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Preface

The intellect of any nation

is determined by the quality of its drinking water
and the progress of a civilization depends

on the level of water supply and sewage systems.

Recent attention to water and water supplies has generated tremendous interest in
its properties and inspired many new myths connected with water. A great many
modern publications in mass media and scientific journals have entertained readers
with stories of fantastic properties and capabilities of water that are not proved by
science. Nevertheless, newly funded research results on water properties has af-
forded an opportunity to explain some earlier incomprehensible and extraordinary
water characteristics.

Among numerous riddles which are still not completely understood there are
two global issues: How did life emerge on the Earth?; and, Why is water, one of
the tiniest and lightest molecules, which consists of two widely common elements:
hydrogen and oxygen (occupying first and third place in abundance in the Universe
respectively) a “matrix” of life?

The most enigmatic riddle is the presence of a vast amount of water on the
Earth—not just water molecules containing hydrogen and oxygen atoms but with
a particular ratio of hydrogen isotopes. How could it be explained that millions
years ago such a particular ratio of protium to deuterium appeared to be: ~150 ppm
of deuterium in a protium water? This concentration of deuterium determines the
maximum biological activity in water.

Life on Earth became possible only because of such a ratio of hydrogen isotopes.
This ratio also determines physicochemical properties of water: from the tempera-
tures of boiling and freezing of water to its light refraction factor, viscosity, density,
velocity of sound and other properties such as reaction rate constant, biological
processes which take place in living organisms.

Water is described as one of the most explored substances on Earth but it seems
to receive little study in contemporary fundamental science. Almost 100 years ago
water was known to be a complex substance. Excepting its light component—hy-
drogen atoms—there are some heavy isotopes; but nobody understood their func-
tion. We didn’t just made a suggestion but also proved that all physicochemical



vi Preface

parameters of water determined by the presence of heavy hydrogen—deuterium.
It was clarified that altering the concentration of deuterium in water would an-
nihilate all known notions about this substance. The boiling temperature (if a pure
isotopes composition is considered), freezing point and other properties of water
can be greatly modified depending on the hydrogen isotopes ratio. Water can’t exist
in a liquid phase if deuterium is removed from its molecules. Thus, the structure
and physicochemical parameters of water are defined by the presence of deuterium.
The results we received about the influence of deuterium on the properties of water
form the basis for discovery of a new method of controlling water quality. I want to
emphasize a special relevance of this discovery for validating the quality of potable
water.

For thousands of years people consumed only natural water. The earliest water
pipelines were made of wood and granite, which was satisfactory because these
materials are natural. After replacement of such natural materials by anthropogenic
ones, some victims of progress appeared. For example, ancient Romans used lead
pipes and lead tableware. Some archaeologists, biologists and toxicologists point
to this fact as a reason for a quick degradation of the Roman nation and attribute
the high rate of death-to lead poisoning. This is one of many examples of the con-
sequences of an anthropogenic approach to the water-supply system, and the uti-
lization of toxic water. However, broad awareness of the severity of the problem
came only in the twentieth century. More than 150 years ago, global industrializa-
tion began; megalopolises emerged and this caused ecological problems including
environmental pollution. This in turn induced people to apply chemical reagents
to surface water in order to produce drinking water. The first standards for drink-
ing water were established in 1853. The pollution of surface water sources was
such that the quality of drinking water was determined by nine components. Over
recent decades chemical the composition of water has changed. A vast amount of
anthropogenic components have emerged; these substances were made by people
and never existed in nature. In reviewed publications more than 35 million of such
anthropogenic components were found. In addition in 1 year nearly one and a half
million new compounds are synthesized and all it could be found in the aqueous
medium. The majority of surface water which forms our centralized water supply
is characterized by chemical and bacteriological pollution. Antibiotics are the most
dangerous, as they sterilize the water and change the surroundings. It is impossible
for a higher biological form of life to exist in an antibiotic medium. It’s not the way
nature works.

The centralized water supply of Ukraine is drawn mostly (70 %) from surface
water sources. According to data of 1994-1997 most sources of surface water had
third level of quality and according to international classification, fourth and fifth
quality level. What does the fourth level of water quality mean? This corresponds to
waste water, and the third level of quality corresponds to diluted sewage. There are
no clean rivers or other sources of water where drinking water could be taken from.
The same situation is true in the USA, France and other countries.

Many years ago I expressed a negative attitude towards state drinking water
standards in effect at that time. Nowadays the standards which define the quality of
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drinking water have been adjusted by widening the enumeration of parameters sub-
jected to control and toughening reliability-and-quality baselines. I am convinced
that under present-day conditions this approach cannot solve the problem of the
quality of drinking water; it is a dead-end. Why? The World Health Organization
today recommends monitoring 95 components in drinking water, while 150 years
ago there were only 9 parameters! USA standards list 102 indicators. In Ukraine
there are only 29 components! How could we speak about the quality of the water
by controlling only a scant fraction of indicators? WHO data supports this point.
Every year 5 million people die because of poor water quality; this is 10 times more
than in war time. Around 40 countries have an ultimate deficiency of water (Middle
Eastern countries, Africa, India, China, etc.). Nearly 20 % of European population
have no ecologically clean water. Approximately 20 % of Americans (~50 million
people) drink polluted water.

What we have found in a water supply system: (1) instead of natural microflora,
micromycetes emerged. These are fungi that could cause numerous human diseases.
Specialists in the area of micromycosis assert that more than 90 % of people have
such an illness. Drugs currently produced do not heal mycosis. Fungi live peace-
fully in a niche created by people as a result of utilization of chemical reagents
for water purification: chlorination kills microflora which are natural and safe for
people. Even if we find a protection against parasitic fungi some other unconquer-
able hazards could appear. This will surely happen as our world is build on a bal-
ance of forces.

An elementary question arises: What is a solution is to this emerging situation?
My answer: implementation of a completely new concept of water supply system.
This concept is based on three fundamental elements: new state standards for sourc-
es of drinking water, completely new standards for drinking water, and a unique
method of control of drinking water quality.

One of the basic steps to ensuring a high quality of drinking water is a new stan-
dard of qualification.

It will take a good deal of time to assess, adopt and implement a fundamentally
new approach to drinking water quality which will have a positive physiological
influence on people. Exploration of a solution of a problem is not easy as comes
to drinking water. What basic principles apply to quality assessment of drinking
water? The answer to this question was found in a classic definition of life: “Life”
is a cellular albumen form of existing of matter. The work of the famous Russian
physiologists 1. I. Mechnikov, I. M. Sechenov, I. P. Pavlov, biochemists A. I. Opa-
rin, geneticist N. V. Timofeev-Resovski, A. A. Zavarzin emphasizes that the health
of human beings starts with the health of cells. If everything starts with the health
of cells, the quality of water in cells should be estimated. More complex living or-
ganisms have very strong immune systems. The biological object without immune
system would react drastically to the quality of drinking water: it either lives or dies.
When I apprehended this, I realized I had found the method of estimation of water
quality. A principally new method of water quality monitoring was developed by us:
the behavior of a cell is controlled on a cytogenic level and its abnormal behavior
is detected. If the water is good cell division follows classical biology laws. If the
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water is toxic, cells exhibit anomalous division—instead of one nucleus they have
two or more. This is a characteristic feature of genetic changes. Moreover, medicine
registers the beginning of oncological disease when a cell division is very fast, and
we know which pesticides and antibiotics provoke what processes.

As a method of assessment of a drinking water quality, biotesting allows new
standards for the quality of packaged drinking water.

Bad quality of drinking water caused an abrupt increase in demand for packaged
drinking water and correspondingly the appearance of numerous producers of pack-
aged drinking water. Every manufacturer has its own technology of production but
the inevitable stage is water conservation. Water can’t be stored; it dissolves some
quantity of everything it comes into contact with. The maximum safe period for
storing water in polyethylene containers is 1 month. In order to lengthen storage
time, antibiotics are used as preservative agents and to prevent microflora repro-
duction. Our research of 31 different types of packaged drinking water showed that
all of them, except “Morshynska” (not carbonated) are not safe. “Morshynska” is
perfect from the point of view of physiological influence on humans.

To sum up I want to point out water prices are high today and will be even higher
in future as water is essential for life processes. There are good reasons for making
a prognosis that drinking water will be a problem of the twenty-first century.

All the aforementioned became a reason for writing this book. My profound
belief that water is essential not just for human health but for forming a level of
human intellectual development defines the main idea of the book: the quality and
characteristics of drinking water from point of view of chemical physical and bio-
logical fundamental scientific states. I endeavored to present this information in a
manner which is understandable for the general reader. Only in a few chapters are
some details that could be a bit difficult for laymen to understand. This is dictated
by the necessity to show scientific proofs of our new research results. How much I
succeeded only the reader can judge.

The author expresses his thanks to reviewers for criticism offered while the book
was in prepress.
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Chapter 1
Role of Water in Human Life

Abstract The challenging analysis of the sustainable development of civilization
in the twenty-first century has been delivered. The issues of the water influence on
global ecological and climate processes have been discussed. It has been examined
that water is the buffer of the planet and its immune system. It has been revealed
a relationship between the quality of drinking water and the level of intellectual
development of a person, and his/her health. The ways to maintain stable develop-
ment of water ecosystems have been identified. Current problems related to the
quality of drinking water worldwide have been highlighted. The problems of getting
physiologically and genetically safe drinking water, and also peculiarities and disin-
fection problems of drinking and bottled water have been covered. In the context of
particular magnitude of the drinking water quality a detailed analysis of the sources
conditions of drinking water supplies has been affected.

Keywords Ecosystem * Sources of drinking water supply - Quality of drinking
water - Physiologically safe drinking water - Bottled water - Toxicants -
Micromycetes * Disinfection

1.1 Water Resources of the Planet and Their Quality

The bulk of the planet’s water is concentrated in the seas and oceans and consti-
tutes around 1,350 million km?. This is salt water, with an average mineralization
of 35.0 g/l, which makes it unsuitable not only for drinking, but also for agricul-
ture needs. Fresh water is localized mainly on the North and South poles, and in
the mountains in the form of glaciers. This resource constitutes 30—-50 million km?.
However, this source of fresh water is almost unobtainable for human use.

The earth’s rivers and lakes contain about 0.4 million km? of fresh water that is
accessible for mankind. Subterranean regions of the planet have substantial stocks
of water, mainly saline and salt ones. At a depth of 800 m and up to 1,600 m the
water resource constitutes around 4 million km?.

Thus, our planet has only 3 % of fresh water of its total amount, with its bulk in
the pack ice of the Arctic and Antarctic. The resources of fresh water accessible to
human constitute only 0.06 %, or 0.8 million km?.

V. V. Goncharuk, Drinking Water, DOI 10.1007/978-3-319-04334-0_1, 1
© Springer International Publishing Switzerland 2014



2 1 Role of Water in Human Life

At present, more than 40 countries of the world experience an absolute water
deficiency (e.g. the Near East, Africa, Indochina, and Australia). A fifth of the
population in Europe and the Americas drink contaminated water, which does not
meet international standards criterion. According to World Health Organization
(WHO) official data, around 80 % of human diseases around the globe are related to
the consumption of low-quality drinking water [1].

The first attempts to establish priorities for conservation and functioning resil-
ient natural resources were defined in the documents of the United Nations (UN)
Conference in Rio-de-Janeiro (June 1992) and the World Summit on Sustainable
Development in Johannesburg “Johannesburg Agreement on Sustainable Develop-
ment” (August 2002) [2]. “Every inhabitant of the planet has the right to clean
drinking water,” is the formula declared by the UN [3, 4]. This is a humane state-
ment is unfortunately not supported by any specific actions. An ill-advised econo-
my, the pursuit of profits without accounting for ecological problems, and the harsh
competitive struggle of monopolies has resulted in the majority of surface and un-
derground drinking water supply sources being depleted and heavily polluted. As a
result, polluted water penetrates rivers, seas, and oceans. A fourfold increase of the
world population within twentieth century alone—from 1.5 to 6 billion people has
dramatically exacerbated this deficiency of fresh water, which is used not only for
drinking purposes, but also for industrial activity. All of this combined has resulted
in the worsening of the global ecological situation.

Artesian groundwater is a source of drinking water that is reliably protected from
human impacts. We currently know of more than 150 different types of freshwater
and saline drinking water treatment.

The most abundant impurities in underground water are two-valence iron and
manganese, fluorine ions, nitrates, ammonia, hydrogen sulfide, hardness, and an
increased salt content. Normally, these impurities substantially exceed maximum
allowable concentrations for drinking water. Their presence is caused by natural
factors of a geological nature. At the same time, one has to remember that high-
quality water for human health should contain a wide spectrum of micro-impurities,
vitally important, biologically active elements, and natural organic compounds. It
is these compounds dissolving in water that provides its taste, smell, transparency
and physiological properties.

Surface level fresh water are the second most common source of the drinking
water supply. However, the global nature of human activities in the twentieth centu-
ry in terms of industrial development, progress in agriculture, transportation, urban
utilities, the formation of megalopolises, and the growth of cities and settlements
resulted in the wide-scale pollution and contamination of surface water. The com-
position of wastewater is constantly changing due to the synthesis of new chemi-
cal substances, often possessing toxic, carcinogenic and mutagenic properties. This
created biologically difficult to remove, which effectively rules out the possibility
of natural and inherent self-purification of water bodies.

One can identify the following most hazardous types of pollutants entering the
environment which eventually affect the water supply:



1.1  Water Resources of the Planet and Their Quality 3

* Chemical pollutants
— Inorganic compounds

° Heavy metal ions
o Salts
o Toxic, biologically active substances

— Organic compounds

o Oil products

o Phenols

o Pesticides

o Surface active substances

o Chlorine-containing compounds
o Xenobiotics

» Bactericidal and viral pollutants;

» Radioactive substances of natural and anthropogenic origin
— Isotopes of elements;

* Mutagenic compounds of organic and inorganic origin;

* Mycotic pollutants.

Seas and oceans may serve also as the source of drinking water supply. It is known
that the average salt content in water constitutes about 35 g/l. It is natural that such
water cannot be used for drinking. There are various approaches intended to desali-
nate water. In practice, desalinization technologies such as distillation, membrane,
and electrochemical methods are used.

Advantages and drawbacks of water desalination by reverse osmosis for drinking
water purposes Desalination of sea (ocean) water is one of the fastest growing
sectors of the economy. The introduction of reverse osmosis technology has had
a big impact on the rapid development of desalination. Reverse osmosis is used
for water treatment and purification of drinking water from heavy metals, nitrates,
nitrites, surfactants, phenols, hardness, organic and microbiological contaminants,
and organochlorine compounds.

At present, this is method in one of the most popular methods of purifying drink-
ing water, including artesian well water for the industrial production of bottled
drinking water. The reverse osmosis method of water purification produces water
which contains virtually no contaminants. This method has more economical opera-
tion and maintenance than any other technology. The effectiveness of using reverse
osmosis technology for the desalination of sea water is three times more effective in
terms of energy consumption and the degree of purification than the other methods.

At the same time, the obvious disadvantage of reverse osmosis is the lack of se-
lectivity of the membranes to remove contaminants. This means that not only toxic
impurities and microorganisms are removed, but also beneficial minerals and mi-
croelements. Will this water fulfill physiological requirements? Of course not! After
all, purity of drinking water is not the only criteria of water quality. Also important
is the extent to which drinking water is the source of elements necessary for normal
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body functioning. Water obtained by the reverse osmosis method cannot be called
drinking water; one gets somewhat distilled water.

The results of studies on biotesting demineralized (distilled) water show that it
affects both the physiological and intracellular processes in the body (see Chap. 6,
Sect. 6.5).

The required presence in the optimal drinking water content of calcium and mag-
nesium is confirmed in Fig. 1.1. Regions supplied by water with a low concen-
tration of calcium and magnesium exhibit a significant (30—40%) increase of the
incidence of hypertonic disease (see Fig. 1.1).

It is necessary to do adjustments to the salt composition in water obtained by
reverse osmosis [6]. This is achieved by the introduction of salts required for normal
human activity: calcium, magnesium, sodium, and potassium. Taking into account
this fact, factories using the reverse osmosis method need to provide special miner-
alizers, in order to restore the optimal mineral content of water. Thus, an artificial
formation of water for drinking purposes is created. This is not the best option, but
is vitally necessary where there is no other source of fresh water.

The proof of the failure of worlds approach to assessing the quality of drinking
water and new scientifically-based approaches to assessing its quality Life on
earth is only possible as a result of the presence of water. The emergence and devel-
opment of biological diversity on our planet is due to the presence of water, which
has unique physical and chemical properties. Although almost a hundred years it is
known that water—not a simple compound where apart of protium there are also
heavy isotope patterns however no one has ever thought about why they exist and
what their role.

The unique properties of water are determined by its isotope composition and,
first of all, by the ratio of protium and deuterium. The natural concentration of
deuterium in the world’s oceans, in salt and fresh water varies within the interval
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90-180 ppm. The stable optima; concentration of deuterium in water constitutes
150 ppm. It is within this concentration interval that our ordinary water possesses
maximum biological activity both in sea and in fresh water bodies. A decrease or
an increase of the deuterium concentration in water results in a radical change of its
physicochemical and biological properties [7-9].

Water is currently viewed from fundamentally new positions. The comprehen-
sive study of water has yielded quite new results [10]. It has been found that if the
deuterium concentration in water is adjusted all ideas about its fundamental proper-
ties accepted today are changed drastically. Both the melting point and the freezing
point, and other water properties are substantially changed depending on the rela-
tion of the isotope composition of hydrogen. If deuterium is completely removed
from water, then it will not exist on our planet in its liquid state. Consequently, wa-
ter structure, just as all physicochemical parameters, is determined by the presence
of deuterium. The results regarding the influence of deuterium on water properties
became the basis for the discovery of a fundamentally new method for monitoring
water quality.

Here questions arise. What is drinking water? How can the quality of drinking
water be assessed? What are the optimal parameters that water should possess in or-
der to be completely safe according to biological and physiological points of view?

The development and the setting of regulations and standards for drinking water
quality in different countries since the late nineteenth and early twentieth centu-
ries have changed from simply regulating the macrocomponents of natural water
to more insightful knowledge about the impact of anthropogenic contaminants and
toxic micro-components of water on human organisms [11].

In connection with the worsening of the ecological state of surface and under-
ground sources, the issue of water quality control, used by people for drinking pur-
poses, became more acute [12, 13]. As a result of the low quality of drinking water,
real threats to the sanitary-epidemiological situation in various regions of the planet
crop out.

An increase of the quality of the matter being controlled in national standards of
various countries of the world does not solve the issue of obtaining safe drinking
water at centralized water-treatment stations, either. All this calls for ever more ex-
pensive equipment and the complication of technological processes. Special atten-
tion should be paid to the fact that over the last 2—3 decades, an uncontrolled sharp
increase of chemical compounds in the environment took place [11].

While the environment experiences these catastrophic changes, the quality con-
trol of dozens of substances in tap water does not guarantee that it really is drink-
able and safe for human health. A high level of a technogenic load on water bodies,
the use of imperfect technologies of water treatment and secondary contamination
of the water in distribution networks results in the ingress to the drinking water
of a substantial amount of inorganic and organic pollutants, whose joint effect on
the human organism causes the effect of synergism known in chemistry and biol-
ogy, threatening human health. In the situation there is no possibility to provide the
population of any country and continent with quality drinking water that is safe for
human health. In addition, drinking water obtained from surface sources is unsafe
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due to the presence in it of microtoxins. As a result of our research, we found the
presence in surface water and distribution systems of micromycets of various class-
es including very toxic ones, which are not disinfected by current techniques used at
centralized water treatment stations, even when chlorinated with high doses.
Hence, classic approaches to the assessment of drinking water are useless. The
notion of “normalizing maximum allowable concentrations in drinking water of dif-
ferent toxicants” purportedly safe for human health, is, as a matter of fact, immoral.

1.2 Quality of Drinking Water: Problems and Solution

The harmonic development of Homo sapiens concurrently with the planet’s bio-
sphere calls for the immediate prevention of environmental pollution. Our genera-
tion has witnessed qualitative changes of natural and drinking water. For the first
time in the history of mankind, the necessity of introducing quality standards for
drinking water has appeared. These standards over time were improved, and new
ones were introduced. Substances both of natural and anthropogenic origin were
hazardous for human health and were strictly controlled. General human and world-
wide approaches to drinking water quality evaluation were established. The first
countries in the world that developed state standards for drinking water quality
were the USA and the USSR. Owing to a high level of bacterial pollution of surface
water, drinking water were disinfected with chlorine. This was one of the greatest
mistakes of mankind, since water always contains organic compounds. Its chlorina-
tion inevitably results in the formation of very toxic, mutagenic and carcinogenic
organochlorine compounds. For the first time in the history of mankind, people
began to drink chlorinated water hazardous for human health—technogenic water!
At the beginning of the twentieth century, the level of surface water contam-
ination with chemical and bacterial components did not achieve a critical state.
Therefore, small doses of chlorine, used for disinfection of water, do not lead to the
formation of substantial concentrations of hazardous organochlorine compounds.
However, the turbulent development of industry, agriculture, the formation of mega-
polises, and a dramatic increase of the population size of the world (a fourfold rise
over the twentieth century) resulted in a catastrophic level of bacterial and chemical
contamination of water sources used for conditioning drinking water. It entailed the
necessity of using large doses of chlorine for the disinfection of water. As a result,
there was an increase in the concentration of organochlorine compounds in drink-
ing water. Given such a dangerous factor, new, more sophisticated technologies
of water treatment began to be developed. These technologies include preliminary
filtration from suspended particles, primary chlorination, and chemical water treat-
ment by coagulation concurrent with aluminum, iron, and flocculants of organic
and inorganic origin, then filtration on sand and carbon filters. For suppressing the
development of microorganisms in pipelines, the water again is treated with chlo-
rine of such a concentration that at the outlet of the faucet of every consumer the
content of residual activated chlorine was within the range 0.3-0.5 mg/dm?.
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Schematic chlorine dioxide, possessing a higher oxidizing potential, was used
instead of chlorine in a number of countries, according to regulations. Potentials of
some oxidants are given below:

Chemical substance and its formula Oxidizing potential (eV)
Chlorine Cl, 1.36
Chlorine dioxide Clo, 1.57
Hydrogen peroxide H,0, 1.78
Ozone o, 2.07
Atomic oxygen o 2.42
Hydroxyl radical HOe 2.80

The current technology has its advantages and disadvantages. Advantages include
the fact that the decontamination process occurs more effectively. However, it also
means that chlorine dioxide may produce a broader set of organochlorine com-
pounds.

An especially negative side of the abovementioned technologies is the use of
coagulants containing aluminum. On the one hand, this final introduction into the
initial water of many types of contaminants is a necessary stage of treatment. On
the other hand, it introduces a new, very dangerous contamination of drinking water
with residual aluminum compounds. It has been common knowledge for a long time
that aluminum ions contained in drinking water are exceptionally toxic, and affect
human health. Several publications deal with this research. This is why the World
Health Organization from year to year toughens its requirements regarding the con-
centration of residual aluminum in drinking water.

Based on these two important prerequisites, namely, the presence in drinking
water of organochlorine compounds and aluminum, I allow myself to discuss drink-
ing water not as tap water, but as technogenic water. Never before has mankind
consumed water for drinking purposes which contained very toxic organochlorine
compounds and also aluminum ions, which are byproducts of the modern water
treatment technology.

Contaminations of the initial water reached such a level that water treatment
facilities built in compliance with the effective world standards already are not ca-
pable of preventing the ingress of substances to drinking water. In this regard their
joint effect became a real threat to human health [14].

All this results in the necessity of a search for new alternative water treatment
technologies, whose use would make it possible to obtain safe water. Here, first
and foremost, one should pay attention to natural, ecologically safe oxidants, which
could be used in advanced technologies for obtaining high quality drinking water
from the severely fouled sources.

Early in the last century, for the first time, Russian scientists proposed a funda-
mentally new approach in water treatment technology—the use of ozone instead
of chlorine. The world first ozonizer was developed in Lomonosov Moscow State
University and the first ozonation station for water treatment was built and commis-
sioned in St. Petersburg before World War 1. Since then, many years passed before
the world community started to treat this technology with due attention.
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Below are specified the potential oxidants used today in water treatment, which
are the most promising for creating new technologies.

The analysis of the cited data is evidence of the fact that the maximum reactivity
is possessed by a hydroxyl radical, which is capable of oxidizing any organic com-
pound into carbon dioxide and water. It is formed in interaction of the ozone with
water or hydrogen peroxide with water by the following mechanism:

0, +H,0——H,0, +0,;
H,0—“5HO +HO;
0,+HO ——HO, +0,;

0, +HO, —>HO +20,;

0, +H,0, ¥ ;4O +0, +HO ;
0, +HO; — Y ,HO' +0; +0,;

0,+H,0,—>HO, +0, +H";

In aqueous alkaline solutions ozone, decomposes with the formation of O accord-
ing to the reaction

0,+HO™ - 0; +OH .

Then the process follows the schematic with separation of the anion radical of atom-
ic oxygen O, superperoxide anion radical O, , and then molecular oxygen:

HO +OH — O +H,0;
20 +H,0 > 0+20H;
0 +0 - 0;;
20; +H,0 — HO; +OH™ +0,.

Acid conjugate to anion radical O}, i.e. radical HO) is a weaker donor of electrons
than O, while in the system

0;=0,+0"

The most active particle is the anion radical of atomic oxygen. Therefore many reac-
tions of O; are actually reactions of Q™. In an aqueous solution radicals 03;, 02;, o
are also formed in photolysis or y-radiolysis.

According to reactivity the active particles may be arranged in the following
series
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HO >0; >0; >0 >HO,.

It has been found that impurities of hydrogen peroxide produce a rather strong cata-
lytic effect on ozone decomposition. Schematically it may be displayed as the fol-
lowing:

HO, > HO +0,
0, +HO, >HO +20,;
0,+0; >0; +0,;
0, +H,0>HO +HO™ +0,.

The results of our research confirmed that the identified processes are substantially
accelerated in the presence of catalysts (both homogenous and heterogeneous) and
under ultraviolet radiation.

