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Abstract. Some possible physical processes are analysed
that cause, under the condition of additional ionisation in a
pre-breakdown electric field, emissions in the infrared (IR)
interval. The atmospheric transparency region of the IR spec-
trum at wavelengths of 7–15 µm is taken into account. This
transparency region corresponds to spectral lines of small at-
mospheric constituents like CH4, CO2, N2O, NO2, NO, and
O3. The possible intensities of the IR emissions observable
in laboratories and in nature are estimated. The acceleration
process of the electrons in the pre-breakdown electrical field
before its adhesion to the molecules is analyzed. For day-
time conditions, modifications of the adsorption spectra of
the scattered solar emissions are studied; for nighttime, vari-
ations of emission spectra may be used for the analysis.

1 Introduction

The study of clouds of increased ionization in the Earth’s
atmosphere continues to be of importance and interest to ob-
serve industrial emissions of radioactive materials into the
atmosphere (Smirnov, 1992) and to contribute to the gen-
eral geophysical system of earthquake prediction. It is well
known that one of the precursors of earthquakes is the radon
and hydrogen emanation in the regions of future epicenters
(Vojtov and Dobrovol’skii, 1994; Liperovsky et al., 2008,
2011; Mikhailin et al., 2010; Ouzounov and Freund, 2004;
Ouzounov et al., 2006). Such emanations may cause an in-
tensification of IR emissions in the atmosphere. In this con-
nection, the main problem is the construction of sufficiently

sensitive spectral analysers to study IR spectra of intensive
short-term processes in earthquake preparation regions. In
the present work, the possibility of the diagnostics of regions
of increased ionisation in the atmosphere before earthquakes
using the method of infrared (IR) spectroscopy is discussed.

Earthquake lights were observed many times in the nights
before strong, destructive earthquakes (Derr et al., 1973;
Grigoriev et al., 1988; St.-Laurent et al., 2006; Fidani, 2010).
But phenomena that can be clearly observed in the visible
spectrum by the eyes only are rather rare. They were obtained
for earthquakes with magnitudesM > 6 only in 5 per cent
of the cases (Papadoupolos, 1999). Satellite investigations of
the equilibrium infrared radiation above Middle Asia, based
on the analysis of daily registrations of the spectral inter-
val of 10.5–11.3 µm at night, first showed the existence of
anomalies (Gorny et al., 1988). But to solve the problem
of earthquake prediction, one has to study the modifications
of infrared spectra of non-stationary emissions from discrete
cloudy structures in the atmosphere. This is a rather difficult
task.

Here it should be mentioned that recently infrared pre-
cursors were indeed found before the main disastrous earth-
quakes. GPS/TEC data observed before theM = 9 Tohoku
earthquake of 11 March 2011 indicate an increase and vari-
ation in electron density, reaching a maximum value on
8 March 2011. On 8 March 2011 also a rapid increase of
emitted infrared radiation (10–13 µm) was observed from
satellite data measured at the top of the atmosphere integrat-
ing emissions from the ground, the near-surface atmosphere
and clouds. An IR-anomaly developed near the epicenter
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(Ouzounov et al., 2012). Based on remote sensing images of
FY-2C, thermal infrared anomalies were found to begin al-
ready 55 days before theMs = 8.0 Wenchuan earthquake in
Sichuan/China (Lejun et al., 2009). Thermal infrared anoma-
lies were observed in correlation with the L’Aquila earth-
quake of 6 April 2009 (Lisi et al., 2010). Also in this
case the anomalies, appearing between 30 March 2009 and
1 April 2009, were observed near the earthquake epicenter.

The model of the generation of quasi-homogeneous large-
scale anomalous electric fields in the near-Earth atmosphere
before earthquakes by radon emanation was developed in
the studies (Pulinets and Boyarchuk, 2004; Smirnov, 1992).
But modifications of radon emanation by the deformation of
granite rock cracks were already studied by Holub et al. in
1981 (Holub and Bready, 1981). Segovia et al. (1989) re-
ported on the radon anomaly of a fault of the geothermal
field “Los Azufres” prior to the destructive (Ms = 8.1) Mex-
ican earthquake of 19 September 1985. The geothermal field
“Los Azufres” is situated about 260 km NE of the later epi-
center.

