
 

Validation of gas temperature measurements by OES in an
atmospheric air glow discharge with water electrode using
Rayleigh scattering
Citation for published version (APA):
Verreycken, T., Gessel, van, A. F. H., Pageau, A., & Bruggeman, P. J. (2011). Validation of gas temperature
measurements by OES in an atmospheric air glow discharge with water electrode using Rayleigh scattering.
Plasma Sources Science and Technology, 20(2), 024002-1/6. https://doi.org/10.1088/0963-0252/20/2/024002

DOI:
10.1088/0963-0252/20/2/024002

Document status and date:
Published: 01/01/2011

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 26. May. 2023

https://doi.org/10.1088/0963-0252/20/2/024002
https://doi.org/10.1088/0963-0252/20/2/024002
https://research.tue.nl/en/publications/4e51cd3a-ec8c-41ba-8b2d-0cdc197192a7


Validation of gas temperature measurements by OES in an atmospheric air glow discharge

with water electrode using Rayleigh scattering

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2011 Plasma Sources Sci. Technol. 20 024002

(http://iopscience.iop.org/0963-0252/20/2/024002)

Download details:

IP Address: 131.155.110.104

The article was downloaded on 06/04/2011 at 10:06

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0963-0252/20/2
http://iopscience.iop.org/0963-0252
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


IOP PUBLISHING PLASMA SOURCES SCIENCE AND TECHNOLOGY

Plasma Sources Sci. Technol. 20 (2011) 024002 (6pp) doi:10.1088/0963-0252/20/2/024002

Validation of gas temperature
measurements by OES in an atmospheric
air glow discharge with water electrode
using Rayleigh scattering
T Verreycken1,2, A F H van Gessel1, A Pageau1,3 and P Bruggeman1

1 Eindhoven University of Technology, Department of Applied Physics, PO Box 513, 5600 MB
Eindhoven, The Netherlands
2 Ghent University, Department of Applied Physics, Jozef Plateaustraat 22, B-9000 Gent, Belgium
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Abstract
Rayleigh scattering is used to determine the gas temperature of an atmospheric pressure dc
excited glow discharge in air with a water electrode. The obtained temperatures are compared
with calculated rotational temperatures measured by optical emission spectroscopy of
OH(A–X) and N2(C–B). At a current of 15 mA a deviation is found between Trot(OH) and the
gas temperature obtained from Rayleigh scattering of about 1000 K. The gas temperatures
obtained from Rayleigh scattering, N2(C) and OH(A) in the positive column are, respectively,
2600 ± 100 K, 2700 ± 150 K and 3600 ± 200 K. It is shown that the rotational temperature of
N2(C) is a reliable measurement of the gas temperature while this is not the case for OH(A).
The results are explained in the context of quenching processes of the excited states. Spatially
resolved gas temperatures in both longitudinal and radial directions are presented. The
observed strong temperature gradients near the electrodes are checked to be consistent with the
power dissipation and the heat transfer in the discharge. The effect of the polarity of the water
electrode and filamentation on the measured temperatures is discussed.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

In view of the search for non-thermal atmospheric pressure
plasmas with respect to biomedical and environmental
applications, discharges in and in contact with liquids have
gained increasing interest in the last decade [1]. Existing
applications of plasmas in liquid include surgery [2], lithotripsy
[3] and (miniaturized) chemical analysis [4]. Water containing
plasmas produce strongly oxidizing species (OH, O, H2O2, etc)
and UV radiation. However, due to the complex chemistry
and the fact that the discharges are often inaccessible for
advanced laser diagnostics, several important questions remain
unanswered, especially in view of radical densities. In order
to understand the radical production, among which OH is one

of the most important radicals for applications, it is necessary
to have accurate diagnostics to measure the plasma parameters
such as the electron temperature Te, the electron density ne and
the gas temperature Tg, which determine the chemistry together
with the gas composition. This paper tackles the issues with
the gas temperature determination already introduced in former
work of the authors (see further). The gas temperature is an
important parameter as most chemical reactions are strongly
temperature dependent, e.g. thermal dissociation reactions of
water.