It is exactly these results that were used for creating fundamentally new wa-
ter treatment technologies for any types of pollutants in combination with a set
of physical-chemical and biological methods. The research of the kinetics and the
mechanism of all processes taking place in aqueous systems provided us with the
possibility to develop not only new complex technologies, but new equipment for
water treatment. These methods may help obtain high quality drinking water from
effectively any source of drinking water supply as far as pollution is concerned.
They have an exceptionally great significance for solving the issue of water disin-
fection from any microbiological and chemical source of pollution.

We offer three ways to solve these problems in the selection of the appropriate
parameters—concentration, temperature, pH environment, and other factors.

The first is a simple water treatment with ozone or hydrogen peroxide.

The second is photooxidative disinfection:

0, +H,0—2—;
H,0, +H,0——;

0,+H,0,+H,0—"—;

The third is the combinated effect of three factors simultaneously:
» Photocatalytic disinfection with ozone

()3 +H20 hv+cat ;
* Photocatalytic disinfection with hydrogen peroxide:

HZOZ +H20 hv+cat ;
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» Photocatalytic disinfection using the combined effects of ozone and hydrogen
peroxide:

0,+H,0, +H,0 <
» Photocatalytic disinfection with chlorine:

C12 +H20 hv+cat

To date, we are unaware of more efficient and environmentally friendly methods of
water treatment.

1.3 Water and Human Health

The wide-scale use of chlorine in the technology for centralized drinking water sup-
ply stations is determined by the following three main reasons. The use of chlorine
ensures:

* Primary decontamination of raw water;

» Substantial improvement of the coagulation process whereby phyto- and zoo-
plankton and many organic and inorganic substances are removed from water;

» Prevention of the biological fouling of treatment facility tanks, filtering media,
water system networks and equipment.

However, as was indicated above, water treatment with chlorine is accompanied
by the formation of a whole range of highly toxic halogen-containing organic com-
pounds such as chlorinated methanes, phenols, aldehydes, ketones, acids and espe-
cially hazardous polychlorinated biphenols up to dioxins—the most toxic matter
known on earth. Many years of medical-biological research demonstrated that the
long term use of such drinking water results in an emergence of neurotoxins, cardio-
vascular and oncological diseases of liver, kidneys, and the hematopoietic system
of human, and produces mutagenic effects. It is these compounds that lead to the
development of impotence. Therefore, the technology of water ozonation has been
used increasingly in water treatment systems all over the world. Ozone as an alter-
native reagent simultaneously plays both the role of a disinfectant and an oxidant.
In addition, as was noted above, it possesses a higher oxidizing potential, especially
the products of its interaction with water. Therefore, the rate of its interaction with
all classes of organic compounds is much higher as is the depth of their destruction.
It decolorizes water very well, eliminates fetid smells and odors, removes iron and
manganese, suppresses the growth of algae, etc. At the same time one should re-
member that the use of ozone in the technology of water treatment is possible only
in conjunction with other physical-chemical methods.
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1.3.1 Ecology—the Health of Human

Having addressed all the above problems, the world-wide issue of determining the
degree of risk in the ecology—health system becomes a high priority one [4]. The
hygienic standards and regulations for the levels of environmental pollutants ef-
fective today are mostly of a declarative nature. In each specific country, in every
region of the world, one needs to assess the priorities of pollutants by the risk levels
to human health.

As sources of the risk I would separate four factors playing the most important
part in the life of human:

1. Drinking water;
2. Air;

3. Soil;

4. Foods.

It is necessary to carry out a complex monitoring of all environmental aspects.
Why is monitoring needed? First of all, for finding priority pollutants in each spe-
cific region that produce maximum negative impact on human health. Certainly,
one may follow the path of eliminating all types of pollutions, but this requires
fantastically large financial costs. The most expedient formula of the ecological
policy in every country should be the following: min costs — max results, starting
from that of the highest priority, the most dangerous pollutants to human health.
One should isolate such main priorities of risk levels:

* Chemical pollutants;

» Bacterial pollutants;

» Radioactive and isotopic pollutants;
* Mutagenic pollutants.

One should not forget that complex pollution of the environment with different
classes of toxic substances very often results in synergism of their effects, when
each toxicant’s individual effect is much weaker than a blend of different toxicants.
The most glaring among the known examples of the synergetic effect is a joint
presence of radioactive matter and asbestos, which strengthen the negative effect
of each other sixfold.

As risk indicators let us points out the following five factors whose presence may
help unambiguously assess the state of the environment:

* Genetic violations;
» Disease incidence;
 Birth rate;

e Death rate;

* Average longevity.
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1.3.2  Bottled Water: Issue of Disinfection and Preservation

Over the last 2 decades the technology of water bottling and its sale through a wide
network of shops has become very popular [14, 15]. There are just a few who would
think about the enormous scientific and technical issues of preserving the quality of
such water. First of all, the water being subjected to bottling should be immaculate
in terms of chemical, biological and organoleptic indicators and in addition should
preserve its qualities in a closed state.

We talked about the issue of water disinfection above, but the issue of its preser-
vation requires a more detailed consideration. Carbon dioxide is the most common
preservative, which diluting in the water, forms carbonic acid. The taste of such
acid water is experienced by everybody who drank aerated water in their lifetime.
This water is used for extreme situations of quenching one’s thirst rather than for its
systematic consumption.

The other effective reagent preserving water is silver or, to be more accurate,
silver ions. Since ancient times the technology of water storage in silverware has
been known. Such water can be drunk without worry since the concentration of
silver ions is meaningless, but the disinfection process is rather lengthy. It can be
amplified a thousand times using the electrochemical technology of silvering water.
However, the excessive silver concentration is dangerous. Over time silver ions are
adsorbed on the walls of the vessel and rather quickly lose their disinfecting proper-
ties. Under these conditions, secondary bacterial contamination is possible.

Unscrupulous companies may use as preservatives special chemical substances
whose functional properties have effects similar to those of antibiotics, which sup-
press or destroy microorganisms. These substances present enormous hazard for
human health. The consumption of such water by drinking leads to the sterilization
of the digestive tract causing a known disease—disbacteriosis.

The chemical nature of the containers used is a very serious issue in the process
of water bottling. There are a sufficiently large number of investigations, whose
results are an evidence of the toxicity of polymer containers (see Chap. 6, Sect. 6.3).
The safest containers are glassware, glass containers, enameled and ceramic ware.

1.4 “Green” Chemistry

The contemporary world early in the twentieth century found itself on the verge
of the global ecological crisis, which threatens the very existence of civilization.
Industrial production still remains high-waste. That is why a new science has
appeared and continues to develop effectively. This is the science of ecological
economy, which tries to unite social, economic, and ecological systems. Ecological
economy should take into account ecological costs when assessing the economic
performance of production. A modern economy should develop while accounting
for the ecological factor.
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It is quite clear: the correction of the unfavorable situation that has taken shape
does not look to be an easy or quickly resolved issue. This results from the impos-
sibility of allocating sufficient investments for the solution of the ecological issues
facing mankind.

In the world science this area of science and technical investigations has been
referred to as “green chemistry”.

When we talk about drinking water quality we, first of all, should think and care
about the quality of drinking water supply sources, and this is almost the entire
water basin of the planet. The solution to the existing issue of protecting the whole
ecosystem from the products of the mankind’s life activity lies in the quest for fun-
damentally new technical solutions. These solutions aim not only to overcome the
consequences, but should prevent the causes, leading to the unfavorable ecological
aftermath.

The most widely known water contamination, referred to as water “color,” is
caused by blue-green algae—cyanobacteria. An important adverse influence on the
water basin is related to their ability to synthesize biologically active substances
possessing very high toxicity. The ingress to water of such biogenic elements as
phosphorus, nitrogen, potassium, sulfur and also organic matter from industrial,
domestic, rainfall and waste water of the agricultural production created the pre-
requisites for intensive development of algae of various systematic groups, which
results in the formation of water “color” of various degrees.

The facts of the formation of toxins by the algae have been known for a rather
long time, as early as since the 1960s, while the systematic research of the causes
of this phenomenon and factors increasing the toxicity started about 20 years ago.
The most serious attention at present has been drawn to the toxicant microcys-
tine, whose producers are cosmopolite cyanobacteria, causing water “blooming”
in water bodies of virtually of all countries of the world. In terms of biological
activity, toxins of cyanobacteria surpass by many times such known substances as
strychnine, curare, a range of fungi toxins, and potassium cyanide. They exceed the
toxicity of potassium cyanide by as much as 50—1,000 times. Such a strong poison
as curare exceeds them by least ten times. Hence, it is quite obvious that such water
presents a serious threat to the life of fish, birds, and humans. Even swimming in
“blooming” water pools is dangerous for human health, not to mention the use of
this water as a source of drinking water supply.

All these facts indicate the necessity of forming the Global World Program for
the Protection of the Planet’s Water Basin against Pollution.

1.5 The Biosphere and Civilization—the Issue
of Compatibility

Completing the analysis of the state of the art in the biosphere indirectly through
one of its components—the hydrosphere—and its interaction with the development
of society, the formation of a quite new artificial reconstruction of the biosphere
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into the noosphere and then into the technosphere, one may, with a rather high de-
gree of confidence state the transfer of the civilization to a some special state. The
biosphere in its classical state no longer exists. We are witnessing the apocalypse of
the biosphere, which started in the middle of the twentieth century. Transforming
the environment—the biosphere, whose part is human himself—society underesti-
mated the fact that creating the technogenic environment by its existence violates
the basic laws of the biosphere, the laws of the universe.

Nowadays we live in the transition period of the coexistence of two worlds—the
biosphere and the noosphere. There is no return to the biosphere. Man as a creature
of the biosphere origin should find new ways for his survival and development. The
gene pool of the biosphere has started to intensively rearrange itself—the turbulent
process of evolution has begun, which has given birth to ecological changes on a
global scale. Mass extinction of the existing species and emergence of new ones is
observed across the board. Especially intensive is the evolution of infections. This
is evidenced by a widely known fact of the adaptation of pathogenic microflora to
antibiotics. This is an illustrative manifestation of mutagenesis—the emergence of a
new, earlier absent quality—resistance to antibiotics. Complex genomes are created
by nature during millions of years, while in modern laboratories they are created
within a year. Man has designed a new artificial habitat—the technosphere, kept
safe from all biological processes of the biosphere, without connection with which
he simply cannot exist.

The issues of nuclear energy and its impact on the environment bear a complex
nature. Since the radioactivity phenomena have been discovered, the irreversible
processes of dramatic increase of background radiation all over the planet have
been seen [16].

The intensive development of the nuclear industry led to the emergence of a
considerable number of objects presenting potential radiation danger: nuclear
power plants with reactors of various types, chemical mining plants, and plants for
processing nuclear fuel. The radionuclide composition of pollutants emitted to the
environment during the operation, and also in emergency situations substantially
differ, which makes the use of a single flow chart of purification impossible in all
mentioned cases.

Among the numerous aspects of protecting the water basin from technogenic
pollutants, one of the most important aspects is achieving the effective purification
of various types of pollutants, including radioactive pollutants. Achievement of this
task is hampered by the general worsening of the ecological situation, accompanied
by the appearance in the water of an ever larger amount of various toxicants of
organic and inorganic nature. Together with the necessity of development and the
employment of more complex and sophisticated technologies to achieve purifica-
tion levels to meet the existing standards, this begs the question of the applicable
range of the standards themselves. Here the ever increasing restraint, which current-
ly manifests itself, despite the sufficient theoretical and practical substantiation, at
the moment of adoption, is determined by insufficient accounting of the possibility
for aggravation of the adverse influence of toxicants on live organism in their syn-
ergetic effect. The synergetic effect of pollutants of various types and radionuclides
seems to be one of the most dangerous for human health.
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The adverse effect of radioactive elements of the environment is of a complex
nature. Despite the fact that it is well studied, the issue of the processing and burial
of radioactive wastes, which today like “a nuclear Gene” are either on the sea bot-
tom or in the mines under earth and are waiting for their time, is still outstanding.

There is one more aspect of this issue which has not been sufficiently studied
yet. I mean the issue of the impact of nonradioactive isotopes on the development
of biological objects and, first of all, hydrogen isotopes, in particular, deuterium.
The impact of the isotopic composition of substances on kinetic characteristics of
numerous reactions has been known for a long time.

It turns out that deuterium strongly affects the chemical parameters of chemical
and biological processes since it forms a stronger connection with oxygen in a water
molecule, unlike light hydrogen—protium. It is also known that an increased concen-
tration of deuterium in drinking water results in acceleration of the organism aging
process. Deuterium manifests toxic properties with respect to living organisms [17].

Nowadays one of the most serious issues is increased levels of background ra-
dioactivity and an increase of the concentration of heavy isotopes with respect to
their light prototypes. First of all, it concerns vitally important elements such as
hydrogen, oxygen and carbon, which are a basis of protein life in our biosphere and
affect the mechanism of biological evolution.

Thus, ecology as a science studied, strictly speaking, the state of the biosphere,
where human is its indispensable part. However, today, when it is quite obvious
that the biosphere is being transformed, in an increasing degree, to the noosphere
transforming into the technosphere, one cannot help taking into consideration that
the world has really changed. It is necessary to have a clear notion of a place of
human in a quickly changing world. Ecology transforms into a new geological phe-
nomenon, into a new branch of science investigating the interaction of three glob-
ally coexisting constituent components of the universe: biosphere, noosphere, and
technosphere. The decisive role in their interaction is played by human. The future
of our civilization is determined by the level of the awareness of the changes that
has taken place in the surrounding world.
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Chapter 2
Life-Forming Role of Water in the Latest
Discoveries and Hypotheses

Abstract The analytical review about life-forming role of water in conjunction
with its unique properties which are predicated upon water structure peculiarities
has been performed. The water role has been investigated from the perspective of
different archebiosis scenarios on the Earth. Special attention has been paid to the
isotopic water composition and deuterium influence on water structure, its proper-
ties and destruction of deoxyribonucleic acid. The isotopic composition and proper-
ties of heavy, light and ubiquitous water have been examined.

Keywords Water properties - Water structure - Isotopic water composition *
Deuterium - Protium - Heavy water - Light water - Deoxyribonucleic acid

2.1 Unique Properties of Water

Throughout the entire history of our planet’s existence, water has affected all as-
pects of the globe. It is this main building material, and the environment which
contains it, that ensures the propagation and evolution of life on Earth.

For many centuries, scientists have studied this chemical substance, composed of
the simple formula, H,0, and known as one of the smallest and lightest molecules.
Despite its simplicity and size, water somehow plays the main role in all biological
processes and is considered “the matrix of life”. The large heat capacity, high heat
conduction and enormous amount of water in organisms contributes to heat regula-
tion and prevents local temperature fluctuations, thereby enabling us to more easily
control our body temperature. The high latent heat of evaporation ensures resistance
to dehydration and high cooling in evaporation. Water, due to the polarity of its mol-
ecules, its high dielectric constant and its small sized molecules, is a good solvent
primarily for polar ionic compounds and salts. It has unique properties of hydra-
tion with respect to biological macromolecules (especially to proteins and nucleic
acids), which determine their three-dimensional structures and, consequently, func-
tions in the solution. This hydration causes gels to form, which can be reversibly
subjected to the sol—gel transition lying behind many cellular mechanisms.

Water is ionized and secures a light flow of proton exchange and is thereby con-
ducive to the variety of ionic interactions in biology. “Water is incredibly multi-fac-
eted, no other liquid has this property”, says F. Gaiger, a leading water expert from
Dortmund University. He believes that “... the world of liquids has been divided
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into two parts. On the one hand—water, on the other—all other substances”. To this
day there are a number of fundamental questions with no conclusive answers. Why
does this substance behave, in many respects, atypically? Why does water in its
crystalline state, i.e. in the form of ice, have so many “faces”™—15 [1]?

The complicated behavior of this substance is determined by the structure of its
molecules (Fig. 2.1). In the water molecule, two atoms of hydrogen and an atom of
oxygen are arranged at an angle of 104.3° to each other. Owing to their electric po-
larity, both water molecules may create a special link between themselves; positive
partial charges on hydrogen atoms and negative charges on oxygen atoms attract
each other, forming hydrogen bridges. This link is 20 times weaker than the one
which connects atoms of hydrogen and oxygen inside a molecule, but it exceeds the
force of the normal attraction between the molecules, the Van der Waals force, by
60 times. The presence of the hydrogen bond in the water is necessary, but it is an
insufficient condition for explaining its main properties. While the hydrogen bond
is a necessary component of the water molecule, it alone does not represent the main
properties of water. This can only be done when the structure of water is viewed as
a single system [2].

Liquid Water In terms of statistics, particles of water in a liquid state form three
and a half hydrogen bridges with their neighbors. These bridges collapse and line
up again at a periodicity of a billionth of a fraction of a millisecond. In 1916, new
notions about the structure of a liquid were proposed. The first X-ray structural
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Fig. 2.2 Crystalline structure
of ice

investigations of water were carried out in 1922 by Dutch scientists W. Keese and
J. de Smedt. They proved that liquid water is characterized by the ordered arrange-
ment of water molecules, i.e., water has a certain regular structure. The water struc-
ture in a living organism in many ways resembles the crystalline structure of ice
(Fig. 2.2).

Special “adhesiveness” of a molecule is a reason why H,O remains liquid at
an extreme temperature of 100°C. Chemically kindred materials in this sense go
through heat at the maximum 25°C [1]. Every water molecule in the crystalline
structure of ice is involved in the formation of four hydrogen bonds directed to
the apexes of the tetrahedron (Fig. 2.3). The tetrahedral center contains an oxygen
atom, and two apexes each have a hydrogen atom whose electrons are involved in
the formation of a covalent bond with the oxygen atom. Two remaining apexes are
occupied by pairs of valence electrons from the oxygen atom, which do not take
part in the formation of intramolecular links. In the interaction of the proton of one
molecule with a lone pair of oxygen electrons from the other molecule, a hydro-
gen bond appears weaker than the intermolecular link but sufficiently powerful to
hold together neighboring water molecules. Every molecule may simultaneously
form four hydrogen bonds with other molecules at strictly definite angles, equaling
109°28'. These bonds are directed to the apexes of the tetrahedral, which does not
allow them at freezing to form a dense structure.

The first theory on the structure of water was put forward by English researchers
J. Bernal and R. Fowler. They created a concept about the tetrahedral structure of
water and defined the role of hydrogen bonds in water. It was found that there are
covalent and hydrogen bonds in water. The covalent bonds do not break in phase
transitions of the water: water—steam—ice. Only electrolysis, a process of heating
water on iron and similar processes, break water covalence bonds. Hydrogen bonds
are 24 times weaker than covalence bonds. In melting ice and snow, hydrogen bonds
partially remained in the water, and in a steam state they are all broken (Fig. 2.4) [2].
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Fig. 2.3 Tetrahedral structure
of water molecules
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Later, an idea was developed, according to which liquid water was proposed as a
pseudocrystal (Fig. 2.5); in it, individual tetrahedral molecules of H,O are said to be
linked to each other by directional hydrogen bonds, forming hexagonal structures
such as in the ice structure.

Ice Ih In the abbreviation /7, the letter 4 denotes hexagonal. This type of ice is
drifting in seas and oceans; it is one of 15 types of the crystalline states of the water
known today, and this shape is encountered on the Earth more often than others. The
molecules are arranged in such a way that each element has 4 neighbors to which
they are linked by hydrogen bridges. As a result, a lattice with a hexagonal base is
formed by oxygen atoms [1].

X-ray crystallographic research carried out by J.P. Morgan and B.E. Warren
showed that a structure like that of ice is inherent in water. In water, like in ice,
every atom of oxygen is surrounded by oxygen atoms as in the tetrahedron. The
distance between neighboring molecules is not identical. At 25°C, every water
molecule in the framework has one neighbor at a distance of 0.277 nm and three
at a distance of 0.294, in average 0.290 nm. The mean distance between the near-
est neighbors of the molecule is approximately 5.5 % greater than between the ice
molecules. The other molecules are at distances which are intermediate between the
first and second neighboring distances. The distance 0.41 nm is a distance between
atoms O-H in an H,0O molecule.

The main differences between the structure of liquid water and the structure of
ice are a more diffuse arrangement of the atoms in the lattice and a disturbance of
the remote order. Heat fluctuations result in the bending and breakage of hydrogen
bonds. Water molecules of the equilibrium positions get into neighboring voids of
the structure and remain there for some time since these voids have the correspond-
ing relative minimums of potential energy. This leads to an increase in the coordina-
tion number and to the formation of the lattice defects, whose presence determine
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Fig. 2.4 Scheme of partial
destruction and formation
of hydrogen bonds at ice
thawing (hopping time is
10-12s.)
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Fig. 2.5 Water as a
pseudo-crystal

anomalous properties of water. The coordination number of molecules (the number
of the nearest neighbors) varies from 4.4 at 1.5°C to 4.9 at 83 °C.

Ice X Under the water pressure, magnified 600,000 times, water molecules snag
so tightly against each other that the differences between hydrogen bridges and
conventional chemical bonds completely disappear. Ice X possesses the greatest
density among known crystalline forms of H,0 (2.51 g/cm?). Its pressure remains
hard even at a temperature of 500 °C.

In the gaseous state, water molecules cut loose from each other and embark
on a solo voyage. Only occasionally do their individual elements join each other
on the fly. Transforming into steam, water absorbs an enormous amount of ener-
gy—2,258 J/g (in comparison, with ethanol it is only 854 J/g). During condensation,
this energy is liberated again. That is why water vapor may cause serious burns.

When and into what does water transform? To have a more graphic picture, these
data is presented in the following form:



2.1 Unique Properties of Water 23

The state of the water under different conditions

Temperature °C
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+100
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a pressure of point. When the greatest ~ under condi- and at a pressure
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running water
splits into
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of different
density

water “explosive-
ness” sharply
increases all at
once by 11%

pressure. On
Everest, for
instance, due to
low pressure,
water starts to

the difference
between the lig-
uid and gaseous
state of the water
levels out. The

matter then takes
some intermedi-
ate form

boil as early as
70°C

Nearly all temperature scales have to do with water, including Kelvin’s temperature
scale which is based on the triple point of water, defined as exactly 273.163 K or
0.01°C. It uses the same graduations as in Celsius’s scale.

The above data give a graphic example of the anomalous behavior of water; for
example, “abnormal” temperatures of water melting and boiling are shown. How-
ever, this is far from the only example of water abnormality. The reason for abnor-
mal properties of water is the hydrogen bonding and peculiarities of water structure.
The present cluster model of water (for details, see Chap. 3) explains many of its
abnormal properties.

Thus, a hydrogen bridge (link) is a linking element, a normal, so-called, cova-
lence link between one molecule and a normal link for the molecule of the weak Van
der Waals attraction force. In a water drop the myriads of particles form an infinite
network of tetrahedrons, while hydrogen bridges are organized into an ordered sys-
tem. In doing so, they are flexible and compliant, which ensures variation of the wa-
ter. The extreme lightness of ice is related to the fact that hydrogen bridges weave
water molecules in a crystal into volumetric networks in such a way that much
space remains between particles. During the melting phase, the regular network is
partially broken and turns into liquid, which increases the density of the water.

The aforementioned phenomenon can be explained by discussing hydrogen
bonds (bridges). The diversity of macroscopic solid forms of H,O is reflected at
the molecular level. The variants of the H,O crystals demonstrate complexity and
sophistication which cannot be compared with any other molecule. As has already
been noted, 15 types of crystals are known. Christopher Zalzman from Oxford Uni-
versity announced the last two discoveries in March 2006. In paper [3], the sum-
marized information about properties of all 15 types of water is presented. Thomas
Lepting, from the Institute of General Inorganic and Theoretical Chemistry at the
Innsbruck University, has been researching ice since 1980. “Even under normal
pressure there are two forms of ice”, he states. These are the so-called hexagonal
and cubic ice, I/ and Ic, respectively. On Earth hexagonal ice is almost exclusively
found. Snowflakes, ice covering lakes and ponds and ice cubes in a glass with a
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drink consist of this ice. Its particles form a hexagonal structure. The basic form of
the other kind of ice is a cube. Such crystals which have a cubic shape can be found
only at high altitudes of the earth’s atmosphere, where deathly cold reigns. How-
ever, both variants of ice are united by one property—third-dimensionality.

It is not simple to account for possible types of crystalline varieties of ice. Wa-
ter is also capable of forming glassy and amorphous forms. Scientists believe that
99.9% of'ice in space is in the amorphous form. It covers dust particles in interstel-
lar space and is incorporated by comet composition.

The difference between crystalline and amorphous ice lies in their internal struc-
tures. In a crystal, water molecules are arranged in a regular way in all directions
with identical interspaces. In the amorphous state they are chaotic, just as in the
liquid state—as if the liquid had solidified instantaneously. The most well known
representative of such form of matter can be found on an ordinary window pane.

According to one scientific interpretation, ice has become the basis of life on
the Earth. Its flexible structure makes it possible to free such elements as nitrogen,
oxygen and carbon. Upon interacting with each other, these substances form simple
biomolecules. On Earth, universal vitrified ice may be obtained if over hundredth
of a fraction of a second one is able to decrease the temperature by hundreds of
degrees Celsius or in a high-pressure press. A piece of ice obtained in the Innsbruck
Laboratory under the pressure 9.0 GPa at a sharp cool down is in fact amorphous
ice—HAD (high-density amorphous ice). Externally, it does not differ at all from
ordinary ice, but if it is thrown into a glass of water, it will sink because it is heavier
than water. When heated, HAD is transformed into one more variant of vitrified
ice, which, due to its low density, was referred to as LAD (low-density amorphous
ice). However, when the scientists heated HAD in the press, having increased the
temperature from 196 to + 105 °C, the sample shrank. This contradicts the generally
accepted idea that substances subjected to an increased temperature should expand.
The scientists therefore stated that they had discovered the third variant of vitrified
ice—very high-density amorphous ice (VHAD).

