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Abstract

This paper presents the results of evaluation of possible biophysical methods and approaches
for registering of various non-ionizing radiation (NIR) wave types of the human body in the optic
and electromagnetic range. Various types of NIR (electromagnetic waves, infrared radiation,
thermo radiation, bioluminiscence) emitted from the human body were reviewed. In particular the
results on of spontaneous biophoton emission and delayed luminescence from the human body are
submitted along with infrared thermography (IRT) results. It was shown that 1 cm2 of skin
generally emits ~85 photons for 1 s. The intensity of biophoton emission ranges from 109 to
107 W/cm?2 (approx. ~1—1000 photons-cm2s?). The specific photon emission from part of the
human thumb was detected as a spectrum of various colours with the method of Colour coronal
spectral analysis on a device with an electrode made of polyethylene terephthalate (PET
hostaphan) with applied electric voltage 15 kV, electric impulse duration 10 ps, and electric current
frequency 15 kHz. It was established that photons corresponding to a red color emission of visible
electromagnetic spectrum have energy at 1,82 eV. The orange color of visible electromagnetic
spectrum has energy at 2,05 eV, yellow — 2,14 eV, blue-green (cyan) — 2,43 eV, blue — 2,64 eV, and
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violet — 3,03 eV. The reliable result measurement norm was at E > 2,53 eV, while the spectral range
of the emission was within A = 380—-495+5 nm and A = 570-750+5 nm. Also were estimated some
important physical characteristics (energy of hydrogen bonds, wetting angle, surface tension) of
water by the methods of non-equilibrium energy (NES) and differential non-equilibrium energy
(DNES) spectrum of water, that helps understand in general how electromagnetic radiation
interacts with water and establish the structural characteristics of water.

Keywords: electromagnetic waves; thermo-infrared radiation; bioluminescence; colour
coronal spectral analysis; NES; DNES.

Introduction

All living organisms have a cellular therefore, a molecular organized structure. The living
processes inside of them run on a cellular and a molecular level. Bioelectrical activity is one of the
very important physical parameters of living organisms [1]. Bioelectric potentials generated by
various cells are widely used in medical diagnostics [2] and are recorded as electrocardiogram,
electromyogram, electroencephalogram, etc. It was proved that the human body and tissues
emanate weak electromagnetic waves, the electric voltage of which is denoted as resting potential,
action potential, omega-potential etc. [3]. Between the outer surface of the cell membrane and
the inner contents of the cell there is always the electric potential difference which is created
because of different concentrations of K+, Na+ and Cl- inside and outside of the cell and their
different permeability through the cell membrane [4]. Their value in the human body varries
at ~50—80 mV and is defined by the galvanic contact of a voltmeter input with an object
that indicates on the galvanic type of their source [5]. When being excited a living cell changes
the membrane electric potential due to changes in membrane permeability and active ion
movement through the membrane. In cells of excitable tissues (muscle, nervous), these processes
can occur within a very short time intervals (milliseconds) and are called “current action” potential.
Its magnitude makes up ~120 mV.

Electromagnetic fields refer to non-ionizing radiation (NIR), i.g. the radiative energy that,
instead of producing charged ions when passing through matter, has sufficient energy only for
excitation. Nevertheless it is known to cause biological effects [6]. The NIR spectrum is divided into
two main regions, optical radiations and electromagnetic fields. The optical spectrum can be
further sub-divided into ultraviolet, visible, and infra-red. The electromagnetic fields are further
divided into radiofrequency (microwave, very high frequency and low frequency radio wave). NIR
encompass the long wavelength (> 100 nm) and low photon energy (<12,4 eV) portion of the
electromagnetic spectrum, from 1 Hz to 3-10'5 Hz.

As a result of research carried out in the 1990-s and subsequent years, it was established the
property of animal and plant tissues to generate relatively strong transient NIR electric fields
due to mechanical stresses and temperature changes in biological structure [7]. These electric fields
are mainly due to the piezoelectric and pyroelectric voltage electric polarization of natural
biological structures. Owing to cell metabolism, electric dipoles (polar and ionized molecules) involved
in polarization of biostructures are continuously destroyed and restored, i.e. this is a non-equilibrium
polarization. Such type of non-equilibrium electric polarization is known as a main characteristic of
electrets [8]. Electrets include dielectric insulators and semiconductors, which under certain
conditions, i.g. under the influence of a strong electrostatic field or ionizing radiation, light and
other factors acquire property to generate an external electric field, existing for a long time (days,
years) and slowly diminishes because the destruction of their substance by polarization [9]. Along
with the electromagnetic field electrets generate specific elecric currents produced by heating
— thermally stimulated current (TSC) [10]. Electrets belong to the non-galvanic type of electrical
sources, which tend to a strong electric field (up to 10° V/m) and the infinitesimal electric current
(~104 A/mm?). By analogy with the physical fields the electric field emitted from the human body
on its physical characteristics resembles the electric field generated by electrets. The electrets play
an important role in functioning of many biological structures as they themselves possess electret
properties. The bioelectret fild registered on the surface of the human body basically are generated
by the basal cells of the epidermis. Dermis cells adjacent to the bottom layer of basal cells are
surrounded by a conductive interstitial fluid, which electric voltage while grounding of the human
body is close to zero (so called ground potential). This interstitial fluid screens off electromagnetic
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fields of underlying tissues. With the average thickness of the epidermis (~0,1 mm) and the maximum
value of electric voltage (~30,0 V), the electric field strength can reach significant values at
~300000 V/m [11]. The strength of the electric field is quiet sufficient for its influence on the
biological processes in cells and surrounding tissues, including the synthesis of proteins and
nucleic acids [12]. This electric field along with the field of transmembrane assymetry of ions
concentrated at inside and outside of the membrane (~105 V/cm2) can participate in the
cooperative effects in cell membrane structures [13]. Thus owing to the bioelectret condition of
certain subcellular structures in the cell and its surroundings is generated slowly oscillating electric
field that is strong enough to influence the biological processes. This field and the electric field
due to the piezoelectric voltage and intramembrane electric field formes the total electromagnetic
field of the cell and its supracellular structures.

It is known that the human skin emanates electromagnetic waves in close ultraviolet range,
optic range and also in close infrared range. Infrared thermal bioradiation is found in the middle
infrared range at wavelengths from 8 to 14 um. At wavelength of 9,7 um infrared bioradiation has
its maximum value at t = 36,6 °C. At this temperature the skin emission is closest to the emission of
absolute black body (ABB) being at the same temperature. Infrared emission penetrates the skin
surface at a depth of ~0,1 mm, and is reflected in accordance with the physical laws of reflection of
the visible part of the electromagnetic spectrum. Evidently, radiation energy influences tissues
while being absorbed by them. Yu.V. Gulyaev and E.E. Godik [14] determined that the threshold of
skin sensitivity for infrared radiation compiled ~104 W/cm2. When thermal influence is applied to
the point of threshold skin sensitivity, there is developed a physiological reaction toward the thermal
current. The intensity of the radiated thermal current generated by skin makes up ~2,6:102W/cmz2.

The second component of electromagnetic waves is bioluminescence. Itis supposed
that biophotons, or ultraweak photon emissions of biological objects, are weak electromagnetic waves
in the optical range of the spectrum [15]. The typical observed emission of biological tissues in the
visible and ultraviolet frequencies ranges from 107 to 107 W/cm?2 (~1-1000 photons-cm=2sec?) [16].
This light intensity is much weaker than that one to be seen in the perceptually visible and
well studied spectrum of normal bioluminescence detectable above the background of thermal
radiation emitted by tissues at their normal temperature [17].

Bioelectric emission from parts of the human body as thumbs can be easily detected with the
method of Color coronal spectral analysis under applying gas electrical discharge of high voltage
and friquency developed by I. Ignatov [18]. This method has big scientific and practical prospects
in biophysics and medical diagnostics. Its advantages include safety, sterility, clarity and
interpretability of the data obtained, ease of storage and subsequent computer data processing, the
ability to monitor the development of processes in time, comparing the structural, functional and
temporal processes etc.

The purpose of this research was studying of possible biophysical methods and approaches
for registering various NIR wave’s types emitted from the human body (electromagnetic waves,
infrared radiation, thermoradiation) and methods of their visualization by different technique
including magnetography, infrared thermography, chemiluminescence and coronal gas discharge
spectral analysis.

Material and methods

Infrared thermography (IRT)

The research was made with using infrared thermography (IRT) method according to
M. Marinov. The range of the infrared thermal-imaging camera was in the middle infrared range
from 9 um to 14 um. The temperature range was from 24,0 °C to 38,0 °C. The first camera was of
Inframetrics/FLIR ThermaCam PM 290 wave type. FLIR ThermaCam PM 290, FLIR 390,
Inframetrics PM 250 and Inframetrics PM 350 thermal infrared cameras were of FLIR short wave
type, handheld, Focal Plane Array cameras that are capable of temperature measurement.
These cameras stored images on a PCMCIA Card, and the images were further analyzed using one
of several available FLIR software packages (Thermogram 95, FLIR Reporter 2000 Software,
Researcher 2000). The second camera (D.I.T.I.) was a totally non-invasive clinical imaging camera
for detecting and monitoring a number of diseases and physical injuries, by revealing the thermal
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abnormalities present in the human body’s patterns. It was used as a tool for diagnosis and
prognosis, as well as monitoring therapy progress; the type of this device was TB 04 K.

Registration of electromagnetic fields

The registration of electromagnetic fields was used with super conductive detectors based on
Joseffson junctions — divice made by sandwiching a thin layer of insulating nonsuperconducting
material between two layers of superconducting cooper pairs (S-I-S).This allows the registering
of magnetic fields 10 times weaker than the Earth’s magnetic field. The study of electric field
nearly the human body was done using a standard Faraday cage formed by conducting material
(aluminium foil) blocks external static and non-static electric fields by channeling electricity
through the conducting material, providing constant voltage on all sides of the enclosure.

Biophoton detection

The measurement was made with using photoemission detector with photomultiplier
(EMI9558QA selected type) in impervious to the light dark room wherein the light was minimized
about ~5 cps. This was 4 times lower than the noise of the cooled photomultiplier — 20 cps.
The photomultiplier was connected through an amplifier and other intermediate devices with
potentiometer recorder or a personal computer. The detection of biophoton emission was
performed within time interval with real count rate 3 cps, for 30 min, with reliability according to
t criterion of Student at p < 0,05. The registration was performed from area of the skin with
average diameter 7 cm within time interval of 100 ms or 1 s. The calculation of biophoton emission
was measured in count/100 ms/count. The irradiation time of the 150 W-tungsten lamp was 5 s.
Within 100 ms after switching off the external lamp the first measurement of delayed luminescence
was recorded; after then were recorded 256 units of the delayed luminescence. Delayed
luminescence of biological objects and tissues in terms of coherent states was detected within time
intervals of 100 ms. Relaxation function was of 25,6 units.

Colour coronal gas discharge spectral analysis

Experiments were caried out by using selective high-frequency electric discharge (SHFED) on a
device with the electrode made of polyethylene terephthalate (PET, hostafan) with an electric voltage
on the electrode 15 kV, electric impulse duration 10 ps, and electric current frequency 15kHz.
The electrode of the device was made of hostafan, and was filled up with electro-conductive fluid.
The spectral range of the emission was in the range at A = 380—495+5 nm and A = 570—750+5 nm.
The measurements were measured in electronvolts (eV). Detection of gas disharge glowing was
conducted in a dark room equipped with a red filter. On the electrode put a photosensitive paper or
color film. The object under study (human thumb) was placed on top of a sheet of photo paper or
color film. Between the object and the electrode were generated impulses of the electric voltage
15 kV and electric current frequency — 15—24 kHz; on the reverse side of the electrode was applied
the transparent electrically conductive thin copper coating. Under these conditions in the thin
contact gas space between the studied object and electrode was generated gas electric discharge
in the form of characteristic glow around the object — a corona gas electric discharge in the range
at L = 280-760 nm, illuminates a color photo or a photographic film on which was judged about
the bioelectric properties of the studied object. Along with the visible range, for this method were
obtained color spectra in UV and IR range. Evaluation of the characteristic parameters
of snapshots was based on the analysis of images treated by standard software package. Statistical
processing of the experimental data was performed using the statistical package STATISTISA
6 using Student's t-criterion (at p < 0,05).

NES and DNES experiments on interaction of electromagnetic field with water

The research was made with the method of non-equilibrium spectrum (NES) and differential
non-equilibrium spectrum (DNES). The device measures the angle of evaporation of water drops
from 72 © to 0 °. As the main estimation criterion was used the average energy (AExu..0) of hydrogen
O...H-bonds between H.O molecules in water’s samples. The spectrum of water was measured
in the range of energy of hydrogen bonds 0,08-0,387 eV or A = 8,0—13,8 um with using a specially
designed computer program.
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Results and Discussion

Electric fields

The electric field surrounding the human body with frequency v = 1103 Hz is created
by electrochemical processes in the organism and is modulated by the rhythm of internal organs
[19]. The spatial distribution of the electric field around the body reflects the teamwork of
the different organs and systems in the organism. There are also electric fields, which are generated
by accumulation of triboelectric (caused by friction) charge on the epidermis, which depends
on epidermal electric resistance and varies from 109 to 10 /cm2. Radiothermal emission is being
detected in the centimetre and decimetre range of the spectrum. This type of emission is connected
with the temperature and the biorhythms of the internal organs, and is being absorbed by surface
layer of skin at depth from 5 ¢cm to 10 cm [20]. Long persistent electric field nearby the human
body can be detected with using an electrometer voltmeter after neutralizing electric charges on
the skin caused by triboelectric charges. The electric strength of this field is undergoing slow
oscillations, and most patients exert its value within the range of 100—-1000 V/m at a distance of
5—10 cm from the body. People in a state of clinical death usually have the electric field strength’s
value reduced to 10—20 V/m after 2—3 hours of cardiac arrest. Intensity vector of the detected
electric field is found to be normal to the surface of the skin, and the electric voltage is inversely
proportional to the distance. On the skin surface the electric voltage of the field (the difference of
its electric potential with respect to ground potential) reaches essential values of ~10000 mV or
more, i.e., is about 1000 times greater than the source electric voltage of the electric unit above the
bioelectric potentials. This allows us to characterize the electric field detected nearby the human
body as relatively strong electric field emitted from living tissues. Its electric voltage was measured
by electrometric methods, indicating on non-galvanic type of its source.

If the physical basis of the generation of a relatively strong electric field in the human tissue
is non-equilibrium electric polarization of the substance due to metabolic processes, the electric
field strength should depend on these processes. As noted above, this dependence is actually
observed: inhibition of tissue metabolism due to hypoxia during cardiac arrest was accompanied
by drop in the electric field strength. This relationship is confirmed in experiments on animals [21].
For example, in rats inhibition of metabolism of the tissue due to cardiac arrest (death of the animal) or
by general anesthesia is accompanied by a significant drop in the electric field strength [22].

Electric fields depend on the magnitude of the electric voltage and the distance from
the source. Generally, the electric voltages are stable and remain the same; however electric fields
are easily perturbed and distorted by many surounding objects.

Relatively strong electric field investigated in humans and animals is being formed evidently
by skin’s biostructures, since the electric fields of the underlying tissues are largely shielded
by conductive interstitial fluid [23]. The greatest contribution to the detected electric field makes
the basal cells of the epidermis — the top layer of the skin. Electric polarization vector of these cells
is normal to the surface of the skin, i.e., coincides with the electric voltage’s vector field, and yet it is
inherent in the metabolism intensity, conditioning the generation of the electric field.

Magnetic fields

Magnetic field of a living organism can be caused by three following reasons. First of all, it is
ion channels arising from electrical activity of cell membranes (primarily muscle and nervous
cells). Another source of magnetic fields is tiny ferromagnetic particles, trapped or specially
introduced into the human body. These two sources create their own magnetic fields. In addition,
at imposition of external magnetic field there appears inhomogeneity of the magnetic susceptibility
of different organs and tissues distorting the external magnetic field. The magnetic field in the last
two cases is not accompanied by the appearance of the electric field, so the study of the behavior of
magnetic particles in the human body and the magnetic properties of various organs are applicable
only with using of magnetometric methods. Biocurrents on the contrary except for the magnetic
fields create the distribution of electric potentials on a body’s surface. Registration of these electric
potentials has long been used in research and clinical diagnostics — in electrocardiography,
electroencephalography etc. It would seem that their magnetic counterparts, i.e. magnetocardiography
and magnetoencephalography recording the signals from the same electrical processes in the body,
will give almost the same information about the studied organs. However, as follows from the
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theory of electromagnetism, the structure of the electric current source in the electric conductive
medium (the body) and the heterogeneity of the medium have significantly different impact on the
distribution of magnetic and electric fields: some types of bioelectric activity manifest themselves
primarily in the electric field, giving a weak magnetic signal, while the others — on the contrary
create rather strong magnetic signal [24]. Therefore, there are many biophysical processes which
observation is preferable by using of magnetographic methods.

Magnetography does not require the direct contact with the investigated object, i.e., it allows
carry out measurements over a bandage or other obstructions. It is not only practically useful
for diagnostics, but is fundamental advantage over electrical methods towards data recording,
as the attachment of the electrodes on the skin can be a source of slowly varying contact electric
potentials. There are no such spurious noises while using magnetographic methods, therefore,
magnetography allows, in particular, reliably explore slowly occurring processes (with the
characteristic time of tens of minutes).

Magnetic fields rapidly diminish with distance from the source of the activity, as they are
caused by relatively strong currents running in the body, while the surface potentials are
determined mainly by the weaker and “smeared” electric currents in the skin. Therefore,
magnetography is more convenient for accurate determination (localization) of bioelectric activity
parts on the human body. And finally, the magnetic field vector is characterized as not only by the
absolute value but also by the direction, which also may provide additional useful
information. However, it should not be assumed that the electricity and magnetographic methods
compete with each other. On the contrary, it is their combination that gives the most complete
information about the processes being investigated. But for each of the individual methods, there
are practical areas wherein the use of any one of them is preferable.

Water is the main substance of all living organisms and the magnetic field exerts a certain
influence on water. This influence is a complex multivariate influence, which the magnetic field
exerts on dissolved in water metal cations (Fe2*, Fe3*) and the structure of the hydrates and water
associates [25]. Experimentally was proved that the magnetic field acts much weaker on still
unmoved water, because water has conductivity; as water moves in the electromagnetic field it is
generated a small electric current.

The research performed with superconductive detectors based on Joseffson junctions shows
that magnetic fields around the human body are in the range from 1 to 100 Hz. The magnetic
activity of the brain for example makes up ~3010* T/HzY2 The magnetometric system has
a sensitivity of 10-10'5 T/Hz"/2 in the range of 1 to 100 Hz [26].

Chemiluminescence

Chemiluminescence denotes luminescence accompanying chemical reactions, detected in the
near infrared, the optical and the near UV-range of the electromagnetic spectrum. When
chemiluminescence takes place in living organisms, the phenomenon is called bioluminescence.
The term is generally used for higher luminance ATP-dependent luciferin/luciferase systems
observed in Lampyridae lightning bugs [27]. Although there bacterial, latia and dinoflagellate
luciferin, and coelenterazine found in some bacteria, freshwater snails, dinoflagellates,
radiolarians, shrimp, squid and deep-sea fish species [28].

Chemiluminescence is observed in reactions accompanied by allocation of large amounts of
energy, such as the reaction of combining of two radicals, or in reactions involving peroxides, e.g.
peroxide oxidation of lipids [29]. Peculiar (“ultra-weak”) glow of cells and tissues of animals and
mammals is caused by free radical reactions: lipid radicals and oxygen, and nitrogen oxides
— compounds that play an essential role in cell metabolism, and under certain conditions in the
development of a number of pathological conditions.

It is suggested that the major radicals responsible for the light emission are excited triplet
carbonyl and excited singlet oxygen, and that these radicals arise through the decomposition of
hydroperoxides formed in the process of lipid oxidation [30]. The process of lipid peroxidation
(LPO) is an important cause of the accumulation of cellular defects caused by radicals. LPO main
substrate is polyunsaturated fatty acids in composition of cell membranes and lipoproteins.
Their attack by oxygen radicals leads to the formation of hydrophobic radicals, interacting with
each other [31]. Many different mechanisms have been suggested for the oxidative lipid
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fragmentation that produce biologically active aldehydes as 4-hydroxynon-2-enal (HNE),
oxononanoyl phosphatidylcholine (ON-PC) from linoleic acid (LA) esters, or HNE and oxovaleroyl
phosphatidylcholine (OV-PC) [32].

Processes of life are almost always accompanied by a very weak radiation, which is
sometimes called ultra-low illumination or radiation of cells and tissues. Some organisms possess
the ability to emit bright light at photon fluxes below about 104 photons-cm2s, visible to the naked
eye, this phenomenon is denoted “bioluminescence”. In biochemical systems, i.e. in tissue’s
homogenates, cell suspensions or cell organelles, mixtures of enzymes and substrates,
chemiluminescence in most cases has an extremely low intensity, and requires particularly
sensitive equipment for its detection and measurement [33]. Some substances — enhancers, have
the ability to essentially enhance the chemiluminescence, sometimes many thousands of times
(activated, or enhanced chemiluminescence). In addition, weak luminescence is accompanied
by the formation of free radicals under the action of a number of physical factors on the object:
ationizing radiation is observed radiochimoluminescence, at ultraviolet or visible light
illumination — photochimoluminescence, at passing an electric current — electroluminescence, with
ultrasound — sonoluminescence, under the influence of friction forces — triboluminescence.

Chemiluminescence differs from fluorescence in that the electronic excited state is derived
from the product of a chemical reaction rather than the more typical way of creating electronic
excited states, namely adsorbtion. It photomemical reactions, in which light is used to drive an
endothermic chemical reaction, light is generated from a chemically exothermic reaction.

At present time it is known quite a lot of chemical reactions involving the formation of
luminescence glow. In most cases they are generally quite a complex processes having many
intermediate stages, but the basic processes leading to luminescence glowing in general are similar.
They include the separation and transfer of charged particles (electrons and free radicals),
the electron transfer (redox reactions) at one of the higher energy levels with the formation of
the reaction product in an electron-excited state and further releasing of a photon in the transition
of the molecule to the low excited electronic ground state with a lower energy level (luminescence).
Theoretically, in this process on each molecule of the reactant should be allocated one photon.