The atmospheric pressure glow discharge with a water
electrode has been studied under similar discharge conditions
by several researchers [5–9]. Nonetheless there is a large
difference in the gas temperatures measured. Although in
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Figure 1. The number of photons emitted per unit time by OH(A)
for a given initial concentration of OH(A) in the case of
spontaneous emission, N2 and air as background gas and the
background gas containing 2%, 10% and 25% of water vapour.

atmospheric pressure He, N2 and air discharges with water
vapour impurities the rotational temperature of OH(A) is a
good indicator of the gas temperature [10–12], for discharges
in and in contact with liquids significantly larger rotational
temperatures are often obtained from OH(A–X) emission than
from other molecules such as N2 [13–15]. In previous work of
Bruggeman et al [14] it is shown that for a significant amount
of water vapour in the discharge (>900 ppm H2O in He) the
rotational population distribution of OH(A–X) becomes non-
Boltzmann. Although this non-equilibrium is unexpected in
highly collisional atmospheric pressure plasmas, it does occur
due to the significant reduction in the lifetime of OH(A) by
strong collisional quenching of OH(A).

The rotational energy transfer (RET) rate is estimated to
be of the order of 10−15 m3 s−1 [16, 17]. As the neutral density
is of the order of 3 × 1024 m−3 (Tg ≈ 2500 K) this leads to
about three RETs each nanosecond or somewhat less. Taking
into account that several collisions inducing RET are necessary
and that the RET rate goes down with increasing rotational
number, it takes a few nanoseconds up to about 10 ns to go
from non-equilibrium to a Boltzmann distribution. Figure 1
illustrates the number of emitted photons per unit time for a
given initial concentration of OH(A) at t = 0; as a reference
the spontaneous emission is provided as well (the radiative
lifetime of OH(A) is about 700 ns). At high pressure a large
part of the OH(A) molecules is depopulated by collisional
quenching. The quenching of OH(A) by O2 and especially
H2O has a larger cross section than that of OH(A) by N2. When
the water concentration increases to 10% or more the effective
radiative lifetime reduces so much that almost all emission
occurs during the first few nanoseconds and thermalization
is no longer possible. These concentrations are realistic for
plasmas in contact with liquids [9, 18, 19].

Because of quenching the rotational population distri-
bution of OH(A–X) does not represent a kinetic temperature
(the gas temperature), but that a rotational population
distribution like OH(A) is produced, which is non-Boltzmann,

as investigated at very low pressures [20, 21]. As the quenching
rates for N2(C) and OH(A) by H2O are of the same order
of magnitude [22], one would think that the same reasoning
is valid for N2(C). However, the energy difference between
the rotational states of N2 is smaller than in the case of OH,
since the rotational constant is inversely proportional to the
mass of the molecule. As a consequence, thermalization is
expected to be obtained more easily in the case of N2. However,
up to now it has not yet been confirmed if the rotational
temperature is a good representation of the gas temperature.

In this paper gas temperatures obtained from the rotational
bands of OH(A–X) and N2(C–B) are discussed and compared
with gas temperatures measured in this work by Rayleigh
and Raman scattering. Opposed to rotational temperatures of
excited species, which depend upon the excitation kinetics and
thus directly on the plasma parameters, Rayleigh scattering
measurements offer an alternative way to determine the
gas temperature, by measuring the gas density without
any potential dependence on the excitation or production
mechanism of excited species. First the experimental setup
and methods are presented. In section 3 the gas temperatures
in the positive column, obtained by Rayleigh scattering, are
compared with the rotational temperatures obtained from
optical emission spectroscopy (OES) of OH and N2 and
Raman scattering. Section 4 deals with the spatial temperature
distribution in the glow discharge. The consistency of the
measured temperature gradients with the power dissipation
and expected heat transfer in the discharge is also verified.
Finally, the effect of the polarity of the liquid electrode on the
gas temperature is discussed in section 5.

2. Experimental setup and methods

The electrode configuration is a metal anode–liquid cathode
system in open air and has been reported in detail in previous
work [9, 23]. Tap water with a conductivity of 250µS cm−1

is used as liquid electrode. The distance between the water
electrode and the cone shaped stainless steel electrode is fixed
at 3 mm. The discharge is excited by a Spellman dc power
supply (6 kV, 100 mA); a ballast resistor of 25 k� is placed in
series. Gas temperatures were measured in the current range
15–50 mA. In this current range the voltage is constant and
equal to 1.09 ± 0.02 kV.