The state of the water when there is no difference between liquid and gas is
achieved at the point with the temperature 374 °C and pressure 22.1 MPa. Scientists
believe that at low temperatures such a point should also exist. Under experimen-
tal conditions, one manages to lower the water temperature to —38°C, and in this
case it does not freeze. Such phenomenon is seemed to be unreal however it does
exist. Light clouds at an altitude of several kilometers above the Earth’s surface
form drops, and liquid remains at approximately the same temperature (—38°C).
When the temperature decreases, the “overcooled” water behaves in a more bizarre
manner. Scientists imply that at a temperature of —50 to +100°C and a pressure of
200 MPa the second critical point should be found (M. Chaplin, see [3] sticks to
another viewpoint). Below this mark, in compliance with the theory, there are two
varieties of liquid water with different densities; at a higher density, these variants
are not distinguished.

It is assumed that two forms of ice, HAD and LAD, correspond namely to these
liquid forms after their fast freezing processes. However, the result is that within
one temperature range in which, despite all tricks of experimentalists, water drops
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always freeze. Should several forms of liquid water exist [1]? This is one of many
questions for which there still no conclusive answer.

2.1.1 Anomalies of Water

It should be noted that anomalous properties of water, like anomalous properties of
oxygen molecules, are important factors for the existence of the Earth’s biosphere
[4]. So, how many anomalies are present in water? Some scientists have counted 40
anomalies characteristic of water [1]. According to [3] there are 63 of them. These
scientists have tried to explain such anomalous properties of water; to some they
seem exhausting, to others they are controversial, and to the rest they are unsatisfac-
tory.

How important the role of the anomalous properties of water in life is can be
understood, for example, by considering its special properties at 4 °C (Fig. 2.6). For
direct determination of the ice structure and liquid water, the data of the X-ray dif-
fraction analysis and the scattering of slow neutrons are used [5-9]. In these meth-
ods, the main structural characteristic is the distribution function of the distance
between the oxygen atoms. For water at 1.5 °C, the maximum of this function cor-
responds to the distance between the nearest water molecules in 0.290 nm, which
slightly exceeds the distance between the molecules of the water in ice (0.276 nm).
In this case, the average coordination number (#) of each water molecule equals
4.4. In other words, the destruction of hydrogen bonds in melting ice does not im-
ply an increase in the density of liquid water, and the reason for this lies in a large
coordination number of molecules. This is due to the fact that they partially occupy
hollows, which are vacant in ice.

Close values of the distances between molecules of liquid water and ice as early
as 1933 made it possible for a number of authors to express the opinion that water
is a pseudocrystal [10] (Fig. 2.5). In turn, one author succeeded to qualitatively ex-
plain why water density at 4 °C reaches a maximum. Therefore, in accordance with
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this model, the water in the liquid state close to 0 °C represents a mixture of three
components with various structures, which correspond to hexagonal ice, crystalline
quartz and the densely packed structure of liquid water. As the temperature rises,
ice-like structures are destroyed, and the contribution of the densely packed struc-
ture of the water increases. At 7>4 °C, the effect of increasing the distance between
the molecules starts to prevail. It is determined by the heat caused by movement
which leads to the decrease of water density. In the following years, several types of
cluster models were developed. These models made it possible to explain the bulk
of anomalies both of pure water and the water containing ions or molecules [11-16].

The maximum density of water at 4 °C, together with a low density of ice, result
in that prior to freezing, it is necessary that the entire volume of fresh water (not
only its surface) is close to 4°C. Since the freezing of rivers, lakes and oceans
moves from top to bottom, there is a possibility for the bottom ecosystem to survive,
insolating the water from further freezing, reflecting the sunlight into space and
thawing the water’s surface.

Thanks to heat convection, which is controlled by density, seasonal mixing in
deeper water of the moderate climate occurs, carrying life-supporting oxygen to its
depths. The high heat capacity of oceans and seas makes it possible for them to act
as heat reservoirs in such a way that marine temperatures vary only by one third.
This is caused by the change of the land’s temperature, which determines our cli-
mate (for example, the Gulf Stream carries tropical heat to north-western Europe).

Water compressibility decreases the level of the sea by approximately 40 m,
which gives us 5% more land. A high surface tension of water, plus its expansion
when freezing, stimulates the erosion of stones, thus forming soil for agriculture.

The opposite properties of hot and cold water (see Fig. 2.7) are noted among
its anomalies, which have already been mentioned in Sect. 2.1. These properties
are expressed more vividly at lower temperatures, when the properties of the over-
cooled water deviate from hexagonal ice. If the water—oxygen hydride H,O were
a normal monomolecular compound, such as its analogies of the sixth group of D.
I. Mendeleyev Periodic System of Elements, sulfur hydride H,S, selenium hydride
H,Se, tellurium hydride H,Te, then water in the liquid state would range from —90
to —70°C. With such properties of water, life on Earth would not exist.
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As the pressure rises, the molecules of cold water move faster, whereas the mol-
ecules of hot water move more slowly. Hot water freezes faster than cold water, and
ice thaws in compression, except under high pressures, when liquid water freezes
under compression. No other material exists under ordinary conditions in the form
of a solid, liquid and gas [3].

For the whole biosphere, an important feature of water is its ability, when freez-
ing, not to decrease but to increase its volume, i.e., to reduce density. This anomaly
of water is referred to as the anomaly of density. Initially, this water feature attracted
the attention of G. Galileo. In the transition of any liquid (except gallium and bis-
muth) to a solid state, its molecules are arranged more densely, and the substance
itself, while decreasing its volume, becomes denser. This is true for all liquids but
water.

During the cooling process, water behaves at first as other liquids; it gradually
becomes compact and reduces its volume. Such a phenomenon can be observed to
+4°C (or to be precise, to +3.984 °C) (see Fig. 2.6). It is at temperature +3.984 °C
that water has the greatest density and the smallest volume. Further cooling of water
gradually results in an increase of the volume rather than a decrease. The gradual
trend of this process is suddenly terminated, and at 0°C the volume sharply in-
creases by nearly 10%! At this instant the water turns into ice.

The unique features of water behavior in the processes of cooling and ice for-
mation play an exceptionally important role in nature and life. These water fea-
tures prevent the freezing of all Earth’s bodies of water in winter, and thereby save
aquatic life on Earth.

Unlike fresh water, sea water behaves differently during the cooling process. It
freezes not at 0°C but at —1.8 to —2.1°C, depending on the concentration of salts
dissolved in it. It has maximum density of —3.5 °C rather than +4 °C. Thus, it turns
into ice without attaining the greatest density. If vertical stirring in fresh water bod-
ies terminates in cooling the whole mass of water to +4 °C, then vertical circulation
occurs in sea water at temperatures below 0°C. The exchange process between the
upper and lower layers of water proceeds as such, continuously creating favorable
conditions for the development of animals and vegetable organisms.

Melt water, formed in the melting of glaciers and icebergs, are an especially
favorable medium for the inhabitants of the seas and oceans.

According to its thermodynamic properties, water noticeably differs from other
substances. The most significant among these substances is the anomaly of specific
heat. The high temperature of water makes the seas and oceans a gigantic regulator
of our planet, and as a result, a sharp climatic difference takes place from winter to
summer and from day to night. The climate in coastal areas is mild; in these areas,
temperature differences throughout the seasons are low. Powerful atmospheric cur-
rents containing enormous amounts of heat are absorbed in the course of vapor-
ization, and gigantic oceanic currents play an essential role in the creation of the
weather on our planet.

The anomaly of water heat is elucidated in the following description (see
Fig. 2.8). In the heating of any substance, heat capacity continuously increases.
However, this is not true for the water. As water temperature rises, its heat capacity
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varies abnormally: from 0 to 37 °C, heat capacity decreases, and from 37 to 100°C
it grows steadily. For temperature ranges close to 37 °C, water heat capacity is mini-
mal. This temperature is close to the temperature of human body. The physics of
water within the temperature interval 35-41 °C (the limits of normally proceeding
physiological processes which are possible in human organisms) register the prob-
ability of achieving a unique state of water; when masses of quasicrystalline and
volumetric water are equal to each other and the capacity of one structure to go into
the other, variability is maximized. This extraordinary capacity of water predeter-
mines the equiprobability of running reversible and irreversible biochemical reac-
tions in human organisms and securing “easy control” of them.

The exceptional capacity of water to dissolve any matter is common knowledge.
Here it demonstrates anomalies extraordinary for a liquid, namely those of the water
dielectric constant. This is related to the fact that the dielectric constant (or permit-
tivity) constitutes 81, while for other liquids it does not exceed 10. In accordance
with the Coulomb law, the interactive force of two charged particles in water will be
as 81 smaller as that, for instance, in the air, where this characteristic equals unity.
In this case, the strength of intramolecular links is decreased in 81 times, and, under
the effect of the heat, motion is dissociated with the formation of ions. It should be
noted that, due to its exceptional capacity to dissolve other matter, water is never
strictly pure.

A wonderful anomaly of water is its incredibly high surface tension. Out of all
known liquids, only mercury has a higher surface tension than water. This property
is manifested in fact that water always tries to reduce its own surface area. Un-
compensated intermolecular links of the outer (surface) layer of water molecules,
caused by quantum-mechanical forces, create the outer elastic film, which prevents
the immersion of many heavier objects. For example, if a steel needle is carefully
placed in water, it does not sink. Also, the density of steel is as much as eight times
greater than the density of water. Owing to the high surface tension, a drop of water,
for instance, takes a ball-like shape in free fall.

Surface tension and wetting form the basis of a special property of water and
aqueous solutions, referred to as capillarity. Capillarity is of great importance in
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the life of the vegetable and animal world, the formation of the structure of natural
minerals, and the fertility of the earth. In channels which are many times narrower
than a human hair, water acquires wonderful properties: it becomes more viscous;
it compacts 1.5 times; it freezes at —80 to —70°C. The cause of supernormal capil-
lary water is intermolecular interaction, whose secrets have not yet been revealed.

Scientists and experts are aware of so-called porous water. A very thin film lines
the surface of the pores, microhollows and minerals of the Earth’s crust, and other
objects of live and inanimate nature. Bound to intermolecular forces and the surface
of other bodies, it possesses a special structure [2], just like capillary water.

According to M. Chaplin [3], water can be characterized by 63 anomalies.
He grouped anomalous properties of water into the following five groups: phase
anomalies, anomalies of density, anomalies of water as a substance, thermodynamic
anomalies, and physical anomalies.

Phase Anomalies Water has an unusually high melting point, boiling point and
critical point. In solid form, it exists in a wider variety of stable (and metastable)
crystalline and amorphous structures than other materials. Ice heat conductivity
decreases as pressure increases, while the structure of liquid water at high pres-
sure varies. The overcooled water has two phases, and the second critical point is
approximately at —91°C. Liquid water easily overcools but solidifies with diffi-
culty; it exists at very low temperatures and freezes at heating. Hot water may freeze
faster than cold water (the Mpemba effect), and warm water vibrates (fluctuates)
longer than cold water.

Anomaly of Density Ice density increases when heated (up to 70 K). Water com-
presses when thawed (melting). Pressure decreases the melting point. Liquid water
has a high density, which increases when heated (up to 3.984 °C). Pressure decreases
the temperature of the maximum density. Overcooled water has a minimal den-
sity. Water is characterized with a low expansion coefficient (thermal coefficient
of volumetric expansion—TCVE), which substantially decreases (becomes nega-
tive) at low temperatures. The water TCVE increases as the pressure increases. The
number of the nearest neighbors in ice and thawing (melting) increases with rising
temperatures. Water has unusually low compressibility, which decreases with an
increase of the temperature to 46.5 °C. In the temperature—compressibility relation-
ship there is a maximum. The speed of sound in water increases with an increase
of the temperature to 74 °C. The “fast sound” was detected at high frequencies; it
is nonuniform at a higher pressure. The NMR of the spin-lattice relaxation is very
short at low temperatures. The refractive index of water has a maximum value at
temperatures below 0°C.

Anomaly of Water as a Substance No water solution is ideal. The liquids D,O and
T,O differ greatly from H,O in terms of their physical properties; H,0 and D,O dif-
fer in their phase behaviors (detailed information on the D,O properties can be seen
in Sect. 2.3). Dissolved substances affect such properties as density and viscosity in
a different way. The solubility of non-polar gases in water decreases with an increase
in temperature to the minimum and then increases again. Water permittivity is high
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and demonstrates the temperature maximum. The mobility of protons and ions of
hydroxonium are anomalously high in the electric field. The water conductance
increases to a maximum of approximately 230 °C. Acidity constants of weak acids
have temperature minimums. The diffraction of X-rays demonstrates an unusually
detailed structure. Under high pressures, water molecules move even further away
from each other as the pressure mounts.

Thermodynamic Anomalies The maximum temperature variation of water melting
heat is —17°C. The water specific heat is twice as much as that of ice or steam. The
water specific heat (C,, C)) is unusually high [3]. The parameter C, is minimal at
36°C and maximum at approximately —45 °C; there is a minimum with respect to
pressure. The specific heat C), has a maximum. High heat of evaporation and subli-
mation also exist; this is the entropy of evaporation. Water heat capacity is high and
increases to the maximum, which is approximately 130 °C (Fig. 2.9).

Physical Anomalies Water has an unusually high viscosity, which increases greatly
when the temperature drops and decreases with an increase of the pressure at tem-
peratures below 33 °C. At a decrease of the temperature, diffusion weakens appre-
ciably; at low temperatures, water self-diffusion increases with an increase of the
pressure and density. Heat diffusion increases to a maximum of approximately
0.8 MPa. Water has an unusually high surface tension—concentration (the Johnson—
Ray effect) and prevents the coalescence of small bubbles.

This is how the author comments on the classification of anomalous properties
of water he proposed: “Whether or not the properties of water are seen to be anoma-
lous depends upon which materials water is to be compared and the interpretation
of “‘anomalous’”. For example, it could well be argued that water possesses exactly
those properties that one might deduce from its structure. Comparisons between
water, liquid sodium, argon and benzene appear to Franks to indicate several of the
abovementioned properties as not being anomalous. However, these materials are
perhaps not the most typical of liquids. My list gives the unusual properties gener-
ally understood to make liquid water (and ice) stand out from “typical” liquids (or
solids).
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It is therefore very difficult to obtain pure water (e.g. <5 ng g ). Note that ice, in
contrast, is a very poor solvent and may be used when purifying water (e.g. degas-
sing) by implementing successive freeze-thaw cycles.

Some scientists attribute the low temperature anomalous nature of water to the
presence of a second critical point; they pose an interesting if somewhat unproduc-
tive hypothesis (as the attribution mixes cause with effect). Water’s anomalies do
not require this as an explanation.

The temperature range from “hot” to “cold” water varies in these examples; see
the individual entries for details.

The anomalies of water are divided into groups, but clearly some anomalies may
be included under more than one topic, and there may not be universal agreement
for the groupings.

2.2 The Role of Water in the Scenario of Development
on Earth

One of the most difficult issues to which there is no unequivocal answer is as fol-
lows: how did the life appear on Earth? What could be an inception which made
life possible on Earth? The current study is in search of this inception, referred to in
paper [17] as “molecules of protolife”, as the development of science changes the
scenario of the emergence of life on Earth.

So what happed 4.6 billion years ago and how was life born? For the genuine
scientist C. Darwin’s works are not a dogma, but rather guidance for action. The
history of evolution contains plenty of ambiguities, which says nothing about the
global issue of the origin of life on the Earth. At one of the last scientific sessions
of the General Conference SO RAN [18] Academician N. Dobretsov asserted the
following: the Earth’s age, like other bodies of the Solar System, constitutes ap-
proximately 4.6 billion years, which has been confirmed by the analysis of meteor-
ites. Two important conclusions that can be made today, based on numerous data, is
the fact that the evolution of life is determined by the irreversible processes of the
Earth’s cooling, which started about 4 billion years ago, and the oxidation of upper
shells, namely the hydroatmosphere, which became the impetus for the beginning
of evolution.

Upon discovering the structure of deoxyribonucleic acid (DNA), scientists start-
ed to search for the molecules responsible for initial life. The discovery of the DNA
structure has become one of the major scientific achievements of the twentieth cen-
tury. It was done by an international group of researchers: Fr. Crick, J. Watson
and M. Wilkins received high-quality DNA X-ray photographs; M. Nirenberg from
the Bethesda National Institute of Health, Maryland, succeeded in deciphering the
genetic code; R. Holy from Cornell University cleared up the structure of transfer
RNA; a research group from the Massachusetts Technological Institute, headed by
Indian biochemist G. G. Koran, synthesized an artificial gene for the first time in
the history of the world. All the researchers for these experiments were awarded
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Noble Prizes [19]. For the first time, the structure of the hereditary information car-
rier, DNA, was presented in the article of US geneticist J. Watson [20] and English
physicist F. Creek [21]. In compliance with the definition of the American Chemi-
cal Society, DNA are large molecules representing a double helix of atoms held
together and located inside cells of effectively all living beings capable of creating,
storing and transferring biological properties to successive generations (the sche-
matic of DNA’s molecular structure is given in Fig. 2.10).

Deoxyribonucleic acid is a polymer whose monomers are nucleotides, one of the
most well known polymer molecules today. In some organisms, the DNA polymer
chain consists of a hundred million links. The length of such a molecule reaches
several centimeters, and this is a very large value for molecular objects. Since the
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molecular cross section is only 2 nm (1 nm=10"° m), its proportions may be com-
pared with a rail of tens of kilometers long (Fig. 2.10).

The succession of polynucleotides in an unramified polynucleotide chain, the
DNA primary structure, is strictly individual and specific for every natural DNA.
They represent a code form of recording biological information, known as the ge-
netic code. In every molecule, polynucleotide chains are united into one double
helix, in which the bases are arranged in pairs opposite to each other and are linked
with hydrogen bonds. The pairs can be formed complementarily, i.e., with the bases
matching each other. The chain is twisted into a helix around an imaginary axis
with the bases perpendicular to it. Such a double helix is called the secondary DNA
structure. The tertiary structure is formed, for example, in chromosomes, by double
helixes linked with proteins by ionic bonds. Cell division causes DNA doubling or
replication (repletion, self-doubling), and as a result, every new cell obtains DNA
bearing the same genetic information, which was available in the initial cell. The
succession of the main DNA determines the order of the arrangement of amino-acid
residues in the molecules of proteins. For realization of genetic information based
on the DNA coding chain in the course of transcription (the transfer of the genetic
information from DNA to RNA), an RNA chain, a replica of the given section of
DNA, is formed. The sequence of RNA bases is the matrix for the synthesis of pro-
tein encoded in the gene itself.

Proteins were the first candidates for the role of “the molecules of protolife”.
In 1924, A.L. Oparin asserted that in the atmosphere of a young Earth consisting of
hydrogen, methane, ammonia, carbon dioxide, and water vapors, amino acids might
be synthesized and then spontaneously joined into proteins and formed into “clots”
resembling a primitive cell.

By the mid-1960s, scientists knew the details of two functioning molecules,
which were more suitable than proteins for the role of “the molecules of protolife,”
DNA and RNA [22]. Fig. 2.11 gives the structures of DNA and RNA for compari-
son.

Differences between the macromolecules of RNA and DNA boil down to the fact
that the RNA sugar-phosphate skeleton includes sugar ribose whereas DNA “loses”
one oxygen atom and is transformed into deoxyribose. In addition, instead of thy-
mine (T) the RNA composition includes uracil (U), which differs from thymine
nearly as little as ribose from deoxyribose: it lacks only the lateral methyl group
(~CH,). However, such minimal differences in the structures of RNA and DNA
result in a substantial difference in the structure and functions of these molecules.
Late in the twentieth century, one more breakthrough occurred in the theory of the
origin of life. In this breakthrough, RNA should be “blamed” which was thought to
be thoroughly investigated and rather predictable substance.

This story started in the 1970s, when unusual enzymes were found in the cells of
certain organisms. The enzymes included in their composition, apart from protein,
an RNA molecule. Late in the 1970s, American biochemists Thomas Check and
Sidney Altman, independent of each other, studied the structure and functions of
such enzymes. One of their tasks was to clear up the role of RNA incorporated as
part of the enzymes. At first, following the received opinion, the scientists believed



34 2 Life-Forming Role of Water in the Latest Discoveries and Hypotheses

<1, 2.

)
L
oapeces Tomme e 9N
Ni
Bases Deoxyribonucieic acid Bases

Fig. 2.11 The structure of DNA and RNA [23]

that the RNA molecule in such complexes was only an auxiliary element which may
be responsible for the construction of the correct structure of the enzyme or for the
correct orientation in the interaction of the enzyme and the substrate (i.e., that mol-
ecule, which is in fact subjected to the change) while the reaction being catalyzed
is performed by protein. In order to clear up the situation, the researchers separated
the protein and RNA components from each other and investigated their ability to
perform catalysis. To their great amazement, they saw that even after the removal
from the enzyme of the protein, the remaining RNA was capable of catalyzing its
specific reaction. Such a discovery would mean a breakthrough in molecular biol-
ogy. Earlier it had been believed that reactions could be catalyzed only by proteins
rather than nucleic acids.
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However, could it be that this was ineffective purification of RNA, leaving some
intangible, minimal pieces of protein which are capable of implementing catalysis?
The last and the most convincing proof of RNA capability for catalysis was a dem-
onstration of the fact that even artificially synthesized RNA, as part of the enzymes
being studied, may catalyze the reaction on its own. The RNA molecules, capable of
catalysis, were called ribozymes (by analogy with enzymes, i.e. protein ferments).
For their discovery in 1989, T. Check and S. Altman were awarded the Nobel Prize
for chemistry. It did not take long for these results to shed light on the theory of the
origin of life; the RNA molecule became “the favorite”. Indeed, a molecule capable
of carrying genetic information and other material to catalyze chemical reactions
had been detected! It would be difficult to imagine a more suitable candidate for
generation of protocellular life. Therefore, the scenario of the evolution of life has
been transformed [19].

The scenario of the commencement of life on Earth consists of four stages, and
at the beginning is RNA (Fig. 2.12) [22]. Paper [22] considers all four stages of the
formation and evolution of life on the Earth in detail. Is there a place in this scenario
for water as a participant in the origin of life on the Earth? With regard to this, the
first stage as the very beginning of the origin of life on the Earth is most interesting.

In all modern living systems, from viruses to higher animals, DNA or RNA “en-
joy the services” of protein enzymes in order to quickly and effectively, by means
of catalysis, transfer its information to a number of generations. None of the nucleic
acids in the modern living systems are able to replicate themselves.

The idea of a world composed of RNA, i.e., the existence of independent RNA
at the first stage, which started ~3.8 billion years ago, was established less than
20 years ago. In 1993, the Institute of Protein of the Russian Academy of Sciences
(RAS) empirically proved that RNA molecules are capable of forming molecular
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colonies similar to bacteria on gels or other solid media if they are provided with
conditions for replication (repetition). Such molecular colonies on solid or semi-
solid surfaces (for instance, montmorillonite with a film of water on the surface)
consist of assemblies of RNA molecules with different ribosome activity and can
be the first evolutionizing acellular ensembles. The evolution of RNA ensembles in
acellular colonies sped up due to the fact that these colonies were not isolated from
the environment and could easily exchange molecules and their genetic material.
The possibility of exchanging the RNA molecules via the air due to the spontane-
ous nonenzyme recombinations of the RNA molecules in the case of collisions in
the water medium was proved. Having summarized known functions, which are
performed by RNA in a cell, the author of paper [22] came to the conclusion that all
basic processes in the living cell may be implemented only by means of the pres-
ence of different types of RNA. Furthermore, the famous triad DNA <> RNA —
protein took shape only at substage I of stage II of the origin and evolution of life
on the Earth, probably 3.6 billion years ago (Fig. 2.12). The classical definition that
“life is a cellular protein form of matter existence” means that both macromolecules
and the cell, i.e., the membrane with its complex and varied functions, are important
for its existence. After the appearance of the cell, the bacterial world developed very
fast.

Hence, at what phase of the development of the Earth, as a planet, do these tran-
sitions occur? According to the opinion of some scientists, the origin of life could
be in space. This rather popular theory of panspermia asserts that life is carried in
all directions in the Universe in the form of “spores”. These may be organic com-
pounds sometimes of a rather complex structure, whose traces were found in the
meteorites that had fallen on the Earth. According to astrophysicists, organic matter
exists in great amounts in gas-and-dust clouds and space dust, which is constantly
engulfed by the Earth. According to the author of paper [22], life from space is
carried only in the form of short oligonucleotides, which may be frozen into ice of
any composition (methane, aqueous) and transform into a favorable medium. This
cycle starts anew every time: the synthesis on montmorillonite, the emergence of
the RNA and DNA molecules and protein, and finally, the emergence of a cell.

The scientists tend to come to a conclusion that the presence of water in space ob-
jects is most likely a rule, rather than an exception. American space probes detected
water on two of Saturn’s satellites and on Mars. From this evidence, the existence of
life on these planets in the past or at present can be assumed. In 2001, the scientists
of the IMS Scientific and Research Center under NASA and the division of Califor-
nia University in Santa Cruz (the USA) carried out an experiment under conditions
similar to those for the formation of the Solar System. The blend of various sub-
stances (water, methanol, carbonic acid and carbon dioxide) was cooled down to 10
K (—263.16°C). It was irradiated by ultraviolet light with the wavelength similar to
the wavelength in a dense molecular cloud from which the Solar System allegedly
formed. The formation of organic molecules took place. Self-organizing structures
of 10 um in size were identified. By shape these were bubbles, which resembled
cells. In July 2005, the American scientists found at least three areas covered with
ice on the surface of the Temple comet’s core. According to the researchers, the
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water, which changed to ice, contains a lot of impurities. Scientists long ago came
to the conclusion that comets are fragments of the initial Solar System at an instant
of its inception 4.6 billion years ago.

An important conclusion, which one may make today based on numerous data,
is the fact that the evolution of life is determined by the irreversible processes of
the Earth cooling, which started about 4 billion years ago, and by the oxidation of
the upper shells, in the first place, the hydrosphere, which served as a prime cause
for the beginning of evolution. A sensational conclusion was made by the scientists
of a laboratory under the US Department of Power in the course of research related
to an attempt to explain the change of every 200 thousand years of the direction
in the Earth’s magnetic field [18]. In the center of the Earth there is a core of the
melted mixture of uranium and plutonium, maintaining a constant nuclear reaction,
rather than melted iron and nickel. This core, almost 8 km in diameter, is a “natural
gigantic nuclear reactor”. As a result of its “work™ around the Earth, a powerful
nuclear reactor, which protects the planet from dangerous cosmic rays capable of
annihilating all biological life within several seconds, appears. The natural reactor
also supplies energy to the movement of the continental platforms and manifests
itself in the eruption of volcanoes. It is obvious that a number of additional condi-
tions are necessary for the inception of the process. One of them is the presence of
water. Water (12—15 %) is necessary as a moderator of neutrons, which form in the
case of spontaneous division of uranium, since the reaction may occur only under
the effect of slow neutrons.