Chemiluminescence accompanies many chemical reactions (ozonation and fluorination
reactions, the oxidation of phosphorus and complex organic substances, lipids) and has an impulse
mode; the signals of this process usually are very week. Thus, the human skin dissociates few
photons per 1 sec. with emission power level ~10 mW/cm2[34].

Luminescence of cells and tissues are accompanied by three types of reactions:

¢ Reactions with active oxygen;

¢ Chain reactions of lipid peroxidation;

¢ Reactions involving nitric oxide (NO").

The more lipid radicals contain the system, e.g. the more energetically occurs the chain
reaction of lipid oxidation, the higher the intensity of chemiluminescence accompanying the
reaction of radicals. Substances reacting with free radicals and thereby inhibiting the chain lipid
oxidation (so-called antioxidants) simultaneously inhibit chemiluminescence. That inhibition of
chemiluminescence by cells and tissues by such antioxidants as tocopherol (vitamin E), indicating
that chemiluminescence is stipulated by lipid oxidation chain reactions. On the other hand,
studying the impact of various natural and synthetic compounds on the time (kinetics) of
chemiluminescence, it can be judged on the ability of these substances to protect our body from the
harmful effects of free radicals and thereby select candidates to certain medications.

Chemiluminescent methods are used for recording of ultra-weak light wave accopmanying
from the chemical and biobiochemical reactions involving the formation of free radicals. They do
not require special laboratory conditions and special material preparation for analysis and
characterised by high sensitivity, reliability, meet the requirements for rapid methods of express
research. Chemiluminescent methods are widely used in biomedical diagnostics for studying of the
molecular basis of physiological processes in biological systems and general mechanisms of
development of pathological conditions.
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Biophoton emission

The term biophoton emission means a photon of non-thermal origin spontaneous emission
in the visible and UV-spectrum emitted from all biological objects and tissues and covered over a
wide range of wavelengths, from 200 to 800 nm. Biophoton emission was discovered by the Soviet
biologist Alexander Gurwitsch (USSR) who was among the first discovered that in the process of
cell mitogenesis cells emited ultra-weak UV waves, named mitogenetic or Gurwitsch rays [35].
The biophoton emission evidently is linked to the endogenous production of excited states within
the biological system. As a possible carrier of biophotone emission A. Gurvitsh offered chromatin
— the complex of DNA with special proteins that during eukaryotic cell division formes
chromosomes — thread-like structures inside the cell's nucleus, consisting of DNA, RNA and
proteins. Cells that do not contain chromatin do not possess the ability to emit biophotones. It was
found that if the other surrounding cells were under mitogenetic rays, the mitosis was being
increased, i.e. stimulated the cell growth [36]. It was also demonstrated that mitogenetic radiation
can not only stimulate, but also inhibit the cell growth. Further F.A. Popp developed a biophoton
theory to explain their possible biological role and the ways in which they may control biochemical
processes, growth, cell differentiation etc. [37].

For many years the existence of Gurwitsch rays has been under the question because of the
very contradictory experimental results for their detection. The situation has changed for the better
with the development of more sensitive resolution technical devices for their precise detection [38].

Contemporary photon-emission detectors used for photon’s detection are divided into two
classes: photodetectors, or photon detectors and temperature detectors. In photodetectors photons
absorbed by the material of the detector at interaction with electrons change the electrical
characteristics of the detector, which is reflected in the measured electrical signal.
In thermodetectors the absorption of photons leads to an increase of the temperature and
temperature characteristics of the detector. Thus, in the pyroelectric detector is being measured the
change in internal electron polarization; in bolometers — electrical resistance, etc.
The photodetectors have, as a rule, better sensitivity and more widespread, whereas temperature
detectors are used mainly for standard measurements.

Photodetectors are divided into three -classes: photoemission, semiconductor and
superconducting detectors. These types of photodetectors may be used in hybrid devices;
photoemission electrons may be recorded when they are exposed to a semiconductor CCD (EBCCD
type detectors and ICSD).

In photoemission detectors incident photon knocks an electron from the surface of the
photocathode, which is accelerated under electric field in vacuum and moves to the anode when
an electric potential. The resulting electric current of the detector is proportional to the number of
photoelectrons, i.e. the intensity of the incident radiation. The effectiveness of photoemission and
spectral energy characteristics of such a detector are defined by the working surface of the
photocathode. Advantages of such photodetectors are: high sensitivity and convenience;
disadvantages: low quantum efficiency, the spectral dependence of the detector response and the
dependence of its efficiency on surface cleanliness.

In semiconductor detectors, photons are absorbed within the volume of the semiconductor
material, creating a pair of “electron-hole” and the corresponding conductivity. This class of
detectors uses an internal photoelectric effect, in which the photon energy must be large enough to
overcome the photoelectron band gap to be moved to the conduction band. In photodiodes,
Schottky diodes and metal-insulator-semiconductors to overcome the potential barrier the external
electric field is applied. External detector photocurrent is proportional to the number of detected
photons. Advantages of such photodetectors: a wide operating range, linearity, high quantum
efficiency, wide dynamic range, large image matrices; disadvantages — aging effects by UV
radiation.

Superconducting photon detectors — are temperature detectors based on the change in the
physical state of matter at increased internal energy of the material due to the absorption of UV
photons.

To photodetectors usually put forward the following demands:

¢ Low sensitivity to visible light (solar-blind). Outside the Earth's atmosphere per one photon
in the range of 100—200 nm corresponds ~104—106 photons in the visible and infrared ranges.
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This ratio is increased on the surface of the Earth. Therefore, the use of transmissive UV-filters
with attenuation of signal on 10-4—1073 level is not enough, if the detector has good sensitivity in the
visible and/or infrared ranges;

¢ High detection quantum efficiency (DQE). In optical systems, the UV range, where are large
losses in transmission, this value may differ from the quantum efficiency of the photocathode, or
CCD. As a result, the use of special filters and windows to block of visible light DQE of
photoemission detectors decreases by an order from ~50 % to ~2—5 %;

e Wide local dynamic range: a maximum value of the ratio of flux in a given point of the
detector to a minimum signal level composed ~3 units of the noise signal. At the integration over
the detector area is obtained integral dynamic range of the detector. This option is especially
important for sensitive photomultiplier detectors and the development of high-speed position-
sensitive detectors;

e Low level of background noise and signal that determines the practical sensitivity of the
device and the image contrast.

It shold be mentioned that biophotonic emition is measured to be much weaker compared to
other types of radiation. Biophotons according to recent studies have a wavelength from A = 200 nm to
L = 800 nm (0,2—0,8 um). They are usually being observed in the close UV range (from 300 nm to
400 nm) and visible optic range (from A = 0,38 um to A = 0,75 um) with frequencies ranges from 109
to 107 W/cm2 (approx. ~1—1000 photons-cm2sec™). This light intensity is much weaker than that one
may be seen in the perceptually visible and normal bioluminescence, but is detectable above the
background of thermal or infrared (0,74—2,5 um) radiation emitted by tissues at their normal
temperature.

F.A. Popp proposed that this type of light is not radiated in a dispersed way as daylight, but
quiet coherently maintaining order in the flow oscillations, stability and continuity of the phase
difference of the amplitude of the total wave, i.g. it might be both semi-periodic and coherent [39].
It is known that coherence is an ideal property of waves that enables stationary (i.e. temporally and
spatially constant) interference. More generally, coherence describes all properties of the
correlation between physical quantities of a single wave, or between several waves or wave packets.
This may signify that biophotones in the light’s beam vibrating simultaneously, like in a laser beam
that can indicate on information characteristics of the signal.

The photon emission in its turn is weaker than normal bioluminescence because during
that process are being emanated individual photons. The “delayed luminescence” is connected with
hyperbolic relaxation of biological objects that is a characteristic active response of coherent states.
In recent years has been found the evidence that the light has a high degree of coherence because of
its photon count statistics, the spectral distribution and unstable decay behavior after exposure to
light illumination, and its transparency through optically thick materials. Moreover, DNA is
apparently an important source of biophoton emission, since conformational changes of DNA
induced with 3,8-diamino-5-ethyl-6-phenylphenanthridinium bromide in vivo are clearly reflected
by changes of photon emission in cells [40]. The physical properties of the emission are described,
using the DNA molecule as an exciplex ultraviolet laser system, where a stable state can be reached
far from thermal equilibrium at threshold [41].

One of us, Ch. Drossinakis has performed the scrutinized studying of luminescence emission
in over 30 scientific laboratories, and part of them on the topic of bioluminescence. He used special
photoemission detector for detection of strongly expressed biophotone radiation emitted from the
human body. These results are shown on Figure 1 and Figure 2. The registration was performed
from area of the skin with average diameter 7 cm within time interval of 100 ms or 1 s.
The calculation of biophoton emission was measured in count/100 ms/count. The measurement
was made using EMI9558QA photoemission detector in impervious to the light dark room wherein
the light was minimized about ~5 cps. The photomultiplier was connected through an amplifier and
other intermediate devices with potentiometer recorder or a personal computer. The detection of
biophoton emission was performed within time interval with real count rate 3 cps, for 30 min, with
reliability according to t-criterion of Student at p < 0,05. The irradiation time of 150 W-tungsten
lamp was 5 s. Within 100 ms after switching off the external lamp the first measurement of delayed
luminescence was recorded; after then were recorded 256 units of the delayed luminescence.
Delayed luminescence of biological objects and tissues in terms of coherent states was detected
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within time intervals of 100 ms. The relaxation function was of 25,6 units. These dates are the
object of further scrutinized analysis.
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Figure 1. The results of Ch. Drossinakis on research of spontaneous biophoton emission of the
human body with using EMI9558QA photoemission detector: figures represent the graphs with
different intensities; left graphs — left hand, right graphs — right hand; the calculation of biophoton
emission was measured in count/100 ms/count; reading interval — 100 ms; the irradiation time
— 5 s; an average diameter of the skin area — 7 cm; axis X — time; axis Y — counts/cm?
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Figure 2. The results of Ch. Drossinakis on research of delayed luminescence of the human body
with using EMIg9558QA photoemission detector: left graphs — left hand, right graphs — right hand;
figures represent the graphs with different intensities; axis X — time; axis Y — counts/cm?2

It was established that 1 cm? of human skin generally emits ~85 photones for 1 s. The intensity of
biophoton emission ranges from 107 to 107 W/cm? (approx. ~1—1000 photons-cm2s+) and depends
on a number of conditions as intensity of biochemical processes, metabolism, temperature etc.
The result of Ch. Drossinakis shows ~900 biophotons from 1 cm? of the skin for 1 s. However, there
still has not been reliable proof that this method has consistent results for medical diagnostics.

Color coronal gas discharge spectral analysis

Coronal gas discharge effect is indicated by the glow corona electrical discharge (flooding,
crown, streamer) on the surface of objects being placed in the alternating electric field of high
frequency (10—150 kHz) and electric voltage (5—30 kV) [42]. In this process in the ionization zone
develops the gas corona discharge sliding on dielectric surface, occurring in a nonuniform electric
field near the electrode with a small radius of curvature.

In the thin air layer with thickness of ~10—-100 pm between the studied object and the
electrode are developed the following processes:
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1) Excitation, polarization and ionization by electric field of high frequency the main
components of air — the molecules of nitrogen (78 % N.), oxygen (21 % O.) and carbon dioxide
(0,046 % CO.). In the result of this is formed an ionized gas, i.e. gas with separated electrons
having negative charges, creating a conductive medium as plasma;

2) Formation of a weak electric current in the form of free electrons separated from
molecules of N,, O, and CO,, which generate gas discharge between the studied object and the
electrode. The form of gas discharge glowing, its density and surface brightness distribution is
determined mainly by electromagnetic properties of the object;

3) The transition of electrons from the lower to higher energy levels and back again, during
which there appears a discrete quantum of light radiation in the form of photon radiation.
The transition energy of electrons depends on the external electric field and the electronic state of
the studied object. Therefore, in different areas surrounding the electric field, the electrons receive
different energy impulses, i.e. “skipping” at different energy levels which results in emission of
photons with different wavelengths (frequencies) and the energy, coloring the contour of the glow
in various spectral colors.

Processes outlined above form the total gas electric effect, allows study the electrical
properties of the object at its interaction with an external electromagnetic field [43]. It was shown
that the electrical conductivity of the object has almost no effect on the formation of the electric
images, which mostly depends on the dielectric constant [44].

There is a relationship (1) of the electric discharge per unit area of the recording medium on
the following parameters:

(d,+9) _ (d,+9)

—a-[U
o=l T s

], @

where: 6= d,/e, + ds/e;5

a — slope rate of electrical pulse;

U, — breakdown voltage of the air layer between the sobject and the recording medium;
d, — the width of the object;

d., — width of the zone of influence of the electromagnetic field;

d; — width of the recording medium;

€0 — dielectric permittivity of the air (e, = 1,00057 F/m);

&, — dielectric permittivity of the studied object;

g5 — dielectric permittivity of the medium.

To calculate the breakdown voltage of the air layer is used this formula:

U, =312 + 6,2d. (2)

As a result of mathematical transformations is obtained a quadratic equation describing the
width of the air layer:

6,2d,2 — (aT — 6,26 — 312)d. + 3126 = 0 (3)
Which reduces to the standard quadratic equation:
ax2+ bx+c=0 (1)

wherea=6,2;b=aT — 6,26 — 312; ¢ = 3128

This quadratic equation has to solutions:

_ —b++b?—4ac

X2 = 22 (5)
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Accordingly:

_ {a-T-6,26-312]+[[a-T —6,25 -312)] - 77,3765

d. = 6
L2 12,4 (©)

The above equations allow calculate maximum and minimum width of the air layer for the
occurrence of elecric discharge under which is being formed the electrical image of the studied
object.

Gas discharge characteristics for various biological objects vary in character and light
intensity, size of contour glow and color spectrum and depend both on its own electromagnetic
radiation and the dielectric constant of the object. The intensity depends on the electric voltage
applied on the electrode.

Studies have shown that the contours of gas discharge glow at 12 kHz and 15 kHz are
homogeneous in their structure. The contour at kHz is 55 % of the contour at 15 kHz and at 24 kHz
— only 15 % of the contour at 15 kHz that is important for further analysis and identification of
images. The incidence of bioelectrical activity of the body reducing the intensity of gas discharge
glow. Pathology in the organism and surrounding tissues also alter the bioelectric activity and the
shape and color of gas discharge glow, which is determined mainly by energy of photon emission at
the transition of electrons from higher energy levels to the lower ones when being excited by the
external electric field. Thus, for red colour of the electromagnetic spectrum this energy compiles
1,82 eV, for orange color — 2,05 eV, yellow — 2,14 €V, blue-green (cyan) — 2,43 €V, blue — 2,64 €V,
and violet — 3,03 eV. The reliable result norm is at E > 2,53 eV. The spectral range of the photon
emission for different colors is within A = 380—495+5 nm and A = 570—750+5 nm. The photons,
corresponding to the emission with green color in the visible electromagnetic spectrum, are not
being detected under those experimental conditions. Thus, the more predominant in the color
spectrum yellow, orange, blue, blue-green and purple colors, the more pronounced is gas discharge
glow and bioelectric properties of the object. According to the data obtained, the incidence of
bioelectrical activity of the body reducing the intensity of gas disharge glow.

Studies carried out by A. Antonov and I. Ignatov on 1120 patients shown that the overall drop
in the bioelectric activity of the body, as well as pathology in organism alter the bioelectric activity
and reduce the apparent size of the gas disharge glow. This dependence is observed for many
disorders, although there are not statistical reliable results that this method can be applied
in medical diagnostics.

Figure 3 shows the results on bioelectrical discharge images of thumbs of various
biotherapists detected on color photofilm under coronal gas discharge conditions. The research
area was from part of the thumb contacted with transparent electrode. The norm of energy of
photon emission compiles 2,54 eV. If the value is over than 2,54 eV this is an indicator of normal
bioelectrical status. Some people with high energy status possess the values of photon emission
over 2,90 eV. The high values of this parameter are possible with practicing of yoga, sport etc.
The emission less than 2,53 eV is characteristic for people with low bioelectrical status. These
results are interesting from scientific point of view, because they may provide brilliant prospects
for further using of this method for biophysical studies.
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d)
Figure 3. Bioelectrical discharge images of thumbs of various biotherapists relative to the
bioelectrical discharge image of a normal person (according to I. Ignatov): the snapshots were
obtained using colour coronal spectral analysis on a device with the polyethylene PET-electrode
with an electric voltage on the electrode 15 kV, electric impulse duration 10 ps, and electric current
frequency 15 kHz; a) — normal bioelectrical discharge of the human body (1,94 eV); b) — bioelectrical
image of Laura Weigman (3,00 eV); ¢) — bioelectrical image of Pascal Bosinger (2,95 eV);
d) — bioelectrical image of Enrico Bauer (3,03 €V); e) — bioelectrical image of Lieselotte Eder (2,84 eV);
f) — bioelectrical image of Elisabeth Caggiano (3,97 eV)

NES and DNES analysis of water

Water seems to be a good model system for studying the interaction with electromagnetic
field and structural research. The recent data indicated that water is a complex associated
non-equilibrium liquid consisting of associative groups (clusters) containing from 3 to 50
individual H.O molecules [45]. These associates can be described as unstable groups (dimers,
trimers, tetramers, pentamers, hexamers etc.) in which individual H.O molecules are linked by van
der Waals forces, dipole-dipole and other charge-transfer interactions, including hydrogen bonding.
At room temperature, the degree of association of H,O molecules may vary from 2 to 21 units.

The measurements were performed with using NES and DNES methods. It was established
experimentally that the process of evaporation of water drops, the wetting angle 0 decreases
discreetly to 0, and the diameter of water drop basis is only slightly altered, that is a new physical
effect [46]. Based on this effect, by means of measurement of the wetting angle within equal
intervals of time is determined the function of distribution of H,O molecules according to the value
of f(0). The distribution function is denoted as the energy spectrum of the water state. A theoretical
research established the dependence between the surface tension of water and the energy of
hydrogen bonds among individual H.O-molecules. The hydrogen bonding results from interaction
between electron-deficient H-atom of one H.O molecule (hydrogen donor) and unshared electron
pair of an electronegative O-atom (hydrogen acceptor) on the neighboring H.O molecule;
the structure of hydrogen bonding may be defined as O---H*—0°".

For calculation of the function f(E) represented the energy spectrum of water, the
experimental dependence between the wetting angle (0) and the energy of hydrogen bonds (E) is
established:

f(E) = bf(6)/[1 — (1 + bE)2]/2 (7)

where b = 14,33 eV

The relation between the wetting angle (0) and the energy (E) of the hydrogen bonds between
H.O molecules is calculated by the formula:

0 = arcos (-1 — 14,33E) (8)

The energy spectrum of water is characterized by a non-equilibrium process of water droplets

evaporation, therefore, the term non-equilibrium spectrum (NES) of water is used. The energy of
hydrogen bonds measured by NES is determined as E = -0,1067+0,0011 V.
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The difference Af(E) = f (samples of water) — f (control sample of water) — is called the
“differential non-equilibrium energy spectrum of water” (DNES).

Thus, DNES spectrum is an indicator of structural changes of water as a result of various
external factors. Figure 4 shows NES-spectrum of deionized water that was used as a model system
for studying the interaction of electromagnetic field with water. On the X-axis are given three
scales. The energies of hydrogen bonds among H,O molecules are calculated in eV. On the Y-axis is
shown the energy distribution function f(E) of H,O molecules measured in eV It was shown
that the window of transparency of the earth atmosphere for the electromagnetic radiation in the
middle IR-range almost covers NES-spectrum of water. Arrows A and B designate the energy of
hydrogen bonds among H.O molecules. Arrow C designates the energy at which the human body
behaves itself as absolute black body (ABB) at optimum temperature 36,6 °C and adsorbs the
thermal radiation. A horizontal arrow designates the window of transparency of the earth
atmosphere for the electromagnetic radiation in the middle IR-range.
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Figure 4. Non-equilibrium energy spectrum (NES) of water as a result of measurement for 1 year: on
the X-axis is shown the average energy of H...O-bonds between H.O measured in eV; on the Y-axis is
shown the energy distribution function f(E) of H.O molecules measured in eV; A — wavelength (um), k
— wave number, (cm™)

Another important physical parameter was calculated with using NES and DNES methods
— the average energy (AEn..0) of H...O-bonds between H,O compiled —0,1067+0,0011 V. The most
remarkable peculiarity of H...O-bond consists in its relatively low strength; it is 5—10 times weaker
than chemical covalent bond. In respect of energy hydrogen bond has an intermediate position
between covalent bonds and intermolecular van der Waals forces, based on dipole-dipole
interactions, holding the neutral molecules together in gasses or liquefied or solidified gasses.
Hydrogen bonding produces interatomic distances shorter than the sum of van der Waals radii,
and usually involves a limited number of interaction partners. These characteristics become more
substantial when acceptors bind H atoms from more electronegative donors. Hydrogen bonds hold
H.O molecules on 15 % closer than if water was a simple liquid with van der Waals interactions.
The hydrogen bond energy compiles 5—10 kcal/mole, while the energy of covalent O—H-bonds in
H.O molecule — 109 kcal/mole. With fluctuations of water temperature the average energy of
hydrogen H...O-bonds in H.O molecule associates changes. That is why hydrogen bonds in liquid
state are relatively weak and unstable: it is thought that they can easily form and disappear as the
result of temperature fluctuations. The next conclusion that can be drawn from our research is
that there is the distribution of energies among individual H,O molecules.

