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Life Origination Hydrate Hypothesis (LOH-Hypothesis): 
Original Approach to Solution of the Problem           

By Victor Ostrovskii & Elena Kadyshevich 
Karpov Institute of Physical Chemistry, Russia       

Abstract -
 
The Life Origination Hydrate hypothesis (LOH-hypothesis) presents a mechanism of 

living matter origination from simple mineral substances within natural underground or 
underseabed methane-hydrate matrixes with no external energy. The mechanism is well-founded 
chemically, thermodynamically, and logically and is applicable to any celestial body where the

 

corresponding temperature and mineralogical conditions are maintained at a constant level for a 
rather long time. The hypothesis formulation method is based on the thermodynamic 
directedness of the natural movement and consists in an attempt to double back mentally the 
way Nature went and thus to reveal the principal milestones on its route.
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thermodynamics, life origination chronology, living matter origination chemism and mechanism.
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Life Origination Hydrate Hypothesis (LOH-
Hypothesis): Original Approach to Solution of 

the Problem 
Victor Ostrovskii α & Elena Kadyshevich  σ

Abstract - The Life Origination Hydrate hypothesis (LOH-
hypothesis) presents a mechanism of living matter origination 
from simple mineral substances within natural underground or 
underseabed methane-hydrate matrixes with no external 
energy. The mechanism is well-founded chemically, 
thermodynamically, and logically and is applicable to any 
celestial body where the corresponding temperature and 
mineralogical conditions are maintained at a constant level for 
a rather long time. The hypothesis formulation method is 
based on the thermodynamic directedness of the natural 
movement and consists in an attempt to double back mentally 
the way Nature went and thus to reveal the principal 
milestones on its route.     

Keywords : Life origination hydrate hypothesis, LOH-
hypothesis, living matter origination thermodynamics, 
life origination chronology, living matter origination 
chemism and mechanism. 

I. Introduction : Peculiar Features of 
The Living-Matter Origination 

Problem, of Previous Hypotheses, and 
of our Approach 

he Life Origination Hydrate hypothesis (the LOH-
hypothesis) [1–13] is the original one and has no 
common features with any other hypothesis that 

considers mysterious and stirring origination of this 
phenomenon. This hypothesis has been developed by 
us for about ten years. It was presented at different 
steps of its development at about 20 International 
physical, chemical, thermodynamic, biological, 
geological, and specialized conferences in the form of 
lectures or oral presentations [14]. This hypothesis 
considers the mechanism of life origination, and it can 
be applied to any celestial body, where the appropriate 
conditions exist.  

The problem of the border between the animate 
and inanimate has been discussed since 1935 when 
Stanley pioneered isolation and crystallization of the 
tobacco mosaic virus [15]. Several opinions expressed 
In   this    discussion   are   considered   in [4].   Pauling  
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no

 

reason to consider this question

 

as a scientific one; 

indeed, it reduces to the definition of the notion. If a 
living organism is defined as a material structure 
capable of self-reproduction, then plant viruses should 
be reckoned among living organisms. If it is assumed 
that living organisms must be capable of metabolism, 
then plant viruses must be regarded as mere molecules 
having a molecular weight of about 106

 
and a structure 

allowing them to catalyze, in a certain medium, a 
chemical reaction leading to the synthesis of molecules 
identical with them'' [16]. 

 We emphasize that Pauling's opinion is not 
faultless in the light of modern knowledge. It has been 
many times demonstrated in the past decades (see, 
e.g., [17]) that not only nucleic acids but even simpler 
organic substances are capable of self-replicating with 
consumption of certain chemical elements from the 
surrounding and excretion of unspent molecular 
residues. Should we call such a process “metabolism”? 
The answer can be deduced only from the practice of 
using the term. Today, viruses and even viroids are 
regarded as biological substances and are studied by 
biologists, although a vast field of activity remains open 
to physicists and chemists. Each of these species 
contains DNA

 
of a specific composition. 

 In our opinion, it is therefore justified to regard 
the appearance of nucleic acids in the course of 
evolution as the onset of the simplest pre-cellular life. 
We believe that, once nucleic acids originated and 
propagated and a medium appropriate for their 
existence and replication had appeared, the 
appearance of cellular life was merely a matter of time; if 
a living system were devoid of nucleic acids, with its 
protein content preserved, the vital activity would surely 
cease; if a living system were devoid of its protein, with 
the

 
nucleic acids preserved, the vital activity of the 

system supplied with nutrients might normalize with 
time.

 A number of rather different definitions of the 
phenomenon of life are available. Because the subject 
of our paper is the process of life origination, we are 
forced to define the phenomenon that is the subject of 
our consideration. Meanwhile, we consider the primary 
life only and, therefore, no one of the widely distributed 
definitions is entirely appropriate for our consideration. 
Besides, using one of the available definitions, we took 

T 
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chances to meet the objections of authors or users of 
other definitions. Therefore, we took a decision to 
formulate the following unpretentious definition for the 
subject of our consideration. Life is the phenomenon 
characterized by a combination of the natural chemical 
processes that lead to the extended self-reproduction of 
DNA molecules from generation to generation and by 
translation of all or almost all significant maternal 
features to the daughter molecules. The rare changes in 
the chemical composition of the DNAs will be termed 
intraspecific transformations or microevolution of DNAs. 

Each DNA molecule represents both the 
initiator of life processes and their smallest 
individualized product that, being introduced into the 
medium of a definite elemental composition, determines 
the direction of life processes. Apparently, DNA 
molecules are capable of conserving their individual 
features for a long time outside the medium necessary 
for the life processes and under rather low 
temperatures, for example, in Antarctic ices, ancient 
remains, etc.  

With the reservation analogous to that which is 
made as applied to the definition of the term life, we 
refer to the term “living matter” as follows. Living matter 
is a mass of the substance of a cell or of a 
conglomerate of cells, each containing, at least, one 
DNA molecule and a set of the source substances 
capable of synthesizing new DNA molecules. In order 
that the living-matter function of the extended self-
reproduction could be realized repeatedly, the cell or the 
conglomerate of cells must be connected with the 
environment by mechanisms of inflowing of source 
substances and out-flowing of side products of the self-
reproduction.  

In our opinion, living matter resulted from 
thermodynamically conditioned, natural, and inevitable 
chemical transformations governed by universal 
physical and chemical laws and such an approach 
underlies the LOH-hypothesis (and the Mitosis and 
Replication Hydrate hypothesis, the MRH-hypothesis 
[11, 18, 19]); Nature went step by step by its way from 
minerals to living matter and decreased gradually the 
Gibbs free energy at each step. Just as a result of the 
directedness of natural phenomena, researchers are 
principally capable of mental doubling back the course 
of Nature and, thus, of revealing the main milestones in 
Nature’s progression. A naturalist must search for a 
“hook” in the environment in order to catch onto it and, 
having the thermodynamic laws as a guiding thread, to 
guess the logics used by Nature in its development.  

The similarity of the principal chemical and 
structural features inherent in DNA molecules of 
different species is considered by us as an evidence for 
the similarity of the conditions of origination of different 
DNAs and for the long-term constancy of the 
corresponding natural parameters (such as the 
temperature, pressure, medium composition, 

gravitation, and so on) characterizing these conditions. 
On the other hand, the wide multiplicity of the DNA 
structural and chemical peculiarities is considered by us 
as a result of some dissimilarity in the medium 
parameters occurring in different regions where the 
primary DNA molecules had originated. Meanwhile, 
according to our notions, DNA-like molecules with 
different sequences of nucleotide links and with different 
nontrivial N-bases could be formed within one 
localization.  

Origination of nucleic acids (DNA and RNA) 
had preceded cellular life, while origination of nitrogen 
bases (N-bases that are pyrimidines (cytosine (Cy) 
C4H5N3O, thymine (Th) C5H6N2O2, and uracil (U) 
C4H4N2O2) and purines (guanine (G) C5H5N5O and 
adenine (Ad) C5H5N5) and also xanthine (X) C5H4N4O2, 
hypoxanthine (Hx) C5H4N4O, and some others), desoxy-
D-riboses (DDR) C5H10O4 and D-riboses (DR) C5H10O5, 
and phosphates had preceded nucleic acids.  

In our terminology, the formation of the first 
proto-cells and development of the mechanism of 
extended self-reproduction of DNA molecules 
inaugurated the living matter origination, DNA and RNA 
molecules being the simplest forms (objects) of the pre-
cellular living matter rather than the living matter as such 
and N-bases, riboses, phosphates, nucleosides, and 
nucleotides being the living matter simplest elements 
(LMSEs), i.e., the living matter constituents.  

The problem of living matter origination can be 
subdivided into two sub-problems: origination of DNAs 
and RNAs as the simplest objects of the pre-cellular 
living matter and origination of the living matter as such, 
i.e., the formation of cells and development of the 
mechanism of extended self-reproduction of the DNA 
molecules.   

In the LOH-hypothesis, substantially the same 
phenomenon of formation–destruction of hydrate 
structures, but in its different visualizations, is applied for 
solution of these two sub-problems.  

According to the LOH-hypothesis, synthesizing 
of the LMSEs, assembling them together, and joining in 
certain sequences went in the same localization. Many 
of such localizations existed.    

Authors of the previous hypotheses finish their 
considerations, at least as a rule, at the first or second 
process; we try to reproduce Nature’s entire way from 
simple minerals to living matter.  

The living-matter origination problem has the 
following peculiar features.  

1. In the DNA and RNA compositions, the N-bases, 
riboses, and phosphate groups are located in 
strictly determined sequences and the N-bases are 
limited in sizes, in spite of the occurrence in their 
composition of chemically active groups, which 
seem to be capable of further chemical 
transforming. Therefore, such molecules could 
originate only under very specific conditions. These 
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peculiarities of nucleic acids led us to the idea that 
they originated inside such a mineral honeycomb 
three-dimensional solid matrixes which selectively 
absorbed source substances of definite 
compositions and whose cavities had sizes that 
limited the chemical accretion of each individual 
LMSE but did not hamper polycondensation of 
LMSEs. It should be expected that such matrixes 
are not constructed from cavities of one size but 
include the cavities of different geometric forms, 
because the sizes of N-bases, riboses, and 
phosphate groups are different.  

2.   DNA and RNA molecules and living matter as 
such generally consist of only five chemical 
elements: H, C, N, O, and P. This fact means that 
the set of the source substances that produced 
DNA and RNA molecules within the “parent” 
matrix had to include a key component capable of 
selective reacting with the other components of this 
set and with no other chemical substance that 
occurred in the environment.    

3. In the DNA compositions and in the RNA 
compositions, all riboses are similar in their 
chemical nature and the diversities of N-bases are 
rather restricted. These features give us grounds to 
think that the LMSEs originated as a result of the 
strict directedness (i.e., of the thermodynamic 
front) of the chemical reactions inside a mineral 
matrix and that the thermodynamic front was 
caused by a low temperature level and, as the 
consequence, by slowness of the reactions that 
proceeded one by one in the direction of 
decreasing in the free energy of the system until 
the structural cavities are completely filled; after the 
free volume in the cavities of any one size became 
too small for ubiquitous formation of the same 
additional atomic group, the final filling of the 
cavities was regulated in a special manner. 

4. Such a mechanism could be realized only under 
the condition of the absence of heat flows, 
electrical discharges, and weather perturbations 
capable of destroying any order rather than of 
creating and maintaining it. The best conditions for 
the thermostat used by Nature for DNA origination 
could be provided in the Earth’s crust under 
ground or under seabed.  

5. In DNA double helixes, purines are bound with 
pyrimidines, but purines are never bound with 
purines and pyrimidines are never bound with 
pirymidines; moreover, Cy is never bound with Ad 
and Th is never bound with G. These features were 
discovered in the 1950s and are not explained up 
to now. It is unlikely that this collection of events is 
explainable by any cause of non-geometric nature, 
and, apparently, this cause is hidden in a specific 
matrix character of the media of DNA origination 
and reproduction.   

6. How can the DNA monochirality be explained; i.e., 
why did Nature use only desoxy-D-riboses in DNA 
molecules, and how did it manage to do this? In 
our opinion, this phenomenon could have only one 
realistic explanation. Namely, DNA molecules 
originated within a matrix of a honeycomb structure 
with such geometry that only D-riboses could join 
together the N-bases with phosphate groups. The 
consumption of D-riboses led to a shift of the 
equilibrium and formation of new D-riboses. Thus, 
we come again to the concept of a mineral matrix. 
We apologize to our possible opponents for the 
rigidity, but we believe that the solution of the 
problem of monochirality should be simple, 
because we are in sympathy with Great Newton 
who wrote in his “Principles” that “Nature is simple 
and does not luxuriate in excesses”. And it is our 
principal opinion that the cause of this 
phenomenon is of chemical and geometrical rather 
than physical nature.  

7. Oparin’s opinion [20, 21] on the necessity of 
external energy for synthesizing biologically active 
substances from minerals is disproved 
unambiguously. Oparin believed that the entropy of 
biological substances is so low that no enthalpy 
change is capable of making negative the Gibbs 
free energy for synthesizing biologically active 
substances from minerals. Speculations 
concerning a supposedly low value of the entropy 
of living matter and the necessity of external energy 
for its origination are also typical for a number of 
later hypotheses. However, physicist and biologist 
L. Blumenfeld [22–24] calculated the typical living 
body entropy on the basis of the generalized 
approach of statistical physics and came to the 
unambiguous conclusion that “…according to 
physical criteria, any biological system is ordered 
no more than a rock piece of the same weight” 
([23], p. 90). Somewhat later, the standard values 
of the enthalpy of formation (ΔrH0) and of the 
entropy (S0) were obtained experimentally for 
different biologically active substances [25–28]. On 
this basis, we calculated the standard changes in 
the Gibbs free energy (ΔiG0) for a number of 
reactions leading to formation of N-bases and 
riboses from minerals [3, 4]. These works had 
proved unambiguously that no external energy is 
necessary for synthesizing biologically active 
substances from definite minerals, because the 
free-energy changes in such reactions are negative 
and rather great in magnitude.  
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

Thus, the external energy is by no means 
necessary for synthesizing biologically active 
substances from some sets of minerals. 
Furthermore, Nature had to provide removal of the 
energy that evolved as a result of these natural 
syntheses. However, this problem did not arise 

  
 

(
)

A



 
8. Authors of the previous hypotheses, factually, 

considered origin of life as an occasional 
phenomenon, because the gross-process of 
formation of individual components of DNAs and 
RNAs and their self-assembling is extremely 
improbable. Meanwhile, it is now evident that living 
matter occurred repeatedly; for example, 
according [29], multicellular organisms appeared 
independently in the Earth history no less than 24 
times.   

9. Advocates of most previous hypotheses use 
Miller’s experiments [30, 31] up to now as the 
ground for their assumptions or as the support for 
their conclusions, although, substantially, the 
results of Miller and his followers have only remote 
connection with the problem of living-matter 
origination. Indeed, under the action of electric 
discharges, they obtained some amino-acids, 
cyanic acid, cyanoacetilene, and other N-, O-, and 
H-containing substances in gas phase as a result 
of processing N2/CH4, N2/CH4/H2, 
N2/CH4/H2/CO2/NH3, and other gas mixtures; in 
recent years, still wider variety of different aliphatic 
and aromatic substances was produced under the 
action of electric discharges on gas mixtures that 
contained water aerosol [32]. However, it is under 
question that the conditions of their experiments 
are close to those that caused living-matter 
origination about 3900 Myr ago when the first living 
matter originated according to [33, 34]: the 
atmospheric compositions and pressures are 
chosen on the basis of uncertain models, which 
therewith transform with time [35, 36], and the 
power, cubic density, and temporal frequency of 
the atmospheric electric discharges are taken 
voluntary. It was shown (e.g., [37–39]) that the 
products obtained in electric discharges, being 
used in rather large amounts and in sufficient 
concentrations and powers, are capable of giving 
N-bases in water solutions as a result of multistage 
syntheses (riboses are not detected in their 
experiments (e.g., [40])). However, it is hardly 
surprising that the thermodynamically feasible 
reactions proceed under some conditions; such 
facts have no evidential force for the problem of the 
mechanism of living matter origination until it is 
proven that the experimental conditions 
correspond to the Earth’s conditions of about 3900 
Myr ago. Besides, the opinion of these authors that 
the collection of the LMSEs and formation of long 
polymer DNA molecules of specific structures 
could occur near the atmosphere–ground or 
atmosphere–water boundary, where the instability 
of the conditions should prevent the self-
assembling processes, provokes strong 

objections. It is no less important that the approach 
of these authors to the problem under 
consideration gives no answers to the questions of 
why only five chemical elements and five different 
N-bases enter the principal composition of the 
DNA and RNA molecules, why N-bases are limited 
in their sizes and in the number of the substituting 
groups, whence riboses and phosphates came, 
what is the motive behind the arrangement of the 
N-bases, riboses, and PO4

3− groups in strong 
sequences and why these sequences are not 
random but implicate some sense, what is the 
source of the monochirality, and what is the 
mechanism of formation of cells.  

In our opinion, the hypothesis of living matter 
origination should hypothetically answer these questions 
and propose the natural matrix capable of promoting the 
meeting and chemical interaction of source mineral 
substances, synthesizing LMSEs and DNA and RNA 
molecules, and subsequent origination of proto-cells.  

According to the LOH-hypothesis, just the gas-
hydrate structure was the matrix that provided living 
matter origination. Therefore, we should give some 
information on gas hydrates as on a specific class of 
chemical substances.  

II. Geological, Biological, and Chemical 
Data and Experimental Results that 

Initiated the Principal Loh-
Hypothesis Concept 

a) Natural Incubator  

Gas-hydrate deposits represent natural 
incubators for living matter origination. Gas-hydrates 
[41–43] are honeycomb solid mineral substances with 
cubic (structure I, a = 1.20 nm), face-centered cubic 
(structure II, a = 1.73 nm), or hexagonal (structure H, a = 
1.23

 nm and
 c = 1.02 nm) lattices composed of cavities 

of two different sizes (structures I and II) or three 
different sizes (structure H), where the waters (hosts) are 
the vertices of the cavities and other atoms, molecules, 
or atomic groups (guests) are housed within the 
cavities. In gas-hydrates, the guest–H2O

 
interactions are 

provided by the Van-der-Waals (V-d-W) forces. As 
guests, particles of one, two, or three different types can 
be housed within the cavities. Gas-hydrates that contain 
guest particles of two or three different chemical natures 
are termed mixed gas-hydrates. The structure type 
depends on the size of the guest particles or on the 
sizes of the guest particles if particles of two or three 
types are housed within the cavities. Gas hydrate 
matrixes can exist only under the condition that some 
guest particles are housed within no less than

 
80%

 

cavities of, at least, any one size; otherwise, the loose 
structure collapses and transforms to the usual dense 
ice. For example, in hydrate structure II, the ideal water-
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

because the syntheses proceeded under low 
temperatures and went very slowly. 

  
 

(
)

A



to-guest ratio is equal to 17 and the critical one is equal 
to 20–21.  

The capability for hydrate formation is a 
fundamental property of water; it can reveal itself in solid 
and highly-concentrated semi-liquid systems at 
sufficiently low temperatures and sufficiently high 
concentrations (or pressures) of particles of such sizes 
that correspond to the free sizes of the gas-hydrate 
cavities; the chemical nature of the guest particles is not 
of principal importance for the question on the 
possibility of hydrate formation in any substrate–water 
system. 

The equilibrium between a hydrocarbon, water, 
and a hydrocarbon-hydrate is determined by the 
temperature and hydrocarbon pressure, and the 
equilibrium hydrocarbon pressure is constant at a 
constant temperature. The temperature is determined by 
the geological conditions of the hydrocarbon-hydrate 
bedding. Therefore, the feasibility of hydrate formation 
depends on the depth of bedding and on the density 
and degree of softness of the overlying Earth's-crust 
layers. Natural deposits of methane and other 
hydrocarbons exist frequently in the form of gas-
hydrates under the Earth's surface or seabed.  

At an appropriate temperature, the potentiality 
of molecules or atomic groups to form gas-hydrate 
structures in the presence of water is determined by 
their sizes rather than by their chemical properties. For 
the process of hydrate formation from liquid water and 
guest particles, the additional decrease in the Gibbs free 
energy as compared to the decrease in the Gibbs free 
energy characteristic for formation of usual ice I from 
liquid water is small and, therefore, hydrates melt as a 
result of rather weak warming-up; therewith, the phase 
of guest particles and liquid water form.  

Hydrate structures have a unique peculiarity. It 
is caused by the fact that the structuring is caused by 

the weak V-d-W

 

forces and, therefore, the molar free 
energies of the structured

 

and unstructured states

 

are 
rather close. As a result, variations in the relative 
concentrations of the components of both the host 
(water) and guest (substrate) can change the aggregate 
(structural) state of the systems. For example, when 
water enters forcibly and slowly into an amorphous dried 
water–substrate system capable of structuring, a gas-
hydrate structure arises and develops with a decrease in 
the free energy up to hydrate formation over the entire 
system; however, entering of excessive water leads to 
the hydrate-structure disruption, which proceeds also 
with a decrease in the free energy. It was shown in [11] 
that this peculiarity of the gas-hydrate structures is of 
principal importance for the living matter origination and 
development; it is possible that this peculiarity is the 
cause of a number of derangements in the regular 
functioning of living cells and multi-cellular aggregates.

 

Figures 1(2)–1(6) present schemes of the gas-
hydrate cavities of hydrate structures I, II, and H. All they 

 

are given in scale. Structures I, II, and H

 

contain 512

 

and 
51262, 512

 

and 64,

 

and 512, 435663,

 

and 51268

 

cavities, 
respectively (above each scheme, the lower-case 
figures mean the numbers of the edges of a

 

facet and 
the superior figures mean the numbers of the facets that 
terminate the corresponding cavity). In these schemes, 
each vertex responds to the O

 

atom of an H2O

 

molecule 
and each edge responds to the sum of the O–H

 

valence 
bond of any H2O

 

molecule and the H∙∙∙∙O

 

hydrogen 
bond of this H2O

 

molecule with any adjacent H2O

 

molecule. Figures 1(2)−1(6) gives also the sizes of 
particles capable of being housed within cavities of 
different types. Figure 1(1) gives the scheme of the unit 
crystal cell of hydrate structure II. Each unit crystal cell of 
structure II has the size 1.74 nm and consists of 136 
waters, which form 16 small and 8 large cavities with the 
free diameters 0.48 and 0.69 nm, respectively [44].
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

  
 

(
)

A

Figure 1 : (1) Unit crystal cell of gas-hydrate structure II (not to scale), a = 1.73 nm; (2)–(6) Intra-structural cavities 
of hydrate structures I, II and H given to scale: the vertexes are the O-atoms of H2O molecules, and the length   of

each edge corresponds to the sum of the lengths of the O–H valence bond in any H2O molecule and H∙∙∙∙O
hydrogen bond between this and an adjacent H2O molecule;   above each cavity,  its  free  diameter, the
number of its facets (the superior figures) restricted with the definite number of the edges (the lower-case figures),

and the indexes of the hydrate structures into which this cavity is included are given.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
      

   

      

 

  

          
 

  

 
  

  

If each large cavity of the structure I or II is filled 
with guest particles of any chemical nature, the water-to-
guest stoichiometry, n

 

= 7.67 or 17, respectively; when 
all cavities of the structure II are filled with guest 
particles, n

 

= 5.67. Many clathrate compounds of 
structure II with 17 "host" waters per one "guest" 
molecule are known, e.g., C4H4O∙17H2O

 

[45], 
(CH2)4O∙17Н2О

 

[46], СН3Сl∙17Н2О

 

[47], С3Н6∙17Н2О

 

[48], and mixed hydrates, such as С3Н8∙2Н2S∙17Н2О

 

[49], (CH2)4O∙2Н2S∙17Н2О

 

[50], С3Н8∙2СH4∙17Н2О

 

[51], 
etc. Note that the term “gas-hydrates” was introduced 
when it was accepted that such structures can exist in 
gas–water systems only. However, at present, many 
liquids are known that are capable of forming gas-
hydrate structures. Some of them are written above in 
this paragraph. 

 

The hydrates of CH4, C2H6, and C2H4

 

and of 
other hydrocarbons are usually crystallized in structures 
I and II, respectively. Note that the free energy inherent 
in different hydrate structures with the same guest 
particles is almost the same, and, therefore, they can 
metamorphose depending on the external conditions. 

 
 

  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2

 

: Submarine hydrocarbon-hydrates [52]; circles 
mark the regions, where submarine hydrocarbon-

hydrates or their characteristic features are revealed.
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

In the Earth’s crust, the under-seabed and 
underground CH4-hydrate deposits are widely 
distributed [53]. Figure 2 gives the map showing the 
over-world under-seabed methane-hydrate deposits 
[52]. In 2004, the CH4 mass in the proven marine CH4-
hydrate deposits was estimated as (1–5) mln. km3 [54], 
and this estimate grows continuously. Deposits of 
hydrates of other low-molecular hydrocarbons are also 
known.  

b) Generalizations of Experimental Studies and of 
Available Information as the stimuli for the LOH-
Hypothesis Concept

The principal results that led to this conclusion 
are given below in Figure 3 and in the text.

The PO4
3−,purine, pyrimidine, and DDR (DR)

components of the DNA (RNA) molecules are 
characterized by affinities to water. Therefore, studies of 
the H2O–DNA system give no reliable information on the 
water interaction with N-bases. Meanwhile, the fact is 
that the DNA molecules in a double helix are joined to 
each other due to hydrogen interaction between N-
bases of the coupled strands; waters with their high 

interaction and thus the water concentration in the 
cellular cytoplasm influences significantly the DNA–

dipole moment influence significantly the DNA-DNA 

DNA interaction in double helixes and the entire process 

  
 

(
)

A

of DNA replication. Therefore, the H2O interaction just 
with N-bases is of particular interest. 

In this connection, we used PAA to clarify the 
physicochemical characteristics and mechanism of 
water interaction with N-bases, because PAA is a linear 
polymer like DNA and RNA and because its molecules 
contain ordered side keto- and amino-groups, which are 
similar to those included into N-bases. The most 
principal results of the studies of interactions of PAA
and aminoacids with water are summarized in Figures 3 
(a–g); the techniques, procedures, and results are 
detailed in [58] (PAA) and in [18] (aminoacids). 

The experiments on H2O vapor sorption by 
dried PAA samples from air of about 100% humidity 
(Figures 3a, 3b) showed that water sorption is very slow 
and terminates at a water content that corresponds to 
(17–18) H2O∙(−C(O)NH2), i.e., n = (17–18). 

Figure 3f shows the differential heats of water 
sorption by PAA (the heats of sorption were measured at 
0< n < 2 and the heats of desorption were measured at 2 
< n < 26; at n < 2 sorption proceeded so slowly that the 
heat effects cannot be measured). At high water 
contents in the semi-liquid H2O–PAA system, H2O
desorption in the deaired system proceeds with the heat 
of water vaporization; some strengthening of the water–
PAA bond is observable at n ≈ 17, and different special 
features are observable at n < 17 (Figures 3e, 3f). The 
curve as a whole reflects a nontrivial character of water 
sorption: indeed, the first H2O molecule (at n ≤ 1 ) is 
sorbed (Figures 3d, 3f) rather strongly and, at 1 ≤ n ≤ 17, 
complicated changes in the differential heat of H2O
sorption occur, because hydrate destruction in the 
course of desorption (likely to the process of hydrate 

The LOH-hypothesis was initiated by three
principal conclusions resulted from our scientific
studies.
              (1) In highly concentrated semi-liquid 
polyacrylamide (PAA)–water and aminoacid–water 
systems, host–guest structures similar to those in the 
gas-hydrates form at rather low temperatures and under   

undisturbed conditions with no stirring and other
disturbances. This conclusion was made as a result
of extensive experimental studies of the processes      of 
interaction of vaporous and liquid water with
polyacrylamide (PAA), glycine, and alanine by
kinetic, calorimetric, sorption, and desorption
techniques under atmospheric and vacuum
conditions [18, 55–58].



 
 

 

 

  

 
 

 

 
 

 

 

  
 

 

 
 

 

 
 

  

 

 
 

  

 
 

 
  

 

formation) proceeds with a continuous reconstruction of 
the system and with enthalpy changes at

 

each step of 
this reconstruction. At

 

n > 17, the hydrate structure is 
destroyed and the system reveals itself as almost ideal 

solution; the differential heat of water vaporization is 
practically equal to the heat of vaporization of pure 
water.   
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

Figure 3 : ([18, 55–58]) (a) Illustration to the procedure of the studies of water-vapor sorption by polyacrylamide 
(PAA), glycine and alanine from air of 100% humidity at about 290 K; (b) degree of PAA wetting vs. duration of 

sorption; (c) rate of sorption by glycine and alanine vs. degree of wetting; (d) glass apparatus for sorption 
experiments in the deaired PAA–water system: (1) calorimetric ampoule, (2) top of the calorimeter, (3) test tube, (4) 
sample for wetting, (5) “breaker”, (6) sealed water-containing glass sphere, (7) neck, (8) mercury manometer, and 

(9) tube to vacuum setup; (e) apparatus for desorption experiments: (5) neck (for other notation, see (d)); (f) 
calorimetric molar heats of H2O sorption: sorption by sample 8 (●) at 292 K and desorption from samples 7 (■), 9 

(▲), 10 (◊), and 11 (○) at 292, 288, 297, and 291 K, respectively (samples 7, 9, 10, and 11 are aged before the 
experiments for 14, 9, 6, and 16 days, respectively); QL is the heat of H2O vaporization from the pure water surface at 

290 K; and (g) probability of desorption of any water molecule into vacuum from the PAA–water system per unit 
time: samples 9 and 10, 290 K.

(
)

A
Figures 3e, 3g present thedesorption apparatus 

and the data on the n-dependence (1 < n < 60) of the P
value, respectively.The P value is proportional to the 
probability of desorption for each sorbed H2O molecule 
from the H2O–PAA system into the deaired volume for 1 
min from a unit surface of the system; it characterizes 
the strength of H2O binding in the system. The 
techniques and procedures are detailed in [58]. The P
value is constant at high n values and passes through 
minima at n ≈ 14 and n ≈ 8 . These minima are 
associated with some strengthening in the H2O binding
with PAA. It was said above that ideal hydrate 
structures II and I respond to n = 17 and n = 7.67, 
respectively. Thus, the   occurrence  of   these minima
is indicative of formation of hydrate structures, in which 

the strengths of water binding with PAA are somewhat 
heightened. 

Figure 3c shows that the rates of H2O sorption
from air of 100% humidity by aminoacids decrease at n 
≈ 17–20. This result counts in favor of hydrate-structure 
formation in these systems, similarly to the PAA–H2O
system. However, in the case of aminoacids, the effect 
is pronounced not very clearly.  

On the basis of these experimental results and 
a detailed analysis of the available data on the 
structures of different water–substrate systems, the 
following conclusions were made [1, 2, 55, 56]. 

At about 290 K and in the absence of stirring 
and other disturbances, waters absorbed by PAA and 
aminoacids at the first stages of wetting of these 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

substrates form a structure similar to gas-hydrate 
structure II. 

This phenomenon means that the energy of the 
hydrate structure stabilized by the intracavity guest 
particles is somewhat lower than the energy of usual 
liquid water. At the temperatures of the experiments, this 
energy gain is higher only slightly than the thermal 
energy of molecular motion. Therefore, hydrate 
structures can be destroyed by weak (mechanical, 
thermal, etc.) impacts, including fluctuations. The PAA
interaction with water with formation of hydrate structure 
II can be described by the following scheme. 

Figure 4 : The scheme of water interaction with a PAA
fragment; curly brackets symbolize a large hydrate 

cavity.

Water-vapor sorption by keto- and amino-
groups under conditions of about 100% humidity leads 
to formation of a semi-liquid clathrate-like hydrate of 
structure II; after sorption of about 17–18 waters per one 
–C(O)NH2 group or per one aminoacid molecule, their 
affinities to water becomes saturated [18, 55–58]. This 
state of the system is metastable. Upon addition of 
water into the system, the hydrate structure is steadily 
destroyed and the system is progressively converted 
into a homogeneous solution. In all likelihood, similar 
characteristics of water sorption are typical of other 
linear polymers with side groups if these groups match 
cavities in hydrates. 