One more interesting hypothesis lies in the fact that life originated near emis-
sions of hot volcanic water, where, due to temperature and the presence of large
concentrations of biogenic molecules, the reaction of the formation of biomolecules
may occur at high speeds [22]. In addition, substantial temperature differences
could facilitate the processes of the matrix synthesis of nucleic acids. High temper-
atures (near the source) were conducive to the decomposition double filar nucleic
acids to unifilar acids, during which (as a result of a decrease of the temperature)
the other cycle of synthesis may occur. Such a scenario resembles the technology of
the repeated replication of nucleic acids, referred to as a polymerized chain reaction
(PCR), and developed in the mid-1980s [17].

So far the theory of the RNA world is full of contradictions and ambiguities.
Many of them, no doubt, will be solved within the framework of the “classic” hy-
pothesis implying that life’s source was RNA as we know it in the modern form.
However, how can we explain within the framework of this theory the evidence of
archeologists and paleontologists who have found the remnants of the first primitive
cells in layers from the period of 3.5 to 3.8 billion years ago? At the same time, one
may consider that life could not originate earlier than 4 billion years ago because
before that the Earth had been intensively “shelled” by meteorites and comets. Ac-
cording to more radical data, it’s “shelling” ended even later, about 3.8 billion years
ago. Thus, effectively there was no time for the development of the pre-cellular
world. Prominent adherents and founders of the RNA world hypothesis Thomas
Chech and Lesley Orgel [19] agreed to this.
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In paper [18], Academician V. Parmon put two rather daring hypotheses about
the origin of life. Firstly, the planets, according to V. Parmon, were formed under
conditions of the catalytic reaction process. They formed from a gas-and-dust cloud,
which looked like a huge catalytic reactor since in the absence of chemical reactions
dust particles cannot hold together. Secondly, natural selection started as early as
the chemical stage of evolution, while primary organic compounds, from which life
may originate, occurred prior to the formation of the planets. Neither of the exist-
ing theories about the origin of life clarifies how the first RNA and DNA appeared.
The mathematical likelihood of the random “self-creation” of these molecules is
too feeble. Hence, numerous speculations about the extraterrestrial origin of life ap-
peared. However, according to Academician V. Parmon, the start of evolution could
be triggered by a catalytic reaction. The simplest schematic of such a reaction is as
follows: the molecule of “food” plus the molecule of an “assistant” (autocatalyst) is
provided by two autocatalyst molecules.

In the course of experimenting with the concentration of “food” and assuming
that the molecules of the autocatalyst are capable of mutating, one may find an ana-
logue of natural selection; the molecules which can do with a minimal amount of
“food” can survive. This does not correspond to the familiar theory of “thick bouil-
lon”, according to which life originated due to the excess of nutrients. Even so, the
assumption that hunger is a “driving force of the progress” seems to be quite logical.

However, is there a reaction in chemical science which corresponds exactly with
this example? The answer is yes, there is at least one. Butlerov’s reaction was de-
scribed by a prominent Russian chemist as early as in 1864. This is a synthesis of
various sugars from formaldehyde which appear in the presence of ions of cal-
cium or magnesium. It is well-known that the Butlerov’s reaction is autocatalytic
although the nature and action mechanism of autocatalysts is still unknown. The
reaction is uncontrollable; each time very different sugars are obtained at very dif-
ferent proportions. The experiments dealing with the study of this reaction, when
the amount of the “food” decreased, so far were not carried out. Similar research has
started at the Institute of Catalysis.

It is considered as a fact that ribose (a type of sugar) in the Butlerov’s reaction
appears consistently. Additionally, ribose is the basis for the creation of both RNA
and DNA. Hence, an important conclusion follows: the required “spare parts” for
the assembly of the first RNA and DNA could appear in the course of the Butlerov’s
reaction. Moreover, as geologists believe, there was an explosive atmosphere com-
posed of methane, water vapor, carbon dioxide and ammonia on ancient Earth. With
such a cocktail for the formation of formaldehyde, which is necessary in the above
reaction, only the presence of a hot surface was needed. Therefore, the basis of life
could not be protein at all, as is a commonly accepted belief; instead it was probably
sugar, which appeared in the course of the auto catalytic reaction.

The author of paper [23] constructed a scenario, based on his own polytetrameric
model of the water structure, of the earliest stage in the development of life on
Earth—the synthesis of prebiological organic matter. He considered the involve-
ment of water not only as a universal and the only possible solvent but also as
a matrix which forms when water participates in the coding of proteins through
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nitrogen bases of DNA. Behind such an approach, as the author writes, lies the fact
that “T succeeded to graphically reveal the existence of left-hand and right-hand
aqueous tetramers playing in the usual water the role of molecules ...where the
bilateral symmetry of the structural units of the water... should somehow affect the
prebiological synthesis of organic matter”. The scenario proposed in paper [23] of
the early stage in the development of life on the Earth is based on the phenomenon
of randomness and in the absence of experimental data on the existence of bilateral
symmetry of the structural units of water in real conditions, when life originated on
the planet Earth.

According to contemporary ideas about the origin of life on Earth [22], the
choice elected by organic molecules of a certain type of bilateral symmetry served
as a main prerequisite of their survival and subsequent reproduction. However, the
question of how and why the evolutionary selection of this or another mirror anti-
pode occurred remains one of the largest riddles of science. Soviet scientist L. L.
Morozov proved that a transition to chiral orderliness could take place in the case
of a certain sharp phase change rather than an evolutionary change. Academician
V. I. Goldansky referred to the period during which life originated on the Earth as
a chiral catastrophe. So, how did the conditions for the phase catastrophe, which
caused the chiral transition, appear? The most important was the fact that organic
compounds melted at 800—1,000°C in the Earth’s lower crust, while compounds
in the upper crust cooled down to the temperature of space, i.e., the absolute zero.
Under such conditions, the temperature difference reached 1,000 °C. Organic mole-
cules on the lower crust melted under the effect of high temperatures and were com-
pletely destroyed while the top crust layer, where organic molecules were frozen,
remained cold. Gases and water vapors which seeped from the Earth’s crust varied
the chemical composition of organic compounds. Gases carried heat which caused
the melting boundary of the organic layer to shift up and down, creating a gradient.
At very low atmospheric pressures, the water on the Earth’s surface was only in
the form of steam and ice. When the pressure reached the so-called triple point of
water (60 Pa), water for the first time could be in the form of liquid. Certainly, it is
only empirically that one can prove what caused the chiral transition: earth or space
reasons. However, in any event, at some instant chiral ordered molecules (namely,
left-hand rotating amino acids and right-hand rotating sugars) turned out to be the
more resistant which lead to the continuous growth of their amount—known as
chiral transition [18, 24].

The most wonderful thing in the structure of water lies in the fact that its mol-
ecules at low negative temperatures and high pressures inside nanotubes may crys-
tallize in the form of a double helix resembling DNA. This was proved by computer
experiments of American scientists, headed by Syao Chen Zen at the Nebraska State
University. The scientists expected to see that water in all the cases forms a thin
tubular structure. However, the model demonstrated that, given the tube diameter
1.35 nm and the pressure 4.0 GPa, hydrogen bonds warp, which results in the for-
mation of a helix with a double wall. The inner wall of this structure is a helix
twisted fourfold; the outer one consists of four double helixes like the structure of
the DNA molecule [18]. The last fact affects not only the evolution of our concepts
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about water, but also the evolution of the early life and the DNA molecule itself. If
one assumes that in the time of the origin of life cryolite clay rocks had the shape
of nanopipes, then a question arises: could the water absorbed in them serve as a
structural basis (matrix) for the synthesis of DNA and reading the information? Pos-
sibly, therefore, the helix structure of DNA repeats the helix structure of the water
in nanopipes. To confirm or refute the existence of such macromolecules may only
lead to similar experimental investigations under the ambient conditions.

2.3 Water Isotopic Composition: The Role of Deuterium
in the Destruction of DNA

Only in 1931 did the existence of heavy water in nature become known. Its compo-
sition, although in very small amounts, incorporates the heavy hydrogen isotopes—
deuterium and trittum. This year was marked by the discovery of heavy hydro-
gen—deuterium, by American physicochemist Harold Urey. H. Urey entrusted his
assistant to evaporate 6 L of liquid hydrogen, and in the last fraction of 3 cm® by
the spectral analysis, he detected a heavy isotope of hydrogen with an atomic mass
twice the mass of known protium [24, 25].

The scientists arrived at the conclusion that perhaps there was a heavy isotope of
hydrogen with an atomic mass of 2. In 1932, H. Urey and E.F. Osborn for the first
time found in natural water a heavy one. Two year later Harold Urey was awarded
the Nobel Prize. The discovery of the third superheavy hydrogen isotope, tritium,
with the atomic mass 3, was kept a secret for 3 years due to strategic considerations.
In 1951, tritium water was obtained and researched.

In natural water the atomic fraction of tritium is insignificant at only 107'5.
Nonetheless, it is contained in the water we use to drink, and over the years it sub-
stantially harms our genes, causing ageing and diseases.

Deuterium water is obtained with a miniscule amount of trititum water by its
concentration in the leftovers of electrolyte after electrolytic decomposition of natu-
ral water and also in fraction distillation of liquid hydrogen. Industrial fabrication
of heavy water increases with every year in nearly all countries, and especially in
states possessing nuclear arms.

Heavy water is mainly used as a moderator of fast neutrons in splitting radioac-
tive elements in nuclear reactors. The prospects of using heavy water or human
needs are grandiose. It may become an inexhaustible source of energy: 1 g of deu-
terium gives tens of millions times greater energy than the burning of 1 g of coal.

Tritium water so far is of limited use and is used, mainly, in thermonuclear reac-
tions and also in physicochemical and biological investigations as tracer radioactive
molecules.

Six oxygen nuclides have been detected: '*O, 0, '°0, 170, 80, 0. Three of
them—'°0, 70, '30 are stable, while *O, 30 and '°O are radioactive. Stable oxy-
gen isotopes are contained in all natural water. Their ratios are as follows: per 10
000 portions of '°0 fall 4 parts of 17O and 20 parts of '30.
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What is Earth’s water from the viewpoint of the isotope composition of the ele-
ments forming it? For characterization of the water isotope composition, three stan-
dards are used: the generally accepted Viennese Standard SMOW, and also GISP
and SLAP, which are given below.

International standards of the water isotopic composition [26]

SMOW-—Viennese standard of average ocean water D/H=(155.76+0.5)x107°
130/1%0=(2005.2+4.5)x 10°¢

GISP—the water standard from Greenland ice D/H=(124.6+4.5)x10°

SLAP—the water standard from Antarctic ice D/H=(90.5+1.0)x 107

SMOW standard (Standard Mean Ocean Water) corresponds to the depth water of
the World Ocean with the content of 997.0325 g/kg (99.73 %) of light water 'H,'¢O.
The SLAP standard (Standard Light Antarctic Precipitation) corresponds to natural
water from the Antarctic, where the fraction of light water constitutes 997.3179 g/
kg (99.76 %).

The isotope composition of the water on Earth with the account of only stable
isotopes looks as follows:

Water isotope composition [26]

Natural water

Stable molecules

H2160 H2]7O HZIBO
HD'%O HD'O HD®0
D2160 D217O D218O
Light water, volumetric fraction, Heavy oxygen water, volumet- Heavy water, volumetric frac-
% ric fraction, % tion, %
H,'%0—99.727 H,"0—0.20 HD!*0—0.033
H,'70—0.04 H,0+D,0=2HDO

As can be seen from the data shown, the combination of stable isotopes yields nine
varieties of molecules. In this case the bulk water falls on the molecules of protium
(light) water with oxygen 16-99.727% and on heavier molecules only 0.273 %.
In this case, heavy molecules are distributed in the following way: H,'®*0—73.3;
H,'"70—14.7; HD'O is 12.1% of the total volume. In fresh water sources the con-
tent of heavy water usually constitutes about 330 mg/dm? (per the HDO molecule)
and in a heavy-oxygen molecule (H,'®O)—about 2 g/dm?’. This can be compared
with or even exceed the allowable content of salts in drinking water. In addition, it
was noted that natural isotope variations of D and 'O are abnormally high. If we
consider deuterium as a microelement, incorporated not only into water, but also
into important organic compounds, then in terms of significance it can rank as one
of the first if not the first. Among the other elements in human organism, deuterium
appears right after sodium. The amount of deuterium in blood plasma is four times
higher than potassium, 6 times higher than calcium, 10 times higher than magne-
sium and much higher than the content of such important trace elements as fluorine,
iron, iodine, copper, manganese and cobalt.
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Fig. 2.13 The isotopic composition of the human body and number atoms of elements forming it
(unit—number of atoms x 10?%)

As shown in paper [26], based on natural variations of deuterium, one may infer
that its content in human organisms varies greatly, from 9 to 16 mmol/dm?, even if
one considers that within a lifetime it does not build up in organisms, owing to reac-
tions of isotopic exchange; however, perhaps, this is not so. In human blood plasma
the deuterium concentration is higher than in consumed drinking water, which is
confirmed by the following data:

Content of trace elements in human blood plasma [26]

Microelement Content, mmol/ Microelement Content, mmol/ Microelement Content, mmol/

dm? dm3 dm?
Na* 130-156 Ca** 2.30-2.75 Fe?* 0.012-0.032
Br- 17 Mg?* 0.7-1.2 I 0.000275—
0.00063
D* 16 F 0.37 Mn?* 0.00007-0.0004
K* 3.4-3.5 Cu?* 0.071-0.074 Co** 0.00002-0.0006

In plasma the content of deuterium exceeds 16 mmol/dm?. Since hydrogen is not
only part of the water but also macromolecules, which make up proteins, fats and
hydrocarbons. Therefore, it may be assumed that these oscillations will not re-
mained unheeded by the organism, so that by the number of atoms in a human body
hydrogen convincingly holds the first place, though by the mass it is only the third
(Fig. 2.13) [26].

Heavy water at present has been sufficiently well studied. Numerous investiga-
tions involving heavy and radioactive isotopes of oxygen have proved that the wa-
ter, enriched with deuterium and tritium, is harmful for the all forms of life.

Biological effects of heavy water manifest themselves in: a reduction in the rate
of biochemical reactions, tissue breathing, an increase of the viscosity of the pro-
toplasm of the cells and the rate of organism ageing; other reactions include the
induction of mutations, lesion of the gene pool, diseases like cancer, inhibition of
cell division, the reduction of growth rate, and the death of high vertebrates.
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The fact that 97 % of the water mass is represented by light and stable isotopes H
and O pose an advantage to life.

“The prime” moment of tritium water has not yet come because there is very
little of it on the Earth, only about 25-30 kg. However, its amount in the Earth’s
water continuously grows since it is formed during the bombardment of the nuclei
of nitrogen and oxygen with cosmic rays. Unlike protium and deuterium, tritium is a
radioactive element with a half-life period of 9 years. The properties of superheavy
trittum water differ from those of light protium water more than from deuterium
water.

Light water is the deuterium depleted water whose molecules contain heavy iso-
topes of hydrogen and oxygen in minimal quantities. In the first approximation,
such water may be considered as a substance with the chemical formula H,'°O [27].

The protium water H,'°0 in a pure form, i.e. without any infinitesimal impurities
of the other isotope varieties, should be considered as classical. Stable hydrogen
isotopes with stable oxygen isotopes form 9 isotope varieties of water molecules,
namely: H,'°0, H,'’0, H,'®0, HD'°O, HD'"O, consisting of light nuclides HD'*O,
D,'%0, D,"0, D,'0. In a quantitative respect, the bulk of the water of natural
sources is represented by the H,'°O molecules, consisting of light nuclides D, 7O,
and '80. The amount of water molecules containing heavy nuclides D, 7O, and '%0
depends on the concentration of these nuclides, which in natural water varies within
the limits recorded in the main standards of the isotope composition of the hydro-
sphere. Though the content of protium water substantially exceeds the contents of
all types taken together, there is no pure H,'°O to be found under these ambient
conditions.

The water with a substantially increased fraction of H,'%0, has a smaller molecu-
lar weight, possesses a lower density and is the lightest in the category of isotope
light water. Such water is defined as especially pure.

Features of Light Water The main feature of light water is the isotopic purity of the
substance, which is unlike ordinary water. Light water does not contain impurities
like heavy (D,0) and semiheavy water, whose molecular weight exceeds 18 amu.
The water containing H,'°O displays properties which are different from the water
with a natural content of isotopologues.

As a universal medium, where all biological reactions are directed, the water
with an increased content of H,'°O speeds up these reactions, compared to the water
from natural isotopic composition. Such an effect is known in fundamental sci-
ence as “the kinetic isotopic effect of a solvent”. During this effect, heavy isotopes
inhibit or delay the reactions more than light isotopes. When heavy isotopes are
eliminated from the water, it triggers the reactions; therefore, light water generally
activates biological reactions of live systems. This property of light water is use-
ful under conditions when the rate of metabolic reactions is low; it can be applied,
for example, in ageing, metabolic diseases like diabetes, insulin resistance and the
metabolic syndrome.

Density and temperatures of phase transitions of light water is lower than that of
heavy water (see Table 2.1).
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Table 2.1 Change of physical properties of the water upon isotope substitution [26]

Indicator Water isotope composition

H,'50 D, 50 H,50
Density at 20 °C, g/cm? 0.9970 1.1051 1.1106
Temperature of maximum density, °C 3.98 11.24 4.30
Melting temperature at 1 atm, °C 0 3.81 0.28
Boiling temperature at 1 atm, °C 100 101.42 100.14
Steam pressure at 100 °C, mm Hg 760.00 721.60 758.10
Viscosity at 20 °C, mPa s 1.002 1.247 1.056

Water vapor’s equilibrium pressure from different isotope composition differs
and attracts acute attention. The lighter a water molecule, the higher the pressure
of the vapor will be, and this means that the vapor, which is in equilibrium with the
water, is always enriched with light isotopes of oxygen and hydrogen.

The reaction of biosystems when they are subjected to water may vary depend-
ing on quantitative and qualitative changes of the H,O isotope.

The positive biological activity of water with a reduced degree of the deuterium
concentration is described in papers [28-35].

Biological effects of light water:

» Optimization of the biological reactions rate;

+ Stimulation of cell division and growth of organisms;
» Radioprotective effect;

» Antimutagenic effects;

* Medical-prophylactic and anti carcinomatous effect.

Production of Light Water For the production of isotope light water, methods and
units proposed aimed to lower the amount of only heavy isotope hydrogen, mainly
deuterium, in water, preserving the initial isotope composition of oxygen in H,0.
The method of obtaining “melt-water” and “relict” water with a reduced content
of heavy isotopes of deuterium and tritium includes the operations of water cool-
ing and subsequent thawing of the frozen water. However, the degree to which the
amount of deuterium can be lowered in this case is rather small. Rather heavy water
depletion by deuterium isotopes is achieved by the method of electrolysis, but the
capacity of such an apparatus is very low.

Though the reduction of deuterium moiety in the water results in an increase of
the H,'%0 fraction, water deuterium depletion only limits the possibility of further
increasing H,'°O. A substantial increase of the H,'60 in the water is possible only
upon removal of the maximum number of molecules containing heavy nuclides D,
170, and 0. Therefore, it is preferable that the content of H,'°O in commercially
produced water increase due to the removal of molecules containing not only deu-
terium but also heavy oxygen nuclides (70, '*0).

The Role of Deuterium in Destruction of DNA Isotope effects of heavy water in
high concentrations, not existent in field conditions, are successfully studied at
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present. The extrapolation of the obtained data to strong dilution of heavy water
does not allow tangible effects in lowering the concentration of heavy isotopes
below the natural level. Nonetheless, in the past decade it has been shown that
natural water, depleted by heavy isotopes of hydrogen and oxygen, possesses a
stimulating effect for different biological objects and even contains medicinal prop-
erties [32]. Thereby, it was confirmed that a live cell is capable of responding to
infinitesimal changes of the deuterium content in water.

As early as in 1974, an assumption was expressed that deuterium was a possible
reason for ageing. According to available data, ageing is related to the gradual build-
up of DNA errors arising in connection with the break-off of the strand, with the
errors occurred during DNA replication or with the dysfunction of the mechanisms
of its reparation. Paper [20] considered factors which unfavorably affect DNA and
also represent the research results in removing these factors from the cellular me-
dium. It is believed that the most abundant mutagen, which causes damage to DNA,
is low-level solar radiation; DNA is also negatively affected by heavy water (D,0,
deuterium oxide). The concentration of heavy water on the Earth’s surface consti-
tutes 155 molecules per million. Due to this low concentration, heavy water does
not usually attract attention. However, the latest research has demonstrated that the
usually ignored deuterium oxide may play a key role in the ageing process.

One of the main factors limiting human lifetime is a natural damage of DNA,
both from the direct effect of radiation and from free radicals produced by radiation,
mutagens and natural metabolic activities.

The Earth’s atmosphere (ozone) shields the bulk of cosmic radiation; however,
some amount of radiation still penetrates the atmosphere and reaches the Earth’s
surface. This radiation, together with Earth’s natural radioactive sources, creates an
ionizing radiation which negatively affects DNA. In a human body, nearly all DNA
damage is eliminated, thanks to an inherent repair mechanism (self-restoration).
Nonetheless, in some cases, such mechanisms are disturbed, which results in dis-
eases and stimulates ageing.

Without a doubt, diseases like cancer and a total decrease of the DNA integrity
are interrelated. This means that by the end of the life cycle a human “encounters a
barrier” when DNA integrity is controversial and there is no method for restoration
of all its strands, which would be conducive to prolonging longevity. Consequently,
a huge advantage exists in preserving DNA from an early age so as to optimize both
the longevity and quality of life.

In papers dealing with the biological impact of low-level radiation, it has been
shown that the gradual change of DNA caused by radiation and other mutagens is
impossible to be detected by contemporary methods. It was found that an intensive
short-time radiation effect results in early aging, but the discussion still continues
as to whether mutations are caused by normal radiation levels. lonizing radiation
results in the formation of free radicals, which attack DNA, but this also occurs dur-
ing natural metabolic processes. Some scientists even assert that low-level radiation
triggers an “immune response”, which protects DNA from further damages. Natural
levels of ionizing radiation produce a weak negative effect, but a very small number
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of incorrectly restored breaks of DNA strands, building up for decades, can cause
ageing effects.

Deuterium, Mitosis and DNA Cell division lies at the core of the growth and sex-
less propagation of organisms. It is well known that the high level of deuterium
delays the mitosis rate (direct cell division), but a precise mechanism of this pro-
cess is still not clear. In 1989, Jan Lamprecht, Diter Schreter and Nidhart Pavelets
conducted research on the impact of deuterium on mitosis at the The Institute of
Cell and Tumor Biology and German Cancer Research Center in Heidelberg. In
one of the experiments, the cells were subjected to the treatment of heavy water
(deuterium oxide) with concentrations of 25, 50 and 75% for 2 h, while in the
other—by the impact of a 75% deuterium oxide for 2, 6, 12 and 24 h. After that,
the number of cells, which were in four phases of mitosis (prophase, metaphase,
anaphase and telophase) and interphase (the period of cell preparation for division),
was measured.

On average, the mitosis lasts 1-2 h and includes the separation of preliminary
doubled material, nucleus division, division of the cell itself, and cytokinesis. The
obtained data demonstrated that the unusually large number of cells were in the pro-
phase and metaphase, but especially in the metaphase. If the rate of DNA replication
is delayed just during the prophase (the beginning of the formation of the division
spindle — the system of protein strands) ionization radiation could break the strands
when they are sensitive to damage. However, to verify this influence, it is necessary
to carry out in-depth experiments without the presence of deuterium in DNA mol-
ecules and enzymes to determine whether the replication of DNA speeds up in this
case compared with the DNA containing usual concentrations of deuterium [27].

Hydrogen and Deuterium Bonds in DNA As has already been noted, the DNA mol-
ecule is a right-hand twisted double helix consisting of the sugar-phosphate frame-
work and nitrogen compounds (see the insert, Fig. 2.10). It records all information
about a specific live organism in the form of alternating cyclic fragments containing
carbonyl and amine groups. There are four types of such fragments: adenine, thy-
mine, guanine and cytosine (A, T, G and C). They are arranged in the form of lateral
pendants along the whole polymer model of DNA. The order of alternation of these
fragments determines the individuality of every live creature. In a paired interac-
tion (A-T and G—C), the hydrogen bond appears between them. It is this bond that
holds two DNA molecules in the shape of the widely known double helix [21]. It is
believed that deuterium affects biological processes by disturbing the formation of
hydrogen bond since the bonds formed by deuterium atoms are stronger that those
formed by the usual atom of hydrogen [6, 36].

Hydrogen Bond and DNA In the DNA molecule the hydrogen bond G—C and A-C,
which is formed between the strands of the double helix, presents interest. An accu-
rate value of the force of the deuterium bond is difficult to determine. The strength
of individual hydrogen bonds of DNA was assessed by D. G. Turner and N. Sagi-
moto; however, the accuracy of their model is under question. T. R. Griffith believes
that deuterium bonds in enzymes affecting DNA is normally by 0.4-1.7 kJ/mol
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Table 2.2 Strength of the usual hydrogen bond and formed by a deuterium atom in hydrogen
compounds [21]

Organic compound Usual H-bond, kJ/mol H-bond at D-substitution, kJ/mol
Minimal  Critical Maximum
Aqueous solution of formaldehyde 6.69 0.25 1.17 2.09
Dimer of formic acid 45.31 0.21 0.42 1.21
Aqueous solution of formic acid ~ 24.95 0.13 1.21 2.38
Formamide dimmer 34.78 0.17 0.67 2.30
Aqueous solution of formamide  18.89 0.13 1.46 2.84

stronger than the usual hydrogen bond. This can be assessed by different methods
requiring considerable calculation.