Further we performed two types of temperature-dependent experiments on heat exchange
from the surface of the human body by DNES-method. In first experiment we studied heat
exchange when the temperature of the human body was higher than the temperature of the
surrounding environment (curve 1a and 1b on Fig. 5). In second experiment there was heat
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exchange when the temperature of the human body was lower than that of the surrounding
environment (curve 2a and 2b on Fig. 5). In both experiments it was detected a local maximum
at 9,7 um on curve 1 and curve 2 (Fig. 5). This local maximum corresponds to the maximal level of
heat emission from the surface of the human body and lays within the “transparency window” of
Earth atmosphere to electromagnetic radiation in the mid IR-range of the electromagnetic
spectrum. In this range, the electromagnetic radiation emitted by the earth in the surrounding
space is being absorbed by the Earth atmosphere. There is a statistical difference between the
results of heat emission from the surface of the human body to the surrounding environment and
back to the human body according to the t-criterion of Student at p < 0,01. The local maximum
on curve 1a is detected at 7,3 eV, while the local maximum on curve 2a — at 2,4 eV (Fig. 5).
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Figure 5. Differential non-equilibrium energy spectrum (DNES) reflecting the heat exchange of the
human body with surrounding environment: curve 1a — normal heat exchange at normal
temperature; curve 1b — heat exchange at the temperature of the human body higher than the
temperature of the surrounding environment; curve 2a — normal heat exchange; curve 2b — heat
exchange at the temperature of the human body lower than the temperature of the surrounding
environment; on the X-axis is shown the average energy of H...O-bonds between H.O measured in
eV; on the Y-axis is shown the energy distribution function f(E) of H.O molecules measured in eV-;
A — wavelength, um

Infrared thermography (IRT)

The human body as a biological body having temperature in the range from 31 °C to 42 °C,
therefore being preferably a source of infrared radiation that percieves by organism as thermoradiation.
The main part of this radiation predominantly falls on human skin with a long wavelength range from
A =4 um to A = 50 um. Maximum of spectral density covers the range approx. ~10 um i.e. the long
wavelength IR range. Specifically the infrared radiation of the human skin can be distributed as follows:
radiation with a wavelength of up to 5 um covers 1 %, the radiation with a wavelength of 5 ym to 9 um
— 20 %, the radiation with a wavelength of 9 um to 16 um — 30 % and at a long wavelength — 41 %.

The physical essence of the thermal radiation consists in the presence of charged particles
(electrons and ions), which are in random motion and have the properties of electrical or magnetic
polarity. Infrared radiation is emitted or absorbed by excited atoms or ions when they change their
rotational-vibrational movements. Electromagnetic waves propagate throughout the body and
reach the surface, passing through the skin and partly emitted into the environment. The intensity
of these processes is proportional to the body temperature. That is why any heated body having
temperature above absolute zero (273 °K) emits electromagnetic waves in a broad frequency
spectrum. Because particle motion is random, they generate different wavelengths. The wavelength
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of infrared radiation emitted by the body depends on the heating temperature: the higher the
temperature, the shorter is the wavelength and therefore the higher the emission intensity.

Studies have shown that in the long wavelength infrared region (8—14 pum) the human skin
radiates as a black body, regardless of age, degree of pigmentation and other features. Therefore,
the emissivity of the human skin can be considered equal to 1 absolute unit. In practice, it is proved
that the difference between the emission characteristics of the human skin and blackbody still
exist, however, it is small and depends essentially on the influence of the surrounding background.

The limit of effective temperature measurement is equal to the thickness of the emitting layer
(skin layer) and is defined as the distance at which electromagnetic waves propagate from the
object's surface before the layer in which the intensity decreases in ~2,5 times. Under equal
conditions the greater is the wavelength, the greater is the depth, which can detect the temperature
perturbations. The maximum intensity of thermal radiation at normal ambient temperature is
located in infrared rage of the spectrum (wavelength ~10 um at t = 36,6 °C). The threshold of the
skin sensitivity according to Yu.V. Gulyaev and E.E. Godik compiles ~1024 W/cm?2 [47]. This led to
the feasibility of establishing IR thermal imaging (thermography) for the study of the temperature
anomalies. However, the measurement of the thermal radiation of the human body in the IR range
gives the true temperature for only the top layer of skin with thickness of ~1 mm; after that the
thermal radiation is reflected back into the environment. The temperature of the underlying tissues
and organs can be judged indirectly when the temperature changes are “projected” on the skin.

Infrared thermography is a scientific method for registering the thermogram - infrared
image showing the distribution pattern of infrared waves emitted from the objects. Thermographic
cameras detect radiation in the infrared range of the electromagnetic spectrum (approx. ~0,9—14,0
um), and on its basis are obtained thermographic images (thermograms) allowing to determine the
locations of patterns having different temperatures. Thermograms, therefore are actually visual
displays of the amount of infrared energy emitted, transmitted, and reflected from the surface of
the object. Since infrared radiation is emitted by all objects with the temperature according to
Planck's formula for black body radiation, thermography allows “see” the environment with or
without visible illumination. The intensity of the thermal radiation of the body increases with the
temperature, therefore thermography allows to see the temperature distribution on the surface of
the body. As a result warm objects are seen better on the cooler environment background;
mammals and warm-blooded animals are better visible on the environment. That is why the
thermography may find many diagnostic applications and is often being used for breast
diagnostics, tumour detection etc.

Most thermographic cameras use CCD and CMOS image sensors having most of their
spectral sensitivity in the visible light wavelength range. The most commonly used is a matrix of
indium antimonide (InSb), gallium arsenide (GaAs), mercury telluride (HgTe), indium (In) and
cadmium (Cd). The latest technology allows use the inexpensive uncooled microbolometer sensors.
Their resolution is varried from 160x120 pixels or 320240 up to 768x1024 pixels in the most
advanced camera’s models. Often the thermogram reveals temperature variations so clearly that a
photograph is not necessary for further analysis. Usually a block of the focal planes of thermo
imager can detect radiation in the medium (3 pm to 5 um) and long (8 um to 15 um) infrared wave
band, designated as MWIR and LWIR corresponding to two infrared windows with high coeficient
of transmittance. Improperly selected temperature range on the surface of the objects, indicates a
potential problem.
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G‘R [Objekt: ] rMﬁnnlicher Patient Riicken ]

TUCRMOGRATIL

38,0°C

27,5°C

Behandlung nach 27 Minuten

Figure 6. Thermovisual snapshot of the result of bioinfluence of Ch. Drossinakis on the skin back
section of a patient suffering radiculitis after 27 min of bioinfluence: different colors show the
temperature area of the human body corresponding to different temperatures from 27,5 °C to 38,0 °C

It should be noted that the intensity of the thermal radiation of the human body in the microwave
(MW) range is much smaller on magnitude than in the infrared part of the spectrum. In particular at a
wavelength of 17 cm the intensity is less in ~10 times, so the heat reception of signals in this range of the
spectrum requires equipment with higher sensitivity. However, the advantage of this method is that the
measurement range and the depth of radiation penetration is much greater, therefore it is possible to
obtain data on the temperature parameters of the internal organs and structures of the human body,
but the resolution is significantly reduced, therefore it is impossible to obtain reliable thermal image of
the study area. Infrared thermography registered a thermal infrared radiation emitted by the capillary
network of the skin, which is used in medicine for thermovisual diagnostics. The closer an ailing organ
is to the skin, the more accurate the diagnosis based on a thermal signal.

Today it seems to be an established fact that some biotherapists possess the ability to increase the
temperature of the treated area of the human body. Figure 6 shows the thermovisual result of the
temperature difference between the initial (t = 35,6 °C) and final skin section temperature (t = 37,3 °C)
of the patient before and after the treatment of the biotherapist. It was calculated that the temperature
of the skin part was increased after the treatment on 1,7 °C.

In this connection there should be noted two important empirical thermography results
obtained by M. Marinov [48], which allow carry out the medical diagnostics of various human organs
and monitor their condition and malfunction by this method. Figure 7a shows the thermography
snapshot of a patient having the benign tumour growth in the mammary gland, which has highest
temperature than the surrounding tissues lower temperature than the surrounding tissues at 0,54 °C.
Figure 7b shows a patient having hyperfunction of thyroid glands, which has highest temperature than
the surrounding tissues lower temperature than the surrounding tissues at 0,76 °C. The middle value
on the scale is 36,6 °C. In the left side of the scale there are temperatures less than 36,6 °C. In the right
side of the scale there are temperatures more than 36,6 °C.
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a) b)
Figure 7. Thermovisual snapshots of the human body by IRT method (Marinov & Ignatov, 2008):
the spectral range of the infrared thermal-imaging camera was in the middle infrared range from
9 um to 14 um; the temperature range — from 24,0 °C to 38,0 °C; different colors show the temperature
regions of the body corresponding to different temperatures: a) — patient having the benign tumour
growth in the mammary gland; b) — patient having hyperfunction of thyroid glands

Conclusion

In frames of this research various types of NIR radiation (electromagnetic waves, infrared
radiation, thermo radiation, bioluminiscence) emitted from the human body were studied and carefully
scrutinized. It was established taht the intensity of biophoton emission of the human body ranges from
1079 to 107* W/cm? (approx. ~1—1000 photons-cm-2s?). The specific photon emission from part of the
human thumb was detected as a spectrum of various colours with the method of Colour coronal
spectral analysis on a device with an electrode made of PET (hostaphan) with applied electric voltage
15kV, electric impulse duration 10 ps, and electric current frequency 15kHz. The photons
corresponding to a red color emission of visible electromagnetic spectrum have energy at 1,82 eV.
The orange color of visible electromagnetic spectrum has energy at 2,05 €V, yellow — 2,14 €V, blue-
green (cyan) — 2,43 €V, blue — 2,64 €V, and violet — 3,03 eV. The approaches and methods for detecting
of various types of radiation employed in this research as magnetography, infrared thermography,
chemiluminescence and coronal gas discharge spectral analysis may find further application in
many branches of applied science and medical diagnostics, while other methods as NES and DNES
may be applied for studying the interaction of electromagnetic fields with water and structural studies.

Acknowledgements
The authors wish to thank Alexander Popp for kindly providing the scientific correspondence and
letters of his father, Prof. Fritz-Albert Popp.

References:

1. Ignatov I. Energy Biomedicine / I. Ignatov. Sofia: Gea Libris, 2005, 88 p.

2. Rubik B. The biofield hypothesis: its biophysical basis and role in medicine / B. Rubik /
J. Altern. Complement Med. 2002. V. 8. N¢ 6. P. 703—717.

3. Dobrin R. Experimental measurements of the human energy field / R. Dobrin, C. Kirsch,
S. Kirsch. In S. Krippner (ed.), Psychoenergetic Systems: The Interface of Consciousness, Energy and
Matter. New York: Gordon & Breach, 1979, 230 p.

4. Kiang J.G. External bioenergy-induced increases in intracellular free calcium concentrations
are mediated by Na+*/Ca2* exchanger and L-type calcium channel / J.G. Kiang, J.A. Ives, W.B. Jonas /
Mol. Cell Biochem. 2005. V. 271. P. 51—57.

5. Miller M.W. Extremely low frequency (ELF) electric fields: experimental work on biological
effects / M.W. Miller, ed. In: CRC Handbook of biological effects of electromagnetic fields. New York:
Academy Press, 1986, P. 138-168.

21




European Reviews of Chemical Research, 2015, Vol.(3), Is. 1

6. Kwan-Hoong Ng. Non-ionizing radiations — sources, biological effects, emissions and
exposures / Ng. Kwan-Hoong. Proceedings of the International Conference on Non-Ionizing Radiation
at UNITEN (ICNIR 2003). Electromagnetic Fields and Our Health. 20—22 October 2003.

7. Anderson L.E. Biological effect of extremely low frequency electromagnetic fields: in vivo
studies / L.E. Anderson / Am. Ind. Hig. Assoc. J. 1993. V. 54. P. 186—196.

8. Gubkin A.N. Electrets / A.N. Gubkin. Moscow: Nauka. 1978, 192 p.

9. Sessler G.M. Electrets / G.M. Sessler, R. Gerhard-Multhaupt (eds). Morgan Hill, California,
USA: Laplacian Press, 1998, ISBN 1—-885540—07-8.

10. Barnes F.S. CRC Handbook on biological effects of electromagnetic fields / F.S. Barnes,
B. Greenebaum, B. (eds.). 3d Edition. — Boca Raton: CRC Press, November 2006. V. 2. 960 p.

11. Seto A. Detection of extraordinary large bio-magnetic field strength from human hand /
A. Seto, C. Kusaka, S. Nakazato / Acupuncture Electrother Res. Int. J. 1992. V. 17. P. 75—78.

12. Shimizu H. Biological effects of electromagnetic fields / H. Shimizu, Y. Suzuki, H. Okonogi /
Nippon Eiseigaki Zasshi. 1995. V. 50. N2 6. P. 919—931.

13. Holzel R. Wirkungen elektromagnetischer Felder auf biologische Systeme / R. Holzel,
I. Lamprecht / Nachrichtentech Elektron. 1994. V. 44. N2 2. P. 28—32.

14. Gulyaev Yu.V. On the possibilities of the functional diagnostics of the biological subjects via
their temporal dynamics of the infrared images / Yu.V. Gulyaev, E.E. Godik / USSR Academy Nauk
Proceedings/Biophysics. 1984. V. 277. P. 1486—-1491.

15. Cohen S. Biophoton emission of the human body / S. Cohen, F.A. Popp / Journal of
Photochemistry and Photobiology B: Biology. 1997. V. 40. N¢ 2. P. 187—189.

16. Choi C. Biophoton emission from the hands / C. Choi, W.M. Woo, M.B. Lee / J. Korean
Physical. Soc. 2002. V. 41. P. 275—278.

17. Niggli H. Artificial sunlight irradiation induces ultra weak photon emission in human skin
fibroblasts / H. Niggli / Journal of Photochemistry and Photobiology B: Biology. 1993. V. 18. N¢ 2—-3.
P. 281—285.

18. Ignatov I. Kirlian effect in biomedical diagnostics and study of bioenergetical properties of
biological objects and water / I. Ignatov, O.V. Mosin / Biomedical Radio electronics, Biomedical
Technologies and Radio Electronics. 2012. V. 12. P. 13—21 [in Russian].

19. Ignatov I. Medical Biophysics — Biophysical Fields of Man / I. Ignatov, A. Antonov,
T. Galabova. — Sofia: Gea Libris, 1998, P. 1—71.

20. Gulyaev Yu.V. Human and animal physical fields / Yu.V. Gulyaev, E.E. Godik / Scientific
American. 1990. V. 5. P. 74-83.

21. Gerardi, G., De Ninno A., Prosdocimi, M. et al. (2008) Effects of electromagnetic fields of low
frequency and low intensity on rat metabolism / G. Gerardi, A. De Ninno, M. Prosdocimi / Biomagnetic
Research and Technology. 2008. V. 6. P. 3—12.

22, Bars Le. Biological effects of electric fields on rats and rabbits / Le. Bars, G. Andre / Red. Gen.
Elect. (special issue). July 1976. P. 91—97.

23. Goodman R. Effects of electromagnetic fields on molecules and cells / R. Goodman,
B. Greenbaum, M.T. Marron / Int. Rev. Cytol. 1995. V. 158. P. 279—338.

24. Zhadin M.N. Review of Russian literature on biological action of DC and low-frequency AC
magnetic fields / M.N. Zhadin / Bioelectromagnetics. 2001. V. 22. P. 27—45.

25. Mosin O.V. Advanced technologies and equipment for magnetic water treatment (review) /
O.V. Mosin / Water supply and sanitary technique. V. 8. P. 12—32 [in Russian].

26. Anosov V.N. A new approach to the problem of weak magnetic fields: An effect on living
objects / V.N. Anosov, E.M. Trukhan / Doklady Biochemistry and Biophysics. 2003. V. 392. N2 1-6.
P. 274-278.

27. Rauhut M.M. Chemiluminescence. In: M. Grayson (Ed). Kirk-Othmer Concise Encyclopedia
of Chemical Technology. 3 ed. New York: John Wiley and Sons, 1985, 247 p, ISBN 0-471-51700-3.

28. Hastings J.W. Biological diversity, chemical mechanisms, and the evolutionary origins of
bioluminescent systems / J.W. Hastings / J. Mol. Evol. 1983. V. 19. N2 5. P. 309—321.

29. Halliwell B. Free Radicals in Biology and Medicine (2nd ed.) / B. Halliwell, J.M.C. Gutteridge.
Oxford: Clarendon Press, 1989.

30. Zlatkevich L. Analysis of Lipid Oxidation / L. Zlatkevich, A. Kamal-Eldin. In: A. Kamal-Eldin
& J. Pokorn (Eds.). New York: AOCS Publishing, 2005, 281 p.

22




European Reviews of Chemical Research, 2015, Vol.(3), Is. 1

31. Vladimirov Y.A. Studies of antioxidants with chemiluminescence. In: Proceedings of the
International Symposium on Natural Antioxidants. Molecular Mechanisms and Health Effects /
L. Packer, M.G. Traber & W. Xin (eds.). 1996. P. 125—-144.

32. Esterbauer H. Aldehydes formed by lipid peroxidation: mechanisms of formation,
occurrence, and determination / H. Esterbauer, H. Zollner, R.J. Schaur. In: Membrane Lipid
Oxidation. Boca Raton: CRC Press, 1990. 283 p.

33. Popp F.A. Evidence of non-classical (squeezed) light in biological systems / F.A. Popp,
J.J. Chang, A. Herzog, Z. Yan, Y. Yan / Physics Letters A. 2002. V. 293. N¢ 1—2. P. 98-102.

34. Beloussov L. Biophotonics and Coherent Systems / L. Beloussov, F.A. Popp, V. Voeikov,
R. van Wijk, (eds). Moscow: Moscow University Press, 2000. 133 p.

35. Gurwitsch A.G. A historical review of the problem of mitogenetic radiation / A.G. Gurwitsch
A.G. / Experientia. 1988. V. 44. P. 545—-550.

36. Nikolaev Y.A. (2000) Distant Interactions in Bacteria / Y.A. Nikolaev. Microbiology. 2000.
V. 69.N¢ 5. P. 497—503.

37. Popp F.A. Recent advances in biophoton research and its application / F.A. Popp, K. Li, Q. Gu
/ World scientific. 1992. V. 2. P. 1—18.

38. Inaba H. Super-high sensitivity systems for detection and spectral analysis of ultraweak
photon emission from biological cells and tissues / H. Inaba // Experientia. 1988. V. 44. P. 550—559.

39. Popp F.A. Biophoton emission: experimental background and theoretical approaches /
F.A. Popp, G. Quao, L. Ke-Hsuen / Modern physics Letters B. 1994. V. 8. P. 21—22.

40. Rattemeyer M. Evidence of photon emission from DNA in living systems / M. Rattemeyer,
F.A. Popp, W. Nagl / Nature Wissenshanften. 1981. V. 68. N¢ 11. P. 572—573.

41. Popp F.A. Essential differences between coherent and non-coherent effects of photon
emission from living organisms / F.A. Popp, ed. In: X. Shen, R. van Wijk (eds) Biophotonics. New York:
Springer, 2005, 124 p.

42. Kirlian S.D. Method for receiving photographic pictures of different types of objects /
S.D. Kirlian. USSR Patent N© 106401, 1949.

43. Ignatov I. Method for Color coronal (Kirlian) spectral analysis / I. Ignatov, O.V. Mosin /
Biomedical Radio electronics, Biomedical Technologies and Radio Electronics. 2013. V. 1. P. 38—47 [in
Russian].

44. Ignatov I. Colour crown spectral Kirlian analysis in the modeling of non-equilibrium
conditions with a gas electric discharge that simulates the primary atmosphere / 1. Ignatov, O.V. Mosin
/ Nano engineering. 2013. V. 12. N2 30. P. 3—13 [in Russian].

45. Ignatov I. Structural mathematical models describing water clusters / I. Ignatov, O.V. Mosin /
Journal of Mathematical Theory and Modeling. V. 3. N° 11. P. 72—-87.

46. Antonov A. Selective high frequency discharge (Kirlian effect) / A. Antonov, L. Yuskesselieva
/ Acta Hydrophysica. 1985. P. 5—29.

47. Gulyaev Yu.V. Functional Imaging of the Human Body / Yu.V. Gulyaev, E.E. Godik / IEEE
Engineering in Medicine and Biology. 1991. V. 10. P. 21—29.

48. Marinov M. Color Kirlian spectral analysis Color observation with visual analyzer /
M. Marinov, L. Ignatov. Hanover: Euromedica, 2008. p. 57—59.