(2) Second principal conclusion is as follows. At 
the H2O–DNA

 

double helix quasi-equilibrium in vivo, the 
hydrate structures in the vicinity of each N-basis are 
being completed, the N-bases become encircled by 
water envelops at n ≈ 17, their pair interactions between 
the DNA strands become neutralized by the water 
surroundings, the DNA double helixes become 
unwound, and the DNA mono-strands float away from 
each other. 

This conclusion is made by analogy with the 
PAA behavior in the PAA–H2O

 

medium. 
Meanwhile, the term “quasi-equilibrium” 

requires an additional clarification. The living matter of 
any scale, including a cell, represents an open system. 
It is possible to say about immobilization (or sorption) of 
an equilibrium water amount by DNA molecules outside 
living matter, having in view the maximal H2O sorption 
by them; however, there is no ground to say about an 
equilibrium water sorption by the cellular DNA, because 
no equilibrium can be reached in a living cell and the 

notions on equilibrium and life are incompatible. We 
mentioned above about a unique peculiarity of the gas-
hydrate structures. In our opinion, it is extremely 
important in understanding of the common 
thermodynamic ground of the life as a natural 
phenomenon. Let a system contain DNA double helixes 
all just formed and the water amount in the system be 
deficient for hydrate-structure formation around all N-
bases. When waters (and nutrients) diffuse into a semi-
liquid system that contains DNA double helixes and too
little water for formation of hydrate structure, the process 
goes to hydrate-structure formation up to n ≈ 17 , 
because this process is thermodynamically caused. At n
> 17, the DNAs begin to dissociate and the DNA mono-
strands float away from one another because just this 
process is thermodynamically caused under these 
conditions. Each DNA mono-strand begins “to accrete” 
nutrients, and two “daughter” DNA double helixes 
originate. Now, the system contains again too little water 
and the process of hydrate structure formation around 
the newly formed N-bases becomes again 
thermodynamically caused and the system “imbibes” 
water again from the outside, etc. In the real systems, 
the DNA molecules are at any moment in different 
phases of their interaction with water, however, the 
physicochemical situation is basically the same. Thus, 
the process of the alternate formation/destruction of the 

  
 

(
)

A

hydrate structure promotes wonderfully the DNA
replication and thus makes life possible.          

In [1], it was stated on the basis of a 
comparative study of the available data on the 
structures of PAA, N-bases, and their hydrates, that the 
structural characteristics (the interatomic bonds and 
valence angles) of the keto- and amino-groups in PAA
are almost identical to those in each of N-bases. In 
addition, as was mentioned above, the PAA molecules 
are linear like DNA and RNA. Therefore, it should be 
expected that the water interaction with PAA and with N-
bases are similar under comparable conditions. 

The composition of the DNA–water system 
used in [59, 60] to identify the B-form of DNA was far 
from the quasi-equilibrium [1, 2]. It is commonly 
supposed that the B-DNA double helix characterizes the 
DNA state in living matter. However, its structural 
parameters obtained in different works differ noticeably. 
For example, values of 10.6 ± 0.1 [61], 10.4 ± 0.1 [62], 
10.1 [63], and 9.95 [64] were obtained for the number of 
the purine and pyrimidine bases corresponding to the 
full turn of the double helix. Such a scatter in these 
values is too wide for works on specification of the 
structural parameters, and the nature of this scatter 
requires a special discussion. 

The multiple experimental and calculated data 
considered in [1] show that the DNA structure in the 
natural semi-liquid highly-concentrated aqueous 
systems depends on the H2O concentration, that the 
water content in the crystal DNA samples used for 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

specification of the DNA structure is much less than the 
water content in sperm, and that, therefore, the actual 
DNA structure in vivo differs from the well-known 
Watson–Crick model. 

A new understanding of the H2O effect in 
biological processes was proposed on the basis of the 
assumption on the principal role of water structuring and 
de-structuring in the vicinity of individual groups of 
biologically important substances in highly-concentrated 
semi-liquid H2O–substrate systems [1, 2]. According to 
the calculations performed with regard to an analysis of 
the structural data reported in [59, 60, 65, 66], the quasi-
equilibrium degree of wetting (maximal water 
immobilization) corresponds to the following state of 
DNA molecules. Under the quasi-equilibrium, each pair 
of DNA molecules is characterized by hydrate structure 
II. A full double-helix convolution corresponds to 11.25
intervals along   this axis. A double helix convolution is
housed in 45 large cavities of structure II. It is known that 
the helix axis length per pair of N-bases increases with
wetting from 0.255 nm in the A-form to 0.34 nm in the B-
form [59, 60]. According to [1, 2], this fact means that 
the degree of twisting of DNA molecules decreases with 
wetting of the system. 

(3) Third principal conclusion is as follows. The 
components of the DNA (and RNA) molecules are in 
size conformity with the cavities of the gas-hydrate 
structure. 

Figures 5b and 5d are designed in scale; the 
diameters of the large and small circles respond to the 
free volumes of the hydrate structure II large and small 
cavities, respectively. It is seen that the sizes of N-bases 
and phosphate-ions correlate well with the sizes of the 
large and small cavities, respectively. Thus, in this 
hydrate structure, the large cavities are as if created as 
the moulds for the N-bases and the small cavities are as 
if created as the moulds for the phosphate-ions. DR and 
DDR molecules are somewhat smaller than N-bases 
and, therefore, each of them also can be housed inside 
a cavity of the gas-hydrate structure. Note that the sizes 
of the amino-acid molecules involved into the living 
bodies allow housing of each such molecule within one 
gas-hydrate structural cavity.

According to our two-dimensional 
consideration, structure II is appropriate to house DNA
and RNA molecules [3–5, 13]. 

  
 

(
)

A

  

Figure 5 : (a) Fragment of a single DNA molecule; (b) scaled schematic representation of pairing between N-bases 
of two DNA molecules in the double helix structure; the valence angles are given in degrees, circles of diameter 0.69 

nm correspond to the free diameter of the large cavity in hydrate structure II; (c) schematic representation of a 
double-helix fragment formed by two DNA molecules; (d) scaled schematic representation of a phosphate group 

inside a small cavity of hydrate structure II; a circle of diameter 0.48 nm corresponds to the free diameter of the small 
cavity
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

iii. Living Matter Origination: from 
Minerals to Proto-Cells

a) General Concept of the LOH-Hypothesis
As a result of generalization of the three general 

conclusions formulated and grounded above, we 
assumed that the LMSEs and DNA and RNA molecules 
originated within the gas-hydrate structure of methane 
or, maybe, of any other aliphatic hydrocarbon and that 
the phenomenon of formation of the gas-hydrate 
structures was the key one that provided living matter 
origination and development.  

Once the concept of the necessity of a mineral 
solid matrix as an “incubator” for simplest living matter 
origination has been taken, we should choose between 
three well-known and widely distributed structures: 
zeolites, phosphates, and hydrocarbon-hydrates. 
Among them, just the hydrocarbon-hydrates and, very 
likely, methane-hydrate, which is most abundant of 
them, is in our opinion most  perspective. It almost 
certainly occurred in the Earth’ crust over the rather cold 
periods of its history, contains two elements (C and H) 
necessary for the living matter formation and water, can 
be easily liquefied as a result of diffusion of excessive 
water or an increasing in the ambient temperature, and 
has other preferences considered below. 

Methane-hydrate was produced in the Earth’s
crust much earlier than the living matter originated. The 
hypothesis of the Solar System formation (the PFO–CFO 
hypothesis) [67–75] describes the mechanism of its 
production as follows. 

After the first steps of nebula compressing and 
development of the processes of formation of the 
physically formed objects (PFO), namely, of the cold 
planets and their satellites, further nebula compression 
initiated chemical reactions over its warm region. As the 
nebular-disc compression increased, chemical 
combination reactions between metal and metalloid 
atoms accelerated exponentially with time. These 
reactions stimulated localizations of the substances and 
reaction heat and initiated compressible vortexes, within 
which hot cores originated, and triggered the process of
formation of the chemically formed objects (CFO). In the 
vicinities of the giant vortexes, low-pressure and 
gravitational-attraction zones arose. They stimulated 
flows of light cold vaporous and gaseous substances 
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and asteroid-like agglomerates from the outer space to 
the hot cores. The flows precipitated over the hot CFO-
core surfaces and cooled them. Progressively, the 
“sandwiches” resulted from these processes became 
the young terrestrial planets and their satellites. The 
space dust and agglomerates were filled with H2
because it prevailed in the nebula and because it is 
capable of chemisorbing at different substances. 
Therefore, H 2 was widely distributed in the Earth’s crust. 
water was mainly captured from the nebula by the Solar 

System objects located in the behind-Mars orbits (the 
cause of this phenomenon is considered in [4]). 
However, some water amounts were captured by the 
Earth, apparently, in the form of icy agglomerates (in our 
days, some celestial objects represent icy bodies). 
Progressive cooling of the hot Earth’s core led to 
heating of the Earth’s crust, melting of the icy 
agglomerates and forming of oceans and underground 
water basins, hydrogen desorption from minerals, 
destruction of crust carbonates of nebular origin and 
CO2 liberation, formation of storages of H2 and CO2 in
the underground cavities and deposits of porous 
minerals (such as ziolites and sands), and interaction 
between H2 and CO2, according to the reaction   

      4 H2 + CO2 = CH4 + 2 H2O.                                 (1)

At present, hydrogen exists in the Earth’s crust 
[76, 77] (a number of fields contain natural gas with 10–
50% of H2 [76]) and the raw natural gas contains up to 
8% of CO2 [78].

As a result of the heat losses by the Earth’s core 
and of ice-deposits melting and formation of the 
oceans, the conditions for methane-hydrate formation 
arose in the Earth’s crust in the vicinities of oceanic 
beds and underground water basins. These processes 
led to formation of methane-hydrate deposits and to 
DNA and RNA origination within their structure.  

As was said above, along with methane-
hydrate, the honeycomb hydrates of other aliphatic low-
molecular hydrocarbons are also available. The 
changes in the Gibbs free energy under standard 
conditions for the reactions of CH4, C2H6, and C3H8
formation from H2 and CO2 are equal to −130.6, 
−192.1, and −263.6 kJ/mol, respectively [3, 4]. These 
decreases in the Gibbs free energy are sufficient for 
these reactions to proceed under the conditions of the 
Archaean Earth.

Taking that the LMSE origination should start 
from formation of N-bases and riboses and bearing in 
our hearts the Newton's aphorism that Nature chooses 
the simplest ways for its superb performances, we try to 
find such a mineral that could produce all these 
substances together as a result of its interaction with 
CH4. Such a mineral, if it exists in nature, should contain 
N- and O-atoms and be the oxidant relative to the C-
atoms of hydrocarbons. The cause of the last 
requirement is that the mean valence number of C-
atoms in methane, ethane, propane, ethylene, and 
propylene (the hypothesis considers all these 
hydrocarbons as the possible LMSE precursors) is 
equal to (–4), (–3), (–8/3), (–2), and (–2) respectively; 
meanwhile, in Th, Cy, G, Ad, U, DR, and DDR, it is equal 
to (+1.2), (+1.5), (+2.4), (+2.0), (+1.5), 0, and (–0.4), 
respectively. (The mean valence number of one C-atom 
is calculated as the opposite-sign value of the ratio of 



 
 

   

 

 

 

 

 
 

 

 

 

  

 

   

 

  

    

  
   

 

   

  
  

 
 

 

 

 

the algebraic sum of the valences of H-,N-,and O-atoms 
to the number of C-atoms in the molecule.) In N-bases, 
the valence number of N-atoms is equal to (–3). Below, 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

we will show that thermodynamics could allow Nature to 
use niters for formation of N-bases by reactions with 
hydrocarbons. This means that any nitrogen oxide (NO, 
NO2, etc.) could be also used for these reactions, 
because it is known that transformation of these oxides 
into niters goes with a decrease in the Gibbs free 
energy. Meanwhile, by the following causes, we believe 
that Nature gives preference to niters. First, nitrogen 
oxides are rather active and it is unlikely that they could 
exist in the Earth's crust; for example, volcanic gases 
contain no nitrogen oxides. Second, even if a nitrogen 
oxide had existed in the Earth's crust, it would be, most 
likely, in the form of a mixture with other reactive gases 
and selective formation of N-bases would be 
questionable. These considerations give us grounds to 
believe that just reactions of niters with CH4 (or with

 

another hydrocarbon) had led to formation of N-bases 
and riboses. 

It is well-known that alkanes are capable of 
reacting with HNO3 under pressure of alkanes with 
formation of nitro-alkanes as the primary product (M. 
Konovalov’s reaction, 1888 [79]). One would expect that 
similar reaction could proceed within the methane-
hydrate phase. Under room temperature, Konovalov’s 
reaction proceeds extremely slowly, and its rate can be 
measured only above 400–500 K depending on the 
hydrocarbon nature. The rate of the CH4 nitration is the 
lowest as compared with that of other hydrocarbons, but 
Nature has nowhere to hurry. Nitro-methane is capable 
of subsequent reacting with methane and NO3

−-ions 
giving more complicated molecules. It is a very active 
chemical substance. It reacts in the form of nitronic acid 
H2C=N+(OH)(O)− (IUPAK term: azinic acid), which exists 
at temperatures near 0oC and below [80]. Nitro-methane 
exists in two forms, according to the following 
equilibrium (Figure 6).  

Figure 6 : Nitro-methane – nitronic acid equilibrium.

  
 

(
)

A

Nitronic acid anions, H2C=N(O2)2−,are degraded 
to ketones and can be alkylated on oxygen and used as 
a dipole in the so-called 1,3-dipolar cycloadditions 
(Huisgen’s reaction), which leads to formation of 
pentamerous rings and can initiate different other 
chemical transformations.  

Two substances, NO3
− and CH4, being together 

inside gas-hydrate matrixes could produce all N-bases 
and riboses necessary for living matter origination under 

the conditions that thermodynamics allows such 
interactions and that a cause exists that terminates the 
subsequent chemical transformations of these DNA
(and RNA) components within the hydrate matrix. 

The Earth's crust contains not many different 
substances with nitrogen in an oxidized form; and the 
most widespread ones are nitrates (niters), such as 
NaNO3 and KNO3. For example, many million tons of 
NaNO3 (termed also caliche or saltpeter) was mined in 
the Atacama Desert in Chile and these deposits are not 
fully exhausted. Some hold the opinion that niters result 
from decomposition of the bird metabolism products 
(BMPs). Meanwhile, it is known that, in the BMPs, the 
percentage of phosphoric acid (13%) is higher than that 
of nitrogen (9%). If birds in abundance would had visited 

 

this region in former times, this should mean that there 
had been a sufficient amount of water and that well-
soluble niter rather than poorly-soluble phosphate 
should be predominantly washed out by water from the 
BMPs; if the birds had been "abstemious" and this 
region was always desert, the niter should be mixed at 
present with phosphate. Meanwhile, NaNO3 occurring in 
the Atacama Desert contains significant admixtures of 
soluble iodine and sulfates and does not contain 
phosphates. Apparently, there are no doubts that this 
niter is of natural origin and that such a deposit is by no 
means unique. 

One more doubt may arise, whether the regions 
where the hydrate and niter deposits are at rather small 
distances occur at the globe. We cannot resolve this 
doubt entirely for the Earth's crust state that had 
occurred 4000 Myr ago. However, we can say that, at 
present, the probability of such a coincidence is rather 
high and there is no reason to believe that it was lower 
in the distant past. The map given in Figure 2 shows the 
locations of the submarine natural hydrocarbon-hydrate 
deposits (it is necessary to take into account that 
underground hydrocarbon-hydrate deposits exist also at 
continents). It is seen, for example, that several gas-
hydrate localizations occur along the shelf of the 
California, Oregon, Peru, etc. Meanwhile, according to 
[81], several localizations of sodium and potassium 
niters are known over the coastal continental heights of 
Chile, Bolivia, California, etc. At present, niter deposits 
are known in desert regions only. However, their 
occurrence in present, in spite of high solubility of niters 
in water, means that, 4000 Myr ago, niter deposits had 
been much more abundant and frequent. 

From the phosphorus-containing minerals 
distributed widely at present, apatite Ca5X(PO4)3 (X= = F, 
Cl, or OH) could be considered as a possible source 
material for the natural formation of DNA. It is commonly 
accepted that apatite is of mineral origin [82] unlike 
some other fossil phosphates, which are apparently of 
the animal, in particular phosphorobacterial, origin. It is 
also not impossible that the young Earth had contained 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

elementary phosphorous, which had reacted as follows 
[82] under the action of reduced metals catalyzing the 
process  

P4 + 16 H2O = 4 H3PO4 + 10 H2 + 1306 kJ.    (2)

Thus, the preliminary analysis of the problem 
allows the assumption that DNA and RNA origination 
proceeded inside a matrix, from three natural 
substances (methane, niter, and phosphate) and so 
slowly that just the thermodynamic front determined the 
direction of chemical reactions, i.e., the reactions 
proceeded at a rather low temperature and their rates 
were, apparently, limited by diffusion processes inside 
the solid matrix. Why should this set be composed just 
of a triad of substances? Because the searching of a 
pair of different natural molecules that are sufficient for 
DNA or RNA formation is, apparently, hopeless, and 
because the repeated meetings of four different 
molecules all together are unlikely. 

This analysis allowed us to solve the problem of 
searching a triad of appropriate substances capable of 
forming the DNA, RNA, and aminoacid set whose 
gathering in some one localization was realistic for the 
Earth of about 4000 Myr ago and of searching an 
appropriate matrix and conditions capable of promoting 
selective absorption of these substances, their chemical 
interaction, and putting the reaction products out to 
“free swimming”.

We also have set ourselves the problem on a 
hypothetic forecasting the essence of the replication 
mechanism as applied to the first DNA-like molecules 
and to the “ripe” DNA molecules of the following 
generations on the basis of our notion that the process 
of replication is determined by chemical and physical 
laws and results from interaction between DNA and 
environment. In our opinion, the process of replication of 
the first DNA-like molecules and the process of 
replication of the “ripe” DNA molecules must be 
governed by analogous laws. The principal difference 
between these processes is that the former uses only 
simple mineral building materials and synthesizes 
nucleosides from it, while the latter slivers the organic 
“food” and uses nucleosides as the building material; 
therefore, the latter proceeds much faster than the 
former. When the organic “food” material arose in 
abundance over the environment, the living articles 
learned to destroy and use this material. The reactions 
of destroying and of synthesizing proceed as the 
consequent ones. The total change in the Gibbs free 
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energy is near zero, because the initial and final states 
are almost the same.             

The LOH-hypothesis considers all above-listed 
issues and gives answers to many questions connected 
with formation of the first DNAs and cells and with the 
mechanism of DNA replication. Of course, these 

answers are hypothetical, but we propose a hypothesis 
and neither a gospel nor a sacred cow. Our answers are 
mutually noncontradictory and are verifiable.  

We understand that any presentation of an idea 
on the mechanism for any complicated chemical 
process is a rather thankless pastime, because 
alternative notions on a complicated chemical process 
are possible almost always if not always. We propose an 
experiment for verification of the LOH-hypothesis [3, 4] 
and think that it must be performed on an international 
basis. For a start, DNA- and RNA-like substances must 
be produced from minerals. After that, the problem 
whether they are self-replicating should be, apparently, 
solved with no impediments. Our opinion on the 
mechanism of replication processes is described in [11, 
18] as a hypothesis. It is senselessly to discuss in 
advance, whether the artificial nucleic acids will be self-
replicable or not. Nature is more ingenious than any 
Homo sapiens. 

b) From Minerals to DNA- and RNA-Like Molecules
First, N-bases, riboses, and nucleosides formed 

from CH4 and nitrate-ions as a result of NO3
− diffusion 

into the hydrate structure, and then nucleotides and 
DNA- and RNA-like molecules formed as a result of 
phosphate-ion diffusion into the structure. N-bases and 
phosphate groups were localized within the large and 
small structural cavities, respectively. Riboses can be 
housed within small or large cavities. (The large cavities 
of structure H are somewhat “more roomy” than those 
of structure II, and we cannot exclude that structure H is 
the matrix for LMSE formation). 

The reactions of LMSE formation proceeded in 
the Earth's crust at significant depths under a CH4
pressure of several MPa and at 273 ± 20 K, i.e., under 
the conditions when CH4-hydrate is stable and the 
equilibrium in Figure 6 is shifted to formation of 
chemically active nitronic acid.

In order that the hydrogen bond arise between 
purine and pyrimidine bases, the distance between 
them should be strictly fixed. Apparently, just the hydrate 
structure with its systematically-located large cavities 
creates the geometric conditions necessary for such 
binding. 

It is important that the CH4-hydrate structure 
provides a nonrandom arrangement of atomic groups in 
the DNA- and RNA-like molecules, and just this 
specificity of the nucleic acids produced inside the 
hydrate structure provides their specific characteristics 
in the further interactions with the environments. The 
importance of nonrandom arrangement of N-bases was 
sstresed in [83, 84]. We consider two types of the non-
randomness. They are caused by peculiarities of the 
CH4-hydrate system. 

Consider the system peculiarities that cause the 
non-randomness of the first type. We must take into 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

account that most of the hydrate deposits do not 
represent compact homogeneous strata similar to the 
strata of coal or salt but are associated with 
underground solidified sandy or frothed rocks. The 
hydrate crystals transform the sand to a rather dense 
monolith mass or fill up the porous rock structure. The 
methane-hydrate crystallites have usually millimeter-
range sizes and are integrated with the parent mineral 
material. Each CH4-hydrate crystal can be a source of, 
apparently, one DNA-like or RNA-like molecule. The 
chemical processes that proceed within each crystal are 
slow and thermodynamically controlled. When NO3

−-ions 
diffuse into CH4-hydrate crystals, uninuclear pyrimidines 
form step by step in the large cavities of the hydrate 
structure. After their formation, uninuclear pyrimidines 
transform to two-nuclear purines in those large cavities 
where the geometry allows such transformations. 
Therewith, the requirement that any two atoms not 
bound chemically to each other should be arranged at a 
distance no less than the sum of their V-d-W radii 
should be fulfilled. When the large cavities within any 
hydrate crystal are already almost filled with purine and 
pyrimidine nuclei and some their side groups are 
already formed, a specific situation must arise, at which 
the appearance of any additional side group (term it “a 
key side group”) in the composition of one of the N-
bases determines unambiguously the chemical nature 
and geometrical positions of the side groups that should 
terminate full filling the hydrate structure over a 
significant portion of this crystal or even over its entire 
volume. The unambiguity of the composition of these 
terminating side groups follows from the chemical 
feasibilities (i.e., from the nature of the source chemical 
substances), geometric features inherent in the system 
under consideration, and thermodynamic preferences. 
The point of location of this group and its chemical 
composition can be considered as the random ones 
with some qualifications that the cavity must have a free 
space and that this side group must include no atoms 
but C, O, N, and H. However, the composition of this key 
side group and the point of its location provide specific 
nonrandom positions and chemical compositions for all 
terminating side groups in the newly originated N-bases 
and in the hydrogen-bound purine–pyrimidine 
complexes formed then on the basis of these N-bases. 
The purine–pyrimidine complexes react with riboses that 
are produced within the small cavities and diffuse over 
the hydrate structure and with phosphate-ions that 
diffuse into the crystal from the outside. Steadily, DNA-
and RNA-like molecules form. After that, chemical 
reactions in any crystal may be continued in the 
direction of lengthening of the nucleic acid and of its 
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thermodynamic improvement, if these processes are not 
finished earlier; at that, the nucleuses of the three-
nucleus purine–pyrimidine complexes remain 
immobilized but their side groups may transform in the 
direction of minimization of the free energy of the 
system, if additional transformations are necessary. 

Consider now the peculiarities that cause the 
non-randomness of the second type. It is known that, in 
any double helix, the DNA mono-strands are bound to 
each other by H-bonds that arise between purines and 
pyrimidines of different strands but not between their 
purines or pyrimidines. What is the cause of this 
phenomenon? The point is that, according to a two-
dimensional analysis of the geometry of the system, the 
hydrogen-bound purine–purine complexes are too 
prolonged to be housed within two neighboring large 
cavities of gas-hydrate structure II and the pyrimidine–
pyrimidine complexes are too short for two pyrimidines 
of different strands to be bound to each other by the H-
bonds and each of these pyrimidines to be also bound 
by the covalent bond to the ribose located within a small 
cavity. In addition, the energy of the system should be 
minimized, i.e., the dipole moments of the N-bases 
should be mutually neutralized. Our geometric analysis 
gives grounds to conclude that the purine–pyrymidine 
hydrogen-bound pairs originate within hydrate structures 
as early as in the period of origination of N-bases from 
simple mineral substances. 

Thus, a combination of the matrix effect with the 
effect of thermodynamic controlling of the chemical 
reactions in the system under consideration can create 
conditions for specific and by no means random 
locations of N-bases in the resulted DNA-like and RNA-
like molecules; the processes of nucleic acid formation 
proceed in different methane-hydrate crystals 
independently from each other, and, therefore, a variety 
of nucleic acids characterized by different sequences of 
N-bases can originate in any one methane-hydrate 
localization.  

Polycondensation of N-bases with riboses and 
PO4

3−-groups is stimulated by crystallization of the 
emitted waters with the CH4-hydrate formation caused 
by the excessive CH4 pressure. From Figure 5d, it is 
seen that PO4

3−-ions can be housed inside the small 
cavities. Apparently, just the hydrate structure provides 
the regularity of location of N-bases, riboses, and PO4

3− -
groups in the DNA (and RNA) molecules and just the 
CH4 chemical inertness provides the selectivity of CH4
interaction only with NO3

− and PO4
3−. Methane-hydrate 

reveals itself as a selective reactive membrane. 
It is important that the thermodynamic 

equilibrium established in the process of origination of a 
DNA double-helix between this double-helix and its 
environment is reproducible after any coercive 
disjunction of the DNA strands from each other and 
their housing into the same environment if the ambient 
conditions are invariable and the medium contains all 
components necessary for duplication of these strands 
and no additional components capable of transforming 
the DNA strands with a greater decrease in the Gibbs 
free energy than it is in the process of DNA double-helix 
reproduction. As a result of such a procedure, two 
daughter DNA double-helixes should originate, 
following the laws of chemical thermodynamics. 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

In our opinion, just the thermodynamics 
furnishes the clue to the nature of the so-called “genetic 
(biological) codes”. The DNAs inherent in different 
present-day species originated under somewhat 
discriminate conditions and were perfected with time 
because the conditions of their reproduction varied in 
the subsequent generations. The initial perfections 
occurred after liquation of hydrate structures, and they 
are described below. DNA double-helixes cannot be 
reproduced after their disjunction and the lines of their 
generations come to the ends if the chemical 
composition of the medium or ambient conditions 
changes sharply.                     

The LOH-hypothesis allows a plausible 
explanation of the mysterious phenomenon of 
monochirality of all known species of living matter. The 
point is that, the RNA and DNA molecules contain in 
their composition only D-riboses and desoxy-D-riboses 
but not L-riboses and desoxy-L-riboses, respectively. 
Meanwhile, the D- and L-forms of any substance are 
identical in their chemical compositions, reaction 
abilities, and sizes and any chemical reaction of their 
formation produces them in almost equal amounts. 
Such isomeric molecules have only one distinctive 
feature; namely, they are the mirror images of each 
other. Many physicists, biologists, and chemists tried 
unsuccessfully to guess the riddle about the cause of 
monochirality of DNAs, RNAs, and aminoacids.  

According to our hypothesis, the DNA and RNA
monochirality is a natural inevitable consequence of the 
gas-hydrate matrix geometry: within hydrate structures, 
only D-riboses, but not L-riboses can “touch” both, an 
N-base and a phosphate group, by the active groups of 
their structures. Apparently, only under such conditions, 
each PO43−-group is capable of “touching” two riboses 
and thus of joining together two nucleotides and of 
lengthening DNA or RNA chains. At the temperatures 
around 270 K, when CH4-hydrate is stable, CH4 reacts

 

utterly slowly on the laboratory-experiment time-scale. 
The subsequent interactions of the intermediate roducts 
with NO3

−-ions and CH4 and the diffusion processes are 
also extremely slow. It is possible to expect with a high 
degree of certainty that increasing of the length of DNA-
like (RNA-like) molecules continues on the geological 
time scale. The longer is the process in any one locality, 
the lengthier are the nucleic acids. In different localities, 
the processes that led to DNA and RNA origination 
could start in different epochs and, although the laws of 
reacting were universal, the directions of the reactions 
could be not identical as a result of differences in the 
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ambient conditions. Two last conclusions are rather 
important, and we attract the attention of researchers to 
them. 

The molecules within the hydrate cavities grew 
with time as a result of interaction between CH4 and 
NO3

−-ions in the direction of purine, pyrimidine, and 

ibose formation up to filling of the cavities and as a 
result of nucleoside formation and their attaching to the 
polymer chains through the PO4

3−-bridges. As was said 
above, seemingly, the purine–pyrimidine pairs also 
originated within gas-hydrate structures. Chemical 
ordering of this complex multi-component system went 
progressively in the direction of the DNA and RNA
formation, because just this direction coincided with the 
progressive decrease in the Gibbs free energy of the 
system. There was plenty of time for purine, pyrimidine, 
ribose, and desoxy-ribose molecules to form, for the 
purine molecules to meet the pyrimidine molecules and 
to form purine–pyrimidine hydrogen bonds, and for D-
ribose and desoxy-D-ribose molecules to find purines or 
pyrimidines and to join them through the chemical 
bonds with formation of nucleoside dimers, which may 
transform then to elements of DNA dimers or RNA
fragments. Phosphates diffused into the hydrate 
structure by the empty small cavities and could react in 
the direction of DNA or RNA formation. Each act of 
such a reaction proceeds under the condition that a 
PO4

3−-ion diffuses into a cavity located between two 
adjacent cavities filled with two D-riboses or two desoxy-
D-riboses. As was said above, we assume that the 
hydrate-structure geometry allows location only of D-
ribose or desoxy-D-ribose between an N-base and a 
phosphate-group. This does not mean that the groups 
with L-carbon do not form. They form, but enable 
formation of aminoacids. Of course, the desoxy-D-
ribose and D-ribose positions between N-bases and 
phosphates were occupied not right away but after a 
great number of trials and errors. 

Thus, according to the LOH-hypothesis, the 
phenomenon of DNA and RNA monochirality and all 
other principal features of DNA, RNA, and aminoacids 
arose at the earliest step of living matter origination and 
represent consequences of the mechanism of LMSE 
formation within hydrate matrixes [4]. The ideas that the 
phenomena of monochirality and codon directedness 
arose far back in evolution were also posed by the 
authors of [85] and [86], respectively, on the basis of 
other starting positions.   

The reactions within the gas-hydrate structures 
proceeded step by step so slowly that their directions 
were controlled by the thermodynamics, and, within all 
cavities, they went in the same direction. Formation of 
the molecular chains of DNA and RNA that were 
produced in reality corresponded to the minimum in the 
free energy, and, therefore, the acts of exchange by 
functional groups led steadily to the achievement of the 
optimum positions. For so complicated reactions 
governed by thermodynamics, any search for answers 
to the questions of detailed mechanisms is pointless. 
For example, we have no means to ascertain, why any 
functional group joins to the position to which it joins in 
reality rather than to another one, to which it, in our 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

opinion, could join. Analogously, we have no means to 
explain why nitrogen atoms enter the N-bases but do 
not enter riboses. Consider one more example of such a 
kind. A ribofuranose structure has four chiral centers. 
Each of the N-bases of RNA offers multiple sites for 
attachment of a substituent, and each ribose offers 
three hydroxyl groups for phosphate ester formation. In 
spite of the seeming feasibility of the formation of 
different products, Nature chooses the connections 
resulting in the formation of nucleotides and nucleic 
acids. Very likely, even our issue will never be able to 
calculate the details of the thermodynamics for such 
complicated systems. However, we cannot stint Nature 
of such abilities. In our opinion, all structural details are, 
in principle, explainable by the chemical affinity and 
thermodynamics but our chance of achieving this is 
unattainable in practice. If the interaction of NO3

−-ions 
with CH4 within a gas-hydrate structure were proceeding 
infinitely long and if the ambient conditions for different 
localizations were identical, these processes would lead 
to formation of nucleic acids of one type. However, such 
processes are not infinitely long, and the ambient 
conditions are different for different localizations. 
Therefore, although the directions of the processes are,
in general, the same in all localizations, each localization 
produces at any time a multitude of different DNA and 
RNA molecules and different localizations produce 
different sets of DNA and RNA molecules even under 
the conditions that the processes within them start 
simultaneously. 