The light originating from the middle of the positive
column of the glow discharge is collimated by a lens to
an optical fibre. The spatial resolution of the OES is
approximately 1 mm. High resolution spectra of the OH
band (A 2�+ → X 2� (0–0), 309 nm) are obtained with a
double echelle monochrometer (DEMON) (resolution ≈5 pm
FWHM). A grating monochromator (ACTON) of lower
resolution (≈1 Å FWHM) is used to measure the nitrogen
spectra (C 3�u → B 3�g (0–0), 337 nm).

The rotational temperature of N2(C) is determined from
the emission spectrum of N2(C–B)(0, 0) at 337 nm with
Specair [24], a program to simulate spectra. In this program
it is assumed that the rotational states are in equilibrium and
characterized by a Boltzmann distribution with an intensity
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Figure 2. Experimental and modelled spectra (Trot = 2700 K and
Trot = 3000 K) of N2(C–B) in the positive column at 15 mA. The
inset graph shows the Boltzmann plot of OH(A–X) measured in the
positive column at 15 mA. Trot(OH) is calculated from J = 4 up to
J = 25.

given by

IJJ ′ = a(2J + 1)AJJ ′νJJ ′ exp

(
− EJ

kTrot

)
, (1)

where a is a constant, AJJ ′ is the rotational transition
probability, νJJ ′ is the frequency of the transition from
rotational level J to J ′ and EJ is the rotational energy. The
rotational temperature of OH(A) is derived from the emission
of the OH(A–X)(0–0) transition at 309 nm with the Boltzmann
plot method. An example of a Specair simulation and a
Boltzmann plot of OH(A) for rotational numbers J = 4–25
is shown in figure 2. For the determination of the rotational
temperature of OH(A) a two-temperature fit (as done in [9]) is
not possible as only the first 3 rotational numbers deviate from
the second temperature. The reason for this is that quenching
depends strongly on the gas composition. The presence of
oxygen basically increases the quenching rates significantly
compared with e.g. N2 (and also He [9]), as can be seen in
figure 1. The deviation from thermal equilibrium begins to
appear thus at smaller rotational numbers (J = 4 instead of
J = 13 in [9]). In this case it is also doubtful if the three
states for J < 4 are in equilibrium because this will be a
gradual transition and not an exact transition for a certain
rotational state. The error on the rotational temperature of
OH(A) is obtained by fitting the slope of the Boltzmann plot.
In figure 2 the residuals of the fitted spectra of N2 are shown
as well. The errors on the N2(C–B) rotational temperature
are based on the fact that the error on the fit is significantly
larger (approximately 10%) by increasing/decreasing the best
fit temperature with the error value of the temperature.

Rayleigh scattering is the elastic scattering of photons by
heavy particles (atoms, ions and molecules). The inelastic
scattering of photons by molecules, which can undergo a
rotational or vibrational transition, is called Raman scattering.
As is seen by an example of a rotational Raman spectrum in
figure 3, the rotational structure is partly resolved and is mainly

Figure 3. Radial profiles of the gas temperature in the positive
column at 15 mA obtained by Rayleigh and Raman scattering. The
inset graph shows a Raman spectrum at radial position 0.8 mm.

a superposition of O2 and N2 contributions. The relative
intensity of the scattered light by the different rotational excited
states can thus be fitted to get a temperature characteristic of the
ground state O2 and N2 rotational distributions. The problem
of distortion of the rotational temperature by the formation
process of the molecule, which can occur for electronically
excited species with a short life time, does not occur for ground
state molecules of the background gas.

The fit of the Raman spectra is done by theoretically
calculating the wavelengths of the different Raman peaks
(Stokes and anti-Stokes) for a laser wavelength of 532 nm,
according to [25]. The relative intensity of the peaks is
obtained by calculating the differential cross sections and
the population density of each rotational state [25]. The
rotational states are populated according to a Boltzmann
distribution with a rotational temperature used as a fit
parameter. This theoretically obtained spectrum is convoluted
with the instrumental profile obtained experimentally from the
Rayleigh signal. The profile is fitted to the experimental data
with a least squares method using rotational temperature and
pressure (and thus air density) as fit parameters. The error
in the Raman spectra is basically increasing with increasing
temperature due to the drop in intensity and due to the
outward shift of the intensity maxima outside the spectral
range of the triple grating spectrograph (5 nm from the laser
wavelength [26]).

