
“The topic of this fascinating book is hydrogen, the element that makes up 75% of all matter in 
the universe and 10% of every human being’s body mass. The first section surveys the crucial 
importance of hydrogen in different energy technologies and also discusses its biological functions, 
while the second part goes into depth about hydrogen’s unique role in the chemistry and physics of 
materials. Both students and more senior researchers will enjoy and learn from this interesting and 
well-written book.”
 

Prof. Claes G. Granqvist
Uppsala University, Sweden

“Professor Gavrilyuk’s book provides a captivating overview of the various processes in nature in 
which hydrogen plays an essential role.  The introductory chapters cover physics, chemistry, and 
biology, and a major part of the book is devoted to photocatalysis, storage materials, and fuel cells, 
the key components for using hydrogen as a fuel to address future energy needs.  The book is clearly 
written and will prove suitable for use in courses at the upper-division undergraduate or graduate 
levels, but will also be enjoyed by anyone with an interest in this fascinating and indispensable 
element.” 

Prof. Chris G. Van de Walle
University of California, Santa Barbara, USA

This book highlights the outstanding role of hydrogen in energy processes such as fusion, 
photosynthesis, and metabolism, where it is the most functional element and inalienable player 
due to its unique peculiarities. The first half of the book presents the great natural hydrogen 
processes in biology, chemistry, and physics, showing that the study of hydrogen can unite all 
natural sciences. The second half is devoted to the technological processes and methods of 
hydrogen production and storage that are under research and development and aim to create 
the infrastructure for hydrogen energetics and to find the importance of nanotechnologies in 
those processes.  

The main objective of the book is to inspire “hydrogen thinking” and “hydrogen Weltanschauung.” 
Its spirit is to show the common features in the diversity of hydrogen processes and to make 
important generalizations that reveal the specific hydrogen trend in science and engineering.

Alexander Gavrilyuk is leading scientist researcher in the laboratory of 
physics of phase transitions in solids of the A. F. Ioffe Institute of the Russian 
Academy of Sciences, Russia. He is also guest professor at the Harbin 
Institute of Technology, China. He has authored the book Electrochromism 
and Photochromism in Tungsten and Molybdenum Oxides and more than 60 
papers. His research interests include hydrogen in materials, photochromism, 
disordered solids, nanomaterials, metal–insulator transition, electrochromism, 

thin film technology, quantum diffusion, tunneling reactions, and polarons and bipolarons in 
transition metal oxides.
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Why and how did this book appear? What were the reasons? 
 For many years I have been dealing with research related to 
hydrogen. The more I learn about this ubiquitous element, the more 
I understand that our knowledge about hydrogen and its properties 
suffers	from	one-sidedness.	
 These days one speaks of hydrogen very often; every day we hear 
about hydrogen energy, hydrogen infrastructure, hydrogen economy, 
and sometimes even on hydrogen society. Hydrogen is proclaimed to 
be the fuel of the future; it has been nominated to substitute fossil 
fuels since their use has become a threat to the environment and, in 
turn, to human existence. 
 While considering the importance of hydrogen, the only 
unforgivable mistake would be its underestimation. Hydrogen is 
extremely important for many processes, phenomena, and reactions 
that	 have	 been	 long	 investigated	 in	 the	 various	 and	 different	
branches of natural sciences, such as biology, chemistry, and physics. 
Hydrogen is a very important player in metabolism; it always works 
for life. Hydrogen is the most abundant element in the universe. 
Hydrogen powers stars; the energy delivered to the earth from the 
sun is due to thermonuclear reaction, in which hydrogen is the main 
player. The importance of hydrogen for medical purposes is also 
growing day by day. Recently it was discovered that hydrogen can 
be an exclusive antioxidant in medicine, which makes it an eventual 
element for medical treatment against various diseases. On the other 
hand, hydrogen is an inalienable element of electronics technology. 
 This book is devoted to the fundamentals, concepts, and ideas 
relating to hydrogen rather than the technical problems associated 
with it. In my opinion, it is important to present the bigger picture of 
the hydrogen world to explain the important processes arising with 
the inalienable participation of hydrogen. It makes sense to cover 
important generalizations that elucidate the unique features of this 
mysterious element and to present the keys to understanding its 
functions in various processes: hydrogen unites all natural sciences. 

