x*Z)+ Ar>(3p5453 = Ny (C2N) 4 A(Bp 1S ) +BEy,  (9)

Ny (1Z) +N, (E33) — N, (C2)+ N, (x4 Z)+aE, . @)

The studies show that the linewidths are different for diffe-
rent rotational states (even for the same electronically-vib-
rational band), so there exist a specific velocity "sorting"
of the excited particles. Fig. 1 presents some examples of
line shapes for
I ru I, vu R, (3) and R,(26)
’ | at different pres-
6) sures of N_,-He(1:10)
and N_,-Ar(1:9).
Contofir of k,(%) is
normal Gauss%an,
which corresponds
05t to Doppler broade-
ning with gas tem-
perature of ~ 150
°K. The R1(26) con—
A 0 tours are non-Gaus-
Al07A sian with the width
. 2 T formally correspon-
3 1 2 5 ding to Doppler
broadening atl 2000
Tig. 1. The line shapes of (0,0) band 2% -3000°K.
system of N,,. The discharge current 20 mA, Tig. 2 il}u;tratgs
liquid nitrégen cooling. a) N,-lHe(1:10): the ve}001tles dis-
(1)-R,(26) line shape at mixtare pressure  tribulions of/N5
P=0.% Torrs (2)-R,(26) ,P=3 Torl';(ﬁ)—-l{,l(}), «’n ,/ =0, k'=26)
r=0.5 Torr B)A,-Ar(1:9) 1 (1)-1,(26),010747  for N ~lle(1:10)and
‘Vuyr;(P)—Hq(?67,P:§ Tor. -
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Fig. 2. The velocity distributions of N,(C° , =0, =26).
The discharge current 20 mA, liquid nit%ogen cooling. All cur-

ves are normalized to the same area. a) N2—He(1:10): (1)-P=0.5
Torr; (2)-P=1 Torr; (3)-P=2 Torr; (4)-P=3“Torr; (5)-P=5 Torr;
(6)-Maxwellian velocity distribution of N, at T=150°K. b) N2—
4r(1:9): (1)=P=0.1 Torr; (2)-P=0.5 Torr; £3)-P=1 Torr; (4)-
P=2 Torr; (5)-P=3 Torr; (6)-Maxwellian velocity distribution
of N2 at T=150°K.

N,-Ar(1:9) mixtures at various pressures. Ths breaks of the
distributions at high v 1limit the region of the reliable mea-
surements of the line wings with the signal-to-noise ratio=>1.,
The lNaxwellian distribution for T=150°K is also shovn on Fig.2.
All the curves are normalized to the same area. An increase of
pressure leads to the narrowing of distributions, and to the
decrease of the most probable velocities. The velocity distri-
bution depend on two factors. Firstly, on the sourse function

Pe(r) which describes the initial distribution and, secondly,
on the translation relaxation processes. The function P°(VY)
was calculated by using the Whipple theory [ 6], and taking
additionally into account the real initial rotational and vi-
brational distributions of the colliding molecules.

We analysed some peculiarities of translation relaxation
process of electronically-excited moleculss. It was proposed
thats

1 - the colliding molecules as well as hard spheres;

2 - the P(\v) functions relax approximately like Maxwelli-
an distributions with the same most probable velocities;

3 - throughqut relaxation process of electronically-excited
molecules Nzkc/ﬂ ) the bulk of noble gas (He or Ar) is not he-
ated.

Under such ccenditions the relaxation equation can be
written in the following form:

~dEy _ 8 My My (o V(M7 L F \(E E ) (D)
It Q‘AV‘M'G‘ND_,H'SW%+(“H2 (xwmy,) (;:[JENZ\(ENZEQ,
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%where Ey and Ew are the mean translation energies of
N,_(¢”T1 ) and $he noble gas (He or Ar); W - is concentration
of noble gas atoms;GhmM ~ is cross section of collision;Wy,
and My - are the masses of N, molecules and noble gas (lle or
Ar) atomss if Ey,=Ey , the gquation (5) will turn into well-
known Landau-Teller equation:

48w, _ A (F _T
- AN, - 2 L (Ey -E,), _ (6)
dt rt" 2 E' ’{2 My 16_
oty B Mz (_”,L} JEE
v TAMION, M 3(W!N2+VYIM)Z W, Wiy )
Here M, ~ is relaxation time.The solution of equation

(5) is written down as follows:
— _ My .[c-exp(‘c/'tr)+1f~m“ 7
E“z({")*E”(i+ 1) [c.exp({/’t‘r_—i]z m: Em ? 7

Mn
where C - constant defined from the conditions. Dependence
of the mean energy’ENAt)on time at Ey, (£=0)=2250°K, Em =
150°K is presented on Fig. 3. 1t is shown the relaxation pro-
cegs is very fast. At t=0.5
\03°K T the mean energy de-
creases by a factor of €
and at t=37%. ENQ_JS appro-
ximately equal to™ Ey P
Fig. 4 presents depen-—
dences ol the mogl probable
energies of N,(C”N ) on con-
centrations o% He (8) and
Ar (b). The points corres-
pond to experimental values
and the lines correspond to
theoretical calculabtions.
The best agreement takes
place when the cross secti-
— ons are equa11t0 SH, he =
; . N S (5.840.5) 10 . Zcms ﬁ&&ﬁh =
T 2T 3T, AT, 5T, (4.1;1.53.10-‘)@“2. quits’
good apreement of experime-
ntal and theoretical depen-
dences give proof of sugge-
Fig. 3. The dependence of the mean sted simple relaxation model
translation cnergy of N, on time of electronically-excited
at B, (t=0)=2250°K, E,~ =1°0°K. molecules.

Using the energy sto-
rage in the vibrational, rotational and translational states
one can find the energy excess DE of exothermal reaction of
excitotion and identify the rcaction channel. Thus, the,results
of this work that the main excitation mechanism of N,(C-Tl

Yy’ =0,,k’=26) molecules lies in the cgllisions of ﬁ (X‘Sf )
with Ar(°P,) for N,-Ar mixture and N, (E’3 , 7 =0) engrgy sta—
te for N.-flo ones.“In the case of N,SHe mixture (or in pure_,
I1,) the 8arent nitrogen state has thie cnergy B=96270+700 cm .
Tfis definitely indicates that this is the N, (B’ % u’:o)_;fta-
te (the cnergy of the N (B’ ,,9=0) is equill B,=95772 cm,

[ 771), bub nof the stafe N,(077N ) (i =97580 om ') or Ny(D”Z )
(12 =105576 em” )(see L 81 )T -

E

Ny,
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S0, the first investigation
of the nonequilibrium velocity
distributions of the excited mo-
lecules give the new possibiliti-
es in studying the relaxation
processes and the identification
of particle excitation mecha-
nisms.
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bi 4. The dependences of the
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