VIIK 538.56: 577.3: 612.6

MeToapI perucrpanuu HEHOHU3UPYIOIINX U3 TyYeHUH,
HICILyCKaeMbIX YeJIOBEYEeCKHM TeJIOM

1Wruar Urnatos
2Oner Bukroposru MocuH
3Xtoro Hurriu
4Kpucroc JIpoccuHakuc
5T'eopruii THIMUHCKUH

1 Hay4yHO-HCCIIe/T0OBAaTEIBLCKUM ITEHTP MeuiuHcKkor ounodusuku (PYL] MB), Bonarapus

23




European Reviews of Chemical Research, 2015, Vol.(3), Is. 1

ITpodeccop, noxTop Hayk EBpomneiickoii akazemMuu ecrecTBeHHbIX Hayk (OPT), nupexrop HUI[ Mb
1111, Codwus, yi1. H. Konrepuuka, 32/6

E-mail: mbioph@dir.bg

2 MOCKOBCKHH ToCy/IapcTBEHHBIN YHUBEPCUTET IPUKJIAIHON OroTexHoIorun, Poccuiickas ®enepariyis
Crapurnii HayJHBIH COTPYIHUK KadeIpbl OMOTEXHOIOTHUY, KAaHUAAT XUMIUECKIX HayK

103316, Mockga, yi1. TayanuxuHa, 33

E-mail: mosin-oleg@yandex.ru

3HIIO «IIpuxnannas buodoronukar, [lIBeinapus

Sc.D., HayIHbIN KOHCYJIBTaHT

17, Llenprirrpacce, AnbosiireH, 3183

4JAWG-GmbH, IAWG-GmbH, I'epmanust

JIMIIoMIpOBaHHBIN HHKeHeD, npencenaTesb IAWG-GmbH

®pankdypr Ha Matine, 61A, Kénurmrraitnep mrrpacee, 65929

5 EBponeiickoe HayuyHoe O6iectBo (EHO), 'epmanus

PhD, M.D., npencenaresis EHO

l'anHOoBep, 50A Cyrert mrtpacce, 30659

AnHoTanmus. B craThe mpescTaBieHbI PE3YJIbTAThl OLIEHKH BO3MOXKHBIX OHO(DU3MUIECKIX
METOZIOB W TIOJIXOJIOB /ISl PETHUCTPALIMM PA3JIMYHBIX HeHOHU3Upyoommx usaydeHuid (NIR),
HCITyCKAaeMbIX UeJIOBEYECKHM TeJIOM B OITUYECKOM U 3JIEKTPOMAarHUTHOM JAuarasoHe. PaccMoTpeHbl
pazsrasble BBl NIR-13sydennii (371eKTpOMarauTHbIE BOJIHBI, MH(pPaKpacHOe U3JIyIeHHUE, TEILIOBOE
U3JIydeHrne, OWOIOMUHECIEHINA), UCITyCKaeMble YeJOBEYECKHM TeJIOM. B YacTHOCTH, IMOKa3aHbI
pe3yJIbTaThl 10 CIIOHTAHHOMY OHOMOTOHHOMY W3JIyYEHUI0 ¥ 3aMeJIEeHHOU JIIOMUHECIEHITUU
YeJIOBEUECKOTO Tejla U JaHHble mHppakpacHoi Tepmorpadun (MKT). ITokazaHo, UTO 1 CM2 KOXKHU
YeJI0OBEKa, B CPEAHEM HCITycKaeT ~85 (pOTOHOB B 1 cek. VIHTEHCUBHOCTh OMOOTOHHOTO U3JIyuyeHUs B
CpeHEM BapbHpyeT OT 10~ to 107 W/cm? (~1-1000 doToHOBcM2c?). Crienpdudeckoe GOTOHHOE
W3JIydyeHre OpraHOB YeJIOBEYECKOIO Tesla PerruCTpUpOBAJIOCh B BHUJE CIEKTPA Pa3/IMYHBIX IBETOB
METOZIOM IIBETHOI'O KOPOHHOTO CIIEKTPaJIbHOIO aHajW3a HA YCTPONCTBE C 3JIEKTPOZIOM U3
noyusTiwieHTepedTaiara (19T, xocradan) ¢ HanpsokeHUeM 15 KB, JUTUTETBHOCTD 3JIEKTPUYECKOTO
MMITyJIbCa 10 MC, WU YaCTOTOU 3JIeKTpUYecKoro Toka 15 kl'm. Bpuio ycraHOBiIeHO, YTO (POTOHHBI,
COOTBETCTBYIOIIIME BUJIUMOMY H3JIyYeHUIO KPAacHOTO I[BeTa 3JIEKTPOMArHUTHOTO CIEKTpa HMeEIOT
5Hepruio 1,82 eB. OpaHkeBbIil IIBET 3JIEKTPOMArHUTHOTO CIIEKTPA UMeeT SHEPTHI0 2,05 3B, »KeThIi
— 2,14 5B, cuHe-3eseHbIl (TOTy00I) — 2,43 3B, cunmii  — 2,64 3B, a dpuoseToBBIN — 3,03 9B. YpoBeHb
JIOCTOBEPHOCTHU TIOJIy4EHHBIX Pe3yJIbTaTOB HAXOAWUTCA B mpefenax E > 2,53 5B, a crekTpasbHBIN
JVana3oH U3JlydeHusd — B IpefiesiaxX JUIMH BOJIH A = 380—495+5 HM U A = 570—750+5 HM. Takke
olpe/iesieHbl HEKOTOpble BayKHbIe (PU3HUecKHe XapaKTEPUCTUKU (3Heprus BOJIOPOJIHBIX CBA3€eH, YIos
CMAuMBaHUs, BEJIMYMHA IIOBEPXHOCTHOTO HATSIKEHHs) BOABI METOJ[aMHd  HEPaBHOBECHOTO
sHepreruyeckoro (HIC) u nuddepennpianpHoro HepaBHOBecHOTO 3HepreTryeckoro (JJHIC) crexktpa
BOJIbI, YTO IIOMOTaeT IIOHATh, KaK 3JIEKTPOMAarHUTHOE H3JIyueHHe B3auMOJIEHCTBYeT C BOZOU U
YCTaHOBUTD CTPYKTYPHBIE XapaKTEPHUCTUKH BOJBL.

KiaroueBbie cjioBa:  3jIeKTpOMAarHuTHblE — 1OJA;  WHQpPaKTpacHas  TepMorpadus;
OMOJIFOMUHUCIIEHITVS; IBETHOW KOPOHHBIH crieKTpasibHbIi anam3; HIC; [THIC.
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Abstract

This article describes the data on isotopic effects of deuterium in various biological objects as
the cells of methylotrophic, chemoheterotrophic, photoorganotrophic microorganisms, green algae
as well as animal cells. It was demonstrated that the increased content of deuterium in water leads
to physiological, morphological and cytology alterations of the cell, and also renders negative
influence on cellular metabolism, while deuterium depleted water (DDW) with decreased
deuterium content on 20-30 % exerts beneficial effects on organism. The maximum kinetic
isotopic effect measured at ordinary temperatures in chemical reactions leading to rupture of
bonds involving hydrogen and deuterium lies in the range ku/kp = 6—8 for C—H versus C—D, N-D
versus N—D, and O—H versus O—D-bonds. By IR-spectroscopy method water samples with varying
content of deuterium were investigated.

Keywords: deuterium; heavy water; deuterium depleted water; isotopic effects; biological
systems; IR-spectroscopy.

Introduction

The most interesting biological phenomenon is the ability of some microorganisms to grow on
D,O media in which all hydrogen atoms are replaced with deuterium [1, 2]. The average ratio of H/D
in nature makes up approximately 1:5700 [3]. In mixtures D.O-H.O with high speed occurs the
dissociation reactions and isotopic (H-D) exchange with the formation of semi-heavy water
(HDO). For this reason deuterium presents in smaller content in aqueous solutions in form of
HDO, while in the higher content — in form of D.O.

The chemical structure of DO molecule is analogous to that one for H.O, with small differences
in the length of the covalent H-O-bonds and the angles between them. The difference in nuclear
masses stipulates the isotopic effects, which may be sufficiently essential for H/D pair [4].

With the development of new biotechnological approaches, there appears an opportunity to
use adapted to deuterium cells for preparation of deuterium-labeled natural compounds [5, 6].
The traditional method for production of deuterium labeled compounds consists in the growth on
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media containing maximal concentrations of D.O and deuterated substrates as [D]methanol,
[Dlglucose etc. [7]. During growth of cells on D.O are synthesized molecules of biologically
important natural compounds (DNA, proteins, amino acids, nucleosides, carbohydrates, fatty
acids), which hydrogen atoms at the carbon backbones are completely substituted with deuterium.
They are being isolated from deuterated biomass obtained on growth media with high D.O content
with using a combination of physical-chemical methods of separation — hydrolysis, precipitation
and extraction with organic solvents and chromatographic purification by column chromatography
on different adsorbents. These deuterium labeled molecules evidently undergo structural
adaptation modifications necessary for the normal functioning in D,O.

The adaptation to D,O is interested not only from scientific point, but allows obtain the
unique biological material for the studying of molecular structure by *H-NMR [8]. Trend towards
the use of deuterium as an isotopic label are stipulated by the absence of radioactivity and
possibility of determination the deuterium localization in the molecule by high resolution NMR
spectroscopy [9], IR spectroscopy [10] and mass spectrometry [11]. The recent advances in the
technical and computing capabilities of analytical methods have allowed to considerable increase
the efficiency of de novo biomedical studies, as well as to carry out structural-functional studies
with deuterium labeled molecules on a molecular level.

The aim of this research was to study the isotopic effects of water in biological objects
represented by methylotrophic bacteria, chemoheterotrophic bacteria, photo-organotrophic
bacteria and microalgae.

Material and methods
The objects of the study

In this study were used various cells of procaryotic and eucaryotic microorganisms, realizing
methylotrophic, chemoheterotrophic, photo-organotrophic and photosynthesizing pathways
of carbon assimilation.

Chemical reagents

For preparation of growth media was used D.O (99,9 at.%) and DCI (95,5 at.%) received from the
“Isotope” Russian Research Centre (St. Petersburg, Russian Federation). Inorganic salts and glucose
were preliminary crystallized in D.O and dried in vacaum before using. D.O was distilled over KMnO,
with the subsequent control of isotope enrichment by ‘H-NMR-spectroscopy on a Brucker WM-250
device (“Brucker”, Germany) (working frequency — 70 MHz, internal standard — Me,Si).

Isolation of natural compounds

Cellular growth was carried out in 500 ml Erlenmeyer flasks containing 100 ml of growth
media with 99,9 at.% DO at 32—34 °C and vigorously aerated on an orbital shaker Biorad (“Biorad
Labs”, Poland). Photo-organotrophic bacteria and blue-green algae were grown at illumination
by fluorescent monochromatic lamps LDS-40-2 (40 W) ("Alfa-Electro", Russia). Growing of
microalgae was carried out at 32 °C in a photoreactor with CO, bubbling. After 6—7 days the cells
were harvested and separated by centrifugation (10000 g, 20 min) on T-24 centrifuge ("Heracules
Sepatech", Germany). The biomass was washed with D.O and extracted with a mixture of organic
solvents: chloroform-methanol-acetone = 2:1:1, % (v/v) for isolating of lipids and pigments.
The resulting precipitate (10—12 mg) was dried in vacuum and used as a protein fraction, while the
liquid extract — as a lipid fraction. Hydrolysis of polysaccharides and amino acids was performed
according to standard procedures using as the reactant HCI in D.O.

Amino acid analysis

The analysis of amino acids from protein hydrolyzates was carried out on a Biotronic LC-5001
(230 x 3,2) column (“Eppendorf—Nethleler—Hinz”, Germany) with a UR-30 (“Beckman —Spinco”,
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USA) sulfonated styrene (7,25% cross linked) resin as a stationary phase; 22 °C; 3,2x230 mm; the
granule diameter was 25 um; 0,2 N sodium-—citrate buffer (pH = 2,5) was used as an eluent; the
working pressure — 50—-60 atm; the eluent input rate — 18,5 ml/h; the ninhydrin input rate
— 9,25 ml/h; detection at A = 570 and A = 440 nm (for proline).

Analysis of carbohydrates

Carbohydrates were analyzed on a Knauer Smartline chromatograph (“Knauer GmbH”,
Germany) equipped with a Gilson pump (“Gilson Inc.”, USA) and a Waters K-401 refractometer
("Waters Corp.”, USA) using Separon NH, as a stationary phase: 22 °C; the column size — 4,5 x 250
mm; the granule diameter — 10 um; the mobile phase — acetonitrile-water (75:25, % (w/w); the input
rate — 0,6 ml/min.

Fatty acid analysis

Fatty acids were analyzed on a Beckman Gold System 166 chromatograph (Beckman Coulter,
USA), equipped with Model 166 and UV-detector LCD 2563 (Beckman Coulter, USA). Stationary
phase: Ultrasphere ODS, 22 °C; particel size 5 um, 4,6 x 250 mm; mobile phase: linear gradient of
5 mM KH,PO,-acetonitrile, elution rate 0,5 ml/min, detection at A = 210 nm.

Mass-spectrometry

FAB-mass spectra were recorded on pulse mass spectrometer VG-70 SEQ (“Fisons VG
Analytical”, USA), supplied with caesium source Cs* on a glyceric matrix with accelerating pressure
5 kB and an ionic current 8 MA. EI mass spectra were recorded on MB-80A device (“Hitachi”,
Japan) with double focusing (the energy of ionizing electrons, 70 eV; the accelerating voltage, 8 kV;
the cathode temperature, 180—200 °C) after amino acid modification into methyl esters of N-5-
dimethylamino(naphthalene)-1-sulfonyl (dansyl) amino acid derivatives according to an earlier
elaborated protocol [12]. Calculation of levels of deuterium enrichment of molecules was carried by
the contribution ratio of the peaks of the molecular ions [M]+ for deuterated derivatives of amino
acids, isolated from D,O-media and protonated amino acids obtained in H,O-medium (control).

IR-spectroscopy

IR-spectra of water with varying deuterium content were registered on Brucker Vertex
(“Brucker”, Germany) IR spectrometer (a spectral range: average IR — 370—7800 cm™; visible
— 2500—8000 cm; the permission — 0,5 cm™; accuracy of wave number — 0,1 cm™ on 2000 cm™).

Results and discussion
Isotopic effects of deuterium in biological objects

When biological objects being exposed to water with different deuterium content, their reaction
varies depending on the isotopic composition of water and magnitude of isotope effects determined by
the difference of constants of chemical reactions rates ku/kp in H.O and D,O. The maximum Kkinetic
isotopic effect measured at ordinary temperatures in chemical reactions leading to rupture of
chemical bonds involving hydrogen and deuterium lies in the range ku/kp = 6-8 for C—H versus
C-D, N-D versus N-D, and O—H versus O—D-bonds. Water is a solvent in chemical reactions, so
at the calculation of isotopic effects of deuterium it is necessary to take into consideration the effect
of a solvent. As a universal solvent in which all biological reactions take place, deuterium depleted
water increases the rate of these reactions compared with water with natural isotopic composition.
This effect is known as kinetic isotopic effect of a solvent. The natural water consists on 99,7 mol.%
of H,O, which molecules are formed by *H and O atoms. The remaining 0,3 mol.% is
represented by isotope varieties (isotopologues) of water molecules, wherein deuterium forms
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6 configurations of isotopologues — HD®*O, HDvO, HD3$0, D,*©0, D.70, D,®0, while
3 configuration are formed by isotopologues of oxygen — H.'°O, H.7O, H.80.

The average ratio of atoms of deuterium and hydrogen in natural waters compiles ~1:5700.
In natural waters, the deuterium content is distributed irregularly: from 0,02—0,03 mol.% for river
and sea water, to 0,015 mol.% for water of Antarctic ice — the most purified from deuterium natural
water containing deuterium in 1,5 times less than that of seawater. The concentration of water
molecules containing heavy isotopes of D, 7O and 80, in natural water varies within the limits laid
down in the basic standards of the isotopic composition of the hydrosphere SNOW and SLAP
(Table 1). According to the international SMOW standard the absolute content of D (isotopic shift,
8, ppm) in sea water: D/H = (155,76+0,05)10° (155,76 ppm) [13]. For SLAP standard isotopic
shifts for D in seawater: D/H = 8910 (89 ppm). Content of the lightest isotopologue — H,'°O in
water corresponding to SMOW standard is 997,0325 g/kg (99,73 mol.%), and for SLAP standard
- 997,3179 g/kg (99,76 mol.%). In surface waters, the ratio D/H = (1,32—1,51)-104, while in the
coastal seawater — (1,55—1,56)10%. The natural waters of CIS countries are characterized by
negative deviations from SMOW standard to (1,0—1,5)-105, in some places up to (6,0—6,7)-105, but
there are also observed positive deviations at 2,0-105. Waters of other underground and surface
water sources contain varied amounts of deuterium (isotopic shifts) — from § = +5,0 D,%, SMOW
(Mediterranean Sea) up to 6 = -105 D,%, SMOW (Volga River).

Table 1
The calculated mass concentrations of isotopologues in natural water corresponding to
international standards of SMOW* and SLAP**

Isotopologue | Molecular mass, u Isotopic content, g/kg
SMOW SLAP

1H,°0 18,01056470 997,032536356 997,317982662
tHD160O 19,01684144 0,328000097 0,187668379
D,1°0 20,02311819 0,000026900 0,000008804
'H,70 19,01478127 0,411509070 0,388988825
'HD70O 20,02105801 0,000134998 0,000072993
D,70 21,02733476 0,000000011 0,000000003
1H,80 20,01481037 2,227063738 2,104884332
tHD180O 21,02108711 0,000728769 0,000393984
D,180 22,02736386 0,000000059 0,000000018
Notes:

*SMOW (average molecular weight = 18,01528873u)
**SLAP (average molecular weight = 18,01491202 u)

The equilibrium vapor pressure of water isotopologues is differed quite significantly.
The smaller the mass of the water molecule, the higher the vapor pressure, meaning that the vapor
being in equilibrium with water, is always enriched with light isotopes of oxygen and hydrogen.
Due to relatively low-mass of elements the difference between the mass of isotopes is large,
therefore they are fractionated in natural processes: D/H — 100%, 80/0 — 12,5%. Isotopes of
hydrogen and oxygen are more efficiently fractionated via the processes of evaporation-
condensation and water crystallization. The isotopic fractionation is carried out by following
methods — isotopic exchange in the presence of Pd and Pt, the electrolysis of water in combination
with a catalytic isotopic exchange between H.O and H., column rectification of cooled gaseous H.,
vacuum freezing of cold vapor followed by thawing and other [14].

Our previous studies demonstrated that D,O of high concentration is toxic for the organism,
chemical reactions are slower in D,O, compared with ordinary water, the hydrogen bonds formed
with participation of deuterium are somewhat more stronger than those ones formed from
hydrogen due to the isotopic effect [15, 16]. In mixtures D.O—H,O with high rates occurs isotopic
(H-D) exchange resulting in formation of semi-heavy water (HDO): D.O + H.O = 2HDO. For this
reason deuterium presents in smaller content in aqueous solutions in form of HDO, while in the
higher content — in form of D.0.
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The chemical structure of D.O molecule is analogous to that one for H,O, with small
differences in the length of the covalent H-O-bonds and the angles between them. The bonds
formed by deuterium atoms are differed in strength and energy from similar bonds formed by
hydrogen. D.O boils at +101,44 °C, freezes at +3,82 °C, has density at 1,1053 g/cm3 at 20 °C, and
the maximum density occurs not at +4 °C as in H.O, but at +11,2 °C (1,1060 g/cm3). These effects
are reflected in the chemical bond energy, kinetics, and the rate of chemical reactions in D,O [17].
The chemical reactions and biochemical processes in the presence of D,O are slower compared to
H.O. D,O is less ionized, the dissociation constant of D,O is smaller, and the solubility of the
organic and inorganic substances in D,O is smaller compared to these ones in H.O. However, there
are also such reactions which rates in D.O are higher than in H.O. In general these reactions are
catalyzed by D;0+* or H;0+*ions or OD- and OH- ions.

Table 2
Changes in the physical properties of water with isotopic substitution

Physical properties H.°0O D0 H.80
Density at 20 °C, g/cms3 0,997 1,105 1,111
Temperature of maximum density, °C 3,98 11,24 4,30

Melting point under 1 atm, °C o) 3,81 0,28

Boiling point temperature at 1 atm, °C 100,00 101,42 100,14

The vapor pressure at 100 °C, mm Hg 760,00 721,60 758,10
Viscosity at 20 °C, cP 1,002 1,47 1,056

According to the theory of a chemical bond the breaking up of covalent C—H bonds can occur
faster than C—D bonds, the mobility of D;O+ ion is lower on 28,5 % than H;0* ion, and OD- ion is
lower on 39,8 % than OH- ion, the constant of ionization of D,O is less than that of H,O. Thus the
substitution of H with D affects the stability and geometry of hydrogen bonds in an apparently
rather complex way and may through the changes in the hydrogen bond zero-point vibration
energies, alter the conformational dynamics of hydrogen (deuterium)-bonded structures of DNA
and proteins in D.O. It may cause disturbances in the DNA-synthesis, leading to permanent
changes on DNA structure and consequently on cell genotype.

Animal cells are capable of withstanding up to 25-30% D.O, plants — up to 60% D.O,
whereas cells of protozoa can live up to 90% D.0. Deuterium induces physiological, morphological
and cytological alterations on the cell on D.O-media. Cells grown on D.O-media were ~2—3 times
larger in size and had thicker cell walls, than the control cells grown on a conventional protonated
growth media with H.O, the distribution of DNA in them was non-uniform. The most sensitive to
the replacement of H* on D+ are cell systems, using high mobility of protons and high speed of
breaking up of hydrogen bonds, as the apparatus of biosynthesis of macromolecules and a
respiratory chain. Last fact allows consider the biological effects of D,O, as complex multifactor
influence acting simultaneously on the functional state of a large number of cell systems:
metabolism, biosynthesis, transport agents, the structure and function of macromolecules.
This results in inhibition of cell growth and cell death followed by gradually increasing
the concentration of D.O in the growth medium. In some cases this occurs even when using
aqueous solutions of H,O with D.O.

Isotopic effects of deuterium, which occur in macromolecules of even a small difference
between hydrogen and deuterium, having the effect upon the structure. The sensitivity of enzyme
function to the structure and the sensitivity of nucleic acid function (genetic and mitotic) may lead
to a noticeable effect on the metabolic pathways and reproductive behaviour of an organism in the
presence of D,O [18]. The changes in dissociation constants of DNA and protein ionizable groups
when transferring the macromolecule from H.O to D.O may perturb the charge state of the DNA
and protein molecules [19]. All this can cause variations in nucleic acid synthesis, which can lead to
structural changes and functional differences in the cell and its organelles. Thus, the structural and
dynamic properties of the cell membrane, which depends on qualitative and quantitative
composition of membrane fatty acids, can also be modified in the presence of D.O. The cellular
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membrane in the bacteria is one of the most important organelles for metabolic regulation,
combining apparatus of biosynthesis of polysaccharides, transformation of energy, supplying cells
with nutrients and involvement in the biosynthesis of proteins, nucleic acids and fatty acids.
Obviously, the cell membrane plays an important role in the adaptation to D.O. But it is not clearly
known what occurs with the membranes — how they react to the replacement of H to D and how it
concerns the survival of cells in D,O-media devoid of protons. As a rule, even highly deuterated
growth media contain remaining protons ~0,2—10 atom.%. These remaining protons facilitate the
restructuring to the changed conditions during the adaptation to 2H.O, presumably integrating into
those sites, which are the most sensitive to the replacement of hydrogen by deuterium.
The evidence has been obtained that cells evidently are able to regulate the 2H/*H ratios, while its
changes trigger distinct molecular processes. One possibility to modify intracellular 2H/*H ratios is
the activation of the H*-transport system, which preferentially eliminates H*, resulting in increased
2H/*H ratios within cells [20].

