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The concentrations of the low-excited helium atoms in states 2'S, 2'P, 2°S and 2°P were determined in the
atmospheric pressure glow discharge in helium (99.98%He) and in helium with a nitrogen admixture (99.5%He +
0.5%N>). It was shown that the adding of nitrogen into helium leads to the drastically reduction of concentration of

both the low-excited helium atoms and ions.
PACS: 52.80.Hc

1. INTRODUCTION

There is large increasing interest in atmospheric
pressure glow discharges (APGD) because they can be
used for a wide range of technological applications
without the need of vacuum systems. Nonthermal
atmospheric plasmas of the APGDs are typically
generated using voltage excitation at dc, at the 50 or 60Hz
mains frequency, or at higher frequencies - from kilohertz
to megahertz - between two electrodes of different
configuration (plane—plane, pin—plane, microhollow
cathode,..). Some of fundamental properties of APGD
plasmas have been characterized experimentally including
discharge dynamics, optical emission, and densities of the
charged and excited particles.

As a rule, helium in mixture with other gases is
used as working gas in discharges at atmospheric pressure
[1, 2]. However, at present there isn’t a complete
understanding of the gas discharge physics in gas
mixtures at atmospheric pressure. As it was shown in [2],
for example, a small addition of other gases (~1%) into
working gas of barrier discharge plays a significant role in
stability of this discharge. On the base of numerical
calculation it is approved in [3] that even the residual gas
admixtures with concentration ~0.5-10* % exert a
significant influence on both the plasma composition and
the gas discharge parameters in atmospheric pressure
discharge.

The self-sustained normal dc APGD in helium [4]
is a convenient object for investigations of the kinetics of
the weakly ionized nonequilibrium plasma at atmospheric
pressure having a complicated composition. In present
paper the concentrations of the low-excited helium atoms
in states 2'S, 2'P, 23S and 2°P were determined in the
APGD in helium (99.98%He) and in helium with a
nitrogen admixture (99.5%He + 0.5%N,). The low-
excited levels of helium are participated at many plasma
chemical reactions. Therefore their concentrations are one
of major parameters of nonequilibrium plasma of the
APGD.

2. EXPERIMENTAL SETUP
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The self-sustained normal dc APGD was created in
the pressurized chamber between two electrodes: the
weakly rounded tungsten anode (diameter 6 mm) and flat
circular steel cathode (diameter 30 mm). Interelectrode
gap was about 4 mm. The impurity concentrations in
helium flow (Hz, N>, O, Ar, CO,, CO, Ne, H,O) were not
exceeding 0.02 %. The mixture of helium with admixture
of nitrogen (in ratio 99.5%He: 0.5%N;) was prepared in
gas-cylinder in advance. Experiments were fulfilled at
discharge current of 1 Ampere. An interelectrode voltage
was ~ 200 V and ~240 V in APGD in helium and in
mixture, correspondingly. The intensive water cooling of
cathode was ensured due to its special design.

Schematic diagram of experimental apparatus for an
absorption line profile registration is shown in fig. 1. The
discharge image was focused on entrance slit of a double
grating monochromator (MDD 500x2) of high resolution.
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Fig. 1. Schematic diagram of the experimental apparatus:
1 — probing emission source, 2, 6, 11 — lens, 3 —chopper, 4,
10 — slit-diaphragms, 5 -- synchronous sensor,

7— discharge chamber, 8 — discharge power supply,
9— windows, 12 — monochromator, 13 — photomultiplier, 14
— selective amplifier, 15 — synchronous detector,

16 — high-voltage power supply, 17 — control block,
18 — A/D converter, 19 — computer, 20 — flowmeter,
21 — gas-cylinder

20 — flowmeter, 21 — gas-cylinder.
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Fig. 3. Axial distributions of the exited helium atom concentrations in helium dischsrge (a) and in helium mixture

discharge (b)

