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Abstract. In this study, analysis of optical emission spectra are used for the detection of OH (A2Σ)
radicals and O (3p5P), Hα (3P) and N (3p4P) active atoms produced by the high-voltage bi-directional
pulsed corona discharge of N2 and H2O mixture gas in a needle-plate reactor at one atmosphere. The
relative vibrational populations and the vibrational temperature of N2 (C, v′) are determined. The effects
of pulse peak voltage, pulse repetition rate and the added O2 flow rate on the relative populations of OH
(A2Σ) radicals and O (3p5P), Hα (3P) and N (3p4P) active atoms are investigated. It is found that when
pulse peak voltage and pulse repetition rate are increased, the relative populations of those excited states
radicals rise correspondingly. The relative population of OH (A2Σ) radicals decreases with increasing the
flow rate of oxygen. The relative populations of O (3p5P), Hα (3P) and N (3p4P) active atoms increase
with the flow rate of oxygen at first and exhibit a maximum value at about 30 ml/min. When the flow
rate of oxygen is increased further, the relative populations of those excited states active atoms decrease
correspondingly. The main involved physicochemical processes also have been discussed.

PACS. 52.70.Kz Optical (ultraviolet, visible, infrared) measurements – 52.80.Hc Glow; corona – 82.33.Xj
Plasma reactions (including flowing afterglow and electric discharges) – 52.20.Hv Atomic, molecular, ion,
and heavy-particle collisions

1 Introduction

Pulsed corona discharge is one of non-thermal plasma
characterized by low gas temperature and high-electron
temperature. Short-duration pulsed corona discharge has
some advantages over other method, which is more effi-
cient in energy conversion than other non-thermal plasma
techniques. By pulsed corona discharge, more electrical en-
ergy input goes into the production of energetic electrons
than gas heating [1]. High-energy electrons generated by
short-duration pulsed corona discharge can efficiently dis-
sociate, excite and ionize N2, O2 and H2O into oxygenated
radicals (OH, O, H, N, HO2, etc.) or active species (O3,
H2O2, etc.) [2]. OH, O, H, N, HO2, N+, N+

2 and O3 etc.
active species with strong reactivity are considered im-
portant in removal of acid gases from flue gases, organic
compounds removal from water, bacterial decontamina-
tion, VOCs decomposition and destruction of other toxic
compounds etc. fields [3–12]. Especially, OH radicals play
the central role for their strong oxidation in many physico-
chemical processes [13,14]. In flue gas, NO can be oxidized
to NO2 by O, OH, HO2 and O3 and SO2 can be oxidized to
SO3 by the O atom and the consequent chemical reactions
caused by these active species can oxidize those acid gases
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into H2SO4 and HNO3, and then into aerosol of ammo-
nium sulphate and ammonium nitrate when ammonia is
added. Atomic oxygen can react with O2 to produce ozone.
The N atom can convert nitric oxide into molecular nitro-
gen. Atomic hydrogen plays important roles in chemical
vapor depositions of diamond and other functional mate-
rials [15,16], plasma etching of thin solid films [17] as well
as chemical synthesis of ammonia and other hydrogen-
containing compounds [18].

Recently, there have been a number of plasma diag-
nosis studies regarding the OH, O, H, N, HO2, N+, N+

2
etc. active species [19–30]. Ono and Oda [19–22] had mea-
sured the electronic ground state OH radicals generated
by a pulsed discharge by laser-induced fluorescence with
a tunable KrF excimer laser and discussed the O radical’s
role to generate OH radicals. Sun et al. [23] did optical
studies of radicals (OH, O and H) produced by a pulsed
streamer corona discharge in water. The influence of ultra-
violet illumination on OH formation in dielectric barrier
discharges (DBD) of Ar, O2 and H2O mixture was also
studied [24]. Su et al. [25] introduced a new method by
measuring the amount of CO2 produced through oxida-
tion of CO by OH radicals for the quantitative measure-
ment of OH. Park et al. [26] investigated additive effect
of C2H4, H2O, H2O2 on the emission intensity of OH and
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NO/NO2/NOx reduction and analyzed the related reac-
tion mechanism in corona discharge process using a wire-
cylinder plasma reactor. Wang et al. [27] had investigated
the emission spectrum of OH, O and H produced in a
needle-plate positive pulsed streamer discharge at one at-
mosphere. Tang et al. [28] present the diagnostic results
of N+ and N+

2 in high-voltage pulsed corona discharge ni-
trogen plasma by a molecular beam mass spectrometer.
Wang et al. [29,30] also had probed H−, H−

3 , H+, H+
2 , H+

3
etc. ions in dielectric barrier discharge hydrogen plasma
by a molecular beam mass spectrometer.

