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Abstract:

The spectral, energy and electrical characteristics of the plasma of a dielectric barrier atmospheric pressure nanosecond discharge on
a mixture Hgl,/HgBr,/He are investigated. The discharge was initiated by a pulse-periodic voltage with a pulse repetition rate 5-20
kHz of positive polarity, an amplitude 25.5 kV, and a half-height duration 150 ns. The emission of exciplex molecules Hgl (B’Z", -
X’z",,) and HgBr (B’Y",,-X°%",,) was studied. Based on a comparison of the temporal behavior of the spectra of B-X transitions of
Hgl, 444 nm, and HgBr, 502 nm molecules, the mechanism of simultaneous formation of the exciplex molecules Hgl* and HgBr* is
determined. Based on the numerical solution of the Boltzmann equation for the electron energy distribution function, the energy and
velocity distributions of the processes responsible for the emission of Hgl and HgBr molecules are analyzed. The studies revealed the
possibility of optimizing the pulsed power to obtain a simultaneous emission in the visible (violet-blue and blue-green light) spectral
range in atmospheric pressure discharge in the Hgl,/HgBr,/He mixture. When a short powerful pulse of several nanoseconds in
duration (3-5) ns is used to obtain a relatively high initial ion ionization (10">-10" ¢cm™), followed by a long pulse of tens or hundreds
of nanoseconds, depending on the component composition of the mixture and pressure with relatively low electric fields, a mixed
power source will ensure efficient excitation of Hgl* and HgBr* molecules and may be the optimal solution for the discharge lamps
based on Hgl* and HgBr* emission.
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1. INTRODUCTION

Emission characteristics and plasma parameters are important both for improving existing ones and for creating new
sources of radiation [1]. Plasma on mixtures of mercury diiodide and mercury dibromide vapor (Hgl, and HgBr,) with
atomic gases can be an effective source of two-band coherent and spontaneous emission in the violet-blue and blue-
green spectral range with a maximum emission at a wavelength of (A,,,,) 444 nm and (A,,,) 502 nm [2, 3]. The light
sources that operate on these mixtures provide a high spectral power of radiation, important for practical applications,
such as sources of active photosynthetic radiation or lasers and others [3 - 7]. The high efficiency of radiation of such
mixtures was demonstrated by the authors [8 - 10]. The experiments were carried out with pulsed-periodic pumping
(pulse duration 150 ns) at 0.5-10 kHz. Simultaneous emission of exciplex molecules Hgl* and HgBr* was observed at
the wavelengths (A,,,,) = 444 nm and (A,,,,) = 502 nm, respectively.
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The present work is devoted to the investigation of the optical emission (350-700 nm) of the discharge, which was
created by a pulse-periodic (5-20 kHz) high-voltage voltage of nanosecond duration (150 ns) in Hgl,/HgBr,/He mixture.
Based on experiments and numerical calculations of plasma parameters, the mechanism of formation of the exciplex
molecules Hgl* and HgBr* is analyzed.
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2. TECHNIQUE AND METHODS OF RESEARCH

Investigations of the optical emission of a barrier discharge plasma in a mixture of mercury diiodide and mercury
dibromide vapor with helium were performed in a device (radiator) which construction is shown in Fig. (1). As a
barrier, quartz glass was used. The plasma of the barrier discharge in the investigated mixture was created in the
interelectrode gap inside a cylindrical device made of a quartz glass tube (1) with an external diameter 34 mm and a
length 200 mm.
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Fig. (1). The design of the radiator: 1-tube, 2-internal electrode, 3-external electrode, 4-metal input, 5-capillary.

The distance between the inner electrode (2) of the circular section (diameter 4 mm) and the outer electrode (3) was
15 mm. The internal electrode is located along the axis of the tube, and the outer electrode (perforated with a
transmittance of radiation 70%) - on the surface of the tube. The ends of the tube are welded, on one of them, the metal
input (4) is welded, which provides the supply of energy from the power source to the electrode. On the opposite end
surface there is a branch pipe (5) made of quartz glass with a capillary (diameter 1 mm, length 20 mm) through which
the tube was evacuated and filled with helium.