Another model of the electric process assumed the forma-
tion of non-stationary mosaic likely distributed Frenkel ar-
eas of the electric field in the atmosphere above earthquake
preparation regions with characteristic length scales of hun-
dreds of meters. These Frenkel areas are then sources of in-
frared emissions. The process is based onα-particles with
energies of 6 MeV, which occur during the radioactive decay
of radon. Energy may be lost by repeated collisions with at-
mospheric molecules, cause an increase of the degree of ion-
isation of the atmosphere, and also excite molecules. So, the
ionisation intensity of the atmosphere may rise by 1–3 or-
ders of magnitude (Smirnov, 1992; Wick and Singh, 1994;
Heinke et al., 1995; Pulinets and Boyarchuk, 2004). Further,
the adsorption of water molecules to the molecular ions pro-
ceeds. As result, light (with less than nine attached H2O-
molecules), medium-weight, and heavy ions form. Then, the
generation of charged aerosols starts. Their dimensions and
densities grow at sufficiently high concentration of humidity.
Finally, an electric field appears, which is about two–three
orders of magnitude larger than the initial, background elec-
tric field of the atmosphere (130 V m−1), and it does not de-
pend on the initial field. Estimates of the amplitudes of the
appearing electric field are given in Liperovsky et al. (2005).
A detailed analysis is presented in Liperovsky et al. (2010).
If the pulses of the local electric field in the near-Earth at-
mosphere are not sufficiently strong for a breakdown during
the earthquake preparation time, they may be, nevertheless,
strong enough to excite the molecules of some rare atmo-
spheric components and the corresponding IR emissions.

Let us discuss this point in more detail. In nature, the ex-
perimentally obtained and theoretically explained regular-
ity exists, according to which the small-scale aerosols are
mainly positively charged, and the large-scale aerosols pos-
sess a negative charge. Correspondingly, the larger aerosols
move downward, relative to the small aerosols. The Frenkel

charge separation by gravity works and electric fields are
created. In the upper layers of the plasma cloud, the total
charge is positive, and in the lower layers the cloud is neg-
atively charged (Frenkel, 1949). In accordance with Liper-
ovsky et al. (2008), the maximum amplitude of the pulse of
the vertically directed, local electric field in the atmosphere
satisfiesEmax ∼ Vρ+/(Sεo), whereρ+ is the volume den-
sity of the positive charge,V designates the volume of the
cloud of pancake form,S is the cross section of the cloud,
andεo describes the dielectric constant of the vacuum. Thus
Emax is determined by the ratio of the mean density of the
positively charged particles to the unity of the projection
of the cloud volume into the horizontal plane. The mosaic
likely distributed in the atmosphere non-stationary regions
with increased densities of rare atmospheric components,
and Frenkel electric fields are sources of IR emissions, as the
electrons that collect energy in the electric field deliver the
energy for the excitation of the molecules and the associated
energy emissions.

The experimental diagnostics of atmospheric disturbances
observing the emission spectra at night and the absorption
spectra at daytime is possible. In this connection, the obser-
vation of the rare atmospheric components is of large inter-
est.

2 The IR experiment at the Moscow State University

At the Institute of Nuclear Physics of the Moscow State Uni-
versity, sources of IR emissions in the atmosphere are mod-
elled in the laboratory in electric fields of 2×102

−106 V m−1

to observe the corresponding IR spectra.
A scheme of the set-up of the experiment is presented in

Fig. 1. The apparatus consists of a plasma-chemical reactor,
a system for drying or increasing of humidity, the system of
air cooling, and the device for the registration of the relative
ozone concentration. The barrier discharge is used as plasma-
chemical reactor. To increase the efficiency of the synthesis,
the reactor surface is cooled by a water system. The air deliv-
ery of 0.1 m3 h−1 is provided by the compressor (1). For the
generation of ozone, an alternating voltage (5) with an am-
plitude of up to 25 kV and a frequency of 13 kHz is applied.
The parameters of the electric pulse used to obtain ozone are
given in Samoilovich et al. (1989).