In this article, we present the diagnostic results of OH
(A2Σ → X2Π, 0-0), O (3p5P → 3s5So

2), Hα (3P → 2S) and
N (3p4P → 3s4So) emission spectra in the high-voltage bi-
directional pulsed corona discharge plasma with needle-
plate electrode configuration. The bi-directional pulsed
corona discharge has a unique advantage over other dis-
charge. Both of positive pulse and negative pulse can pro-
duce active species. Horvath and Kiss [31] have pointed
out that bi-directional pulsed corona discharge is more
efficient than unidirectional pulsed corona discharge in re-
moving NOx. Especially the removal of contamination in
water is more effective [32,33]. The emission spectrum of
the ∆v = +1 (1-0, 2-1, 3-2, 4-3) vibration transition band
of N2 (C3Πu → B3Πg) is simulated through gauss distri-
bution. The emission intensity of OH (A2Σ → X2Π, 0-0)
has been evaluated with a satisfactory accuracy. The rela-
tive populations of OH (A2Σ) radicals and O (3p5P), Hα

(3P) and N (3p4P) active atoms have also been obtained
by the corresponding emission intensities and Einstein’s
transition probabilities. The influences of pulse peak volt-
age, pulse repetition rate and the O2 flow rate on the
relative populations of OH (A2Σ) radicals and O (3p5P),
Hα (3P) and N (3p4P) active atoms are investigated under
severe electromagnetic interference caused by the pulsed
discharge. The main involved physicochemical processes
have also been discussed.

2 Experimental set-up

The experimental set-up is illustrated schematically in
Figure 1a. It is composed of a bi-directional pulsed power
supply, a discharge reactor, an optical detection sys-
tem and a gas-mixing chamber. The bi-directional pulsed
power can supply high voltage pulse with a rising time
of about 20 ns, a pulse width of about 60 ns, and an ad-
justable repetition rate in rang of 0–350 Hz. The switch of
the bi-directional pulsed power supply is a rotary spark
gap and the capacitors used in the pulsed power sup-
ply include pulsed capacitor (Cp) and storage capaci-
tor (C). The pulsed capacitor is charged by the storage
capacitor and delivers pulse power into the discharge re-
actor. The schematic diagram of the bi-directional pulse
power supply circuit is shown in Figure 1b. The dis-
charge voltage is measured with an oscilloscope (Tektronix
TDS3052B) and a 1:1000 high-voltage probe (Tektronix
P6015A 1000 × 3.0 pF 100 MΩ). The discharge current
is measured with a current probe (Tektronix TCP202).
Figure 2a shows the waveform of a bi-directional pulse

(a)

(b)

(c)

Fig. 1. (a) Schematic of the experimental set-up. (b) The
schematic diagram of the bi-directional pulse power supply cir-
cuit. The CP is the pulsed capacitor and the C is the storage
capacitor. (c) The detailed drawing of the electrode configura-
tion.
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Fig. 2. (a) Typical waveform of the bi-directional pulse dis-
charge voltage in N2 and water vapor mixture gas. (b) The
discharge voltage and discharge current waveforms of the posi-
tive pulse of the bi-directional pulse. (c) The discharge voltage
and discharge current waveforms of the negative pulse of the
bi-directional pulse.

