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Abstract 
A two stage model of the physicochemical processes at the electrolysis of pure water is proposed. The presence 

of nascent hydrogen in the catholyte and nascent oxygen in the anolyte during the first stage explains the 

antioxidant properties of the catholyte and the strong biocidal action of the anolyte. In the second stage the 

nascent hydrogen and oxygen are combined into hydrogen and oxygen molecules, respectively. The comparison 

between their average energies with the average energy of the control sample of water shows an increase in the 

average energy of the catholyte and decrease in the average energy of the anolyte. This indicates that some 

changes in the structure of the activated water have occurred. 
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1. Introduction 
Water is the main factor of the life on our planet. Even more, according to one of the co-authors of this paper the 

life has started in the warm thermal springs on the earth (Ignatov, I., O.V.Mosin, 2015). Water regulates the vital 

processes in the living things actively participating in the metabolism and their adaptation to the environment. 

That’s why every change of its composition and structure influences the live matter either aiding its development 

and stability or on contrary provoking its destruction. It seems strange that despite such enormous importance 

scientists from different countries have seriously started paying attention and investigating the unusual properties 

of the water put to different kind of influence only in the last decades. In this direction a great attention was paid 

to its electrochemical activation (Bakhir, V.M., 1999; Kloss, A.I., 1988; Petrushenko I., V.I. Lobyshev, 2004; 

Prilutsky, V. I., and V.M. Bakhir, 1997; Zenin, S. V., 1999). Notwithstanding the easy description of the 

chemical processes the explanation of the obtained properties of the alkaline (catholyte) and acidic (anolyte) 

water solutions are still not fully convincing (Ball, P., 2008). Even more, in the majority of the existing 

descriptions and experiments NaCl has been used which gives a satisfactory explanation of the biocidal 

properties of the anolyte but does not work in case of pure water which obtains same properties. The explanation 

probably relates not only to the chemical changes in the water composition but also to the changes of its structure.  

The main questions that researchers have to answer are as follows.  

1.What physical and chemical changes occur in the water during its electrolysis?  

This question should be investigated in two aspects: 

а) pure water  is processed; 

б) NaCl or other minerals are added to the water solution.  

2. What parameters of the activated water play a major role for the explanation of its unusual properties? 

3. What the mechanism of the action of the activated water on the living things is?  

In this paper attention is paid to the question 1a) , i.e. the activation of water without additional 

mineralization, free of ions of other elements. A model of the corresponding physicochemical processes is 

proposed. 

Every model has to describe satisfactory the observed effects of the modeled process. In our case the 

known effects of the activated water (catholyte and anolyte) reported by different investigators concern 

especially its influence on the living things. An explanation for the described effects could be the increased 

presence of both molecular hydrogen (H2) in the catholyte solution and molecular oxygen (О2) in the anolyte 

solution. But such an increase can be achieved through saturation of the water solution with these gases as well. 

It is true that in this case the water properties will be changed but without same effects. It is reasonable to 

assume that the increased concentration of ОН
—

 ions in the catholyte as well as Н
+ 

ions in the anolyte cause such 

an action. Therefore, one may conclude that the action of the direct current on distilled or de-ionized water leads 

to changes in its chemical composition and structure different for the catholyte and anolyte.  
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1.  Electrolysis of pure water. 
 According to the modern notion the following reaction takes place at the cathode : 

   2Н+  +  2e− →    Н2  Î    (1) 

 The analogous reaction at the anode is as follows: 

   2О2-   -  2e−    →    О2  Î     (2) 

 Actually, the above reactions  run in two stages. 

            At the cathode: 

 First stage     Н+  +  e−   → Н*
   (3) 

 Second stage     Н*  +  Н*  → Н2    (4)    
 At the anode:  

 First stage      ОН → О* + 2e− + Н+ (5) 
 Second stage      О* + О* → О2    (6) 

Therefore, according to formula (3) Н*
 - atomic hydrogen is produced at the cathode during the first stage. It is 

called also nascent hydrogen and possesses high reactivity. Atomic oxygen О*
 called also nascent oxygen is 

produced at the anode, and it is highly reactive as well. These atoms can react between them according to 

formulae (4) and (6), and the obtained hydrogen and oxygen molecules can be either separated from the solution 

and go to the air or remain dissolved in the water. If there are molecules of hydrogen and oxygen at the cathode 

and the anode obtained according to formulae (4) и (6) they can react with the nascent hydrogen and oxygen 

respectively as follows: 

   4Н*    +     О2     →    2Н2О    (7) 

       О*    +     Н2      →    Н2О         (8) 

and water molecules will be produced.                                              
 

2.  Discussion 
It is supposed in the proposed model that nascent hydrogen and nascent oxygen are produced in the catholyte 

and anolyte respectively.  Their presence is substantial for the processes that may occur in the above solutions. 