Comparative HPLC method analysis of the fatty acid composition of deuterated cells of the
chemoheterotrophic bacterium B. subtilis, obtained on the maximum deuterated medium with
99,8 at.% D0, revealed significant quantitative differences in the fatty acid composition compared
to the control obtained in ordinary water (Figure 3 a, b). Characteristically, in a deuterated sample
fatty acids having retention times at 33,38; 33,74; 33,26 and 36,03 min are not detected in HPLC-
chromatogram (Figure 3b). This result is apparently due to the fact that the cell membrane is one
of the first cell organelles, sensitive to the effects of D,O, that is why the biosynthesis of fatty acids
in the presence of D,O is inhibited by deuterium, and thus compensates the changes in rheological
properties of a membrane (viscosity, fluidity, structuredness) not only by quantitative but also by
qualitative composition of membrane fatty acids. Similar results were observed with the separation
of other natural compounds (proteins, amino acids, carbohydrates) extracted from deutero-
biomass obtained from maximally deuterated D.O-medium.
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Figure 1. HPLC-chromatograms of fatty acids obtained from protonated (a) and deuterated
(b) cells B. subtilis on the maximally deuterated D,O-medium. The peaks on chromatograms with
retention time 3,75 min (instead of 3,74 minutes in the control), 4,10; 4,27; 4,60 (instead of 4,08;
4,12; 4,28 in the control), 5,07 (instead of 4,98 in control) 12,57; 12,97 (instead of 12,79; 13,11; 13,17
in control) 14,00 (instead of 14,59 in the control), 31,87 (instead of 31,83 in the control); 33,38;
33,74; 33,26; 36,03; 50,78; 50,99 (instead of 51,03; 51,25 for control) correspond to individual
intracellular fatty acids

Amino acid analysis of protein hydrolysates and intracellular carbohydrates isolated from
deuterated cells of B. subtilis, also revealed the differences in quantitative composition of amino
acids synthesized in D.O-medium (Figure 2). Protein hydrolyzates contains fifteen identified
amino acids (except proline, which was detected at A = 440 nm) (Table 3). An indicator
that determines a high efficiency of deuterium inclusion into amino acid molecules of protein
hydrolyzates are high levels of deuterium enrichment of amino acid molecules, which are varied
from 50 at.% for leucine/isoleucine to 97,5 at.% for alanine.

a)
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b)

Figure 2. Ion-exchange chromatograms of amino acids obtained from hydrolizates of
protonated (a) and deuterated (b) cells of B. subtilis on the maximally deuterated D.O-medium:
Biotronic LC-5001 (230x3,2 mm) column (“Eppendorf—Nethleler—Hinz”, Germany); stationary

phase: UR-30 sulfonated styrene resin (“Beckman—Spinco”, USA); 25 um; 50—60 atm; mobile
phase: 0,2 N sodium—citrate buffer (pH = 2,5); the eluent input rate: 18.5 ml/h; the ninhydrin
input rate: 9,25 ml/h; detection at A = 570 and A = 440 nm (for proline)

Table 3
Amino acid composition of the protein hydrolysates of B. subtilis, obtained on the maximum
deuterated medium and levels of deuterium enrichment of molecules*

Amino acid Yield, % (w/w) dry weight per 1 Number of Level of deuterium
gram of biomass deuterium enrichment of
atoms molecules, % of the
Protonated The sample | incorporated total number of
sample obtained in | into the carbon hydrogen atoms***
(control) 99,8 % D,O backbone of a
molecule**
Glycine 8,03 9,69 2 90,0
Alanine 12,95 13,98 4 97,5
Valine 3,54 3,74 4 50,0
Leucine 8,62 7,33 5 50,0
Isoleucine 4,14 3,64 5 50,0
Phenylalanine 3,88 3,94 8 95,0
Tyrosine 1,56 1,83 7 92,8
Serine 4,18 4,90 3 86,6
Threonine 4,81 5,51 - -
Methionine 4,94 2,25 - -
Asparagine 7,88 9,59 2 66,6
Glutamic acid 11,68 10,38 4 70,0
Lysine 4,34 3,98 5 58,9
Arginine 4,63 5,28 - -
Histidine 3,43 3,73 - -
Notes:

* The data obtained on growth medium with 99,8% D.O and 2% hydrolysate of deutero-
biomass B. methylicum.

** While calculating the level of deuterium enrichment protons (deuterons) at the carboxyl
(COOH-) and NH.-groups of amino acid molecules are not taken into account because of their easy
dissociation in H,O/D,0.

*** A dash means absence of data.
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Qualitative and quantitative composition of the intracellular carbohydrates of B. subtilis
obtained on maximally deuterated D.O-medium shown in Figure 3 (the numbering is given to
the sequence of their elution from the column), contained monosaccharides (glucose, fructose,
rhamnose, arabinose), disaccharides (maltose, sucrose), and four other unidentified carbohydrates
with retention time 3,08 min (15,63%); 4,26 min (7,46%); 7,23 min (11,72%) and 9,14 min (7,95%)
(not shown) (Table ). Yield of glucose in deuterated sample makes up 21,4 % by dry weight,
i.e. higher than for fructose (6,82%), rhamnose (3,47%), arabinose (3,69%), and maltose (11,62%).
Their outputs are not significantly different from control in H.O except for sucrose in deuterated
sample that was not detected (Table 4). The deuterium enrichment levels of carbohydrates were
varied from 90,7 at.% for arabinose to 80,6 at.% for glucose. Thus, the observed changes in the
qualitative and quantitative composition of various natural compounds synthesized in the presence
of D,O is a common phenomenon observed for the studied microbial cells.

b)

5.98
- 9.83
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Figure 3. HPLC-chromatograms of intracellular carbohydrates obtained from protonated (a)
and deuterated (b) cells of B. subtilis on the maximally deuterated D,O-medium: Knauer Smartline
chromatograph (250x10 mm) (“Knauer”, Germany); stationary phase: Ultrasorb CN; 10 um;
mobile phase: acetonitrile—water (75:25, % (w/w); the input rate: 0,6 ml/min

33




European Reviews of Chemical Research, 2015, Vol.(3), Is. 1

Table 4
Qualitative and quantitative composition of intracellular carbohydrates of B. subtilis
obtained on the maximally deuterated medium* and levels of deuterium enrichment of molecules

Carbohydrate | Content in the biomass, % of the dry weight of 1 | Level of deuterium
g biomass enrichment, % of the total
Protonated  sample | The sample obtained in | number of hydrogen atoms
(control) 99,8 % D,O**

Glucose 20,01 21,40 80,6

Fructose 6,12 6,82 85,5

Rhamnose 2,01 3,47 90,3

Arabinose 3,26 3,69 90,7

Maltose 15,30 11,62 -

Sucrose 8,62 not detected -

Notes:

* The data were obtained on growth medium with 99,8% D.O and 2% hydrolysate of deutero-
biomass B. methylicum.

Biological effects of DDW

Contrary to D,O, water with the reduced deuterium content (deuterium depleted water,
DDW) exerts a positive effect on metabolism. Experiments on animals [21] demonstrated that at
the consumption of water with decreased content of deuterium pigs, rats and mice provide a larger
number of offspring, upkeep of poultry from 6 day old to puberty on DDW leads to the accelerated
development of reproductive organs (size and weight) and strengthen the process
of spermatogenesis, egg laying by hens is increased by almost half, wheat ripens earlier and gives
higher yields. DDW delays the appearance of the first metastasis nodules on the spot of inoculation
of cervical cancer, and exerts immunomodulatory and radioprotective effect [22].

Radioprotective effects of DDW were studied by W. Bild [23], V.S. Turusov [24] and D.V.
Rakov [25] at irradiation of mice’s cells by y-radiation at semimortal dose LD50. Survival level of
animals treated with deuterium depleted water for 15 days prior to y-radiation, was 2,5-fold higher
than in control group (dose of 850 R). The surviving experimental group of mice has the number of
leukocytes and erythrocytes in the blood remained within the normal range, while in the control
group the number of leukocytes and erythrocytes was significantly decreased.

Consumption of DDW by cancer patients during or after radiation therapy treatments allows
restore the composition of blood and relieve nausea [26]. According to G. Shomlai, the results of
clinical trials with DDW conducted in 1998—2010 in Hungary showed that the survival rate for
patients drinking DDW in combination with traditional therapies was significantly higher than for
patients who only were treated with chemotherapy or radiation therapy [27].

Biological experiments with DDW carried out in Moscow Research Oncological Institute after
P.A. Herzen and N.N. Blokhin with Institute of Biomedical Problems [28, 29], confirmed the
inhibitory effects of deuterium depleted water on the process of growth of various tumors,
i.g. division of breast adenocarcinoma MCF-7 tumor cells being placed in deuterium depleted water
started with a delay of ~5—10 hours. In 60% of mice with immunosuppressed immunity and
transplanted human breast tumor MDA and MCF-7 consumption of deuterium depleted water
caused tumor regression. A group of mice with transplanted human prostate tumor PC-3
consumed deuterium depleted water showed the increase in the survival rate by ~40%; the ratio
number of dividing cells in tumors of dead animals in experimental group was 1.5:3.0, and in
control group — 3.6:1.0 [30]. In this regard special attention deserves two indicators: the delay of
metastasis and loss of animal’s weight during experiments. Stimulating action of deuterium
depleted water on the immune system of animals has led to delay of development of metastasis by
40% in comparison with the control group, and weight loss in animals that consumed deuterium
depleted water at the end of the experiment was 2 times less. It was also reported that deuterium
depleted water may delay the progression of prostate cancer [31] and inhibit human lung
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carcinoma cell growth by apoptosis [32] — the programmed cell death, resulting in fragmentation
of the cell into separate apoptotic bodies bounded by the plasma membrane.

Preliminary experimental results on motility of human sperm [33], indicated that in DDW
(4 ppm) spermatozoa longer retain their functional activity, and it increases with a decrease in the
deuterium content of water, whereas the sperm motility is by 40% higher for 5 hours after
registration. However, the effect depends on initial properties of a sperm sample. These data
indicated that deuterium content variation in water including deep deuterium depletion produces
various non-linear isotopic effects on key processes in the cell: enzyme action of Na, K-ATPase,
regeneration, motility, fertilizing effectiveness and embryo developing. It should be noted that for
any deuterium concentration dependence there should be an optimal condition for the best result.

One prominent effect of deuterium depletion is the inhibition of fatty acids as well as the
synthesis, chain elongation and desaturation. These anabolic reactions utilize acetyl-CoA, as well as
hydrogen of water for new fatty acid biosynthesis [34]. Fatty acids then are used for new membrane
formation in the rapidly proliferating cell. The complex structure and molecular organization of the
mammalian fatty acid synthase (EC 2.3.1) offer remarkable opportunities with altered morphology
and flux handling properties.

The positive influence of drinking deuterium depleted water on blood chemistry included
a significant reduction of glucose, cholesterol, erythrocyte sedimentation rates, leukocyte counts
and cortisol (stress hormone) levels, while also revealed an increase in antioxidant capacities [35—
37]. These data evidence the significance of deuterium depleted water to increase energy resources
even in a healthy cohort, while decreasing risks of psycho-emotional stress, which is known to pose
a negative influence on blood biochemistries that often lead to psychosomatic diseases and shorten
life. It was also noted the positive impact of water on indicators of saturation the liver tissue
by oxygen: the observed increase in pO. was ~15%, i.e., cell respiration increased 1,3 times [38].
On beneficial effect on health of experimental mice evidenced the increased resistance and weight
increase compared with the control group.

The main impact of DDW on organism is explained by a gradual reduction of deuterium content
in physiological fluids due to the reactions of isotopic (H-D) exchange: D.O + H.O = 2HDO. It was
recorded the change in the isotopic composition of urine and Ca2* content as well. Thus, the regular
consumption of DDW provides a natural way to reduce the deuterium content in the human body to a
value of 110 ppm.

Clinical trials of DDW with a residual content of deuterium 60—100 ppm, showed [39] that it
can be recommended as an adjunct in the treatment of patients having metabolic syndrome
(hypertension, obesity, impaired glucose metabolism) and diabetes. In addition DDW improves the
quality of life for patients having renal stone disease (nephrolithiasis) and various disorders in the
gastrointestinal tract (colitis and gastritis), cleanses the body of toxins, enhances the action of
drugs and promotes weight correction. DDW can be recommended for fast and deep cleaning of the
human body from deuterium that is essential for metabolic disturbances. Taking into consideration
the dynamics of the distribution of water in the human body, the reaction of isotopic (H/D and
160 /180) exchange and the results obtained with DDW, it can be expected that the greatest effect
the isotopic purification of water will have on the regulatory system and metabolism.

The total effects of DDW depend on total body mass, total mass of intracellular water, the
amount of daily consumption of DDW and the degree of its isotope purification [40]. The results on
the calculation of gradual increasing of deuterium content in the human body at regular
consumption of DDW with varied residual deuterium content are shown in Table 5. These results
demonstrate that the content of deuterium in the human body decreases while consuming DDW.
Thus, at the consumption of water with a residual deuterium content of 60 ppm deuterium content
in the body decreases after 45 days to 117,3 ppm, and at the consumption of water with a residual
content of deuterium 100 ppm — to 131 ppm at 1 liter of water consumption per a day, to 122,6 ppm
at water consumption of 1,5 liters of water a day. Hence, the regular taking of DDW provides a
natural way to reduce the content of HDO in the human body to a value of ~117 ppm.
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Table 5.
Gradual decreasing of deuterium content in the human body over time,
with regular consumption of DDW*

Number of The residual content of deuterium in water, ppm
days 60 | 100 | 100
Daily consumption of DDW, liters
0 1 1 1,5
1 150,5 150,7 150,8
2 145,5 147,9 146,9
7 136,5 143,6 140,5
14 130,6 138,3 134,7
21 120,8 135,6 129,6
28 120,0 133,9 126,6
35 119,6 132,6 124,5
45 117,3 131,5 122,6
*Notes:

The calculation was performed based on the following data:

- daily consumption of DDW - 1 or 1,5 liter;

- daily water exchange rate — 2,5 liters;

- deuterium content in the body corresponds to its content in natural water ~ 150 ppm;
- the average volume of water in the body — 45 liters (average body weight ~ 75 kg).

IR-spectroscopy of D-O-solutions.

The comparative analysis of IR-spectra of H.O solutions and its deuterated analogues (D-O,
HDO) is of considerable interest for biophysical studies, because at changing of the atomic mass of
hydrogen by deuterium atoms in H,O molecule their interaction will also change, although the
electronic structure of the molecule and its ability to form H-bonds remains the same. The IR
spectra of water usually contain three absorption bands, which can be identified as 1 — absorption
band of the stretching vibration of OH- group; 2 — absorption band of the first overtone of the
bending vibration of the molecule HDO; 3 — absorption band of stretching vibration of OD- group.
OH- group is able to absorb much infrared radiation in the infrared region of the IR-spectrum.
Because of its polarity, these groups typically react with each other or with other polar groups to
form intra-and intermolecular hydrogen bonds. The hydroxyl groups not involved in formation of
hydrogen bonds are usually given the narrow bands in IR spectrum and the associated groups
— broad intense absorption bands at lower frequencies. The magnitude of the frequency shift is
determined by the strength of the hydrogen bond. Complication of the IR spectrum in the area of
OH- stretching vibrations can be explained by the existence of different types of associations,
a manifestation of overtones and combination frequencies of OH- groups in hydrogen bonding, as
well as the proton tunneling effect (on the relay mechanism. Such complexity makes it difficult to
interpret the IR spectrum and partly explains the discrepancy in the literature available on this
subject.

The local maximums in IR-spectra reflect vibrational-rotational transitions in the ground
electronic state; the substitution with deuterium changes the vibration-rotational transitions in
H.O molecule that is why there appear other local maximums in IR-spectra. In the water vapor
state, the vibrations involve combinations of symmetric stretch (v,), asymmetric stretch (v;) and
bending (v.) of the covalent bonds with absorption intensity (H.O) wi;vs;vs = 2671; 1178,4;
2787,7 cm™. For liquid water absorption bands are observed in other regions of the IR-spectrum,
the most intense of which are located at 2100, cm™ and 710-645 cm™. For D.O molecule these ratio
compiles 2723,7; 1403,5 and 3707,5 cm?, while for HDO molecule — 2671,6; 1178,4 and
2787,7 cm. HDO (50 mole% H.O + 50 mole% 2H,O; ~50 % HDO, ~25 % H.O, ~25 % D,O) has
local maxima in IR-spectra at 3415 cm, 2495 cm™ 1850 cm™ and 1450 cm™ assigned to OH- -
stretch, OD- -stretch, as well as combination of bending and libration and HDO bending
respectively.
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In the IR-spectrum of liquid water absorbance band considerably broadened and shifted
relative to the corresponding bands in the spectrum of water vapor. Their position depends on the
temperature [41]. The temperature dependence of individual spectral bands of liquid water is very
complex. Furthermore, the complexity of the IR-spectrum in the area of OH- stretching vibration
can be explained by the existence of different types of H.O associations, manifestation of overtones
and composite frequencies of OH- groups in the hydrogen bonds, and the tunneling effect of the
proton (for relay mechanism). Such complexity makes it difficult to interpret the spectrum and
partly explains the discrepancy in the literature available on this subject.

In liquid water and ice the IR-spectra are far more complex than those ones of the vapor due
to vibration overtones and combinations with librations (restricted rotations, e.g. rocking motions).
These librations are due to the restrictions imposed by hydrogen bonding (minor L; band at
395,5 cm; major L. band at 686,3 cm™; for liquid water at o °C, the absorbance of L, increasing
with increasing temperature, while L. absorbance decreases but broadens with reduced wave
number with increasing temperature [42]. The IR spectra of liquid water usually contain three
absorbance bands, which can be identified on absorption band of the stretching vibration of OH-
group; absorption band of the first overtone of the bending vibration of the molecule H2HO and
absorption band of stretching vibration of OD- group [43]. Hydroxyl group OH- is able to absorb
much infrared radiation in the infrared region of the IR-spectrum. Because of its polarity, these
groups typically react with each other or with other polar groups to form intra-and intermolecular
hydrogen bonds. The hydroxyl groups, which are not involved in formation of hydrogen bonds,
usually produce the narrow bands in IR spectrum, while the associated groups — broad intense
absorbance bands at lower frequencies. The magnitude of the frequency shift is determined by the
strength of the hydrogen bond. Complication of the IR spectrum in the area of OH- stretching
vibrations can be explained by the existence of different types of associations of H.O molecules, a
manifestation of overtones and combination frequencies of OH- groups in hydrogen bonding, as well as
the proton tunneling effect (on the relay mechanism).

Assignment of main absorption bands in the IR-spectrum of liquid water is given in Table 4. The
IR spectrum of H,O molecule was examined in detail from the microwave till the middle (4-17500 cm™)
visible region and the ultraviolet region — from 200 nm™ to ionization limit at 98 nm [44]. In the
middle visible region at 4—7500 cm™ are located rotational spectrum and the bands corresponding to
the vibration-rotational transitions in the ground electronic state. In the ultraviolet region (200 to
98 nm™) are located bands corresponding to transitions from the excited electronic states close to the
ionization limit in the electronic ground state. The intermediate region of the IR-spectrum — from
570 nm to 200 nm corresponds to transitions to higher vibration levels of the ground electronic state.

Results of IR-spectroscopy with device Infra Spec VFA-IR show that at 4,1 um, even at low
concentrations of deuterium of 0,35 and 0,71 %, there is observed a decline in the local maximums
relative to the local maximum of 100 % pure water (the local maximums in IR-spectra reflect
vibration-rotational transitions in the ground electronic state because at changing the atomic mass
of hydrogen and deuterium atoms in the water molecule their interaction will also change,
although the electronic structure of the molecule and its ability to form H-bonds, however, remains
the same; with the substitution with deuterium the vibration-rotational transitions are changed,
that is why it appears other local maximums in IR-spectra. These data are shown in Figure 2.
The result is reliable regarding the content of deuterium in natural waters at 0,015—0,03 %.
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ANALYSIS
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Figure 4. The typical IR-spectra of water with varying content of deuterium

At further transition from H.O monomers to H,0, dimer and HeO; trimer absorption
maximum of valent stretching vibrations of the O-H bond is shifted toward lower frequencies (v5 =
3490 cm™ and v, = 3280 cm™) and the bending frequency increased (v. = 1644 cm™) because of
hydrogen bonding [45]. The increased strength of hydrogen bonding typically shifts the stretch
vibration to lower frequencies (red-shift) with greatly increased intensity in the infrared region due
to the increased dipoles. In contrast, for the deformation vibrations of the H-O—H, it is observed a
shift towards higher frequencies. Absorption bands at 3546 and 3691 cm™ were attributed to the
stretching modes of the dimer [(H.0).]. These frequencies are significantly lower than the valence
modes of v, and v, vibrations of isolated H.O molecules at 3657 and 3756 cm™ respectively).
The absorption band at 3250 cm™ represents overtones of deformation vibrations. Among
frequencies between 3250 and 3420 cm™ is possible Fermi resonance (this resonance is a single
substitution of intensity of one fluctuation by another fluctuation when they accidentally overlap each
other). The absorption band at 1620 cm™ is attributed to the deformation mode of the dimer.
This frequency is slightly higher than the deformation mode of the isolated H.O molecule (1596 cm™).
A shift of the band of deformation vibration of water in the direction of high frequencies at the
transition from a liquid to a solid state is attributed by the appearance of additional force,
preventing O-H bond bending. Deformation absorption band in IR-spectum of water has a
frequency at 1645 cm™ and very weak temperature dependence. It changes little in the transition to
the individual H.O molecule at a frequency of 1595 cm™. This frequency is found to be sufficiently
stable, while all other frequencies are greatly affected by temperature changes, the dissolution of
the salts and phase transitions. It is believed that the persistence of deformation oscillations is
stipulated by processes of intermolecular interactions, e.g. by the change in bond angle as a result
of interaction of H.O molecules with each other, as well as with various cations and anions.
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Table 6
The assignment of main frequencies in IR-spectra of liquid H.O and D.O
Main vibrations of liquid H.O and 2H.O
Vibration(s) H.O (t = 25 °C) D.O (t = 25 °C)
v, cm! Eo, M1 cm! v, cm! Eo, M1 cm!