The discharge was supplied from a generator of nanosecond duration pulsed-periodic pulses. During the
experiments, the pulsed voltage and current (pulse duration ~ 150 ns) on the emitter electrodes were maintained at
22-30 kV and 265-280 A, respectively, the pulse repetition rate was 5-20 kHz.

The radiation was lead out from the central region of the interelectrode gap and analyzed in the visible and near UV
regions of the spectrum using the optical system of the experimental setup, namely, the 3PM-3 monochromator and the
photomultiplier FEU-106 (Fig. 2). When studying the amplitude-time characteristics of the emission in the registration
system, an electronic linear multiplier 14 ELU-FS was used instead of the FEU-106 photomultiplier. The spectral
resolution of the 3PM-3 monochromator was 44 A at a wavelength A = 434 nm. The optical system was calibrated by
the radiation of a standard band tungsten lamp SI 8 - 200 at a filament temperature T = 2173 K.
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Fig. (2). Block diagram of the experimental setup: R - emitter, HVG - high voltage generator with pulse periodic form, M -
monochromator, PD - photodetector, A - amplifier, DR - recorder, V - voltmeter, O - oscilloscope, RC-Rogovsky coil, GPS-vacuum
pumping and gas filling system, PM-power meter, L, D,, D,, F-lens, diaphragm and filter, respectively.
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Registration of voltage pulses and discharge current of the radiation source was carried by the two beam
oscilloscope S8-2, on which the signal from the voltage divider was applied and the integrating circuit calibrated
Rogowski coil. The average radiation power was measured with the help of the Quartz-01 instrument.

The power emitted by the entire surface of the radiation source was determined from the expression: R, = QP, . /
. Where P, - power in W, detected by the photodetector; Q is the equivalent solid angle; Q. =S,/ I’ - solid angle of
the photodetector; S, is the area of the photodetector window; 1 is the distance on which the photodetector is located
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from the radiation source. The equivalent solid angle was taken equal to 7° (for a cylindrical surface) [11]. Pulsed power
(P,) was determined on the basis of the known average power (P,,), duration (At) and the pulse repetition rate (f) from
the expression:

Pav :Ppl,'AT'f

The investigating mixture was prepared directly in the interelectrode gap. Mercury dihalides: mercury diiodide and
mercury dibromide in an amount 80 mg were pre-loaded into the interelectrode space. The outgassing of the surfaces of
the elements of the internal volume of the tube was carried out by heating it at a temperature 50° C and pumping to a
residual gas pressure 1 Pa for 2 hours. The partial vapor pressure of Hgl, and HgBr, in the mixture was created by
heating the mixture during the dissipation of the energy of a pulsed-periodic discharge. It was measured by the
temperature of the coldest part of the tube on the basis of linear interpolation of the reference data [12]. The partial
pressure of helium was measured by an exemplary membrane manometer.

3. THE RESULTS OF THE RESEARCH AND THEIR DISCUSSION

Emitter radiation spectra were studied in the partial pressure range of mercury diiodide and mercury dibromide 0.1 -
0.5 kPa, and helium 100-180 kPa.

The overview spectrum of the radiation at a pulse repetition rate f = 18 kHz is shown in Fig. (3). The voltage
amplitude at the electrodes and current through the gas-discharge gap is 25.5 kV and 280 A, respectively. The total
pressure of the mixture is 162.8 kPa. Characteristic for this mixture is the presence of systems of spectral bands of the
electron-vibrational transition of exciplex Hgl* and HgBr* molecules 5 and 7 nm wide with emission maxima at
wavelengths A = 444 nm and A = 502 nm, respectively [13], a steep increase in the intensity of these spectral bands from
the side of the long-wave region and a slow decline in the short-wavelength region.The intensity of the spectral band at
wavelengths A = 444 nm is 2.5 times higher than the intensity of the spectral band at wavelengths A = 502 nm. The
edges of the spectral bands overlap the wavelength range 350-510 nm. In addition to these spectral bands, radiation is
also observed on the lines A = 365 nm and A = 546 nm of mercury atoms, the 6p’P,’—6d’D, and 7s’S, - 6p’P°, transitions
[14, 15], the A = 587 nm lines of helium atoms, the 2p3P2‘]—3d 3D3)2,] transition, and in the long-wave region (A, =
600-750 nm) emission of the spectral bands of the helium molecule is observed [16]. With a change in the repetition
rate of the pump pulses from 5000 Hz to 20,000 Hz, the radiation intensity in the spectral bands and lines increases.
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Fig. (3). Overview spectrum of radiation of a barrier discharge plasma. Partial pressures: mercury diiodide 0.25 kPa, mercury
dibromide 0.5 kPa, helium 162 kPa. The amplitudes of voltage and current pulses are 25.5 kV and 280 A, respectively.