The reactor (5) is disposed at the entry of cuvette (6) which
is placed inside the optical spectrometer BRUKER IFS 66
V/8 (www.bruker-optics.de). Such a spectrometer allows for
the measurement of emission and absorption spectra in the
interval of wavelengths between 0.2 and 500 µm (this cor-
responds to emitted or absorbed photon energies of 10−3–
6.25 eV). It is a FTIR (Fourier transform infrared) spec-
trometer based on Michelson interferometry (see e.g. Grif-
fiths and De Haseth, 1986; Schrader, 1995) with a spectral
resolution of 0.15 cm−1. For the instrument, various light
sources, beam splitters including broad-band Mylar foils,
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Fig. 1. Set-up of the IR experiment at the Moscow State Univer-
sity. 1 – compressor, 2 – cooling and drying system, 3 – system
to increase the humidity, 4 – thermo-sensor, 5 – plasma-chemical
reactor, 6 and 7 – cuvettes, 8 – lamp, 9 – photoreceiver.

and detectors including bolometers are available. Further-
more, beam condensers for micro-transmission, reflection
with variable angle of incidence, attenuated reflection, and
emission spectroscopy can be applied. Finally, polarization-
and temperature-dependent measurements (4–350 K) can be
carried out. The application of the BRUKER spectrometer at
the Moscow State University is described in detail in Liper-
ovsky et al. (2010).

The cuvette (6) consists of glass, but its windows are made
from the crystal BaF2 with the transparency region 0.115–
13 µm. The cuvette (7) is completely made from quartz. This
cuvette is applied for the measurement of the ozone concen-
tration using the absorption of the ultraviolet (UV) line at
254 µm, which is radiated by the lamp (8). The relative ozone
concentration in the cuvette (7) is registered by the electric
current in the photoreceiver (9).

Experiments were carried out at different humidity and air
temperature. For these purposes the systems of cooling and
drying (2) or increasing of humidity (3) were used. To dry
the air feeded into the apparatus, a nitrogen trap is used as
first step in the cooling block. Then the air enters a meander-
ing flask which is submerged in a Dewar vessel with liquid
nitrogen. To control the temperature, a thermo-sensor (4) is
installed upstream of the reactor.

The working chamber (5) and the absorption unit (6) are
filled with atmospheric air and one of the materials O2, N2,
CO2, O3, CH4, N2O, NO2, CO, and H2O. The registration
of the current is possible in the working chamber. Dependent
on the voltage, it is possible to obtain pulses of dependent

discharges. The pulses are visually registered. It is taken into
account that, because of the ionization byα-particles, not
only the compounds considered by Zujev (1980), but also
other short-lived compounds of nitrogen and oxygen may oc-
cur.

2.1 Increase of the rare atmospheric components NxOy
and O3 as earthquake precursor

Let us consider the possibility of the application of the ab-
sorption spectra of the small components of the daytime at-
mosphere for the earthquake prediction. With the chosen de-
vice it is possible to imitate the increase of the concentra-
tion of such rare atmospheric admixtures like NO, N2O, and
NO2, which indeed occur before earthquakes because of the
ionization by radon.

In the former research works it was suggested that radon
causes only an ionization. Electrons occur and are accel-
erated in the electric field by the Frenkel mechanism, and
the electrons further excite vibrational transitions and, con-
sequently, an IR emission. Now, as another chemical mech-
anism in the atmosphere, the decay of the O2-molecule be-
cause of theα-emission, the formation of ozone O3 is investi-
gated. By the interaction of ozone with nitrogen, the nitrogen
oxides NO, N2O and NO2 are built.

To obtain first results in the laboratory, the synthesis of
O3, NO, N2O and NO2 was performed without the direct use
of α-particles. Instead of the radiation by radon, the barrier
discharge was applied.

Ozone was registered by the wavelengths of 0.254 µm and
in the region of 9.6 µm. All the nitrogen oxides were inves-
tigated in the spectral region up to 13 µm. The control of
the ozone density was performed using the wavelength at
0.254 µm.

With the chosen equipment, the absorption spectra of ni-
trogen oxides were studied during the interaction with ozone.
Even by the chemistry of the interaction of ozone with the ni-
trogen of the air, the nitrogen oxides may essentially change
their concentration and composition.

Because of the small emission intensity and the insuf-
ficient resolution of the spectrometer, the emission spectra
could not be observed in the interval of wavelengths between
7 µm and 13 µm, but an increase of the intensity of the ab-
sorption spectrum of NO2 by 200 percent was registered ex-
perimentally. Thus it was suggested to analyse the increase
of the nitrogen concentration – as possible earthquake pre-
cursor – and to study the dynamics of the absorption spectra
of nitrogen oxides.