Spinning v, + 780—-1645 21,65 1210 17,10
deformation v »
Composite v; + v 2150 3,46 1555 1,88
Valence 3200—3450 100,65 2510 69,70
symmetrical v,,
valence
asymmetrical v,
and overtone 2v,

Thus the study of the characteristics of IR spectra of water allows to answer the question not
only on the physical parameters of the molecule and the covalent bonds at isotopic substitution
with deuterium, but also to make a certain conclusion on associative environment in water.
The latter fact is important in the study of structural and functional properties of water associates
and its isotopologues at the isotopic substitution with deuterium.

Conclusion

Isotopic effects are determined by an increase in the nuclear mass of deuterium relative to
protium, which may be sufficiently essential for the *H/2H pair. The maximum Kkinetic isotopic
effect measured at ordinary temperatures in chemical reactions leading to rupture of bonds
involving hydrogen and deuterium lies in the range ku/kp = 6—8 for C—H versus C-D, N-D
versus N-D, and O—H versus O—D-bonds. D.O of high content of deuterium (99,8 at.%) leads
to physiological, morphological and cytology alterations of the cell, and also renders negative
influence on cellular metabolism, while DDW with decreased deuterium content on 20-30% exerts
beneficial effects on metabolism. The most sensitive to replacement of H on D are the apparatus of
biosynthesis of macromolecules and a respiratory chain, i.e., those cellular systems which use high
mobility of protons and high speed of breaking up of hydrogen bonds.
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AHHOTamuA. B JaHHOU cTaThe pACCMOTPEHHI JIAHHBIE TI0 U30TOIMHBIM 3 deKkTam AerTepus
B Pa3JIMYHBIX OHOJIOTUUECKHX OOBEKTaX, MPEACTABJIAIOININX COOOH KJIIETKH METHJIOTPOMHBIX,
XeMoTeTepOTPO(PHBIX, (HOTOOPTraHOTPODHBIX MUKPOOPTaHU3MAaX, 3€JIEHBIX BOJIOPOCIIAX, a TAKKeE
JKUBOTHBIX KJIETOK. BBIJIO TTOKa3aHO, UTO MOBBIIIIEHHOE COJIEp;KaHUE JeUTEPHUs B BOJE IPUBOIUT K
(pusnosoruueckuM, MOpPQOJOTUUECKUM U ITUTOJIOTMYECKHM H3MEHEHUSAM B KJIETKE, a TaKKe
OKa3bIBae€T HETaTUBHOE BJIMAHUWE HA KJIETOYHbIH MeTaboIu3M, B TO BpeMs KaK BOJia
C IOHMKEHHBIM COJIep;KaHueM JleUTeprs Ha 20—30 % OKa3bIBAET IOJIOKUTEIBHOE BO3/IENCTBUE Ha
MeTabosM3M. BennumHa MaKCHUMaJbHOTO KHHETHYECKOTO H30TOIMHOTro 3(dderra, m3MepeHHOTro
IpU OOBIYHBIX TeMIIepaTypax B XUMUUYECKUX PEAKIUAX, MPUBOJAIIUX K Pa3PbhIBy XUMUYECKHUX
CBA3EH C yJaCTHEM BOJIOPOJA U JeHTepus, HaXOAuTcA B Auanasone ku/kp = 6—8 misa C—H-cBsazen
1o cpaBHeHUIO ¢ C—D-cBsazsimu, N—H 110 cpaBHeHuo ¢ N-D u O—H 1o cpaBHenuio ¢ O-D-
cBsa3siMu. Metogom MK-ceKTpocKOmMu HCCaeoBaHbl  00pasIbl  BOABI C  Pa3JIUYHBIM
cojiep;KaHueM JieuTepusi.

KiaroueBble cJjoBa: JedTepuii; TsoKendasa Boja; OeszedTepreBas BOJA; HW30TOIHBIE
3¢ dexTsl; bnosornueckue cucreMbl; MK-crekTpockomnusi.
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Abstract

4-hydroxy-3,5-dimethoxy benzaldehyde-4-hydroxy benzoyl hydrazone (HDMBHBH) is used
as a novel chromogenic organic reagent for the determination of Lead (II) using
spectrophotometry. The novel chromogenic organic reagent 4-hydroxy-3,5-dimethoxy
benzaldehyde-4-hydroxy benzoyl hydrazone (HDMBHBH) gave yellow coloured water soluble
complex with Pb (II) in basic buffer (pH = 10.0) medium. The colour complex shows maximum
absorbance at 386 nm. The system obeyed beer’s law in the concentration range of 0.518—
5.18ug/ml. The optimum Lead (II) concentration range for accurate determination as evaluated
from Ringbom plot was 1.036—4.662 ug/ml. The molar absorptivity and Sandell’s sensitivity were
2.66x104 Lmol*cm™ and 0.0077 pug/cm? respectively. The Lead (IT) forms I:I colour complex with
HDMBHBH and stability constant of the complex was found to be 3.42x10°. The present developed
method was successfully applied for the determination of Lead (II) in biological samples.

Keywords: novel chromogenic organic reagent; derivative spectrophotometry; lead (II);
biological samples.

Introduction

Generally, lead compounds are toxic for animals. Throughout most of human history, lead
was used for a wide variety of applications with little or no appreciation of the serious health
hazards it poses. Today, physiologists understand that the human body is able to excrete about 2
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milligrams of lead efficiently each day but excess of that can cause serious health problems. That is
why lead compounds are not used in pesticides or insecticides.

Hence, the analytical methods are required with highest possible sensitivity and selectivity.
One of the techniques which is simple and readily in reach of developing and developed countries is
photometry. This is a nondestructive technique and it is useful for the determination of trace
amounts of metal ions in different kinds of samples such as alloys, biological and industrial
materials and wastes.

Experimental study

Spectrophotometric measurements were made in a shimadzu 160 a microcomputer based
UV-Visible spectrophotometer equipped with 1.0 cm quartz cells, an ELICO LI-120 digital pH
meter. All reagents used were of analytical reagent (AR) grade unless otherwise stated.
All solutions were prepared with distilled water.

Reagent:

Synthesis, characterization and analytical properties of 4-hydroxy 3,5-
dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone (HDMBHBH)

It is prepared by refluxing 1.82 g of 4-hydroxy 3,5-dimethoxy benzaldehyde and 1.52 g of 4-
hydroxy benzhydrazide in 25 ml of carbinol for about 4 hours. The contents are allowed to cool and
the product is separated by filtration. The crude product (yield 80 %) obtained (C.cHsN.Oj) is
recrystallized twice from hot methanol. Pure light greenish coloured crystals of 4-hydroxy 3,5-
dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone (HDMBHBH) (III) (m.p. 292—294 °C) are
obtained (see the scheme below).

(@]

H H @
| I |
Cc———oO0 HN—— HN— c —N —NH —C

2 E—

+

H3CO OC H, oo ocH
OH OH 3 OH 3 OH
I II III

I = 4-Hydroxy 3,5-dimethoxy benzaldehyde
IT = 4-Hydroxybenzhydrazide
III = 4-Hydroxy 3,5-dimethoxy benzaldehyde 4-hydoxy benzoyl hydrazone (HDMBHBH)

The reagent 4-hydroxy-3,5-dimethoxybenzaldehyde-4-hydoxy benzoyl hydrazone
(HDMBHBH) was characterized with the help of Infrared, *H-NMR and mass spectral data and the
structure was confirmed by the spectral data.

Analytical properties of DMAHBH

The reactions of some important metal ions were tested at different pH values. The
characteristics of the most important complexes are summarized in Table 1. The samples were
prepared in 10 ml standard volumetric flasks by adding 3 ml of buffer (pH = 1.0-11.0), 0.5 ml of metal
ion (1x103 M) and 0.5 ml of (1x102 M) HDMBHBH solutions. The solution mixture was diluted up to
the mark with distilled water. The absorbance was measured in 300—800 nm range against reagent
blank.

The data obtained from appropriate spectra which were derived in the presence of 10-fold
molar excess of the reagent to metal ion. The pH values, which facilitate the formation of different
complexes were also included.
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Table 1: Characteristics of HDMBHBH complexes in solution

Metal ion Amax (NmM) pH Surfactant Colour of the complex
used

Pb(1I) 386 9.0—10.0 Triton-X Yellow

Au(III) 400 3.0-5.0 Triton-X Brown

V(V) 392 3.0-5.0 Triton-X Yellow

Recommended procedure
Determination of Lead (II) (zero order)

An aliquot of the solution containing 0.3178 to 3.813 ug/ml of Lead (II), 3 ml of buffer
solution pH = 8.0 to 10.0 and 0.5 ml of (1x102 M) HDMBHBH reagent were taken in a 10 ml
standard volumetric flask and the solution was diluted up to the mark with distilled water.
The absorbance of the solution was recorded at 412 nm in a 1.0 cm cell again corresponding
reagent blank prepared in the same way but without Lead (II) metal solution. The absorption
spectra of HDMBHBH and its Pb (II) complex under the optimum conditions are shown in
Figure 2. The [Pb(II)-HDMBHBH] complex shows the maximum absorbance at 412 nm, whereas
the reagent blank does not absorb appreciably.

b
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Figure 2: Absorption spectra:
(a). [Pb(I)-HDMBHBH] complex Vs. reagent blank;
(b). HDMBHBH Vs. buffer blank.

Results and discussion

4-hydroxy 3,5-dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone
(HDMBHBH)

4-hydroxy 3,5-dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone (HDMBHBH) reagent
is a blend of a carbonyl compound and a hydrazide. The reagent solution is stable for more than
24 hrs in presence of the buffer medium. The ligand presumably coordinates the metal ions to give
a neutral water soluble complex.

Determination of Lead (II) using HDMBHBH

Copper (II) reacts with HDMBHBH in basic medium to give yellow coloured water-soluble
complex. The colour reactions between Lead (II) and HDMBHBH are instantaneous even at room
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temperature in the pH range 8.0 to 10.0. The absorbance of the bright yellow coloured species
remains constant for five hours. The maximum colour intensity is observed at pH = 10.0. A 10-fold
molar excess of reagent is adequate for full colour development. The order of addition of buffer
solution, metal ion and reagent has no adverse effect on the absorbance. The complex formation
reaction between Lead (II) and HDMBHBH has been studied in detail based on the composition of
the complex as determined by using Job’s and molar ratio methods. Important physico-chemical
and analytical characteristics of Lead (IT) and HDMBHBH are summarized in Table 2.

Table 2: Physico-chemical and analytical characteristics of [Pb(I)-HDMBHBH] complex

Characteristics Results
Amax (nm) 386
colour yellow
pH range (optimum) 9.0 t0 10.0
Mole of reagent required per mole of metal ion for full colour

10-folds
development
Molar absorptivity (L-mol*cm-) 2.66x104
Sandell’s sensitivity (ug-cm-2) 0.0077
Beer’s law validity range (ug/ml) 0.518-5.18
Optimum concentration range (ug/ml) 1.036—4.662
Composition of complex (M:L) obtained in Job’s and mole L1
ratio method )
Stability constant of the complex (jobs method) 3.42x10°
Relative standard deviation (%) 0.02
Regression coefficient 0.999

The system [Pb(I)-HDMBHBH] obeys Beers law and the calibrated values were presented
in Figure 3.

0.7 A
0.6 Ay =0.1084X+0.0432 -

0.5 o

0.4 - =

Absorbance

0.3

0.1+

0.0

Amount of Pb(Il)pg/ml

Figure 3: Absorbance Vs Amount of Pb (II) ug/ml:
[HDMBHBH] = 1x102; pH = 9.0; wavelength = 418 nm

The first order derivative spectral graph was shown in Figure 4. This shows that the
derivative amplitude is measured at 418 nm. First order was found to be proportional to the
amount of Lead (II) respectively.
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Figure 4: First derivative spectra of [Pb(I[)-HDMBHBH] Vs reagent
Effect of foreign ions

Derivative spectrophotometry is a very useful technique in the sense that it decreases the
interference, i.e., increases the tolerance limit value of foreign ions of metal ions having overlapping
spectra. The recommended procedures have been employed for the spectrophotometric
determination of Lead (II). The effect of various diverse ions in the determination of Lead (II) was
studied to find out the tolerance limit of foreign ions in the present method. The tolerance limit of a
foreign ion was taken as the amount of foreign ion required to cause an error of +2 % in the
absorbance or amplitude. The experimental results are given in Table 3.

Table 3: Tolerance limit of foreign ions in the determination of 5.18 pug/ml of Lead (II)

Ion added Tolerance limit Ion added Tolerance limit
(ng/ml) (ng/ml)

Todide 2187 Zr(IV) 216
Sulphate 559 Zn(II) 20
Urea 723 Bi(III) 58
Thiocyanide 183 Ni(II) 33
Bromide 959 Ce(IV) 42
Thiourea 797 Fe(III) 1.6, 1.92
Nitrate 1678 Cu(ID) 1.7, 2.5P
Tetra borate 249 Ru(III) 2.6
Acetate 167 Ag(D) 12
Phosphate 203 Pt(IV) 11
Chlorides 249 Sb(II) 476
Tartarate 744 Sr(II) 25
Citrate 379 V(V) 116
Fluoride 577 Os(VIII) 8
Oxalate 269 Cd(11) 22
Thiosulphate 356 Co(II) 25
Ul 198 Al (III) 42
Sn(ID) 47 Mo(VI) 20
La(IIT) 152 Cr(VI) 28
Ba(II) 267 Hg(II) 1.5, 1.3¢
Na(I) 45 Mn(II) 55

‘a’ masked with 76 pg/ml of Fluoride
‘b’ masked with 345 pg/ml of Thiourea
‘c’ masked with 315 ug/ml of Ascorbic acid.
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Applications:
Determination of Lead (II) in biological samples

The accuracy and applicability of the proposed method has been applied to the determination
of lead in tea leaves, human hair and pond sediment by National Institute for Environment Studies
(NIES). 0.1 g sample was taken in a beaker and dissolved in concentrated nitric acid (~5 ml) with
heating. The solution was cooled, diluted and filtered. The filtrate was made up to 100 ml with
water in a calibrated flask. Vehicle exhaust particulates (1 g) was dissolved in 18 ml of concentrated
nitric acid, 18 ml of concentrated perchloric acid and 2 ml of concentrated hydrofluoric acid in a
100 ml Teflon beaker, evaporated to a small volume, filtered through a filter paper and made up to
100 ml with distilled water. An aliquot (10—50 ml) of the sample solution was taken individually
and lead was determined by the general procedure. The results obtained are presented in Table 4.

Table 4: Determination of Lead (II) in biological samples

Concentration (ug g)

Sample Composition Certified *
value Found
NIES, No.1 | Zn, 33; Cd, 0.030; Sb, 0.014; Ni, 6.5; Cr, 0.15; 0.8 0.76+0.04

Tea Leaves | Al, 775; Mg, 1530; Ba, 5.7; K, 18600; Sc, 0.011;
Na, 15.5; Sr, 3.7; Ca, 3200; Cs, 0.22]; Co, 0.12;

Mn, 7.00; Cu, 7.0 ug g

NIES, No.2 | Zn, 169; Cd, 0.20; Sb, 0.07; Ni, 1.8; Al, 240; Fe, 6.0 5.7+0.3
Human Hair | 225; Mg, 208; Hg, 4.4; K, 34; Rb, 0.19; Sc,
0.05; Se, 1.4; Na, 26; Sr, 2.3; Ti, 3.2; Ca, 728;

Cr, 1.4; Ba, 2.2; Cu, 16.3; Co, 0.10 ug g

NIES, No.3 | Fe, 6.53+0.35; Al, 10.6+0.5; Ca, 0.81; K, 0.68; 105 104+1
Pond Na, 0.57% Zn, 343; Cu, 210; Cr, 75; Ni, 40; Cd,

Sediment 0.82; Co, 27; As, 12 ug g

NIES, No.4 | K, 0.115+0.008; Ca, 0.53+0.02; Mg, 21949 21742
Vehicle 0.101£0.005; Al, 0.33+0.02; Na, 0.92+0.008;

Exhaust 7Zn, 0.104+0.005%; Sr, 89+3; Co, 3.3+0.3; Cu,

Particulates | 67+3.5; Cd, 1.1+0.1; As, 2.6+0.2; Cr, 25.5+1.5;
V, 174+2; Sb, 6.0+0.4; Ni, 18.5+1.5; Cs, (0.24);
Rb, (4.6); Sc, (0.055); La, (1.2); Br, (56); Ag,
(0.2); Se, (1.3); Mo, (6.4); Ce, (3.1); Th, (0.35);

Sm, (0.20); Eu, (0.05); Lu, (0.02) ug g’

*Average of the best three determinations among five determinations

Conclusion

In basic medium, 4-hydroxy 3,5-dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone
(HDMBHBH) reacts with Lead (II) and imparts yellow coloration water soluble complex. The
colour reaction between Lead (II) and HDMBHBH is instantaneous and the absorbance of the
coloured species remains constant for 3 hr. Order of addition of constituents (buffer, metal ion and
reagent) has no adverse effect on the absorbance of the complex.

4-hydroxy 3,5-dimethoxy benzaldehyde 4-hydroxy benzoyl hydrazone (HDMBHBH)has been
proven to be a sensitive and selective chromogenic organic reagent for the determination of Lead
(IT). Molar absorptivity of the colour complex was 1.65x104 L' mole*cm™. The proposed method was
especially sensitive and selective with respect to metals, which commonly seriously interfere with
the determination of Lead (II) performed by literature methods. The proposed method can be
successfully applied for the determination of Lead (II) in biological samples. This method was
favorably compared with previously reported spectrophotometric methods.
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UyBCTBUTEJIBHBIN U CEJI€KTUBHBIN XPOMOT€HHbIII OpraHUYeCKUH peareHr 4-
THUJIPOKCH-3,5-TUMETOKCH 0€H3a/Ib/IeTH/I-4-THIPOKCH O€H30WJI T'HIPa30H
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onpeaeseHus ceuHia (II)
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AHHOTAUA. 4-THAPOKCH-3,5-TUMETOKCH OeH3aIbJETH/I-4-TUAPOKCH OEH30WI THAPA30H
(HDMBHBH) wucnosp3yeTcsi B KauecTBe HOBOTO XPOMOTE€HHOTO OPraHUUYECKOTO peareHTa JIJist
onpenesnenus cBuHNa (II) ¢ wucmosp3oBaHueMm crekTpodgoToMeTpuu. HOBBIE XpPOMOTEHHBIN
OPTaHUYECKUU peareHT 4-TUAPOKCH-3,5-TUMETOKCH  OeH3aJIb/IETU/I-4-TUJIDOKCH  OEH30MJT
ruapazod (HDMBHBH) man BomopactBopumbiii komiuieke ¢ Pb (IT) skenToro npera B OCHOBHOM
O6ydeprnom pactBope (pH = 10,0) cpensero. IIBeT KOMILIEKC ITOKa3bIBa€T MaKCHUMAJIbHYIO
ONTUYECKyI0 IUIOTHOCTh mpu 386 HM. Cucrema noauuHseTcs 3akoHy bepa B uHTepBase
KOHIleHTpauuil 0.518-5.18 pg/ma. MonaapHeiii K03b@UIMEHT MOIVIOMEHUA U YyBCTBUTEIbHOCTD
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cocTaBWIN 2.66x104 JIMOJIB-CM™ B 0.0077 MKI/cm? coorBerctBeHHO. CBuHery (II) dbopmwupyer
komiuteke I:1 ¢ HDMBHBH u KoOHCTaHTa YCTOMYHBOCTH KOMILJIEKCA COCTaBJIAET 3.42x10°.
PazpaboTaHHbBIN MeTO/1 ObLT YCIIENTHO IPUMEHEH Jis orpezenenusa ceunna (I1I) B 6ruosornyeckux
pobax.

KiroueBble cI0Ba: HOBBI XPOMOTEHHBIN OPraHUYECKUU peareHT; CIeKTPohOTOMETPUS;
ceuHer (I1); 6uostornueckre 0O6pasIThl.

50



European Reviews of Chemical Research, 2015, Vol.(3), Is. 1

Copyright © 2015 by Academic Publishing House Researcher

f L=ty

* X % Published in the Russian Federation Eaiija Keviisd

of Chemical Research

% Has been issued since 2014.
ISSN: 2312-7708

Vol. 3, Is. 1, pp. 51-55, 2015

: & ’: European Reviews of Chemical Research
*

DOI: 10.13187/ercr.2015.3.51

www.ejournall4.com = Il

UDC 546.682.3,221.1
Chemical bath deposition of In.S; thin films

tStanislav S. Tulenin
2Vyacheslav F. Markov

3Larisa N. Maskaeva
4Mikhail V. Kuznetsov

4 Ural Federal University, Russian Federation

Mira Str., 28, Ekaterinburg, Sverdlovskaya oblast, 620002
tE-mail: stast1989@mail.ru

2Doctor (Chemistry), Professor

E-mail: vimarkov@list.ru

3 Doctor (Chemistry), Professor

E-mail: mln@ural.ru

4 Doctor (Chemistry), Professor

E-mail: kuznetsov@ihim.uran.ru

Abstract

In.S; thin films were grown by means chemical bath deposition from acid solution. Calculation of
ionic equilibrium with using of thermodynamic constants for systems defines boundary conditions of
formation In.S;. Films were characterized by means of XRD, SEM, EDX and XPS methods.
According to XRD films have cubic structure of In,S;. XPS method was shown that the surface of In,S;
thin film includes oxygen and carbon contained impurities. SEM confirmed nanosized nature of thin
films. Optical band gap of indium(III) sulfide equal to 2.3 eV.

Keywords: boundary conditions of deposition; chemical bath deposition; indium(III) sulfide;
XRD, XPS.

Introduction

Newsday indium (III) sulfide has wide application in a micro- and optoelectronics thanks to
unique electrical and physical properties [1] such as picture tubes for color television, ionized radiation
detectors and in the photovoltaic such as buffer layer and main material for CulnS. solar cells [2, 3].
In,S; are simplest compound among chalcogenide group that possess a high energy band gap [4],
n-tape conductivity, high absorption coefficient of radiation, longtime stability.

