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Abgtract. The purpose of this paper is to use the nonmaxwellisation of
electron's energy distribution produced in the moleaular gas of an HCED, to explain a
specific excitation of neutral N, moleaule [2° system] or of the ionicd nitrogen
moleaule [1 system], in pure N, gas. The head bands relative intensity distribution
give as a very important information about the excitation processes locdizaion and
€electron temperature distribution eva uation.

We have established the existence of the dired electron-moleaule wllision
excitation of the upper neutral or ionical molecular levels and also the fad that the
intensity distribution of some band heads is not the same with the upper vibrational
levels of the neutral moleaule density (N,,=4) distribution.

Keywords: hollow cathode dedric discharge, diatomic molecular
spectroscopy, electronic excitation.

1. INTRODUCTION

As we can se from the potential curves involved in the transitions for second
positive (C M, —a'f1y) system and for the first negative one (B 23," - X °3," ) the
electronic and vibrational levels are placeal approximately on the ranges (9-11.5) eV
and (15-22) eV, respedively (Fig. 1.) [1]. For a simultaneously excitation of this both
systems we have used a normaxwellized eledrons energy distribution produced in
the molecular gas of an halow cathode dectric discharge (HCED), where we get at
lest two groups of eledron energy [2].
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Fig. 1. - Potential curves of the neutral and ionized nitrogen molecule

2. BASICALLY RELATIONSHIP FOR DIATOMIC MOLECULE
SPECTRA

This paper describes an experimental examination of the head bands intensity
variation, when the conditions of excitation are changed, with special references to
the arrent intensities.

It is the reason we retain, from the general theory of molecular intensities and
their interpretation, the basic eguation relating the intensity I+ of thev'v'’ band of
system to the population N, in the excited state. So we have:

l v'v" = D Nv' E\fv Rj (rv'v" hv'v" (1)
where
D isan instrumental constant;
E. =hv, isthe quantum of energy involved in the transitionv'v'’;
R(r) isthe dedronic transition moment;
gvv IS the Franck-Condon factor for the transition, both these latter quantities are
theoreticdly constant.
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From the above it is also clea, if the theory is corred, 1. /1, . must be

constant for all conditions. The same from (1) it is apparent that (I/qv%),. is a
measure of the population of the v’ level.

3. EXPERIMENTAL

The excitations of the nitrogen molecular systems were made in the negative
glow plasma produced in a water cooled cylindricd HCED, presented in a ealier
pubished paper [2].

In order to avoid the thermal influences on the eedric and spedral
measurements the copper cathodes and anodes were water-cool ed.

The cylindrica cavity has an inner diameter of 6 mm and a length of 30 mm

The eledric discharge tube was conreded to a vacuum pump. The pressure
of the spedral pure N, was varied in the range of 0.5-10 Torr.

In the experimental set-up we had a SPM-2 Zeiss 650 tr/mm grating
monochromator cougded with a EMI-9558QB photomultiplier and a SEFRAM
GRAPHYSPOT Il recorder.

The voltage was varied in the range 200-400 Volts and the dedric current
intensity in the range 0-250 mA.

4. RESULTSAND DISCUSSIONS

The Volt-Ampers characteristics of the dectric discharge in pure Ny, at two
different pressures values are represented on the figure 2. These two curves are
placal very close to eat other. They presents a small discrepancy only at higher
currents (over 150mA).

We must to outline we are now in the @normal glow discharge on the
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Fig.2.

general Volt-Amper characteristic of an eledric discharge. This means we can have
an important number of energetic dedrons, even at relatively high electric aurrents.
In order to avoid the possble band overlap the head bands positions were
measured by the peak-height method.
On the tables | and |l are presented a number of the remarkable band heads
from the second positive and first negative systems of the nitrogen moleaule
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respedively and their charaderistic parameters mentioned in A.Lofthus and
P.H.Krupeni€ stables[1].

On the figure 3(a) and 3(b) are represented the relative intensity distribution
of the 2" system band heads: A 380.5 nm (0-2), A 375.5 nm (1-3), A 371.05 nm (2-4),
A 441.7 nm (3-8), A 409.5 nm (4-8) and d the 1" systemband heads: A 391.6 nm (0-0),
A 423.6 nm (1-2), A 459.9 nm (2-4), A 455.4 nm (3-5), A 451.5 nm (4-6) for two no
very different presaure (p=1.2 Torr and p=2.4 Torr) versus the discharge eledric
current intensity, respedively.

