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The study of chemical reactions accompanied by the decomposition of water molecules on graphene layers 
is relevant for applications in biomedicine: the resulting electrically neutral hydroxyl groups OH can be used as 
a bactericidal agent. Thus, using the flexoelectric properties of graphene, in work [12] a model of an electrical 
«capacitor» made of graphene was proposed to generate a negatively charged and electrically neutral hydroxyl 
groups OH from a flow of water molecules. The «capacitor» consists of two graphene layers bent in one direc-
tion placed on copper substrate plates bent in the same way (see also [13]). The copper substrates are connected 
to an external source of electrical voltage: positive potential is applied to the upper concave substrate, negative 
potential is applied to the lower substrate bent towards the upper substrate. When the water vapor is pumped be-
tween the plates of such an electrical «capacitor», the water vapor at the exit from the «capacitor» is enriched 
with electrically neutral radicals (ОН)0 and hydrogen molecules H2 [12].

Photocatalytic decomposition of water on graphene could be an effective approach to produce hydrogen by 
converting solar energy into chemical energy [14; 15]. Biophysical methods are being developed for charge 
separation under the influence of light in the reaction centers of plant photosynthesis [16]. Using quantum che-
mical methods and thermochemical methods (by the Gibbs energy change), we studied possible chemical reac-
tions involving molecules of water, fullerenes С20 and С60, hydrogen and chlorine with the release of atomic or 
molecular hydrogen at room temperature and atmospheric pressure [17; 18].

The physical processes underlying the generation of ion beams with a high emission current density in electro-
hydrodynamic emitters operating on liquid metals and alloys, as well as with low-temperature ion liquids, are 
considered in work [19]. The factors that determine the stability of ion emission and their interaction with en-
gineering surfaces are also analysed there. The results of the one-dimensional theory of a plasma emitter of 
positive ions are presented in publication [20]. 

The model of explosive electron emission [21] allows to describe emission processes during discharges at the 
points of contact of the metal wall with the plasma under magnetic confinement of the plasma. In works [22; 23] 
a description of models of field (cold) emission from various low-dimensional carbon systems is given.

Another mechanism for the formation of ions is one-electron charge exchange during the collision of fast 
ions such as H + and He2+ with a neutral hydrogen molecule. Thus, in paper [24], the cross sections for one-elec-
tron charge exchange in collisions of fast ions with an H2 molecule in the ground state were calculated. Ion-
molecu lar collisions are considered using the relationship between quantum mechanical and quasi-classical 
charge ex change amplitudes. For the collisions H + + H2 → H + H +

2, the dependence of the differential charge 
exchange cross sections on the orientation of the symmetry axis of the H2 molecule is considered. By nume-
rical modelling the possibility of separating flows of electrically polarised macromolecules in non-uniform 
electric fields created by charged filaments is demonstrated [25].

The purpose of the work is to propose simple schemes for producing a flow of negatively and positively 
charged molecular ions from a flow of electrically neutral molecules interacting with two bent layers of elect-
rically conductive graphene.

Schemes for generating molecular ions
In the proposed method, ionisation of molecules is carried out using bent graphene layers. When passing 

through a non-uniform stationary electric field, the molecules change their configuration and (or) break up into 
ions. To form a non-uniform electric field, the redistribution of p-electrons (asymmetrically elongated p-bonds) 
of carbon atoms on the surfaces of a bent graphene layer is used (fig. 1), creating a dipole moment (an electric 
double layer covering opposite sides of a single graphene layer). The direction of the dipole moment induced 
by graphene bending is determined by the density of p-electron states, which is greater on the convex side of 
the graphene layer [11; 26]. The redistribution of charge density that occurs on a graphene layer is determined 
by its curvature. It is quite natural to use several differently bent graphene layers on metal substrates, to which 
adjustable electric potentials are applied and between which the movement of ionised molecules and the re-
moval of molecular ions along the surface of an electrically conductive grid are organised.

Fig. 1. Schemes of occurrence of a local electric dipole moment in a graphene layer  
due to the deformation of σ-bonds (determining the mechanical strength of graphene)  

and the redistribution of electron density for the p-orbitals of carbon atoms along the z axis  
(perpendicular to the graphene layer) when the layer is bent