Under real daytime conditions, the IR emission from the
source should cross a region with larger density of nitrogen
oxides. In case of Earth-based observations, as example of
the source, one may consider the scattered in the Earth’s at-
mosphere IR emission of the Sun. It has to be mentioned
that the concentration of nitrogen oxides decreases in wa-
ter vapour at room temperature because of the formation of
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acids, which has to be taken into account interpreting the lab-
oratory experiment.

It is suggested that before earthquakes, under the condi-
tion of the electric field and at increased ionization by radon,
single clouds with larger concentration of the small non-
stationary compounds of the atmosphere NxOx occur. Per-
forming spectral measurements in the IR region, one should
obtain information on the formation of an earthquake precur-
sor.

Performing Earth-based observations, one has to use at
least two spectral devices to localise the region in the atmo-
sphere with the anomalous absorption.

2.2 On emission spectra in the nighttime atmosphere

Because of the always existing radon and the cosmic rays, in
the atmosphere the ionization rate is not so large. At normal
pressure near the Earth’s surface, it amounts to 10 cm−3 s−1.
If the electron energyWe is smaller thanWo = 0.45 eV, it
adheres to oxygen during the interaction with it, and an O−

2 -
molecule forms. In this process, of course, also a third par-
ticle takes part, a molecule. Under standard conditions, in
the atmosphere at the Earth’s surface, the electron collides,
on the average, everyτ = 10−10 s. The lifetime of an elec-
tron is aboutτ ∗

= 10−7 s. The collisions with the nitrogen
atoms are, above all, elastic ones, if they do not adhere. The
electrons collide many times with the molecules and gain ki-
netic energy from the external electric field. The electrons
then excite the above-described rare atmospheric molecules,
and clouds of increased ionization may form before earth-
quakes.

Seldom, because of the elastic collisions, also excited ions
may occur, which emit a quantum of energy in the IR in-
terval, particularly also in the interval of IR transparency of
7–15 µm, which amounts to energies of about 0.08–0.18 eV.
Dependent on the strength of the electric field and the time
between two effective collisions, part of the energy of the
electric field is lost because of the excitation of vibrational
energy levels of some molecules of the atmosphere.

Again it has to be mentioned that the discussed molecules
are NO, CH4, CO2, NO2, NO, N2O, and O3. The total mean
free path of an electron until the adherence is, on the av-
erage,λ∗

≈ 2.5× 103λe, whereλe describes the mean free
path in the case of elastic collisions at normal conditions. An
analysis showed that the total mean free path until the ad-
herenceλ∗ should be four orders larger, i.e.λ∗

≈ 104λe. For
instance, the maximum energy of the electron in the near-
surface atmosphere atE = 3×105 V m−1, λe = 4.5×10−7 m
amounts toWmax ≈ 0.7× 102Eeλe ≈ 10 eV, wheree is the
electron charge. Part of the energy of the electrons may be
used to excite rotational and vibrational energy levels of the
atmospheric molecules. The amount of this part may only be
determined by experiments.

During the time of elastic collisions, the electrons gain en-
ergy in the electric field. But if the energy of the electrons is

strong enough so that their collisions with some of the neutral
particles of the atmosphere are inelastic, their energy again
decreases, losing energy:

dW

dλ
= −CW, C =

kq

λe
(1)

whereq represents the mean energy loss because of an in-
elastic collision.k equals the ratio of the number of elastic
electron collisions to the total number of electron collisions
– that means it describes the occurrence frequency of the in-
elastic collisions along the mean free electron pathλe where
the vibrational-rotational energy levels of the atmospheric
rare components are excited. Later, the excited molecules
lose the energy as electromagnetic emissions. In case that the
free electron is catched by adherence in presence of a third
particle, there may be also an energy transfer to this third par-
ticle. Thus the derivative of the mean electron energy in the
electric field is expressed by the relation

dW

dλ
=

B

W
− CW. (2)

The maximum energy may be estimated by

Wmax =

√
B

C
with B =

e2E2λe

4
. (3)

2.3 Estimations of the emission intensity at 7–15 µm in
the laboratory

Now the intensity of the emission spectrum registered by
the spectrometer in the interval of 7–15 µm will be con-
sidered. While the mean ionisation velocity of the atmo-
sphere is aboutνo ≈ 10 cm−3 s−1, before earthquakes mean
values are observed that are about 1.5–2 times larger (Voj-
tov and Dobrovol’skii, 1994). It is possible to assume that,
directly in the clouds of ionisation, the temperature of ion-
isation may increase by two–three orders, so that one has
ν∗

≈ 103
− 3× 104 cm−3 s−1.