46 Open Physics Journal, 2018, Volume 4 Malinina et al.

The results of investigations of the integral characteristics (the dependence of the average radiation power on the
partial pressure of the helium buffer gas, as well as the operating time of the emission source on one portion of the
working mixture, are shown in Figs. (4 and 5). It was established the following: with an increase in the partial pressure
of helium from 140 kPa to 200 kPa, an increase in the average power is observed, reaching its maximum specific value
235 mW/cm’ at 180 kPa and with a further increase in the pressure of helium - a drop.
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Fig. (4). The dependence of the specific average radiation power on the partial pressure of helium. The repetition rate of the pump
pulses is 18 kHz, the amplitude of the voltage pulse is 25.5 kV.

The dependence of the radiation power of mercury monohalides in relative units on the number of pump pulses is
shown in Fig. (5). Saturation of the radiation power occurs for the exciplex Hgl* molecules after 5 - 10" pulses, and for

the HgBr* molecules earlier in time (4 - 10" pulses).
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Fig. (5). The dependence of the radiation power of mercury monohalides on the total number of pulses: 1. Hgl* molecule, 2. HgBr*
molecule. The total pressure of the mixture is 162.8 kPa. The repetition rate of the pump pulses is 18,000 Hz.

The results of studies of the temporal characteristics of the radiator are shown in Fig. (6) with the experimental
conditions most optimal in terms of radiation power. Accuracy and reproducibility of the results of oscillographic
measurements were 10% and 90%, respectively. Current pulses (I) are of different polarity. Their complex form is
caused by the charge-exchange of the “dielectric-plasma” circuit. The amplitude and duration are ~ 280 A and ~ 150 ns,
respectively. Radiation pulses (P) are of the same polarity. The pulse duration at half-maximum was ~ 100 ns and ~ 150
ns for the Hgl * and HgBr * molecules, respectively. Specific power in the pulse of radiation is -52 W/cm”.
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Fig. (6). Oscillograms of current pulses (I) and radiation (P): --- Hgl* molecule, - HgBr* molecule. The total pressure of the mixture
is 162.8 kPa. The repetition rate of the pump pulses is 18 kHz.

For emission of exciplex molecules, both Hgl* and HgBr*, a two-humped time dependence is observed. The
amplitudes of current and radiation pulses in time coincide within the limits of the measurement error (10%). The
amplitude of the second radiation pulse for these molecules is higher than the first. The second pulse of radiation is
characterized by an increase in its duration in comparison with the first pulse.

The parameters of the barrier discharge plasma in the optimum for obtaining the maximum radiation power of the
mixture Hgl,-HgBr,-He (0.18% -0.31% -99.51%) at a total pressure 162.8 kPa were determined numerically and were
calculated as the total integrals of the electron energy distribution function (EEDF) in the discharge. EEDF were
numerically determined by solving the Boltzmann kinetic equation in the two-term approximation [17]. The EEDF
calculations were carried out using the program [18]. On the basis of the EEDF obtained, mean electron energy, the
specific power losses of the electric discharge on various elementary processes in the plasma, as well as the rate
constants of elastic and inelastic scattering of electrons by mercury diiodide molecules and helium atoms, depending on
the magnitude of the reduced electric field (E) to the total concentration of mercury diiodide molecules and helium
atoms (N)) have been obtained. The range of changes in the parameter E/N = 1-100 Td (1-:10"7 - 1:10" V - cm?)
included the values of the parameter E/N, which were realized in the experiment.