Table 2.2 and 2.3 give the data reflecting the change in the strength of the hydro-
gen bond in the presence of deuterium atoms in hydrogen bonds.

As can be seen from the data of Table 2.2, the replacement of some hydrogen
atoms by deuterium atoms sharply affects the strength of the hydrogen bond, and
in other cases the effect, which is more substantial and maximum, can be observed
when all hydrogen atoms are replaced with deuterium atoms.

The Length of the Hydrogen Bond In replication and reparation of DNA, the form
of the enzyme molecules which control these processes is extremely important.
Deuterium somewhat reduces the length of the bond and inhibits the appropriate
functioning of the enzymes. However, this effect is most likely quite insufficient,
possibly by the order of ~1%. Generally speaking, the formation of the hydro-
gen bond in the DNA molecule is a cooperation process which affects stacking-
interaction and involves the whole molecule. If enzymes are used as conductors,
the strength of the deuterium bond in the DNA molecule is 0.5-2.0% larger than
in an ordinary hydrogen bond. When a small concentration of deuterium exists in
nature, and there is a small increase of the force of deuterium bond compared with
the usual hydrogen bond, it is tempting to conclude that deuterium does not produce
any substantial negative impact on DNA at the concentration of 155 ppm. However,
the strengthening of the deuterium hydrogen also produces other potentially harm-
ful effects.

Probable Mechanisms of the Harmful Influence of DNA. Deuterized
Enzymes According to a well known theory, deuterium negatively affects the shape
of the enzyme molecules involved in DNA-processes. This main concept was put
forward by T.G. Griffith in the paper “The possible role of deuterium in stimulation
of ageing and other biological mechanisms and processes”.

When deuterium is included in a chemical reaction, it is necessary to consider
small changes in the induction effect because deuterium is more electrically perme-
able than hydrogen. The hyperconjugative effect has become apparent since CD,,
for instance, is less delocalized than CH,, and, what is more important, the effec-
tive length of the C—H bond becomes shortened, which affects steric effects. This
confirms the opinion that for any stereospecific molecule of the enzyme containing
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Table 2.3 Strengthening of D-bond compared with a usual H-bond according to the data of Table
2.3%

Organic compound H-bond at D-substitution, %

Minimal Critical Maximum
Aqueous solution of formaldehyde 3.75 17.50 31.25
Formic acid dimmer 0.46 0.92 2.76
Aqueous solution of formic acid 0.50 4.85 9.54
Formamide dimmer 0.48 1.92 6.61
Aqueous solution of formamide 0.66 7.75 15.04

dethrone (deuterium nucleus) on the important section, potential will be involved
in erroneous reactions.

Interference of Deuterium into DNA Reparation with Enzymes A large group of
enzymes and proteins are involved in the replication and reparation of DNA. Some
such enzymes actively use external hydrogen bonds. They are potentially very sen-
sitive to the negative effects of the available deuterium. One very important protein,
pS3, is responsible for the reparation of DNA. Several different types of damages
to DNA may activate p53. For instance, two-strand breakages of DNA after gamma
radiation, the emergence of double-strand breaks of DNA caused by gamma radia-
tion, appearance of DNA reparation intermediates after UV-radiation or chemical
damage to DNA are all means of p53 activation. It should be noted that more than
50% of human diseases are accompanied by gene mutation forming protein p53
[21].

Delay of DNA Replication Deuterium may also inhibit enzyme DnaB, which is
responsible for unfolding and separating DNA during replication. Other enzymes,
such primaze and polymeraze, play important roles in synthesizing RNA and the
joining of nucleotides to the DNA strand in the course of replication. If the action of
one of these enzymes is suppressed, the rate of DNA replication may also be notice-
ably suppressed, and this is when DNA is the most vulnerable to radiation damage.
Thus, deuterium may serve as a catalyst for DNA degradation in a natural level of
radiation exposure.

The Inhibition of the Bonding Sections in Replication of DNA The process of DNA
replication in some measure is like reparation of a double-strand break of DNA.
The complex of enzymes makes it possible to identify and restore the DNA strands
located on certain bonding sections. Hydrogen bonds often act on these sections. If
deuterium is on them, the synthetic effects and the enhanced strength of the bonds
may inhibit DNA reparation. In its turn, if the DNA reparation rate is substantially
decreased, ionizing radiation may continue to prevent the reparation process. This
is when the strand is destroyed and sensitivity to additional radiation damage is
increased.

The Efficiency of Using the Deuterium Depleted Water According to the data given
in paper [21], the use of light water differs from various antioxidants, HGH stimu-
lants, vitamins and other means of anti-ageing in one key aspect: light water does
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not change chemical composition in assimilation. The light water consumed poses
direct affects at the cellular level. However, in order to make these effects notice-
able, it is necessary to remove deuterium content. By means of exothermal reactions
substituting the deuterium, atoms are gradually replaced by normal protium atoms.
This process occurs faster when the concentration of deuterium in drinking water is
at the lowest possible level. The deuterium constantly enters the organism, which
consumed the food that is grown and cooked using light water. Light water may
protect DNA from damage and help mechanisms of DNA reparation; however, on
its own, light water will not directly restore DNA by itself. Therefore, the question
remains as to whether light water can “rejuvenate” organisms and help them func-
tion more effectively [21].
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Chapter 3
Water Clusters

Abstract The analytical review of existing structure theories, water properties and
its clustering has been covered. The latest theoretic researches, related to the build-
up of hydrogen bonding and structure of water clusters, have been revealed. A new
concept of understanding of water icosahedron has been covered. The interrelation
of physical effect on water and clustering has been revealed. The research results of
cluster structure of heavy, light and ubiquitous water have been covered. The above-
mentioned results are the evidence that water properties basically are dominated by
the structural water condition, which depends on deuterium concentration in water.

Keywords Water structure - Water properties + Clustering - Heavy water - Light
water - Hydrogen bonding - Water icosahedron

3.1 Water Structures, Properties and Cluster Formation

Recently much attention has been drawn to cluster formation in water. This forma-
tion is determined by the involvement of water molecules in the formation of in-
termolecular hydrogen bonds [1-5]. Advocates of the classical interpretation of the
structure of liquids believe that the life cycle of the water clusters is very short (in an
order of 107'2); as a result, a cluster of shimmering formations with a short lifespan
cannot conspicuously affect water properties. Supporters of the idea of water struc-
turing imply that clusters in the water may be preserved for a long time; therefore,
one cannot ignore the presence of associates in a number of cases.

We believe water properties (physical, chemical and physicochemical) are com-
pletely determined by the structural state of the water, which depends on its cluster
composition (see Fig. 3.1) and on such factors as cluster size and the concentration
of the clusters.

The structure of liquid water has been an object of extensive research [6—12].
The study of water structure in the twentieth century gave rise to numerous con-
cepts, most importantly the acknowledgement of the presence of ordered domains.
These theories (Samoilov’s structural defects, structures of Bernard—Fowler, Pol-
ing’s “hydrates”, shimmering clusters of Frank and Wien and many others) were
intensively discussed in a number of studies [6—8] (see also Chap. 2). Paper [13]
summarized all these discussions and note: (1) the remote order was neither au-
thentically nor experimentally detected in water; (2) the life-time of the clusters
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Fig. 3.1 Possible of water clusters

was estimated not to be in excess of 1071107 s; 3) there are reasons to believe the
presence of cooperative processes in water are related to the transfer of orientation
L- and D-defects of Bierumme [9].

The methods of X-ray scattering or neutrons scattering [14, 15] did not confirm
the formation of ordered structures with the dimensions exceeding units of nanome-
ters. This, in turn, does not agree with the data on hysteresis temperature anomalies
of the indicator of water refraction [16] or anomalous water scattering in aqueous
solutions of organic compounds [17]. Usually, the theoretical calculations of water
clusters are limited to tens of molecules or near the phase boundary [6, 16, 18]. M.
Chaplin, for example, has calculated and proposed a model of water whose basis is
the icosahedron (see Fig. 3.2).

Since a very pronounced ability of self-organization due to the formation of hy-
drogen bonds is characteristic of water, such properties of water as, for example,
fluidity and the capacity of forming gas hydrates implies the formation of expanded
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Fig. 3.2 Giant icosahedron
water
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ordered structures such as the continuum water model [19]. The data on acoustic
emission from aqueous solutions in the region from 0.5 Hz to 2.5 kHz imply the
presence of a source of generating sound waves with linear dimension larger than
dimensions of molecular clusters [20].

At present it has been acknowledged that, owing to the existence of intermo-
lecular hydrogen bonds, water properties differ sharply from properties of other
hydrides. For instance, they have an associative structure [7], whose presence on
the global scale determines the Earth’s climate, as well as the origin and support of
life. Anomalous properties of water, just like anomalous properties of oxygen mol-
ecules, are the main factors which determine the existence of the Earth’s biosphere.
Unique, unusual properties of water in the liquid, solid and gaseous states (see
Chap. 2) are caused by the presence of strong bonds between hydrogen molecules:
two H-bonds in which the H,0 molecule is a proton-donor and two H-bonds with
the participation of lone pair of electrons of the oxygen atom. Such a basic structure
as that of water organization [21, 22] has been adopted as a basis for consideration
of structural models and water properties. The H-bonds determine the formation of
rather stable supramolecular structures—clusters, nano- and microdomains, whose
values depend on the presence and parameters of interfaces with a solid body, gas
or other liquid.

Many anomalous properties of water until today have not been completely ex-
plained. One of the reasons for this, from our perspective, is that the phenomenon of
the cluster formation of water has been largely ignored by researchers.

One anomalous property of water is that it exhibits the great ability of self-orga-
nization due to the formation of hydrogen bonds and cooperative effects [23, 24].
Hence, the primary structures may be dimers, trimers and oligomers. Cyclic struc-
tures with the five and six water molecules form various polyhedrons. The most
important of these polyhedrons have a symmetry axis of the fifth order (dodecahe-
dron and icosahedron). Such polyhedrons are significant because they can help to
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Fig. 3.3 Schematic representation of 5'> dodecahedral cluster (H,0),, (a), homological icosahe-
dral (H,0),,, (b) and (H,0),, (¢) clusters

explain many of water’s illusive properties; they provide information, for instance,
over water’s volatility and its capacity to form gas hydrates.

From such structural elements, long strands and special structures which fill the
volume may be formed. The motion of small molecules like water in the liquid state
at room temperature, according to contemporary notions, has the nature of rotary
fluctuations near the position of equilibrium, which may be conducive to cluster
formation. Only at an increase of water temperature to 70-80 °C, according to the
Einstein ratio (t=r1, eVUKT where 1 is the correlation time of the rotary motion) does
the movement of molecules resemble the movement in the gas phase substantially
reducing the stability of clusters. Since the reduction of temperature acts on the
structure of water as an ordering factor, the formation of clusters is possible from
the molecules of dimers, trimers and associates with a large number of molecules.
Depending on the research method one can observe from 2—15 up to 50-60 and
more water molecules [25-27]. In our opinion, such results are evidence of the
fact that the range of the existing sizes is rather wide. Recently, the idea of cluster
formation has received the ever broader recognition and experimental confirmation
through different methods [28-31].

Due to the rapid development of powerful ab initio technologies, the answers
were obtained for most of fundamental questions dealing with the nature of the
formation of hydrogen bonds and the structure of water clusters [32, 33]. Therefore,
with the use of the ab initio method MP2 geometrical and electron structures of
water complexes with ozone were calculated [33]. Also harmonic vibrational fre-
quencies and rotational constants H,0O, HDO and D,O were determined [32]. The
study of various structures of gas hydrates provided us with the possibility of seeing
the icosahedral cluster. The research of the structure of water clusters has resulted in
the identification of up to 280 water molecules (see Fig. 3.3). The structural and ori-
entation features of various “guest” molecules in the central volume of the cluster
icosahedral have also been established. It has been shown that the clusters of water
monomers have the highest stabilization energy.

In paper [34], the molecular dynamics method allowed the researchers to calcu-
late thermodynamic properties of pure water clusters as well as water aggregates
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with inclusion of the CO or CO, molecules. For the investigation of the structure
of H-bond clusters in methanol and water near the saturation curve and the critical
point, the molecular dynamics method was used [35]. The Monte-Carlo methods of
mathematical modeling for hydrate clusters with one ion were used when studying
the influence of the low-intensive electromagnetic radiation on water clusters with
the presence of ions of sodium and potassium [36].

Paper [37] presents the results of experimental and theoretical research of the
interrelation between the structure and electrical properties of the clusters.

Clusters containing six, seven, eight and nine water molecules were observed at
the Nanotechnology Center in London and Leibniz University in Hanover during an
investigation of ice properties at the nanolevel [38]. Apart from the experiments, the
paper used theoretical approaches of quantum mechanics. The complex approach
showed that, unlike crystalline ice, where the energy of binding is identical between
all water molecules, in nanoclusters strong and weak bonds (at the corresponding
distances) alternate between individual molecules.

Water clusters attracted a lot of interest because they are formed precisely within
a natural temperature interval and are capable of leading to “soft”, local variations
on water properties, either boosting or slowing down biological and other natural
processes. When considering water as a catalyst for biochemical processes, special
attention should be paid to the research results dealing with the cluster formation of
water. We believe that the study of the mechanisms of cluster catalysis based on the
fundamental approaches to the process of catalysis [39] will open hitherto unknown
water processes.

3.1.1 Conceptualizing Boundary Layers of Clusters

The concept, currently being developed by us, concerns the boundary layers of
water clusters; the phase boundary in water (irrespective of the origin of the cluster
model structure) is necessary for explaining the link between the water structure
and its properties. Such properties include, for example, the ability for overcool-
ing and the redistribution of impurities like deuterium, dissolved gasses and SAS.
Properties of the solution and disperse systems are also significant. The use of the
water model as a cluster liquid, in which molecules with a variable structure of H-
bonds act as a boundary layer, makes it possible to quantitatively describe many
phenomena, such as that of overcooling.

The special properties of the boundary layer enable the accumulation of impuri-
ties, which compensate for simultaneously occurring polarization charges. The con-
centration of surface layer substances which are less polarized than H,O will result
in the shielding of cluster charges and, consequently, in the weakening of hydrogen
bonds located outside clusters. Consequently, surface layer concentration will result
in stabilization of the cluster structure.

In connection with various successfully conducted experiments on the study of
gigantic heterophase water clusters (GHWC) [13, 28], the determination of clus-
ters as water fragments with the varied properties required the perfection of the



56 3 Water Clusters

terminology. This made it possible to differentiate the clusters according to the
number of water molecules they contained. The GHWC, or “microvolumes” of
water, involve HDO molecules in their formation. The existence of GHWC en-
ables the differentiation of ordered associates of smaller sizes, such as microclusters
(containing 2-20 molecules) or small clusters (20 to 80—-100 molecules). Gigantic
heterophase clusters contain 0'°-10'3 of water molecules [28].

The moving force of cluster formation, according to Frenckel [40], is the orienta-
tion and polarization of liquid dipole molecules. For the water, which is in the bulk
of the sample, the primary ordered forces are structurally similar to the sections of
the walls of a glass container. In addition, according to the notions about GHWC
that we have developed, the cluster formation is promoted by dissolved deuterium.
According to one of the mechanisms proposed, the role of deuterium involves the
formation of the volumetric network made of chains containing HDO.

The capacity of oxides to form acidic and basic surface groups with the par-
ticipation of Lewis and Brensted centers [41] depends on the ordered effect of the
structurally related surfaces for instance, silicate. The affinity of the centers of the
oxide surface to the electron pairs or to the protons results in the adsorption of water
molecules in a certain configuration. Usually, this configuration of surface charges
corresponds to the ice structure for silicone oxides. Upon water adsorption, the
polylayers near the surface of silicate act as a nucleation factor and form small wa-
ter clusters. In this case the HDO impurity in water may play a decisive role in the
formation and stabilization of GHWC. The energy of ionic hydration for the electro-
lyte exceeds the energy of water’s hydrogen bond by several times (for example, for
the ions Na*—by 5.2, CI™—by 4.2 times [42]). In this connection, when adding the
first portions of the electrolyte to the water, due to the ingress of a HDO to hydrate
shells of ions, it is possible that new clusters are formed, and some changes in the
GHWC structure occur.

The water varies in the structure, quantity and composition of microclusters, and
small clusters under the polarizing effect of the ions of the electrolyte dissolved in
the water, which is in contact with the silicate surface. The authors of paper [43]
assumed the possibility of destroying cooperative hydrogen bonds introduced by
the electrolyte. In our estimation, the existence of cooperative H-bonds which are
capable of encompassing the entire volume of the water sample, in combination
with the polarizing effect of the silicate surface, directly points to the possibility of
the formation of large size clusters, such as GHWC.

Paper [25, 44-51] described the methods of obtaining the water enriched clus-
ters. Thus, the authors of paper [44] used the cavitation energy of air bubbles for
obtaining water containing microclusters. The process was repeated at an increase
of water temperature to 60 °C. We believe that the break of the cavitation bubbles
is accompanied by the destruction of molecular structures of the liquid to smaller
structures, which results in the formation of microclusters. In reference [45], the
water clusters were produced by the magnetohydrodynamic treatment. Direct ob-
servation of clusters is difficult; therefore, when studying water properties (NMR,
IR and UV spectra of laser beam interference, Raman, viscosity, electroconductiv-
ity, etc.), their anomalies are referred to the manifestations of clusters.
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In paper [25] the initial water was boiled and converted into steam before it
was passed through a magnetic field. It was then condensed at a temperature a bit
higher than 0°C, radiating in the region from IR to UV spectrum (according to the
conditions of paper [46] the radiation should have a wavelength within the range
610 nm—1 mm). In this case, sodium metasilicate < 1 % was added to the condensate
as a template of crystallization. This is the way that microcrystalls of water were
obtained.

The presence of clusters in the water was linked with a width of the NMR signal,
viscosity and electrical conductance. Their dimension was assessed by the width
of NMR line to the oxygen nuclide "O. For this the water being investigated was
poured into a quartz laboratory dish of 2 ¢cm? in volume, placed in the resonator of
the NMR spectrometer. Water microclusters send a NMR signal <115 Hz wide. As
the standard for the water enriched with the clusters, the authors of paper [25] con-
sidered samples with NMR signal 60-70 Hz wide. Electric conduction of the water
clusters constituted ~3.7 uS/cm, with a surface tension of less than 61 mH/m. The
concentration of microclusters containing 3 to 15 water molecules was assessed
by amplitude and broadband of the NMR signal, using the computer software. A
substantial error by this method may be introduced magnetohydrodynamic effects.
As shown in paper [47], the interaction of the magnetic field of high tension with
the wall water layer, in a quartz laboratory dish (especially when using a usual tech-
nique of a rotary laboratory dish), results in the emergence of emf, electric current,
etc. In this connection, the integrity of the obtained information on clusters in the
water under conditions of the influence of magnetohydrodynamic effects causes
doubt.

In paper [48] highly-clustered water, possessing an increased affinity to oils was
obtained by treating pure water with the electric conduction 0.09 puS/cm. The fol-
lowing methods were used: the magnetic field, a weak electric current, the electric
field, ceramics, irradiation, high-frequency radiation, mechanical machining, emf,
insonification, a laser beam and natural minerals.

In reference [49], the water was dispersed in the liquid fuel to obtain water clus-
ters. The clusters were then estimated using spectra, which is characteristic of the
vibration and oscillation of molecules within the interval of 1.250-1.5 cm. The
spectrum of combination scattering was recorded, and was then subjected to mathe-
matical processing. Finally, water clusters with dimensions <2 nm including 5-300
water molecules were observed in the liquid fuel. The researchers believe that the
clusters are partially represented by formations with pentagonal symmetry and, to a
lesser degree, with the pentagonal dodecahedral.

The method of the synthesis for cluster water in its contact with the silicate
surface is already well known. For example, in paper [50], microclusters consisting
of 5-8 water molecules were found. The remote IR spectroscopy method (the spec-
trum range 50-200 p) was used to detect the clusters. The IR spectra was recorded
for the initial water sample passed through a ceramic membrane (this water had the
following composition, (%): SiO,—50-70; Al,0,—10-30; Fe,0,—10-20; MnO—
0.1-0.3; ZnO—0.01-0.05; CoO—1-1.2). The membrane was prepared with a mix-
ture of powders from these materials, with the diameter of particles 1 to 5 p. The
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ratio of the ceramics to the water constituted 20 %, and the contact time was at least
12 h. A decrease in the signal intensity of the IR spectrum was used for calculating
the amount of clusters. According to the data from paper [51], cluster water with a
pH from 5 to 7.5 can have practical applications.

Supporters of clusters [48] believe that after ice thaws the remnants of the ice-
like structure preserving close-in orderliness (the tetrahedral ice-like frame) contin-
ues to exist in the water within a certain temperature interval.

Some scientists [52] object that water formed from a reticular crystal (ice) is a
reticular melt. First of all, it contains clusters with various structures; therefore, ice
thawing cannot be identified only by the destruction of a three-dimensional network
due to a uniform break of hydrogen bonds. In addition, hydrogen bonds between
neighboring water molecules are apt to change their angles, which complicates per-
ceptions about the formation of similar defects in ice thawing.

Having studied the anomalies of precrystallization near the melting point, the
researchers came to the conclusion that clusters appear in the course of “conglomer-
ate melting of crystals with hydrogen bonds”. At an increase in water temperature of
fraction bound into clusters gradually decreases.

The relation between melting and cluster formation in paper [52] was disclosed,
although it was perhaps not sufficiently complete. This could be partly because it
did not take into account the interaction of the processes accompanying both phe-
nomena. In particular, single molecules without hydrogen bonds may take part not
only in intercluster but also in intracluster processes. Accounts of the possible ar-
rangements of single water molecules in the hollows of a tetrahedral ice-like frame-
work have contributed to the development of ideas regarding O.Ya. Samoilov and
the Hall’s double-structure model. According to the ideas of O.Ya. Samoilov, the
anomalies of water properties are linked not with the association of molecules but
with the structural features (greater open work pattern of the structure and strongly
pronounced close orderliness [8]). GHWC may contain in their structure the frag-
ments of both associated water molecules and the fragments possessing open work
patter or strongly pronounced close orderliness.

The authors of paper [53] present a molecular dynamics simulation study. There
they unravel the molecular origin of anisotropy in the growth kinetics of hexagonal
ice by visualizing the formation of transient water structures in the growing ice in-
terface. During ice growth, the formation of transient structures and their rearrange-
ment to the final ice configuration was observed irrespective of growth direction.
However, authors consider that in the direction perpendicular to the basal face of
hexagonal ice along which growth occurs most slowly, a two-dimensional transient
structure (formed by competing hexagonal and cubic arrangements within the same
layer) persists for a significant period of time, in contrast to short-lived transient
structures in other directions. This observation of such transient water structures
and their rearrangement during ice growth provides a clear explanation of different
growth rates on each face of hexagonal ice on a molecular scale.

Factors such as the amphoteric behavior of SiO,, the surface level presence of
both acid and base centers [41] and the proximity between the parameters of mo-
lecular water structures and silicone oxide allow water molecules to complete the
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construction of the SiO, structure upon mutual contact; as a result, water mono-
layers are formed on glass with changed viscosity and density. The build-up of
water layers is conducive to the polarization of liquid particles under the impact
of electrostatic forces [54]. Water’s increased contact time with the silicate surface
results in a more secure cluster formation. This is due to the relaxation period of
redistribution of water H-bonds in a monolayer. This monolayer enrolls the nearest
water layers and is gradually transferred to the rest of the bulk. The impact of the
hydrophilic wall on water viscosity may be extended to the 10 nm distances [55].

In our opinion, fragments of the water volume are polarized in the wall regions
and constitute clusters 10 nm in size. With an increase of the size and weight to a
critical value, such clusters overcome the surface forces holding it, breaking off
from the wall and transfering to the bulk of the water, where it exists for some time.
According to the estimates of the NMR method on the silicate surface, the thick-
ness of the water layer in the changed structure reaches 30 nm, and a strong impact
on the degree of the hydrophilic surface was noted [56]. In the first two layers, the
hydrophilic surface water molecules may be dissociated to a greater degree than in
the rest of its volume [57]. Actually, the results obtained by the NMR method also
confirm the formation of water clusters near the silicate surface.

In water layers larger than 40—-50 nm forces the electrostatic repulsion forces are
active [58], which under a polarizing effect facilitates formation of cluster struc-
tures of up to 40-50 nm in size. The order of such structures depends on the time
of the polarizing effect on the electrostatic field and is subject to the regularities of
migration polarization [59].

Water’s ability to form clusters in regard to its contact with the metallic surface
[27, 37] was noted (with the formation of hexamers of the type (H,0), [60]). This
corroborates with the properties of water molecules to be in a constant state of link-
age to hydrogen bonds.

Nonequivalence of the processes of ice formation and thawing [7, 52] was ac-
cepted to explain the accumulation of defects in the solid phase as it approaches the
melting temperature [40, 52]. A promising idea expressed in paper [61] viewing
clusters as an individual thermodynamic phase which influences the water—ice in-
terface. In fact, it is water’s abilities of supercooling and crystallization, rather than
its ability to form amorphous ice, confirms its cluster structure.

Processes of polarization affect the properties of water enriched with clusters.
Its viscosity (i.e., water viscosity of the local surrounding of water molecules of the
EPR probe) varies in continuous polarizing effects [59]. Furthermore, an increase of
water microviscosity is categorized according to two polarization processes. Firstly,
the structure of small-size clusters is organized according to the mechanism of re-
laxation orientation polarization. Secondly, the migrational polarization of small
clusters can cause them to be restructured into larger clusters, while enlargement of
structure increasing also the dipole moment and ability to polarize. Paper [62], for
instance, noted that larger clusters are less subjected to thermal disorder and may be
oriented around weak electric fields similar to colloid particles.

The thermal disorder of water clusters was also assessed using the Debye formu-
la (t=4na’n kT, where a—is the size of a cluster) [59]. It should be noted that gases
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adsorbed by the surface may be conducive to cluster stabilization. Moreover, it is
well-known [41] that oxygen adsorbed by small particles is bound stronger; hence,
it is less active than oxygen adsorbed by large particles. When oxygen is bound to
water clusters, it is possible that the size of the cluster is affected; however, this
question requires further experimental research. In the electrochemical cell, water
clusters are (1.8...1.7) x 10* nm in size for the cathode and 1.0 x 10* nm for anodic
water; thus, they are slowly destroyed by weak electric fields.