Accepting some rough model approximations, one may
estimate the number of energy quanta1NL registered by the
spectrometer using the formula

1NL = VLkLξβχν∗1t, (4)

whereχν∗1t equals the number of quanta emitted during
the time interval1t by the volume unit.VL describes the
total volume emitting in the considered IR-region.χ des-
ignates the number of quanta generated by one electron.
Energetic considerations result intoχ = Wmax/W ∗

≈ 102,
where, according to Eq. (3),Wmax is of the order of 20 eV.
W ∗

= 0.2 eV describes the effective excitation energy of a
quantum in the infrared spectrum at 7–15 µm.χ depends on
the pressure and the electric field.β = 0.5 is the aperture
coefficient of the entry lens of the spectrometer. As not the
whole energy collected in the electric field by the electrons is
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spent for the excitation of vibrational-rotational energy levels
of the molecules, but only part of it, the approximate coeffi-
cientkl ≈ 0.3 is introduced.

Here only the emission within a small solid angleξ =

r2
o/(4l2) ≈ 10−2 is considered. The radiusro of the entry

spectrometer lens is about 3 cm.l designates the effective
distance between the emitting atmospheric volume and the
entry lens. Under the condition that in the laboratory device
a spectral reflector is used, which allows an effective input
of the emission from the working chamber in the spectrom-
eter, a value ofξ = 0.5 is possible. Dependent on the vol-
ume of the working chamber and the increase of the concen-
tration of the rare components of the atmosphere CO2, O3,
CH4, N2O, and NO2, the number of quanta of infrared emis-
sions changes. In case of a chamber with a working volume
of 103

− 3× 104 cm3, the number of quanta considered dur-
ing a laboratory experiment, which lasts 103 s, amounts to
1010

− 1015. The minimum sensitivity of the device is two–
three orders of magnitude smaller. In nature, especially in the
Earth’s atmosphere at altitudes of 10–15 km, the number of
quanta of IR emission registered by the spectrometer at night
is two–three orders of magnitude larger than in the laboratory
experiment.

3 Conclusions

1. In connection with the search for new atmospheric pre-
cursors of earthquakes under nighttime and daytime
conditions, a real physical process is modelled in the
laboratory. The concentration increase of rare atmo-
spheric components is considered, which is caused by
the growth of the radon concentration before earth-
quakes.

It was shown that the absorption density in the spectral
interval of 10–13 µm growths. Thus the increase of the
IR absorption may be interpreted as earthquake precur-
sor. The approach should work better at night than dur-
ing daytime because of the stronger noise during day-
time.

2. Related to earthquake precursors at night, emission
spectra are also studied analytically. The excitation pro-
cesses of molecules are analyzed. The theoretical anal-
ysis showed that locally, in electric fields below the
breakdown ones, free electrons gain energy. Usually the
electrons collide often with the molecules elastically.
Seldom, the electrons also excite rotational-vibrational
levels of rare atmospheric components. The molecules
lose their energy in the interval of IR transparency at
7–15 µm.

The intensities of the emission spectra are estimated. It
is found that in nature and in the laboratory the emission
intensity is near the limit of the recent device sensitivity.

Thus, for observations of emission spectra, the resolu-
tion of the spectrometer has to be further increased.

3. A device is created for the syntheses and accumulation
of nitrous oxides. Experiments to observe the IR-spectra
of ozone and nitrous oxides during the syntheses and
during the further evolution of these molecules are per-
formed.

For the earthquake prediction, practically, the investiga-
tion of emission spectra is most important, but, during
the laboratory experiments, the radiation of the excited
molecules is shifted by a time interval which is larger
than the duration of the barrier discharge and lasts un-
til a noticeable, measurable heating of the chamber oc-
curs. Thus the modification of the laboratory equipment
to measure emission spectra is a special task. Besides,
in this case, the working volume of the chamber has to
be enlarged considerably.
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