In the integral of collisions of electrons with helium atoms and mercury dibromide and mercury diodide molecules,
the following processes of elastic and inelastic collision are taken into account: elastic scattering, excitation of the
energy levels of the He atom (2°S, 2'S, 2°P, 2'P, 3SPD, 4SPD, 5SPD), ionization of the helium atom, excitation of
HgBr, molecules, excitation of (HgBr, (D)) states of HgBr, molecules, dissociative excitation of mercury monobromide
(X’z",,, BT, - states), attachment, ionization, dissociative excitation of B’L",, — state mercury monoiodide and
ionization of molecules of mercury diiodide. Data on the absolute values of the effective cross sections of these
processes, as well as their dependence on the electron energies, are taken from [18 - 22].

Fig. (7) shows the characteristic shape of the EEDF with a change in the reduced electric field strength (E/N) in the
range 1-100 Td. An increase in its magnitude leads to an increase in the number of “fast” electrons in the discharge.
Mean energy of the discharge electrons increases sharply from 0.48 to 1.7 eV with an increase in the E/N parameter
from 1 to 4.4 Td. With further growth of the reduced electric field, the rate of increase in mean electron energy slows
down and reaches a value 11.5 eV for E/N =100 Td.
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Fig. (7). The electron energy distribution functions in the mixture: HgBr,: Hgl,: He = 0.0031: 0.0018: 0.9951 at a total pressure of the
mixture P = 162.8 kPa for the values of the parameter E/N: 1 (1), 25.8 (2), 50.5 (3), 75.3 (4), 100 (5) Td; on the inset - the
dependence of mean electron energy on the parameter E/N.

The value of the reduced electric field, namely 68.5 Td, at which the experimental studies were carried out, mean
electron energy and their temperature were equal to 9.1 eV and 105560 K, respectively. The concentration of electrons
on the surface of the inner electrode for a current amplitude 280 A was 4.6 - 10" m™.

Fig. (8) presents the results of studies of the dependence of the rate constants of the inelastic collision of electrons
with mercury dihalide molecules on the parameter E/N. For the value of the reduced electric field equal to 68.5 Td, at
which experimental studies were carried out, the rate constants of dissociative excitation by electrons of B’L', - state of
the molecules of mercury monoiodide (1) and mercury monobromide (2) have values 1.9 x 10™* m’/s.
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Fig. (8). The dependence of the rate constants of electron collisions with the components of a gas-discharge plasma on a mixture
HgBr,-Hgl,-He = 0.0031-0.0018-0.951 at a total pressure 162.8 kPa on the parameter E/N: 1-dissociative excitation of B’Z', ,- state
of Hgl* molecules, 2 - dissociative excitation of B’Z", ,-state of HgBr* molecules, 3-dissociative excitation of X’T',,-state of HgBr
molecules, 4-excitation of (HgBr, (D)) state of HgBr, molecules.

Fig. (9) presents the results of an investigation of specific losses at the discharge power on inelastic electron
collisions with mercury Hgl, and HgBr, molecules in a mixture of mercury diiodide and mercury dibromide vapor with
helium as a function of the reduced electric field strength. It is observed a regularity in this dependence. The proportion
of the specific discharge power on processes of dissociative excitation of mercury monobromide and mercury
dibromide exciplex molecules increases with the parameter E/N. It reaches a maximum 12.2%, 45.1% and 6.4% at
values of the parameter E/N equal to 21.5, 28.3 Td and 11.2 Td for electronic states: mercury monobromide - B’S', ,,
mercury dibromide - (HgBr, (D)) and mercury monoiodide - B’L', ,, respectively. With a further increase in the
parameter E/N, the fraction of the specific power of the discharge going on the processes of dissociative excitation of
the exciplex molecules of mercury monobromide and mercury monoiodide decreases.
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Fig. (9). The dependence of specific power losses on the electron collision in a mixture of mercury dibromide and mercury diiodide
vapor with helium on the reduced electric field strength (E/N): 1 - dissociative excitation of the B’Z", ,-state of Hgl* molecules, 2 -
dissociative excitation of B’X", ,-state of HgBr* molecules, 3 - dissociative excitation of the X’X" ,-state of HgBr* molecules, 4-
excitation of the electronic state of mercury dibromide (HgBr, (D)).