discharge voltage. The waveforms of the positive direction
and negative direction of the bi-directional pulse voltage
and current are shown in Figures 2b and 2c, respectively.
The bi-directional pulsed corona discharge is generated
in a stainless-steel reactor so that the environmental con-
ditions could be controlled. The discharge reactor could
be evacuated with a rotary pump. The reactor utilizes
needle-plate electrode of which can be the 0–30 mm ad-
justable thickness gas spacing, the needle-plate electrode

is placed in the center of the stainless-steel reactor and the
discharge plasma is produced in the gas spacing. The pos-
itive electrode (needle) is made of tungsten with a diam-
eter of 0.8 mm and the tip of the needle is sharpened and
rounded. The cathode is made of a stainless-steel plate
with a diameter of 30 mm. A quartz optical fiber head
is vertically located 8 mm from the tip of the needle elec-
trode. The gap space between the needle electrode and the
plate electrode is fixed at 8 mm. Figure 1c shows the de-
tails of the electrode configuration. In order to reduce the
interferences of discharge pulses to the detection system
and other instruments, the high-voltage pulse power sup-
ply is placed in a two-layer shielding box. Both the pulsed
power supply and the reactor are connected to the ground
separately. The optical emission from the discharge region
is collected by a MODEL SP-305 grating monochrometer
(grating groove is 1200 lines/mm, glancing wavelength is
350 nm). After the diffraction of the grating, the output
spectral light is converted into an electrical signal by a
photo multiplication tube (mode R928) and the output of
the photo multiplication tube is recorded by a computer.
High purity N2 (99.999%) and high purity O2 (99.999%)
are used as discharge gases under the gas pressure of
1.013 × 105 Pa. The N2 bubbles the water to control hu-
midity in discharge reactor. The temperature of the water
is heated at 100 ◦C. When the N2 bubbles through the
water and uniformly diffuses into the discharge space, the
gas temperature is about 80 ◦C. The water vapor concen-
tration is about 10% in discharge reactor.

3 Experimental results and discussion

3.1 The measurement of the OH (A2Σ) radicals
and O (3p5P), Hα (3P) and N (3p4P) active atoms
emission spectra

In the non-thermal plasma generated by the bi-directional
pulse corona discharge at one atmospheric pressure, elec-
trons with much bigger migration rates can be accelerated
by the imposed instantaneous electric field to high kinetic
energy. The non-elastic collision of the energetic electrons
with H2O, N2 and O2 molecules will induce H2O, N2 and
O2 molecules to be dissociated, excited and ionized to pro-
duce OH, O, H, N, HO2, N+ and O−

2 etc. radicals and ac-
tive species. Figure 3 shows a typical emission spectrum
produced by a bi-directional pulsed corona discharge of
N2 and H2O mixture at one atmosphere with 31 kV pulse
peak voltage and 60 Hz pulse repetition rate. The flow rate
of N2 into the reactor is kept at 200 ml/min. The emission
spectrum mainly consists of OH (A2Σ → X2Π, 0-0), N2

(C3Πu → B3Πg), O (3p5P → 3s5So
2), Hα (3P → 2S) and

N (3p4P → 3s4So).
The main physicochemical processes concerning the

electrical ground states OH radicals and O, H and N atoms
are listed in Table 1.

The main reactions of producing electrical ground
states OH radicals and O, H and N atoms in the bi-
directional pulse corona discharge N2 and H2O plasmas
are listed in Table 1. And the excited OH (A2Σ) radicals
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Table 1. Main physicochemical processes in N2 and H2O plasmas.

Reaction process Reaction rate (cm3 s−1)a

e + H2O → e + H + OH 2.6 × 10−12 (1)

e + H2O → H− + OH 2.6 × 10−12 (2)

e + H2O → 2e + H+ + OH 4.4 × 10−16 (3)

e + H2O
+ → H + OH 3.8 × 10−7 (4)

O(1D) + H2O → 2OH 2.3 × 10−10 (5)

N2 (A3 ∑+
u ) + H2O → OH+H+N2 4.2 × 10−11 (6)

e + H2O → 2e + H+
2 +O 1.0 × 10−20 (7)

e + H2O
+ → H2 + O 1.4 × 10−7 (8)

e + H2O
+ → 2H + O 1.73 × 10−7 (9)

OH + H → H2 + O 1.38 × 10−14 T exp(−3500/T ) (10)

e + H2O → 2e + H + OH+ 2.6 × 10−14 (11)