Preface
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 The most important feature that makes hydrogen unique is its 
crucial role in processes involving the conversion, transfer, and 
storage of energy. In many cases, to perform these functions, hydrogen 
atoms are split into electrons and protons, and this mobile couple 
of small, electrically charged particles with the opposite charge 
performs various and unique functions in the energy processes. 
 Hydrogen atoms create hydrogen bonds, which are enormously 
important for the whole of nature and especially for vital processes. 
Hydrogen atoms are able to create special pathways for protons, 
facilitating their displacements and creating a one-dimensional 
chain of hydrogen bonds along which proton solitons can be 
transferred to large distances. Hydrogen bonds are especially 
important in processes such as enzyme catalysis and the creation of 
supramolecules. 
 Hydrogen is used to cure dangling bonds in amorphous silicon.
 Hydrogen atoms can be easily inserted in great quantities in 
many solids to drastically change their optical, electrical, structural, 
and magnetic parameters. 
 Hydrogen may act as a fuel, dopant, or catalyst, sometimes 
combining these functions. Sometimes it acts latently, and it takes a 
lot	of	effort	to	discover	its	role	in	various	processes.	
 An amazing and intriguing fact is that cosmic hydrogen is engaged 
to provide energy to the earth, whereas its counterpart, terrestrial 
hydrogen, plays the main role in its conversion via photosynthesis, 
providing vital power—enormous range of activities! 
 The objective of this book is to present in full width a realm 
of processes related to hydrogen that occur exclusively due to the 
peculiarities of hydrogen species. The book collects “hydrogen 
knowledge”	belonging	to	different	natural	sciences,	and	I	hope	that	
it would be interesting for students and postgraduates in various 
disciplines who would like to elaborate their “hydrogen world 
outlook”, “the hydrogen Weltanschauung”. 
 And I think that this enigmatic, exceptional, ubiquitous, unique, 
wonderful, uncanny hydrogen deserves thorough consideration of 
all its various properties.
 I have tried to cover the common features of hydrogen species in 
various phenomena, which make its activity so multisided. The book 
highlights	many	different	issues	from	various	scientific	trends.	It	is	
for those beginners who want to learn about this magic hydrogen 
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world. I think that the main task for a young researcher is to realize 
the	bewildering	amount	of	scientific	ideas	connected	with	hydrogen	
processes in nature and hydrogen technologies. The prime aim of 
the book is to inspire interest in the hydrogen world and in hydrogen 
science. 
 But the problems of hydrogen energy seem to be even more 
important. Natural resources are distributed between countries 
nonuniformly.	 There	 are	 countries	 that	 are	 terrifically	 rich	 in	
resources and whose economy depends entirely on the output and 
sale of fossil fuels. Since the prices of fossils at present are very high, 
there is no necessity to develop new technologies in those countries: 
all	financial	problems	can	be	solved	by	the	great	amount	of	money	
coming from oil and gas production. And since only new technologies 
power the development of societies, those “fossil” societies are 
stagnating in all aspects of social life. Having an ugly, monopolistic 
economy based on the output and sale of raw materials, they also 
usually possess monopolistic, authoritarian, or totalitarian political 
regimes that are often very aggressive both inside their own country 
and abroad. Using the high prices for the fossil fuels, they get 
enormous	financial	power	used	not	to	achieve	high	living	standards	
for their own people, but for militarization, political repressions, and 
corruption, which they try to spread all over the world to achieve 
their primitive targets. In these countries, human rights are brutally 
suppressed. These states are enemies of the open society. 
 Thus, creating a hydrogen energy economy by making energy 
available for the whole humankind without restrictions and 
blackmailing from countries rich in energy resources would be an 
important step not only from the ecological and economical but also 
from a political and human point of view. 
 I think it would not be an overestimation to say that it is a 
challenge for the civilized world to develop energy resources that 
are cheap and available to all countries and peoples in the world. 
All said, stressing the enormous importance of the breakthroughs in 
science and technology could create a world of hydrogen energy. 
 This book comprises three parts. 
	 The	 first	 part	 covers	 the	main	 properties	 of	 hydrogen	 species	
that isolate hydrogen from all other elements and that make them 
so exclusively important in energy processes. Atomic hydrogen is 
an element that is the smallest in mass and size, has poor electron 
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density and has the potential to get rid of it, facilely turning into 
a couple consisting of two particles with elementary charges of 
opposite signs (proton and electron). Hydrogen is a particle with small 
spatial restrictions; it is very reactive and capable of participating 
in tunneling reactions. In this part, special attention has been 
given	to	the	hydrogen	bond	(the	first	step	of	the	hydrogen	transfer	
reactions) and its importance. The possibility of the hydrogen bonds 
forming one-dimensional structures where the solitons can spread 
is underlined. 
 The second part highlights a series of outstanding natural 
processes	of	hydrogen.	The	first	 is	hydrogen	fusion,	which	powers	
the stars and the sun, the energy of which is delivered to the earth 
via radiation. This energy is converted into chemical energy during 
photosynthesis, where hydrogen is an inalienable player again and 
again. The chemical energy is then, again with the irreplaceable 
help of hydrogen, used in the oxidation process, powering the life 
of animals and human beings. The last chapter of this part covers 
the biological production of hydrogen, which is crucial for the 
production of dihydrogen, which has the potential to become the 
dream fuel for technological purposes. The research directed toward 
the technological improvement of this attractive natural process is 
also elucidated here. 
 The third part is devoted to the technologies of hydrogen 
production and storage, which are inalienable parts of future 
hydrogen energetics. Along with conventional methods of hydrogen 
production, such as cracking and electrolysis of water, new methods 
based	 on	 higher	 technologies,	 including	 artificial	 photosynthesis	
and photocatalytic degradation of organic substances, are discussed. 
In addition, photoinjection of hydrogen in solids is covered, because 
this process is connected with abstraction of hydrogen atoms under 
the action of light from organic molecules adsorbed preliminarily on 
the	surface	of	 transition	metal	oxides.	Readers	will	 find	especially	
interesting the technologies related to the double-layered structures 
that can transport hydrogen atoms between various materials. 
 All these processes present the total picture of hydrogen behavior 
in energy processes and make it possible to understand the total 
manifestation of hydrogen science. 
 To read and understand this book is not an easy job, as it requires 
knowledge	 of	 many	 different	 branches	 of	 science.	 However,	 such	
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reading may prove very useful to make the entire picture of the natural 
world	and	to	develop	scientific	imagination.	I	have	tried	to	make	the	
book as lucid as possible, and I wish success to all those who would 
like	to	learn	about	the	splendid	and	wide	field	of	hydrogen	science	
and its importance as a source of energy that humankind would be 
able to use. 

Alexander Gavrilyuk
Autumn 2013