The emission of spectral bands and lines is probably observed due to the following reactions [16, 19 - 25]:

X+e 1)
HgXa+te— HgXo(3'2) — HgX(B’X!,,) +
~
X, )
HgX>+e— HgXs (D) — HgX(C 11, D13p) + X +e , A3)
HeX (C i, D) + M — HgX( B’ ,) + M+ AE 1, 4
HgXot+e— HgXo (¥'Z%) — HgX( X°X),) +X +e, 5)
HegX(B’L,,) — HgX(X?%,)+hv, (6)
Amax= 443 nm, Amax. = 502 nm
HgX(B’Z;,,) +M— HgX(X’Z/,) +M, 0

HgXo+ e—>Hg* +2X +e, ®)
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Hg* -»Hg + hv )
A=365 nm and A=546 nm,

He + e >He* + ¢

(10)

A=587 nm,
He* + 2He —Hey* + He , (11)
Hes *(A'SH)—>2He + hv 12)

max = 600-750 nm ,

where X is the halogen atom (I, Br), M is the concentration of quenching molecules and atoms (HgX,, He,),
respectively, AE,, - is the energy difference in the reactions (4).

Reactions (1) and (2) are the main sources of the formation of exciplex HgX* molecules [19 - 24]. Their rate
constant has the value 1.9 x 10™* m’/s (Fig. 8) for our experimental conditions at a value of the reduced electric field
strength equal to 68.5 Td.

In addition, complex molecules of Hgl, and HgBr, molecules are formed due to reactions (3, 4) due to the excitation
of molecules of mercury diiodide and mercury dibromide by electrons to state D [21]. The rate constant has a value 9.9
x 10" m’/s for HgBr, molecules (Fig. 8). This state of the mercury dihalide molecules is the sum of all states that are
located between the threshold energy and the ionization energy. Emission from D states of HgX, molecules is not
observed, due to the fact that these states are predissociated with the formation of molecules of mercury monohalides in
(C, D) states. Emission from C and D states of Hgl and HgBr molecules under our experimental conditions is not
observed because of the high efficiency of the quenching process (4) (The product of the rate constant of quenching by
helium the C’II,,, -state of mercury monoiodide molecules on the lifetime is equal to 4.2 -10"® cm’, and the quenching
by mercury dihalides of states (C, D) can occur more efficiently [26, 27]). The population of these states is transferred
to the - state of Hgl and HgBr molecules or to other non-optical channels [27]. The reaction of collision of mercury
dihalide molecules with electrons (5) is a channel for the formation of mercury monohalide molecules in the ground
state, the rate constant has a value 3.9-10"* m’/s (Fig. 8). Electron-vibrational transitions B’X",, — x’%",, of Hgl and
HgBr molecules lead to the emission of spectral bands with maximum intensity at A, = 443 nm and A, = 502 nm
(reaction 6). In the quenching reaction (7), an electronic-vibrational transition of mercury dihalide molecules to their
ground state without radiation occurs. The rate constant of this process for quenching the mercury monoiiodide and
mercury monobromide molecules by helium molecules is <2.9 - 10™° m’/s and <3.4 - 10 m/s, respectively [26] and by
mercury dihalides is 1.1 - 10"° m%/s and 3 - 10" m’/s [25].

‘'max

Excited mercury atoms are formed due to the passage of reaction (8) due to the large effective cross section for the
dissociative excitation of HgX, molecules. Their emission (reaction 9) leads to the appearance of lines A = 365 nm
and A = 546 nm (Fig. 2). The emission of spectral lines and bands of helium atoms and molecules is caused by
reactions (10 -12) [16, 27]. Reaction (10) is responsible for the excitation of atoms of the helium buffer gas, the rate
constant of which is ~ 1-10"" m’/s (our calculation data). Excited helium atoms emit quanta (hv) as a result of which
lines of helium were observed in the spectrum (Fig. 2). Excimers of helium molecules are formed in reaction (11).
Spectral emission bands (reaction 12) are caused by energy transitions from quasi-bound or free states A'E", [19]. In
addition, the presence of a line of Hg atoms in the emission spectra (Fig. 2) can be caused by the process of degradation
of the working mixture. Part of mercury monoiodide and mercury monobromide molecules do not have time to
associate in the processes:

HgX(XZ,,,) + Xo—HgXs +X, (13)
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HgX(X?%|,,) + X + He—HgX, +He, (14)

Dissociate into mercury and halogen atoms in collisions with electrons [28]. Halogen atoms can escape to the
surface of the electrode and form metal halides [29]. Mercury atoms accumulate and, in collisions with electrons, are
excited and give radiation A = 365 nm and A = 546 nm.