The experimental studies performed in the last 
decade show that the chemical nature of the polymer-
forming group in different genomes is variable. Namely, 
some prokaryotic genomes contain, along with the more 
abundant PO4

3− group, the AsO4
3− [87] or PO3S3− [88, 89] 

groups, which are close to the PO4
3− group in their sizes, 

chemical activities, and thermodynamic characteristics. 
In our opinion, this shows that chemical composition of 
the polymer-forming group is not of crucial importance 
for living-matter formation; this group is only a “bridge” 
that joins nucleosides in the DNA and RNA sequences. 
However, the sizes of this bridge group should not 
exceed the sizes of the gas-hydrate small cavities. In 
Figure 5d, it is seen that the gas-hydrate small cavity 
allows for some increasing in the size of the polymer-
forming group. The chemical composition of this group 
depends on the chemical composition of the 
environment. For example, it was stated that water of 
Mono Lake (California), where the bacteria with the As-
containing DNA were discovered, contains As in a 
significant concentration [90]. Apparently, this means 
that subseabed minerals also contain arsenium.  
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Let us formulate an intermediate resume at this 
step of our consideration.   

Thus, (1) DNA and RNA molecules originated 
in the underground and underseabed layers of the 

Earth’s crust within honeycomb matrixes of the CH4-
hydrate structures; (2) they were produced from only 
three widely distributed mierals (methane and NO3

− and 
PO4

3− ions); (3) the processes of DNA and RNA
origination went under ambient conditions invariable 
over a long time and at such low temperatures that the 
direction of the reactions was determined by the 
thermodynamic front; (4) in any one CH4-hydrate
localization, a multitude of similar but somewhat 
different DNA- and RNA-like molecules originated; 
different sets of DNA- and RNA-like molecules 
originated repeatedly in different time periods and in 
different methane-hydrate localizations (it is possible 
that analogous processes proceed in our days); (5) the 
CH4-hydrate matixes sorbed only NO3

− and PO4
3− (rarely,

AsO4
3− or PSO3

3−) ions (because, apparently, only these 
substances were capable of reacting with CH4 under the
ambient conditions), limited the sizes of the particles 
that could be produced inside the structural cavities, 
and determined the monochirality of the resulted DNA-
and RNA-like molecles; (6) phosphate-ions represent 
the most abundant connecting links (bridges) between 
nucleosides; in the prokaryotic DNAs, the chemical 
composition of these bridges is variable with no 
principal effect on the nucleic acids as carriers of life; (7) 
the length and the degree of odering (i.e., of 
thermodynamic perfection) of the primary DNA- and 
RNA-like molecules were determined by the duration of 
their maturing in the underground incubators, 
temperature, sizes of the CH4-hydrate crystallites, and 
other factors, and (8) just the thermodynamics furnishes 
the clue to the nature of the so-called “genetic 
(biological) codes”; the DNA double-helixes inherent in 
different present-day species originated under 
somewhat discriminate conditions and were perfected 
with time because the conditions of their reproduction 
varied in the subsequent generations with no mysterious 
code; and, when the medium or conditions changed 
sharply, DNA double-helixes could not be reproduced 
and the line of its generations came to the end.  

A similar mechanism could be realized on other 
planets where analogous conditions occurred.

c) From DNA- and RNA-Like Molecules to Proto-Cells 
and the DNA replication mechanism 

In any CH4-hydrate deposit, formation of the 
LMSEs and of DNA- and RNA-like molecules from CH4
and NO3

− and PO4
3– ions led to a consumption of the 

CH4-hydrate deposit mass and to isolation of significant 
amounts of water. For the time being, water sorbed 
gaseous CH4 and additional CH4-hydrate formed. 
However, with time, a semi-liquid component might 
appear and its portion might steadily increase in 
comparison with the portion of the solid methane-
hydrate. The semi-liquid component represented a 
highly concentrated prebiotic soup that contained 
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different organic and organo-phosphate substances, 
such as DNA- and RNA-like molecules, N-bases, 
riboses, nucleosides and nucleotides, aminoacids, and 
other products of methane oxidation by niter. Liquation 
of the system and formation of this soup could be 
stimulated by ambient factors, such as diffusion of 
excessive water into the system or a temperature 
increase associated with global or regional geophysical 
and geochemical processes, or with faint-young-Sun 
period termination, etc. This soup could hold the gas-
hydrate structure, because structuring is inherent in very 
concentrated water–organic systems at about 270 K 
under undisturbed conditions not only under high 
pressures of guest substances but even at the 
atmospheric pressure as it was shown above and in [1, 
2, 56]. 

Under appropriate conditions, the concentration 
of nucleic acids in the soup could increase. When it 
reached some critical value, proto-cells arose and the 
subsequent development of the replication processes, 
including the cell division, became generally similar to 
the corresponding processes that proceed within the 
cells of the present-day organisms. A cell could contain 
one or several DNA-molecules. Among the cells with 
several DNA-molecules, evolution selected those whose 
replication phases were in resonance with each other. 
The processes leading to the DNA and RNA syntheses 
could continue in this soup under the conditions of a 
rather low temperature, which is capable of providing 
hydrate formation, and of the occurrence of CH4 and 
nitrate- and phosphate-ions in the newly formed cells. In 
order that replication could proceed, the water 
concentration in the cellular cytoplasm should be rather 
low. As was shown in [1], the water concentration is 
dependent on the phase of replication process. 

Below, we will consider the hypothetic 
mechanisms of the processes that provide formation 
and further extended reproduction of the cells and DNA
double helixes. However, in the beginning, we will 
consider some principal similarities and differences 
between the processes that proceed in the solid and in 
the semi-liquid hydrate matrixes. The point is that, in 
semi-liquid media, the rates of chemical processes are 
significantly higher, the ambient temperature is 
somewhat higher, and the reaction volume is not limited 
by the crystal sizes, in contrast to solid crystals. If water, 
niter, and phosphate diffuse to the semi-liquid medium 
that formed after the liquation of the hydrate matrixes 
filled with the DNA- and RNA-acids and LMSEs or if this 
semi-liquid substance diffuses out of its original location 
to an appropriate point, the thermodynamic equilibrium 
may become “unfrozen”, and the DNA double helixes 

In the preceding section, we described a 
plausible thermodynamic view on the nature of the 
process of DNA replication. This concept does not 

contradict the opinion [17, 91–94] that nucleic acids are 
capable of self-replicating. At present, when the 
methods of syntheses of artificial DNA-like double 
helixes are available, the experimental testing of the 
assumption on the possibility of the DNA self-replication 
could be verified by experts in organic chemistry.   

The possible mechanisms of the processes that 
provide the formation of primary cells and DNA
replication are considered in [4, 11, 18]. 

We assume that the mechanism of cell-
membrane formation in the organo-phosphate medium, 
which is termed by us super-cytoplasm by analogy with 
cell cytoplasm, is as follows. Immediately after 
replication, the molecules of nucleic acid are hydrated 
only slightly and actively sorb water from the super-
cytoplasm. Let each DNA molecule in the super-
cytoplasm be at its individual mitotic stage. It may 
happen that a few (or many) molecules that have just 
completed replication and therefore actively sorb water 
are simultaneously present in immediate proximity to 
each other. A situation is conceivable in which the water 
concentration in the super-cytoplasm is low and the 
water inflow from the outside to this group of molecules 
is insufficient to serve their water needs. If other DNA
molecules in the vicinity of this group also sorb water, 
some individual molecules may find themselves in an 
oversaturated space and, therefore, organo-phosphate 
membranes precipitate not far from them. These are the 
first cells. Further replication of nucleic acids and the 
concomitant formation of N-bases, aminoacids, 
nucleotides, nucleosides, and other organic substances 
cause the water content in super-cytoplasm to decrease 
to a certain critical level. This triggers cell formation in 
the entire volume of the super-cytoplasm. Each newly 
arising cell receives water and organic substances only 
by means of their diffusion through the plasma 
membrane. As a result, intracellular cytoplasm develops 
in addition to the super-cytoplasm. Thereafter, nucleic 
acids replicate inside cells and cell division occurs. 

We stress once more that aminoacids could 
originate in the semi-liquid soup arising after melting of 
the hydrate structure and that the processes of 
origination of amino-acids require no additional source 
substances besides those occurring in this soup. Each 
amino-acid molecule is synthesized within one hydrate 
cavity. For their syntheses, the L-carbon groups, which 
cannot be involved in the syntheses of D-riboses, are 
used according to the “residual principle”.  

We have formulated the physicochemical 
principles of the mechanisms (not chemism) of the DNA
replication, binary fission for prokaryotes, and mitosis for 
eukaryotes in terms of our LOH-hypothesis briefly in [1, 
19] and, in more detail, in [4, 11, 18]. Details of these 

may be subjected to subsequent chemical 
transformations.   

mechanisms are not discussed here. As mentioned 
above, we believe that the division mechanism for the 
primary cells in the super-cytoplasm was analogous to 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

prokaryotic cells. Our understanding of this mechanism 
is expounded below.

Immediately after replication, sister 
chromosomes float apart towards opposite cell poles 
under the action of electrostatic repulsion forces; these 
chromosomes sorb waters from the cytoplasm at a rate 
higher than the rate of water diffusion into the cell 
through the plasma membrane and actively form 
hydrate envelopes around the DNA–DNA hydrogen 
bonds. These processes result in a diffuse outflow of 
water from the cell equator towards chromosomes and 
in the appearance of a region oversaturated with organic 
substances of a density lower than the water density in 
the equatorial zone. As a result, a cleavage furrow 
forms, organo-phosphates precipitate, a membrane 
appears, and the cell is divided into two separate units. 

The above description of the mechanism of cell 
formation in the super-cytoplasm and of the mechanism 
of division of prokaryotic cells includes two principal 
statements: (1) immediately after replication, nucleic 
acid molecules are hydrated only slightly and therefore 
actively sorb water; (2) the floating of sister 
chromosomes apart from each other immediately after 
replication is a consequence of their electrostatic 
repulsion. In [11, 18], these statements ensue logically 
from an application of the LOH-hypothesis key 
principles to the binary fission of prokaryotes and 
mitosis of eukaryotes, i.e., to the cell division processes 
inherent in a majority of unicellular and almost all 
multicellular organisms whose cells, at certain mitotic 
stages, contain a nucleus, complex protein “stuffing”, a 
variety of organelles (including ribosomes), and a few 
chromosomes.

Apparently, there are reasons to think that the 
functions of protein synthesis and transmission of 
inheritable features in the simplest living organisms were 
rather weak shortly after their emergence from the 
super-cytoplasm but gradually developed and 
consolidated in the course of evolution. This inference, 
which necessarily ensues from our hypothesis, is 
supported by the following facts. First, the DNAs of 
prokaryotes and viruses, i.e., of the simplest organisms, 
unlike the DNA of eukaryotes, contain scarcely any 
protein; the cytoplasm of prokaryotic cells contains 
ribosomes generally regarded as “factory shops” for 
protein production in accordance with a genetic 
program, but the amounts of protein in them are 
generally much lower than in eukaryotic cells. Second, 
prokaryotes and the simplest unicellular eukaryotes are 
highly variable, are very diverse in terms of species 
composition, and undergo frequent mutations (it is for 
this reason that antibiotics against specific bacteria lose 
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mutate retaining their pathogenic potency); viruses and 
viroids are even more prone to mutations. In other 
words, the mechanism of inheritance of characters in 

lower organisms is poorly developed and their 
properties are subject to frequent variations, which are 
in fact the driving force of evolution. The remark opening 
this paragraph is of primary importance in terms of 
understanding the direction of the evolution of living 
matter, because it pertains to a problem at the border 
between different hypotheses. Today, however, it would 
be vain to advocate or to reject it because its validity can 
be verified only in a direct experiment on the synthesis 
of the animate from the inanimate. 

Thus, the principal processes that proceed after 
DNA and RNA formation within the solid hydrate matrix 
are as follows: (1) melting of a portion of the hydrate 
matrix and formation of a structured semi-liquid water-
organic-phosphate soup; (2) diffusion of NO3

− and PO4
3−

ions into the soup and formation of super-cytoplasm 
and of additional LMSEs and aminoacids; (3) self-
replication of nucleic acids, concentrating of the soup, 
and formation of proto-cells; (4) formation of simplest 
organelles and diffusion of the first cellular organisms 
out of their “incubator”. 

d) Thermodynamic Front as the Mover of the Living-
Matter Origination Process

According to the LOH hypothesis, 
transformation of the primary atmosphere of the Earth 
and the processes conducive to the origin and the 
development of living matter were closely interrelated 
over the entire period spanning from the appearance of 
protoplanets to the emergence of the first colonies of 
simple organisms and further on up to the modern era. 
Changes in the primary atmosphere favored the 
formation of living matter, whose evolution, in turn, 
influenced the atmosphere until it acquired its present 
composition. 

The main aim of the subsequent 
thermodynamic calculations is substantiation of the 
feasibility of formation of DNA-like molecules within 
hydrocarbon-hydrate phases under natural conditions. 
These conditions differ from the standard ones. 
Meanwhile, all calculations are performed for the 
standard conditions by the following reasons. First, 
under the standard conditions, the changes in the partial 
molar Gibbs free energy in the processes of transition of 
guest particles into hydrate phases and back are small 
in magnitude as compared to those in the processes 
under consideration. Second, gas hydrates are the 
substances of variable composition, their 
thermodynamic functions can be determined exactly for 
some ideal compositions only and the partial molar 

 

clinical efficiency after a span of time: the bacteria 

thermodynamic functions (especially, entropy) of the 

the binary fission mechanism for the present-day 

host and guests can vary for different non-stoichiometric 
compositions. Therefore, the available thermodynamic 
data give no possibility for exact calculations and it is 
unlikely that such calculations would be possible in the 
near future. For almost all reactions considered in this 
paper, the molar changes in the standard Gibbs free 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

energies are so great in their magnitudes that, for the 
purposes of this paper, the standard values given below 
are quite sufficient. 

We analyze the thermodynamic possibility for 
the Cy, G, Th, Ad, U, and DR syntheses from two 
mineral substances: one of the simplest fatty 
hydrocarbons and a niter. In this paper, the reactions of 
methane, ethane, and propane with potassium niter are 
considered. The result would be principally the same if
we replace potassium niter by another (e.g., sodium) 
niter. 

The standard enthalpy (ΔfH0) and entropy (S0)

 

values for N-bases are taken from [26, 27]. For DR,
which belongs to RNA, the complete set of unpublished 
thermodynamic data for DR was put at our disposal by 
Boerio-Goates [28] (her enthalpy value does not differ 
from the values published in [95, 96]. The full list of the 
standard ΔfH0 and S0 values for all substances involved 
in our calculations is given in [3, 5]. Below, we present 
the results of calculations and discuss them. 

At first, we consider the thermodynamic 
problem whether the coupled reactions of (Cy + G + Ad 
+ U + 4DR) formation under standard conditions from 
KNO3 and CH4, C2H6, or C3H8 with liberation of N2 are 
feasible. Such a formulation of the problem requires an 
additional explanation. It is known that the molar ratios 
Ad/Th and G/Cy in DNA molecules and Ad/U and G/Cy 
in RNA molecules are equal to unity. Meanwhile, the 
ratio (Ad + Th)/(G + Cy) varies in living matter from one 
species to another. For bacteria, this ratio can be more 
or less than unity; for higher organisms, the range of 
variations in this ratio is comparatively narrow, e.g., for 

most of animals, it is usually between 1.3 and 1.5 (the 
Ad, G, Th, and Cy contents in the human sperm are 31, 
19, 31, and 19%, respectively); and, for higher plants, it 
is between 1.1 and 1.7 [97]. We consider a hypothetic 
averaged situation when the molar ratio Ad/G is equal to 
unity and analyze the problem whether such a situation 
could be self-realized under the standard conditions in 
the system that initially contains a saturated fatty 
hydrocarbon (CH4, C2H6, or C3H8) and KNO3. Suppose 
that the reactions of KNO3 with each of the 
hydrocarbons under consideration stop, for some 
reason, at a step of N2 liberation. As the prove of the 
feasibility for these reactions, we consider the negativity 
of the changes in the Gibbs free energy for reactions 
(10)–(12) listed in Table 1. 

It is seen that formation of the set of N-bases 
and DR from niter and each of the considered 
hydrocarbons with  liberation  of   N2 is feasible. For 
Reactions (3)–(5), the greater is  the molecular mass of 
the saturated hydrocarbon, the smaller is the magnitude 
of the decrease in the Gibbs free energy. These results 
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mean the following. If deposits of a hydrocarbon-hydrate 
and a niter are bedded rather closely to each other, 
RNA can originate in the vicinity of 298 K at peripheries 
of methane-, ethane-, or propane-hydrate deposits with 
liberation of N2 and the highest RNA "yield" can be 
reached with CH4-hydrate. The ∆iG0 values are negative 
in sign and very high in magnitude; therefore, there are 
no doubts that they would be negative in sign if we take 
wide variations in the relative equilibrium concentrations 
of Ad and U to G and Cy.

 © 2012 Global Journals Inc.  (US)

            
    

Table 1 : Changes in the standard enthalpy ∆i(ΔfHj
0), entropy ΔiSj

0, and Gibbs free energy ∆iG0 for reactions (10)–
(12) of Cy, G, Ad, U, and DR formation from hydrocarbons and potassium niter.

                                                      Reaction          ∆i(ΔfHj
0)

kJ/mol

ΔiSj
0

J/mol K

∆iG0

kJ/mol

28.2 KNO3(cr) + 38 CH4(g) = C4H4N2O2(cr) + C4H5N3O(cr) + C5H5N5O(cr) +    
+ C5H5N5(cr) + 4 C5H10O5(cr) + 28.2 KOH(cr) + 32.4 H2O(lq) + 6.6 N2(g)          (3)                                              

20.6 KNO3(cr) + 19 C2H6(g) = C4H4N2O2(cr) + C4H5N3O(cr) + C5H5N5O(cr) +  
+ C5H5N5(cr) + 4 C5H10O5(cr) + 20.6 KOH(cr) + 17.2 H2O(lq) + 2.8 N2

18.0(6) KNO3(cr) + 12.(6) C3H8(g) = C4H4N2O2(cr) + C4H5N3O(cr) +                   
+ C5H5N5O(cr) + C5H5N5(cr) + 4 C5H10O5(cr) + 18.0(6) KOH(cr) + 
+ 12.1(3) H2O(lq) + 1.5(3) N2(g)                                                                            (5)                                           

        
          –9410

  

  –6832
  

  
–5840

  
  –3787           
    

–2442
   

–1970

    
    –8281

                  

        –6104
                

        
        –5253      

To verify this qualitative conclusion for the 
reactions considered above, we calculated the standard 
thermodynamic functions for several variants of 
reactions of the type of (3)–(5), taking that the sums of 
the stoichiometric coefficients for Ad, G, U, and Cy
remain to be four in all variants but the ratio between the 
Ad and U stoichiometric coefficients (the same as the 

  

ratio between the G and Cy stoichiometric coefficients) 

vary from 0.0625 to 16 (i.e., by a factor of 256) in 
different variants. The results calculated for the reaction 
between KNO3 and CH4 are given in Table 2. 

It is seen that the increase in the relative yield of 
Ad and U by a factor of 256 corresponds to the increase 
in the ∆iG0 magnitude by109.0 kJ/mol. The same result, 
109.0 kJ/mol,is   obtained  for the reactions of KNO3
with C2H6 and C3H8.These results mea that 

(4)     
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

 

  

  

 
 

 

 

  
 

 

thermodynamics allows wide variations in relative yields 
of N-bases. For the reaction between 28.2 KNO3 moles 
and 38 CH4 moles, significant variations in the 
equilibrium relation between produced N-bases 
correspond to Gibbs free energy changes as small as 
several tens of kilojoules. For this multimolecular 
reactions, the Gibbs free energy changes of such an 

order could result from variations in the reaction 
conditions and in the nature of reactants (e.g., in the 
replacement of KNO3 by NaNO3). This conclusion is 
important, because it shows that different sets of N-
bases can originate in different historical periods in any 
one region or in any one historical period in different 
regions of the globe. 

Table 2 : Changes in the standard enthalpy ∆i(ΔfHj
0), entropy ΔiSj

0, and Gibbs free energy ∆iG0 for reactions between 
KNO3 and CH4 proceeding with different relative yields of Ad to G ([U]/[Cy] = [Ad]/[G]).

no. [Ad] / [G] ∆i(ΔfHj0)

kJ/mol

ΔiSj0

J/mol K

∆iG
0

kJ/mol

1

2

3

4

5

0.0625

0.25

1.00

4.00

16.0

–9385

–9393

–9410

–9428

–9436

–3885

–3854

–3787

–3720

–3689

–8227

–8244

–8281

–8318

–8336

Up to here, the thermodynamic calculations 
related to the sets of RNA precursors, because the 
thermodynamic functions for DDR are not available. 
However, some qualitative estimates for the 

thermodynamic feasibility of DDR formation in the 
chemical system under consideration can be made. Let 
us consider the reaction of formation of Th and DDR
from U and DR.  

  
 

(
)

A

  

  

                        C4H4N2O2(cr) + CH4(g) + C5H10O5(cr) = C5H6N2O2(cr) + C5H10O4(cr) + H2O(lq).                                  (6)

At first, we estimate the entropy change in this 
reaction. As the first approximation, we take that the 
entropy of DDR is equal to the entropy of DR. According 
to the tabulated data presented in [3, 5], approximately, 
Δ6Sj

0 = –84.21 J/mol K and the contribution of the 
entropy term to the Δ6G0 value, TΔ6Sj

0 = –25.11 kJ/mol. 
Now, we use the following approach. We suppose that 
Δ6G0 = 0, calculate  the  value ΔfHj

0 for DDR
(C5H10C4(cr)), and obtain –781.1 kJ/mol. This result, in 
combination with the tabulated   data  [3, 5],  means  
that, for the reaction

       

C5H10O5(cr) + H2(g) = C5H10O4(cr) + H2O(lq),       (7)
      

                                                  

∆7(ΔfHj
0) = –16.09 kJ/mol. It is known that the 

reactions of such a type, in which hydrogen reduces 
organic substances, are characterized by negative 
enthalpy changes much higher in their magnitudes than 
the obtained value. This means that the magnitude of 
ΔfHj

0 for DDR is apparently higher than781.1 kJ/mol. 
Thus, it is highly probable that the products of oxidation 
of simple hydrocarbons by niters contain DDR together 
with Th, Ad, G, Cy, U, and DR. Relative contents of 
these components depend on the conditions.  

Table 3 : Changes in the standard enthalpy ∆i(ΔfHj
0), entropy ΔiSj

0, and Gibbs free energy ∆iG0 for reactions (8)–(10)

                Reaction        ∆i(ΔfHj
0)

kJ/mol

ΔiSj
0

J/mol K

∆iG
0

kJ/mol

   4 KNO3(cr) +5 CH4(g) =C5H10O5(cr) + 3 H2O(lq) +4 KOH(cr) +2 N2(g)       (8)

3 3KNO3(cr) +2.5 C2H6(g) =C5H10O5(cr) + H2O(lq) +3 KOH(cr) +1.5 N2(g)   (9)

  2.(6) KNO3(cr) +1.(6) C3H8(g) =C5H10O5(cr) +0.(3) H2O(lq) +2.(6) KOH+  

  +1.(3) N2(g)                                                                                                     (10)

   –1258

–918.4

      –787.9

–378.7

–201.7

–139.7

–1145
  

  –858.3

  –746.2
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

 

Table 3 shows that the interaction between 
hydrocarbons and niters with formation of only DR and 
nitrogen is also thermodynamically feasible: the 
changes in the Gibbs free energy for reactions (8)–(10) 
are negative in sign and rather high in magnitude. 

Thus, we see that the coupled reactions of Th, 
Ad, G, Cy, U, DR, and DDR formation from niter and 
CH4, C2H6, or C3H8 with liberation of N2 are feasible. The 
reactions of DR or DDR formation apart from Th, Ad, G, 
Cy,and U formation are also feasible. Each of the 
reactions of Th or U formation from niter and each of 
these hydrocarbons with liberation of N2 can proceed by 
itself; however, Ad, Gu, or Cy can not be formed by itself 
by such a mechanism.  

Now, we suppose that the reactions between 
simple hydrocarbons and niter proceed with O2
liberation and analyze the thermodynamic feasibility of 
such reactions. Calculations of the changes in the Gibbs 
free energy for reactions of such a type led us to the 
following conclusions. The thermodynamics allows 
formation of any one of N-bases, but Th and U, and 
coupled formation of the full set of N-bases under 
consideration (see Table 4). However, the complete set 
of N-bases and DR (or DDR) cannot be produced from 
any hydrocarbon under consideration by the reactions 
of such a type. 

Table 4 : Changes in the standard enthalpy ∆i(ΔfHj
0), entropy ΔiSj

0, and Gibbs free energy ∆iG0 for reactions (11)–
(13)

 

                Reaction        ∆i(ΔfHj
0)

kJ/mol

ΔiSj
0

J/mol K

∆iG0

kJ/mol

15KNO3 + 18 CH4 = C4H4N2O2 + C4H5N3O + C5H5N5O + C5H5N5 + 15 KOH +
+ 19 H2O + 3.5 O2

 

                                                                                                     (11)
                                                                                   

15KNO3 + 9 C2H6 = C4H4N2O2 + C4H5N3O + C5H5N5O + C5H5N5 + 15 KOH + 
+ 10 H2O + 8 O2

 

                                                                                                         (12)

15KNO3 + 6 C3H8 = C4H4N2O2 + C4H5N3O + C5H5N5O + C5H5N5 + 15 KOH +
+ 7 H2O + 9.5 O2

 

                                                                                                        (13)

     
    –3785

  
   –1800

  –1075

–1535

48.84

   424.2

–3327

  –1814

  –1201

  
 

(
)

A

  
  

From Table 1, it is seen that the stoichiometric 
ratios KNO3/hydrocarbon for reactions (3), (4), and (5) 
are equal to 0.74, 1.08, and 1.43, respectively. If the 
KNO3/hydrocarbon ratios are higher, the reactions 
between KNO3 and CH4, C2H6, or C3H8 could lead to 
coupled equimolecular formation of Ad, G, Cy, and U 
with liberation of O2. Thus, the niter deficiency promotes 
formation of the full set of substances necessary for 
DNA (or RNA) formation. 

We see that reactions leading to formation of N-
bases and riboses from niters and hydrocarbons can 
produce nitrogen and oxygen in proportions dependent 
on the conditions. 

Note some peculiarities of the reactions under 
consideration. First, the hydrocarbon pressure over 
hydrates is determined by the temperature 
independently of the fractional conversion of the 
hydrocarbon; the super-stoichiometric H2O converts to 
liquid phase. Second, the gas pressure over a gas-
producing reaction zone located under a rather smooth 
stratum or under a seafloor is self-regulating because 
the stratum layer acts as the pressure valve throwing off 
the pressed gas into the atmosphere or seawater. Third, 
hydrates are capable of sorbing significant volumes of 
N2 obtained as a result of the reactions with niter (the 
so-called auxiliary gas); this process stabilizes the 
hydrate structure. The first and second peculiarities are 
significant for LMSE formation. The point is that the 

LMSE are the products of incomplete interaction 
between hydrocarbon and niter within the hydrocarbon-
hydrate phase. Reactions of the type of (3)–(5) represent 
an initial step of nitrogen reduction. The complete 
nitrogen reduction could lead to ammonia formation: 

            
    KNO3 + CH4 = CO2 + NH3 + KOH + 295.7 kJ/mol. (14)

Meanwhile, the reactions of the type of (3)–(5) 
liberate N2; the gas pressure over the hydrate phase 
increases up to a limit level, which is determined by the 
depth of hydrate bedding, temperature of the hydrate 
phase, and density of the over-hydrate soil layer and 
seawater column, and then the N2–CH4 mixture is thrown 
off into the atmosphere or seawater. The CH4 pressure
keeps at the initial level due to the first peculiarity 
formulated above, and the continuous throwing off of 
the nitrogen that did not achieve the highest degree of 
reduction inhibits complete oxidation of carbon and thus 
stimulates stabilization of the produced LMSE. 

In a closed system, i.e., under conditions when 
N2 is not thrown off from the reaction zone in the course 
of the reaction between niter and a hydrocarbon, this 
reaction goes through the state of the system that can 
be described as the equilibrium between initial 
substances (niter and hydrocarbon) and such products 
as N-bases, riboses, and NH3. For example, when the 
hydrocarbon is methane, we can write 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

 

23.25 KNO3 + 38 CH4 = C4H5N3O + C5H5N5O +C5H5N5 + C4 H4N2O2 + 4 C5H10O5 + 23.25 KOH + 22.5 H2O + 8.25 NH3

(15)

For this reaction, Δ15G0 = –6146 kJ/mol. We see 
that the full set of the LMSE can be formed from CH4
and KNO3 with liberation of ammonia. For reactions of 
such a type with C2H6 and C3H8, the ΔiG0 values are also 
negative, –5198 and –4757 kJ/mol, respectively. 

In natural situations, most of the equilibriums 
considered above can not be reached. The natural 
reactions of a hydrocarbon with a niter can proceed by a 
complicated way with liberation of N2, O2, NH3, and CO2. 
The negativity of the changes in the Gibbs free energy 
shows that the corresponding reactions proceed in the 
directions determined by the written stoichiometric 
equations; however, it does not show that they proceed 
only in the directions determined by only one of these 
equations.  

The thermodynamic consideration performed in 
this section allows the following important conclusions: 
(i) reactions between niter and CH4, C2H6, or C3H8 at 
temperatures in the vicinity of 298 K can lead to 
formation of all N-bases inherent in DNA and RNA 
molecules, DR, and DDR; (ii) the relative yields of these 
substances depend on the conditions and can vary in 
wide ranges; (iii) formation of N-bases, DR, and DDR
from hydrocarbons and niters can be associated with 
liberation of O2, or N2, or NH3 or with simultaneous 
liberation of O2,

 

N2,

 

NH3,

 

and CO2 in

 

proportions 
dependent on the reaction conditions; and (iv) the 
reactions between niters and hydrocarbons can 
proceed in different reaction zones over the globe and in 
different time periods. 

The following general conclusions for this 
section are possible. According to our hypothesis, the 
fulfillment of the following main conditions is necessary 
for LMSE origination at any planet. First, the crust of the 
planet should contain compact deposits of hydrogen or 
substances capable of decomposing with H2 liberation,

 
carbon dioxide or carbonates capable of decomposing 
with CO2 liberation, niters or other sources of oxidized 
nitrogen, and phosphates or another source of 
phosphorous capable of oxidizing to phosphate. 
Second, the intra-terrestrial conditions, namely, the 
temperature and mutual arrangement of the above-listed 
substances, should allow diffusion of these substances 
within the planet's crust. Third, the temperature within 
the planet's crust should be appropriate for formation 
and long-term stability of water, hydrocarbon-hydrates, 
niters or other substances containing oxidized nitrogen, 
and phosphates. Fifth, to the above mentioned principal 
differences between our hypothesis and Oparin's 
hypothesis on life origination, this section adds the 
following: according to our hypothesis, ammonia can be 
formed as a side product of life origination in contrast to 

 

  
 

(
)

A

Oparin's hypothesis, according to which ammonia 
represents one of the source substances. To be precise, 

we believe that a portion of ammonia liberated in the 

  

  

processes of LMSE origination is thrown off from the 
reaction zone and a portion of residual ammonia can be 
used in the subsequent step of formation of amino-
acids.  

Consider one more question. Why are such N-
bases as X and HX not frequent gests in DNA (and 
RNA) molecules? It appears that, in the nitrogen 
medium, X and HX can be considered as precursors in 
the processes of Th, Ad, G, Cy, and U formation.

To confirm this statement, we consider 
reactions (16) and (17). 

        C5H4N4O + H2O = C5H6N2O2 + N2                   (16)

C5H4N4O2 + C5H5N5 + H2O = C5H5N5O + C5H6N2O2 + N2     
(17)

The calculations showed that the changes in the 
standard Gibbs free energy for the reactions of HX 
interaction with water up to Th and N2 formation and of 
X interaction with Ad and water up to G, Th, and N2
formation are negative and are equal to −106.9 and 
−115.9 kJ/mol, respectively. 