A cluster (as a fragment of the water volume with the changed structure) should
be considered as a new phase in contact with the water phase of the surrounding
bulk, and, consequently, this region of the solution is characterized by regularities
which are intrinsic to the interface. It is known that a surface layer emerges at the
interface, delineating a denser phase. No matter what method of cluster formation is
considered, the surface layer, in a structural sense, is a transition region between the
phases which possesses properties that are different from the intracluster and sur-
rounding water. Such a surface layer has a charge and a potential which is actually
the double electric layer.

At present, the information about the properties of the surface layer is absent;
therefore, the question calls for more study since by analogy with foams or emul-
sion the surface layer of the clusters may substantially affect stability of foams and
emulsion. Just as for colloids, the surface layers play a role of a structural stabilizer,
prolonging the time of cluster existence and influencing its deformability, fluidity,
viscosity and the aggregation of clusters of small sizes into gigantic heterophase,
among other property changes.

The special properties of the boundary layer may cause it to contain concentrated
impurities, compensating for polarizing charges emerging from the formation of
clusters. The concentration of substances which are less polarized than H,O in the
surface layer results in the shielding of cluster charges, the weakening of hydrogen
bonds and, consequently, the stabilization of the cluster structure.

One of the most important properties of the GHWC boundary layer is the change
of the coefficients of passing and refraction of laser light, which makes the clusters
visible. Their size and quantity are similar to other disperse impurities which can be
determined, as described in papers [63, 64].

Paper [65] describes the technique of investigating GHWC, based on the change
of the coefficients of passing and the refraction of laser light. A projection micro-
scope was fitted with a semiconductor laser (radiation wavelength—633 nm, power
3.5 mW) from a stabilized power source of 4.5 V. The system of microscope lenses
secured a 20—40-fold magnification. The microscope was equipped with a quartz
cell as thick as the liquid layer in the working chamber 0.3-20 mm. Additionally,
a video camera, type Video Cam Express, was connected to a PC. As a result of
optical refraction, the laser light (see Fig 3.4a and b) is read from a matt screen
of the microscope by the video camera and is transferred to the PC. Then Adobe
Photoshop computer software is used to produce a difference image (see Fig. 3.4c),
and, following this, the amount and the size of GHWC dimensions are calculated
in the sample.
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Fig. 3.4 Microscopic image of a standard (a), tested (b) solutions and the difference image (c)
[66]

Using the method of laser diffraction, the existence of aquatic microregions
which do not contain particles of the disperse phase was established as different
from the volume of water according to physical properties like permittivity, which
determines the structural heterogeneity of the water.

It was found that water clusters of 0.1 mm in size are responsible for the scatter-
ing of monochrome light, and therefore the method of laser diffraction is applicable
to the detection of heterophase water clusters.

3.2 Influence of Hydrogen Isotopes on Clustering: Small
Water Clusters

Isotope effects on highly concentrated heavy water do not exist under natural condi-
tions. At present these effects have been studied rather well. However, the impact of
impurities on heavy molecules of water, mainly deuterium, and on the structure and
properties of water is quite a different situation. The results obtained from investi-
gating the role of deuterium in the formation of GHWC [65] is of special interest
since they not only expand the field of knowledge about the water structure but are
also conducive to the development of hypotheses about water’s involvement in the
origin of life [66—68].
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Deuterium in water is completely bound with HDO. Since the D* ion is linked
with an oxygen atom stronger than the H" (the mobility of the D* ion constitutes 0.7
of the mobility of the H" ion) in an HDO molecule, the intermolecular deuterium
links of the HDO molecule are not expressed as strongly as hydrogen bonds of the
H,0 molecule.

At the usual concentrations the HDO impurity, possessing low surface tension,
may be considered SAS, whose localization in the boundary layer stabilizes the
cluster structure.

The non-equivalence of intermolecular H- and D-bonds primarily determines
one possible orientation of neighboring HDO molecules in water. Additionally, the
influence of the orientation forces and migration polarization result in the formation
of chain associates from HDO molecules.

Figure 3.5a shows the simplest chains of the HDO molecules in water; it also
presents a more complex and stable formation (see Fig. 3.5¢) of the HDO molecules
and neighboring H,0O molecules.

The conditions for the formation of the energetically stable network of the hy-
drogen bonds, as indicated in paper [24], may be realized in the water through the
formation of chains and a volume network of HDO molecules. Model fragments of
a flat network constructed with HDO molecules in water are illustrated in Fig. 3.6.

In a similar way, the HDO molecules form a three-dimensional network in the
bulk of the water. With an increase in deuterium concentration levels, the number
of fragments from the cluster network increase, while the dimension of the meshes
of the network decreases. In the deuterium depleted water, the integrity of the volu-
metric network is substantially disturbed, due to the deficiency of the HDO mol-
ecules for building chains. To this day, it is not clear how water’s physicochemical
property changes are subjected to the dramatic weakening of deuterium, i.e., under
the condition that the network from HDO cannot be formed (see Fig. 3.6¢).
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Fig. 3.6 Alattice fragment from the HDO molecules (red points), filled with H,O molecules (blue
points): (a, b) is increased content of deuterium in water and usual content of deuterium respec-
tively; (¢) water strongly depleted by the content of deuterium
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Fig. 3.7 The Bouguer-Lambert-Beer law (vc:obsc) for scattering the GHWC laser light in water:
A—bidistilled water; B-D—solutions (B—NaCl (~0.001 M), C—MgCl, (~0.001 M), D—ZnCl,
(~0.001 M); E—bidistilled water (indicators of dispersion were determined when used as a water
background (4 °C); F, I—tap water (center of Moscow); 2, 3—solutions of HCI (pH<4); 4—
heavy water; 5—protium water; 6—sea water (the Black Sea); 7—9—commercially-bottled under-
ground fresh (Aqua Minerale, Bon Aqua, Svyatoi Istochnik); /0—NaOH solution (~0.001 M)

The investigations have shown that at least two structures are formed in the wa-
ter. This was corroborated by the data of the experiment given in Fig. 3.7, illustrat-
ing the Bouguer-Lambert-Beer law for scattering GHWC laser light of different
water. From the figure it can be seen that effectively all tested samples of water in
terms of their structural state can be classified by two types.

Due to the non-uniformity of hydrogen and deuterium bonds, chains from the
HDO and H,0O molecules are more stable when molecules are packaged in the form
of helix-like formations. Their composition becomes more complex, and the func-
tional possibilities increase as the selective adsorption of impurities increases.

According to the GHWC model, in which localized HDO stabilizes the cluster
surface, it is necessary to clear up the ratio of deuterium and protium in water. Under
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these circumstances, the HDO molecules are sufficient for inciting the formation of
a film covering the entire surface of the cluster. Calculations have demonstrated that
the ratios of water molecules in the bulk of the cluster and on its surface (NV,/No)
are linked with the linear dimensions of the cluster (o) and particles (d) forming it
the following way:

N, /Ng=al6d (3.1

From the formula, it follows that, as the cluster dimension decreases, the ratio N, /N
decreases. When filling the surface layer, for example, the relative amount of mol-
ecules increases. In reference to the simplest case (for a cubic associate), under the
condition d=0.2 nm and according to the formula (3.1), the following was calculated:
in order to locate the HDO molecules in the cluster surface monolayer and maintain
the ratio of protium and deuterium 1/6,000, the cluster dimensions should be at least
7.2 um. It should be noted that the description given is purely geometrical and does
not apply to the physical aspect of the process. In other words, it cannot be general-
ized as the reason for localization of heavy water in the surface layer of water clusters.

In order to fulfill the ratio in the water deuterium:protium =1:6,500 on the sur-
face of a single mesh, the volumetric network should be ~4.8 x 10° of the HDO
molecules, and in the bulk of a single mesh—about 3.2 x 10" of the H,0 molecules.
The structure of the water within a mesh of the network from the HDO molecules
may be described by a two-structure model with allowance for the formation of
small water clusters.

Thus, as is known [69], in a “hybrid” water molecule, where one atom of hydrogen
is substituted by deuterium, the hydrogen bond is formed from the deuterium atom.
An exception is H,O,*, where the hydrogen bond is especially short. Thus, from our
perspective, the water structure directly depends on the content of deuterium.

Unfortunately, not enough data have been obtained for reliable determination of
the structure of small clusters. In fact, experimental samples contain several iso-
mers, and therefore clusters having different dimensions are often very difficult to
separate. Over the last few years, hundreds of models for the formation of water
clusters have been proposed (see Fig. 3.1). Despite this, calculations of water prop-
erties remain largely inaccurate.

A simple calculation is enough to determine that 1 dm? of water contains 125 g
of hydrogen, of which 43 mg are deuterium atoms. This provides us with the ground
to judge the presence of a substantial concentration of deuterium, which cannot
be ignored in the calculations. Accordingly, in heavy water molecules where both
hydrogen atoms are substituted with deuterium and tritium (D,O and T,0), the hy-
drogen bond is stronger than in light water (H,0). It is also highly structured; this is
confirmed by large molar volumes [70].

Our paper [32], investigating small water clusters (H,O), ., was obtained by
means of ab initio methods at the MP2/MP4(SDQ) level within a large range of base
sets 6-311++G(d, p)/6-311++G(2d,2p). We analyzed vibrational frequencies using
a water monomer and a dimer as examples. We obtained harmonic frequencies and
intensity of the IR spectrum, which are in agreement with the experimental data.
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The effect of the hydrogen isotope has been considered using the example of sym-
metrical and asymmetrical oscillations of the O-H bond in the series HOH, HOD,
DOD, (HOH),, (DOD),, DOD-HOH, HOH-DOD, HOD-HOH. Special attention
has been given to the cooperative water effect, which was postulated for the first
time by G.S. Frank and W. Wien [71]. According to this effect, the formation of one
hydrogen bond is conducive to cluster growth, and, conversely, the cleavage of one
bond facilitates the destruction of the whole complex.

Ab initio calculations were conducted by means of the software Gaussian 03
[72]. The structures of water clusters were optimized at the second order Moller—
Plesset theoretical level (MP2). The 6-311++G(d, p) base set was chosen both for
optimization and determination of frequencies. Vibration frequencies were calcu-
lated on the basis of optimized structure by the aforementioned method. Graphic
images of water clusters and visualization of IR spectra were then obtained using
the Molden program [73]. The energy of cluster formation or stabilization energy
E, and the energy of hydrogen bond E}; were calculated using total energies of
the equilibrium state of a cluster and the ground state of a water molecule by the
MP4(SDQ) with an enhanced basis set 6-311++G(2d,2p):

Eg=E(H,0) —nE(H,0); (3.2)
E,=E,/ Ny, (3.3)

where N, ,—is the number of hydrogen bonds in a cluster.
The parameter of the conversion criterion for the energy and the gradient of the
self-consistent field constituted 1077.

Water monomer (H,0) The bond length of the O-H and the valence angle HOH in
a water molecule optimized by us constituted 0.09595 nm and 103.47° respectively,
which agrees well with experimental data (0.09584 nm, 104.40°) [74]. In a water
molecule, three different vibrations are distinguished: v,—symmetric vibrations;
v,—deformation of the valence angle HOH; v,—asymmetric vibration. According
to our calculations, the values of these frequencies are equal to 3,884.54, 1,628.61
and 400.77 cm™'; this can be compared with the respective vibrational frequencies
of the water monomer observed in the matrices of the FTIR neon by means of a
spectrometer: 3,660.6; 1,595.6; 3,750.7 cm™' [69].

Unlike H,0, where vibrational oscillations are combined with the movement of
both OH-bonds, in HDO vibration oscillations v, and v, are associated only with one
hydroxyl bond and constitute: v,=2,864.3204, v,=1,427.2593, v,=3,946.26 cm™!.
As a result, a protium atom is more reactive and easily dissociated than deute-
rium. The data of the experiment indicate the following HDO: 2,722.9; 1,404.1;
3,699 cm™! [69]. The vibrational frequencies of the IR spectrum of the heavy wa-
ter monomer D,O are much smaller, due to an increase in atomic weight. How-
ever, similar to H,O, in asymmetrical and symmetrical oscillations the following
modes are involved: v,=2,802.03 (2,672.7), v,=1,191.21 (1,178.7), v;=2,931.60
(2,787) cm™! (the brackets contain experimental data of the frequencies of harmonic
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Table 3.1 Rotational
constants of water monomer

Water monomer  Rotational constants GHz

A B C

HOH 799.52 441.78 284.55
HOD 678.54 175.03 195.70
DOD 444.77 221.06 147.67

Table ::2 ?ptimizid ¢ Bond length (nm) Angle (degrees)

eometrical parameters o

e P O H, 0.1950 «(O,HO,H)* 180
0-0 0.2941 a (H,0,H,) 104.0
O,H, 0.0959 a (H,0,H,) 103.5
O,H, 0.0966 a (HO,H)) 2.1
OH, 0.0961 - -
O,H, 0.0961 - -

Note: Here and in tables 3.5-3.7, * dihedral angle

Fig. 3.8 The water dimer
(H,0),

oscillations of the water monomer isotopes [69]). Based on the IR spectrum of the
monomer, the rotational constants of the water monomer isotopes were determined,
and are given in Table 3.1.

Water dimer (H,0), The water dimer is its smallest cluster. As a result of optimiza-
tion, the dimer was found to be characterized by a structure with an ordinary hydro-
gen bond, belonging to the C -symmetry, where both oxygen atoms and an atom of
the molecule hydrogen, the donor of the hydrogen bond, are placed. The length of
the hydrogen bond in such a structure is equal to 1.950 nm. It should be noted that
the hydrogen bond in the structure of the water dimer deviates from linearity by
2.113°, while the distance between oxygen atoms is 0.2914 nm.

The hydrogen atom of the O—H-bond does not participate in the formation of a
hydrogen bond and will thus hereafter be referred to as free hydrogen (H,). A hydro-
gen atom, on the other hand, is involved in interaction as—bound (H,). According
to the calculation, the stabilization energy of a water dimer constitutes 21.06 J/mol.
The data obtained coincide well with such experimental research 22.2+0.033 kJ/mol
[75]. Geometrical data of the optimized dimer structure, as well as the shape of the
water cluster, are given in Table 3.2 and Fig. 3.8.
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Table 3.3 Frequencies of harmonic oscillations of water dimers

Fre- (HOH), (DOD), DOD-HOH  HOH-DOD HOD-HOH
quency. p A D A D A D A D A
cm

N, 807 3,876 2,752 2,796 2,753 3,875 3808 2,795 2781 3,875

N, 1,663 1,639 1214 1,200 1213 1,614 1,661 1201 1,428 1,641
N, 3,973 3,990 2904 2922 2904 3,990 3973 2,922 3955 3,990

D donor, A acceptor

Fig. 3.9 Water trimer (H,0),

Based on IR spectra, vibrational frequencies were determined for (HOH),,
(DOD),, DOD-HOH, HOH-DOD, HOD-HOH, and are shown in Table 3.3. From
these data, one can see that complexes in which the formation of the hydrogen
bonds involves deuterium have lower values of vibrational frequencies. This is evi-
dence of a stronger hydrogen bond.

The analysis of the obtained IR spectra shows that the absorption peak at the
highest frequency appears as a result of the asymmetric O—H vibration of the accep-
tor molecule. The other lowest peak is associated with the oscillation of the O-H
donor molecule.

The third stage of absorption is a result of the symmetrical O—H vibration of
the acceptor model. Finally, absorption at the lowest frequency corresponds to the
stretching vibrations of the bound O—H group of the donor molecule. Such a picture
is qualitatively in agreement with the data of experimental research shown in papers
[69, 76].

Water trimer(H,0), As for the water trimmer, at present a discussion continues on
the essence of its structural conformation. Some researchers point to an open linear
chainlike structure [77], while others believe the cyclic structure to be a mostly
stable one [78, 79].

The result of our water trimer optimization is evidence of the cyclic structure
of the given cluster (see Fig. 3.9). The optimized water trimer is an equilateral tri-
angular structure with three hydrogen bonds. Free atoms of hydrogen are arranged
above and under the plane formed by oxygen atoms. Owing to this arrangement,
this complex acquires properties of chiral compounds. A water trimer is a unique
structure; every water monomer as part of a trimer acts both as a donor and an ac-
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Table 3.4 IOptimized . Bond length (nm) Angle (degrees)

ff;:;iﬁ‘;lae rparameters © 0,0, 0.2793 ®(0,0,0,) 60.0
0,0, 0.2796 o (H,0,H,) 104.7
0,0, 02803 o (H,0,H,) 105.0
0,0, 0.0971 o (HO,H,) 105.0
0,0, 0.0959 o (H,0,H,) 209
0,0, 0.0918 o (H,0,H,) 225
0,0, 0.0917 o (HO,H,) 20.5
0,0, 00970 - -
0,0, 00959 - -
0,0, 00959 - -
0,0, 0.0971 - -
0,0, 0.0943 - -

ceptor of the hydrogen bond and also contains one free and one bound hydrogen
atom. In comparison with the dimer, the water trimer has shorter the hydrogen bond,
whose average length constitutes 0.1926 nm.

The distance of O—O (0.2797 nm) also decreases, resulting in the strengthening
of the hydrogen bond. The energy of the trimer formation (64.25 kJ/mol) is twice
that of the dimer since dimer dissociation involves the breakage of only one hydro-
gen bond. In order for the trimer to decompose into a monomer, it is necessary to
first destroy all three hydrogen bonds.

Geometrical data of the equilibrium state of the trimer are shown in Table 3.4.

Water tetramer (H,0),, The tetramer of water just as its trimer has a cyclic structure,
where hydrogen free atoms alternate over and under the place of the ring O-O-O—
O forming a structure with the elements of the S,-symmetry [80]. Like the trimer,
in the cluster of the tetramer every monomer is simultaneously a donor and an
acceptor, but, unlike the trimer, they do not possess the properties of enantiomers
since they contain an even number of oxygen atoms as part of the ring. The tetra-
mer also preserves the exponential tendency to a decrease of the O—O bond length
(0.2748 nm) and the strengthening of the hydrogen bond (0.1791 nm). We have
obtained two optimized structures of the tetramer shown in Fig. 3.10.

In one of the structures, free hydrogen atoms successively alternate above and
under the ring plane O,, and in the other, free atoms alternate in pairs. The formation
energy of the latter constitutes 108.27 kJ/mol, which is by 3.85 kJ/mol higher than
the stabilization energy of the alternative configuration. Geometrical parameters of
these structures are given in Tables 3.5 and 3.6.

Water pentamer (H,0); The water pentamer is one of the most abundant water
clusters in nature. It can be found in the solvent shell of hydrophobic clathrates,
DNA molecules and proteins [81]. In laboratory conditions, pentamer water clus-
ters may be obtained as a result of the passing of an inert gas through the water in
a liquid state, followed by the adiabatic expansion in a vacuum [82]. The stable
structure of the pentamer is like the cyclic structure of the trimer, and it also has
chiralic properties. The stable structure of the pentamer is like the cyclic structure
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~—

a
Fig. 3.10 Water tetramers (H,0), / (a) and /I (b)

Table 3'5 IOptimized Bond length (nm) Angle (degrees)
geometrical parameters 00 02750 ©(0,0,0,) 90.4
12 : 1Y23 :
of the water tetramer 0,0, 02763 o (HO H) 104.5
0,0, 0.2750 a (Hy0;H, ) 104.8
0,0, 0.2763 a (HO,H.,) 104.5
0,04 0.0959 a (H,,0,H,) 104.8
0,0, 0.0977 a (H0,0,) 8.7
0,0, 0.0959 a (H,0,0)) 10.3
0,0, 0.0976 a (H0,0,) 8.7
0,0, 0.0977 a (H,,0,0,) 10.3
0,0, 0.0959 B (0,0,0,0,) 0
0,0, 0.0976 - -
0,0, 0.0959 - -
0,0, 0.1811 - -
0,0, 0.1791 - -
0,0, 0.1811 - -
0,0, 0.1791 - -
Table 3'6 Optimized Bond length, nm Angle, deg
geometrical parameters of the 00 02743 000 90.0
water of the alternative form 8 ’ 7(0,0,0) X ’
of the water tetramer 8_Eu ggggz p 818234;)3) ;;
-, : o (HgO,Hy .
H 0.1791 a (H,0;H)) 9.2
- - a (H0,0,) 9.2
- - a (H,,0,0,) 22.5

of the trimer and also has chiralic properties. The average value of the length of the
0-0 bond in the pentamer, optimized by us, constitutes 0.273 nm, and the devia-
tion from planarity is 16.29°. There are five hydrogen bonds in the cluster of the
pentamer, which maximally coincide with the O-O line (angle OO-H,=3.5°). In
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Table 3.7 Optimized

eometrical parameters Bond length, nm Angle, deg

if the water gentamer 0,0, 02732 @(0,0,0;) 107.4
0,0, 0.2729 a(0,0,,0,) 107.0
0,,0, 0.2728 a (H,0,Hy) 104.4
0,0, 0.2730 a(H,0,H,) 104.3
0,0, 0.2747 a (H,;0,;H,,) 104.6
0,0, 0.0978 a (H,0,H,) 104.4
0,0 0.0979 a (H,,0,H,) 104.7
0,0, 0.0979 f(0,0,0,0))" -16.3
0,0, 0.0979 - -
0,0, 0.0959 - -
0,0, 0.0960 - -
0,0, 0.0959 - -
0,0, 0.0960 - -
0,0, 0.0959 - -

Fig. 3.11 Water pentamer
(H,0),

4 &

the water pentamer, the cooperative effect continues to be preserved; therefore, it is
most difficult to break the first hydrogen bond as the following bond breaks easier
than the preceding one, and so on. The equilibrium energy of the pentamer consti-
tutes 147.30 kJ/mol.

The geometrical data and the figure of the pentamer equilibrium structure are
given in Table 3.7 and in Fig. 3.11.

Water hexamer (H,0), The water hexamer symbolizes the transition from a two-
to a three-dimensional dimensional cluster structure. We have optimized a prism-
like cyclic hexamer structure (see Fig. 3.12), where every monomer of the water is
linked with three hydrogen bonds. This, (H,0), in total, accounts for 9 hydrogen
bonds.

In the hexamer, one can distinguish two types of DDA (donor, donor and con-
stitutes donor and acceptor) and AAD (acceptor, acceptor and donor) monomers,
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Fig. 3.12 Water hexamer
(H,0),

Fig. 3.13 Water isomer
0,(H,0)

whose amount is balanced (3:3). If we look at the hexamer from a different angle,
we can see that its cluster is nothing less than a superposition of the dimer with a tet-
ramer, in which free hydrogen atoms are arranged in pairs over the plane of the O,
ring. The hexamer stabilization energy is highest among the clusters considered and
constitutes 183.96 kJ/mol. The other hexamerous structure optimized by us contains
only 7 hydrogen bonds and resembles the shape of an “open book” (see Fig. 3.13).
In this isomer, four monomers have a DA pair; the other two are connected by three
hydrogen bonds and have the configuration DDA and AAD.

It is obvious that the imbalance of the monomer type and a decrease in the num-
ber of hydrogen bonds affect the energy component of the cluster. Indeed, the given
isomer by 7.89 kJ/mol is less stable than a prism like analog. The geometrical data
for the hexamer’s stable structure are given in Table 3.8.

The results of investigation have shown that the cyclic ringed cluster structure
is more beneficial in terms of energy than linear. The decrease of the O—O bond
length, with an increase in cluster size, correlates with a decrease of the hydrogen
bond length, which is accompanied by an elongation of O-H,. A reduction of the
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Table 3.8 Optimized geometrical parameters of the water hexamer

Bond length (nm)  Angle (degree) Bond length (nm)  Angle (degrees)
0,0, 02809 (00,0, 61.0 O,H,; 0.0968 a (H,0,0,) 13.7
0,0, 02952  a(0,0,0,) 62.2 H,  0.0965 a (H,,0,0,) 9.4
0,0, 0.2927 o (H,0,Hy) 100.6  O;H,  0.0960 - -

0,0, 02670 o(H0H,) 1036 OH, 00973 - -

0,0, 02927 «(H,OH,) 1050 OH, 0090 - -
0,0, 02743  o(HOH,) 1054 OH, 00989 - -
0,0, 02783 «(H.,OH,) 1053 OH, 01914 - -
0,0, 02934 «(H,OH,) 1014 OH, 02109 - -

54 37710

0,0, 02891  «(H,0,0,) 191  OH, 02133 - -
OH, 00975 «(H0,0,) 242 OH, 01879 - -
OH, 0097 a(H00,) 290 OMH, 02175 - -
OH, 0096 «(H,00) 222 OH, 02028 - -

OH, 0097 «(H000) 178 OH, 01695 - -
OH, 00978 a(H,0,0) 319 OH, 02000 - -
0.0960  «(H, 0,0, 77 OMH, 01785 - -

OBHH

Table 3.9 Cluster forma- Cluster N, Energy, kJ/mol
tion energy (£ ) and the E E

s H

hydrogen bound energy (£}, o), 1 106 106
(H,0), 3 —64.25 —21.42
(H,0),* 4 ~108.21 ~27.05
(H,0), 4 —112.06 —28.02
(H,0), 5 —147.30 —29.46
(H20)6b 7 —181.47 -25.92
(H,0), 9 ~189.36 ~21.04
2 see Fig. 3.10
b see Fig. 3.12

O-0 results in an increase of the hydrogen bond energy (Table 3.9) in water clusters
(H,0), for n=2...5.

The greatest deviation of the hydrogen bond from linearity was registered in the
trimer cluster (21.3°). In the tetramer, this indicator decreases and reaches nearly
complete linearity in the pentamer (3.5°). Hence, it follows that hydrogen bonds in
clusters tend to achieve linearity, and the tetragonal structure is similar to the ice
structure.