OH + O → H + O2 3.8 × 10−11 (12)

e + N2 → e + 2N 2.0 × 10−11 (13)

e + N2 → 2e + N + N+ 2.4 × 10−17 (14)

e + N+ → N 3.5 × 10−12 (15)

e + N+
2 → 2N 2.8 × 10−7(300/Te)

0.5 (16)

N2 + N+
2 → N+ + N + N2 7.0 × 10−11 (17)

N+ + N2 → N + N+
2 �1.0 × 10−11 (18)

N+ + O2 → N + O+
2 3.0 × 10−10 (19)

N2 + O+ → N + NO+ 1.2 × 10−12 (20)

N2 + O → N + NO 1.06 × 10−6T−1 exp(−38400/T ) (21)
aRate constants listed here are quoted from reference [34], except for the process (17), (18) which are from reference [28]. The
rate constants refer to the mean electronic energy kTe of 3.3 eV for electron-involved interactions or Tion (≈ Tneutr) of 300 K for
neutral-ion reactions, except for process (10), (16) and (21), where T represents the gas temperature involved in the expression.

Fig. 3. Typical emission spectra of OH (A2Σ → X2Π 0-0),
N2 (C3Πu → B3Πg), O (3p5P → 3s5So

2), Hα (3P → 2S) and
N (3p4P → 3s4So) generated by a bi-directional pulsed corona
discharge in N2 and H2O mixture at 31 kV pulse peak voltage
and 60 Hz pulse repetition rate.

and O (3p5P), Hα (3P) and N (3p4P) active atoms are also
mainly produced by the reactions in Table 1. The proba-
bility of the interactions of electrons and electrical ground
states radicals is very little for the small concentrations
of the ground states radicals and the interactions can be
neglected.

Therefore, at the present experimental conditions,
OH (A2Σ) radicals are mainly produced in reactions (1)
and (2) by the electron-molecule interactions of electrons
and H2O and the reactions (3–6) can be neglected for the

small concentrations of H2O+, O (1D) and N2(A2Σ+
u ) and

little reaction rates.
The reactions (7–10) can produce O (3p5P) atoms,

nevertheless the reactions of (8–10) are unlikely dominant
for the production of O (3p5P) atoms due to the small
concentrations of H2O+, OH and H. Therefore, O (3p5P)
atoms are predominantly formed in reaction (7) by the
electron-molecule interaction of electrons and H2O.

Similarly, the reactions (4), (6), (9), (11) and (12) are
unlikely dominant for the production of Hα (3P) atoms
due to the small concentration of H2O+, N2(A2Σ+

u ), OH
and O as well as small rate constant in reactions, thus,
the electron-molecule interaction (1) of electron and H2O
is likely the most important.

N (3p4P) atoms can be formed in reactions (13–21).
While the reactions (14–21) are unlikely dominant in N2

and H2O plasmas due to the small concentration of N+
2 ,

N+, O, O+ and O2 as well as small rate constant in re-
actions. The electron-molecule interaction (13) of electron
and N2 is the predominant process to produce N (3p4P)
atoms.

3.2 The relative vibrational populations
and the vibrational temperature of N2 (C, v′)

Figure 4 is a part of Figure 3. From Figure 4 we can
see that the emission spectrum of OH (A2Σ → X2Π,
0-0) is seriously interfered by the emission spectrum of
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Fig. 4. Typical emission spectra of OH (A2Σ → X2Π 0-0)
and N2 (C3Πu → B3Πg) generated by a bi-directional pulsed
corona discharge in N2 and H2O mixture at 31 kV pulse peak
voltage and 60 Hz pulse repetition rate.

the ∆v = +1 vibration transition band of N2 (C3Πu →
B3Πg). Therefore, it is necessary to subtract the emission
intensity of the ∆v = +1 vibration transition band of N2

(C3Πu → B3Πg) from the overlapping spectra to get the
emission intensity of OH (A2Σ → X2Π, 0-0). The relative
vibrational populations of N2 (C, v′) can be determined
though the equation (22):

