
I. Ignatov, M.T. Iliev, T.P. Popova et al.

https://doi.org/10.15407/ujpe69.2.96

I. IGNATOV,1 M.T. ILIEV,2 T.P. POPOVA,3 G. GLUHCHEV,4 P.S. GRAMATIKOV,5, 6

P. VASSILEVA 7

1 Scientific Research Center of Medical Biophysics
(32, N. Kopernik Str., Sofia 1111, Bulgaria; e-mail: mbioph@abv.bg)

2 Faculty of Physics, Sofia University “St. Kliment Ohridski”
(Sofia 1000, Bulgaria)

3 University of Forestry, Faculty of Veterinary Medicine
(10 Kl. Ohridski Blvd., Sofia 1756, Bulgaria)

4 Institute of Information and Communication Technologies,
Bulgarian Academy of Sciences (BAS)
(Sofia 1113, Bulgaria)

5 Department of Green Energetics, European Polytechnical University
(23, Sv. Sv. Kiril i Metodiy Str., Pernik 2300, Bulgaria)

6 Physics Department, South-West University “Neofit Rilski”
(Blagoevgrad 2700, Bulgaria)

7 Institute of General and Inorganic Chemistry (IGIC),
Bulgarian Academy of Sciences (BAS)
(Acad. G. Bonchev Street, bl. 11, Sofia 1113, Bulgaria)

METEOROLOGICAL DATA AND SPECTRAL
ANALYSES OF NON-EQUILIBRIUM PROCESSES
IN WATER DURING THE TOTAL SOLAR
ECLIPSE OF 11.08.1999 IN BULGARIA

There are partial or total solar eclipses every year on our planet. They are observed from
relatively small areas. From 1950 to 2100, three total solar eclipses fell within the territory
of Bulgaria. The two solar eclipses from the 20𝑡ℎ century were observed on 15.02.1961 and
11.08.1999. The next total solar eclipse will happen on 3.09.2081. The partial solar eclipses in
Bulgaria were on 3.10.2005, 29.03.2006, 1.09.2008, 4.01.2011, and 25.10.2022. The question
of the influence of solar eclipses on the Earth’s atmosphere, water, and living organisms is an
area of interest for many researchers. In this connection, studies have been conducted on atmo-
spheric and water parameters during partial and total solar eclipses. Most investigations were
performed with meteorological data – temperature and humidity. In the last 30 years, other
methods have also been applied for the investigations of solar eclipses – spectral methods with
infrared (IR) spectroscopy, studies of magnetic and electric fields, polarization, and measure-
ments of the parameters of the fluids in plants. Our studies have used meteorological methods
and analyses. For the effects on the water, spectral methods are applied to the non-equilibrium
energy spectrum (NES) and differential non-equilibrium spectrum (DNES). A deionized water
sample examined during the solar eclipse on 11.08.1999 was used, aiming to analyze the pa-
rameters of NES and DNES. The deionized water control sample was tested on 10.08.1999 at
the same time as the solar eclipse of the next day. The results of our research show relatively
rapid and significant changes in air parameters during a solar eclipse, which are most promi-
nent immediately after its culmination. The conditions of non-equilibrium arising during the
solar eclipse allow for studying the restructuring of the hydrogen bonds of water molecules. The
results of the current studies prove that the solar eclipse’s significantly affect water which is the
primary substance in the Nature and living organisms. These data are consistent with other
ones which also prove that, during a solar eclipse, the structure of water undergoes significant
changes. By influencing the water, this natural phenomenon affects the whole Nature and all
living organisms on the planet.
K e yw o r d s: solar eclipse, meteorological parameters, NES, DNES.
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1. Introduction

Most studies of solar eclipses have been conducted on
changes in air temperature and humidity [1, 2].

During the solar eclipses in Bulgaria on 11.08.1999
and 29.06.2006, the brightness of the solar corona [3,
4], gravity wave-like oscillation in the ionosphere [5],
as well as spectral parameters [6], were studied.