In the case of Rayleigh scattering, when the pressure of the
plasma is known, the gas temperature can be obtained from the
measured density by the ideal gas law. The scattered intensity
Isc ∝ σR · ngas with ngas the gas density and σR the cross
section for Rayleigh scattering. Considering the ideal gas law
at atmospheric pressure one obtains

T ∝ 295 K · Isc(295 K)

Isc(T )
, (2)

where Isc(295 K) is the Rayleigh signal when the plasma
is switched off. The error on the Rayleigh scattering
measurements is a statistical error (equal to the standard
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deviation of multiple measurements). Special care was taken
to ensure that the Rayleigh measurement was not interfered
with by stray light. Stray light made it only impossible to
measure close to the electrodes (see further). It is evident that
with the triple grating spectrometer, stray light is not an issue
for Raman scattering [26].

The Rayleigh and Raman measurements are performed
with the triple grating spectrograph reported in detail in
[26], which has been developed for Thomson scattering
measurements. For Rayleigh scattering measurements the
mask of the triple grating spectrograph, which removes the
laser wavelength for Raman and Thomson measurements, is
removed. A frequency doubled Nd : YAG laser (Continuum,
532 nm) is used that produces 100 mJ, 7 ns laser pulses with a
pulse repetition rate of 10 Hz. The laser beam has a waist of
approximately 200 µm, which is of the same magnitude as the
spatial resolution of the Rayleigh measurement in section 4 (as
determined by the mechanical positioning of the plasma).

The gas temperature obtained by Rayleigh scattering
is compared with the gas temperature obtained by Raman
scattering for a radial cross section of the discharge at a
current of 15 mA (figure 3). The cross section for Rayleigh
scattering depends on the composition of the gas; a higher
concentration of water vapour could reduce the total cross
section up to 4% and 10% for 10% and 30% of water
vapour in the discharge, respectively [27]. An upper limit of
the water vapour concentration in a discharge between two
liquid electrodes is estimated by Andre et al [19]. They
obtained maximum water vapour percentages of 25% and 45%
in the anode and cathode regions, respectively. The water
vapour concentration in a metal pin–water electrode system
is expected to be the lower limit of these values, which is
consistent with the results previously obtained in He–N2–H2O
mixtures [9]. From figure 3 it is clear that good agreement
is found when comparing the gas temperatures obtained by
Rayleigh and Raman scattering, so that Rayleigh scattering
can be considered as a reliable gas temperature measurement.
However, the error on the gas temperature obtained by Raman
scattering is very high in the centre of the discharge, which
is mainly due to the low intensity of the signal at elevated
temperatures and uncertainty on the baseline.

3. Comparison of the gas temperature obtained by
Rayleigh scattering and OES in the positive column

The gas temperature in the positive column obtained by
Rayleigh scattering and the rotational temperatures of N2(C)

and OH(A) are shown in figure 4 as a function of current.
A clearly increasing trend with current is observed for the
gas temperature obtained by Rayleigh scattering, whereas the
rotational temperature obtained from OH(A) remains constant
in all cases. Rotational temperatures of OH(A) obtained in the
past by Bruggeman et al for an almost identical setup using
rotational levels up to J = 15 are also independent of the
current and amount to 3300 ± 250 K [7, 8]. An increase in the
rotational temperature of N2(C) with current is also found in
this work which corresponds within the experimental accuracy
to the gas temperature obtained by Rayleigh scattering. The

Figure 4. Gas temperatures in the positive column as a function of
current measured by Rayleigh scattering and optical emission
spectroscopy of N2(C–B) and OH(A–X).

latter can be considered as an appropriate measurement of the
gas temperature as discussed above (figure 3). This shows
that the rotational temperature of OH(A) is indeed not a good
representation of the gas temperature, even when the rotational
population distribution seems to be Boltzmann (apart from the
levels J � 3, figure 1). The curve of Rayleigh temperatures is
steeper than the curve of rotational temperatures of N2(C). In
any case it is clear that the gas temperature will not be higher
than the rotational temperature of OH(A). This means that the
maximal underestimation of the gas temperature by Rayleigh
scattering is 10%, which corresponds to a water concentration
of 30% in the discharge (for the highest current). This is
indeed consistent with the results presented in section 2. It
is clear that when using OES to obtain the gas temperature a
heavy molecule which is not produced in a dissociation process
should be used.