Sv′v′′ ∝ Nv′(FC)v′v′′R2
e(rv′v′′)ν3

v′v′′ (22)

where Sv′v′′ is the integral emission intensity, Nv′ is the
population of the electronic excitation state vibrational
energy level v′, (FC)v′v′′ is the corresponding Frank-
Condon factor (quoted from Ref. [35]), Re(rv′v′′) is elec-
tronic transition moment and Re(rv′v′′) is nearly con-
stant, νv′v′′ is the corresponding transition frequency. By
calculating the integral emission intensity Sv′v′′ of the
∆v = −3 and the ∆v = −4 vibration transition bands of
N2 (C3Πu → B3Πg), the relative vibrational populations
of N2 (C, v′) in present experimental condition can be de-
termined N0:N1:N2:N3:N4 = 1.00:0.384:0.116:0.044:0.019
by equation (22). And then the vibrational temperature
of N2 (C) can be determined by the following equation:

N1/N0 = e−∆E/kTv (23)

where N1 and N0 are the relative vibrational populations
of the 1 and 0 vibrational states, respectively. ∆E is the
energy difference between the 1 and 0 vibrational states
and k is the Boltzman’s constant. Tv stands for the vi-
brational temperature. Therefore, the vibrational temper-
ature between the 1 and 0 vibrational states can be de-
termined, and the vibrational temperatures between the 2
and 1, 3 and 2, 4 and 3 vibrational states also can be de-
termined with the same method. At present experimental
conditions, the mean vibrational temperature of N2(C) is
2790 K.

The emission intensity of the ∆v = +1 (1-0, 2-1, 3-2,
4-3) vibration transition band of N2 (C3Πu → B3Πg)
can be determined by equation (22) with the relative vi-
brational populations of N2 (C, v′), Frank-Condon fac-
tor and the spectrum response of photomultiplier tube.

Fig. 5. The emission intensity of OH (A2Σ → X2Π 0-0) ob-
tained through the simulation of the emission spectrum of the
∆v = +1 vibration transition band of N2 (C3Πu → B3Πg) by
the Gauss form and the relative populations of N2 (C, v′).

Since the experimental pressure is at one atmosphere, gas
molecule collision frequency is about 1010 times per sec-
ond by gas dynamics. The radiation lifetime of the N2 (C)
state is about 40 ns [35], therefore the N2 (C) molecule
collides with other gas molecules about 400 times before
radiative emission. The rotational equilibrium is reached
in each vibrational state of the N2 (C) state, and then
the vibrational distribution can be described by the same
expression. Due to the difficulty of determining the ex-
act emission spectrum line shape function, a Gaussian
form was used for the deconvolution of the overlapping
emission spectrum (Fig. 5). The emission spectrum of the
∆v = +1 (1-0, 2-1, 3-2, 4-3) vibration transition band of
N2 (C3Πu → B3Πg) can be deduced quite accurately from
the simulation process. And then the emission intensity of
OH (A2Σ → X2Π, 0-0) can be evaluated with a satisfac-
tory accuracy by subtracting the emission intensity of the
∆v = +1 vibration transition band of N2 (C3Πu → B3Πg)
from the overlapping spectra.

The relation between the emission intensity S and the
excited state relative population is given as follows

S = NAhν (24)

where A is the Einstein’s transition probability, h is the
Planck constant, ν is the transition frequency. There-
fore, the relative population of OH (A2Σ) can be deter-
mined by equation (24) with the emission intensity of OH
(A2Σ → X2Π, 0-0) and the corresponding Einstein’s tran-
sition probabilities (A(OH) = 0.0145 × 108 s−1, A(O) =
1 × 108 s−1, A(H) = 0.225 × 108 s−1, A(N) = 0.193 ×
108 s−1).

3.3 The effects of pulse peak voltage on the relative
populations of OH (A2Σ) radicals and O (3p5P),
Hα (3P) and N (3p4P) active atoms

The effects of pulse peak voltage on the relative popula-
tions of OH (A2Σ) radicals and O (3p5P), Hα (3P) and
N (3p4P) active atoms are shown in Figure 6. The pulse
repetition rate is 60 Hz and is kept constant during the
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Fig. 6. The relative populations of OH (A2Σ) radicals and
O (3p5P), Hα (3P) and N (3p4P) active atoms as a function
of pulse peak voltage at 60 Hz pulse repetition rate and one
atmosphere.

measurements. The flow rate of N2 into the reactor is kept
at 200 ml/min. Figure 6 clearly shows that the relative
populations of OH (A2Σ) radicals and O (3p5P), Hα (3P)
and N (3p4P) active atoms increase with increasing pulse
peak voltage.