The researches show that the electromagnetic hy-
drogen bonds in the water are sensitive to exter-
nal geophysical and cosmic influences. The action of
the solar energy causes the breaking of many hydro-
gen bonds. This process releases a lot of latent heat
[7]. It is established that there is a “window” of trans-
parency in the atmosphere between 8 to 14 𝜇m, in
which thermal radiation reaches the Earth from cos-
mic space and vice versa [8]. The evidence exists that
there are variations in thermal radiation under clear
skies. Such variations are related to water vapor due
to the variable atmospheric concentration of water
dimers linked by weak hydrogen bonds [9].

Effects are established on the weaker hydrogen
bonds at a light wavelength (𝜆) between 8 to 14 𝜇m
[9–11].

At 𝜆 from 8 to 14 𝜇m and 𝑣 from 1250 to 714 cm−1,
the highest level of the polarization of infrared radi-
ation is observed in the absorption and reflection of
water (∼4–10%) [12].

Dang analyzed polarization effects in modeling a
hydrogen bond in water using classical molecular dy-
namics techniques [13].

During the solar eclipses, the anomalies of magnetic
fields and the near-surface atmospheric electricity are
recorded [14–16].

Non-equilibrium processes were described in the
atmosphere and water with spectral methods. Non-
equilibrium energy spectrum (NES) and Differential
non-equilibrium energy spectrum (DNES) were con-
sidered in [10, 17]. The spectral methods NES and
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DNES are suitable for applications when studying the
hydrogen bonds among water molecules due to vari-
ous influences from the environment and the cosmic
space [10, 18–20].

Of interest are the studies of the effects of the so-
lar eclipse on 11.08.1999 on the parameters of flu-
ids in trees. Through the entropy analysis, it was
proved that the energy of hydrogen bonds among wa-
ter molecules increases [21].

The analyses of the parameters of binary clusters
of water molecules, as in solar eclipses [9], provide
information on environmental impacts and chemical
processes. 2 and 3-molecule clusters are found on the
Mars in the subsurface lake with water. There is the
evidence of that water clusters take part in the for-
mation of amino acid glycine C2H5NO2 in Martian
water [22]. The research was conducted in the Inter-
stellar Medium (ISM) to structure glycine. The model
involves a binary structure of two water molecules,
H2O–H2O, CH2 =NH, and CO [23].

2. Methods and Materials

2.1. Water samples

The deionized water samples were used and examined
during the solar eclipse on 11.08.1999 aiming to an-
alyze the parameters of NES and DNES. The deion-
ized water control samples were tested on 10.08.1999
at the same time as the solar eclipse of the next day.

2.2. The analysis of NES and DNES

The wetting angle 𝜃 was measured with a specially
designed instrument. Evaporation of deionized water
drops was performed in a sealed chamber with a sta-
ble temperature of 22 ∘C [24–26] (Fig. 1). The drops
were placed on a 350 𝜇m thick BoPET (biaxially ori-
ented polyethylene terephthalate) sheet. The device
has the following technical features:

∙ monochromatic filter with the wavelength 𝜆 =
= 580± 7 nm;

∙ water evaporation angle ranging from 72.3 deg to
0 deg;

∙ the measured range of the energy of hydrogen
bonds among water molecules is 𝜆 = 8.9–13.8 𝜇m
or 𝐸 = −0.08 –−0.1387 eV [27, 28].

Luck considered that water consists of hydrogen
bonds between one water molecule’s hydrogen atom
and another’s oxygen [29]. Most of them are bound
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Fig. 1. Operating principle of the method for measuring the
wetting angle of liquid drops on a hard surface: drop (1), thin
mylar sheet (2), glass plate (3), refraction ring width (4). The
wetting angle 𝜃 is a function of a and d1

by the energy of the connection (−𝐸), and the re-
maining are free (𝐸 = 0). It is accepted that 𝐸 has a
negative value. This is known as the Luck two-state
model [30]. The number of hydrogen bonds between
the hydrogen atom of one water molecule and the oxy-
gen of another one in a particular volume of water is
twice as high as the number of molecules it contains.

A part of the hydrogen bonds is restructured in a
proximity of the spherical part of the drop surface
[31]. As a result, we obtain the dependence between
the surface tension 𝛿 and the hydrogen bond energy
[32–34]:

𝛿 = −𝑘𝑇 𝐼 ln[1 + 𝛼/[exp(−𝛽𝐸) + 𝛼]. (1)

Here, 𝑘 is the Boltzmann constant, 𝛽 = 1/𝑘𝑇 , 𝑇
is the absolute temperature, 𝐸 is the hydrogen bond
energy, 𝛼 is the ratio of two subvolumes of the phase
space related to the structuring and restructuring of
hydrogen bonds, 𝛼 = 28±8, and 𝐼 = 5.03×1018 m−2

is the density of water molecules in the hydrophobic
surface layer.