An increase in the gas temperature with current follows
from an increase in power and is also observed by Staack
et al for an atmospheric glow discharge in air between two
metal electrodes [28]. Even non-radially resolved OES of
N2(C–B) gives the highest temperature, which indicates that
the emission originates from the core of the plasma. The
extremely high rotational temperatures of OH(A), ranging
from 4000 up to 5000 K measured by Marcus and Davis [5]
and Mezei et al [6] under similar conditions, are an unrealistic
representation of the gas temperature and 3300 K for the higher
current situations seems a more realistic upper limit. For higher
currents (40–50 mA) the rotational temperature of OH(A)

seems to approach the gas temperature, which can be due to a
better thermalization of the rotational population distribution
of OH(A–X) [9]. Also, in high temperature discharges,
such as arc discharges, the emission from OH(A–X) gives a
realistic indication of the gas temperature [12, 29]. However,
the relative change in the spectrum of OH decreases with
increasing temperature and, as a consequence, the accuracy
of the gas temperature determination decreases.

The gas temperature measured in this work is higher than
in the case of a glow discharge in air between two metal
electrodes [30], where the gas temperature has a maximum

4



Plasma Sources Sci. Technol. 20 (2011) 024002 T Verreycken et al

00.511.522.53

0
0.5

1
1.5

2

0

500

1000

1500

2000

2500

3000

radial  
position (mm)

distance from water cathode
 

ga
s 

te
m

pe
ra

tu
re

 (
K

)

500

1000

1500

2000

2500

Figure 5. Two-dimensional profile of the gas temperature as a
function of the distance from water cathode at 15 mA measured by
Rayleigh scattering.

value of 2470 K at 92 mA (in the positive column). The hotter
gas temperature (in the positive column) in the current case is
due to a larger concentration of water vapour in the discharge.
Since water has a higher V –T rate than O2 and N2 and the
V –V process of O2–H2O and N2–H2O is fast, additional gas
heating occurs compared with pure air as recently shown by
Ono et al [31]. They found an increase in temperature by about
a factor of two for an increase in water vapour concentration
from 0.5% up to 2.4% in streamer discharges.

4. Spatial distribution of the gas temperature

A two-dimensional profile of the gas temperature as a function
of the distance from the water cathode at 15 mA is shown in
figure 5. The temperature profiles are measured by Rayleigh
scattering. The gas temperature has a maximum in the positive
column (2700 ± 100 K) and decreases towards the electrodes
(850 ± 100 K and 700 ± 100 K at the water cathode and the
metal anode, respectively). Due to stray light coming from the
water electrode, it was not possible to obtain a gas temperature
from the region very close to the water cathode.

The gas temperatures obtained in the anode and cathode
region are much lower than the gas temperatures measured by
Mezei et al [6], who found unrealistically high temperatures
of 8000 K and 6000 K from the emission of OH(A–X) in
the near cathode and anode region respectively. Bruggeman
et al [8] reported a drop in the rotational temperature of
N2(C) in the water electrode region. Nonetheless, the
rotational temperature of N2(C) at the electrodes (2200±200 K
and 1400 ± 200 K in the near-cathode and anode region,
respectively) are higher than the gas temperatures in this work
[8]. The Rayleigh scattering measurement did not allow us
to measure in the anode sheath, as the sheath only has a
width 100 µm. The gas temperature in the anode region could
be somewhat higher, as measured by Staack et al [32], but
because of the relatively low spatial resolution this could not
be measured.

The rotational temperature of N2(C–B) in the cathode
layer, measured by Bruggeman et al [7], is much larger than
the gas temperature obtained from Rayleigh scattering. This
can be explained because the discharge is filamentary in nature

when close to the cathode [8]. The temperature obtained from
Rayleigh scattering is not the local temperature in the filament
but an averaged temperature of the gas, while the emission of
N2(C) for the rotational temperature measurement arises from
localized filaments in the plasma where the gas temperature is
higher.