The most probable assumption is that they will take part in reactions (4) and (6) or for example (7) and (8). 

Another possibility for them is to be stabilized in small quantity. It has to be underlined that the stabilization 

possibility depends on the probability to encounter corresponding re-agents from the above mentioned reactions. 

If this probability is small there is a possibility other molecules that can not react with them to play the role of 

stabilizers.  For example, the water molecules due to their dipole character allowing for the formation of 

dimmers, thrimmers and larger structures could play such a role. In that case stabilized atoms of nascent 

hydrogen will remain in the catholyte, and stabilized atoms of nascent oxygen will remain in the anolyte. Since 

the nascent hydrogen is an active reducer it will attack admixtures that could be reduced when the catholyte is 

blended with another medium. This could explain the catholyte action as a strong antioxidant (Hanaoka, K., 

2001; Kokichi H., et al., 2004). Probably, this could explain its healthy influence in case of different stress-

related or due to the action of free radicals deceases. Such influence has been observed by many researchers 

(Hayashi, H. and Kawamura, M., 2002; Komatsu, T., et al., 2001; Lee, M-Y., et al., 2006; Sanetaka Shirahata, et 

al., 2012; N. Yahagi, et al., 2000; Ye, J. et al., 2008; Ye, Jun et al., 2004). 

In a similar way the anolyte put in another medium will demonstrate its strong oxidative property and 

will oxidize all present organic admixtures and will destroy microorganisms,  bacteria and viruses (Gluhchev, G., 

et al., 2015; Karadzov, S., et al.,  2014; Kirkpatrick, R. D., 2009; Kumar, S. V., et al., 1999; Miroshnikov, A.I., 

2002; Suzuki, T., et al., 2002; Tanaka, H., et al., 1996; Zinkevich, V., et al., 2000), which makes it an excellent 

biocidal, disinfection and harmless for the people and the environment mean.  

The presence of nascent hydrogen and nascent oxygen in the hydrolyzed water could produce changes 

in its state.  Indeed, using the method NЕS (Antonov, A., 1995; Ignatov, I., O.V. Mosin,  2014)  as a measure of 

the energy spectrum of the water stage a useful information  could be obtained about the structural changes in 

water and the average energy of hydrogen bonds among individual H2O molecules in samples. It was 

experimentally established (Ignatov, I., O.V.Mosin, 2014) that the surface pressure was increased in the 

catholyte and more molecules were included in a unit volume. The average energy Е of the hydrogen bonds 

Н...О between water molecules Н2О, measured for the catholyte and anolyte, accordingly when a de-ionized 

water is used is Е = -0.1293 еV for the catholyte and Е = -1221 еV for the anolyte. The difference ∆ЕН...О 

between the average energy of the control sample of water Е = -0.1251 еV, evaluated by the method  DNЕS 

(Ignatov, I., O.V. Mosin, 2014) and  the average energy of the catholyte and anolyte is respectively     ∆E= -

0.0042 ± 0.0011 eV and ∆E= 0.003 ± 0.0011 еV. 

 
3. Conclusion 
A two-stage model describing physicochemical processes stemming from the electrolysis of pure water is 

suggested in the paper. The production of nascent hydrogen and nascent oxygen during the first stage is used as a 
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basic assumption. The enriched concentration of these components in the solutions explains the antioxidant 

action of the catholyte the strong biocidal effect of the anolyte. The observed difference in the average energy 

and hydrogen bonds between catholyte and anolyte is an indication of structural changes that have taken place in 

the activated water. The development of more general model describing the physicochemical processes and 

analysis of the content and structure of activated water in case of electrolysis of weak water mineralization is a 

subject of future work.  
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