The values of 𝐸 and 𝛼 are determined by com-
parison with the experiment. Expression (1) explains
the fraction 𝐶 of the actual surface tension 𝛾, i.e.,
𝛿𝑑 = 𝐶𝛾 [35, 36]. According to [36], the contribution
of the non-hydrogen bond interaction amounts to 20%
of the real value of 𝛾 and 𝐶 = 4/5.

Consider the Helmholtz free surface energy 𝐹 =
= 𝛾Σ, where Σ is the spherical part of the drop sur-
face [18].

At the instant of mechanical equilibrium, 𝐹 should
be minimal, i.e., 𝑑𝐹 = 0 = 𝑑(𝛾Σ) [18]

0 = 𝛾Σ− 𝛾0Σ0. (2)

The evaporation process of water drops occurs at
a constant temperature of 20 ∘C in a hermetic cam-
era [26].

The expressions for Σ0 and Σ are as follows [18]:

Σ = 𝜋𝐷2/2(1 + cos 𝜃); Σ0 = 𝜋𝐷2/2(1 + cos 𝜃0), (3)

−𝐸/𝑘𝑇 = 𝐶𝛾/𝐼 𝑘𝑇, (4)

𝐸 = 𝐶𝛾𝑜(1 + cos 𝜃)/𝐼(1 + cos 𝜃0). (5)

During the process, the wetting angle changes in
discrete steps and characterizes the average energy of
hydrogen bonds as follows:

𝜃 = arccos(−1 + 𝑏𝐸), 𝑏 = 𝐼(1 + cos 𝜃0)/𝐶𝛾𝑜, (6)

where 𝜃 is the wetting angle, 𝐸 is the average energy
of hydrogen bonds, and 𝑏 is a temperature-dependent
parameter [37, 38]. The development of the method
involves the non-equilibrium energy spectrum (NES)
and differential non-equilibrium spectrum (DNES)
[39]. They are used to research natural waters [40,
41] and osmosis [42]. The molecular dynamics simu-
lation is applied to investigate the wetting behavior
of water droplets on the sandstone surface under dif-
ferent salinities. The equilibrium configuration of the
system was used to study the interaction of its compo-
nents. The number of hydrogen bonds was calculated
in [43].

The energy (𝐸) of hydrogen bonds among H2O
molecules in water samples is measured in eV. The
function 𝑓(𝐸) is called the energy distribution spec-
trum. The non-equilibrium evaporation process of
water droplets characterizes the energy spectrum of
water. This non-equilibrium energy spectrum (NES)
is measured in eV−1. DNES is defined as the differ-
ence [10, 43, 44]:

Δ𝑓(𝐸) = 𝑓(water sample)−𝑓(control water sample).
(7)

DNES is measured in eV−1, where 𝑓(*) denotes the
evaluated energy [18, 43].
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3. Results

Figure 2 illustrates the full solar eclipse on 11.08.1999.

3.1. Meteorological data

Table 1 shows the visible movement of the Sun and
the Moon in Sofia, Bulgaria (official time). The solar
eclipse’s impact was studied, which in its maximum
phase was 94.4% on the daily course of the meteoro-
logical parameters.

On the eclipse day, the moon transitioned from
its last quarter to the new moon phase at 14:09 on
11.08.2023. Figure 3 shows the air temperature (t ∘C)
as a function of time (time of day – ℎ).

The graph indicates the drop in the air temper-
ature by more than 5 ∘C in the hour immediately
after the culmination of the solar eclipse, followed by
an increase within the norm in the following hours.

Figure 4 shows the relative humidity (RH, %) as a
function of the time (time of day – ℎ). As the chart

Fig. 2. Full solar eclipse on 11.08.1999

Table 1. Impact of the solar eclipse
with maximum phase 94.4% on the daily
course of meteorological parameters

Daily course
of 11.08.1999

Sun Moon

Sunrise 06.28 h 06.11 h
Upper culmination 13.32 h 13.31 h
Sunset 20.35 h 20.43 h

shows, this indicator rises by over 10% within 1 hour
after the eclipse’s culmination.