In the next paragraph, the gas temperature gradients
towards the electrodes are checked to be consistent with the
power dissipation in the plasma with some straightforward
estimates. Starting from the equation for the power input per
unit length

P

l
= iE, (3)

where i is the discharge current and E the electric field, the
power in the positive column PPC can be calculated. At a
current of 15 mA and an electric field in the positive column
of 95 V mm−1 [9], PPC equals 4.3 W while the total power is
16.4 W. According to the measurements of Stepaniuk et al in a
similar discharge in air [30], 50% of the power in the positive
column goes to convection losses, so in this case about 2.2 W
goes to convection losses. From Fourier’s law of conduction
we estimate the radial losses by thermal conduction to be 1.7 W.
This means that the temperature gradient at the anode and
cathode needs to be(∣∣∣∣∂T

∂x

∣∣∣∣
a

+

∣∣∣∣∂T

∂x

∣∣∣∣
c

)
≈ 0.5 W

kπr2
, (4)

where k is the thermal conductivity of the gas and r is the
radius of the discharge (r ≈ 0.5 cm). As the cathode gradient
is about twice the anode gradient, �T ≈ 2300 K is obtained
for �x = 0.5 mm, corresponding to the observed distance for
which the gas temperature is starting to drop significantly. A
temperature gradient of ≈2300 K is about the same order as
the temperature drop observed in figure 5.

5. The effect of polarity of the liquid electrode

Rayleigh scattering measurements have additionally been
attempted for positive polarity of the liquid, but it was not
possible to obtain reliable data due to the irregular movement
of the discharge when the water electrode is the anode.
Nonetheless to compare the water cathode and anode cases,
and thus to discuss the influence of the polarity, we present the
spatially-averaged but time-resolved gas temperature obtained
from the rotational temperature of N2(C–B) for a 600 ns pulsed
discharge for both polarities (figure 6). For details the reader is
referred to [33]. In the case of the water cathode, filamentation
leads to strong heating while the diffuse discharge in the
case of the water anode remains rather cold (<1000 K). As
shown by Bruggeman et al [8] the gas temperature close to
the water anode in the dc equivalent drops to 750 K (even with
limited spatial resolution), while the gas temperature in the
water cathode region is 2200 K. This clearly indicates that
in the water anode case the gas temperature near the water
surface will also decrease towards room temperature. Since
the electric field and current in the positive column are polarity
independent, this is consistent with the estimations of the
temperature gradient made in the previous section.
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Figure 6. Evolution of the gas temperature during a 600 ns pulsed
discharge for both polarities. The applied voltage is 4 kV, the current
is 1–4 A and 0.3–0.5 A for the water cathode and anode,
respectively. The inter-electrode distance is 1.5 mm. See also [33].

6. Conclusion

The gas temperature of an atmospheric pressure glow discharge
with a water cathode was measured by Rayleigh scattering
and was compared with gas temperatures obtained from
optical emission spectroscopy of OH(A–X) and N2(C–B).
The gas temperature obtained from Rayleigh scattering and the
rotational temperature of N2(C) show a clear increase in the
current range 15–40 mA, while the rotational temperature of
OH(A) remains constant. At 15 mA the rotational temperature
in the positive column calculated from the emission of OH(A)

is 3600 ± 200 K, while the gas temperature obtained from
Rayleigh scattering and the rotational temperature of N2 are,
respectively, 2600 ± 100 K and 2700 ± 150 K.

In spite of the same quenching cross section of N2(C) as
for OH(A) in collision with H2O, the rotational temperature
of N2(C) is a good estimate of the gas temperature. The RET
of N2(C) is faster than in the case of OH(A) due to its higher
mass. This means that it is better to use heavier molecules
such as N2 for which thermalization of the rotational states is
not inhibited by quenching.

There is a strong temperature gradient near the electrodes,
consistent with the power dissipation and heat transfer. The
temperature in the filaments near the water cathode (≈2200 K)
is much higher than the averaged gas temperature in this region
(≈800 K).
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