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Abstract. In a copper cylindricd cathode hollow effect discharge, in N, gas presaure of 1 —
10 Torr, a 200— 400 volts and current intensities placed in the range 0 — 250 mA, we have had the
good conditions for whole 2*-band heads excitation. We have had established some irregularities
behaviour in the band heads intensity ratios and the excited vibrational density number, against the
current intensiti es.

These irregularities can be correlated with some discordance between the intensities
caculated for individual systems, in pue eyuilibrium condtions, and the real condtions in ou
hdlow cathode dectric discharge plasma.
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1. INTRODUCTION

In this paper we operate on the specific potential and eledric field
distribution functions as well as on electrons energy distribution function, in
such a discharge plasma existing two — three groups of electron energiesin
the range 1 — 50 eV [1 - 2], which alows us to excite agreat variety of
vibrational levels from two dfferent electronic states of the diatomic
molecule.

Here we will focus on the second positive 2* (C °I1, — B °[1y) band
heads (first time identified in the positive column of an electric discharge).
For a proper use of the moleaular nitrogen with its excited species who
interferes as active factors in numerous reactions, like plasmochemical
synthesis readions, metallic surfaces nitriding [3], ionosphere reactions,
lasers physics [4], etc., it is necessary to understand the mechanism of the
electronic levels excitation and the band heads relative intensities behaviour
in dfferent excitation conditions as well as the vibrational levels popuation
as function d some useful working parameters (as the discharge aurrent
intensity and the gas pressure).
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The study of the 2" nitrogen system band heals relative intensities
behaviour as function of the discharge aurrent and gas pressure wmpared
with the evolution d the upper vibrational levels density of the excited
states represents the main pupose of this work. This study is as much
important as some irregularities in such of behaviour types have already
been described in some previous works [5 — 6].

2. THE EXPERIMENTAL SET —UP

The electric discharge tube from copper has a ¢/lindrica geometry
with amoduar conception and it was presented in a previous paper [6].

This moduar conception have been adopted for an easier variation
of some parameters like the plasma column length. On the purpose to avoid
the thermal influences on the dedric and spedral measurements bath the
cathodes and anodes are water cooled duing the dectric discharge.
Windows are made of quartz for spectral investigations in the visible and
UV region. The discharge tube was conneded to a standard vacuum system,
which contains a diffusion pump that allows us to obtain a 10° — 10° torr
vacuum. The working nitrogen pressures used are in the range of 1 —10torr.
The voltage obtained from a standard generator is between 200—- 400V, and
the discharge currents between 0— 250maA.

The spedrum was recorded with an experimental set-up consisting
in a SPM-2 Zeiss 650 tr/mm grating monccromator couded with an EMI —
9558 QB phaomultiplier and a data acquisition system (for any further
detail s see [7]).

The identification d the band heads was made by measuring the
pasition within the spectrum of the band heads profil es maximum, and as a
measure of the band heads relative intensities we have had also measured
the intensity on the top of the profile, in order to avoid as much as posshle
the results distortion caused by any possible overlapping.

The identified band heads who will be studied in this paper are
presented in the Tabel 1, in which we car see the molecular system
affiliation, the electronic states between whom the transitions are taking
place the vibration levels involved and the correspondng band heads
wavelengths. The caacteristics of these spedral lines can be seen [§].

For a precise comparison of the band heads relative intensities and of
the evolution d the excited states densities on the vibration levels, we used
four band heals groups with the same lower level and dff erent upper levels.
The lower levels mentioned in the Tabel 1 are: v' =1, v' = 2, v' = 3 and v"
= 8. The rrespondng transitions for these levels groups are shown in the
Figure 1.



Band heads belongng to the N, 2* system (C °I1, — B °ITy)

(C°N, - B 'My) band headsintensities

Table1

Molecule Spectra Eledronic Vibrational A
moleaular system | transition transition [nm]
\VARSRR Vo

N, 2 C_.B 0-1 357, 69
N, 2" C-B 2.1 313,60
N, 2" C-B 3.1 296,20
N, 2 C-B 0-2 380,49
N, 2" C-B 1.2 353,67
N, 2 C-B 3.2 311,67
N, 2 C-B 4.2 295,32
N, 2 C-B 0-3 405,94
N, 2 C-B 1-3 375,54
N, 2" C-B 2.3 350,05
N, 2 C-B 4.3 310,40
N, 2" C-B 3.8 441,67
N 2" C-B 4.8 409,48
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3. RESULT SAND DISCUSSONS

At the base of the theoretical interpretations of the band heals
relative intensities behavior and of the excited states density distributions on
different vibration states, the following quantum relations were used:

Iv'v" = DNV'WVL}V"Ré(rV'\/')qv'v" (1)
where D is an instrumental factor, W, is the quantum energy involved in
the transition v’- v”, Re (r) is the dedronic transition moment, gy is the
Frank-Condon fador for the given transition, both these latter quantities
being theoreticaly constant. From this equation is apparent that (I / qv*)yy-
isameasure of the popuation o the Vv’ level.