Figures 5 and 6 present the results of more frequent
measurements of the temperature and the air’s rela-
tive humidity around the eclipse’s total phase.

Fig. 3. Air temperature as a function of time

Fig. 4. Relative humidity as a function of the time

Fig. 5. Alterations in the air temperature around the total
phase of the eclipse

Fig. 6. Changes in the relative air humidity around the total
phase of the eclipse
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Table 2. The distribution function for energies
𝑓(𝐸) in eV−1 according to the value of (−𝐸) of hydrogen bonds

−𝐸 (eV)
x-axis

Deionized water Deionized water
−𝐸 (eV)
x-axis

Deionized water Deionized water
solar eclipse control sample solar eclipse control sample
𝑓(𝐸) (eV−1) 𝑓(𝐸) (eV−1) 𝑓(𝐸) (eV−1) 𝑓(𝐸) (eV−1)

0.0937 0 30.1 0.1187 15.1 0
0.0962 23.1 0 0.1212 30.2 30.2
0.0987 23.1 38.5 0.1237 0 15.1
0.1012 0 46.2 0.1262 15.1 30.2
0.1037 30.2 38.5 0.1287 15.1 30.2
0.1062 0 30.2 0.1312 30.1 23.1
0.1087 15.1 46.2 0.1337 15.1 23.1
0.1112 46.2 0 0.1362 46.2 0
0.1137 15.1 23.1 0.1387 76.9 0
0.1162 0 23.1 – – –

Fig. 7. NES of 39 independent measurements in one year

Fig. 8. Sunglasses for the public observation of the solar
eclipse on 11.08.1999

From the results presented in the figures, it can
be clearly seen that, till the beginning of the eclipse,
which is one hour before the upper culmination of
the Sun, there is no change in the daily meteorolog-
ical course of the meteorological parameters. The air
temperature shows a linear increase, while the rela-
tive humidity shows a linear decrease. During the pre-
vious day, 10.08.1999, a “plateau” was observed from
14:00 to 18:00 h. The maximum temperature value
𝑡max = 36.3 ∘C falls between 15:00 and 16:00 h. The
relative humidity between 15:00 and 16:00 h has a
minimum value of RHmax = 27%. Before the be-
ginning of the solar eclipse on 11th August, due to
the reduced solar radiation, there is a change in the
daily course of the meteorological elements. During
the eclipse, the air temperature goes through a mini-
mum min = 29.7 ∘C, and the relative humidity goes
through a maximum of RHmax = 27%.

The wind at the eclipse is up to 1 m · s−1. During
the natural phenomenon, the atmospheric pressure
decreases. Such a barometric trend is typical of a solar
eclipse; immediately after the total solar eclipse, 3 to
10 mid-level cumulus clouds developed at an altitude
of 2000 to 4000 m. Afterward, the weather got sunny
again. The interference and diffraction patterns were
registered in the zone of totality.

3.2. Spectral methods NES and DNES

Within the method, we performed 39 independent
measurements in one year, by using NES. The aver-
age value of the energy among the water molecules
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was determined with the value 𝐸 = −1090 eV or
𝜆 = 11.38 𝜇m, 𝑣 = 879 cm−1 (Fig. 7) [10]. Accor-
ding to the Student’s 𝑡-test 𝑝 < 0.001, the statistical
data have the correlation coefficient 𝑟 = 0.54.

For each sample during a solar eclipse on
11.08.1999, 10 measurements of deionized water were
performed. On 10.08.1999, 10 measurements were
made on the control samples with deionized water
at the same time as the solar eclipse time. Student’s
𝑡-test was applied.

There was a statistically significant difference be-
tween the three groups of results with the samples
and control samples according to the Student’s 𝑡-test
at the 𝑝 < 0.001 level with the correlation coefficient
𝑟 = 0.0265. The average results are: NESsample =
= −0.1213 eV, NEScontrol sample = −0.1175 eV,
DNES= −0.0038 eV.

Table 2 illustrates the distribution function for en-
ergies 𝑓(𝐸) in eV−1 according to the value of (−𝐸)
of hydrogen bonds [17].