All deposition methods of In.S; semiconductor material we are divide on physical and chemical
methods. The physical methods include thermal evaporation in vacuum, spraying of water solutions
with pyrolysis on a heating substrate [5], physical deposition from gas phase, molecular-beam epitaxy
[6]. The chemical thin film methods include electrochemical deposition and chemical bath deposition
[7]. As using of physical methods is being connected with composite equipments, deep vacuum and
high-purity precursors but the chemical bath deposition has weak deposition condition, simple
apparatus design, composition control mode and doping operations.
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Materials and Methods

Deposition of indium sulfide thin films was carrying out on preliminary defatting pyroceramic
substrates from reaction mixture containing indium nitrate In(NOs);, thioacetamide CH;NH-CS,
tartaric acid C,0OsHs, hydroxyl amine NH.OH-HCl. The optimal pH was about 1.7. Synthesis of thin
films was carried out in the range of temperature 70-90 °C in Mo-glass beaker reactors. Reactors were
located in thermostat TC-TB-10. Crystal structure of thin films investigated by method of X-ray
diffraction (XRD) on diffractometer Shimazu XRD — 7000 with using monochromatic Cu/Ku
radiation, A = 1.54056 A. Composition and main form of compounds in thin films were studied
by means of X-ray photoelectron spectroscopy (XPS) method on ESCALAB MK II (VG Scientific, Great
Britain) X-ray photoelectron spectrometer using magnesium cathode MgK, (1253.6 e€V). The Cis line
was calibration line. Scanning electron microscopy (SEM) of a simple surface was occurred on Mira-3-
LMY instrument in second electron (SE) with JED 2300 tool for energy dispersive X-ray (EDX)
analysis. Thickness of simples has been measured on an interferometer MII-4M.

Discussion

The choice of reaction mixture composition and definition of colloidal chemical deposition
conditions of indium sulfide In,S; thin films is considerably facilitated after carrying out of the
preliminary thermodynamic calculations.

In a basis of the deposition condition analysis from the solutions containing thioacetamide has
laid a rule about reversible hydrolytic decomposition character of the sulfur-supplier [8, 9]. Thus TAA
decompose in acid solution according to equal:

CH3CSNH2+2H20+H30+<—>AC-+NH4++HQS (1)

In equal (1) yielded hydrogen sulfide quickly decompose (2) and (3) as indium-ions In3* combine
with sulfide-ions on equal (4):

H.S + H.O « H,0* +HS- (2)
HS- + H.O & S~ + H,0* (3)
InL,+ S2~ — In,S; + xL (1)

The content of Me»* ions had been calculated by means of the analysis ionic balances in system
with the complexing account with present ligands. Result of calculation which characterized placed
balance in InCl; - C,06H¢ — NH.OH-HCl — CH3;NH.CS system between a sediment In.S; (curve 1),
In(OH); (curve 2) and indium complex compounds in a solution are showed on Fig. 1. Deposition of
this sulfide in investigated system is placed in a wide range pH from 3 to 15. Also indium hydroxide
form at the same conditions. The region pH less then 3 without formation of indium hydroxide for
synthesis is optimal.

Figure 1. The region of In,S; solid phase deposition in system In(NOs); — C,0sHs - NH,OH-HCI- TAA
(1), In(OH); line (2). The calculation carried out at 80 °C
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According to calculation it was deposited uniform orange films which were observed on
pyroceramic substrates and walls of beakers with good adherent. Thin films were washed and dried.
Thickness of obtained thin films was up to 3500 nm.

The XRD patterns of the deposited In.S; thin films confirmed that it crystallized in cubic
structure (XRD patterns no shown). Diffraction peaks (311), (400), (422) and (440) observed on typical
XRD pattern of the In.S; prepared on pyroceramic at 80 °C (a film thickness 700 nm) indicate about
this [10]. It is noticed that lines with least hkl indexes on XRD pattern of thin film are absent because of
the strong substrate background is presence, and also the accurate crystal structure is not formed
completely.

Figure 2. SEM images of as-deposited (a, b, c) and heat treatment at 300 °C (d) In.S; thin films
prepared at, °C: 70 (a), 80 (b, d), 90 (c). Magnification is 50000

SEM micrographs of the deposited films at different synthesis temperature are presented on
Fig. 2. The study of as-deposited indium(III) sulfide thin films at 70 °C (Fig. 2a) shown that it has a
fine-crystalline structure with an average crystal size to 70-120 nm. It is a good agreement with
literature date to deposition in a more acid solution [11]. The modification of film surface and mesh
fractal structure were observed at increasing of a synthesis temperature (Fig. 2b,c) [12]. The average
size of thread-crystals is 90-150 nm. We can see a particular flash-off of crystals after heat treatment on
air condition in the SNOL furnace. The EDX-analysis shown that films contain up to 10 at.% of oxygen
by means of oxidation process.

The In,S; films were investigated by XPS using Ar+ etching on 12 nm into depth. All films include
characteristic In4d, S2p, Ci1s, In3d and O1s core levels of indium, sulfur, carbon and oxygen (Fig. 3a).
We can see that overview XSP spectra after etching not contain Cis and O1s core levels. It means
that volume material is pure. We obtained by means of XPS that surface of thin films include some
oxidation phases (no more 8.5 at.% of oxygen) on surface. For example, it is may be different
carbonates and organic impurities. Opposite EDX-analysis shown absents of oxygen in thin films and
confirmed formation of In.S; with small indium excess[13].
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Figure 3. Overview XPS spectra of the simples with shown Inqd, S2p, C1s, In3d and O1s core level
spectrum of In.S; before (a) and after (b) etching on 12 nm.

As can be observed (Fig. 3) all peaks are accurate and good define. The In3d;/- core shall with
energy approximately 444.9 eV correspond to nonoxide form and it is correspond to In.S; (444.7 €V).
We cannot see any width and asymmetry of the In3d peak which indicate purity of compound. S2p
peak is accurate and good define. Its bonding energy (161.4 €V) interquartile correspond to sulfide
phases. The a-parameter gave us more information about compound. This value is 852.2 eV but it is
some less then literature date for In.S; (852.5 €V) and we refer this a-parameter to indium(III) sulfide.

The measure of optical properties of In.S; thin films carried out from 300 to 1000 nm. The thin
layers with 300 nm thickness for these measurements were deposited on glass substrates.

(ahv)*107, (eV sm™)?

O !” 1 1 1 J
1.5 2.0 2.5 3.0 3.5 4.0
hv, eV

Figure 4. The plot of (ahv)? versus hv of thin film deposited at 8o °C by CBD.
The dependence of (ahv)? on energy of incident photons hv show on Fig. 4. The E; for as-
prepared In.S; thin film has been determined by extrapolating the linear portion of (ahv)? vs. hv on x-
line and has made 2.3 eV that have good agreement with literature data. The increasing of the E; more
then 2.03 eV for In.S; material is explained by the smaller size of crystal and chemical composition of a
film. The oxygen on film surface indicates on thin oxidation layers that increase E,

Conclusion

The theoretical study of ion balance in InCl; — C,0sHs — NH,OH-HCl — TAA system confirmed
that deposition of In,S; is accompany with formation of indium hydroxide In(OH); steady in wide pH
region. The In,S; thin films with thickness up to 3.5 um from tartaric solution with 1.7 pH were
obtained. It was confirmed that deposited thin films has cubic structure of indium(III) sulfide by means
of XRD. The surface layer of In.S; thin film up to 12 nm includes a small amount of oxygen and carbon
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contained impurities. Nanosized nature of thin films and modification of their morphology depend on
temperature were shown by means of SEM. So, the increasing of synthesis temperature in rang from
70 to 90 °C lead to increasing of average crystal size from 70 to 150 nm. It was obtained optical band
gap of indium(III) sulfide equal to 2.3 eV.

The research was supported by the Russian Fund of Basis Research (N2 14-03-00121) "Thin films
on the basis of chalcopyrite structures for solar cells — chemical bath deposition, fundamental
properties and application".
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Abstract

The area of co-precipitation of lead and cadmium selenide in the reaction system
“Pb(CH5COO0), — CdCl, — Nas;CsH;0, - NH,OH — CSeN,H,” was calculated taking into account
the critical nucleus. Thin films of supersaturated solid solutions Cd.Pb,_,Se having the cubic
structure B1 (NaCl) have been produced by hydrochemical co-deposition of lead and cadmium
selenide. The patterns of formation of solid solutions Cd.Pb,_.Se and the kinetics of their
growth depending on the composition of the reaction mixture have been determined.
The structure, composition and morphology of PbSe-CdSe thin films were investigated
by methods of X-ray energy dispersive analysis and electron microscopic studies.

Keywords: chemical deposition; thin films; Cd.Pb,-.Se; supersaturated solid solutions.

BBenenue

Marepuasbl Ha OCHOBE TBEPJABIX PACTBOPOB XaJIbKOT€HUJIOB METAJIJIOB aKTUBHO
MPUMEHSIOTCSI TIPU IPOU3BOJCTBE OINTO3JEKTPOHHBIX IPHUOOPOB M YCTPOWCTB, TaK Kak
06J1a1afI0T MTUPOKOY BapnabeIbHOCTHIO0 CBOMCTB IMPU U3MEHEHUH COCTaBa.

OpuuM u3 HamboJsiee BOCTpeOOBAHHBIX MOJIYIIPOBOJHUKOBBIX MAaTEPUAJIOB JJIsl CO3/TaHUS
natuyukoB MK-usiydeHUs TPOJOJIKAET OCTaBaTbCs ceeHu]| cBUHI@A [1-20]. [lupunHa ero
3alpelleHHON 30HBI I03BOJISAET CO37aBaTh (POTONPUEMHUKH JJIi PabOThl B CIIEKTPaJbHOU
obsiactu 2—-5 MKM. B 3TOH ke 061acTU HAXOAATCA MOJIEKYJIIpHBIE CIIEKTPBI MOTJIOMIEHUS BOJBI,
MeTaHa, YIJIEKUCJIOTO M YrapHoro Tra3oB, MHOTUX YIJIeBOZoposoB. Kpome Toro,
B paccMarpuBaeMoi 06j1acTH CIeKTpPa B TOU WMJIM MHOM CTENEeHU M3JIyJaloT Tesa, HarpeTble OT
1100 710 200 °C. IMeHHO nm03TOMy (POTOIPUEMHUKH JIJI1 YKAa3aHHOTO OITUYECKOTO JIana3oHa
HAaXOJAT IINPOKOe IpUMEHEeHHEe B MeTaJUIypTuu, MeJUINHE, 3KOJOTHU /JJis MOHUTOPHUHTA
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OKpY?KaIollell cpejibl, ra30BOTO aHa/JM3a TOKCHUYHBIX CpPeJl, B CHCTEMAaX IPeayIpeKIeHUs
Ype3BbIUYaHBI CUTYaI[Mi B TEXHUKE, PAHHETO OOHApYyKEeHUs M0KAPOB.

Marepuasbl Ha OCHOBE CeJIeHHJ|a KaJIMUS YyBCTBUTEJbHBI K WU3JIYYEHUIO B BUJIUMOU U
OnkHell mHppakpacHoU obsactu [21, 22]. OHU NPUMEHSIOTCA KaK BBICOKOUYBCTBUTEJIbHBIE
doTOonmpUEMHUKH MPU U3TOTOBJIEHUH BUAWKOHOB B BUJIIMOM JlHala3oHe JJIUH BOJIH. CesleHu/
KaJIMHsl — aKTHBHAsA cpejla B IOJIYIIPOBOJAHHUKOBBIX JlazepaxX, MaTepHasl JJis U3TOTOBJIEHUS
doropesucTopoB, GOTOAUOMOB, COJTHEYHBIX OaTaped, MUTMEHT JJisI SMaJied, TyIa3yped u
XYZI0?KECTBEHHBIX Kpacok [23, 24]. Takxke CdSe ucmosnb3yercs B OBITOBOM TeXHUKE, HAIPUMED,
B KayecTBE ONTOJAaTUYHKA B MyJIbTAaX AUCTAHIIMOHHOTO YIIPaBJIEHUS.

[lepcreKTUBHOCTh TBePJbIX pacTBopoB 3amemieHus CdiPb.-.Se, B mepByio ouepenp,
ompeziesisieTcsi BapuabesbHOCTHIO CBOWCTB OT coctaBa. OHH BOCTpeOOBaHBI B KauyecTBe
WH(pPaKpaCHBIX JTATIYUKOB OJIMKHETO U CPEJHErO JUala3oHa, MOJIYIPOBOJHUKOBBIX JIa3epPOB,
MaTpuuHbIX [13C CcTpyKTyp, cO37aHUS TEIUIOBU3MOHHON TEXHUKU PA3JIUUYHOTO Ha3HAUEHWS,
COJTHEUHBIX (OTOIIpeoOpa3oBaTesIen.

Ha ocuoBe CdiPb;-.Se woryr ObITb coO31aHBI (POTONPHUEMHUKH ¢ HCTOYHHUKU
WH(}ppPaKpacHOTO0 U3JIy4eHUs I ONTUUYECKHX Ta30aHAJIN3aTOpPoB [25-29]. McrouyHuKamu
usaydyeHuss B Takux HMK-aOcopOIMOHHBIX Ta30aHAJM3aTOpaX CJYKAT Iepenus3Iydaroniue
CTPYKTYpbl Ha OCHOBe moJyiukpucTautmdeckux cioeB CdiPb,.Se Gsaromaps HabiomaeMoil B
HUX BBICOKOU (pOTOTIOMHUHECIIEHITUH.

HNMmeroTcs JaHHBIE O CO3JaHUN BAKYyMTEPMHUUECKON TEXHOJIOTHU (POPMUPOBAHUS TO HKUX
MTOJIUKPUCTAJUINUYECKUX, XOPOIIO TEKCTYPUPOBAHHBIX CJIOEB TBEPABIX PACTBOPOB B CHCTEME
PbSe—CdSe [26, 27]. Ha ocHOBe 3THX CTPYKTYpP CO37aHbl (HOTOPE3UCTOPHI U (HOTOAUOIBI CO
BpeMeHeM OTKJIMKa 3—50 MKcC. [Ipubopbl Hamwim NpUMeHEeHHe B U3BeIaTessAX IIaMEHWU;
MUpoMeTpax, paboTamIUX B JAUalla30He TeMIlepatryp 200-—1200 °C; wmamorabapuUTHBIX
TEIJIOBU30PAaXx.

[IpuBieKaTeJIbHOCTh HIUPOKO HCIIOJIb3YEMOTO METOZA THAPOXUMHYECKOTO OCAKIEHUS
3aK/II0YAEeTCA HEe TOJIBKO B IIPOCTOTE €ro TEeXHOJIOTUYECKOTO OQOpMJIEHHUS, OTCYTCTBUH
HeoOXOJIMMOCTH B BaKyyMe M BBICOKHUX TeMIIEPATypaxX, HO M B BO3MOKHOCTU IIOJIYYEHUS
IIEPECHIIIIEHHBIX TBEPABIX PACTBOPOB B TOHKOIJIEHOYHOM BHJle, THOKOCTH yIpaBJIeHUS
CBOMCTBAMH HAHOCHMBIX CJIOEB, Yero J0OUTbCS APYTMMHU METOJAaMH KpawWHe CJI0KHO WU
MpaKTUYEeCKH HEBO3MOXKHO [3, 7, 13]. ABTopam [30] yAasoch MOJYYUTH TOCTOUHBIM
TUAPOXUMUYECKUM ocaxkjaeHueM 1ieHku CdSe — PbSe u wucciemoBaTh UX MeETOZaMH
peHTreHorpaduu, pacCTpOBO-3JIEKTPOHHOU M CKAHUPYIOIel 30H/I0BO MUKPOCKOMIHEN.

B Hacrosme pabore paccMaTpUBaeTCs BO3MOKHOCTh COBMECTHOTO THAPOXUMHYECKOTO
OCaKJeHUS CEJIEHUJIOB KaJMHs W CBHHIIA B (GOpMe TOHKHX IJIEHOK U HCCJIeIOBaHUE HUX
COCTaBa, CTPYKTYPHI U MOP(OJIOTHH.

JKcnepuMeHTaJIbHAaA YacTh

CuHres TBepAbix pactBopoB Cd.Pb,_.Se mpoBoamin Ha mpeaBapUTEIBHO 00€3KUpPAEHHbBIE
CUTAJIJIOBBIE TIO/IJIOKKU U3 BaHHBI, cojiepKkartei anerat ceuHma Pb(CH;COO)., xymopua KaaMus
CdCl,, tpexzamemenusiii nurpat Hatpus NasCe¢H;O, Bomublii pactBop ammmaka NH,OH,
cenenomoueBuny CSeN.H,, ionun ammonusa NH,I u cynpdur Hatpusa Na.SO;. B npuBeseHHON
pEeaKkIMOHHON cMecH KOMILJIEKCOOOPAa3yIIUMU areHTaMy HapsAAy C TUJIPOKCU/I-MOHAMU
BBICTYNAJIN: /I CBUHIIA — [IUTPAT-UOHBI, AJId KaJJIMUA — aMMUakK. BBeneHue cysibdura HaTpusd
Na,SO; obecreunBajio AaHTUOKCHUAAHTHYI COCTABJISAIONIYIO, IMPEMATCTBYIOIIYI0 OKHUCJIEHUIO
CeJIEHOMOYEBUHBI KHCJIOPOJOM BO3/YyXa, a KON aMMOHHUS UTPaJl POJIb CEHCUOMIU3UPYIOIIEeH
JI00aBKH, T.e. TIOBBIIIAJ YYBCTBUTEJIHHOCTh OCAXK/JAe€MbIX IUIEHOK K HK-uziaydeHurio.
CesleHOMOYEBMHA B PEAKIMOHHOM cMecH HUrpaja poJib XaJbKOT€HU3aTOpa, T.e. MCTOUHHUKA
HOHOB CEPHI.

TosmuHa CUHTE3UPOBAHHBIX CJ0€B OIeHHUBAJIACh C MOMOIIBI0O HHTepHEPEHIIMOHHOTO
MuKpockona (MukpouHTepdepomerpa Jluanuka) MU -4M.

Kpucrajinueckylo  CTPYKTYpy IUIEHOK  HCCJAEJOBAJIM  METOJIOM PEHTIeHOBCKOU
Iudpaknuu B MeTHOM-U3JydeHUH Ha audpakromerpe D/max — 2500 dbupmer RIGAKU
(AnoHusA) ¢ UCHIOJIB30BAHHEM MOHOXPOMATU3UPOBAHHOTO (rpadUTOBBIM MOHOXPOMATOP)
Cu/Ka umsmyuenus, A = 1,5406 A. CbéMKY HPOBOAWJIHM NIPHU KOMHATHOU TeMIEpaType B
WHTepBajie yIJIoB OT 20° 0 80° B pexuMe CKAaHMPOBAHUA C LIaroM 0,02° U BpeMeHeM
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HaKOILJIEHUS CUTHasa 5 c. lI3MepeHue BesnuuHbl nepuoza pemtetku Pby,CdiSe u yrounenmne
CTPYKTYPHBIX IapaMeTpOB IIPOBOJUJIUCH METOJOM IIOJIHOIPOMUJIBLHOTO aHanausa Pursenna
c ucrnosibzoBanueM nporpammbl FULLPROF [31].

DJleMeHTHBIN aHa/JIN3 CUHTE3UPOBAHHBIX IUIEGHOK M OJHOBPEMEHHOE OIIpejiesieHue
XHMHYECKOT0 COCTaBa B JIOKAJIBHBIX 30HAX C BBICOKMM IIPDOCTPAHCTBEHHBIM paspelleHueM Ha
BCE BJIEMEHTHl MPOBOAWJICA Ha 3Hepro-gucnepcuoHHoMm cnektpoMmerpe INCA ENERGY 200.
Bce cnekTphl OB CHATHI IPU YCKOPSAIOIIEM HANPS>)KEeHUH 20 KB npu HakjI0He ob6pasna 35°.

DJIEKTPOHHO-MUKPOCKOTIMYECKe W300pakeHUs IUIEHOK BBIMOJHEHBl MPU ITOMOIIH
pacTpoBOTO 3JIEKTPOHHOTO MUKpPOcKomna JSM-5900 LV ¢ pa3iuuyHbIM yBEJTHUEHUEM.

Pe3yabTaThl U X 00CY:KAEHHE

[leneHanpaB/JeHHbI CHUHTE3 IUUIEGHOK TBEPABIX pacTtBopoB 3amernenus Cd.Pb,-.Se
TpebyeMoro cocTaBa IyTeM THAPOXHUMHYECKOTO COOCAKIEHUS WHIUBUYAJIbHBIX CEJIEHHUIOB
CBUHIIA ¥ KaJMHUSA B3HAUYUTEJIbHO O0O0JIerdyaercss IIOCJIe TPOBEJEHUs] IIPeABaAPUTEIbHBIX
TepMOJAWHAMUUYECKUX PACUYeTOB MOHHBIX PABHOBECHH B PEAKIMOHHOU CHCTEME, COJlepiKallei
alreTaTr CBHUHIIA, XJIOPU/ KaJMHUs, TPEX3aMeIllleHHbIH IUTPAT HaTPHUs, BOJAHBIA paCTBOP aMMHUaKa
NH,OH, cesieHOMOY€eBUHY.