Concerning the N, band heads behaviour we caremark a more and more
linear dependence of eledric currents as the upper vibrational level isincreasing.

Concerning the N," band heads (1" system), practically all the head bands
relative intensities are linealy depending on current intensities, except A 391.6 nm
(0-0) which a resonant line being can support a significantly absorption
phenomenon.The population d the upper vibrational states of the molecule N, in
plasma mol ecular processes andin plasma sourcestoo is of the grea importance

We remember, from the first mathematicd relationship we have outlined the
ratio (1/qv"), is a measure of the density of upper excited molecular states (Ny). By
using Franck-Condon fador for the transitions from Alf Lofthus and Paul H.
Krupenie's tables [1] we have had cdculated N,» for threelevels belonging to the N,
second paitive (V=0, v'=1, v'=4), for three levels belonging to the N," first
negative system (vV'=2, v'=3, V'=4) as eledric aurrent intensities, results which are
presented in the fig. 4 and fig. 5 respectively.

As we can see al the levels of the 1 system and the first two of the second
positive system are in goa agreement with thermodinamica equilibrium laws: the
populations are decreasing with vibrational quantum number isincreasing. Exception
is only Ny with v'=4 from the second positive system, which resped the above
equilibrium law at the lower currents only. At higher currents this population,
abnormaly, becomes greaer han for lower levels. This may be due to a fort
perturbation between interacting vibration levels, a greaer value of this upper level
life time or to some wrong data from the mentioned references.

As we have had mentioned in the first part, if the relationship resulting from

(1) are corred, then |, . / I~ must remain a onstant for al conditions. We have
had caculated these ratios for two coudes of transitions






TABLE I- Band heads belonging to the N, 2* system (C °M,— B °M), and their
characteristic parameters

Spectral | Electroni | Vibrational | A [nm] O Absol ute
Mole | molealla c transition fador transition
cule r transtion | V' DV Franck- probabi It
system Condon I es [l]lo s
N, 2" CcC->8B 325 367.19 0.04236 2.19
N, 2" CcC->8B 224 37105 0.1246 3.80
N, 2" CcC->8B 1>3 3755 0.1973 4.62
N, 2" CcC->8B 0>2 3805 0.1661 3.34
N, 2" CcC->8B 2->5 394.3 0.1431 2.77
N, 2" CcC->8B 1>4 3998 0.1306 2.12
N, 2" CcC->8B 023 40594 0.06692 0. 96
N, 2" CcC->8B 4->8 4095 0.09428 1.73
N, 2" CcC->8B 328 4417 0.08058 0.74
TABLE II- Band heads belongingto the N," 1" system (B Z," — X Z"), and their
characteristic parameters
Spectral | Electronic | Vibration | A [nm] Qv Absol ute
Mol | moleaula | transition a factor transition
eall r transition Franck- pr obabi 6' It
e system VOV Condon Ies [1]10 S
N,* 1 B> X 0>0 3914 0.6481 9. 64
N,* 1 B> X 1>2 4236 0.2889 3.87
N,* 1 B> X 46 4515 0.1550 -
N,* 1 B> X 3>5 4554 0.1720 2.00
N,* 1 B> X 2>4 4599 0.1699 1.94
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belonging to the seond positive vi=1-v' =4/v=1-v’ =3 and vV =2-v’ =5/ v =2-
v’ =4, in function d electric current intensities and the results are reported in the
table I11.
TABLE llI- The intensities ratios for various currents of two pairs of head bands belongngto
the 2" system of nitrogen mol ecule, heaving common wpper states

Bands Observed ratios for the following
VRVZAVAVEVA Ratio of q values currents[mA]

50 75 100 | 150 | 200

1-4/1-3 0.662 178 | 217 | 235|250 | 2.74

2-5/2-4 1.148 136 | 143 | 144|151 | 150

As we can seethese variations of the ratio of intensity of two bands from a
common upper level espedally at lower currents, are quite contrary of the theoreticd
expectations, and indicate that the present theory is inadequate under certain
conditions. The similar observations, in other eledric discharges spedral sources,
were made also in some earlier published papers [4].

5. CONCLUSION

A large variety of the dectron energy distribution in the HCED gives us
the possbility to realize an adequate excitation of the vibrational states in the 2* an
1 systems of the nitrogen molecule. The observed variation in the ratio of
intensities of two bands from a common upper state is completely contrary to
theoretical expedations and is most marked at low current densities. A specia
behaviour of the v'=4 upper vibrational level popuation gives....as a test about a
difference which sometimes exist between intensity and excited levels
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