On the basis of the water hexamer, which should be considered as a dimer com-
pound with the tetramer isomer, one may assume that higher clusters, perhaps, com-
pletely consist of elementary units (small water clusters). Our calculations have
confirmed the cooperative effect of water under experimental observation. The en-
ergy of cluster formation increases monotonously with an increase of its size, from
21 in the dimer to 188 kJ/mol in the hexamer.
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3.3 Interrelation of the Effects of Physical Action
on Water and Clustering

Having analyzed the latest data in the investigation of the water structure, one can
reveal the mechanisms and explain unique effects of physical impacts used in water
treatment and disinfection processes such as magnetic, ultrasound and ultraviolet
treatment.

The mechanism of the magnetic field effect on water systems According to the data
from paper [83], the permanent magnetic field (MF) should not affect diamagnetic
objects, such as water. At the same time, the results of the practical use of magnetic
treatment are evidence of the efficiency of this method in water treatment [84—86].

There are various viewpoints explaining the impact of preliminary magnetic
treatment on the processes occurring in water systems. However, the mechanism of
MF action on water systems remains insufficiently studied. Experimental research
on magnetization of water systems [87-91] is not quite reproducible and does not
yet provide an answer to the question of which factors lie behind the MF action
and whether they are capable of causing substantial changes in the water itself and
its impurities. Paper [47], in particular, considered the issue of magnetic treatment
in connection with contemporary notions about the structure of water and solu-
tions. Equally important are such characteristics of MF treatment as the time of the
MF aftermath and the time of the system state restoration after the completion of
its operation. Such characteristics depend on the ability of the liquids to achieve
relaxation of their properties. One can expect that the emf of the electrochemical
magnetohydrodynamic (MHD) cell of polarization, as a range of other characteris-
tics of solutions [92] under the influence of k7, decreases over time ¢ according to
the exponential law:

E=E, exp(-t/t,), 3.4

where T —relaxation time depends on the depolarization of water processes.

Based on the investigation carried out by the method of diffraction X-rays, mo-
lecular dynamics and Monte-Carlo, it was shown that the tetrahedral structure of
the hydrogen bond characteristic of the water in a free bulk may strongly change in
terms of external effects [93]. The capacity of the water to preserve the state charac-
teristic of the preceding external effects was noticed for the first time by biologists
and confirmed by spectral methods [94].

Complete relaxation of the state depends on the possibility of rotational process-
es, translational, orientation and the migrational movement of individual particles
and their aggregates. The magnetic field in the moving liquid affects all charged
particles simultaneously, and therefore the gradients of the concentration of charged
particles appear throughout the whole bulk of the water. After the liquid exits the
zone of the MF influence, the diffusion flows are formed, returning the liquid to its
initial state.



74 3 Water Clusters

The relaxation time 7, of the molecules free cooperative hydrogen bonds accord-
ing to the Debye formula [95]

t.=4na’ n / kT (3.5)

(where a—is the radius of a particle). This formula has the order of 107!s, in par-
ticular for water molecules (at the temperature 293 x, 0.=0.193 nm, n=107 Pa s)
1,=2.2x10"""'s. However, as shown in paper [96], if the water contains larger par-
ticles, the relaxation time may be measured by minutes.

In paper [47], concerning the experimental determination of relaxation time, the
emf was measured by means of different time intervals after the liquid exited the
magnetic field. In this case, the liquid flowing from the MHD cell placed in the MF
entered the cell in a similar manner to the cell placed outside the MF. The electrodes
of one cell were electrically connected to the electrodes of the second cell only via
the flowing liquid. The experiments have shown that the potential differences in the
measuring cell decreased as it was removed from the MHD cell.

The time of achieving the measuring cell by the liquid was calculated based on
its rate. Beyond the MF influence (in the given case induction 0.8 T) of MHD, emf
decreased, and after 2 s it had a value <10% of the initial measurement. A longer
MHD emf compared with the expected value. According to calculation, the MHD
emfrelaxation is evidence of the participation in the polarization process of MF par-
ticles, for which migration polarization proceeds at a much slower rate than for par-
ticles of molecular dimensions. In the water and solutions observed, such particles
may be clusters and ions containing partial hydrate shells, monomolecular water
and partially destroyed water clusters. According to the data of papers [94-97], the
continuous structure of the water may be violated by the formation of clusters of
at least 4-6 to 300 molecules. Under ordinary conditions, forces determined by k7T
and hydrogen bonds of water are proximal, and therefore the clusters are sometimes
described as “shimmering” structures with a lifespan in the order of 10 ps. On the
contrary, anomalies of water properties, in particular high overcooling [39], point to
clusters as more stable formations.

The existence of such clusters has been corroborated with theoretical and nu-
merical methods [97]. After magnetic treatment was applied to the processes of
reorientation and polarization of water molecules bound into clusters, a period of
relaxation commenced.

Calculations used concurrently with the formula

AC=G, IV, (3-6)

(where V—is the liquid volume) demonstrate the observable relaxation times of
MHD emf (1...2, 3 s) which may be achieved through the depolarization of par-
ticles with the size of (7...9)x 10> nm.

For a long time relaxations of the system have helped us explain the process of
magnetic treatment in units representing a permanent magnet. This explanation in-

corporates the insertion of a pipe of insulation material into the water pipeline. The
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efficiency of similar units may be associated with the presence of a longer period
of relaxation of MHD emf, owing to which the latter acts in the magnetic area. For
example, at the speed of 0.5 m/s liquid motion, the residual emf acts in the outgoing
flow at the distance of about one meter.

The transformation of water properties under the effect of electrochemical treat-
ment At present, owing to the simplicity of the hardware background of the “live”
(cathode) and “dead” (anode) preparation, electrochemically treated water spreads
widely. Behind the method lies water electrolysis; however, processes accompany-
ing it have been insufficiently studied to this day.

A process in near-electrode zones is exhausted not only by the variations of the
pH but also by the softening of the cathode water. Experiments have shown that af-
ter 10—15 min of treatment in a domestic unit with a steel cathode, a graphite anode
at the current density 20 mA/cm? and a potential gradient of 50 V/cm, hydrogen
peroxide is formed in the anode water. This was detected by means of direct titration
of anode water with a solution of KMnO " electron-proton resonance (EPR) and the
appearance of a singlet signal of anion-radical atomic oxygen (O™") [98] in a frozen
sample of the anode water at UV radiation.

Conditions for the formation of hydrogen peroxide through the reaction

0, +2H" +2¢ = H,0,

in an electrochemical cell are realized near the anode (provided with the presence of
protons, the source of electrons and oxygen). The electrons are transferred from free
radicals (FR) or via the relay-race mechanism from the water molecules. The for-
mation of hydrogen peroxide and the anion H,0, constitute a well-known interme-
diate stage in the anodic release of oxygen [99]. In the acid, anodic water hydrogen
peroxide acts as an oxidant responsible for the source of the oxygen free radical:

H,0, =H,0+0".

Under the influence of free radicals, the destruction or recombination of the main
water elements (OH™, H', OH", OH"-, 0", O", H,0", O,H"-, H,0", O,H" etc.) [100] is
possible. Short-lived FR catalyze radical processes by means of the chain transfer
of an unpaired electron, which results in the formation of cations, anions and FR
neutral molecules, whose ingress to organism increases the consumption of antioxi-
dants. Organic impurities of the water are compounds with polycyclic condensed
fragments containing the unpaired electron owing to the defects of intermolecular
bonds. These impurities are easily converted into stable free radicals [101]. It is un-
desirable that fragments containing radicals known as stable FR (benzene, aniline,
apoxylic, nitroxylic, aminilic, hydrazylic, etc. [102]) are included in drinking. The
sensitivity of the water structure to inclusions of foreign particles among various
thermodynamic investigations [103] is well documented. It is probable that the spa-
tial lattice of hydrogen bonds, including FR, initiates the formation of anomalous
water structures.
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The degree that electrolysis influences the state of the water structure was inves-
tigated in the current research on the electrochemically treated water by means of
the EPR probe, a stable radical whose spectra are sensitive to the variation of the
local surrounding of the molecule.

As a result of electrochemical treatment of water, dipole molecules gain the abil-
ity to orient themselves to the external electric field, thus creating the possibility of
an ordered water structure. The conspicuous molecular orderliness of unmatched
molecules may be observed mainly according to the mechanism of relaxation po-
larization [103].

The two effects of relaxation orientation polarization of water molecules result
in the gradual orderliness of the cluster structure; they also lead to the migration
polarization of cluster, while the ordered structure contributes to an increase in mi-
croviscosity in prolonged water treatment. The longterm effects of the electric field
include the formation of small islands (large clusters); they possess increased vis-
cosity, due to the preferential orientation of hydrogen bonds along field power lines.
The orderliness of the system increases over the time via the migration polarization
of large clusters, which occurs because of the increase in their dipole moment and
polarizability.

Of practical interest is the period of preservation of the effect acquired under
the influence of electrochemical treatment and in particular, the preservation of the
structures with changed orientation.

Based on the obtained results, it is possible to assume that the nature of the de-
crease in the time of the rotary correlation of the probe after the termination of water
treatment is determined by the orientation polarization of the clusters. In the case of
cathode water, the dimensions of the clusters constitute (1.7...1.8) x 10* nm, and for
anode water—1.0x 10* nm.

Absorption of sound in water As has already been noted, one of the reasons for dif-
ficult detection of small-size clusters is the impact of the research methods which
deforms the closest water structure. It well-known that the absence of hydrogen
bonds in water could result in a much lower temperature of melting and boiling
than it is known for water. Within the temperature range of the liquid water state, the
strength, angle parameters and amount of hydrogen bonds vary. In fact, the value of
the energy of H-bonds of the water (18.8 kJ/mol) determines all processes related
to the variation of its nearest structure. At temperatures not in excess of ~80°C
the structural formations in the water are partially destroyed. Let us consider, for
example, the effect of different research methods on water structure.

One may assume that the destruction of cluster structures is linked to the
changes of @, in the order of 10% of the energy of the water hydrogen bonds
(i.e. ©,=1.881 kJ/mol). The value is therefore quite real for room temperatures, at
which water molecules are either structured into primary ice-like aggregates or into
secondary clusters. Table 3.10, in comparison, displays radiation energies affecting
water in spectral investigations.

As can be seen from these data, most spectral methods produce strong effects on
the objects being studied. In the case of water, this may result in the destruction of
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Table 3.10 Spectral region and its corresponding radiation energy [104]

Spectral region Radiation frequency (Hz) Radiation energy (kJ/mol)
Gamma radiation 1019 3.9%x10°
X-ray radiation 107 3.9x104
UV-radiation (1.5...0.75)x 10" 597-298
Visual region 3.8x10M" 151.3
Close IR-radiation 1.2x10" 50.1
Vibration IR-radiation 2.5%101 10.0
Remote IR-radiation 1012 0.39
SHF radiation 10° 1.0x10™*
Short radio waves 1.5x10° 1.6x1077
TV frequencies 5.5%10° 6.1x1078
Long radio waves 3x10° 1.2x10710
Radiation of power electric 3x107! 1.2x10714
units

small clusters or, to be more exact, in the blinking of their structures and the change
of their shapes and dimensions.

For example, the impact of the X-ray radiation exceeds the value O , by 2> 10*
times. The transitions of valence electrons corresponding to such energies are im-
plemented irrespective of whether water molecules are included into supermolecu-
lar formations. This condition is also accompanied by the destruction of the closed
water structure and also of small clusters.

The radiation in the visible region of the spectrum exceeds O in 80.4 times.
It is clear that, if small clusters were located in water, then in there illumination a
continuous restructuring would occur as a result of the transformation of valence
electrons under the effects of light. In combined methods using monochromatic
light sources (for instance, laser-acoustic [105]), the action of the last one may be
reduced through selection of frequency. The remote IR region is acceptable in terms
of minimal effects of the investigation method. In this case, the unit radiation ex-
ceeds O, only in 2.07 times.

Weaker effects are exerted by methods which use short radio waves (NMR, EPR,
DENR, etc.). However, in these methods a water sample apart from electromagnetic
radiation (HF and SHF) is subjected to an impact of strong magnetic fields, which
exert an unaccounted effect on the water and its impurities.

Energy differences between acoustic research methods As a result of the absorp-
tion of the signal by the medium being investigated in the ultrasound methods, the
sound intensity being used (/) constitutes at least 10™*-107° W/cm?. In comparison,
we point out that the aviation motor creates a sound of the intensity 10741076 W/
cm? a distance of 5 m. Under the effect of a strong vibration, the supermolecular
structure in a liquid may be destroyed. For ultrasound methods at the sound velocity
in the water c=1498 m/s the density of sound energy (//s) equals 7x107°...7x 10711
J/em?. This constitutes 10'3-10'" k7/cm? at =300 K (kT=4.14x10721]J).

We carried out [106] the investigations of the water at a frequency /=1 kHz at
the signal intensity 107°~107* W/cm?, i.e. 10-20 dB (threshold of audibility of the
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signal of the frequency 1 kHz constitutes 107'® W/cm?). The sound energy density
in this case equals 6.6 % (107"°...107'®) J/cm?, which constitutes 2.4 x 10*-2.4 x 10°
kT/em?.

The sound wave pressure and amplitude of the sound wave 6 in investigations of
water systems at sound frequencies is much lower than at ultrasound frequencies.
Thus, if at the frequency /=1 mHz the value 0=1.7 x 10* Pa (0 = pcwA, where p—is
water density, ®=2mnf, 4 is the amplitude of the bias of the particles), then at the
frequency 1,000 Hz the pressure amplitude would constitute only 5.5x 10~* Pa. It
is clear that at such low pressures one should expect a substantially lower disturb-
ing effect of the research method on weakly bound structures, like water clusters.
A graphic value is the deformation amplitude & being developed in the sound wave
(6=wA/s). If at the frequency 1 mHz §=7.7x 1077 cm, then in the frequency 1 kHz
used by us the value & constitutes only 2.4 x 107'* cm. Consequently, at sound sig-
nals of low frequency and small intensity, the amplitude of the bias and the defor-
mation are substantially smaller than the dimensions of the structural elements of
the material being investigated (i.e. water atoms and molecules).

A unit yielding an extremely small density of sound energy (in the order of
6.6x107"...107'® J/cm?) was used in the current study. Thus, a minimal perturba-
tion into the structure of the water sample being investigated was introduced. For in-
stance, for heating the water by 1 degree, it is necessary to spend 0.18 J/cm?, which
constitutes 0.42 % of the energy of the breakage of hydrogen bonds. At the radiator
intensity 10-15 W/cm? (10 dB) the volumetric sound energy (6.6 % 107!° J/cm?) is
negligibly small compared with either the energy necessary for tangible heating of
the water or the cleavage of hydrogen bonds. Due to the infinitesimal amplitude,
shear displacements of sound vibrations, which determine structural viscosity, are
difficult to achieve.

The sound absorption coefficient a was calculated by the formula [107]

a=[1/2(L,-4)|n(% /1,), 3.7

where Y|, Y, are values of the signals for distances /, and /,.

Figure 3.14a shows the relationship between the signal value Y and the distance
to the radiator and the coefficient of sound absorption a, calculated by using these
data at various signal intensities of the radiator in distilled water at 20 °C and illu-
minated with a scattered light of the sample surface ~50 T.

Table 3.11 contains the results determining the value o for water at different
types of treatment.

The experiments with water have shown that the value of sound signals with
minor intensities and an absence of external effects remain constant for a significant
period of time. Under identical experimental conditions (the power of the radiator,
the distance from the radiator, temperature, etc.) depend on structural changes in
the water.

The value Y decreases with an increase in the distance from the radiator (see
Fig. 3.14a). Due to sound attenuation, the absorption coefficient o decreases at an
increase of the radiator signal intensity. It is known that sound absorption in liquids
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Fig. 3.14 Relationship between the value of the signal Y (7, 2), the absorption coefficient
o (3, 4) and the distance between the radiator and the receiver in distilled water: (a) is the intensity
of the signal source 1x10-15 (1, 3),2x10-15 W/ecm? (2, 4), f=1 kHz, Tis 20 °C (the value o was
measured for an illuminated sample); (b) the sample was in the dark or 18 h (/, 3), the sample was
in the light for 4 h (2, 4), 2% 107" W/cm?, f=1 kHz, T=20°C

Table 3.11 Absorption of sound by water at different types of its treatment

Water sample Sound absorption coefficient o (cm)

Illumination conditions

In dark On light

18h 15 min 4h
Distillate 0.81 0.80 0.65
Bidistillate 0.86 0.84 0.65
Distillate in the magnetic field 80 mT 0.87 0.85 0.65
Distillate at a higher sound intensity (I=3x 107 W/cm?)  0.66 0.58 0.51
Distillate, treated by ultrasound 0.1 W/cm for 0.5 min - 0.64 0.65
Tap water (with electric conduction 0.70 0.69 0.68

5x10° Q7" -ecm™)

is determined mainly by viscosity. For water with the frequency of 1 kHz, the relax-
ation sound absorption is absent [ 108], and the value a depends on structural viscos-
ity. According to the Stokes formula, with an allowance for volume viscosity [40],
an increase of sound absorption is evidence of an increase in structural viscosity:

a=w’@n,/3+n,)/2pc (3.9)

where n_—is shear viscosity; n,~—is volume viscosity; ©=2mxf, p is density.

The concept of volume viscosity as a component of structural viscosity is used
in acoustics for explaining the viscosity losses under comprehensive compression,
which accompany sound waves in a liquid [107]. The energy of a sound wave is
spent on overcoming and increasing volume viscosity 1, as was shown by the ex-
periments, when the vibration amplitude decreases.
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Formula (3.7) is well fulfilled at high frequencies and high sound intensities
but does not work in the case of very weak sound intensities. If normal measure-
ments (at the signal intensity 107°~10"* W/sm? and the frequency 10°-10° Hz) for
water the ratio n.~3n, [7] is fulfilled, then at the sound intensity 107> W/cm?
forces causing longitudinal movement (along the direction of the wave propaga-
tion) of the liquid are not capable of activating energy transfer, due to infini-
tesimal effects and deformation of molecular bonds in the water. An increase of
shear volume viscosity at small intensities of the signal may be determined by
one and the same mechanism; for instance, the resistance to the change of the
orientation of water molecules or water clusters can be observed. This is related
to the experimentally observed (see Fig. 3.14a) rapid loss of the signal intensity
when removing high values of the absorption coefficient from the radiator. These
values are comparable with the value a for liquid crystals [109] and with a for
very high frequencies.

It was found that the absorption of low intensity sound in water depends on
whether the water sample is in the dark or subjected to light. The determination of
sound absorption was carried out after the water sample was in the dark and after
4 h of exposition by light (see Fig. 3.14b). For distilled water kept in the dark, the
curve of sound attenuation is lower than for the illuminated sample. This is evidence
of the fact that in the water kept in the dark (i.e., under conditions when the water
is protected from the influence of electromagnetic radiations), the sound wave loses
more intensity than when passing through in the illuminated water. Furthermore,
the sound absorption coefficient calculated by formula (3.7) for darkened water
samples appeared larger than for illuminated sample (see Fig. 3.14b).

The role of the illumination/obfuscation factor in great measure manifests itself
in greater quantities for purer water. As can be seen from the data of Table 3.11, in
bidistilled water the rate of change for the value a is greater than in distilled water
whereas the rate of change for the illumination mode has no effect on the sound ab-
sorption of tap water. Table 3.11 presents the measurement results of sound absorp-
tion by the frequency 1 kHz, intensity 2 x 10715 W/cm? at 20°C. An increase of the
signal intensity of the radiator (in the data of the experiment there was an increase
of 15 times) results in a decrease of the obfuscating effect and sound absorption by
water (see Table 3.11).

Based on the obtained results, one may assume that the macrostructure of water,
under conditions of minimum external effects (in the given case the water is protect-
ed from light radiation and noise from sound radiation; a metal screen also protects
it from the effects of low-frequency electromagnetic radiations), gradually (over
several hours) is rebuilt, and the losses of energy in the sound passage becomes
greater. Since the mean sample density, in terms of the bulk, in the measuring cell
does not change, the effect can be explained by an increase of the liquid viscosity.
Owing to the formation of small cluster, the amount of unbound water molecules
decreases. This makes difficult to increase viscosity and, according to Eq. (3.8), the
passage of sound waves.
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To understand the change of the value a depending on the illumination mode, it
is necessary to take into certain factors account. First of all, it is known [110] that in
terms of compressibility of small mechanical effects, liquids approach solid bodies.
This is determined by the fact that there is not enough time for redistribution of mol-
ecules under external influence. Molecules, as in solid bodies at small amplitudes
of variations almost do not change their positions. The sound energy, in this case,
is absorbed to the maximum (3.8) due to the prevailing force of internal friction
(i.e., volume acoustic viscosity n;,) whose contribution increases with respect to the
force of the sound wave as the sound intensity decreases. Therefore, the values a
appear to be high and increase in the absence of illumination due to the formation
of cluster structures increasing water viscosity. Having compared the results given
in Figs. 3.14a, b, one may conclude that even sound of small power exerts some
influence on water macrostructure, though this influence is not so, strong as that of
light radiation.

From the data of Table 3.11 it follows that, firstly, tap water has a higher coef-
ficient of absorption of weak sounds than distilled water. Secondly, the effects of
the light obfuscation/exposure factor on tap water are much weaker. Both effects,
perhaps, are related to the fact that in tap water a higher concentration of impurities
of metal ions and water molecules in greater degree are bound to hydrate shells
of ions than into clusters, since the energy of hydration of ions is substantially
higher than the energy of water H-bonds. The impact of ions is indicative of higher
coefficient of the absorption of weak signals by bidistilled water, compared with
distilled (for samples not subject to exposure). Therefore, one can conclude that if
the water was not subjected to the activating effect of light, cluster formation (or
general structuring if other models are taken into consideration) would proceed
more strongly in the absence of ions, which reconstruct the water structure into the
structure of hydrate shells.

The partial destruction of small clusters during water’s transition from a dark to
a light environment causes a loose structure to form; in other words, when exposed
to light, water adapts a structure that is characteristic of higher temperatures. The
notions about the influence of ions on water structure and temperature [43] may
lead one to infer that under conditions of light exposure the temperature of water is
lower than in the dark. This means that, for instance, at 20 °C in the dark, the water
possesses a structure that correlates with a lower temperature. Certainly, the effect
of variation of the “structural” water temperature due to the formation of water clus-
ters is substantially lower than due to the formation of hydrate shells of ions since
the energy of the polarization effect of ions, judging by the heat effects in solutions,
is much larger than that of clusters.

Given the simultaneous obscurity of the water and its magnetization for 16 h by
the induction field ~80 mT, one can observe an increase in the absorption of a sound
signal (see Table 3.11). After the removal of the magnetic field and the exposure
to light, the signal is decreased to the value characteristic of distilled water under
conditions of illumination. Consequently, in the case of a long effect, the permanent
magnetic field is conducive to an increase of the viscosity of water from a dark
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environment. Perhaps in the magnetic field the cluster formation is promoted by
slowly proceeding to migration polarization [59].

Polarization involves charged clusters, i.e. dipole molecular particles carrying
electric charges as a result of their incomplete stoichiometric compensation during
the formation of a cluster. The incomplete compensation of the charges of water
molecules occurs as a result of deformation of the molecules or due to inequality
of the state of molecules inside and on the surface of a water cluster. The formation
of the surface charge of a cluster causes its polarization under the effect of external
fields.

A cluster may be modeled as a disperse particle with a double electric layer
ensuring repulsion forces of neighboring clusters. In this case, the water may be
considered as a suspension of clusters and the concentration of the disperse phase
(i.e. clusters) in such suspension depends on external conditions (temperature, the
presence of impurities, etc.). The external electric or magnetic field polarizes clus-
ters similar to particles of the disperse phase. We believe that such possibilities of
the cluster model are advantageous. The continual model of the structured water,
most likely, is more suitable for low temperatures; it is best applied, in particular, to
conditions of water overcooling [111].

As a result of the experiments, it follows that even a weak permanent magnet-
ic field under a long effect is capable of affecting the structure of distilled water,
which is not subjected to the impact of radiations. As the experiments have shown,
the three day treatment with the magnetic field did not result in the change of o
value. The changes of the structure in the darkened water sample, which had taken
place under the effects of the magnetic field, gradually disappeared, and the water
structure returned to its initial state. A short-time effect on the water by ultrasound
treatment (/=22 kHz, /=0.1 W/cm?, 0.5 min) sped up the process of decreasing
the value a to the value characteristic of the illuminated water sample. This also
corroborates the fact that under the effects of light the sample viscosity decreases,
due to the destruction of the cluster structure; ultrasound treatment speeds up the
process of destroying secondary structures.

Thus, thanks to a very weak disturbing effect of the given method of investiga-
tion on the water, the o values were recorded, testifying the changes of viscosity
determined by the restructuring of the cluster structure under the impact of different
illumination of the sample.

Considering the obtained results one may conclude that the main state of the
water structure should be considered as being protected from light, vibrations and
various electromagnetic radiations. This state also implies the absence of dissolved
substances. In this case, a true equilibrium is fulfilled between water’s cluster struc-
ture and unbound water molecules. Illumination or other effects result in a gradual
destruction of clusters and the transition of the water from the main state to other
characteristic states of the given effect.
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3.4 The Theoretical Research of Interactions of Water
Clusters with Ozone

Ozone molecules, as is known, play an important role in the Earth’s atmosphere.
The interaction of 0zone with atmospheric compounds was studied by many authors
[112—114], who noted that ozone complexes with water are key formations in the
reactions of the ozone layer.

Under the effect of ultraviolet (UV) radiation, the atmospheric ozone enters into
a reaction with various molecules and radicals of the atmosphere. It is known [115]
that the solar UV-radiation with the wavelength 185.9 nm causes the ozone forma-
tion from oxygen and with the wavelength 200-320 nm—its decomposition. The
ozonide anion radical is a primary product of ozone decomposition

0,+e —0,”

The following formation and other free-radical particles are possible with the par-
ticipation of ozone O,"", O*~, H,O"~, HO" etc. [116-118]. This can be illustrated
using singlet oxygen as an example. This oxygen is formed as a result of UV pho-
tolysis of ozone. Singlet oxygen, in turn, reacts with water molecules with the for-
mation of the main oxidant—hydroxyl radical. Given reactions are represented by
the following scheme:

O, +hv - O(D)+0,;
O(D) + H,0 — 20H".