Ha pwuc. 1 mnpexacraBieHa o00JacTh COOCAKAEHUS WHAWUBUAYAJIbHBIX CEJIEHUJIOB
PbSe (kpuBasgs 1) u CdSe (xkpuBass 2) B IUTPAaTHO—aMMHAUYHOU CHCTEME, a TaKkKe U
COIYTCTBYIOIIUX MX 0Opa30BaHUIO TPYHOPACTBOPUMBIX THAPOKCHIOB METAJLJIOB, TP aHHUYHbIE
YCJIOBUS KOTOPBIX PACCUYUTAHBI 110 HAYATHbHOMY COCTOSIHHIO CHCTEMbI, YIUTHIBAsT KPUTHUECKUH
pazuyc 3apo/ibieo0pa3oBaHus [32], MO ypaBHEHUIO, IPEAJIOKEHHOMY B paboTte [33]. AHamu3
pUCYHKa MOKAa3bIBAE€T, YTO B IUTPATHO—aMMHUAYHOH CHCTEME COBMeCTHOe ocaxzaeHune PbSe u
CdSe Bo3MO3kHO B IIHUPOKOM AuanaszoHe pH= 8-14, 4To co3aeT MOTeHIIHAIBHYI0 BO3MOKHOCTD
dopMupoBaHHA Ha WX OCHOBE TBEPABIX PAacCTBOPOB 3aMellleHUsA. B BBIOpaHHOU cHcTeMe
IporHo3upyercsi oOpa3oBaHUWe NPUMeECHBIX (a3 B Buje TuApokcuzoB MetauioB CAOH).
(xpuBas 3), Pb(OH). (kpuBas 4), a ocask/ieHHe I[HaHaMHU/IOB METAJIJIOB He IPe/II0JIaraeTcs.

16 [

-2

pH
Puc. 1. I'pannunsle yciaoBusa oopasosanus CdSe (1), PbSe (2), Cd(OH). (3), Pb(OH). (4)
B IUTPATHO-aMMHUAaYHOU cucTeMe mpu 298 K.
O6Jtacth coBmecTHOTO ocaxkaeHus PbSe u CdSe (3amrpuxoBaHa)

Haiinennasa o6s1acTh COBMECTHOTO OCaK/I€HUS CeJIeHHU/I0B MeTaJJIOB OIpe/iesIniia BEIOOp
KOHIIEHTPAIlM KOMIIOHEHTOB PEaKI[MOHHOM CMeCH M II03BOJIMJIa YCTAaHOBUTH PaboOUyIo
penentypy.

B mpomecce pa3paboTKM W ONTUMH3AIUU YCIOBHUHM OcCaXJeHHsA IUIEHOK B CHCTeMe
PbSe—CdSe u3 nurpaTHO-aMMUAaYHOW cUCTEMBI ObLJIa HCCIEIOBAaHA KAaK KHUHETHKA POCTa
IIJIEHOK, IIOJIyYeHHBIX IIPU COOCAKEHUU.
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Ha puc. 2 npuBesieHbl 3aBUCUMOCTH H3MEHEHUSA TOJIIIMHBI IJIEHOK, IIOJIy4eHHBIX
IIPDU COBMECTHOM OCaK/I€HUU CeJIEeHUJI0B CBHHIIA U KaJMHsA, OT TeMIlepaTyphl IIpoliecca
CHHTe3a IIPU pa3JIMYHOM BpPeMeHM ero npoTrekaHus. I3 pucyHka BHUJHO, YTO MaKCUMajbHas
TOJIIIMHA COOCAK/I€HHBIX CEJIEHUJIOB CBUHIIA U KaJMHsA OT TeMIlepaTypbl IIpoliecca CHHTe3a
cocTaBJisleT ~1,05 MKM. [Ipudem yBesmueHHe IPOJOIKUTEIBHOCTH OCAXK/IEHUA BJIBOE C 45 MUH
JI0 QO MUH MOBBIIIAET TOJIIIUHY IJIEHOK IPUMEPHO HA YETBEPTD.

Cnenyer OTMETUTb, YTO CyIIeCTBEHHOE BJHUAHHE KPOMe TeMIlepaTyphl Ipollecca Ha
TOJIMIUHY IIJIEHOK OKa3bIBA€T KOHIIEHTPALMA COJIM CBHUHIIA U CeJIeHOMOYEBUHBI. YBeJIUYeHUE
COZIEP’KAHUSA Ka/IMUSA B PEAaKIIMOHHON CMeCH MHTUOUPYET MPOIECC POCTa MJI€HOK.

- 2
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N4
=
< o 1
=08 |
g
= [e)
o
o

0,6 |

300 310 320 330 340

Temneparypa, K

Puc. 2. 3aBUCUMOCTD TOJIIIUHEI COBMECTHO ocakaeHHBIX PbSe u CdSe nmiieHoOK
OT TeMITepaTyphl IIpoliecca IPY MPOJI0/IKUTEJTbHOCTH CHHTE3a
45 MuH (1) 1 90 MuH (2)

[Ipy u3y4eHUHW CHHTE3WPOBAHHBIX IIJIEHOK METOJO0M PEHTITeHOBCKOH Audpakiiuu
HaliJleHHasl IIOCTOSIHHAs KPHUCTA/IMYECKOW pelleTKd WHAWBHUAYAJILHOTO CeJIeHHJla CBUHIA
cocrtaBuiaa 0,61480 HM. IJTO HEMHOTO OOJIbIllE CIPABOYHOrO 3HAYeHUsA 00,6124 HM s
MoOHOKpHucTayutmyeckoro PbSe co crpykrypoir B1 (NaCl) [34]. Ha perTreHorpamMMax IJIEHOK,
MOJIyYeHHBIX cOBMecTHbIM ocak/ieHneM PbSe u CdSe, oOHapy:keHa TOJIBKO KyOudeckas ¢daza
cO CTPYKTypoii B1 co czaBurom peduiekcoB PbSe B ob6iiacTh JlalbHUX YTJIOB. YBeJIHMUYEeHUE
coliep:KaHUsA KaAMHUS B PEaKIIMOHHOM PAaCTBOPE COIPOBOXK/AJIOCh YMEHBIIEHHEM IepHuoa
pernieTku 3Toi dassl OT 0,61479(2) A0 0,61313(3) HM. DTO OBLJIO HHTEPIPETUPOBAHO HAMH KaK
obpazoBaHueM co ctopoHbl PbSe TBepapix pacrBopoB CdiPb..Se Imyrem 3amelieHrsi HOHOB CBHHIIA
Pb2* ¢ paguycoMm 0,120 HM B KPHUCTa/UTHYECKOH pellleTke HoHamu Kaamus Cd2* ¢ paauycom 0,097 HM.
B pesyspTaTe MakcUMaJIbHO OCTUTHYTOE cozieprkanre CdSe cocTaBiseT 21,9 MOJIb. %.

C ucmosib30BaHHEM TOJYYEHHBIX JAHHBIX ObLJIa IMOCTPOEHA 3aBHUCHUMOCTH COJIEPIKAHUS
ceieHuma kaamusa B TBepaoM pactBope Cd.Pb,-.Se 0T KOHIleHTpamuu CcOJIU KaaMUs
B PEaKIMOHHOU cMecu (puc. 3).
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Puc. 3. 3aBUCHMOCTD COJIEPKAHUSA CeJIEHHUIa KaIMHUS B IVIEHKAX TBEPABIX
pactBopoB Cd.Pb;_Se OT KOHIIeHTpaIu¥ COJIH KaJMUs B PEAKIMOHHOW CMECH IIPU HavyaIbHBIX
KoHIeHTpanusax amnerara ceuHna Pb(CH;COO).], mosn/i: 0,06 (1); 0,04 (2). Temneparypa
mponecca 333 K. Bpems ocaxgenus — 60 MuH.

BuaHo, 4TO MOBBIIIEHNE KOHIIEHTPAIIMU XJIOPU/IAa KaJMHUs B PEAKIIMOHHON CMeCH BeJleT
K IIOCTEIIEHHOMY VBEJIMUYEHUIO COJEPKaHUsA CeJIeHWJa KaJAMHUsS B TBEPJAOM pAaCTBOpE [0
OIIp€e/IeJIEHHOTO MAaKCHMAaJIbHOTO 3HAYEHUs, PABHOTO 16,0 MOJIb. % TpPU KOHIEHTPAIMU COJIN
Kaamus 0,35 MoJib/J1. JlanbHelIee Bo3dpactanue kKoHmneHTpanuu CdCl. B peakIIlmOHHOU cMecH
COTIpOBOXKIaeTcss obemHeHHMeM TBepaoro pactBopa 3amernneHus Cd.Pb;-.Se mo xaamwuio.
OObsicHEHHEe  TOJyYeHHOW 3aBUCHMOCTH  MOKET OBITh CBSI3aHO C H3MEHEHUEM
TEPMOJAUHAMUUYECKUX YCJIOBUH B CHCTEME, CIIOCOOCTBYIOIHUX IMPE00JIAAI0IIEMY OCAKIEHHUIO
CdSe B Buae coOCTBeHHOW wWHAWBHAyaIbHOU (pas3pl. Ilpomecc yyacTusa KaaMus B
dopmupoBanun TBepporo pacrBopa Cd.Pb,_.Se craHOBHTCA TepMOJAMHAMHYECKH MeEHee
BBITO/THBIM.

Bosnpiioli WHTEpeC TMPEJACTaBJsJI0O OIEHUTHh BJIUSAHUE TEMIIEPATYyphbl IpoOIlecca Ha
conep:xkanue CdSe B TBepzom pactBope Cd, Pb,_.Se. MccienoBanus 6b1y1u TPOBEIEHBI IIPH 333,
343, 348, 353, 363 K. IlosydyeHHbIe pe3yAbTaThI IIPE/ICTABIEHBI HA PUC. 4.

AHanu3 puCyHKa ITOKa3bIBAET, UTO MaKcUMaJibHOe copeprkanue CdSe B TBep/ioM pacTBope
Cd.Pb,_.Se cooTBeTcTByeT TeMmIiieparype mpomecca 353 K u mocruraer 13,2 Mosb.% (KpuBas 1)
IIPU KOHI[EHTPAI[UH COJIM CBUHIIA 0,06 MOJIb/JI.
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Puc. 4. 3aBUCUMOCTD COZlep KaHUsI ceJIeHUAa KaaAMus B TBepAoM pactBope Cd.Pb;_.Se
OT TeMIIEpPATypbI MMpollecca MPU KOHIEHTPAIIMU COJI CBUHIIA
B peaKIIMOHHOU BaHHE 0,06 (1) 1 0,03 M0Jib/ 11 (2)

YMeHbIIEHUE COJIep)KaHUsA alleTaTa CBUHIIA B PEAaKIHMOHHOUW BaHHE /0 0,03 MOJIb/J
MOBBIIIAET MPOIEHT CeJIeHHWJa KaJAMHsA B TBEPAOM pacTBope (KpuBas 2) BO BCEM
TEeMIIEPATypHOM HUHTEpBAJIE.

Crnenyet cka3aThb, UTO COTJIACHO PaBHOBecHOU ¢da3oBoil Auarpamme cucreMbl CdSe—PbSe
[35], cunTe3upoBanubie nmpu 333-363 K TBepasie pactBopbl Cd Pb,_.Se SABIAOTCA CHUIBHO
MIEPECHIIIEHHBIMU 10 3aMeIIAloeMy KOMIOHEHTY U (aKTUUYECKH He MOTYT OBITh IOJIyYeHBI
BBICOKOTEMIIEPATYPHBIMH METO/[aMH.

DJIEKTPOHHO-MUKPOCKOTIMYECKHE HCCIIEIOBAHUS IUIEHOK OCaKAEHHBIX CEeJEeHHU0B
CBHUHIIA ¥ KaJIMUs ITIOKa3a/Id, 4TO oOpa3oBaHue TBepaoro pactsopa Cd.Pb,_.Se compoBoxkmaercs
n3MeHeHueM Mopdosoruu mieHok. [Ipu 3amelneHnN MOHOB CBUHIIA B pemieTke PbSe monamu
KaJMHS TPOUCXOAUT YMEHbBIIEHWE pa3MepOB KPUCTAJIUTOB, O00pa3yoINuX IUIEHKY U
npuobpeTeHue WMHU BbIpa)KEHHOW 3epHUCTOM CcTpPYyKTypbl. Ha puc. 5 u 6 IIpuUBEJEHBI
BJIEKTPOHHO-MHUKPOCKONIMUecKkre  u3obpakenuss  1ieHok  Cd.Pb,-.Se,  ocaxxaeHHBIX
COOTBETCTBEHHO IPU BAaPbUPOBAHUM COJU KaJMUs B PEAKIHMOHHON CMeCH U TeMIIepaTyphl
nporecca. AHAIU3 U300paKeHNU OKA3bIBAET, UTO, €CJIN IUIEHKA HHAUBUYaIbHOTO PbSe (cMm.
pUC. 5) COCTOUT U3 KPUCTAIIOB KyOMueckou (opMbl, pa3zMepbl KOTOPBIX COCTaBJIAT 155—
620 HM, TO f00aBjieHHE COJIM KaJIMUSA B PEAKIMOHHYI0 CMECh B KOJIMUECTBe 0,02 MOJIb/J
MPUBOJIUT K GOPMHUPOBAHUIO 3€PHUCTON CTPYKTYPBHI.
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Puc. 5. DJIEKTPOHHO-MUKPOCKOITMYECKOE N300paKeHNe CBEKEOCAK/IEHHBIX IJIeHOK PbSe
(a) u Cd«Pb,_Se, cHHTEe3UPOBAHHBIX U3 PEAKITMOHHOU CMECH
¢ KOHI[eHTpaIued XJIopyuja KaJiMus, MoJib/J: 0,02 (6), 0,035 (8), 0,05 (2)

Kpucta/utuTel yMEHBIIAIOT CBOW Pa3Mephl 0 135-500 HM. YBeJIMUeHHe KOHIIEHTPaIluu
MOJIH KaJIMUS 710 0,035 U 3aTeM JI0 0,05 MOJIb/JI COIIPOBOXK/IAETCS Al bHEUIIIUM YMeHbIIIEHHEM
CpeZlHero pasMepa 4YacTHI] J0 115—450 HM. HampamwuBaeTcs BBIBOJ O TOM, YTO YBeJUUEHHE
IepeChIeHNusT TBEPJOTO pacTBOpa IO 3aMeliaiolieMy KommnoHeHTy CdSe compoBo:kaeTcs
acuMOaTHBIM yMEHBIIIEHHEM pa3Mepa KpPHUCTAJUIUTOB. Takum o00pa3oM, HUMEET MECTO
pasmepHbli addext [PbCdAS].

BiusHue TeMIlepaTypbl CHHTE3a JAE€MOHCTPUPYIOT 3JIEKTPOHHO-MHKPOCKO-ITUYECKHE
n3obpakeHus1 IJIEHOK TBepabix pactBopoB CdyPb,_.Se, monyuenusix mpu 343 (a), 353 (6),
363 K (8) (puc. 6). Taxk, ecsiu mpu 343 K pasmep 3epeH KpUCTAJIUTOB COCTABJIAET 130—520 HM,
npu 353 K HabiozaeTcss HEKOTOpOe YMEHBIIIEHNE UX CPEAHEr0 AUaMeTpa J0 115—500 HM, TO
npu 363 K manpHelero yMeHbIlleHUsI pa3Mepa IPaKTUUECKH He IIPOUCXO/IUT, U OHH O CTAIOTCS
PaBHBIMH 115—500 HM.

Puc. 6. 91eKTPOHHO-MHUKPOCKOMHYecKoe n3obpakenue mieHok Cd.Pb;-,Se,
ocaxkneHHbIX pu 343 K (a), 353 K (6), 363 K (B).
ITpoAOIKHUTEIBHOCTD OCAMXKIEHUsI — 60 MUH.

JIJisi TOATBEpPXKIAEeHUS XHUMUUYECKOTro cocTaBa mojaydeHHbIX IieHoK Cdy Pb,-.Se O6bL1
MpOBe/IEH UX JJIEMEHTHBIN aHaJIN3 C HCIOJIh30BAHUEM YHEPro-AUIEPCUOHHOTO M PEHTTEHO-
CIIEKTPAJIbHOTO METOJIOB HccJie/loBaHusA. JlokajbHOEe omnpesieieHNe XUMHUYECKOTO COCTaBa C
BBICOKMM IIPOCTPAHCTBEHHBIM pas3pellleHueM Ha BCEe 5JeMEHTHl IPOBOJIMJIOCH HA BSHEPro-
nucrnepcnoHHoM crektpometrpe INCA ENERGY 200. Bce cnekTpbsl OBIJIM CHATHI IPHU
YCKOPAIOIIEM HampsKeHuu 20 KB 1pu HakyioHe obpasma 35°. Ha puc. 7 mnpuBeneHbI
SHEPro-AucnepcuoHHbIe creKTphl ieHok Cdy Pb,-.Se pa3inyHOro coctaBa U WX 3JIEKTPOHHBIE
MUKPOU300paKeHUs.
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.AHaHHS OHEPTO-AHUCIIEPCHUOHHBIX CIIEKTPOB IIOKA3bIBACT IMPUCYTCTBHUE B C/IOAX HaApAAy C
ocHOBHbIMH 3jieMeHTaMu Pb, Cd u Se mpumeceir atomoB O, S u C, Kak COCTaBJISIOIINX
OKCUJIHBIX (a3, MPOAYKTOB Pa3jI0KeHUs CeJIEeHOMOUYEBUHBI U IPUCYTCTBUA CYJIb(PUTA HATPUA B
pEeaKIMOHHOMN CMeCH.
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JlaHHBIE pEHTreHO-CIEKTPAJILHOTO aHajlu3a B I[EeJOM IOATBEPIKIAIOT Pe3yJIbTaTh
PEHTreHOBCKUX HccienoBaHui. OpHaKo ecTh /Be oOpamapimux Ha cebsd BHUMaHHE
ocobeHHOCTH. BO BCex ciryyasx cojpep:kaHue KaJMUs B IJIEHKAX IPEBBINIAET €er0 KOJTMYECTBO B
CTPYKTyp€e TBepAOTro pactBopa. Eciiu 3T pa3miudus Jyisi HU3KUX KOHIIEHTPAIUH COJTA KaJAMHUs B
PEaKIMOHHOW CMECHU COCTAaBJIAIOT 1—5 MOJI. %, TO C IOBBIIIIEHHEM KOHIIEHTPAIlUU COJIU B
peakTope kosndecTBO CdSe B cii0e pe3Ko yBeJIMUHBAETCS, U PA3JIMYUSA MOTYT JIOCTUTATh 20—
25 MOJI. %. JTO CBA3aHO ¢ OOpa3oBaHHWEM B IUIEHKaX WHJUBUYAJIbHOU (as3bl ceeHuaa
kagMmus. Bropas ocobenHoct - tieHku CdiPb,-.Se xapakTepusyioTcs 3HAUHTEIbHOM
HECTeXHOMeTpUeld TII0 CejieHy, COJiep’KaHue KOTOpPOTOo II0 pe3yJbTaTaM PpPEeHTITeHO-
CIIEKTPAJIbHOTO aHAJIN3a B IIOBEPXHOCTHBIX CJIOSAX COCTAaBJsAET 37,9—43,4 MOJI. %.

BrIiBOaBI

1. Toukue miaenku  Cd.Pb,.,Se  sBiAOTCA  NEpPCHNEKTUBHBIMU  MaTepualaMu
OIITO2JIEKTPOHUKHU U CEHCOPHOU TEXHUKH, 3HAYUTEJIHPHO PACHIHPSS 0071aCTh UX UCIIOJIb30BaHUS
3a CUET peryJINpOBAaHUSA COCTaBA.

2. OmpenesnieHa 0071aCTh COBMECTHOTO OCaK/IEHHs CEJIEHUJIOB CBUHIIA W KaAMHUS €3
BOJHBIX pacTBOPOB, COJIEpPIKAIIUX COJIM KaJIMHUs, CBUHIA, CEJIE€HOMOUYEBUHY, HOJIMCTHIN
aMMOHHM, aMMHUAaK U TUJIPOKCHUJT AaMMOHUS.

3. 3 nurpaTHO-aMMUAyHOW CHUCTEMBl NpHU TeMIileparype 353 K mosiydeHbl IJIEHKH
COBMECTHO ocaxaeHHbIX PbSe u CdSe.

4. TlokazaHOo, YTO TPU COBMECTHOM XHUMHUYECKOM OCAXKJAEeHUU CeJeHUJ0B CBUHIIA U
KaMUsA TPOUCXOAUT (HOPMHPOBAHME IIEPECHINNIEHHBIX TBEPJBIX PAaCTBOPOB 3aMeIleHUs
Cd«Pb;xSe (0 < x < 0,219). J/laHHbIe PEHTTeHO-CIEKTPAJIbHOTO aHaIHU3a IOATBEPKAAIOT
pe3ybTaThl PEHTTEHOBCKUX HCCJIEeA0BaHUN. 3aBHUCHUMOCTDL COJEpPIKaHUA CeJeHHa KaJMHus B
COCTaBe TBEPJIOTO PAcTBOpPA OT KOHIIEHTPAIIUK XJIOpHU/IAa KaIMHUSA B PEAKIIMOHHON CMEeCU UMeET
SKCTpEMAaJIbHBIN XapakTep.
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AnHoTtamusa. C y4yeroM KpPUTHYECKOTO 3apObIllia paccuyuTaHa o00JacTb COBMECTHOTO
OCKJIEHUST CEJIEHH/IOB CBUHIIA W KaaMmus B peaknuoHHON cucreme “Pb(CH;COO). — CdCl. -
Na;CsH;0, - NH,OH — CSeN.H,”. I'upoXvUMHUYECKUM COOCAK/IEHHEM CEJIEHU/IOB CBUHIA U KaJMUs
I0JTyYEeHbI TOHKHE TJIEHKU TIEPECHIIIEHHBIX TBEP/IbIX pacTBOpoB Cd.Pb,_,Se ¢ Kybuuecko# cTpyKTypoit
B1 (NaCl). YcraHoBsieHbI 3aKOHOMEPHOCTH 00pa3oBaHUs TBep/ibix pactBopoB Cd.Pb,_.Se u xuHeTnka
HX pOCTa B 3aBHUCHMOCTH OT COCTaBa PEAKIMOHHON cMecu. MeTosilaMu peHTreHO(a30BOro U SHEPro-
JINCTIEDCUOHHOTO ~ AHAJIM30B,  3JIEKTPOHHO-MUKPOCKOIIMYECKUMH  HCCJIEZIOBAHUSAMH  U3YyUeHbI
CTPYKTypa, cocTaB 1 Mopdosorus mieHok PbSe—CdSe.

KiaroueBble cjioBa: XUMHUUYeCKoe ocakieHue; ToHkWe 1uieHKH; Cd.Pb;_.Se;
IepeChIIIeHHbIEe TBEP/ble PACTBOPHI 3aMeIeHUS.
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