A Gaussian instrumental profile was ~ 0.01 nm. To
determine the concentrations of the excited helium atoms
the absorption spectroscopy method was used. The APGD
was highlighted parallel to the cathode surface by a probing
emission. A halogen incandescent lamp KGM-12-50 was
used as probing light source for getting the absorption
lines in visible spectral region. The original light source
on base of arc with thermionic cathode [5] was used in the
UV region. A probing light emission was focused in
plasma volume located on the discharge axes and than
was collected on entrance slit of monochromator together
with a discharge emission. To obtain the needed
resolution in axial direction two slit-diaphragms were
used. The electrical signal proportionate to the probing
emission intensity was separated from a common
photomultiplier signal due to both the modulation of the
probing emission and the using of a selective amplifier.
To make better a signal/noise ratio the synchronous
detection was used as well.

The spectra of the probing light emission before and
after passing through plasma were registered in
experiments. Calculation of the excited helium atom
concentrations in states 2'S, 2'P, 2°S and 2°P was fulfilled
by numerical integration of the measured absorption line
profiles at the wavelength 501.6, 667.8, 388.9 and
587.6nm, correspondingly. An axial concentration
distribution was obtained due to a moving of discharge
chamber by step motor in the discharge axes direction.

3. EXPERIMENTAL RESULTS AND
DISCUSSION
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Fig. 2. The transmission line profiles at the wavelength
501.6 nm (a), 667.8 nm (b), 388.9 nm (c) u 587.6 nm (d),
solid curve — discharge in helium, dashed one in mixture

The emission spectrum of the APGD plasma consists
of the intensive lines of neutral helium atoms. The more
weak lines of the hydrogen, nitrogen, oxygen and other
elements are observed. The molecular bands are taken
place in spectrum as well. The N;( BZZ:—Xz Z;)
electron-vibration bands (1,0) 358.2 nm, (0,0) 391.4 nm,
(0,1) 427.8 nm and (0,2) 470 nm of first negative system
of nitrogen have higher intensities. The (A?Z'-X°TT;)
electron-vibration bands (0,0) 308.nm, (1,1) 314,3 nm of
hydroxyl are intensive in UV region. More intensive
spectra are registered in negative glow.
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Fig. 2. The transmission line profiles at the wavelength
501.6 nm (a), 667.8 nm (b), 388.9 nm (c) u 587.6 nm (d),
solid curve — discharge in helium, dashed one in mixture

The adding of nitrogen into working gas helium leads
to an increase of intensities of the electron systems of
molecular nitrogen. An interesting fact is that the intensity
of the second positive system of nitrogen increases more
quickly in comparison with one of the first negative
system of nitrogen while concentration of nitrogen in
mixture is increased. At the same time the bands of the
second positive system of nitrogen are not observed in
helium discharge. Therefore, a significant population of
both the N,"(B°Z") and the N(C’I1,) levels takes place in
the APGD in helium-nitrogen mixture.

The adding of nitrogen in helium influences on
populations of the low-excited helium atom levels (n = 2)
as well. The transmission line profiles at the wavelength
501.6, 667.8, 388.9 and 587.6 nm are presented in fig. 3.
These profiles were registered in negative glow. It is seen
at the adding of the 0.5% nitrogen in helium a significant
decrease of an absorption is observed at all lines.

Using the experimental transmission profile (Fig. 2)
the concentration of atoms N, in corresponding state can
be calculated as follow [5]

where Ay — wavelength of corresponding line, [/ —
thickness of absorption layer which was supposed to be
homogeneous, ¢ — light velocity, f.. — oscillator force.

The transmission profiles were registered at different
distances from cathode. Using these experimental profiles
and formula (1) the corresponding axial distributions of
concentration of low-excited helium atoms were obtained.
They are presented in fig. 3. It can be seen that the
concentration of the excited helium atoms in helium-
nitrogen mixture (99.5%He + 0.5%N5) is less one order of
magnitude than in case of pure helium. The axial
concentration distributions are analogous for discharges
in helium and helium-nitrogen mixture. Maximal
concentration magnitude takes place in cathode region at
distance about 0.1 mm from cathode surface.