Apparently, just the thermodynamics is 
instrumental in the selection of N-bases (from those 
contained in large cavities of the hydrate structure) to be 
further incorporated in nucleic acids. This opinion is 
illustrated by the reaction between X and NH3 yielding 
G. Equation (15) shows that, under some condition, 
interaction between methane and niter can lead to NH3
production. It is not obligatory that reaction (15) goes up 
to the equilibrium, but it is evident that it is directed to 
the equilibrium state and it is possible that this 
equilibrium can be achieved. It is clear that equilibrium 
in the reaction system suggests equilibrium between all 
its components, in agreement with the principle of 
detailed balancing; this allows elucidating whether X 
(C5H4N4O2) can exist in a system containing G and NH3. 
For the reaction 

  C5H4N4O2(cr) + NH3(g) = C5H5N5O(cr) + H2O(lq),   (18)

The relevant values are ∆18(ΔfHj
0) = −43.94 

kJ/mol; Δ18Sj
0 = −122.9 J/mol K, and ∆18G0 = −7.31 kJ/mol.

In this reaction, the free energy decreases, 
which means that equilibrium (18) is shifted to the right 
and X formation is thermodynamically disadvantageous. 
However, the absolute change of the free energy is 
small; therefore, nucleic acids may contain X under 
certain conditions differing from standard ones. Indeed, 
X is sometimes found in natural nucleic acids.

The majority of the equilibriums considered 
above are attainable under certain natural conditions 
and unattainable under others. Also, conditions are 
conceivable in which a reaction between hydrocarbons 
and niter develops along a complicated path and is 
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accompanied by the release of N2, O2, NH3, and CO2.
For our purposes, it is inessential whether 

equilibriums are actually achieved; the possibility of 
reactions leading to LMSE formation is of much greater 
importance. The negativity of the standard Gibbs free 
energy changes proves that the relevant reactions can 
occur in the Earth's depths at the temperatures that were 
probably maintained there for a long time.

We demonstrated that the Gibbs free energy 
changes for the reactions of LMSEs formation from 
hydrocarbons and niter are not only negative but are 
rather high in their magnitudes. Of course, the 
magnitudes of the free-energy decreases in the 
processes of the LMSEs formation from substances that 
are simpler than methane and niter (e.g., from the 
chemical elements) at the boundary between the Earth’s 
surface and atmosphere would be even higher. 
However, a selective interaction of a large number of 
single gaseous or dissolved molecules with a growing 
precursor of any LMSE is much less probable than the 
interaction between only two phases (CH4 + NO3

−) and  
the subsequent interaction with one more phase (PO4

3−) 
in the interior of the Earth. Besides, the absence of the 
methane-hydrate matrix would render the DNA and 
RNA formation process impossible.   

e) Origination of Living Matter and Transformation of 
Earth’s Atmosphere Composition as Interrelated 
Processes

Hydrogen was the predominant element of the 
nebular composition. It is well known that H2 chemisorbs  
rather strongly on different metals and metal oxides in a 
wide temperature range [98–100]. Therefore, the nebular 
dust and the porous structure of the agglomerated 
particles that had contributed to the Earth's crust had 
been covered with chemisorbed hydrogen. As was 
detailed in Section III.1., just the hydrogen chemisorbed 
by the nebular agglomerates that formed the Earth’s 
crust triggered the sequence of the processes that had 
led to the LMSEs formation.

The processes of decomposition of carbonates 
and formation of hydrates of hydrocarbons in the Earth’s 
crust had led to emissions of CO2, CH4, and, possibly, 
other simplest hydrocarbons into the atmosphere by the 
mechanisms described above. These emissions had 
caused the greenhouse effect.

The processes of LMSEs origination had 
proceeded within the Earth's crust and led to gas 
emission. Apparently, the reactions of formation of 
substances similar to N-bases, DR, and DDR had 
proceeded everywhere, where deposits of niter and of 
hydrates of simplest hydrocarbons had been located in 
rather close proximity. The natural conditions in some 
regions had promoted formation of the full sets of the 
LMSEs and subsequent formation of the DNA- and 
RNA-like molecules, and the conditions in other regions 
had promoted formation of only some of the LMSEs. 

  
 

(
)

A

  

  

These processes could proceed with liberation of N2
((3)–(5) and (8)–(10)), O2 (11)–(13), NH3 ((14) and (15)), 
and CO2 (14) or mixtures of these gases. The 
thermodynamics of several tens of O2- and N2-liberating 
reactions of formation of different N-bases and DR from 
different hydrocarbons and niter are considered in [3]. 
Some portions of these gases had been thrown off into 
the atmosphere. Thus, the atmospheric composition 
had gradually approached to its present percentage. 
Methane (or other simplest hydrocarbons) that had 
emitted from the intra-terrestrial reaction zones had 
partially dissipated in the space, being lighter than O2
and N2, and, in the upper atmospheric layers, had been 
partially oxidized to CO2 by O2 and, possibly, by water 
vapor under the action of solar radiation. 

Thus, transformation of the atmosphere to its 
present O2–N2 composition had started and had been in 
progress before the living matter origin, i.e., apparently, 
4000-plus Myr ago. The CO2 and CH4 of the 
underground origin and the CO2 of the atmospheric 
origin had led to the greenhouse effect, which had 
prevented the Earth from cooling, had provided the 
occurrence of water in liquid state on the Earth's surface 
in the period of the faint Sun, and thus had stimulated 
the living-matter development. Meanwhile, the faint-
young-Sun period had approached to the end and the 
solar radiation had increased; by this period, the Earth's 
atmosphere was somewhat enriched with N2 and O2 that 
had resulted from the processes of LMSEs origination. 

The available data on the present state of the 
solar-system planets confirm the likelihood of the Earth's 
atmosphere metamorphoses proposed by us or, at 
least, do not contradict them [4]. The atmospheres of 
the cold giant planets (Jupiter, Saturn, Uranium, and 
Neptune) are largely composed of H2 and He like the 
Sun's photosphere and the primary atmospheres of the 
terrestrial planets (Pluto is very small and has almost no 
atmosphere). The atmospheres of the cold giant planets 
contain no CO2, and, most likely, this gas has never 
been there. The atmospheres of the terrestrial planets 
contain CO2, very small amounts of residual He, and no 
H2. The Mercury's atmosphere is very thin, because the 
mass of this planet is less than the Earth's mass by a 
factor of 18 and the gravitational force is small and 
because the temperature of the Mercury's atmosphere is 
significantly higher than that of the Earth's atmosphere. 
Hydrogen of the Venus's primary atmosphere, whose 
temperature was always much higher than that of the 
Earth's atmosphere, had apparently dissipated before it 
could react with CO2; even if CH4 and H2O would be
produced from H2 and CO2 within the interior of the 
young Venus, these gases would not be able to form 
methane-hydrate within the Venus's hot crust and, most 
likely, would diffuse into the atmosphere and dissipate in 
the space. Thus, the available information on the 
atmospheric composition inherent in these planets does 
not contradict our hypothesis. 
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IV. General Discussion: The  Loh-
Hypothesis as Actualization of the 

Principles of Mental Reconstitution 
of the Universe Remote History and 

as a Source of a New  Approach to the 
Problem of the Lifetime of Organisms

The LOH-hypothesis differs principally from all 
living matter origination hypotheses published earlier. 
These differences are not only factual but also reflect 
different world outlooks and philosophies. We consider 
the life origination process as a sequence of 
thermodynamically caused regular and inevitable 
chemical transformations, which are regulated by 
universal physical and chemical laws. We assume that 
living matter originated repeatedly in different 
localizations and that each localization could give rise 
to a multitude of different living organisms. Different 
organisms consist of the cells that are similar in their 
constitution, because they are built by Nature within 
similar mineral matrixes and on the basis of the same 
mineral materials and the same physical and chemical 
laws. 

The LOH-hypothesis is the unique hypothesis 
that fits with the following principles, which are 
considered by us as the necessary ones when 
developing hypotheses of gross-scale events that 
occurred in the Universe in remote ages. 
1. The gross-scale processes in nature proceed 

progressively in the direction of decreasing free 
energy of the Universe subsystems that can be 
approximated as the isolated ones. 

2. All natural phenomena proceed as a result of 
regular and inevitable transformations regulated by 
the universal physical and chemical laws. 

3. Newton’s principle of simplicity (“…for Nature is 
pleased with simplicity, and affects not the pomp of 
superfluous causes”). 

4. The principle of repetition of supposed events and 
of the presence of individual features in the 
reproduced events. (Nature created many similar 
but somewhat differing events and no unique event 
without close analogues.) 

5. The principle of the unity of the event point. 
Separation of an event into several sub-events that 
proceed in different points with subsequent 
interaction between the sub-events decreases the 
probability of the resulted event, because it 
decreases the degree of repetition of the event as a 
whole. 

6. Nature makes no jumps (Nature non facit saltus, in 
Latin).

 

The LOH-hypothesis conflicts neither with 
principal physical and chemical laws nor with 

  
 

(
)

A

  

  
  

observational and experimental data. In line with the 
preliminary analysis of the living-matter origination 
problem that was given in Section I, it is based on the 
notion that the medium of living matter origination is of 
matrix nature. According to the hypothesis, this matrix 
represents the gas-hydrate structure, which is widely 
distributed over the Earth and, apparently, over other 
planets and contains methane or another hydrocarbon 
as the guest substance. Such a medium is unique in 
nature because it is of water nature and contains two 
elements (C and H) necessary for living matter 
origination. 

The same physicochemical phenomenon of 
formation/destruction of the gas-hydrate matrix was 
applied by us to explanation of living-matter origination 
and to the pioneering physicochemical explanation of 
intracellular processes, beginning from formation of a 
maternal cell to its division and formation of a daughter 
cell (the MRH-hypothesis). The MRH-hypothesis was 
progressively developed in [1, 2, 11, 18], and we do not 
present it in this paper. However, we mention it because 
the use of the same principles for formulation of 
physicochemical hypotheses of living matter origination 
and of living matter replication and development counts 
in favor of the principles underlying them. These two 
hypotheses have been developed in parallel for the last 
twelve years, beginning from [1, 2]. 

These hypotheses allowed us to explain the 
double-helix unwinding in the course of mitosis and to 
understand why, according to [101, 102], the waters 
located around G desorb faster than the waters located 
around other N-bases  and why, according to [103], the 
waters located around N-bases desorb faster than the 
waters located around phosphate groups.  

We try to integrate the new concepts of the 
natural processes responsible for the formation of 
LMSEs and for the transformation of the Earth's 
atmosphere and to substantiate their thermodynamic 
feasibility. The main stages of the LMSEs formation and 
concomitant atmospheric changes during the Archean 
period are discussed in [4]. We considered the 
phenomenon of coupling between the processes that 
preceded the origin of life and the processes that were 
involved in atmospheric transformations. On the one 
hand, hydrogen of the primary atmosphere, together 
with carbon dioxide that was released within the Earth’s 
crust, provided the formation of underground methane-
hydrate deposits, which became starting substances for 
the formation of living matter elements. On the other 
hand, the processes of the LMSEs formation 
contributed, in the course of time, to the appearance of 
O2 and N2 in the atmosphere prior to the emergence of 
life. 

Not proteins nor amino-acids, but DNA and 
RNA molecules are the first carriers of life. Living matter 
originated and can originate now everywhere where 
necessary minerals and necessary ambient conditions 
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exist and where these conditions are maintained for long 
periods of time. 

Our hypothesis includes an important notion of 
a “thermodynamic front” whose temporal movement 
determines the slow (on the human life duration scale) 
stepwise filling of the gas-hydrate cavities, i.e., formation 
of purine and pyrimidine nuclei within the large cavities, 
of riboses within small cavities, and of substituting 
groups in the purine and pyrimidine nuclei and 
subsequent formation and lengthening of the DNA- and 
RNA-like molecules. 

The life origination processes cannot be 
considered, in our opinion, without their time reference 
and without their discussing in the context of Darwin’s 
hypothesis of the origin of species. 

Let us briefly consider the question on dating 
the historic period when the first simplest living 
organisms appeared on Earth. It was recently [104, 105] 
discussed on the basis of the current knowledge of the 
Earth Archaean history. 

Following the original papers [106, 107], we use 
two different time scales, the fossil and molecular ones. 
The former is based on the use of defined time points 
that are specified from the geological data on the ages 
of different rocks and of definite geological events; these 
definite time points are accurately calibrated by the 
modern radiometric methods. The later is based on the 
acceptance of consequences from Darwin’s hypothesis, 
according to which the changes in genomes are 
accumulated by them with time and the number of the 
changes is proportional to the time period; thus, it is 
taken that the positions of points of some genomic 
transformations on the time scale should allow 
specification of the positions of other transformations of 
fossilized genomes on this scale.    

According to [106, 107], the early divergence 
among prokaryotes was 3970 Myr ago (molecular time) 
or 3800 Myr ago (fossil time) and the origin of 
eukaryotes was 2730 Myr ago (molecular time) or 2150 
Myr ago (fossil time). Note that the dates of divergence 
among prokaryotes were recently called into question. 
The point is that this conclusion was made on the basis 
of indirect data on the isotopic composition of the 
carbon inclusions within the apatite crystals mined from 
the Greenland Archaean beds. Meanwhile, according to 
[108, 109], the apatite crystals and carbon inclusions 
could be formed much later as a result of 
metamorphism influenced by the hot fluids. We see that 
the molecular time and the fossil time differ rather 
significantly and that the periods of the starts of the 
Earth prokaryotization and eukaryotization are known 
rather approximately. These conclusions relate not only 
to the prokaryotes and eukaryotes ages. Fossil time 
measurements led to the conclusion that the earliest 
localities of invertebrate animals lived 600–550 Myr ago 
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and that most of the species of invertebrate animals 

occurred in Cambrian period, i.e., their age is less than 
510 Myr. However, the measurements of the molecular 
time give a period of 1500–1200 Myr ago for the 
development of the first Metazoa colonies and lead to 
the conclusion that the main branches of the 
invertebrates developed many hundreds of millions of 
years before Cambrian [104]. It was mentioned above 
that multicellular organisms appeared repeatedly in the 
Earth history [29]. 

The data of the previous paragraph show, first 
of all, that the so-called molecular time scale differs 
greatly from the fossil one; we believe that the molecular 
scale is based on the questionable principles, and the 
grounds for such an opinion will be given below. As for 
the data presented in the fossil scale, they, apparently, 
give rather clear information on the main temporal 
milestones in the history of the appearance and 
development of living organisms and show that the later, 
along the time scale, a species appeared on Earth, the 
more complicated is its internal cellular constitution, i.e., 
the more complicated is its genome [104].

It is an open secret that Darwin’s evolutional 
hypothesis on the stick-slip development of living matter 
from the simplest organisms to highly organized ones 
limps and the limping does not become less evident 
with time. The notion of evolutionary accumulation of 
minor changes in the DNAs of an organism and 
revolutionary manifestation of summed minor changes 
in appearance of a new species is scarcely justified. 

According to Darwin, the fossil record should be 
rife with examples of transitional forms leading from the 
less to more evolved species. Quite the contrary, 
“…instead of filling the gaps in the fossil record with so-
called missing links, most paleontologists found 
themselves facing a situation in which there were only 
gaps in the fossil record, with no evidence of 
transformational intermediates between documented 

The experiments with drosophila and other 
rapidly reproducing species have been performed 
widely around the world for more than half a century by 
many tens of researches under different ambient 
conditions and no less than 105 generations were 
obtained and analyzed, but no new stable species had 
been observed in spite of the wide variations in 
experimental conditions. Taking into account that living 
matter exists on Earth for no more than (3.5–4.0)•109

years, it is logical to doubt Darwin’s opinion that Nature 
created simplest living organisms, that their heritage 
varied from generation to generation as a result of 
mutations and natural selection, and that the 
generations with novel stable characters could originate 
new superior and more complicated species till the 
appearance of mammals including Homo sapiens. At 
present, there are strong reasons to assert that no 
subsequent experiments are capable to refute this 
conclusion.     
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fossil species” [110]. The Darwinian hypothetical 
evolutionary chains have a number of wide gaps, such 
as between primitive terrestrial mammals and whales or 
between molluscs and arthropods. However, as was 
pointed in [111], the punctuationist hypothesis on the 
possibility of rapid interspecific evolutionary 
transformations (macroevolution) resulted from random 
mutations has neither logical nor geological grounds. It 
was mentioned above that multicellular organisms 
appeared independently in the Earth history no less than 
24 times [29]. Meanwhile, the today life-origination 
hypotheses, at least those actively discussed in the 
scientific literature, are not able to explain the plurality of 
the life origination phenomenon, because they consider 
living-matter origination as a random, rare, and single 
event and, furthermore, most of them proceed from the 
incorrect principle of the necessity of external energy for 
synthesis of biologically-active substances from 
minerals. 

Principally new explanation of the variety of 
living-matter species becomes more necessary over the 
years. The LOH-hypothesis allows for explaining the 
living-world variety from naturalistic positions. As was 
said above, we assume that the DNA and RNA
molecules originated from minerals within the natural 
underground incubators, where they had been forming 
and upgrading with time and had only a minor contact 
with the outside. Little by little, they increased in length 
and their thermodynamic ordering improved. Thus, the 
longer was the period of DNA and RNA formation within 
the hydrate matrix and the later the hydrate matrix 
melted and the DNA and RNA molecules got to 
ambient water–mineral or soil–atmosphere media, the 
more complicated organisms developed on the basis of 
the DNA and RNA molecules matured in their 
incubators. Apparently, this conclusion explains the 
statement given above that the more complicated are 
the internal cellular constitutions of a species, i.e., the 
more complicated is its genome, the less is the age of 
this species [104]. According to the LOH-hypothesis, 
different species of living organisms originated in the 
period of formation of the DNA and RNA molecules. 
Perfecting of the primary DNA and RNA molecules in
the underground incubators could be interrupted 
occasionally, and, thus, the complication of the species 
resulted from further transformations of the nucleic acids 
was not continuous. Therefore, filling the gaps in the 
Darwinian series is, seemingly, unpromising. It is quite 
possible that Darwin’s hypothesis is of significance for 
the survival and adaptation of organisms to the 
conditions of ambient media, but it scarcely is the 
leading one for principal transformations of species.

It is known that the simpler are the organisms, 
the stronger are their variabilities with time. Apparently, 
the cause of enhanced variability of simple organisms 
lies in the fact that the DNA molecules that govern their 
heritage were housed insufficiently long in natural 

 

  
 

(
)

A

incubators and, therefore, they were insufficiently 
ordered in the thermodynamic understanding of this 
term. Thus, in our opinion, the foundations of the future 
principal interspecies differences were laid at the steps 
of origination of the corresponding nucleic acids and 
proto-cells. 

As was mentioned above, the grounds of the 
LOH-hypothesis were published in 2000 in Russian and 
its English translation was then published by the MAIK 
“Nauka/Interperiodica” [1]. After that, the LOH-
hypothesis was developed in papers [2–13]. However, 
apparently, it is still little-known over the world. The 
following quotation from the book published in 2010 
[112] cannot be explained otherwise. Let us quote [112, 
p. 20]. “The question “How did life begin?” is one of the 
“biggest unanswered questions” in biology [113]. “More 
than 30 years of experimentation on the origin of life in 
the fields of chemical and molecular evolution have led 
to a better perception of the immensity of the problem of 
the origin of life on Earth rather than to its solution” 
[114]. “What creates life out of the animate compounds 
that make up living things? No one knows. How were 
the first organisms assembled? Nature hasn’t given us 
the slightest hint. If anything, the mystery has deepened 
over time” [115]. We agree with the author of [112] 
when he quotes [113,114]. The question “How did life 
begin?” is really one of the biggest unanswered 
questions in biology, and the experiments aimed at 
verification of Oparin’s hypothesis did not lead to 
solution of the life origination problem. However, the 
questions formulated in [115] are answered 
hypothetically by us. According to the LOH-hypothesis, 
DNA and RNA molecules were produced from such 
inanimate compounds as CH4, NO3

−, and PO4
3− within 

solid CH4-hydrate matrixes and proto-cells formed in the 
soups that arose after their melting. Just the occurrence 
in the Earth’s crust of the CH4-hydrate matrixes and of 
only two additional substances (niter and phosphate) 
allowed the nucleic acids and the first organisms to be 
assembled. Nature’s hints were noted by us, and it is 
necessary to test experimentally whether we are right or 
not; no sophisticated reasoning is capable of rejecting 
our cracking of these mysteries. 

The opinion that biological codes of a 
mysterious origin were inserted into the primary DNAs
and have been passed on from generation to generation 
is widely distributed. Some authors write on unknowable 
“molecular machines” that allegedly manufactured these 
codes and dispensed them among DNA molecules. 
One argumentation of such a kind is as follows [116]. 
“The genes and proteins of the first cells had to have 
biological specificity, and specific molecules cannot be 
formed spontaneously. They can only be manufactured 
by molecular machines, and their production requires 
entities like sequences and codes that simply do not 
exist in spontaneous processes. That is what really 
divides matter from life. All components of matter arise 



 

 

 

 

 

 

 

 

 

 

 
 

  

  

  

  

  
   

 

 

© 2012 Global Journals Inc.  (US)

26

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
II

 I
s s
ue

  
  
  
 e

rs
io
n
I

V
V
I

20
12

Y
ea

r
Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

 
 

by spontaneous processes that do not require 
sequences and codes, whereas all components of life 
arise by manufacturing processes that do require these 
entities. It is sequences and codes that make the 
difference between life and matter. It is semiosis 
(symbol translation system) that does not exist in the 
inanimate world, and that is why biology is not a 
complex form of chemistry.” Meanwhile, each of the 
statements of this paragraph is controversial, is 
straightened by nothing, and represents no more than 
the reflection of the author’s world outlook. Therefore, 
these statements have no advantages over the opposite 
assertions and the verity can be revealed exclusively by 
an irreproachable logic or highly reliable experiments. 
The content of the term “molecular machine” is not 
specified in [112, 116] and, therefore, is beyond either 
comprehension or discussion. We assert that the DNAs
of the first cells had neither biological specificities nor 
biological codes and had only chemical specificities and 
that these chemical specificities, i.e., definite sequences 
of N-bases in the DNA molecules, arose at the step of 
the DNA origination as a result of combined action of 
the effects of gas-hydrate matrix geometry, limitedness 
of the set of reacting substances, and thermodynamic 
front. The “congenital” chemical specificities have been 
passed on from generation to generation under the 
effect of the same factors; in order that the sequences 
of N-bases would not be destroyed, the intracellular 
reactions should proceed under constant and 
undisturbed conditions and at a rather low temperature 
when the structural cavities are capable of being 
occupied as a result of successive thermodynamically 
controlled chemical reactions. We consider the 
phenomenon of life as the process of extended 
reproduction of DNAs and the formation of proteins as 
no more that a result of side processes. Thus, we 
consider the phenomenon of life just as the revelation of 
the universal physical and chemical laws, contrary to the 
author of [116] who negates such a concept. It is 
common practice to regard the occurrence and 
accumulation of proteins as manifestation of the 
phenomenon of life, but the Sun movement through the 
firmament was regarded for long as manifestation of the 
phenomenon of the Sun revolution about the Earth. The 
author of [116] notes rightly that the DNA molecules are 
specific and, therefore, they cannot be formed 
spontaneously. Indeed, none of the hypotheses of living 
matter origination, but the LOH-hypothesis, takes this 
feature into account. According to the LOH-hypothesis, 
just the origination of the primary DNA molecules within 
gas-hydrate matrixes provides their specificity as was 
described above. Thus, for origination of specific DNA
molecules according to the LOH-hypotheses, no 
“molecular machine” is required. By the way, we see 
only the quantitative but not qualitative differences 
between the specificities in the mineral and biological 

worlds; the specificity is characteristic for inanimate 
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world and not just for the biologically active molecules: 
for example, the designs of malachite crystallized in 
Somali and Russia are similar and the quartz druses 
from different countries are almost indistinguishable 
from each other. Meanwhile, nobody think that these 
mineral rocks use any mysterious codes, but the natural 
laws of crystallization. 

Let us write something on the problem of the 
sources of information that is necessary for origination 
of living matter and on the probability of origination of 
the complex molecules, such as nucleic acids. The 
author of [112] writes the following in page 54. “All the 
known laws, theorems, and principles of information 
science indicate that codes, complex functional 
information, and prescriptive algorithmic information 
cannot arise from physicality….Therefore, based on 
currently accepted information science, but realizing that 
science is always subject to change, it seems 
impossible for life to have arisen purely from physicality. 

Those who insist on purely physical causes of 
life are thus in an untenable position when it comes to 
known science. Not only can they not prove that it’s 
possible (non-zero probability) for life to come about by 
the physical interactions of nature, but the information 
content of life precludes that possibility. “There is no 
known law of nature, no known process, and no known 
sequence of events which can cause information to 
originate by itself in matter” [117].” 

We can by no means agree with this multi-
author opinion. We wrote above that neither codes nor 
prescriptive information exist. Any DNA transforms 
according to nothing more than chemical and physical 
laws. If the details of these transformations are yet 
unknown, this means that, up to now, the thought 
processes have been going in wrong directions. The 
LOH-hypothesis specifies a new direction for 
subsequent studies and invites enthusiasts to go in this 
direction. Of course, every new idea is sure to have its 
knockers. However, no other realistic approach is 
available at present. Our approach just is of physical, 
more precisely of physicochemical, nature. As for the 
probability of the self-assembling of nucleic acids, the 
LOH-hypothesis increases it many-fold due to the matrix 
effect and minimum number of different involved mineral 
substances. As regarding the information included into 
living matter reproduction processes, Nature creates 
ordering, in particular such as crystalline structures and, 
in our case, methane-hydrate structure; and this 
ordering can be the source of a secondary information, 
i.e., ordering is capable of producing information. The 
principal features of the mechanism of the secondary-
information origin from the primary information enclosed 
into gas-hydrate structures by Nature are described 
above in Section III.2. It is possible that Nature could 
find some other ways for the transmission of such 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

information. The ways of Nature are mysterious, and it is 
too presumptuous to think that anybody is capable to 
exhaust mentally all of them.

To support the last statement, we present an 
indicative example. It is from another field of science 
which, nevertheless, we know rather well. In 1939, a 
work on the kinetics of the heterogeneous catalytic 
synthesis of NH3 was published [118], where it was 
written that a kinetic equation which follows from the 
earlier works [119] and [120] cannot be explaining by 
nothing but by the heterogeneity of the surface centers 
of thermally stabilized surfaces relative to their catalytic 
ability. The community had trusted that conclusion. It 
distributed over the world; the notion on surface 
heterogeneity initiated thousands of speculative works, 
and the corresponding equations and their deductions 
fell into a number of textbooks. To confirm or reject this 
concept, measurements of the chemisorption-heat–
surface-coverage dependences were necessary; 
however, as a result of technical difficulties, the results 
of the measurements were ambiguous. Only 50 years 
after 1939, it was proved [121–123] that the kinetic 
equation proposed earlier for the NH3 synthesis 
responds also to homogeneous surfaces. As a result, 
the concept of surface heterogeneity came down [100, 
123] and its wreckages covered the results of the works 
of two generations of the researches who works in the 
framework of the hypothesis of surface heterogeneity. 
Such a situation could be impossible if the statement of 
the author of [118] would be timely ignored. Indeed, the 
ways of Nature are mysterious. Of course, this is not the 
unique example of such a type. 

As was noted above, we consider the problem 
of how the Earth’s living matter had originated rather 
than the problem of where it had originated. 
Nevertheless, we think that it would be improper to 
ignore the point of view that living matter origination 
process had started beyond the Earth, especially 
because all Earth’s processes, being considered from 
the formation of all chemical elements and simplest 
substances, had started, of course, beyond the Earth. 

We criticize neither Oparin’s hypothesis nor any 
other similar hypothesis with the exception of one 
question, namely, the relation to the thermodynamics, 
because this question is of principal importance and 
because we were the first to reveal the absence of any 
energy-requirement for production of biologically active 
substances from minerals.  

However, it goes without saying that we would 
develop no new hypothesis if we would be satisfied with 
any other one. Nevertheless, we do not think that our 
aim consists in a criticism of any available hypothesis. 
We prefer argumentation and defend of our own ideas 
and chose criticism only in rare instances. Let all flowers 
bloom, let all hypotheses compete with each other, and 
let the experts who are specialized in criticism rather 

than in creation of hypotheses decide which of them has 
the best prospect.
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A number of different approaches to the 
problem of living matter origination are available in 
addition to those mentioned above, for example, in [124, 
125]; a special issue of the open access journal “Life”, 
2(1), 2012 is dedicated to this problem. We do not 
comment on these works and believe that the readers 
are capable of forming their own attitude toward the 
degree of likelihood of different hypotheses, basing on 
their own preferences and, may be, taking into account 
our opinion formulated in the beginning of this section 
relative to the principles necessary for formulation of the 
hypotheses aimed at clarification of the mechanisms of 
ancient events.  

In Section I, we defined the term life as the 
phenomenon characterized by a combination of the 
natural chemical processes that lead to the extended 
self-reproduction of DNA molecules from generation to 
generation and by translation of all or almost all 
significant maternal features to the daughter. This 
definition contains no mention on the protein production. 
We believe that just the transformations of DNAs should 
be considered as the proper life and the protein 
production is no more then the result of side processes 
that accompanied them. Moreover, we believe that just 
the accumulation of protein within cells and on DNAs
leads to deceleration in the cellular replication and to the 
cellular senesce. For example, “both in vivo and in vitro 
in human as well as in rodent cell populations, the rates 
of cellular replication are significantly decreased with 
cellular aging” [126]. 

An opinion exists that this effect is associated 
with the unrepaired DNA damage accumulation. [127]. 
However, if it is even so, this is only an associative 
connection but not the natural-science explanation. In 
our opinion, such an explanation can not be considered 
as the constructive one because it gives rise to new 
questions, for example: what is the nature of this 
connection?  The references to enzymes that allegedly 
supply the duplication process and cannot continue the 
duplication process all the way to the ends of 
chromosomes give also nothing for understanding of 
this important phenomenon and are scarcely capable of 
influencing the lifetime. 

We assume that the nature of the phenomenon 
of the DNA tiredness and cellular senescence and dying 
is, substantially, of the following nature. If nothing 
hampered the DNA replication process, the DNAs
would increased in the number by the law 

                             N1 = 2n,                                          (19)

Where N1 is the number of the DNA mono-
strands produced from any one DNA mono-strand as a 
result of n replication events. We believe that two most 
harmful phenomena decrease the rate of DNA 
replication under favorable ambient conditions with no 
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agitation: the fatal mutations (N2), including the mistakes 
in the replication process, and the DNA covering with 
protein (N3). It is quite possible that just the last 
phenomenon has a determining harmful effect on the 
replication process intensity and on the life duration; 
apparently, the DNA strands are overgrowing 
continuously with protein and thus become centers of 
protein condensation and log out life development. It is 
possible to consider the problem of degradation of the 
rate of DNA replication by the algebraic methods. It is 
sufficient to specify the realistic laws of N2 and N3
increase with the number of the DNA replications and to 
calculate the n value at which 

                        N1 − N2 – N3 = 0.                             (20)

Just this n value responds to the state of death. 
Apparently, there is one more important cause that 

this is the fullness of cells by excessive proteins that 
retard the diffusion processes and thus are capable of 
influencing the intracellular exchange processes. The 
intra-cellular content of proteins can increase from one 
generation to another. In our opinion, these two protein 
effects can be summarized by one term in (20) to a first 
approximation. The realistic number of the effective 
DNA replications from the birth of a lot of organisms to 
their death is available; it is equal to about 50 (e.g., 
[124]). The data on the frequency of fatal mutations are 
also available. We think that the analysis of a solution of 
such a problem would be of interest. It is possible, that 
either the N2 or N3 term could be regulated; apparently, 
regulation of the N3 term is most prospective. This idea 
is our gift for a curious young researcher who will read 
this rather long paper up to this page. 

Basing on the LOH-hypothesis, we see the 
possibilities to come down to brass tacks on the way to 
adequate understandings of different subjects. The idea 
described in the previous paragraph is not the unique 
one of such a kind. The LOH-hypothesis allows new 
approaches to the problem of food and energy 
necessary for living organisms. This follows from fixation 
of new relations between the living matter, as a 
multitude of DNAs, and protein, as the side product of 
the DNAs extended reproduction, and between the 
living matter and food, as the source of such a 
reproduction. 