The OH (A2Σ) radicals and O (3p5P), Hα (3P) and N
(3p4P) active atoms are mainly produced by the electron-
molecule interactions (1), (2), (7) and (13). The increas-
ing of pulse peak voltage can induce the increasing of the
high-energy electron density and the electron mean energy
and more OH (A2Σ) radicals and O (3p5P), Hα (3P) and
N (3p4P) active atoms can be produced by the electron-
molecule interactions (1), (2), (7) and (13). Therefore, the
populations of OH (A2Σ) radicals and O (3p5P), Hα (3P)
and N (3p4P) atoms increase with the increasing of pulse
peak voltage.

3.4 The effects of pulse repetition rate on the relative
populations of OH (A2Σ) radicals and O (3p5P),
Hα (3P) and N (3p4P) active atoms

The effects of pulse repetition rate on the relative popu-
lations of OH (A2Σ) radicals and O (3p5P), Hα (3P) and
N (3p4P) active atoms are shown in Figure 7. The pulse
peak voltage is 30 kV and is kept constant during the mea-
surements. The flow rate of N2 into the reactor is kept at
200 ml/min. From Figure 7, we can see that the relative
populations of those excited states radicals increase with
increasing pulse repetition rate. Since the peak voltage is
not changed, per unit pulse discharge creates nearly the
same number of radicals and active atoms. Thus the rel-
ative populations of OH (A2Σ) radicals and O (3p5P),
Hα (3P) and N (3p4P) atoms increase with the increasing
of pulse repetition rate.

Fig. 7. The relative populations of OH (A2Σ) radicals and
O (3p5P), Hα (3P) and N (3p4P) active atoms as a function
of pulse repetition rate at 30 kV pulse peak voltage and one
atmosphere.

Fig. 8. The relative populations of OH (A2Σ) radicals and
O (3p5P), Hα (3P) and N (3p4P) active atoms as a function
of O2 flow rate at 29 kV pulse peak voltage and 70 Hz pulse
repetition rate.

3.5 The effects of O2 addition on the relative
populations of OH (A2Σ) radicals and O (3p5P),
Hα (3P) and N (3p4P) active atoms

In order to investigate the effects of oxygen on the relative
populations of OH (A2Σ) radicals and O (3p5P), Hα (3P)
and N (3p4P) active atoms, oxygen is added into the N2

and H2O mixture in the bi-directional pulsed corona dis-
charge. When oxygen is added, the added O2 capture a lot
of free electrons and form O−

2 ions and the humidity en-
hances the attachment of electrons to O2, thus the added
O2 decrease greatly the density of free electrons and the
electron mean energy [36–38]

e + O2 → O−
2 (25)

e + O2 + M → O−
2 + M (26)

where M may be N2, O2, and H2O molecule.
Figure 8 clearly shows that the relative populations of

OH (A2Σ) radicals and O (3p5P), Hα (3P) and N (3p4P)
active atoms varies as a function of O2 flow rate at 4 dif-
ferent oxygen flow rates of 10, 20, 30 and 40 ml/min at
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29 kV pulse peak voltage and 70 Hz pulse repetition rate.
The flow rate of N2 into the reactor is kept at 200 ml/min.
From Figure 8, we can see that the relative population of
OH (A2Σ) decreases with the flow rate of oxygen. The
relative populations of O (3p5P), Hα (3P) and N (3p4P)
active atoms increase with the flow rate of oxygen at first
(from 0 to 30 ml/min) and exhibit a maximum value at
about 30 ml/min. When the flow rate of oxygen is in-
creased further, the relative populations of those active
atoms decrease correspondingly.

