Title of the suggested Action:
REVERTIBLE ALTERPOLAR SYSTEM FOR INTERCHANGEABLE OPERATION EITHER AS HYDRGEN FUELED L&MT PEMFCs OR WATER ELECTROLYSERs (WE), AND DEVELOPMENT OF CORRESPONDING SYNERGETICALLY ACTIVE SPILLOVER TYPE ELECTROCATALYSTS
Subtitle (or short description in one sentence):
The reversible alterpolar properties of nanostructured bronze type electrocatalyst, relative to its hydrated state (Pt/H0.35WO3 ( Pt/W(OH)6), for all four hydrogen and oxygen electrode reactions {cathodic hydrogen (HER) and anodic oxygen (OER) evolution, and/or cathodic oxygen  reduction (ORR) and anodic hydrogen oxidation (HOR)}, have been conceived, interrelated and developed [1,2], to create and substantiate the ideal revertible PEMFC versus WE system, and enable broader hydrogen energy and economy application.
Description of the Action (approx. 1 page):

Substantiation of a reversibly alterpolar revertible system interchangeably operating either as Low or Medium Temperature (L&MT) PEM Fuel Cell (PEMFC) or WE has more significant general and strategic, than local importance, but from many well coinciding circumstances, can be achieved within Balkan countries for a broader capacity range. All attempts to develop an efficient revertible cell so far failed, since even classical Pt electrocatalysts suffer from higher polarization and irreversible behavior, in particular for the ORR that implies even more than a half of the reversible cell voltage wastage. The resolution has been found as based on the composite nanostructured bronze type (Pt/Nb2O5,TiO2) electrocatalyst, still relied on Pt, but interactive supported on altervalent hypo-d-oxides of transition metals that implies: (i) Membrane type ionic transference further yielding with the equivalent and interchangeable fast spillover of both primary oxides (Pt-OH, Au-OH) and/or H-adatoms, both accompanied and provided with remarkable electrocatalytic advances in particular for the ORR; (ii) As a consequence, Pt nano-clusters are evenly and homogeneously distributed as grafted and bonded upon hypo-d-oxide surface; thus, there is no agglomeration as so far while on carbon current collecting carrier, and hence, one has consequently provided longer life time of catalysts; (iii) Such composite d-d-interelectronic bonded electrocatalyst upon hypo-d-oxide support then enables the recovery of Pt and prevents hydrogen crossover of the cell membrane; (iv) Since well selected high altervalent capacity hypo-d-oxide support provides fast reversible alterpolar properties, and consequently, all revertible changes are almost instantaneous and smooth. Since hypo-d-oxides feature the exchange membrane properties, the higher the altervalent capacity, the higher the spillover effect. In fact, altervalent hypo-d-oxides impose spontaneous dissociative adsorption of water molecules and then spontaneously pronounced membrane spillover transferring properties instantaneously resulting with corresponding bronze type (Pt/HxWO3) under cathodic, and/or its hydrated state (Pt/W(OH)6), responsible for Pt-OH effusion, under anodic polarization, this way establishing instantaneous reversibly revertible alterpolar bronze features (Pt/H0.35WO3 ( Pt/W(OH)6) and substantially advanced catalytic properties of these composite interactive electrocatalysts. Since in electrochemical cells always simultaneously proceed two electrode processes, cathodic and anodic, with new type of interactive supported electrocatalysts upon hypo-d-oxide nanostructure, there always occur at once both spillover effects of primary oxides and H-adatoms. These theoretical and practical facts represent an approved theoretical and practical basis to substantiate the revertible PEMFC versus WE of unlimited capacity. All that the applicant could add and assert is that our electrocatalyst already approaches the reversible oxygen electrode properties and we are one step beyond to substantiate such superior electrocatalyst; this is the main target and subject of the present proposal and its complete substantiation. Hydrogen energy is unimaginable without a suitable, successful and efficient revertible PEMFC versus WE, as a adjustable tampon system to balance energy needs: To operate as WE in (usually overnight) energy sufficiencies and produce hydrogen fuel for a storage, or as PEMFC to generate electrical energy in periods of deficiencies of electricity. The crucial and substantial point is that the same electrocatalyst equally plays the fourfold reversible alterpolar role, simply by the interchangeable spillover of either primary oxides by H-adatoms, or vice versa. While missing so far such substantially pronounced spillover type electrocatalysts for most important electrode reactions in aqueous media, PEM fuel cell technology missed to enable the revertible system versus WE. Smooth and extremely fast simultaneous spillover of H-adatoms and more particularly the primary oxides (Pt-OH, Au-OH) provides more facilitated electrocatalytic electrode reactions and this is the main decisive fact.
References to running activities, lessons learnt from other regions, etc. (one paragraph): 
In EU INCO Copernicus project, acronym ‘Prometheas’, Contract No. ICA2-2001-10037, the applicant developed membrane cell for WE, still available, while electrocatalyst development started with EU IP6 project, acronym ‘Apollon’, Contract No. ENK5-CT-2001-00572, EU Project NNES-2001-00187. Theory and achievements in electrocatalysis are summed in published papers of the suthors, and references therein:
120) Jelena M. Jaksic, Nedeljko V. Krstajic, Ljiljana M. Vracar, Stelios G. Neophytides, Diamantoula Labou, Polycarpos Falaras, Milan M. Jaksic, Spillover of  Primary  Oxides as a Dynamic Catalytic Effect of  Interactive Hypo-d-Oxide Supports, Electrochimica Acta, 53 (2007) 349-361.

122) J. M. Jaksic, D. Labou, G. D. Papakonstantinou, A. Siokou, M. M. Jaksic, Novel Spillover Interrelating Reversible Electrocatalysts for Oxygen and Hydrogen Electrode Reactions, Journal of Physical Chemistry C,114 (2010) 18298-18312.

124) Georgos D. Papakonstantinou, Jelena M. Jaksic, Diamantoula Labou, Angeliki Siokou, Milan M. Jaksic, Spillover Phenomena and Its Striking Impacts in Electrocatalysis for Hydrogen and Oxygen Electrode Reactions, Advances in Physical Chemistry, 2011 (2011) 1-22 (Article ID 412165). http://www.hindawi.com/journals/apc/psi/
Actors to be involved in the implementation and their roles (max. half a page):
Leading Lab: ICEHT/FORTH, 26500 Patras, Greece, while partners on EU Project ‘Prometheas’ are all familiar and capable to participate: University of Belgrade, Belgrade, Serbia; University of Sofia, Sofia, Bulgaria; University of Skopje, Skopje, FYRM; University of Zagreb, Zagreb and University of Split, Split, Croatia.
Expected impact (one paragraph):
Development, construction and long-term testing of the proposed revertible cell for PEMFC vs. WE of any capacity, starting with 200 or 500 W. Greece, along with Germany, is right now highly active in photovoltaic generation of energy and to introduce sustainable, clean and renewable hydrogen energy generation and consumption might be perfectly tuned in common energetic harmony and phase!
Relevance to the WBC region (one paragraph):
The proposed program can gather the former Balkan partners and become substantiated with farreaching technological and alternative clean energy consequences, but it has more broader global  and general significance, and deserves the EU IP7 strategic level. Meanwhile, under present circumstances, let us start from Balkan abilities and local ideas. The leading world companies dealing with PEMFC are BASF, Germany and BALARD, Canada, the applicant has nothing against the whole program to be carried out under their supervision or control. ICEHT/FORTH Lab is capable to carry out the present program in all details and elements.
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