Apparently, such substances as C−4, NO3
−,

 

and 
PO4

3− are sufficient (in the presence of hydrate matrix) 
for life maintenance and protein production. After our 
thermodynamic calculations, there is no doubt that 
these processes require no energy and, furthermore, 
they evolve much energy. The processes of the primary 
living matter formation had no difficulties in dissipation 
of this energy because of their slowness. However, as 
biota accumulated in the environments, some living 
organisms began to “feed on” other organisms that 
were dissipated in the super-cytoplasm soup. The 

“organisms-killers” destroyed the bodies of the 
“organisms-victims” up to N-bases, PO4

3–- and NO3
–-

  
 

(
)

A

ions, and riboses and used this material for their own 
extended reproduction. They were the first animals. 
Other organisms, i.e., plants, continued to use the 
mineral food. Possibly, origination of the animals and 
plants was dependent on the DNA concentration in the 
hydrate matrixes before their liquation and in the semi-
liquid super-cytoplasm soup. This “food revolution” 
increased the rate of the extended reproduction of the 
“animals”, because the necessity of the LMSEs
syntheses disappeared and the heat evolution 
decreased as a consequence of the necessity of the 
endothermic food destruction. After the “heat 
revolution”, the process of the DNA replication became 
almost autothermal because the chemical states of the 
foot and of the newly formed organisms were closely 
related in their chemical composition and structure. To 
perform an external work, an additional energy became 
necessary. This led to the consumption of additional 
amounts of food and to exothermal synthesis of 
additional protein. This protein was unnecessary for the 
process of life development and, moreover, it retarded 
the process of life development; however, it was a 
necessary source for performance of an outer work by 
the living organisms. 

Thus, we propose a completely new view on the 
relation between the food, energy, and outer work for 
animal organisms. 

According to our concept that is supported by 
the thermodynamic calculations, just the DNAs and 
RNAs or, more precisely, the N-bases and PO4

3–- and 
NO3

–-ions which are included into the food substances, 
rather than the proteins, fats, and carbohydrates as 
such satisfy the biological requirements of the animal 
organisms in the energy necessary for the functioning of 
the organisms and for the production of an outer work 
by them. Moreover, the necessary energy is produced 
as a result of formation of proteins and other organic 
products but not as a result of their oxidation in the 
bodies of living organisms. As a matter of fact, the N-
bases and PO4

3−- and NO3
−-ions can be introduced into 

the animal organisms in the form of these simple 
substances or in the form of DNAs and RNAs and the 
necessary amounts of this “food” can be estimated from 
the real rates of DNA replication. Of course, each 
present-day animal organism may include not only 
nucleic acids but also proteins, lipids, 
monosaccharides, polysaccharides, and different other 
organic substances, tissues, and fluids and each of the 
organisms is in need of some food for reproduction or 
extended reproduction of these components and for the 
inter-organism circulations and production of an outer 
work. However, the amount of energy that is necessary 
for these processes and for the production of any outer 
work can also be estimated. According to the 
conclusion from the LOH-hypothesis, the calorie content 

influences (ceteris paribus) the rate of DNA replication: 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

in the food does not determine the quality of the food.
Thus, apparently, new notions should be used 

as the basis for calculations of the nutrition. In  our 
opinion, the way to a prolongation of the life of animals 
lies through regulation of the composition and quantity 
of the food in the context of the principles given above, 
rather than through the search of a gene of the long life. 
In our opinion, the amounts of the excessive food 
should be minimized and the necessity of using the C4−

and PO4
3–- and NO3

–-ions in definite proportions should 
be taken into account. The simpler is the food in its 
chemical composition and the closer is it in its chemical 
composition (with definite limitations) to minerals C4−, 
PO4

3–,
 

and NO3
– and to their proportion in nucleic acids, 

the longer is the life. 
These conclusions on the life duration and food 

are not far from some empirical recommendations, such 
as the cereal diet or Bragg’s feed system [128]. 
However, we should caution the riders from premature 
applications of our conclusions. They are entitled to a 
careful and many-sided examination. Meanwhile, 
apparently, their grounds are sufficiently solid. The fact 
of the matter is that they even do not depend on the 
content of the LOH-hypothesis as such; they result from 
our thermodynamic calculations that show 
unambiguously that biologically active substances can 
be produced from minerals with no additional energy.         

We are sorry to let out a squeak in the 
harmonious chorus of highly experienced maestri and 
understand our risks; however, we should express our 
opinion that each step of the multi-step self-
reproduction of a cell is controlled by a physicochemical 
mechanism rather than by an article termed ferment, 
which is a unit of a flotilla of four thousands of different 
amphibian units locked or flung open, each of which 
appears seasonably at the correct point, acts accurately 
its function, regardless of the laws of physics, chemistry, 
and diffusion, and disappears completely to nowhere 
like a phantom. This our opinion relates equally to the 
first replication of the newly originated DNAs and to the 
present-day DNAs and cells; a similar idea was 
developed in [4, 11]. We try to reveal the 
physicochemical grounds for the processes of 
origination of the LMSEs and first DNAs and cells and 
for the processes of replication of the present-day 
DNAs. This review is dedicated to the problem of living 
matter origination. However, in our opinion, these two 

problems should be connected by a common 
physicochemical phenomenon. Therefore, we 
considered useful to throw some bridges between these 
two phenomena in this paper. Of course, we do not 
hope to guess all riddles of the physicochemistry of the 
origination and development of living matter but we 
would be lucky to go several steps ahead and to pass 
on the baton to the following generations of the 
researches. 

Meanwhile, the LOH-hypothesis, apparently, 

 

  
 

(
)

A

proved its right to life for its twelve-year history by the 
fact that it was multiply published at different steps of its 
development in a number of physical, chemical, 
biological, and specialized peer-reviewed international 
and Russian journals and was presented and discussed 
at about twenty international scientific conferences. Let 
us present one of the opinions given in the preface of 
the “DNA Replication – Current Advances” open-access 
book by Prof. H. Seligman, its Editor [11, p. XII]. “But 
perhaps the most astonishing and challenging novelty in 
this book is the approach of DNA structure and 
chemical dynamics by focusing on its interactions with 
its natural solvent, the water molecules, and the 
changes in water concentrations through the cell’s life 
cycle (chapter by Ostrovskii  and  Kadyshevich). This 
Most interesting hypothesis develops a concept that 
escapes conceptions established through the force of 

   

habit, which frequently result in dominant, yet unproven 
intuitive truths. This hypothesis will  doubtlessly  produce
new deep insights into every level of DNA associated 
processes,and probably also general cell physiology, if 
given the deserved consideration and further developed.
Physical properties at a lower scale of natural 
phenomena, namely the multimolecular dynamical 
structure of water . 

This paper integrates and significantly develops 
our notions on the living matter origination published for 
the 12-year period.  

V. Conclusion: the Favorable Events 
and Results and the Possibilities 
of Verifiability and Falsifiability 

for the Loh-Hypothesis

According to the LOH-hypothesis, living matter 
originated as a result of the following evolution 
sequence (Figure 7). 

Figure 7 : The living-matter origination evolution sequence according to the LOH-hypothesis.
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The LOH-hypothesis indicates that DNA- and 
RNA-like molecules most probably formed in nature 
(and, maybe, continue to form at present) from only 
three mineral substances widespread in the Earth's 
crust: methane hydrate (or other simple hydrocarbons), 
niter (sodium or potassium nitrates), and phosphate. 
Nucleic acids formed in the interior of the Earth’s crust 
within the CH4-hydrate phase or, maybe, within the 
phases of hydrates of other methane hydrocarbons. N-
bases and riboses can be synthesized from only two 
minerals, methane and niter, that are not only 
widespread in nature but are also deposited frequently 
in close proximity to each other in the Earth's crust. 

It would seem that the possibility of living-matter 
formation within the zeolite structures should also be 
considered. However, had such clumsy molecules as 
nucleic acids actually formed within zeolites, they would 
have found it very difficult to make their way out. A 
similar remark relates also to the phosphate matrixes. 
Besides, the sizes of the cavities of the zeolite and 
phosphate matrixes do not correspond to the sizes of 
the LMSEs. As for the methane-hydrate matrix, things 
are made still easier for nature by the fact that it contains 
initially two sorts of atoms (carbon and hydrogen) of the 
five ones necessary for DNA and RNA synthesis and 
that it is easily soluble in excessive water or at enhanced 
temperatures and, thus, favors the formation of the 
semi-liquid super-cytoplasm soup. 

An important feature of the proposed 
hypothesis is the possibility of its experimental 
verification. It is sufficient to have an abiotic autoclave, 
which is temperature-controlled and contains niter, 
water, phosphate, and pressed methane; then, the 
researchers should arm themselves with patience. Such 
an autoclave must have a pressure-relief valve and 
equipment that provides repeated chemical analyses of 
the gaseous and solid products with no effect on the 
reaction condition. Certainly, a number of technical 
problems must be solved before the experiment is 
undertaken, but the game is worth the candle. In our 
opinion, this important, rather expensive, and not simple 
experiment should be performed on the international 
basis. 

Such an experiment is in principle different from 
the well-known experiments that were described by 
Miller and Urey and based on the assumption that living 
matter appeared on the Earth’s surface as a result of 
one or several stochastic events initiated by electric 
discharges in the atmosphere. Similar experiments have 
been performed in many laboratories. However, the idea 
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thermodynamically inconsistent. For the last 60 years, 
this hypothesis has failed to bring substantial progress 
in detailing how life originated. In contrast to this 
approach, we believe that living matter arose in the 
Earth's crust as a result of gradual and inevitable 

chemical reactions between concrete simple mineral 
substances and that these reactions are governed by 
thermodynamic laws. 

The above-proposed experiment aimed at the 
DNA formation could prove that living matter is a natural 
phenomenon that is obligatory inherent in atomistic 
world during a definite period of its development when 
water, methane, niter, and phosphate localizations are 
located not far from each other and that living matter 
could arise multiply.

Another problem that could be subject to the 
experimental testing is the possibility of the self-
replication of double DNA-like molecules within the 
highly concentrated semi-liquid organo-phosphate 
aqueous systems in which DNA-like molecules could be 
used as the organo-phosphate substances. Apparently, 
this problem could be solved by the methods of organic 
chemistry.

The LOH-hypothesis contains a number of 
hypothetical issues, which could become the subjects of 
computer studies. A group of tasks can be put for 
computer simulation of rearrangement of different 
LMSEs and DNA- and RNA-like molecules within the 
hydrate structures II and H. One of the tasks that, 
apparently, could be accomplished on the basis of 
computer simulation is the clarification of the nature of 
the monochirality of nucleic acids. We work in this 
direction. The corresponding computer programs are 
developed by A. Dzyabchenko and preliminary 
encouraging results are already obtained. 

Several observational and experimental data 
count in favor of the LOH-hypothesis. Some interesting 
observations are described in [129–132] and 
generalized in [5]. 

Huge colonies of prokaryotes were discovered 
at water depths from 427 to 5,086 m under the seabed 
over the entire rock layer down to 400 m (deeper drilling 
was not performed) in open areas of the Pacific Ocean 
and along the coastline of Central America; the 
temperature measured at the maximum depth of drilling 
was 299 K. The concentration of living organisms in 
these colonies is higher than 105–106 per cubic 
centimeter of underseabed rock and does not decrease 
with drilling depth. The layers that harbor bacteria 
contain methane-hydrate. In particular, the bacteria are 
found near the American continent with its large niter 

underlying Oparin’s hypothesis was proven to be 

deposits. The authors of [131] believe that the living and 
dead bacteria release methane and, thus, serve as a 
source of methane-hydrate deposits. However, an 
alternative and no less plausible explanation of this 
discovery is also possible. We believe that the bacteria 
colonies formed as a result of methane-hydrate and 
niter interaction with formation of N-bases and D-

    
riboses, interaction of these substances with 
phosphates (widespread in the underseabed layers), 
and subsequent origination of the cellular living matter. 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

Thus, in our opinion, the bacteria colonies confirm our 
hypothesis. A temperature of 299 K measured by the 
authors of [129] at the maximum depth of drilling 
requires a special consideration. Normally, the seabed 
temperature at a depth of more than 400 m is about 274 
K independently of water-layer thickness; at vertical 
underseabed drilling, the temperature increases by 3 K 
per each 100 m. Therefore, the expected underseabed 
temperature at a depth of 400 m is 286 K. It is unlikely 
that the metabolism of prokaryotes would result in a 
substantial increase in ambient temperature. Apparently, 
the most probable explanation of the unusually high 
temperature in the zone of prokaryote activity is the heat 
production during the formation of DNA from mineral 
substrates. It is worthwhile to mention that, long before 
publication of [129], we predicted [133] the possibility of 
the living-matter origination in the regions of the Earth’s 
ocean and mainland, where water and simplest organic 
and inorganic substances necessary for synthesizing 
cellular substances are present and where the 
temperature and pressure conditions are suited to 
hydrate formation. A similar conclusion was made in our 
paper [3]. Conditions in which the prokaryotes 
discovered in [129] exist are reminiscent of the 
conditions for the appearance of living matter described 
in our earlier publications. 

Large bacterial colonies were found also under 
the Earth’s surface at depths down to 6820 m [130]. 
Living matter was associated with a methane medium. 
Thus, living matter apparently originates and reproduces 
on the basis of methane-hydrate. 

According to several publications (e.g., [131, 
132]), the gas sampled from gas-hydrate deposits 
contained significant amounts of N2 and very small 
amounts of O2: 4% of N2 and 0.005%

 

of O2 in

 

[131] and 
11.4% of N2 and 0.2% of O2 in [132]. It is seen that the 
ratios between the N2 and O2 concentrations were much 
higher than the corresponding ratios inherent in the 
atmosphere; it is obvious that N2 could not be acquired 
by the samples from the atmosphere during sampling. 
The possible sources of N2 formation within the Earth's 
crust are not numerous, and it is quite possible that N2
was reduced from niter by hydrocarbons according to 
reactions similar to (3)−(5) and (8)−(10). These 
observations count in favor of our concept.

Note also the experimental work [134], where it 
was stated that the synthesis of pyrimidines from 
methane and urea does not go in liquid water, but goes 
in the water ice phase, although, it would seem that 
cooling should decrease the rates of chemical 
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reactions. It is quite possible that the observed reactions 
were stimulated by the formation of gas-hydrate 
structure within the icy reaction medium. 

So, presentation of the LOH-hypothesis and its 
validating draw to a close. The LOH-hypothesis in its 
present-day state consists of two sub-hypotheses of 

origination of DNAs and RNAs and of origination and 
self-reproduction of living matter as such, both 
proceeding in the H2O/CH4/NO3

−/PO4
3− systems and 

both being governed by the same natural phenomena of 
chemical interaction inside the gas-hydrate structure 
and of formation or destruction of such a structure under 
the effect of the water-content deficiency or excess in it, 
respectively. It is the only living matter origination 
hypothesis that is capable of being smoothly 
transformed into a unique physicochemical hypothesis 
of DNA reproduction in living cells of the present-day 
prokaryotes and eukaryotes. Thus, the same natural 
phenomenon of formation/destruction of gas-hydrate 
structures under the influence of variations in the 
concentrations of waters and guest particles in the 
environment can be used for explaining the both 
phenomena, origination of living matter and its 
subsequent extended reproduction. Such universality of 
these notions indirectly counts in favor of this 
hypothesis.    

According to the LOH-hypothesis, the 
processes that led to living matter origination were 
associated with O2 and N2 evolution and, thus, 
influenced the composition of the Earth’s atmosphere 
and approached it progressively to the present-day 
state. The main destination of the hypothesis is to try to 
elucidate the enigmatic mechanisms of life origination 
and living matter functioning. This review is focused on 
the first of these puzzles posed by nature. 

  

The LOH hypothesis was initiated by 
experimental results that revealed the possibility of 
formation of water-substrate structures at about 290 K in 
highly concentrated semi-liquid aqueous systems that 
contain polymers and monomers with functional groups 
similar to those of biologically-active substances, 
including DNA and RNA molecules, and a similarity 
between these structures and the solid gas-hydrate 
structures and by the discovery of a correspondence 
between the sizes of N-bases and other DNA
components on the one hand and the sizes of the 
cavities in the gas-hydrate structures on the other hand. 
Just the analysis of these two nontrivial discoveries led 
us step by step to the formulation of the LOH-
hypothesis and, then, of the MRH-hypothesis. To make 
sure that methane-hydrate, niters, and phosphates 
occurred in the Earth’s crust in the period of about 4000 
Myr ago, when the first living organisms appeared on 
Earth, we developed the hypothesis of Solar System 
formation, PFO–CFO hypothesis [67–75], because no 
one of the available hypotheses satisfied us.   

The LOH-hypothesis is original in terms of the 
physical essence, because it suggests that living matter 
originated in a certain geometric matrix, and in terms of 
the concrete content, because it considers the ability of 
water to form structured gas-hydrates as a condition 
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Life Origination Hydrate Hypothesis (LOH-Hypothesis): Original Approach to Solution of the Problem

necessary for the emergence of the simplest living 
matter. It is also important that the LOH-hypothesis 
provides a new approach to the solution to the problem 
of monochirality of nucleic acids. 

The LOH-hypothesis comprises the following 
set of key features that distinguishes it from the other 
hypotheses of living matter origination:
1. The process of origination of DNA and RNA

molecules is interpreted as the formation of a 
multitude of essentially similar but slightly different 
polymer molecules that arose from the interaction 
between one solid phase and ions of one type and 
the subsequent interaction between the products of 
this interaction and ions of  another type rather than 
as the formation of individual polymer molecules 
that arose from the multiple collisions between a 
great number of source gas or dissolved molecules 
of many different types and different intermediates;

2. It is suggested that living matter originated on Earth 
repeatedly and at different points of the planet (it is 
not improbable that living matter continues to 
originate at present) and that, in each case, the 
complete series of chemical interactions, from the 
source mineral substances to origination of a set of 
different cells, proceeded at the same point;

3. The composition of the source mineral substances 
that produced the simplest elements of living 
matter, nucleic acids, and divisible cells and also 
the ambient conditions, under which the relevant 
processes proceeded, are specified;

4. The possibility of the experimental and computer 
verification of the hypothesis is one of its important 
features. 

The LOH-hypothesis allows an entirely new 
explanation for the chiral purity of DNA, RNA, and their 
derivatives: the chiral purity of nucleic acids is a 
consequence of the effect of the geometry of the matrix 
in which they were first molded in nature and have 
continued to reproduce themselves in each newly 
formed cell of living matter.

The LOH-hypothesis is capable of explaining 
the occurrence of numerous prokaryotic and eukaryotic 
species without resort to Darwin’s hypothesis on 
interspecific variations and natural selection as the 
leading causes of the species diversity of the 
prokaryotic and eukaryotic living matter. This is an 
important feature of our hypothesis. The fact is that 
Darwin’s evolution hypothesis is confirmed neither by 
the experiments with rapidly reproducing species nor by 
geologic studies; the lack of successes of the evolution 
hypothesis is used by creationists in their criticism of the 
materialistic ideology. 
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Let us note one possibility that might seem for 
somebody as an idle fancy. The point is that, apparently, 
a combination of CH4, niter, phosphate, and water 

represents the simplest set of nutrients to maintain life 
for some organisms at definite low temperatures. By 
varying the temperature and nutrient composition, the 
rates of the metabolic processes can be decreased 
manifold and regulated; therewith, the waste can be 
minimized. It cannot be excluded that the cellular life 
could be prolonged due to deceleration of cellular 
division and that, after a time, the usual rate of the 
cellular metabolism can be restored by returning to the 
usual nutrient and conditions. In our opinion, this is an 
interesting theme for studies, which could be used for 
verification of our hypothesis. 

At the end of the paper, we note that laconism 
is one of the important features of the LOH-hypothesis. 
Only two substances enter the widely-distributed matrix 
and all reactions that are necessary for formation of a 
plenty of different DNAs and RNAs originate in one
localization.Somewhat later, a multitude of cells that are 
different in the N-base sequences but similar in the 
elemental composition and structure originate in the 
same localization. The repetition of thus processes is 
provided by the abundances of the methane-hydrate 
matrixes and niter localizations and almost ubiquitous 
occurrence of phosphates on the Earth. The 
monochirality is provided by the occurrence of the 
matrix. It is unlikely that another so laconic hypothesis 
for so complicated phenomenon could be formulated. 
Meanwhile, a lot of authoritative philosophers wrote in 
different epochs that laconism is very desirable in 
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Is Strong Interaction - A Cosmological 
Manifestation? 

U. V. S. Seshavatharam α & Prof. S. Lakshminarayana σ

Abstract  -  Even though Hubble volume is virtual in the flat 
universe, by considering the product of critical mass density 
and the Hubble volume, one can estimate the Hubble mass. 
By coupling the Hubble mass with the Mach's principle, one 
can understand the origin of cosmic, atomic and nuclear 
physical parameters. Thus the four fundamental interactions 
can be studied in a unified manner.  In this connection it can 
be suggested that, proton mass, nuclear binding energy and 
strong interaction range are cosmic variables and not 
fundamental physical constants.  Molar electron mass is the 
planck scale mass of the proton.  
Keywords : Hubble volume, Hubble mass, Molar 
electron mass, Proton  mass, Proton size, Nuclear 
binding energy constants, Potential energy of electron in 
Hydrogen atom, Magnetic moments of nucleon, CMBR 
temperature.   

I. Introduction 

n understanding the basic concepts of unification or 
TOE, role of dark energy and dark matter is 
insignificant.  In the universe, if the critical density is 

( )2
03 / 8c H Gρ π≅ and the characteristic Hubble radius is 

( )0 0/ ,R c H≅ mass of the cosmic Hubble volume is 
3

0 0/ 2 .M c GH≅   It can be called as the “Hubble mass”. 
Very interesting thing is that, CMBR energy density, 
matter energy density and the critical energy density are 
in a geometric series and the geometric ratio is 

( )01 ln CM M+   where  CM α≅   times c G   =  

2 9
0/ 4 1.859211 10e Gπε −≅ × Kg. 

 It is well established that, gravitational and 
electromagnetic interactions range is infinity. If one is 
willing to replace the word “infinity” with the “Hubble 
size”, automatically gravitational and electromagnetic 
interactions come under one roof. Extending this idea to 
the strong interaction - it is noticed that, strong 
interaction range is roughly 17 times smaller than the 
Schwarzschild radius of the geometric mean mass of 
the Hubble mass and the proton mass. 

In this connection it is assumed that- there 
exists  a charged  heavy  massive  elementary  particle  
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XM in such a way that, inverse of the fine structure ratio 
is equal to the natural logarithm of the sum of number of 
positively and negatively charged XM in the Hubble  
volume. Surprisingly it is noticed that, XM  mass is 
close to Avogadro Number times the rest mass of 
electron. It is noticed that XM  plays a very interesting 
role in particle and nuclear physics. We discussed these 
ideas in our earlier published works. In this paper the 
very interesting idea that we wish to propose is: XM   
can be considered as the planck scale rest mass of 
proton. Considering the Mach’s principle and the 
Hubble mass, in this paper an attempt is made to 
understand the origin of the cosmic, atomic and strong 
interaction physical parameters in brief [1-8].  
 

II. Updated  13  Key Concepts in 
Unification 

 
Concept-1: In the expanding cosmic Hubble 

volume, characteristic cosmic Hubble mass is the 
product of the cosmic critical density and the Hubble 

volume. If the critical density is ( )2
03 / 8c H Gρ π≅  and 

characteristic Hubble radius is ( )0 0/ ,R c H≅  mass of 

the cosmic Hubble volume is  
            

                              

3

0
02

cM
GH

≅                             
 
      (1)

 

 Concept-2:

 

There exists a charged heavy 
massive elementary particle XM

 

in such a way that, 
inverse of the fine structure ratio is equal to the natural 
logarithm of the sum of number of positively and 
negatively charged   XM in the Hubble volume. If the 

number of positively charged 

 

( )XM +

 

is  0

X

M
M

 
 
 

 

and 

the number of negatively charged ( )XM −

 

is also 

0

X

M
M

 
 
 

  then 

                                                                                     

 
      

0 0 021 ln ln
X X X

M M M
M M Mα

   
≅ + ≅   

   

  

           

(2)                                                   
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From experiments 1/ 137.0359997α ≅ and from 
the current observations, magnitude of the Hubble 

  
 

(
)

A



 

 

is, 1.3
0 1.470.4H +

−≅   Km/sec/Mpc. Thus 

 
                                       ( )
1 13

7
0

0
·2 5.32 to 5.53 10 KgX

cM e e M
GH

α α
− − − 

≅ ≅ ≅ ×  
 

 

(3)

 

If 236.022141793 10N ≅ × is the Avogadro 
number and  em is the rest mass of electron, surprisingly 

it is noticed that,

 

7. 5.485799098 10 KgeN m −≅ ×   and this 
is close to the above estimation of  .XM Thus it can be 
suggested that,

 
                           

X

e

M N
m

≅                                            (4)

 
In this way, Avogadro number can be coupled 

with the cosmic, atomic and particle physics. Then with 
reference to ( ). ,eN m

 

the obtained cosmic Hubble mass 

is 52
0 8.96 10 KgM ≅ ×

 

and thus the obtained

 

Hubble’s 

constant   

 

is       
3

0
0

69.54
2

cH
GM

≅ ≅

 
 

     

 

Km/sec/Mpc.

 
Concept-3:

 

For any observable charged 
particle, there exists 2 kinds of masses and their mass 
ratio is 295.0606339.

 

Let this number be represented by 
.EX

 

First kind of mass seems to be the ‘gravitational or 
observed’ mass and the second kind of mass seems to 
be the ‘electromagnetic’ mass. This idea can be applied 
to proton, electron and the Hubble mass. 

 

This number is obtained in the following way. In 
the Planck scale, similar to the Planck mass, with 
reference to the elementary charge, a new mass unit 
can be constructed in the following way.

 
       

2
9

0
1.859210775 10 Kg

4C
eM

Gπε
−≅ ≅ ×

 

             (5)

             
2 4

2 18

0
1.042941 10 GeV

4C
e cM c

Gπε
≅ ≅ ×

 

         (6)

 
Here e

 

is the elementary charge. How to 
interpret this mass unit? Is it a primordial massive 
charged particle? If 2 such oppositely charged particles 
annihilates, a large amount of energy can be released. 
Such pairs may be the chief

 

constituents of black holes. 
In certain time interval with a well defined quantum rules 
they annihilate and release a large amount of energy in 
the form of   γ   photons. In the Hubble volume, with its 
pair annihilation, origin of the CMBR

 

can be understood. 
Clearly speaking, gravitational and electromagnetic 
force ratio of  2is 

 

 .X EM X

 
         

2
0

2
4

295.0606338XX

C

GMM
M e

π
≅ ≅                      (7)

 

It can be interpreted that, if 75.486 10 Kg−×

 

is 
the observable or gravitational mass of XM then CM   is 
the electromagnetic mass of

 

XM

 

. With reference to the 
electron rest mass, 

 

 

   
2 2

2 2
2

0
·
4

X
E

e e

M eX N
m Gmπ

 
≅ ≅ 

 
                    (8)

 

Concept-4:

 

If

 



 

is the quanta of the 
gravitational angular momentum, then the 

electromagnetic quanta can be expressed as .
EX

 
 
 


  

Thus the ratio, 

 

( )
2

1

0
0.464433353 sin

4 E W
E

e X
X c

α θ
π

−  
÷ ≅ ≅ ≅       



 

                                                                                      (9)

 

where sin Wθ   is very close to the weak mixing angle.

 

Concept-5:

 

For electron, starting from infinity, its 
characteristic interaction ending range can be 
expressed as 

 
                             

( )
2 2

13
2 2

0 0
8.315 10 m

4 / 4ee E
e E e

e er X
m X c m cπ π

−≅ ≅ ≅ ×       

         

(10)

 

Similarly, for proton, its characteristic interaction 
starting range can be expressed as

 
                                      

( )
2 2

16
22

00

4.53 10 m
44 /

ss E
pp E

e er X
m cm X c ππ

−≅ ≅ ≅ ×

 

(11)

 

Concept-6:

 

Ratio of electromagnetic ending 
interaction range and strong interaction ending rage can 
be expressed as

 

                  
2

635.3131866ee X

se

r GM
r c

≅ ≅


 

                      

 

(12)

 

 

Thus if 138.315 10 m,eer −≅ ×   151.309 10 m,ser −≅ ×

 

                           
22 2

ee X

se

r GM
r c

  
≅        

 

                         

 

(13)

 

Interesting observation is
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constant 

              150.881 10 m
2

ss ser r −+
≅ ×                             (14)

This can be considered as the mean strong 
interaction range and is close to the proton rms radius. 

Concept-7: For any elementary particle of 
charge ,e    electromagnetic mass ( )/ Em X   and 
characteristic radius R , it can be assumed as

  
 

(
)

ε

ε

ε

ε ε

ε ε

A



   

 
 

 
  

                   
2

2

0

1
4 2 E

e m c
R Xπ

 
≅  

 

 

                                (15)

 

This idea can be applied to proton as well as electron. 
Electron’s characteristic radius is 

 

    
2

12
2

0
2 1.663 10 m

4e E
e

eR X
m cπ

−≅ ≅ ×

 

                    (16)

 

Similarly proton’s characteristic radius is 

 

    
2

15
2

0
2 0.906 10 m

4p E
p

eR X
m cπ

−≅ ≅ ×

 

                  (17)

 

This obtained magnitude can be compared with 
the rms charge radius of the proton. With different 
experimental methods its magnitude varies from 
0.84184(67) fm to 0.895(18) fm.         

 

Concept-8:

 

Proton rest mass is a cosmic 
variable and not a

 

fundamental  

 

physical   constant.

   

XM   can be  considered as the planck scale rest mass 
of the proton.  It is noticed that, the present rest mass of 
proton is strongly connected with the present cosmic 
Hubble mass and the

 

proposed XM

 

.                 

 

Concept-9:  
3

0
02

cM
GH

≅   can be considered as 

the electromagnetic mass of the present universe. The 
gravitational mass of the present universe is EX   times 

of  0.M                                                        

 

Concept-10:

 

Characteristic mass of the nucleus 

is    
34

2 2
0

0
2.884 MeV / 851 MeV / .C

E E E
MX m X X c c
M

 
≅ ≈ ≈  

 

        

It is noticed that, proton and the proposed ( )0EX m

 

mass

 

difference is connected with

 

the maximum nuclear 
binding energy per nucleon ( ).AB   If 0H   is 70.82 

Km/Sec/Mpc, it is noticed that 8.987 MeV AB ≅

 

and the 

proton rest mass is 2 2 2
0 0p E E Am c X m c X m c B≅ + ∗

               

938.3 MeV.≅

 

2
0 0 0

0

1 2ln ln .
2 3

E

C a

M M X m c
m M B

   
≅ ≅   

                           

 

(18)

 

Another interesting observation is

 

2 22
0

2 2
1p pE

a e e

m c m cX m c
B m c m c α

+ − ≅               (19)

 

where pm

 

and em

 

are the rest masses proton and 

electron respectively.  

 

Concept-11:  In the semi empirical mass 
formula, coulombic energy constant is equal to ABα ∗   

. Ratio of surface and coulombic energy constants is 

close to  
2

.

 

XGM
c

 

Ratio of volume and coulombic 

energy constants is close to 
2

.
2  

XGM
c

  Sum of volume 

and surface energy constants is close to the sum of 
asymmetry and pairing energy constants. The 
asymmetry energy constant is close to ( )2 / 3

 

of the sum 

of volume and surface energy constants and pairing 
energy constant is close to ( )1/ 3

 

of the sum of volume 

and surface energy constants.Thus 16.27va ≅

 

MeV,  
19.35sa ≅

 

MeV, 0.7677ca ≅   MeV, 23.75aa ≅

 

MeV and

11.87pa ≅   MeV. For

 

medium and heavy stable  ( ), ,A Z    

2

21 2 1 2   
2

c

s X

aA cZ Z
Z a GM

    ≈ + ≈ +           


and  

 

for upper 

stability upto 

2

21 2 1 2   
2

c

s X

aA cZ Z
Z a GM

    ≈ + ≈ +           

 22 .  A Z Z α≈ +           

 

Concept-12:

 

Considering ( )AB

 

as the 

maximum mean binding per nucleon, nuclear binding 
energy can be understood in a very simplified manner. 
Authors are working in this new direction.  It is noticed 
that, for light atoms, 

 

                            ( )2 aBE A B≅ −                                 (20)

 

For medium and heavy atoms, 

 

                    
( )23 2

a
A Z

BE A B
A

  −  ≅ −
  

  

 

                  (21)

 

It will be discussed in our forth coming paper.