In order to explain the observed experimental phenom-
ena, we will further discuss the physicochemical processes
of interaction when oxygen is added. Firstly the added
O2 can be dissociation in the reactions (27–29) by the
electron-molecule interactions of electrons and O2:

e + O2 → O− + O (27)

e + O2 → e + O + O
(
1D

)
(28)

e + O2 → O+ + O + 2e. (29)

A lot of excited state O (3p5P) atoms and O (1D) can be
produced. Ono and Oda [21] have pointed out that in a hu-
mid air, most of the OH would be produced by interaction
of O (1D) and H2O in reaction (5). And Penetrante [38]
also points out that when O2 exists and forms water clus-
ter ions (O+

2 (H2O) and H3O+(H2O)) it is an important
approach to form OH radicals through the dissociative re-
actions of water cluster ions

O+
2 (H2O) + H2O → H3O+ + OH + O2 (30)

H3O+(OH) + H2O → H3O+ + OH + H2O. (31)

Thus, a lot of OH radicals can be produced. However,
at the same time, a lot of O atoms and O3 molecules
produced by the added O2 can react with OH radicals

OH + O → H + O2 (12)
OH + O3 → HO2 + O2. (32)

Because of the depletion of OH radicals and free electrons,
the relative population of excited state OH (A2Σ) radicals
decrease with increasing the added O2 flow rate.

At the same time, a lot of excited state Hα (3P) atoms
can be produced by interaction of OH and O by reac-
tion (12). Owing to the concentrations of O2, O and O+

rising obviously when oxygen flow is added into a N2 and
H2O mixture, more excited state N (3p4P) atoms also can
be produced by the reactions (19), (20) and (21).

Thus it can be seen, when the oxygen flow is added
into N2 and H2O mixture, the relative populations of
O (3p5P), Hα (3P) and N (3p4P) active atoms enhance at
the beginning. When the flow rate of oxygen is increased
further, the added O2 capture lots of electrons and form
O−

2 ions by the processes (25) and (26) and the density of
free electrons and the electron mean energy are decreased
greatly. When oxygen depletes too many free electrons
in the discharge, the discharge channels are seriously de-
stroyed and the relative populations of O (3p5P), Hα (3P)
and N (3p4P) active atoms decrease.

For further understanding of the observed phenomena
and the mechanism involved, a relatively detailed dynam-
ics simulation is underway and will be reported later.

4 Conclusions

In this study, we have successfully recorded the emission
spectra of OH (A2Σ → X2Π, 0-0), O (3p5P → 3s5So

2), Hα

(3P → 2S) and N (3p4P → 3s4So) in the bi-directional
pulse corona discharge with a needle-plate electrode at
one atmosphere. The severe electromagnetic interference
caused by the bi-directional pulse corona discharge itself
has been overcome by double shielding and specially de-
signed multiple grounding of the discharge source and the
reactor. The relative vibrational populations and the vi-
brational temperature of N2 (C, v′) have been determined.
The emission spectrum of the ∆v = +1 (1-0, 2-1, 3-2, 4-3)
vibration transition band of N2 (C3Πu → B3Πg) is simu-
lated through gauss distribution. The emission intensity of
OH (A2Σ → X2Π, 0-0) has been evaluated with a satisfac-
tory accuracy by subtracting the emission intensity of the
∆v = +1 vibration transition band of N2 (C3Πu → B3Πg)
from the overlapping spectra. The relative populations of
OH (A2Σ) radicals and O (3p5P), Hα (3P) and N (3p4P)
active atoms have been obtained by the corresponding
emission intensity and Einstein’s transition probabilities.
It is found that the relative populations of OH (A2Σ) rad-
icals and O (3p5P), Hα (3P) and N (3p4P) active atoms
increase with increasing the pulse peak voltage and the
pulse repetition rate. When the different oxygen flows are
added in N2 and H2O mixture gas, the relative population
of OH (A2Σ) radicals decreases with increasing the flow
rate of oxygen. The relative populations of O (3p5P), Hα

(3P) and N (3p4P) active atoms increase with the flow rate
of oxygen at first and exhibit a maximum value at about
30 ml/min. When the flow rate of oxygen is increased fur-
ther, the relative populations of those excited states active
atoms decrease correspondingly.
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