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Abstract


The pure liquid water as a chemical compound with the wide band gap can change its chemical properties by forced shifting Fermi level in the band gap as the oxidation-reduction potential (ORP). The negative ORP is being realized when Fermi level is shifted to hydroxonium level, by electro-reducing water in the electrochemical cell with the strongly polarized anode and the quasi-equilibrium cathode. Then, the level, is being occupied by electrons. The obtained hydroxonium radicals, H3O, are forming as very active hydrogen donors in the form of hydrated hydrogen, H(H2O)n, with the high non-equilibrium concentration. Such strongly reduced water can be applied for enriching heavy crude by active atomic hydrogen.
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Introduction


Liquid water is a chemical compound with the wide band gap, εg = 6.9 eV, [1] which is the difference between electron energies at the top of valence band and the bottom of conduction band. There are also two allowed energy levels in the band gap of pure liquid water as an occupied-by-electron level, εOH,of hydroxide ion, OH-, and the vacant one, εH3o, of hydroxonium ion, H3O+, located symmetrically nearby the band-gap middle with the energy difference between them of 1.75 eV [2]. The occupation of these levels by electrons defines Fermi level, ε2F [2-5], as an electrochemical potential which indicates the tendency of liquid water to donate or accept atomic hydrogen. When Fermi level is higher than the band-gap middle, liquid water becomes a reducer for easy donating of atomic hydrogen. Opposite, water is a strong oxidizer when Fermi level is below the band-gap middle [6].


Fermi Level in Liquid Water


  The allowed electronic levels, εH3o and εOH in the band gap of pure liquid water are located in its inherent constituents as ions of hydroxonium, H3O+, and hydroxide, OH̶, that are being generated by the reversible self-dissociation reaction [7].


2H2O - H3O+ + OH-  (1)


Their radicals (H3O, OH) are being interpreted as the mentioned levels occupied by electrons and holes respectively [2]. Changing the concentrations of these radicals shifts Fermi level, εf , in the band gap and changes the single-valued characteristic of water as ORP [3]:


ORP = -(εF - εSHE) / e  (2)


Where e is the charge of electron and εSHE = -6.21 eV [2] for the Standard Hydrogen Electrode (SHE) described by the reaction
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Figure 1:  Electronic band structure of SHE (a) with Fermi level, eSHE, (red line) and the one of electro-reduced water (b) with Fermi level,eF,(red line); the full blue lines are occupied-byelectrons hydroxide ion (OH̶) and hydroxonium radical (H3O) and the dotted blue lines are vacant hydroxonium level,eH3O ; the blue boxes are the valence bands and the dotted ones are the conduction bands.

 


The ORP becomes negative when Fermi level is shifting above εSHE to the hydrogen donor εH3Oby

strongly polarized anodic reactions as shown in (Figure l) [5].
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The Electro-Reduced Water


One can see from fig.lb that the energy level, εH3O,is partially occupied by electrons because hydroxonium ions forcedly migrate from the anode to the cathode under the action of electric field in the electrochemical cell (Figure 2) and discharging them by quasi-equilibrium cathode reactions [5].



Effect of Global Warming
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Figure 2:  The band-structure diagram of electro-reduced water in the electrochemical cell with strongly polarized anode and
quasi-equilibrium cathode (Δc <<Δa).
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This forms the negative bulk charge in liquid water near the anode at the condition


[H3O]>[OH-]>>[H3O+]>>[OH]  (9)


Which denote the strong basic reaction of electro-reduced water and the high molar fraction of hydroxonium radicals ([H3O] >> 10-7 M) in the bulk of water? Thus, the electrochemical production of the very active hydrogen donors is more effective than the gaseous hydrogen can produce them in SHE ([H3O] ~10 10 M) for keeping its negative ORP [2]. Besides, the formation of reducers, [H3O], in the aqueous emulsion of gaseous hydrogen is being limited by dissociation process of hydrogen molecules:
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Opposite, the electrochemical one produces radicals without limitation by reactions (6) and (8) that increase dynamic portion of radicals in liquid water more than on three orders.


Conclusion




Ventilating the pure water by bubbles of hydrogen can change ORP without changing pH as well as processing liquid water in the electrochemical cell. It turned out in this case that ORP (Fermi level) of pure water easily and appreciably is being changed in this cell with one polarized electrode and the other in equilibrium with water. Thus, enriching of heavy crude by active atomic hydrogen of electrochemical production can be more effective than by the aqueous emulsion of gaseous hydrogen.
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