 
 

Concept-13:

 

In modified quark SUSY, if fQ   is 

the mass of quark fermion and bQ

 

is the mass of quark 
boson, then 

 

                      2.2627062f

b

Q
Q

≅ Ψ ≅
                                

 

(22)
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and 
11 fQ − Ψ 

represents the effective fermion mass. 

The number Ψ can be fitted with the following empirical 
relation 

                     ( )2 2ln 1 sin 1WθΨ + ≅
                                  

(23)

With this idea super symmetry can be observed 
in the strong interactions and electroweak interactions. It 
is already discussed in our earlier published papers [2].

  
 

(
)

A

Z=56 or A=137,  

ε

ε

ε



 

 
 

  

 

a)

 

  Characteristic cosmological nuclear relations

 

In a very simplified picture, it can be proposed 
as follows. At any time, let 3 / 2t tM c GH≅    be the 

cosmic electromagnetic mass, tm be

 

the nuclear 
characteristic electromagnetic mass. Their respective 
gravitational mass units are E tX M   and.

 

E tX m

 

                                    

1
4 3
C

t
t

M
m

M
 

≅   
                                

 

(24)

 

                          
2

04 t t t
e Gm M m
πε

≅

 

                      

 

   (25)

 

                             2

2 t t
t

G M m
R

c
≅

 

                           

 

(26) 

 

Where  tR   is the characteristic nuclear

 

size At 
present it is noticed that

 

                              
2

0 0

0

1 ln
2

E

a

X m c M
B m

 
≅  

                    

 

  (27)

 

Where aB

 

is the maximum nuclear mean 
binding energy per nucleon Thus

 

           ( )2 2 2
0 00p E E am c X m c X m c B≅ + ∗

                 

 

(28) 

 

Where ( )2
0pm c   is the gravitational mass of the 

present proton Thus it is noticed that, 

 

                
2
C E t

ee
t t

E

M X m
mmm M

X

≅
 
 
 

 

                          (29)

 

Where E t

e

X m
m

  is the characteristic nuclear 

mass and electron mass ratio.At planck scale, 

t C tm M M≅ ≅   and thus E t

e

X m
N

m
≅

 

and at

 

present 

1665.36E t

e

X m
m

≅

 

. 

 

This ratio can be compared with the present 
proton and electron mass ratio.  Please note that, the 
basic aim of unification is to explain the (present) 
proton-electron mass ratio. It can be understood in this 
way. 

 

    

 

III.

 

The Characteristic Nuclear Radii 
in Cosmology

 

Please recall that, assumed planck scale proton 
mass is  .X E CM X M=                                                  

 

a)

 

The characteristic nuclear charge radius

 

If 0 70.82H ≅

 

Km/sec/Mpc, SR   is the 
characteristic radius of nucleus, it is noticed that,

 

             
2

15

0
1.2144 10 mp

S
X

m cR
M H

− 
≅ ≅ ×  
 

              (30)

 

Where pm   is the proton rest mass. This can be 

compared with the characteristic radius of the nucleus 
and the strong interaction range. 

 

b)

 

To fit the radius of proton

 

Let

 

pR   be the radius of proton. It is noticed 

that, 

 

    16
2

2
· 9.0566 10 mE C C

p
p

X M GM
R

m c
− 

≅ ≅ ×  
                  

 

(31)

 

This obtained magnitude can be compared with 
the rms charge radius of the proton. With different 
experimental methods its magnitude varies from 
0.84184(67) fm to 0.895(18) fm. Here also it is very 
interesting to consider the role of the Schwarzschild 
radius of 

 

c)

 

Strong interaction range

  

Considering the above coincidences it can be 
suggested that, there exists a strong connection in 
between Hubble mass and the nucleus. It is noticed 
that,

 

       
( )0 15

2

2 /
1.04875 10 m

p E
S

G M m X
R

c
−≅ ≅ ×

       

 

(32)

 

Where 0 70.82H ≅

 

Km/sec/Mpc

 

and 
52

0 8.79564 10 Kg.M ≅ ×

 

Here SR

 

represents the 

Schwarzschild radius of ( )0 / .p EM m X

 

How to 

understand this radius! Here the very peculiar and 
careful observation is

 

( ) 150
2 2

2 /2
1.05 10 mp E

S

G m XGM
R

c c
−

   ≅ ≈ ×    

 

      

 

(33)
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In this relation, 0
2

2GM
c

  is the Schwarzschild 

radius of the Hubble mass! Another interesting concept 
is 0M    is the  electromagnetic mass of the universe. If 
we do not yet know whether the universe is spatially 

  
 

(
)

CM .

A



 

closed or open, then the idea of Hubble mass can be 
used as a tool in cosmology and unification [7]. 

 

IV.

 

Potential Energy of Electron in 
Hydrogen Atom

 

Let pE

 

be the potential energy of electron in the 

Hydrogen atom. It is noticed that, 

 
                                   

( )2

2
0 0

/
27.12493044 eV

4
E

p
X e p

X ce cE
a GM R Rπ

 
≅ ≅ ≅  

 


   

                 

(34)

 

Where 0a

 

is the Bohr radius

 

With 99.6822% this 

is matching with 2 2 27.21138388em cα ≅   eV. After 
simplification it takes the following form.

 

       
2 2

2 2
2 2

p e
p e

X

m m ccE m c
GM

α
 

≅ ≅  
 



 

                   (35)

 

Thus the Bohr radius can be expressed as 

 

               
22 2

0 2
0

2
4

X

p e

GM ea
c m m cπ

 
≅   
 

                      

  (36)

 

Without considering the integral nature of 
angular momentum, here by considering the integral 
nature of the elementary charge ,e

 

Bohr radius in thn

 

orbit can be expressed as 

 
 

       
( )2 22

2
02

0

2
·

4
X

n
p e

neGMa n a
c m m cπ

 
≅ ≅  
 

 

                (37)

 

 

Where na

 

is the radius of thn

 

orbit and 
1,2,3,..n =

 

Thus in Hydrogen atom, potential energy of 

electron in thn

 

orbit can be expressed as 

 

                 
2 22

2 2
04 2

p e

n X

m m ce c
a GM nπ

 
≅   
 


                 

 

(38)

 

 

Note that, from the atomic theory it is well 
established that, total number of electrons in a shell of 
principal quantum number n   is 22 .n   Thus on 

comparison, it can suggested that, 
2

2
2 p e
X

c m m c
GM

 
  
 


  

is the potential energy of 22n   electrons and potential 

energy of one electron is equal to  
2 2

2 2 .
2
p e

X

m m cc
GM n

 
  
 



 

V.

 

Magnetic Moments of the Nucleon

 

If ( ) 1 sin ,E WXα θ− ≅

 

magnetic moment of 

electron can be expressed as 

 

    241 sin · · 9.274 10 J/tesla
2e W eeec rµ θ −≅ ≅ ×                (39)

 

It can be suggested that electron’s magnetic 
moment is due to the electromagnetic interaction range. 
Similarly magnetic moment of proton is due to the 
strong interaction ending range. 

 

    261 sin · · 1.46 10 J/tesla
2p W seec rµ θ −≅ ≅ ×

 

               

 

(40)

 

If proton and neutron are the two quantum 
states of the nucleon, by considering the mean strong 

interaction range ,
2

ss ser r+ 
 
 

 

magnetic moment of 

neutron can be fitted as

 

   271 sin · · 9.82 10 J/tesla
2 2

ss se
n W

r r
ecµ θ −+ 

≅ ≅ × 
 

      

 

(41) 

 

VI.

 

Cosmic Critical Density, Matter 
Density and Thermal Energy 

Density

 
 

It is noticed that, there exists a very simple 
relation in between the cosmic critical density, matter 
density and the thermal energy density. It can be 
expressed in the following way. At any time ,t

  

 
 

      1 lnc m t

m T Ctt

M
M

ρ ρ
ρ ρ

    
≅ ≅ +    
    

                            (42)

 

where   

13 234 ,
3 8

t
c t

t

HcM
H G

πρ
π

−
   ≅ ≅ 
   

 

mρ

 

is the  

 

matter density and Tρ   is the thermal energy density 

expressed in 3gram/cm

 

or 3Kg/m .

 

Considering the 
Planck -

 

Coulomb scale, at the beginning if  t CM M≅

 

                     1 c m

m T CC

ρ ρ
ρ ρ

   
≅ ≅   
  

 

                            (43)

 
                  ( ) ( ) ( )c m T CC Cρ ρ ρ≅ ≅                             

 

(44)

 
Thus at any time  ,t
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·m c Tρ ρ ρ≅                                    (45)

  
 

(
)

ε

ε

ε

ε

A



                            
                 

1

1 ln t
m c

C

M
M

ρ ρ
−

  
≅ +  
   

                            (46)

 

 

2 1

1 ln 1 lnt t
T c m

C C

M M
M M

ρ ρ ρ
− −

      
≅ + ≅ +      
         

 

         (47)

 
In this way, observed matter density and the 

thermal energy density can be studied in a unified

 
manner. The observed CMB

 

anisotropy can be related 
with the inter galactic matter density fluctuations. 

 a)

 

Present matter density of the universe

 
At present if 0 70.82H ≅

 

Km/sec/Mpc, 

 
                 ( ) ( )

1
0

0 01 lnm c
C

M
M

ρ ρ
−

  
≅ +  
   

                

  

(48)

 

 

32 36.586 10 gram/cm−≅ ×

 Where ( ) 30 3
0 9.418821 10 gram/cmcρ

−≅ ×

 

and   

01 ln 143.03.
C

M
M

  
+ ≅  

   
Based on the average mass-to-

light ratio for any galaxy  

                ( ) 32 3
00 1.5 10 gram/cmm hρ η−≅ ×

                   
 

(49)

 
where for any galaxy,  G

G

MM
L L

η
 

≅   
 





 

and the 

number  .

 

0
0 0.7082

100 Km/sec/Mpc
70.82
100

H
h ≅ ≅ ≅

 
Note that elliptical galaxies probably comprise 

about 60% of the galaxies in the universe and spiral 
galaxies thought to make up about 20% percent of the 
galaxies in the universe. Almost 80% of the galaxies are 
in the form of elliptical and spiral galaxies.

 

For spiral 
galaxies, 1

0 9 1hη − ≅ ±

 

and for elliptical galaxies, 
1

0 10 2.hη − ≅ ±

 

For our galaxy inner part,

 

1
0 6 2.hη − ≅ ±   

Thus the average 1
0hη −   is very close to 8 to 9 and its 

corresponding matter density is close to 

( ) 32 36.0 to 6.76 10 gram/cm−×

 

and can be compared 

with the above proposed magnitude of  
32 36.586 10 gram/cm .−×

 b)

 
Present thermal energy density of the universe

 

 

At present if 0 70.82H ≅

 

Km/sec/Mpc
,                                             

( ) ( )
2

34 30
0 01 ln 4.605 10 gram/cmT c

C

M
M

ρ ρ
−

−  
≅ + ≅ ×  
   

  
                                 

and thus                                                                        

                                        

( ) ( )
2

2 2 14 30
0 0

1 ln 4.139 10 J/mT c
C

M
c c

M
ρ ρ

−
−  

≅ + ≅ ×  
   

   

(51)

 At present if 

 
                         ( )2 4

00T c aTρ ≅                                     (52)
 

Where 16 3 47.56576 10 J/m Ka −≅ ×
 

is the 
radiation energy density constant, then the obtained 
temperature is,

 

0
0 2.7196 Kelvin.T ≅

 
This is accurately 

fitting with the observed CMBR
 

temperature, 
0

0 2.725 Kelvin.T ≅
  

Thus in this way, the present value of the 
Hubble’s constant and the present CMBR

 
temperature 

can be co-related with the following trial-error relation.
 

       

1 43
0

0 2
0

8
1 ln

2 3C

GaTc H
GH M c

π
−

  
+ ≅        

              (53)
 

With reference to this relation,
 

0H   value seems 
to be close to 71 Km/Sec/Mpc.

 
VII.

 
Conclusions

 
Considering the proposed relations and 

concepts it is possible to say that there exists a strong 
relation between cosmic Hubble mass and unification. 
Authors request the science community to kindly look 
into this new approach.   
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The electronic properties of double-wall zinc oxide nanotubes (DWZnONTs) are 
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Ab Initio Density Functional Theory Investigation 
of Structural and Electronic Properties of Double-

Wall Zinc Oxide Nanotubes 
Sh. Valedbagi α, A. Fatehalian σ & S. M. Elahi ρ

Abstract  - The electronic properties of double-wall zinc oxide 
nanotubes (DWZnONTs) are investigated via density functional 
theory. The DWZnONTs are separated into two categories¸ 
where the inner and outer nanotubes are armchair-
armchairand zigzag-zigzag single-wall nanotubes. The band 
structure of the DWZnONTs is calculated. Our results show 
that the inter-wall coupling diminishes the energy gap in 
semiconducting nanotube. We found that the energy gap of 
DWZnONTs depends on the structure of the inner and outer 
walls. 
Keywords : Znic oxide nanotube; Density function 
theory; Density of states. 

I. Introduction 

inc oxide (ZnO) has attracted great interest in the 
last few years, because its nanostructures 
counterparts may offer unique optical, electrical, 

and piezoelectric properties. Bulk ZnO is a direct wide 
band gap semiconductor (3.4 eV)and has a strong 
excitonic binding energy of 60 meV at room 
temperature,which makes it a promising material for 
high-efficiency blue and ultraviolet optical devices. 
Recently, 1D ZnO nanostructures have attracted much 
attention due to their unique physical properties as well 
as their applications in optoelectronic nanodevices and 
functional materials. For example, nanolasers, 
transistors, field emission display and UV detectors, 
fabricated by 1D ZnO nanostructures have been 
reported by many researchers [1- 5]. Among 1D ZnO 
nanostructures, ZnO nanotubes with hollow structures 
are expected to have excellent properties. Up to now, 
some methods to synthesize ZnO nanotubes have been 
reported. Li et al. synthesized ZnO nanotubes on Au-
coated silicon substrate by physical evaporation of the 
mixture of ZnO and graphite powders [6]. Wang et al. 
synthesized ZnO core shell nanobelts via a solid vapor 
decomposition process and obtained ZnO nanotubes 
by sublimation  on  the Zn  core  [7].  Hu  Xu  et  al  have 
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investigated the structural and electronic properties of 
(5, 5) armchair and (9, 0) zigzag single-walled ZnONTs 
by using the density functional theory [8]. They found 
that both armchair and zigzag ZnONTs are 
semiconductors with direct band gaps. 

In this paper, our aim is to investigate the 
influence of the inner-wall between two single wall zinc 
oxide nanotubes (SWZnONTs) on the density of states 
of the resulting DWZnONTs, as well as on the individual 
SWZnONTs within the DWZnONTs. These 
computationsare performed via first-principles full 
potential linearized augmented plane-wave density 
functional theory, as implemented in the WIEN2k code 
[9]. Ourcalculations are done in the range of 100-200 k-
points.We found that due to the overlap of the 
semiconducting gaps of inner and outer walls, 
DWZnONTs have the semiconductor behavior. 

II. Computational Details and 
Results 

The electronic structure calculations are 
performed via first principles full potential linearized 
augmented plane-wave density functional theory as 
implemented in the WIEN2K code [9]. For the exchange 
and correlation terms, the generalized gradient 
approximation (GGA) is used [10]. The total number of 
k-points in the whole Brillouin Zone (BZ) is taken to be 
equal to 200. Calculations are performed in the 
supercell approximation within a cubic unit cell. Figure 1 
shows the structures of SWZnONT , DWZnONT and the 
unit cell relaxed structure of DWZnONNT. Two possible 
cases are investigated. In the first case, both the inner 
and outer nanotubes of the DWZnONT are initially 
armchair SWZnONTs. Figure 2 shows the density of 
states of a (8, 8) and (12, 12) SWZnONT. The results 
show that both the inner and outer SWZnONTs are 
semiconductor. Figures (4) and (5) show respectively 
the density of states and the band structure of (8, 8) @ 
(12, 12). Also, these Figures show the density of states 
of SWZnONTs , when they are parts of the DWZnONT. 
The results show that both the inner and outer 
SWZnONTs remain semiconductor and the DWCNT is 
also semiconductor. In the second case, the inner and 
outer SWZnONTs are zigzag. Figures 3 show 
respectively the density of states of (5, 0) and (12, 0) 

Z 
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SWZnONT.The resultshow that both the inner and outer 
WZnONTs are semiconductor. Figures (6) and (7) show 
the density of states and the band structure for these 
DWZnONTs.The results show that both the inner and 
outer SWZnONTs remain semiconductor and the 
DWZnONT is also semiconductor. The Fermi energy (8, 
8) @ (12, 12) and (5, 0) @ (12,0) DWZnONTs are equal 
to -0.197 (Ry) and -0.277 (Ry) respectively. The behavior 
of the (8, 8)@ (12,12) and (5,0)@(12,0) DWZnONTs is 
explained in terms of two factors which influence its 
electronic conduction properties. First, there is the 
overlap of the semiconducting gaps of individual 
SWZnONTs.Second, the interaction between the walls of 
the inner and outer SWZnONTs. 

III. Conclusion 

We have investigated the electronic conduction 
properties of DWZnONTs via density functional theory 
as implemented in the code WIEN2k. All possible 
combinations of SWZnONTs making up a DWZnONT 
are considered. For DWZnONTs where both SWZnONTs 
are armchair or zigzag semiconductors, we found that 
due to overlap of the semiconducting gaps of inner and 
outer walls, DWZnONTs have the semiconductor 
behavior. Our results can open interesting avenues in 
research concerned with the use of zinc oxide 
nanotubes in the emerging field of nano-electronics.    
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Figure 1:

  

The structure and unit cell of DWZnONT.
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Figure 2

 

:

  

The density of states of (8, 8) and (12, 12)SWZnONTs.
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Figure 3

 

:

  

The density of states of (5, 0) and (12, 0)

 

SWZnONTs.
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Figure 4
 
:
  
The density of states of (8, 8) @ (12, 12).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 :  The band structures of (8, 8) @ (12, 12)DWZnONTs. 
 
 

© 2012 Global Journals Inc.  (US)© 2012 Global Journals Inc.  (US)

49

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
II

 I
ss
ue

  
  
  
 e

rs
io
n
I

V
V
I

20
12

Y
ea

r

Ab Initio Density Functional Theory Investigation of Structural and Electronic Properties of Double-
Wall Zinc Oxide Nanotubes

  
 

(
)

A



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 6

 

:

 

The density of states of (5, 0) @ (12,0) DWZnONTs.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 7

 
:

 
The band structures of (5, 0)

 
@
 

(12,0) DWZnONTs.
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Influence of Magnetic Field on Electrical Model and Electrical 
Parameters of a Solar Cell Under Intense Multispectral 
Illumination            

By F. Toure, M. Zoungrana, B. Zouma, S. Mbodji, S. Gueye, A. Diao  
& G. Sissoko 

Université Cheikh Anta Diop, Senegal         
Abstract - In this work we present a 3D modeling of the magnetic field influence on electrical 
model and electrical parameters (Jph, Vph, Rs, Rsh, C) of a polycrystalline silicon solar cell under 
intense multispectral illumination. For intense light, the electric field in the base of the solar cell 
has to be considered; taking into account this electric field and the applied magnetic field in our 
model lead to two major things: Firstly, new analytical expressions of the continuity equation, the 
photocurrent and the photovoltage are proposed; secondly an equivalent electrical model of the 
solar cell under constant magnetic field is proposed and the influence of the magnetic field is 
pointed out on electrical parameters such as shunt and series resistances and space charge 
capacitance.        
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Influence of Magnetic Field on Electrical Model 
and Electrical Parameters of a Solar Cell Under 

Intense Multispectral Illumination  
F. Toure α, M. Zoungrana σ, B. Zouma ρ, S. Mbodji Ѡ, S. Gueye¥, A. Diao§ & G. Sissoko χ

Abstract - In this work we present a 3D modeling of the 
magnetic field influence on electrical model and electrical 
parameters (Jph, Vph, Rs, Rsh, C) of a polycrystalline silicon solar 
cell under intense multispectral illumination.  For intense light, 
the electric field in the base of the solar cell has to be 
considered; taking into account this electric field and the 
applied magnetic field in our model lead to two major things: 
Firstly, new analytical expressions of the continuity equation, 
the photocurrent and the photovoltage are proposed; 
secondly an equivalent electrical model of the solar cell under 
constant magnetic field is proposed and the influence of the 
magnetic field is pointed out on electrical parameters such as 
shunt and series resistances and space charge capacitance.  
Keywords : 1-Magnetic field, 2- Shunt Resistance,  3- 
Series Résistance, 4- SCR capacitance. 

I. Introduction 

he decrease of oil reserves in the world, the raise 
cost of hydrocarbons, the consequences of oil 
derivative garbage on health, environment and 

climate obliges everybody to move toward new sources 
of energy more proper and less polluting. In this sense, 
one of the possible alternatives for electric energy 
production is photovoltaic solar energy, that is clean 
silent shape of energy and whose source is available. 
However, although this shape of energy is 
advantageous, it is confronted to a crucial problem that 
is the weakness of solar cells energy efficiency. Thus, 
the numerous research tracks nowadays solar cells 
have for object to find good quality materials, news 
manufacture technologies or solar cells operating 
conditions that minimize solar cells performances 
factors limiting factors: minority carrier recombination 
photogenerated in base (Shockley - Read - Hall, Auger  
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and Radiative) [1], in surface and grains boundaries [2], 

photocurrent and photovoltage losses, shadiness 
effects and resistive losses [3],…

 Whatever is solar cell quality, it is necessary at 
its installation moment to take into account an outside 
factor susceptible to lower efficiency: the magnetic field. 
Indeed, whatever is their installation place, the solar 
cells by their operating principle (electrons movement) 
can be influenced by magnetic field [4] that can be of 
various origin: terrestrial magnetic field (5.10-5

 
T), 

magnetic component of electromagnetic wave coming 
from the radio emitters, television emitters

 
and 

telecommunication emitter [5]: AM antenna, power of 
radiance: 50W-5kW,  magnetic field values: B ≤

 
1,29.10-7

 T; FM antenna, power of radiance: 500W -
 

2MW, 
magnetic field values 4.10-8

 
T ≤

 
B ≤

 
2,58.10-6

 
T.

 Since the electrical parameters (Jph, Vph, 
Pel,Rs,Rsh,C) and electronic parameters (Sb, Sf, Sfo, L, D

 
) 

of the solar cell are closely dependent carrier distribution 
in the cell, the magnetic field will perturb these 
parameters. In this work we present a 3D study of the 
influence of magnetic field on the electrical parameters 
of a silicon solar cell under multispectral intense light [6] 
(more than 50 suns). For this intense light our model 
takes into account the electric field due to concentration 
gradient in the bulk of the base.  

 
II.

 
Theoretical Model

 
This study is based on a 3D modeling of a 

polycrystalline silicon solar cell; we made the following 
assumptions:

 a)
 

A columnar model is considered [3] with the grains 
having square cross section (gx

 
= gy) so that their 

electrical properties are homogeneous; we can then 
use the cartesian coordinates; the base depth is H. 

 b)
 

The grain boundaries are perpendicular to the 
junction and their recombination velocities 
independent of generation rate under AM1.5 
illumination. So the boundary conditions of 
continuity equation are linear;

 c)
 

The illumination is uniform. We then have a 
generation rate depending only on the depth in the 
base z;

 

T 
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d) The contribution of the emitter and space charge 
region is neglected [3], so this analysis is only 
developed in the base region.

(
)

A



 

 
 

  
 

Figure 1

 

:

  

Theoretical model of square grain with an 
external magnetic field and internal electric field.

 

The solar cell is front side illuminated with more 
than 50 suns; the external magnetic field is parallel to 
the junction and the electric field due to concentration 
gradient along the z axis in the base region can be 
expressed as [6,8]:  

 

                              

z
zyx

zyx
DD

zE
np

np

∂
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⋅
+

−
=

),,(
),,(

1)( δ
δµµ

                 

 

(1)

                                   

 

Dn

 

et µn  are respectively electrons diffusion 
constant and mobility, δ(x,y,z) is the minority carrier’s 
density in the base of the solar cell, τn

 

is the electrons 
lifetime and C indicates the concentration factor (in 
suns). 

 

We supposed also that carrier distribution along 
x and y axes are uniform for a given z plane so that there 
is no conduction current along these axis; we can write:

 

   

 

E(x) = E(y) =0                                              (2)

                              
 

Taking into account the electric field given by 
Equation 1, the continuity equation can be written as: 

 

                                    

 

         

)()(1),,( zRzGJet
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(3)

                                               

 

G(z)

 

is the carrier generation rate at the depth z 

in the base:  zb
i

i

ieaCzG −

=
⋅∑⋅=

3

1
)(                    

                   
 

Parameters ai

 

and bi

 

are coefficients deduced 
from modeling of the generation rate considered for 
overall the solar radiation spectrum when AM = 1.5 [9].

 

 

R(z)

 

is the recombination rate at depth z given 

by

 

: 
n

zyxzR
τ

δ ),,()( =                                             

 

  nJ
→

 

can be written as the sum of [10] :

 

1.

 

the drift current  , EzyxeJ nnc

→→

⋅⋅⋅= ),,(δµ

 

2.

 

the current induced by the magnetic field 

BJJ nnIn

→→→
Λ−= .µ   and 

 

3.

 

the diffusion current  .

 

),,(.. zyxDeJ nnd δ∇=
→→

  

 

We then have:  

 
 

EzyxeBJzyxDeJJJJ nnnncIndn

→→→→→→→→

⋅⋅⋅+Λ⋅−∇⋅⋅=++= ),,(),,(. δµµδ             (4)   
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→→
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The drift current is zero along x and y axes,

 

that 

is :   0=
∂
∂

=
∂
∂

y
J

x
J cc                                                   

 (5)                                                                

 

Using the components of the scalar product 

nJ
→→

⋅∇   and inserting them in equation 3 in

 

static regime 

0),,(
=

∂
∂

t
zyxδ

 

, we obtain the following differential 

equation: 
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III.

 

Solution of the Continuity 
Equation

 

 

Equation 6 is a partial differential equation with 
general solution in the form: 

 

                                                               

)cos()cos()(),,( , yCxCzZzyx ykxjkj
kj

⋅⋅= ∑∑δ

 

    (7)

           
 

  with  
y

k
yk

x

j
xj C

C
C

C
C

C ==    ,  

  

Coefficients jC

 

et kC

 

are determined by mean of 

boundary conditions at the grain boundaries 
2

xg
x ±=    
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et 
2

yg
y ±= given respectively by:
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Coefficients xjC

 

et ykC

 

are solution

 

of the 

following transcendental equations: 
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Taking into account the orthogonality of the 
cosine functions,

 

)(zZ jk    can be written in the form 

[11]:
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Coefficients Ajk

 

and Bjk

 

are obtained by inserting 
equation 7 and boundary conditions into equation 6 
[11]:  
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With

 

these coefficients Ajk

 

and Bjk

 

the final 
solution of the continuity equation is well known. 

 

IV.

 

Determination of the Equivalent 
Electrical Model of the Solar Cell 

Under Magnetic Field

 

We present on figure 2 the equivalent electrical 
one diode model of the solar cell without magnetic field. 

 

                        

 

 
 

Figure 2

 

:

 

One diode equivalent electrical model of the 
solar cell without magnetic field.

 

In this model, the diode characterizes not only 
the diffusion saturation current in the base and the 
emitter but also the generation-recombination saturation 
current in the space charge region [1, 12].  It appears 
also in this model two parasitic resistances [13]:

 

The shunt resistance Rsh

 

characterizes current 
losses at the junction. These losses are induced by 
intrinsic recombination (Sfo) at the junction.  Then a part 
of the photocurrent is derived into this resistance and 
could not be used by the external load. 

 

The series resistance characterizes the contacts 
resistance, the resistivity of the base material and the 
dynamic resistance of the junction [3]. The presence of 
this resistance leads to a decrease of the voltage across 
the external load. 

 

a)

 

Space charge region capacitance variation with 
magnetic field 

 

Figure 3 below show the dependence of the 
carriers’ density on the magnetic field and the depth in 
the base. In figure 4, we present a closer view (near the 
junction) of the influence of the magnetic field for various 
depths in the base. 
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(
)

A



 
 Figure 3

 
:
  

Excess minority carriers profile in the base of 
a photoexcited cell versus base depth and magnetic 
field: C=200 suns; gx=gy=3.10-3cm; Sf=104

 

cm.s-¹; 
Sb=10³ cm.s-¹; Sgb=100 cm.s-¹.

 
  

 
 

Figure 4

 

:

  

Influence of magnetic field on the excess 
minority carriers density for various depths in the base: 
z=0.01cm, z=0.005cm, z=0.0025cm, z=0.0005cm.

 
Figures 3 and 4 show that for increasing 

magnetic field, the maximum of the excess minority 
carriers density increase also and are shifted left to the 
junction. This increasing of the maximum of the excess 
minority carriers density translate an increase of the 
carrier concentration near the junction. The 
displacement of the maximum of the excess minority 
carriers density shows that there is a decreasing carriers 
flow through the junction. These two consequences 
translate that there is an accumulation of carriers near 
the junction for increasing magnetic field. 

 

These accumulated carriers enforce the space 

charge region leading to an extension of the space 
charge region [14].

 

To exhibit the capacitive effect of the space 
charge region, let us replace the diode by a capacitor 
with capacitance C.The expression of C is inversely 
proportional to the space charge region width

 

l : C=S.

 

ε/l.

 

S is the junction surface and ε

 

is the silicon 
permittivity. In these conditions, a space charge region 
extension correspond to

 

a decrease of the capacitance ; 
the interpretation of this phenomenon leads us to add in 
series with C an extra capacitor with capacitance Cm

 

depending of the applied magnetic field.  

 

b)

 

Shunt resistance variation under magnetic field

 

The photocurrent density Jph is given by 
[11,15].
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Replacing

 

),,( zyxδ   and equations (8), (9.1) 
and (9.2) into equation (12) we obtain:
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Figures 5 and 6 illustrate the effect of magnetic 
field [10,16] on the photocurrent density.  
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Figure 5 : Effect of magnetic field and junction 
recombination velocity on photocurrent: 

gx=gy=3.10⁻3cm, Sgb=10²cm.s⁻¹, Sb=104cm.s⁻¹.
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Figure 6

 

:

 

Magnetic field effect on the photocurrent 
density closer to the short circuit: Sf=105cm.s-1, 

Sf=106cm.s-1,  Sf=108cm.s-1.

 

We observe on figure 5 that near the open 
circuit (Sf

 

→

 

0), there is practically no influence of 
magnetic field on the photocurrent density, contrary to 
short circuit (Sf

 

→

 

∞) where the photocurrent density 
decreases drastically with increasing magnetic field 
(figures 5 and 6). This decrease of the photocurrent 
combined with the accumulation phenomenon 
depending on magnetic field

 

mean that there is an 
increase of the leakage current (through the junction 
and the edges of the solar cell). 

 

 
  

c)

 

Series resistance variation under magnetic field

 

The photovoltage can be expressed by means 
of the Boltzmann law [11, 15]:
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In this expression, VT  is the thermal voltage 
given by: VT

 

= kB.T / q,  no  is the carrier concentration at 
equilibrium: no

 

= ni
2/NB

 

(ni  represents the intrinsic carrier 
concentration :    ni

 

= 1010

 

cm-3  for silicon, NB

  

is the 
base doping density : NB

 

= 1016

 

cm-3)  and kB

  

is the 
Boltzmann’s constant.
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We show on  figures 7 and 8

 

the effect of the 
magnetic field on the photovoltage. 

 
 
 

 
  

Figure 7

 

:

  

Effect of magnetic field and junction 
recombination velocity on photovoltage: 

gx=gy=3.10⁻3cm, Sgb=10²cm.s-1, Sb=104cm.s⁻¹.
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Figure 8 : Magnetic field effect on the photovoltage near 
open circuit. Sf=10cm.s-1, Sf=101.5cm.s-1, Sf=102cm.s-1.