The sharp increase in the intensity from the part of the spectrum with large wavelengths and the slow decay in the
short wavelength region (Fig. 2) for both the Hgl and HgBr molecules is explained by the progress of the potential
curves (the excited B’S',, — state is shifted in the direction of large internuclear distances of the relative X’X", , - state)
and relaxation processes of the population of the upper vibrational levels of the excited electronic state, which occur
more rapidly than the electron-vibrational transition to the ground X’Z" .- state [30, 31].

The increase of intensity of Hgl molecules emission in comparison with the intensity of HgBr molecules emission at
identical values of the excitation rate constants (1.9 x 10™* m’/s, Fig. 8) is caused by the quenching process of the B’S",,
- state of mercury monohalide molecules by mercury dihalide molecules (reaction 7). The rate constant of quenching of
the B’Y",, - state of monoiodide molecules has a value 1.1 - 10"’ cm’/s, and monobromide molecules - 3.4 - 10"’ cm’/s
[25], which gives a difference in the radiation intensities of these molecules.

First of all, the dependence of the radiation power on the partial pressure of helium (Fig. 4) is due to the following
processes: an increase in the electron concentration with an increase in the partial pressure of helium in the mixture, a
change in the fraction of the discharge energy that is spent on heating the working mixture; the change in mean electron
energy and the excitation rate constants of the molecules Hgl and HgBr as a function of the values of the E/N
parameter, as well as the quenching of the B> X°,, — state of the Hgl and HgBr molecules upon collision with helium
atoms and mercury dihalide molecules. As the partial pressure of helium increases in the mixture, the value of the
parameter E/N decreases. This leads to an increase in the specific losses of the discharge power on the elastic scattering
of electrons by atoms and molecules, and, accordingly, to an increase in the partial pressure of mercury diiodide and
mercury dibromide vapor and the radiation power of the exciplex molecules of Hgl and HgBr. In addition, the increase
in the radiation power with increasing partial pressures, both helium and mercury diiodide and mercury dibromide
vapor, is also facilitated by an increase in the electron concentration, which increases with increasing concentration of
the components of the working mixture [32]. The presence of a maximum and a further decrease in the radiation power
of the exciplex molecules Hgl and HgBr with an increase in the partial helium pressure is associated with a decrease in
the fraction of the discharge energy that is spent on the excitation of their B> £°,, — state (Fig. 9), as well as the
quenching process this state of mercury monohalide molecules when they collide with helium atoms [32].

Hgl* + He— Hgl +He+ AE3, 1s)

HgBr* + He— HgBr +He+ AE3 4, a6)

where AE;, - the difference in energy in the reactions.

Earlier achievement of saturation in the emission intensity of HgBr* molecules on the number of pulses than for
Hgl* molecules (Fig. 5) is caused by a greater loss of discharge power on the dissociative excitation of B’X",, — state of
HgBr* molecules compared to the Hgl* molecules (Fig. 9).

The temporal dependence of the current pulses (Fig. 6) is caused by the charge-exchange of the dielectric-plasma
chain. The increased values of the amplitude of the second radiation pulse, its duration, and the duration of the trailing
edge, in comparison with the first pulse, are caused by the processes of increasing the population of the B’S",,, — state of
the Hgl* and HgBr* molecules, which pass in time later than the main (dissociative excitation by electrons in collisions
with mercury dihalide molecules). Such processes can be:

HgX; +e— HgX(B’%],)+ X, 7

HgX, + X~ — HgX(B’%, )+ X,, (18)

1/2
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HeX(X°%!