It should be noted that ozone may coexist with singlet and molecular oxygen whose
ratio in a gas charge equals

0104y 10, =0.03:0.11:0.86.

In this case, the medium ozone in water cannot be considered independent of the pH
because experimental facts confirm the impact of the pH on the preferential activity
of ozone by radical or heterolytic mechanism [119—-121].

The formation of hydroxyl radical from solvate ozone complexes is also pos-
sible:

0, (H,0)+hv — 20H +0,,.

In this connection, the information about the nature of the interaction of ozone com-
plexes with the water is especially important since the hydrate shell may substan-
tially shift the absorption peak and thus affect the formation of free radicals.

Paper [112], dealing with the study of the interaction of ozone with the water,
proposed a model in which both terminal oxygen atoms are oriented to the side of
one of the water hydrogen atoms. Another study [113] proposed a model in which
water hydrogen forms a hydrogen bond with only one of the terminal oxygen atoms



84 3 Water Clusters

of the ozone molecule. Later, a “dipolar” model of the water complex with ozone
was proposed, in which a water molecule together with the ozone central atom
forms the C -symmetry plane [114].

Thus, the information about the structures of the O,(H,0)-complexes does not
provide a single idea about the nature of interaction of ozone molecules with the
water.

Ab initio calculations were carried out by means of Gaussian 03 software [72].
The structures of water clusters with ozone were completely optimized at the theo-
retical level of the Maller-Plesset perturbation theory of the second order. The basic
set of wave functions 6-311++G(d, p) of the Gaussian type, with the inclusion
of diffusion and polarization functions, was chosen both for optimization and for
determination of frequencies. Vibration frequencies were calculated based on op-
timized structures by the above mentioned method. The graphic representation of
water clusters was obtained by means of the Molden software [73].

The energy of forming the water—ozone complex, or the binding energy £ was
calculated based on the energy of the equilibrium state of the cluster and the main
state of the ozone molecule by the MP4(SDQ) method with an enhanced basis set
6-311++G(2d,2p):

E; = E(0,(H,0),)-(E(H,0), + £(0,)) (3.9)

The parameter of the convergence criterion for the energy and the gradient of the
self-consistent field were set to 1077,

We have optimized a number of the O,-H,0 models (see Figs. 3.15-3.19). To
confirm the global minimum, the frequency analysis of the water structures with
ozone, obtained in optimization, was carried out. As a result, two stable complexes
were determined (see Fig. 3.15).

The first model (see Fig. 3.15a) represents a structure in which H,O and O, lie
virtually in one plane, and a hydrogen atom is turned to the side of the terminal
oxygen atom of ozone. Thus, the hydrogen bond appears between one atom of wa-
ter hydrogen and the terminal oxygen atom in ozone. However, the length of this
bond—0.227 nm—substantially exceeds the length of the hydrogen bond in water
clusters [32], and due to this the energy of its formation (9.15 kJ/mol) is inferior to
the energy of the hydrogen bond in water clusters.

The second model (see Fig. 3.15b) possesses a large amount of bond energy
(9.78 kJ/mol) and has C -symmetry. The symmetry axis passes through the ozone
central oxygen atom and the water oxygen atom. Based on the results of calcula-
tions, such eclipsed configuration, in which hydrogen atoms are opposite to the
terminal atoms of ozone is the most stable form of water complexes with ozone at
the ratio 1:1.

The trans-form [114] stated in the literature (see Fig. 3.17a) was also reproduced
in the current study. However, as the calculations have shown, the given configura-
tion is metastable, which is indicated by the presence of the imaginary frequency in
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a b

Fig. 3.15 Ozone complex with the water monomer O,(H,0O) (a) and shielded configuration of the
isomer O,(H,0) (b)

Fig. 3.16 Ozone complex with the water dimer O,(H,0), (a), with the water trimer O,(H,0), (b),
with the water tetramer O,(H,0), (¢) and isomer O,(H,0), (d)

the vibrational analysis. The energy of the bond of such a complex constitutes only
8.02 kJ/mol.

From our perspective, the dipole orientation (see Fig. 3.17b) is an unstable struc-
ture and merely a transitional state to the eclipsed configuration.

The analysis of harmonic frequencies of the dipole structure revealed several fre-
quencies with a negative value. At the smallest perturbation (for example, when re-
moving the symmetry) the given complex acquires the configuration of the eclipsed
form.
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Fig. 3.17 “Trans” configuration (a) O,(H,0) and “dipole” orientation (b) isomer O,(H,0)

Fig. 3.18 Ozone complex with the water pentamer O,(H,O); (a) and with the cubic form of the
hexamer O,(H,0); (b)

Rotational constants for two stable configurations are given in Table 3.12. The
rotational constants obtained for the eclipsed configuration are in direct agreement
with the experimental data [112].

The optimized structure of the complex O,(H,0), is shown in Fig. 3.16a. It con-
sists of the water dimer and ozone in which the central atom of oxygen coordinates
with the oxygen atom of the water monomer (the donor of the hydrogen bond),
where 7, =0.284 nm. At the same time, the hydrogen atom, the acceptor mono-
mer, forms a weak hydrogen bond with one of the ozone’s oxygen terminal atoms.

The length of the hydrogen bond in the water dimer of a complex with ozone
constitutes 0.194 nm, which is comparable with the length of the hydrogen bond in
the free dimer 0.195 nm. It should be noted that the water dimer is more strongly
bound with ozone than the monomer. Thus, the dissociation energy of O,(H,0),
constitutes 15.49 kJ/mol.

Optimized water—ozone complexes with the number of water monomers 3—6
are compounds in which water molecules have a cyclic form of the earlier studied
trimer, pentamer, isomers of tetramer and hexamer [32]. In all enumerated com-
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Fig. 3.19 Isomer O,(H,0),

e 39N

Table 3.12 Rotational

Complex of ozone Constant (GHz)
constants for the complex with water monomer A B C
0,-(H,0
(H,0) 0,(H,0) 24.66 2.69 243
0,(H,0)* 11.42 4.68 3.55
0,(H,0),,[1] 11.96 4.17 3.27
2 isomer

plexes, an ozone molecule is coordinated via the oxygen—oxygen bond by only one
monomer from the composition of the water structure (see Figs. 3.16, 3.18, 3.19).

The closest intermolecular distance (0.283 nm) between the binding water mol-
ecule and ozone in the complexes O,(H,0), (n=1...6) was obtained for O,(H,0),.

The distribution of the charge on ozone oxygen atoms and the water mono-
mer that interacts with it is given in Table 3.13. As can be seen, the charge on
the oxygen central atom in the unbound ozone constitutes +0.321, whereas in
complexes with water clusters it increases appreciably. According to the obtained
data, the greatest positive value for the ozone oxygen central atom is achieved in
complexes with the water dimer and tetramer. The obtained distribution of the
charge is a result the Coulomb interaction with the binding molecule of the water
cluster monomer.

Thus, as a result of theoretical ab initio calculations in studying ozone complex-
es with water clusters O,(H,0), for n=1...6 the following results were obtained.
In the ozone: water ratio =1:1 two stale configurations with the binding energy
—9.15 and —9.78 kJ/mol (Table 3.14) were discovered. It is noteworthy that the
structure, in which ozone is bound with the water molecule like the hydrogen bond,
possesses a higher total energy value. The highest energy of the O,(H,0), -bond
(—90.94 kJ/mol) was obtained in the compound with the isomer of hexamer, and
the smallest one (—9.15 kJ/mol) was obtained in the complex with the monomer.

Except for the water dimer in all water clusters studied by us, ozone is bound
with one of the closest monomers exclusively via the O—O bond, which was testi-
fied from structural data as well as by the charge distribution on atoms.
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Thus, the electrostatic O—O interaction is prevailed over the formation of a hy-
drogen bond in ozone complexes with water clusters. The current study corrobo-
rates the hypothesis, put forward earlier [122, 123], concerning ozone transforma-
tion involving hydroxyl anions, whose initial stage may be written as

0,+0OH — 0, +O0H".

As has already been noted, in complexation of ozone with water a partial positive
charge on the ozone oxygen central atom is increased, which in a substantial way is
conducive to the interaction with the negatively charged hydroxyl anion. At the same
time, the presence of the fractional Coulomb charge on the ozone’s oxygen central
atom inhibits the formation of the hydrogen bond. From this fact it follows that a rel-
ative solubility of ozone in the water, in the first place, is determined by the dipole—
dipole interaction of O~ O_ rather than the presence of hydrogen bonds, which,
according to the calculations, have a comparatively small energy of formation.

3.5 Impact of Temperature on Water Clusters

The recent use of computer-aided optical methods of research has made it possible
to study the influence of the temperature on the water cluster structure. To this end
a microscope with a laser (A=633 nm) has been used. A laser beam after passing a
system of lenses with a total 20-fold magnification traveled through a spectrometric
tray filled with a sample and then was projected on the screen. Unlike the technique
described in paper [28], we used a flow-type rigidly fixed tray placed in a thermo-
stat. The thermostat was used to set the temperature within the range 1045 °C and
maintained at the accuracy 0.2 °C. The small depth of focus (~1 p) of the micro-
scope lens made it possible to observe contrast elements in the chosen section of
the solution. The image being projected to the screen is a result of light scattering
of the laser beam from the phase boundaries of the liquid elements of microscopic
dimensions. These elements can be dust particles, air bubbles and others associates
of water molecules, which are different from the unassociated water at the interface
by the light refraction coefficient.

The image from the screen was read by a video camera and entered into the com-
puter. Then it was converted into a black and white and was transformed into a ma-
trix of a two-dimensional system and was analyzed by means of computer software.
The result of analysis was obtained in the form of the total concentration of clusters
and the concentration of clusters of certain dimensions (4 to 40 p). The magnifica-
tion of the microscope limited the lower size of the objects being observed to the
size 2 um, which made it possible to rule out the count by the computer software
of microimpurities like gas microbubbles, colloid particles, etc. The microscope
was calibrated using a photomicrography micrometer OMP-2. The scale was then
projected to a screen and then by a video camera was sent to a PC. Finally, the cali-
bration of the image elements on the screen was expressed in pixels (in the given
case 1 pixel =2 p).



90 3 Water Clusters

Fig. 3.20 Temperature
dependence of the total 40
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Figure 3.20 shows typical curves of the total concentration of clusters (i.e., the
total content of GHWC of dimensions 2—40 p) from the temperature within the
interval 15-38°C. A sample of magnetized distilled water was obtained by passing
the water through a column of 2.5 cm in diameter and 10 cm high, and then the col-
umn was filled with balls 3 mm in diameter made of iron—nickel magnetic material,
creating magnetic induction in an interparticle gap up to 100 mT. Magnetization
was carried out under static conditions for a certain period of time. Distilled water
was magnetized in a column (in the given case for 27 min) after that the probe
was taken and GHWC was determined. The porous liquid of a tree was tested as a
natural plant liquid not containing GHWC. For this purpose, sap from a birch tree
was taken. Before measuring GHWC, this sap was filtered through a fine porous
ceramic filter obtained by sintering mineral particles with sizes 10 to 40 p. As can
be seen from Fig. 3.20, the temperature dependence of the GHWC content in natu-
ral birch tree juice by shape is similar to the curve for the water. Thus, one may
come to a conclusion that, firstly, GHWC is contained in the porous liquid of plants;
secondly, the amount of GHWC in the liquid of plants depends on the temperature.

Figure 3.21 shows temperature dependences for clusters of the size 4 and 36 p
in the 0.01 M solutions of LiCl, NaCl, KCI, and RbCl. The characteristic error
of the experiment, estimated in the given case in 5%, is denoted on curve 1. The
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concentration was chosen based on the affinity of the 0.01 M solution of NaCl for
human organism; therefore it was necessary to evaluate the GHWC content in such
a solution at different values of temperature. A number of investigated chlorides
correspond to a decrease of the cation’s polarizing force, which is determined by an
increase of its radius and appears in many properties of aqueous solutions [43]. As
can be seen from Figs. 3.20 and 3.21, for all investigated water systems the content
of GHWC at an increase of the temperature decreases. The total content of clusters
at heating may decrease from 40 at 15°C to 2-2.5% at 38 °C.

The content of GHWC of various sizes at an increase of the temperature decreas-
es non-uniformly. As can be seen from Fig. 3.20, stronger heating affects large clus-
ters. Actually, at the temperature 30 °C and higher clusters of dimensions 36 1 no
longer exist. At the same time, a certain amount of clusters of size 4 p are preserved,
despite heating the solution to 38 °C. It should be noted that at the temperature of
the human organism 36-39 °C in aqueous solutions the clusters of the GHWC type
are absent. At a lower temperature (30—32°C) in the solutions GHWC of smaller
dimensions are preserved.

A decrease of the GHWC content with an increase of the temperature indicates
destruction of clusters under the impact of the energy k7. The content of particles
in the solution, in the current case referred to as clusters, depends on the energy of
the interaction of water molecules like GHWC, capable of cluster formation. The
condition for cluster formation is an excess of water molecules of a certain en-
ergy level (energy barrier), which results in their interaction with the formation of
GHWC. The higher temperature of the solution, the higher energy of the interaction
of molecules should be in order to reach and overcome the barrier of cluster forma-
tion. At a decrease of the solution temperature, the energy of thermal disordering
(kT) decreases; therefore, it is easier for water molecules to overcome the energy
barrier and GHWC are formed greater. Thus, the formation of GHWC depends on
the molecular interaction temperature, which, in turn, is conducive to the change of
the content of clusters in the solution. When investigating GHWC, one can observe
a final result of such interaction, namely, the change of the concentration of the
clusters. The value of the total concentration of clusters shows how much water take
part in the formation of GHWC with respect to the amount of water which does not
involved in this process.

To determine the activation energy of destruction of clusters the temperature
dependences in the Arrhenius’ coordinates were constructed [102] (see Figs. 3.22
and 3.23). Curve / (see Fig. 3.22) shows the error of determination constituting 5 %.
As can be seen from the data given in Figs. 3.22 and 3.23 all points for investigated
systems are laid on straight lines, which are individual for each system. This cor-
roborates the applicability of the Arrhenius equation to the given water systems and
shows that each of them is characterized by certain energy of activation of destroy-
ing clusters of the GHWC type. According to the Arrhenius equation,

InC=k,+E/RT, (3.10)
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Fig. 3.22 Temperature InC
dependence of the total
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where C—is the GHWC concentration, mol/dm?; ky—is the coefficient character-
izing the frequency of collision of reacting molecules; E—is activation energy,
kJ/mol; R—is the universal gas constant, J/(mol - K); 7—is temperature, K.

For calculating the activation energy we will employ graphic relationship In
C—1/T and following ratios: tg o = AY/AX; E=R tg a (R=8.31 J/(mol - K)). The
results of evaluation of the activation energy of destruction of clusters are given in
Table 3.15.

From the data of Table 3.15 it follows, that pure water possesses the greatest re-
sistance to heating (i.c., the greatest activation energy of destroying GHWC). In the
solutions of the salts NaCl and KCl the activation energy of clusters is lower than in
distilled water. Such salts as LiCl and RbCl are most conducive to cluster destruc-
tion of the type GHWC. It should be noted that in the destruction of GHWC the
known ability of single-charged cations to positive or negative hydration is revealed
[43]. Lithium cation as most hydrating and destroys clusters by holding water mol-
ecules in the hydrate shell. Contrary to this, Rb*, which is characterized by negative
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Table 3.15 Impact of salts (concentration 0.01 M) or magnification on the activation energy of
destruction of water clusters

Indicator LiCl NaCl Distilled water KClI RbCI
Usual Magnified
E, kJ/mol 99.7 108.0 141.3 108.0 112.2 95.6

Table 3.16 Total content of GHWC in the water at different treatment modes

Experiment Interval of Temperature  Time after achieving temperature 20 °C (min)

number temperature  variation rate, ().Q 10.0 20.0
variation, °C  deg/min

1 100 — 20 2.7 15.3 15.3 15.3

2 100 — 20 16.0 14.9 15.0 14.9

3 0—20 2.7 22.2 21.4 20.2

4 0—20 16.0 32.4 25.0 23.8

hydration, destroys clusters, most likely owing to a strong decrease of the average
density of the arrangement of water molecules near the cation.

Water magnetization decreases the activation destructive energy of GHWC at
the level of the impact of the NaCl additive. Thus, when adding salts to the water
or magnetization of the drinking water the content of GHWC in it decreases (in
the first place of large dimensions), which is similar to water treatment by heating
to >30°C. To achieve a high degree of water declusterization of the clusters of the
GHWC type, the water should be heated to 36°C and higher. Thus, in a human
organism the water is in a declusterized form in terms of GHWC. Unlike this the
water in the channels of plants may contain GHWC is substantial concentrations.

In conclusion, we can note the ability of the water to the relaxation of the GHWC
content. For this, the following experiments were carried out with the water from
pump rooms whose total mineralization constituted 290 mg/dm? (see Table 3.16).

The water was heated to boiling and then cooled to 20°C at different velocity
(experiments | and 2). In the other case, water samples were cooled down to 0°C
then frozen and heated at various velocities to 20°C (experiments 3 and 4). After
achieving the temperature 20 °C in each of four samples we determined the amount
of GHWC through certain time periods (0, 10 and 20 min).

As the results of the experiments have shown (see Table 3.16), in the water sam-
ples obtained by its heating from 0 to 20 °C the total content of clusters of the type
GHWC is higher than in samples obtained by water cooling from 100 to 20°C.
This agrees with the data obtained above in terms of temperature dependences of
the contents of clusters showing that at an increase of temperatures GHWC are
destroyed and their concentration falls to zero. At a higher rate of water cooling
(experiment 2) the content of clusters is slightly lower than in slow cooling (ex-
periment 1). Consequently, slow cooling of declustered water is conducive to the
mechanisms of restoring cluster structures in the water.

The capacity of the water to keep the previous structure in transition of the
sample from low temperature to room one is manifested even more conspicuously
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(experiments 3 and 4). If the cooled water is heated fast (experiment 4) (it in full
measure refers to “the melt water”), the destruction of GHWC will be inhibited.
The concentration of GHWC for some time remains higher compared with the con-
centration characteristic of the given concentration. Consequently, the processes of
formation and destruction of clusters, type GHWC, take a rather long time (in the
order of seconds and minutes), which may be explained by orientation and migra-
tion polarization of particles and the presence of relaxation phenomena character-
istic of water [61]. The water capacity to diminish the quantity and size of GHWC
upon heating, to our mind, is one of its new structural anomalies.

It should also be noted that the studied variations of the water structure expressed
in a diminished content of GHWC of various dimensions during heating to the tem-
perature 32-38 °C most likely lie behind a number of other already known water
anomalies. In particular, papers [67, 124] found that within the temperature inter-
val 35-40°C the water is characterized by the minimum of specific heat capacity;
hot water (as maximally declusterized) may be frozen faster than cold one; water
viscosity at >32 °C depends little on pressure, while within the interval of tempera-
tures 30-50 °C water compressibility is in the minimum. At the temperature >38 °C
dimensions the sound velocity in the water sharply decreases, which may be caused
by a diminished content of GHWC of large dimensions. This, in turn, makes it pos-
sible to infer that GHWC are involved in the transfer of sound waves in a greater
degree than the cluster depleted water.

3.6 Cluster Structure of Usual, Heavy and Light Water

In the mainstream of papers [28, 35, 59, 65, 106, 124—127] for the study of clusters
in various water systems the authors of [128] considered the impact of changing the
temperature for the content of clusters in heavy water (99.99 %th D,0) and in water
samples with the different content of deuterium. For the investigation of the water
cluster structure the same technique as in paper [127] was used.

Light, heavy and usual water samples have been investigated. Light water con-
tained 54 ppm or 0.0053997% of deuterium, heavy one—99.99% of D,O (i.e.
9.999 x 10° ppm, was produced at Top-stay Ltd.) usual bidistilled (pump-room wa-
ter)—154 ppm, which corresponds to 0.015398 % of D,O. Heavy water was diluted
with distilled one in ratios given in Table 3.17. In this case a sample was obtained
with a certain content of deuterium, which was placed in a measuring spectrometric
laboratory dish and experiments were carried out according to the technique de-
scribed in paper [126].

In studying the temperature dependence of the contents of clusters, type GHWC,
in 99.99% of heavy water, the mode of its heating or cooling is fulfilled. A ther-
mostat was used to set the temperature within the interval 15 to 37+£0.2 °C (heating
mode) and 37 to 10£0.2°C (cooling mode). Diffractograms were measured every
three degrees (separately in the heating mode and in the cooling mode). The sample
was held at the same temperature for at least 10 min.
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Table 3.17 Preparation of sample solutions for the experiment

Experiment number Volumetric fraction Solution volume Volume of distilled
D,0 W (%) v, (ml) water added to sample
D,0 Vo (ml)
1 99.9900 1 -
2 90.9014 1.1 0.1
3 76.9189 1.3 0.2
4 66.6651 1.5 0.2
5 58.8240 1.7 0.2
6 50.0027 2 0.3
7 40.0052 2.5 0.5
8 25.0090 4 1.5
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Figure 3.24 shows the relationship between the content of GHWC in the water
and the content of D,O for a broad region of deuterium concentration. Figure 3.25
shows the temperature dependence of the content of clusters in water samples with
different contents of deuterium; Fig. 3.26—the impact of heating and cooling on
GHWC in the 99.99 %th D,O. Design curves for the contents in the water of clus-
ters of the type GHWC depending on water viscosity on temperature are shown in
Fig. 3.27.
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Fig. 3.26 Temperature
dependence of the content
of clusters in heavy water
(99.99% D,0): I—heating,
2—cooling

Fig. 3.27 Approximating
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Since deuterium bonds in heavy water are stronger than normal hydrogen bonds
[102], one should expect that in heavy water the GHWC concentration or their
dimensions will be greater. Experiments showed that such effects are not observed.

It is known that, 99 % of deuterium in usual water is represented in the form of
DHO. Simultaneous existence of deuterium and hydrogen bonds in the DHO solu-
tions, to our mind, is conducive to cluster formation due to a higher polarizing effect
of mixed dipoles.

As can be seen from the given graphic relationships, the addition of usual water
to D,O effectively does not change the content of gigantic clusters in the region of
volumetric from 99.99 to 25 %. D,0. It refers to GHWC fractions from 4 to 40 p.

Figure 3.25, shows the temperature dependence of the content of clusters. It can
be seen from the Fig. 3.25 that in distilled water one can observe the maximum
amount of clusters; in bidistilled water, on the contrary, the amount of clusters is at
the very low level and effectively does not depend on the temperature. Such data
can be explained by the fact that newly prepared bidistilled water was used, i.e. it
was prepared with preliminary thermal treatment. Paper [ 126] shows that, as a result
of thermal treatment, GHWC are destroyed. For restoration of the initial amount of
clusters, type GHWC, such water needs certain time to settle down in a calm state.
This is required for the slow processes of orientation and migration polarization,
which are conducive to self-organization of water molecules into clusters.

From experimental data on the impact of heating and cooling of the heavy water
(see Fig. 3.26), one can see that the total volumetric share of GHWC due to heat-
ing decreases from 20 to 0.5 %. If one does water cooling from 37 to 28 °C, it can
become obvious that effectively one cannot observe any changes, i.e. the happened
destruction of clusters and the change of temperature within this interval do not af-
fect restoration of its initial amount.

In cooling curve 2 (see Fig. 3.26) does not coincide with curve /, which is an
evidence of the formation of clusters in much smaller amount. The presence of the
hysteresis loop points to the fact that the formation of clusters follows the other
mechanism compared with the process of their destruction (curve /). Both curves,
most likely, converge into one at lower temperatures. Curves for distilled water
(154 ppm) coincide at the temperature 8—10°C. The obtained results show that the
maximum volumetric share of cluster after destruction by preliminary heating con-
stitutes 14 % of GHWC at the temperature 13.4°C.

One more feature should be noted; this feature is acquired by the water owing to
the presence of gigantic clusters. The water containing GHWC may be considered a
disperse system, in which water clusters play the role of the disperse phase. Dimen-
sions of GHWC investigated by us were within 2—40 p and more. Such dimensions
of the particles are typical of disperse systems. A very small difference between the
densities of the disperse phase and the disperse medium are conducive to sedimen-
tation and aggregative stability of cluster suspensions.

One of important characteristics of water is viscosity. It is known that the tem-
perature dependence of viscosity is described by the exponential equation and is
shown in Fig. 3.27a. Based on the quoted data the approximate curve is found.
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The exponential nature of the dependence is determined by the fact that in the
intermolecular interaction, determining viscosity, hydrogen bonds take part. Since
strong cluster formation is observed in the water, it was interesting to compare tem-
perature regularities of cluster formation and water viscosity.

Fig. 3.27b, ¢ shows the approximate dependence, obtained by mathematical
methods, for the curves of heating heavy and distilled water.

From design curves and equations corresponding to them it follows that the regu-
larity of the variation of content of GHWC clusters for heavy and distilled water is
well described by exponential dependence. This means that the destruction of clus-
ters in heating water is subject to general regularities of the process both for usual
and heavy water. Such regularities include the destruction of the structured ice-like
framework of water, the existence of free (unbound) water molecules from the hol-
lows of the ice-like framework and the formation as a result of a uniform mass not
bound with GHWC. The difference between distilled and heavy water observed in
the value of coefficients in the equations of the curves (see Fig. 3.27b, c), indicates a
substantial difference of the energy binding water molecules in the case of hydrogen
and deuterium bond. From the comparison of the equations of the curves shown in
Fig. 3.27b, ¢ with the equation for viscosity (see Fig. 3.27a), one can see that the
processes under investigation are well described by exponential curves. Perhaps the
phenomena being observed constitute similar regularities, while in the formation of
clusters hydrogen bonds play an important role.

Thus, this study on the physics of water using contemporary methods has con-
firmed the possibility of the formation and existence of clusters of different dimen-
sions. Unique effects of physical impact used in water treatment processes open
new ways for perfecting the processes of preparing drinking water of high quality.
The changes of the water structural composition, including the amount and concen-
tration of clusters under the external effects, bear information about the evolution of
the Earth’s atmosphere and hydrosphere which is necessary for stabilization of the
Earth’s climate and ecological protection.
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