2

We observe on these figures that the 
photovoltage which means an accumulation of charges 
across the junction present a maximum for very low Sf 

values (open circuit); this open circuit voltage increases 
with increasing magnetic field. This is a consequence of 
charge accumulation in the base and diminution of 
junction recombination with increasing magnetic field; 
this phenomenon is accompanied by an increase of 
recombination in the bulk and at the grain boundaries 
[8, 15].

  
 

(
)

This leakage current can be represented by an 
extra resistance Rshm, depending on the magnetic field, 
in parallel with the shunt resistance Rsh.

The resolution of the equation 14 leads to the 
following expression for Vph : 

A



 

 
 

  
 

 

 

 

The behavior of the photovoltage under 
magnetic field characterizes an increase of resistive 
losses in the base (due to material structure and 
electrical grids); this increase of resistive losses leads to 
a decrease in the output voltage. We characterize this 
behavior by adding an extra resistance Rsm

 

(depending 
on magnetic field) in series with Rs.

 

From our previous results, we propose below 
an equivalent electrical model for the solar cell under 
intense light and external magnetic field. 

 
 

 

Figure 9

 

:

  

Equivalent electrical model for the solar cell 
under intense light and external magnetic field

 

 

Given the series and parallel associations in the 
figure 9 above, we can write the following equations:  

 

                                                                              
)()( BRRBR smssem +=                                              (16)

                         

                                                           

shshmshem RBRBR
1

)(
1

)(
1

+=                                       (17)

                      
                                                              

CBCBC mem

1
)(

1
)(

1
+=

                                              
(18)

                         

 

Rsem(B), Rshem(B)

 

and Cem(B)

 

represent electrical 
parameters under magnetic field, Rs,

 

Rsh

 

and C

 

correspond to the same electrical parameters without 
magnetic field.  

 V.

 

Magnetic Field Effect on Electrical 
Parameters

 a)

 

Magnetic field effect on shunt resistance 

 
When an external load (with non-zero or non-

infinite resistance) is connected to a solar cell, the solar 
cell will operate at a given operating point between open 
circuit and short circuit. The current I that flow through 
that load is given by [17]:

 
 
 

            

(19)

 
  Is

 
is the diode saturation current and n

 
is the 

ideality factor. 
 The I(V)

 
curve of the solar cell is then presented below 

based on the set of equations 10, 11, 13 and 19.
                         

 

 
 Figure 10

 
:

 
Circled part show a current generator 
behavior for the solar cell.

 It appears on this I-V
 

curve that near the short 
circuit, the solar cell behaves like a non-ideal current 
generator, that is an ideal current generator associated 
with a shunt resistance [18,19].

 
We determine the shunt 

resistance through the equivalent electrical model of the 
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solar cell in short circuit (figure 11). The short circuit is 

characterized by a maximum carrier flow through the 
junction, thus this situation exhibit very well the losses at 
the junction and then the shunt resistance.  

Figure 11 : Equivalent electrical model of the solar cell 
in short circuit.

A little analysis of figure 11 lead to the following 
expression:    

       ))(.()( fccshef SIJRSV −=
                    

(20)

We then have: 

                 
))((

)(

fcc

f
she SIJ

SV
R

−
=                              (21)

Jcc is the short circuit current density given by: 

ph
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The load resistance Rch

 

is taken very low to 
keep the solar cell close to the short circuit, given that 
Rch

 

and Sf 

 

varies inversely. [20] 

 

The figure 12 below shows the effect of the 
magnetic field on the shunt resistance. 

 

            

 

 
 

Figure 12

 

:

  

Magnetic field effect on the shunt 
resistance.

 
 

 

We observe on this figure that the shunt 
resistance decrease with the increase of magnetic field 
[21].

 

This behavior means that intrinsic recombination in 
the solar cell increase and then the output current 
decrease. This phenomenon means that the shunt 
resistance derives a part of the generated photocurrent.  

 

b)

 

Magnetic field effect on series resistance 

 

To determine the series resistance, let us take a 
look on the I-V

 

curve near the open circuit (figure 13) 
particularly the circled part of the figure. 

 
  

 
 

Figure 13

 

:

 

Behavior of the solar cell near the short 
circuit

 

Near open circuit, the solar cell operate like a 
real voltage generator, that is an association of an ideal 
voltage generator and an internal series resistance Rse 
which causes a voltage drop and thus decreasing the 
output voltage. The determination of this series 
resistance is made near the open circuit. Near this 

operating point there is a charge accumulation in the 
cell so that any losses are due to the cell structure and 
electrical grids. 

 

Near this open circuit, the solar cell can be 
represented by the following electrical model 

 
 

 

                

 

Figure 14

 

:

  

Electrical model of the solar cell near open 
circuit.

 
 

Based on the figure 14 above we obtain:

 
  
 

)(.)( fsecof SIRVSV −=                            (23)

 

                  

 
 
 
 

We then deduce the series resistance as:
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Vco is the open circuit voltage and can be 

obtained from the Boltzmann relation when             Sf =  
Sfo [7,11].
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Figure 15 below present the series resistance 
versus magnetic field:  

Figure 15 : Series resistance versus magnetic field.
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It

 

can be observed that for magnetic field values 
less than 7.10-5

 

Tesla there is no change on the series 
resistance; for values greater than 7.10-5

 

Tesla the series 
resistance increases with increasing magnetic field. 

 

This series resistance

 

must be kept as low as 
possible to minimize losses in the solar cell.  

 

c)

 

Magnetic field effect on the space charge region  

 
 

The solar cell junction behaves like a capacitor 
with capacitance C [3, 22] depending on the space 
charge region width.  

 

Based on the carrier density in the base, one 
can evaluate the amount Q

 

of charge accumulated near 
the junction by: Q=q.δ(0)

 

[20,23].  The associated 
capacitance is given by [23]: C= Q/Vj, where Vj

 

is the 
voltage across the junction. 

 
 

Figure 16 presents the effect

 

of the magnetic field on the 
equivalent capacitance:  

 

 

 
 

Figure 16

 

:

  

Magnetic field effect on the equivalent 
capacitance.

 
 

As noted for the series resistance, the 
equivalent capacitance seems to not depend on 
magnetic field for values less than B<

 

7.10-5Tesla. But 
for more intense magnetic field the equivalent 
capacitance decrease very rapidly.

 

This behavior of the equivalent capacitance is 
directly related to the space charge region widening with 
magnetic field.  

 

V.

 

Conclusion

 

This study of magnetic field effect on solar cell 
lead us to put in evidence new analytical expressions of 
carrier density in the base of the solar cell and electrical 
parameters such as  Jph, Vph, Pel,Rs,Rsh

 

and C. It was 
shown that magnetic field causes charge accumulation 
across the junction, increase the junction recombination 
and open circuit voltage but decrease in the same time 
the short circuit current density.

 

The analysis of the magnetic field effect on 

carrier density, photocurrent and photovoltage show 
that there is a variation of electrical parameters such as 
shunt resistance, series resistance and space charge 
capacitance; we then proposed an equivalent electrical 
model describing the behavior of the solar cell under 
magnetic field. 

 

Based on this model, the expressions of the 
series and shunt resistances, space charge capacitance 
have been determined, and the effects of the magnetic 
field on these parameters have been shown. It seems 
that magnetic field less than 7.10-5

 

Tesla has no effect 
on electrical parameters; for magnetic field greater than 
7.10-5

 

Tesla, the shunt resistance and the capacitance 
decrease contrary to the series resistance. 

 

These results also show that the terrestrial 
magnetic field (5.10-5

 

Tesla) and the electromagnetic 
waves (AM antenna, B ≤

 

1.29.10-7T; FM antenna, 4.10-

 

T 
≤

 

B ≤

 

2.58.10-6T)    have no effects on solar cells. 
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Abstract -
 
The extrusion of metal powders at room temperature

 
with subsequent sintering allows 

manufacturing of final products with unique microstructures and therefore with unique 
mechanical properties. In this study, the experimental results of extrusion of both aluminium and 
copper powders under laboratory conditions are presented and analysed. The main objective of 
the work is to demonstrate the various aspects of extrusion of powder preforms, which have 
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Arun Ku. Sharma α , Abhay Ku. Sharma σ, R.K.Ranjan ρ & Maneesh Choubey Ѡ 

Abstract - The extrusion of metal powders at room temperature 
with subsequent sintering allows manufacturing of final 
products with unique microstructures and therefore with 
unique mechanical properties. In this study, the experimental 
results of extrusion of both aluminium and copper powders 
under laboratory conditions are presented and analysed. The 
main objective of the work is to demonstrate the various 
aspects of extrusion of powder preforms, which have been 
compacted and sintered from atomized powder. An attempt 
has been made for the determination of the die pressures 
developed during the extrusion of powder preform by using an 
Equilibrium approach. The interfacial friction law considered 
and dealt with in great detail, and also the yield criterion. The 
results so obtained are discussed critically to illustrate the 
interaction of various process parameters involved and are 
presented graphically. 
Keywords : Preforms, sintering, conical converging die, 
inter facial friction law. 

I. Introduction 

intered powder metallurgical (P/M) preforms are 
often subjected to secondary processing with an 
objective to enhance the final density and to 

obtain components with superior mechanical properties. 
Amongst the secondary processes, extrusion is a widely 
accepted process to densify P/M preforms since all the 
three principal stresses in the deformation zone are 
compressive in nature [1]. However, the success of the 
extrusion is mainly dependent on the effective control of 
the process parameters viz., extrusion strain, 
temperature, coefficient of friction, relative density, 
adhesion friction factor. On the contrary to wrought 
materials, in P/M materials volumetric changes occur 
throughout deformation due to persistent densification 
[2]. This further complicates the process mechanism. 
Hence estimating the achievable density prior to the 
experimentation is very difficult. Although a considerable 
amount of work has been reported recently as the 
various technological aspects of the industrial 
processing of metal-powder preforms [3], no systematic 
attempt  has  been  made so far to study the processing 
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load and deformation characteristics during flow 
through conical converging dies. 

II. Interfacial Friction Law  

In an investigation of the plastic deformation of 
metal-powder preforms, it is evident that with the 
application of compressive hydrostatic stress the pores 
will close and the relative density will increase, whereas 
the application of tensile hydrostatic stress the pores will 
grow and the relative density will decrease. The density 
distribution also does not seem to be uniform 
throughout, being high in the central region and low at 
the edges. The density distribution will be more uniform 
for smaller coefficient of friction μ and for a greater initial 
density. [4] 
 

In plastic deformation of the metal, the surface 
of the work-piece is distorted and takes on an 
impression of the tool surface. Therefore, actual contact 
area, as far as the specific cohesion of the contact 
surface is concerned, is not negligible as in the case of 
elastic deformation. Hence friction in plastic deformation 
is essentially different from sliding friction in machine 
parts. However, high relative velocity between the work-
piece material and tool surface combined with high 
interface pressure and deformation modes will cause 
breakdown of the surface film and will allow new surface 
to come into contact with the tool surface and hence 
facilitate the intimate contact essential for adhesion .For 
such a case, the metal being deformed does not 
necessarily slip along the tool surface. At the same time, 
it would also be erroneous to deny completely the 
existence

 
of slip between the work-piece and tool. For 

this B.V.Deryagin(1952)suggested that frictional stress is 
a function of both sliding and adhesion and hence the 
shear equation becomes

  

𝜏𝜏 = 𝜇𝜇[𝑃𝑃 + 𝜌𝜌0𝜑𝜑0]
 

 
The pattern of metal flow during the 

compression of a metal powder preform is such that 
there exists two zones, an inner one where no relative 
movement between work piece and die occurs (the 
sticking zone), and an outer zone where sliding occurs. 
Therefore, the appropriate interfacial friction laws for the 
conditions are:

 
 

S 
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(

)

During Extrusion through an Equilibrium 

A



Axisymmetric condition 

𝜏𝜏 = 𝜇𝜇 �𝑝𝑝 + 𝜌𝜌ₒ𝜑𝜑ₒ �1 − � 𝑟𝑟
𝑛𝑛𝑛𝑛
���  (1) 

Where r denote the sticking zone radius for 
axisymmetric condition, which may be approximated by 
the relation given by Rooks, and n >>1 

III. Yield Criterion 

 In an investigation of the plastic deformation of 
metal powder preforms it is evident that change in 
volume occurs due to porosity. A preform with high 
relative density (pores of small size) yields with relatively 
high stress whereas low relative density preforms (pore 
of large size) yields with relatively small stress. With the 
application of compressive hydrostatic stress, the pores 
will close and relative density will increase whereas with 
the application of tensile hydrostatic stress the pores will 
grow and relative density will decrease. Even hydrostatic 
stress can cause the metal powder preform to yield, as 
the yield surface is closed on the hydrostatic stress axis. 
The density distribution also does not seem to be 
uniform throughout. It is high in the central region and 
low at the edges. [5] The density distribution will be 
more uniform for a smaller coefficient of friction and for a 
higher initial relative density of the preform. 

In consideration of the characteristics described 
above, yield criteria for porous metal powder preforms 
were developed by Kuhn et al,Green and Oyane et 
al.,Oyane et al simplified their criterion and derived the 
slip line field theory and the upper bound theory for 
porous metal powder preforms. Tabata and Masaki 
[6]proposed the following yield criterion for porous metal 
powder preforms: 

  𝜌𝜌𝑘𝑘𝜎𝜎0 = �3𝐽𝐽2  ± 3𝜂𝜂𝜎𝜎𝑚𝑚              (2) 

 The upper sign (negative) in equation (2) is 
taken for 𝜎𝜎𝑚𝑚 ≤ 0 and the upper sign (positive) for. 
𝜎𝜎𝑚𝑚 ≥ 0  Figure 1 shows the yield surface for a porous 
metal powder preform given by equation, which consists 
of two cones. The height of cone increases with 
increasingλ. When λ=1, i.e. a pore-free metal, the cone 
becomes a cylinder and equation (2) reduces to the Von 
Mises yield criterion.and  k in equa tion (2) a re

 

experimentally determine from compression and tension 
test of sintered copper powder preforms are as 

( ) 2.1154.0 ρ−=η                    
 for 

  0m ≤σ                            (3) 

 ( ) 83.0155.0 ρ−=η       for  

0m >σ                                 (4)    

 However, these values can be used for other 
porous metals because there is little difference in the 

plastic behaviour in axisymmetric compression tests for 
and powder preforms. [7] 
 

 

  Figure

 

1:

 

Yield Criterion

 
IV.

 
Frictional Power Losses in Conical 

Portion
 

 
A wire or a rod of initial diameter Db

 
is extruded 

through a conical portion of the die. While passing 
through the die, the wire deforms plastically and 
decreases in diameter, the frictional force will be act 
between the wire metal and die. Cylindrical symmetry 
assumed to prevail .A slug of metal bounded by the 
conical surface of the die and by two transverse 
surfaces normal to the axis of symmetry. One surface is 
at a distance x from the apex O of the die, and other is 
at another incremental distance dx. The stress σx

 
over 

the transverse surface is assumed to be uniformly 
distributed tensile stress. It is normal to the surface with 
no shear component. For the incremental distance dx 
the stress varies by the amount dσx over the surface in

 contact with conical die. A pressure p is assumed 
normal to the surface and a frictional drag τ

 
parallel to 

the surface. (Fig 2)
 a) The σx 

stresses on the two transverse planes yield 
the resultant as (neglecting all incremental terms to 
power greater than one)

 
 
∫ �𝑝𝑝 𝑑𝑑𝑑𝑑

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
� �𝐷𝐷

2  𝑑𝑑𝑑𝑑� 𝑐𝑐𝑠𝑠𝑛𝑛𝑐𝑐 = 𝑝𝑝𝑝𝑝𝐷𝐷 𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐  𝑑𝑑𝑑𝑑 = 𝑝𝑝𝑝𝑝𝐷𝐷𝑑𝑑𝐷𝐷
2

2𝑝𝑝
0   

                                                                        

(5)

 
 b)

 
The component of the normal pressure of the die in 
the x-directions determined and as follows 

 
 

∫ �𝑝𝑝 𝑑𝑑𝑑𝑑
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

� �𝐷𝐷
2  𝑑𝑑𝑑𝑑� 𝑐𝑐𝑠𝑠𝑛𝑛𝑐𝑐 = 𝑝𝑝𝑝𝑝𝐷𝐷  𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐   𝑑𝑑𝑑𝑑 =2𝑝𝑝

0
𝑝𝑝𝑝𝑝𝐷𝐷𝑑𝑑𝐷𝐷

2                                                                     (6) 
 
c) The component of the frictional stress τ in the x-

direction is 
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∫ �𝜏𝜏 𝑑𝑑𝑑𝑑
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�2𝑝𝑝
0 �𝐷𝐷

2
𝑑𝑑𝑑𝑑� 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝜏𝜏𝑝𝑝𝐷𝐷𝑑𝑑𝑑𝑑 = 𝜏𝜏𝑝𝑝𝐷𝐷𝑑𝑑𝐷𝐷

2𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐
                                        

(7)

  
 

(
)

A



    
    
 

Summing all the parts of forces in the x-direction leads 
to 

 
 

𝑝𝑝𝐷𝐷
4

(𝐷𝐷𝑑𝑑𝜎𝜎𝑑𝑑 + 2𝜎𝜎𝑑𝑑𝑑𝑑𝐷𝐷) + 𝑝𝑝𝑝𝑝𝐷𝐷𝑑𝑑𝐷𝐷
2

+ 𝜏𝜏𝑝𝑝𝐷𝐷𝑑𝑑𝐷𝐷
2

 

𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐

 

                 (8)

 
 

On simplification

 
  

𝐷𝐷𝑑𝑑𝜎𝜎𝑑𝑑 + 2𝜎𝜎𝑑𝑑𝑑𝑑𝐷𝐷 + 2𝑑𝑑𝐷𝐷 �𝑝𝑝 + 𝜏𝜏
𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐

� = 0

            

(9)

 

 

Now,considering the friction law

 
 

𝜏𝜏 = 𝜇𝜇

 

�𝑝𝑝 + 𝜌𝜌ₒ𝜑𝜑ₒ �1 − �
𝑟𝑟
𝑟𝑟𝑑𝑑𝑥𝑥

�
1
𝑛𝑛
��

 

  

 
 

𝐷𝐷𝑑𝑑𝜎𝜎𝑑𝑑+2 

   

𝜎𝜎𝑑𝑑𝑑𝑑

 

𝐷𝐷 + 2𝑑𝑑𝐷𝐷 �𝑝𝑝 + �
𝜇𝜇

𝑡𝑡𝑡𝑡𝑛𝑛𝑐𝑐
� �𝑝𝑝 + 𝜌𝜌ₒ𝜑𝜑ₒ �1 − �

𝑟𝑟
𝑟𝑟𝑑𝑑𝑥𝑥

�
1
𝑛𝑛
���

 

                                                                           

 

(10)

 
 

After simplifying of the equation, we get,

 
 
 

𝐷𝐷𝑑𝑑𝜎𝜎𝑑𝑑+2                                                                        
𝑑𝑑

 

𝐷𝐷 �(𝜎𝜎𝑑𝑑 + 𝑝𝑝) + 𝐵𝐵 �𝑝𝑝 + 𝜌𝜌ₒ𝜑𝜑ₒ �1 − � 𝐷𝐷
𝐷𝐷𝑥𝑥
� 1
𝑛𝑛
���=0     

  

                                                                                                   

(11)

  

Eq. (11) reduces to,

 
 

𝐷𝐷𝑑𝑑𝜎𝜎𝑑𝑑+2                                                                         
𝑑𝑑

 

𝐷𝐷 �𝜆𝜆(1 + 𝐵𝐵) − 𝐵𝐵 �𝜎𝜎ₓ − 𝜌𝜌ₒ𝜑𝜑ₒ �1 − � 𝐷𝐷
𝐷𝐷𝑥𝑥
� 1
𝑛𝑛
���=0     

 

    

                         

(12)

 

Integrating and simplifying the eq. (12)

 
 

σₓ = 2𝐵𝐵𝜌𝜌ₒ𝜑𝜑ₒ

𝑛𝑛( 𝐷𝐷𝐷𝐷𝑥𝑥 )

 

. 1
(1−2𝐵𝐵)

+ 1
2𝐵𝐵

[2𝜆𝜆(1 + 𝐵𝐵) + 2𝐵𝐵𝜌𝜌₀𝜑𝜑₀]+CD2B

      

                                                                      

 

(13)

 

Now,

 
 

C=Db
2B.[σxb-  

1
𝐵𝐵

{𝜆𝜆(1 + 𝐵𝐵) + 𝐵𝐵𝜌𝜌𝑐𝑐𝜑𝜑𝑐𝑐} − 2𝐵𝐵𝜌𝜌𝑐𝑐𝜑𝜑𝑐𝑐
(1−2𝐵𝐵)𝑛𝑛

]

 

  

                                                    
(14)

 
 

Putting the value of C in eq. (13) and solving it

 
 

𝜎𝜎ₓ
𝜆𝜆

 

=�1 − � 𝐷𝐷
𝐷𝐷𝑥𝑥
�

2𝐵𝐵
� 1+𝐵𝐵

𝐵𝐵

 

+σxb
𝜆𝜆
� 𝐷𝐷
𝐷𝐷𝑥𝑥
�

2𝐵𝐵

 

+ 

                                             

  

𝜌𝜌𝑐𝑐𝜑𝜑𝑐𝑐
𝜆𝜆

�1 − �
𝐷𝐷𝐷𝐷
𝐷𝐷𝑥𝑥

�
2𝐵𝐵

�1 +
2𝐵𝐵

𝑛𝑛(1 − 2𝐵𝐵
� +

2𝐵𝐵
(1 − 2𝐵𝐵

�
𝐷𝐷
𝐷𝐷𝑥𝑥

�
1
𝑛𝑛
�

 

 

                                                                   
           

(15)

 

Draw stress is the value of σx(say σxf) at the exit 
when we have D=Df,σx=Fb/A; i.e .σxb

 

therefore,

 
 

 

𝜎𝜎𝑑𝑑𝐷𝐷
𝜆𝜆

= �1 − �𝐷𝐷𝐷𝐷
𝐷𝐷𝑥𝑥
�

2𝐵𝐵
� 1+𝐵𝐵

𝐵𝐵

 

+σxb
𝜆𝜆
�𝐷𝐷𝐷𝐷
𝐷𝐷𝑥𝑥
�

2𝐵𝐵
  + 

 

𝜌𝜌𝑐𝑐𝜑𝜑𝑐𝑐
𝜆𝜆

�1 − �
𝐷𝐷𝐷𝐷
𝐷𝐷𝑥𝑥

�
2𝐵𝐵

�1 +
2𝐵𝐵

𝑛𝑛(1 − 2𝐵𝐵
� +

2𝐵𝐵
(1 − 2𝐵𝐵

�
𝐷𝐷𝐷𝐷
𝐷𝐷𝑥𝑥

�
1
𝑛𝑛
�

 

   

                                       

 

(16)

 

V.

 

Results and Discussion

 

 

The deformation pattern of metal powder 
perform is quite different from solid metal deformation. 
In the powder metal forming operation, there are 2 
processes that happen simultaneously, i.e. compaction 
and deformation.

 

Figure 3 shows the effect of semi cone angle 
(α) of the die. It is found that with the increase of semi 
cone angle (α) of the die, the relative extrusion stress 
decreases and after attaining minimum value the power 
consumption again increases as the cone angle 
increases. Here such the value obtain within the range 
of semi cone angle 8° to 10°,thus this values are the 
optimum value of cone angle with certain set of 
variables for minimum power consumption. It can be 
vary with varying the set of variables. 

 

Figure 4 shows therelative extrusion stress 
increases with increasing the coefficient of friction 
between preform and die wall. It is due to the fact that 
friction always opposes the motion and hence we need 
higher amount of relative extrusion stress for higher 
value of coefficient of friction.

 

Figure 5 shows, for lower value of percentage 
reduction in diameter, relative extrusion stress varies 
linearly. As relative density increases relative extrusion 
stress decreases. It is due to the fact that an initially 
large amount of load is consumed in compaction and 
then, after gaining sufficient relative density, it is 
deformed and gives a uniform proportionate curve.

 

Figure 6 shows for lower value of percentage 
reduction in diameter, relative extrusion stress varies 
linearly. It is due to the fact that with too small a cone 
angle, the contact area between the preform and the die 
is high, causing significantly high frictional losses. With 
too large a cone angle, the distortion becomes a 
predominant factor.

 

© 2012 Global Journals Inc.  (US)© 2012 Global Journals Inc.  (US)

63

G
lo
ba

l
Jo

ur
na

l o
f

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
II

 I
ss
ue

  
  
  
 e

rs
io
n
I

V
V
I

20
12

Y
ea

r

“Analysis of Sintered Metal Powder Preform during Extrusion through an Equilibrium Approach”

Figure 7 shows the effect of coefficient of 
friction μ on the extrusion stress for the case of 
deformation through conical converging dies. With the 
increase of coefficient of friction, the relative extrusion 
stress increases

Figure 8 shows the effect of back pull pressure 
on the extrusion stress for the case of deformation 
through conical converging dies. 
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Figure 3

 

:

 

Variation of relative extrusion stress with semi 
cone angle.
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Figure 4

 

:

 

Effect of coefficient of friction and semi cone 
angle on relative extrusion stress.

 
 
 
 
 
 
 
 
 
 
 
 

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

5 10 15 20 25 30
0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8 ρ0φ0=0.3

ρ0φ0=0.2

ρ0φ0=0.1

Considering friction law τ=µ((p+ρ0φ0(1-(r/R)(1/n)))
              where µ=0.1,n=1 & σxb/λ=0.75

Re
la

ti v
e 

Ex
tru

si
on

 S
tre

ss

 

σ x
f/λ

Percentage Reduction in Diameter

 

Figure 5  :

  

Effect of adhesion friction factor and 
reduction ratio on relative extrusion stress.
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Figure 6

 

:

  

Effect of semi cone angle and reduction ratio 
on relative extrusion stress.
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Figure 7

 

:

  

Effect of coefficient of friction and reduction 
ratio on relative extrusion stress.
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Figure 8 : Effect of back pull and reduction ratio on 
relative extrusion stress.
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VI.

 

Conclusion

 

 

Relative extrusion stress shows minima at a 
particular semi cone angle of the die, so it can be used 
criteria for the forming through conical dies. Lower value 
of coefficient of friction requires low value of relative 
extrusion stress, i.e. it favours the forming operation. 
Higher initial relative density of the preform needs lower 
value of relative extrusion stress. For small semi cone 
angle, the geometry of the preform doesn’t affect too 
much on the relative extrusion stress.So all the above 
conclusions certainly would be helpful for the forming 
operation through conical converging dies

 

List of Symbols

 

τ = Shear stress

 

η

 

= Constant and a function of

 

ρ

 

only

 

μ

 

= Coefficient of friction

 

p

 

= ram pressure

 

r

 

= Radius of the sticking zone

 

J'2

 

= Second invariant of deviatoric stress

 

R0

 

= Initial radius of the rod

 

Rf

 

= Final radius of the rod

 

α

 

= semi cone angle of the die

 

σxb

 

= Back pull stress

 

k

 

= Constant equal to 2 in yield criterion

 

n

 

= A constant quantity much greater than 

 

λ

 

= Flow stress of metal powder perform

 

ρ

 

= Relative density of the perform

 

σxf = Extrusion stress
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Using Gauss’s Law in Determinating the Width 
Emitter Extension Region of the Solar Cell 

Operating in Open Circuit Condition
        

Abstract  -  In this article, we are discussing the Gauss’s law 
used to determine the width emitter extension region of the 
solar cell operating in open circuit condition. Taking into 
account the grain size (g), the grain boundary recombination 
velocity (Sgb) and the emitter doping density (Nemitter), the 
Gaussian Law helped us to calculate the width emitter 
extension region of the solar cell operating in open circuit 
condition. 

To determine the width emitter extension region, we 
first showed that grain size (g), grain boundary recombination 
velociy (Sgb) are oppesite effects and concluded that best 
solar cells are characterized by low junction extension region 
width observed only with high grain size (g) and low grain 
boundary recombination velocity (Sgb).  

In a second way using Gauss’s law, we deduced that 
the ratio R of the width emitter extension region on the base 
extension region is equal to the ratio of the base doping 
density to emitter doping density. We concluded that when ,

 315
emitter cm105.1N −⋅< the ration R is practically constant 

and when 316
emitter

316 cm105Ncm10 −− ⋅≤≤  the ration 

R variation is soft and we finely saw that the emitter 
contribution to the  photoccurent can be neglected for emitter 
doping density greater than 1017cm-3. 
Keywords : Doping density, extension region width, 
grain size, grain boundary recombination velocity. 

I. Introduction 

onsidering AlGaAs/GaAs heterojunction emitter 
bipolar transistor grown with emitter thickness 

varied from 300   to 
0
A900  , Chen et al [1] 

showed that current gain decreases by increasing 
emitter   thickness   but   the  off  set   voltage  variation  
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depends to interval value of the emitter thickness. 
In other works, Tadayon et al [2] experimented 

the effects of AlGaAs layer thickness and GaAs cap 
layerm thickness in the emitter of abrupt npn 
AlGaAs/GaAs heterojunction bipolar transistor. These 

authors showed that only 
0
A500  of Al0.25Ga0.75As layer 

in the emitter is enough to produce high injection 
efficiency and a small current gain of more than 1100. 

For an n+- p- p+ solar cell structure in work 
done by [3] it is shown that if the stucture doping 
density under the selective emitter is very high 
compared to the field (non selective) region, then the 
width of the emitters fingers strongly influences Voc. But 
if the surface doping density under the selective emitter 
is only slightly high compared to the field region, then 
the influence on Voc is modest. 

Introducing Sf as a junction recombination 
velocity some researchers [4-5] showed that there is an 
extension region width Z0 which is the distance between 
two diffusion capacitance’s plane electrodes of the solar 
cell’s junction [4-5]. Z0 is calculated on the base and 
varies with the grain size, the grain boundary 
recombination velocity, the wavelength and the type of 
illumination modes (front side, rear side or both front 
and rear sides) of the n+- p- p+ of solar cell structure. 
These results are obtained without emitter contribution 
to the photocurrent and the photovoltage [4-5] 

So in this paper, considering the base extension 
region width (ZB,), we are going to calculate the emitter 
extension region width (ZE) when the solar cell is in 
steady state and under open circuit operating 
conditions. Effects of grain size (g), grain boundary 
recombinaation velocity (Sgb) and the emitter doping 
density on ZE will be investigated. 

In open circuit operating condition, the ratio of 
the width emitter extension region on the base extension 
region width will be studied. 

Study is made with some hypothesis: 
The grain boundary recombination velocity 

(Sgb) is the same in the base and the emitter; 
The columnar orientation is considered and we 

focused on an isolated grain; gE is the thickness of the 
emitter and g is the thickness of base; 

C 

    

© 2012 Global Journals Inc.  (US)© 2012 Global Journals Inc.  (US)

67

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
II

 I
ss
ue

  
  
  
 e

rs
io
n
I

V
V
I

20
12

Y
ea

r
  

 
(

)
A

E. Sow α, S. Mbodji σ, B. Zouma ρ, M. Zoungrana Ѡ, I. Zerbo¥, A. Sere§ & G. Sissoko χ



Sf0 is the intrinsic junction recombination 
velocity [4, 5]. It is the second term of the junction 
recombination velocity (Sf); other one is Sfj which is 
related to the external charge. In open circuit operating 
condition, Sfj=0 and Sf is equal to Sf0.The 
intrinsicjunction recombination velocity caracterized 
losses at the junction. Hence the diode photocurrent, 
the series and shunt resistances depend strongly to this 
parameter [6]. For ideal solar cell, Sf0 reaches to zero 
but for a non ideal solar cell, Sf0 isn’t null and is related 
strongly to the extension region of the base [7] at the 
junction; 

ZE is the emitter extension region in open circuit 
operating condition; 

ZB is the base extension region in open circuit 
operating condition; 

II. Theory : Materials and Methods 

In this study, we apply the Gaussian law in the 
solar cell’s junction which is considered as a plane 
capacitor with two identical plane electrodes. For an 
ideal solar cell characterized by a higher shunt 
resistance Rsh [8], the thickness of these two electrodes 
is  very  low and  for  a non ideal solar cell, characterized  

 

by a low shunt resistance Rsh
 [8], meaning higher 

current lost at the junction corresponding to an 
extension region of the junction. Usually, the emitter 
contribution on the photocurrent is neglected and 
hence, the extension region of this region is not included  
in all our studies. So that, in figure 2, we considered ZB

 
and ZE

 as base and emitter extension region in open 
circuit operating condition of the solar cell, respectively. 
It is clear that ZB

 depends strongly on the grain size and 
the grain boundary recombination velocity [4-5]. We 
demonstrated that for a good solar cell under steady 
state and in open circuit voltage operating condition, 
these electrodes are separated by junction’s extension 
region width [4-5]. 
 