Let we make the analysis of the main reactions in the
both APGDs. The low-exited levels of helium atoms play
an important role in stepped ionization processes. The
role of this ionization mechanism in the APGD is more
significant in comparison with one in the lower pressure
glow discharge. In the electric fields E/Ny < 10°V-cm?
and at the ionization degree more 107 a stepped ionization
in the APGD plasma is more important than a direct
ionization by electron collision even at free exit of light
emission [6]. Naturally, a light reabsorption increases the
stepped ionization efficiency. The charged particles are
produced in follow reactions with participation of excited
helium atoms He" [7]:

He'+ He' — He' + He +e , )

He'(n=3) + He — He, +e. 3)

The scheme of reactions in gas mixture discharge

should be added by the follow reactions describing an

interaction of helium atoms and molecules with the
nitrogen molecules [7-9]

He'+ N,—He + N, +e ,
“4)
He,(’ S} )+ N,—>He + He+ N} +e ,

(5)
He"+N, - He + N + N"+0,3 eV , (6)
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He ,+ N,—He + He+N; .
(7)

Reaction (4) is in charge of a decrease of the excited
helium atom concentrations at a nitrogen adding, because
a decrease of the He" atom concentration due to the
temperature growth is neglible. Since a significant part (a
few tens of percents) of created molecular ions of
nitrogen is in the excited B°T" state, the quenching of
excited helium atoms is accompanied by emission in first
negative system of nitrogen. The creation of molecular
nitrogen ion result in a quenching process of the He,(2°%
+") molecule at collision of metastable helium atom with
nitrogen molecule (reaction 5). Reactions (6), (7) describe
the processes of recharge at collision of both the atomic
and molecular helium with nitrogen molecules.

Thus, the adding of nitrogen into helium leads to the
reduction of concentration of both the lOw-excited
helium atomS and ions. As result of that, the nitrogen
becomes in charge of the maintenance of the APGD in
helium-nitrogen mixture even in presence of small
nitrogen admixture.
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Moscow:

BJIUAHHUE JOBABOK A30TA HA KOHIIEHTPAIIUIO 3JIEKTPOHHO-BO3BY X KJIEHHBIX ATOMOB
T'EJIASA B TIEIOINEM PA3PAJE ATMOC®EPHOI'O JTABJIEHUA

B.U. Apxunenxo, A.A. Kupunnos, JI.B. Cumonuux, C.M. 3zupoéckuii

Onpenenensl KOHIEHTPAIMA HA3KHX BO30YKIEHHBIX aTOMOB Telus B cocTosHusx 2'S, 2'P, 2°S u 2°P B mieromem
paspsiae npu arMocheprHoM nasienuu B reaud (99.98%He) u B cmecu renus ¢ azorom (99.5%He + 0.5%N.). [Tokazano,
4yro mo0aBieHHE a30Ta B TIelMid NPUBOAUT K CYHNIECTBEHHOMY YMCHBLICHHIO KaK 3aceJICHHOCTEH HIKHUX
BO30YK/ICHHBIX YPOBHEH! reNusl, TaK U KOHIICHTPAIIMH HOHOB TeNusl.

BIIJINB TOBABOK A30TY HA KOHIIEHTPAIIIO 3JIEKTPOHHO-3BYXJEHUX ATOMIB I'EJITIO B
TJIIOYOMY PO3PANI ATMOCOEPHOI'O TUCKY

B.1. Apxunenko, A.A. Kupunog, JI.B. Cumonuux, C.M. 32upoecvkuii

Bu3Ha4€HO KOHUEHTpALii HU3bKKMX 30Y/UKEHUX aTOMiB Tenito B cranax 2'S, 2'P, 2°S i 2°P y tuirouomy pospsai npu
atMocdepHoMy THCKY B Teii (99.98%He) 1 B cymimmi remiro 3 a3otom (99.5%He + 0.5%N,). [Tokazano, mo no1aBaHHS
a30Ty B reliii NPUBOAMTH O ICTOTHOrO 3MEHILIEHHS SK 3aCeJICHHOCTeH HIDKHIX 30Yy/DKEHHMX DIBHIB relilo, Tak i

KOHLEHTpAL] 10HIB TeJiI0.
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