A. The band hedals relative intensities and relative densities Ny as
function of the discharge dedric current

In the Figure 2 a b, c, d correspondng to the same vibration
guantum numbers of the lower states v = 1, v" =2, v"' = 3, v"' = 8, we have
the relative intensity distributions versus the discharge current (in mA) and
inthe Figure 2 &, b', ¢' d we have the excited states popuation on dfferent
upper levels for the same groups of lower common levels (v' =1, v"' =2, v"
=3,v'=8).

From the representations of the band heads relative intensities and of
the excited states popuation d the correspondng vibration upger levels as
function d the discharge dedric current, we remark, generaly, a
confirmation of the correspondng equilibrium distributions with the
meaning that, the lines which results from the upper vibrational transition
state on a common lower level are decreasing with increasing the
correspondng vibrational quantum number. The same remarks we have for
the upper levels populations. There are, however, some significant
deviations from the classical distributions.

Examples:

In the case of the transitions on the cmmon lower level v* = 1, the
intensities of the threelines discussed here presents an intersection oy at
high values for the discharge currents, of about 200 mA, while the
popuations, only those of the levelsv" = 2 and V' = 3 have an intersedion
the same & high currents of 150 mA.

In the case of the transitions on the same lower level V"' = 2, the
intensity for the transition v' = 4 — v" = 2 presents lower values than the
others transitions only at lower currents (~ 20 mA), while for higher
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currents (~ 200 mA) it becomes higher than all other transitions. Regarding
the popuations, intersections are observed ony for v' = 4 and V' = 3
popdations. We mentioned that a ssimilar behavior for the level withv' = 4
have been found in a previous work, in amost the same experimental
condtions, when this level interferes with levels 0 and 1[6].

In the cae of the transitions on the same lower level v' = 3, a
complete different behavior of the intensiti es versus the current it has again
the transition with the upper level v' = 4, who presents intensity values (for
the entire range of the current variation) that leads to intersedions with all
the other transition intensities. The evolution for the upper state popuation
(with v' = 4) shows an intersection only with the state v' = 3 popuation,
which completes the information in this area(more intersections with lower
V' levels were observed).

In the case of the transitions on the same lower level v* = 8, the
intensities are crossing in reversed order only at small currents (~ 20 mA),
whil e the densities foll ows their normal behavior.

B. The band heads relative intensities and relative densities Ny as
function of the N gas pressure

Regarding the study d the transition intensities evolution as function
of the gas pressure (Figure 3 a, b, ¢, d) and d the excited states popuation
versus the same parameter (Figure 3 d, b', ¢', d') we can make the following
observations:

In the case of the common lower level with v' = 1, both the
intensities and the popuations confirms the classical distributions rules.

In the cae of the common lower level with v = 2, the intensities
evolution presents a small intersedion orly for the transitions 4 — 2 and 3—
2 at small pressure values (~ 4 torr), at higher pressure the related
distribution is normal. The excited states popuation versus the gas presaure
presents evolutions according with the dasscal distributions. In the case of
the transitions to the common lower level with v' = 3, the intensities
presents an inversion orly for the transitions 4 — 3 and 2 — 3, while the
excited states popuations presents a normal evolution, deaeasing with the
gas presaure.

Finaly, in the case of the transitions to the common lower level with
V" = 8, the intensities evolution versus the gas presaure presents a minimum
value aound p= 5 torr, and an urusual inversion between the transitions v'
=4-v"'=8andVv' =3-Vv" =8, while the popuation evolution presents an
inversion only for presaure below 4.5 torr.
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Linear variations of the intensities and excited states popuations through
wide ranges of currents, means that we have an excitation of the upper
vibration levels mainly by direct electronic collisions. Nonlinea variation d
the radiation intensities and o the vibration states densities with the gas
pressure, especially at higher pressure (over 5 torr), suggest that, in this
case, the vibration levels excitation processes are no longer produced mainly
by electronic collisions. In this case, complex moleaular interactions
processes appears which affeds diredly the vibration levels.

4. CONCLUSIONS

In the gylindrical holow cathode electric discharges, in molecular
nitrogen, at low pressures, the upper vibration levels excitation is produced
mainly by electronic collisions. At higher presaures, above 5 torr, some very
important molecular processes appeas, which affeds the particles energy
functions distributions and consequently the vibration levels excitation. In
the HCC electric discharge, appeas sme spedfic condtions for popuation
inversion, for some upper vibration levels, likev' =3 andv' = 4.
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