The study shows an increase in the surface tension
of water during the solar eclipse [45]. The result of our
research on the surface tension for the solar eclipse on
11.08.1999 is 𝛾 = 0.072 J ·m−2 and on 10.08.1999 is
𝛾 = 0.068 J ·m−2.

One of the main reasons for the alteration of water’s
surface tension during the solar eclipse is the disputed
effect of an eclipse on the ozone (O3) layer.

Several studies claim that the solar eclipses impact
Earth’s ozone layer [46, 47].

The isotopic ratio in CO2 and the carbon dioxide
mixing ratio in the air samples collected during the
event differ from neighboring samples, suggesting the
role of atmospheric inversion in trapping the emit-
ted CO2 from the urban atmosphere during the solar
eclipse [48].

The behavior of surface ozone and nitrogen diox-
ide (NO2) concentration, as well as the variations
in various meteorological parameters before, during,
and after the total solar eclipse of 29 March 2006,
has been examined [48, 49]. The studies show the
changes in the compounds in the atmosphere dur-
ing the solar eclipse – ozone (O3) layer, carbon diox-
ide (CO2), and nitrogen dioxide (NO2). The results
illustrate the possibility for changes in the Earth’s
atmosphere during phenomena such as solar eclipses
and connected effects on water. Figure 8 illustrates
the sunglasses for the public observation of the solar
eclipse on 11.08.1999.

4. Conclusions

The results of our research show relatively rapid and
significant changes in air parameters during a solar
eclipse, which are most prominent immediately after
its culmination. While the temperature decreases due
to a reduction in the strength of solar radiation, the
humidity increases, which can also explain a reduc-
tion of sunshine and temperature change. The forma-
tion of cumulus clouds at the same time also confirms
the considerable change in atmospheric parameters of
the compounds such as the ozone (O3) layer, carbon
dioxide (CO2), and nitrogen dioxide (NO2) under the
influence of the eclipse.

The conditions of non-equilibrium arising during a
solar eclipse allow one to study the restructuring of
hydrogen bonds between water molecules.

Water is the main substance of living organ-
isms. We have proven that, during a solar eclipse, the
structure of water undergoes significant changes. By
influencing the water, this natural phenomenon af-
fects the whole Nature and all living organisms on
the planet. The research results are helpful for the ef-
fects on cosmic expeditions and staying on the Moon,
Mars, and other planets under non-equilibrium con-
ditions. The non-equilibrium can result from electro-
magnetic and gravitation fields and different atmo-
spheric changes with temperature differences.

The authors thank Kiril Avramov and Emil Stoime-
nov for the meteorological research they performed.

The article is in the memory of Prof. Anton Anto-
nov (1934–2021).
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I. Iгнатов, М.Т. Iлiєв, Т.П.Попова,
Г. Глухчев, П.С. Граматiков, П.Вассiлева

МЕТЕОРОЛОГIЧНI ДАНI ТА СПЕКТРАЛЬНИЙ
АНАЛIЗ НЕРIВНОВАЖНИХ ПРОЦЕСIВ У ВОДI
ПРОТЯГОМ ПОВНОГО СОНЯЧНОГО
ЗАТЕМНЕННЯ, ЯКЕ СПОСТЕРIГАЛОСЯ
11.08.1999 р. У БОЛГАРIЇ

Використано метеорологiчнi данi щодо температури i воло-
гостi повiтря та застосовано спектральнi методи для дослi-
дження нерiвноважних енергетичних спектрiв зразкiв деiо-
нiзованої води. Знайдено вiдносно швидкi значнi змiни па-
раметрiв повiтря протягом сонячного затемнення. Показа-
но, що нерiвноважнiсть процесiв протягом сонячного затем-
нення веде до змiн у структурi водневих зв’язкiв молекул
води. Нашi результати свiдчать про те, що сонячнi затем-
нення суттєво впливають на структуру води, яка є надзви-
чайно важливою частиною природи i всього живого, i узго-
джуються iз результатами iнших робiт.

Ключ о в i с л о в а: сонячне затемнення, метеорологiчнi па-
раметри, нерiвноважний енергетичний спектр, диференцi-
альний нерiвноважний енергетичний спектр.
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