 

Figure 1 :  Ideal solar cell in open circuit operating 
condition. 

 
 

 Figure 2

 

:

  

Non ideal solar cell in open circuit operating condition.

The negative and positive charges show the nature of 
the doping. 

 The Gauss’s law is expressed as [9]:
 

                       
ε
QdSE   )( =∫ ⋅Ω

→→

 
                                (1)                                                                      

                               

 
Using the well known Quasi-

 
Neutral Base 

assumption (QNB), we set that the electric field 
→

E
 
in 

the base and emitter is null. 
 Ω

 

is the Gauss surface, Q is the bulk global charge 

contained in the surface Ω

 

and 

 

ε 0r ε⋅ε=
114

0 cmF108.85

 

−− ⋅⋅ε

 

is the permittivity for the 

 
vacuum and 12r =ε

 

is the relative dielectric constant 
of the semiconductor.

 

Hence in the base and the emitter, the electric 
field is null, equation (1) become:
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( )
ε

SZNeZNe
0 BBaseEemitter ⋅⋅⋅−⋅⋅
=                    (2) 

is the area of the identical plane electrodes;

  
 

(
)

A



       

 

Nemitter

 

is the emiter doping density. Its values 
range from 1017

 

to 1019

 

cm-3

 

[10];

 

Nbase

 

is the base doping density and the doping 
ranges 1015

 

to 1017

 

cm-3. [10];

 

.

 

C106.1e 19−⋅=

 

Here when calculating, we suppose that the 
diffusion capacitance plane electrodes have a surface 
whose its value is S=1cm2.

 

Considering equation (2) we deduced:

 

 

                   B
emitter

Base
E Z

N
N

Z ⋅=                         (3)

 BZ

 

is

 

determined by simulation process with 
MathCAD software, using normalized excess minorty 
carriers density and reference voltage method [4-5] after 
resolving the continuity equation and deducing the 
excess minority carriers

 

density. The reference voltage is 

the constant voltage at position z = ZB. It characterized 
the diffusion capacitance in the Shockeley’s model. So 
that, with the fixed value of the reference photovoltage 
and general expression of photovoltage, ZB

 
is calculated 

when equalizing theses two photovoltages [4-5].
 

III.
 

Results and Discussions
 

When doing a simulation process, we first 
presented in table 1, different values of the extension 
region of the emitter EZ

 
corresponding to one of the 

base when the grain size varies and for different values 
of the emitter dopage. And in the second table (table 2), 
we fixed the grain size parameter and we vary the grain 
boundary recombination velocity and did the same work 
as in table 1.

 Setting R as the ratio of the emitter’s extension 
region EZ

 
against the one of the base, BZ , we plotted 

this ratio versus the grain size for different values of the 
emitter dopage Nemitter

 
 Table 1

 

:

 

Values of the extension regions of the emitter and the base of the solar cell operating in open circuit 
condition. The grain boundary recombination velocity Sgb = 103cm.s-1 is a fixed value.

 g

 
(µm)

 

ZB

 

(µm)

 

315
emitter cm101N −⋅=

 
ZE(nm)

  

315
emitter cm101.3N −⋅=

 
ZE(nm)

  

316
emitter cm101N −⋅=

 
ZE(nm)

  
20

 

25.42

 

2.54

 

3.304

 

25.419

 23

 

18.55

 

1.85

 

2.412

 

18.556

 26

 

16.49

 

1.64

 

2.143

 

16.489

 29

 

15.17

 

1.51

 

1.972

 

15.176

 32

 

14.21

 

1.42

 

1.848

 

14.216

 35

 

13.46

 

1.34

 

1.750

 

13.462

 38

 

12.84

 

1.28

 

1.669

 

12.843

 41

 

12.31

 

1.23

 

1.601

 

12.316

 44

 

11.85

 

1.18

 

1.541

 

11.859

 47

 

11.45

 

1.14

 

1.488

 

11.453

 50

 

11.08

 

1.10

 

1.441

 

11.088

 
53

 

10.75

 

1.07

 

1.398

 

10.755
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(
)

A



Table 2 :  Values of the extension regions of the emitter and the base of the solar cell operating in open circuit 
condition. The grain size g = 40µm is a fixed value. 

Sgb 

(µm) 

ZB 

(µm) 

NE=1015cm-3 

ZE(nm)  

315
E cm101.3N −⋅=  

ZE(nm)  

316
E cm101N −⋅=  

ZE(nm)  

10 9.647 0.964 1.254 9.647 

13 9.667 0.966 1.256 9.667 

16 9.692 0.969 1.259 9.692 

20 9.724 0.972 1.264 9.723 

25 9.764 0.976 1.269 9.763 

32 9.814 0.981 1.275 9.813 

40 9.877 0.987 1.283 9.876 

51 9.956 0.995 1.294 9.956 

63 10.057 1.005 1.307 10.05 

79 10.184 1.018 1.323 10.18 

100 10.344 1.034 1.344 10.34 

126 10.546 1.054 1.371 10.54 

158 10.804 1.080 1.404 10.80 

200 11.132 1.113 1.447 11.131 

251 11.553 1.153 1.501 11.553 

316 12.100 1.209 1.572 12.099 

398 12.822 1.282 1.666 12.822 

501 13.805 1.380 1.794 13.804 

630 15.218 1.521 1.978 15.218 

794 17.514 1.751 2.276 17.513 

1000 25.420 2.541 3.304 25.419 

We plotted in figure 3, R versus the grain size g of the solar cell’s base for various values of the doping density of the 
emitter which took 315 cm10.1 −  , 315 cm101.1 −⋅  , 

315 cm105.1 −⋅  , 
316 cm10.1 −⋅  , 

316 cm105.1 −⋅  , 
316 cm103 −⋅  , 

316 cm105 −⋅    and 
317 cm101 −⋅ . The grain boundary recombination velocity Sgb = 103cm.s-1 is a fixed value. 
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(

)
A



 
Figure 3 :  The ratio R of the emitter’extension region against the base extension region versus grain size g when the 

emitter dopage varies; Sgb = 103cm.s-1,Nbase 
= 1017cm-3.  

When the grain size (g) increases, the extension 
regions of the base and the emitter decreases, 
corresponding to a decreasing of the global extension 
region of the junction in open circuit voltage operating 
condition.We showed that, the displacement of diffusion 
capacitance’s plane electrode and the crossing of 
excess minority carriers (holes and electrons) depend 
on the values of extension region in open circuit and 
short-circuit operating conditions [4]. If these two values 
are close, diffusion capacitance’s plane electrodes 
displacement are limited and the photocurrent is low 
and then solar cell efficiency decreases. And for best 
solar cell, the extension regions (base and emitter 
zones) values in open circuit and short-circuit must have 
an important gap apparent only if these values decrease 
[4]. Tables 1 showed that this situation is observed 
when the grain size increases. 
 When the grain boundary recombination 
velocity increases, the global extension region increases 

leading to a cutting-off of the displacement of diffusion 
capacitance’s plane elctrodes and then to a reduction of 
holes and electrons crossing to the junction. Then the 
photcurrent density, the photovoltage, the power and 
the efficiency decrease. This is due to the fact that, grain 
boundary recombination velocity translates losses in 
bulk of the solar at the grain boundary of the solar cell 
and their increase lead to the decrease of the 
photocurrent [6].

 
In open circuit voltage operating condition, 

when the emitter doping increases, we noted at table 2 
for the range value of Nemitter<1017cm-3

 

that global 
extension region of the junction increases. The 
displacement of diffusion capacitance’s plane 
electrodes is then restricted. Hence, the crossing of 
charge carriers (holes and electrons) at the junction is 
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low and solar cell efficiency is obviously low if we based 
to results of [6]     

(
)

A



 
Table 1 and table 2 showed that the grain size 

effects on the emitter extension region is the same 
effects of the emitter thickness on the current gain of 
bipolar transistors [1-2] 

 
In figure 3, we remarked that when 

315
emitter cm105.1N −⋅<   the ration R is constant. For 

fixed values 316 cm105.1 −⋅ ,

 

316 cm10.1 −⋅ and 
316 cm103 −⋅   of the emitter doping density, the ratio R 

decreases slightly. 

 
But when the emitter base doping density takes 

316 cm105 −⋅

 

and

 

317 cm101 −⋅

 

, figure 3 showed that 
the ration R decresaes drastically. Meneaning that 
emitter extension region can be negleted to those of 
base’s extension region. These results corroborate 
hypothesis maked in many studies which allowed 
neglecting the emitter contribution on the photocurent 
density.

 IV.

 

Conclusion

 Taking into account the result which considers 
the solar cell junction as a plane diffusion capacitance, 
we used the Gauss’s law to calculate the junction 
extension region width including the emitter contribution.

 
We showed that, the emitter’s extension region width in 
open circuit voltage decreases and increases with de 
grain size and grain boundary recombination velocity, 
respectively; meaning that best solar cells are 
characterized by high grain size and low grain boundary 
recombination velocity.

 
On the other hand, we studied the ratio of the 

emitter extension region width on the base extension 
region width. We saw that for low values of emitter 
doping density (Nemitter) smaller than 1016cm-3

 

the emitter 
contribution to the photocurrent must be taken into 
account. But, when the doping density (Nemitter) values 
are greater than 1017cm-3, we showed that the emitter 
contribution to the photocurrent can be neglected.
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Resolution Limits of Continuous Phase Filters 
Beyond the Diffraction Limit 

Andra Naresh Kumar Reddy α, Dasari Karuna Sagar σ & Matta Keshavulu Goud ρ 

Abstract - Based on the series of figures of merit, we have 
designed the superresolution phase-only pupil filters to control 
the irradiance distribution in the focal region of an optical 
system. The performance of these filters has been examined in 
terms of two point resolution by applying modified Sparrow 
criterion. It is observed that the presence of these pupil 
functions enhancing the resolution of an optical system 
beyond the diffraction limit. 
Keywords :  phase – pupil, superresolution; degree of 
coherence; intensity ratio, sparrow limit, FWHM 

I. Introduction 

 detailed knowledge of the intensity profile at and 
near the geometrical focus of an optical system is 
highly desirable for the imaging and focusing 

optics. Focusing of light into small spots leads to high 
resolution and concentration of light flux. This can be 
achieved by introducing suitable apodizers in the optical 
systems as super resolving filters. Super resolving filters 
have found many practical applications in diverse 
potential fields such as image processing, confocal 
microscopy, spectroscopy, microscopy, laser printing, 
optical data storage, lithography, medical imaging and 
microelectronics. 

Many methods [1-12] have been proposed for 
the design of apodizer structure to achieve 
superresolution based on variable transmittance, phase 
-only profile and both amplitude-phase profiles. In 
recent years, considerable attention has been drawn by 
phase only filters since they offer more advantages than 
transmittance filters such as best performance, more 
simplicity and easy to manufacture. Keeping in view all 
these things and with the aim of achieving 
superresolution we have designed and introduced 
continuous phase-only filters at the exit pupil to modify 
the optical field distribution that comes to focus in the 
geometrical focal region. Our designing procedure is 
based on the figures of merit that govern the 
superresolving performance of the final PSF of the 
optical system [3]. 
 
Author α: Research Scholar, Department of Physics, University College 
of Science, Osmania University, Hyderabad - 500 007, Andhra 
Pradesh, India. 
Email : naarereddy@gmail.com, naarereddy@osmania.ac.in ,Asst. 
Professor, Department of Humanities & Sciences, KG Reddy College 
of Engineering & Technology, Chilkur (V),Moinabad (M), R.R. Dist - 
501 504, Andhra Pradesh, India 
Author σ ρ : Department of Physics, Nizam College, Osmania 
University, Hyderabad - 500 001, Andhra Pradesh, India. 

The figures of merit that we have selected are 
the transverse gain, GT, axial gain, GA, and Strehl ratio, 
S. GT and GA gives a measure of the superresolution 
performance in the transverse and axial directions, 
respectively. These factors are unity for unmodified 
pupil. The filter is said to be superresolver if they are 
more than unity and apodizer if they are less than unity. 
Finally, Strehl ratio is an important image quality 
assessment parameter and is defined as the ratio of the 
central core irradiance of the superresolving pattern to 
that an unobstructed pupil. It is a well-known fact that 
the image of a point object is not a point, but the 
diffraction pattern of non-zero dimensions. The central 
part of the diffraction pattern is usually considered as an 
image of the object and it determines one of the 
principal performances of the optical imaging system. If 
two such image diffraction patterns overlap, it will be 
very difficult to detect the presence of two objects. 
Hence it is desirable to have criteria of resolution, which 
serves the purpose of image quality assessment and 
comparing the efficiency of various optical imaging 
systems.  

Here we will explore the two-point resolution of 
optical systems in terms of intensity distribution of 
resultant image and the Sparrow limits. The most widely 
used are the Rayleigh and Sparrow resolution criteria. 
As the Sparrow [13] criterion is independent of the 
degree of coherence of illumination of the two points, it 
has been used very extensively. This criterion originally 
has been proposed for two points of equal intensity. 
Asakura [14] has modified the Sparrow criterion to be 
applicable for the more practical case of unequally 
bright object points. In the present study this modified 
Sparrow criteria has been applied to the rotationally 
symmetric optical systems in which superresolving filters 
are introduced. The two-point Sparrow limits of 
resolution have been obtained for designed phase filter 
in various situations. Our studies are very important in all 
imaging situations where the resolution of two-point 
objects has to be considered. It has practical 
significance also in Astronomy in the domain of 
resolution of visual binary stars. 

II. Theory 

By adopting the line of approach of Hopkins 
and Barham [15], the expression for the composite 
image intensity distribution in the image plane of an 

A 
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apodized optical system, as a function of the reduced 
co-ordinate Z, is given by, 

)()()(2)()()( 0
22 BZGBZGZBZGBZGZI −++−++= γαα                 

                                                                                       (1) 
Where 2B=Z0 is the separation between the two 

object points, α is the ratio of their intensities, γ(Z0) is the 
degree of spatial coherence of the illumination. Z is the 
dimensionless diffraction variable. α = 1 gives the case 
of equal intensities while α ≠ 1 corresponds to 
unequally bright object points. The coherent and the 
incoherent extremes of illuminations are given by γ =1 
and γ = 0, respectively. The 0 < γ < 1 is for the partially 
coherent illumination. I(Z) is an image intensity 
distribution as a function of Z, which is measured from 
the axis of the optical system. Z is the dimensionless 
diffraction variable. G(Z+B) and G(Z-B) are the 
normalized amplitude impulse response functions of the 
optical imaging system corresponding to the object 
points, each of which is situated at equal distance B = 
Z0/2, on either side of the optical axis and are given by,   

   
[ ]∫ ±=±

1

0
0 )(2)( drrrBZJBZG                  (2)                                      

Where J0 is the Bessel function of first kind of 
order zero, r is the normalized distance of a general 
point on the circular exit pupil varying from 0 to 1. It 
should be noted that the above equations (2) give the 
amplitude impulse response functions at the Gaussian 
focal plane. However, at the defocused plane the 
expressions for the amplitude impulse response 
functions with a generalized pupil function can be 
expressed as 

[ ]∫ −+=±
1

0

2
0 )2/(exp)()(2),( drriurrBZJrfuBZG             (3)                    

Where u is the defocusing parameter whose 
value specifies the out-of- focus plane and f(r) is the 
generalized pupil function and it can be expressed as 

 [ ])(exp)()( rirPrf φ=  
                              (4)                     

Where P(r) is the amplitude transmittance 
function and f(r)

 
is the phase function. Following 

Sheppard and Hegedus [12] and Juana,
 
Oti, Canales 

and Cagigal [3], we have designed
 

The simple phase-only filters based on the 
definitions of a series of figures of merit. The 
expressions for these figures of merit are analogous to 
the expressions developed by them and they can be 
expressed interms of moments of the pupil function, In

 

as follows.
 

S
IIuII

G mF
T

)()(Re
2

*
2

*
10 −

=                                 (5) 

S
III

GA

2
1

*
02 )(Re

12
−

=                                           (6)                                              

Where uF
 
is the displacement of focus in the 

axial direction from the geometrical focus, and S is the 
Strehl

 

ratio. They can be expressed as
 

2
1

*
02

*
10

)(Re
)(

2
III

III
u m

F
−

−=
 
                                       (7)

 

)( *
10

2
0 IIIuIS mF−=

 
                                            (8)

 

The nth moment of the pupil function is defined as
 

                    ∫=
1

0

)( dtttfI n
n

  
                                     (9)                                                 

 

To reduce the spot size and subsequently to 
increase the resolving power of the optical system, we 
have introduced continuous phase-only filters as 
superresolvers in the optical system, and we have 
chosen a phase function as,

 

                               2/)2sin()( rbrar −= πφ
 
          (10)                                

                

Where a

 

and b

 

are the coefficients to be fitted 
and controlling the degree of non-uniformity of the 
phase transformation over the exit pupil

 

.These 
parameters will be fitted from the following system of 
equations:

 

                          
0),( FF ubau ≤=                              

 

(11)                                                                   

 

                          0),( 0 =− TT GbaG                 

 

           (12)                                                  

    

                          0),( 0 =− SbaS                               

 

(13)                                                    

 

To fit the filter coefficients for the desired values 
of the superresolution parameters GT

0

 

and S0

 

we used 
MATHEMATICA to solve this system of equations for the 
maximum amount of defocus uF

0

 

is allowed.

 

Figure 1 shows the phase variation of the 
designed filters from the center to edge of the pupil. The 
figure reveals that the phase increases from center 
towards edge as the pupil coordinate increases from 0 
to 0.8 and then decreases there onwards. This variation 
is very small for F1 and F2 whereas it is high in the case 
of F3 and F4.
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(
)

A



 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Expressions for the point spread functions, 
represented by the equation (3), equation (7) and (10) 
have been used in the evaluation of the intensity 
distribution I(Z) in the composite image of a two-point 
object given by the equation

 

 

                                                                                    (14)

 

According to the Asakura’s modified Sparrow 
criterion [5] both the second and the first derivatives of 
the resultant image intensity I(Z), vanish for a particular 
separation of objects which now gives the Sparrow limit 
Z1

0. Mathematically, the modified Sparrow criterion may 
be expressed as follows,     

 

                     0)(
0
1

2

2

=
∂

∂

=ZZZ
ZI

                           (15)

 

                      0)(
0
1

2 =
∂
∂

=ZZZ
ZI

                             (16)

 

III.

 

Results and Discussions

 

a)

 

Design of phase filters

 

With the goal to reduce the spot size we 
designed four continuous phase-only filters by adopting 
the procedure as mentioned in previous section. In 
order to examine the performance of the designed 
filters, the intensity PSF is generated for a single point 
from the equation (3) as a function of diffraction 
parameter Z. The computational method based on the 
twelve point Gauss quadrature.

 

In addition to the consider superresolution 
parameters we have also calculated other parameters

 

that measure the degree of super resolution 
performance of the designed filters. They are the spot 
size, G, the side lobe intensity, Is,

 

side lobe to main lobe 
intensity ratio, M, and the full width at half maximum, 
FWHM. These parameters are very much related to the 
superresolution performance of the filter and also image 
quality assessment. 

 

They may be defined as follows:

 

G:

 

is defined as the ratio of the first minimum of the 
superresolved pattern to that of the Airy pattern.

 
 

M: It is defined as the ratio of the first side lobe intensity 
to that of the corresponding main lobe.

 

FWHM:

 

It is defined as twice the value of Z for which the 
intensity PSF is 0.5 times of the peak intensity. It 
becomes a very important image assessment parameter 
whenever the PSF

 

value does not attain a zero 
minimum.

 

Table 1 shows the parameters for four filters. 
For each filter, the pair of coefficients (a, b)

 

that govern 
the shape of the filter are obtained for the desired values 
of superresolution parameters GT

0

 

and S0

 

for the 
maximum amount of defocus uF

0

 

is allowed. The FWHM 
is minimum for the filter F4 and it is 1.34 whereas in the 
case of Airy pupil it is 1.616. This indicates improvement 
in resolution.

 

Table 1 :

  

Design and Performance of

 

Phase Filters

 

  

Filters

 

Parameter

 

   F1

 

     F2

 

     F3

 

     F4

 

a

 

4.557

 

12.088

 

16.891

 

22.560

 

b

 

0.383

 

0.334

 

0.320

 

22.560

 

Uf

 

0.91

 

0.82

 

0.72

 

0.72

 

GT

 

1.18

 

1.38

 

1.36

 

1.40

 

G

 

0.89

 

0.79

 

0.77

 

0.75

 

S

 

0.65

 

0.38

 

0.32

 

0.26

 

IS

 

0.053

 

0.050

 

0.043

 

0.038

 

M

 

0.080

 

0.132

 

0.131

 

0.148

 

FWHM

 

1.523

 

1.394

 

1.361

 

1.340
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),(),()(2),(),()( 0

22
uBZGuBZGZuBZGuBZGZI  

Figure 2 shows the superresolving PSFs of 
these four filters in addition to Airy PSF. It can be 
observed that both the spot size and the Strehl ratio are 

  
 

(
)

A



b)

 

Two-point resolution

 

We have examined the performance of 
designed filters in terms of two-point resolution. By 
means of Eq. (14) the intensity profiles in the composite 
image of two-point objects formed by the optical 
imaging system have been obtained as a function of 
diffraction parameter Z by employing a twelve-point 
Gauss quadrature numerical method of integration. An 
iterative method has been developed and applied to find 
the Sparrow limit δs

 

= Z0
1. Table 2 lists the critical 

Sparrow limits for different amount of the intensity ratio α

 

and the degree of coherence γ

 

for each filter. For widely 
varying intensities of the two points with α=0.2, the limit 
increases from 3.822 to 5.127 for the unobstructed (Airy) 
case as the degree of coherence goes up from 0 to 1. 
These values are 2.501 and 4.3, respectively, for a filter 
F4. The limit increases with the degree of coherence. 
However, the percentage of increase of limit decreases 
with the phase filter. It means for any amount of degree 
of coherence, the limit decreases by the presence of 
phase filter. It should be noted that as the limit of 
resolution, δs = Z0

1, decreases, the overall optical 
resolution increases. Similar trend is noticed for all other 
filters. For equally bright points (α

 

= 1), the Sparrow limit 
is lesser, hence, resolution is higher in the case of first 
two filters F1 and F2. For incoherent illumination the 
sparrow limits are 2.858 and 2.657 whereas in the case 
of coherent light they are 4.585 and 4.429, respectively. 
Filter F3 and F4 showing opposite trend by slightly 
increasing in their resolution limit. For these filters 

incoherent limits are 2.60 and 2.566 and coherent limits 
are 4.351 and 4.319, respectively.

 
 

 
 

Table 2

 

:  Sparrow critical limit for various combinations 
of intensity ratio (α) and degree of coherence (γ) for 

phase filters as well as for Airy pupil (A)

 
 

 
 
 
 
 
 
 
 
 

        
     

Filter

   
    

________________________

 
 

α

 

γ

 

A

 

   F1

 

  F2

 

   F3

 

   F4

 

  

0.000

 

3.822

 

3.266

 

2.701

 

2.581

 

2.501

 
  

0.200

 

4.202

 

3.671

 

2.995

 

2.901

 

2.764

 

0.2

 

0.400

 

4.551

 

4.049

 

3.442

 

3.323

 

3.148

 
  

0.600

 

4.871

 

4.412

 

3.872

 

3.757

 

3.615

 
  

0.800

 

5.111

 

4.750

 

4.329

 

4.224

 

4.086

 
  

1.000

 

5.127

 

4.846

 

4.590

 

4.442

 

4.300

 

  

0.000

 

3.691

 

3.392

 

3.007

 

2.924

 

2.856

 
  

0.200

 

4.041

 

3.746

 

3.359

 

3.270

 

3.201

 

0.4

 

0.400

 

4.369

 

4.088

 

3.705

 

3.612

 

3.541

 
  

0.600

 

4.678

 

4.426

 

4.063

 

3.966

 

3.893

 
  

0.800

 

4.949

 

4.753

 

4.449

 

4.351

 

4.279

 
  

1.000

 

5.120

 

4.987

 

4.741

 

4.608

 

4.521

 

  

0.000

 

3.511

 

3.298

 

2.995

 

2.920

 

2.868

 
  

0.200

 

3.850

 

3.638

 

3.325

 

3.245

 

3.191

 

0.6

 

0.400

 

4.172

 

3.971

 

3.655

 

3.570

 

3.513

 
  

0.600

 

4.482

 

4.302

 

3.997

 

3.907

 

3.849

 
  

0.800

 

4.773

 

4.634

 

4.365

 

4.272

 

4.215

 
  

1.000

 

5.014

 

4.930

 

4.722

 

4.617

 

4.557

 

  

0.000

 

3.306

 

3.143

 

2.890

 

2.823

 

2.780

 
  

0.200

 

3.639

 

3.476

 

3.211

 

3.138

 

3.092

 

0.8

 

0.400

 

3.959

 

3.803

 

3.532

 

3.454

 

3.406

 
  

0.600

 

4.272

 

4.133

 

3.866

 

3.783

 

3.734

 
  

0.800

 

4.579

 

4.473

 

4.230

 

4.144

 

4.095

 
  

1.000

 

4.868

 

4.815

 

4.632

 

4.541

 

4.495

 

  

0.000

 

2.974

 

2.858

 

2.657

 

2.600

 

2.566

 
  

0.200

 

3.303

 

3.185

 

2.971

 

2.907

 

2.870

 

1.0

 

0.400

 

3.622

 

3.507

 

3.285

 

3.217

 

3.177

 
  

0.600

 

3.939

 

3.837

 

3.614

 

3.541

 

3.500

 
  

0.800

 

4.265

 

4.187

 

3.978

 

3.900

 

3.860

 
  

1.000

 

4.609

 

4.585

 

4.429

 

4.351

 

4.319
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Resolution Limits of Continuous Phase Filters beyond the Diffraction Limit

decreasing together with the slight increase in the side 
lobe intensity. It means an increase in resolution is 
accompanied by a decrease of the Strehl ratio and an 
increase of the side lobe intensity. One more thing we 
can observe that the full width at half maxima decreased 
in the intensity PSF for all the filters. For filter F5 this is 
1.34

  
 

(
)

A



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3 shows the intensity profile of the 
incoherent composite image of the two-point objects 
separated by a distance Z0 = 3 with different intensity 
ratio α. These are formed at geometrical focus by the 
unobstructed optical system. As figure shows the only 
equally bright point objects, α = 1, are just resolved in 
the Sparrow sense. The dip just vanished by merging 
two peaks at the center. For the object separation now, 
the first and the second derivative of the intensity vanish.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A flat top to the intensity distribution curve can 
be considered as an absolute Sparrow limit.

 

The effect of the phase filters F1 and F4 on the 
intensity profile

 

of the incoherent composite image of 
the same two-point objects, under the same conditions 
as in previous case of Figure 3 but the focal regions are 

UF

 

= 0.91 and 0.72, respectively, has been depicted in 
figure 4 and 5. In figure 4 the clear dip shows that the 
equally bright points, α

 

= 1, are well resolved whereas 
that of the object points with widely varying intensities, α

 

= 0.2, are in the neighborhood of being resolved while 
there is no dip or flat top and hence no resolution of the 
object points with intensity ratio α

 

= 0.6. An interesting 
observation may be made in this figure that the 
resolution limitfirst increasing and then decreasing with 
the intensity ratio α. Hence, this filter F1 is comfortable 
to resolve the equally bright or widely varying intensity 
objects under these conditions. The dip in each curve of 
the intensity profiles in figure 5 indicating the degree of 
superresolution nature of the filter F5. The object points 
are well resolved whatever the intensity ratio may be.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For all designed filters, the variation of Sparrow 
limit δs

 

= Z0
1

 

with the degree of coherence γ for

 

unequal 
and the equally bright object points has been shown in 
figs. 6(a) and 6(b). Almost a linear relation is seen as γ

 

is 
varying from 0 to 0.8 which can be used to find the 
degree of coherence. The resolution

 

is degraded with 
coherence. For α

 

= 0.2, the variation of limit is very 
small as γ is increasing from 0.8 to 1. For any amount of 
degree of coherence, filter F4 has lesser limit and hence 

 

a higher resolution as compared to Airy pupil as well as 
other filters. This can be seen in more detail from figure 
6(a). Figure 6(b) reveals that filters F3 and F4 have 
almost same limits for equally bright object points. 
Unlike unequal bright points, in this case there is a large 
variation in the resolution limit for small change in γ

 

as it 
increasing from 0.8 to 1. However, the resolution is high 
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for all these filters than Airy pupil even in this region of 
coherence.

Figure 7(a) and (b) show the variation of 
Sparrow limit δs = Z0

1 with the intensity ratio α for fully 

  
 

(
)

A



 

   

incoherent and coherent illumination, respectively. Both 
the figures reveal the anomalous behavior of Sparrow 
limit with the intensity ratio α. In both the cases, It is 
noticed that the filters F3 and F4 have lesser limit for 
unequal bright object points, α

 

= 0.2, than that of the 
equally bright object points α

 

= 1.
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(
)
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IV. Conclusion 

In conclusion we may emphasize that the 
continuous phase filters are efficient in reducing spot 
size thereby enhancing the resolution of an optical 
system for desired values of superresolution 
parameters. In addition to that they are simple and high 
tolerance to errors at low cost and also suitable for 
mass production. The critical Sparrow limit is found to let 
down by the presence of continuous phase filters 
compared to Airy pupil whatever the degree of 
coherence. This means that the presence of phase pupil 
functions leads to an improvement in the resolution. For 
two extreme cases of equally, α = 1, and widely varying, 
α = 0.2, bright object points the resolution is high. 
Increase in the degree of coherence lower the resolution 
with and without modified pupil. When single peak is 
obtained in the composite image, the peak is not at Z = 
0. It is asymmetrically situated. Finally, we notice that the 
highest resolution is possible for filter F5 when widely 
varying intensity object points are illuminated by the 
incoherent light. The same is true for equally bright 
object points also but with slight degradation in the 
resolution. 
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analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18.
 
Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29.

 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 
To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 
Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 
Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 
Abstract:  

 
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to                    
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 
Single section, and succinct 

 
As a outline of job done, it is always written in past tense 

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 
Center on shortening results - bound background information to a verdict or two, if completely necessary 

 
What you account in an conceptual must be regular with what you reported in the manuscript 

 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

 
Explain the value (significance) of the study  

 
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 
Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 
Shape the theory/purpose specifically - do not take a broad view. 

 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

 This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic                  
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 

 
Describe the method entirely 

 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 
It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 
Resources and methods are not a set of information. 

 
Skip all descriptive information and surroundings - save it for the argument. 

 
Leave out information that is immaterial to a third party. 

Results: 
 

 The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 Content 

 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 

In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 

Present a background, such as by describing the question that was addressed by creation an exacting study.

 

 

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 

Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 

Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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A

 

abstemious

 

· 13

 

agglomerates

 

· 11, 12, 28

 

aliphatic

 

· 5, 11, 12

 

Avogadro

 

· 43, 44

 

C

 

chemisorbed

 

· 28

 

E

 

eukaryotic

 

· 20, 38

 

I

 

immobilization

 

· 9, 10

 

M

 

monosaccharides

 

· 34

 

N

 

nucleotides

 

· 3, 14, 17, 18, 19

 

O

 

optoelectronic

 

· 53

 

P

 

peculiarities

 

· 3, 4, 14, 15, 25

 

protoplanets

 

· 20

 

R

 

reminiscent

 

· 37

 

S

 

stoichiometric

 

· 20, 22, 25, 27

 

stoichiometry

 

· 7

 

T

 

thermodynamic

 

· 2, 3, 4, 9, 14, 15, 18, 19, 20, 22, 24, 25, 27, 
29, 30, 31, 32, 34, 35, 36

 

U

 

unambiguity

 

· 15
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