1/2

)+e— HgX(B%,) +e. (19)

The recombination process of positive ions of mercury dihalides with electrons (17), according to the authors [32],
can play an important role at current densities ~ 1000 A/cm’, which is not observed under the conditions of our
experiment. The calculated rate constants of the recombination process (11) of a positive ion with a negative ion are
high (for Hgl, and HgBr, ~ 3-107 cm’/s), however, in gas-discharge conditions due to small concentrations of atomic
ion (the rate constant of the process of formation of negative ions I', Br ~ 10" cm’/s [22]), its role is insignificant. The
excitation of radicals HgX (X°',,) by electrons in the B’X", ,- state (19) is possible under our experimental conditions.

The regularity of the difference in the magnitude of the amplitudes of the first and second radiation pulses (Fig. 6) is
explained in the following way. The first and second pumping (current) pulses form molecules of mercury monoiodide
and mercury monobromide in B’X",,, and X’%',, — states due to the dissociation of mercury dihalide molecules upon
collision with electrons. The second pump pulse (current) also leads to an additional increase in the population of B’L',,
—state of mercury monobromide molecules due to the process (19), where HgX(X °X’,,) molecules of Hgl and HgBr in
the ground state and which did not have time to recover into triatomic molecules (mercury diiodide and mercury
dibromide) in the interimpulse period (150 ns) in the processes (13,14), which leads to an increase in the amplitude of
the second radiation pulse and an increase in its duration At as compared to the first pulse [5].

Based on the calculated reaction rates (Fig. 8) and the energy distribution (Fig. 9) as a function of E/N, it becomes
possible to assume the optimal power input scheme in order to obtain the maximum possible emission from the
simultaneous violet-blue (A = 444 nm) and blue- green (A = 502 nm) spectral ranges for the Hgl,/HgBr,/He mixture.
Indeed, excitation of the states of the main reactions reached a maximum at about 11-30 Td (see Fig. 9). Such a field is
too small for effective ionization of the mixture, ionization and stable development of the discharge at a pressure higher
than 1 atm requires a much higher electric field, at least 100 Td. Thus, when a short powerful pulse of several
nanoseconds in duration (3-5) ns is used to obtain a relatively high initial ion ionization (10">-10" cm™), followed by a
long pulse of tens or hundreds of nanoseconds, depending on the component composition of the mixture and pressure
with relatively low electric fields, a mixed power source will ensure efficient excitation of Hgl* and HgBr* molecules
and may be the optimal solution for the discharge lamps based on Hgl* and HgBr* emission.

CONCLUSION

Simultaneous emission from two exciplex molecular bands Hgl* (A = 444 nm) and HgBr* (A = 502 nm) in a
nanosecond dielectric barrier discharge in a mixture Hgl,: HgBr,: He=0.0018: 0.0031: 0.9951 was observed at
atmospheric pressure. Specific emission powers in one pulse equal to 52 W/cm® and average specific emission power
equal to 235 mW/cm’ have been achieved at a repetition rate of 18 kHz, respectively. Long-term emission over 7 - 10’
pulses was found to be stable (within the error of measurement of 10%).

The shape of the current and the emission of Hgl* and HgBr* molecules with a time resolution is studied. It was
established that the Hgl* molecule emission repeats the shape of the HgBr* emission.

Based on the analysis of possible excitation and quenching reactions, it is established that the population of the
exciplex molecules of the Hgl* and HgBr* B’X’, ,—state is mainly due to dissociative excitation in collisions with
electrons. A discussion is given of additional processes that increase the population of the upper B’X’,,—state of
mercury monohalides.

As a result of calculating the reaction rates and the energy distribution for a different electric field, it can be
concluded that a combination of a high electric field at the discharge front and a low field during the pulse duration can
be used to increase the emission power in the investigated mixture.

Based on the results of investigations of the emission of a barrier discharge plasma in a mixture of mercury diiodide
and mercury dibromide vapor with helium, an effective source of simultaneous two-band emission in a violet-blue and
blue-green spectral ranges can be created which will find application as a source of active photosynthetic radiation and
a laser in the field of biotechnology, photonics, medicine, efc.
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