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Due to the bending on the convex side of the bent graphene surface, the electron density increases, and it 
is chemically reactive to combine with partially positively charged atoms (for example, hydrogen atoms in 
water molecules [12; 26]). In this case, in molecules, the lowest energy level ELUMO unoccupied by electrons 
(measured relative to the vacuum level Evac ) should be located lower than the highest energy level (EF − ej) of 
electron-occupied p-states in bent graphene, which makes it possible for electrons to transfer from graphene 
to molecules, turning them into negative ions (fig. 2, a). Here EF is the Fermi level of graphene in equilibrium, 
e is the elementary charge, j is the electric potential of the external voltage source. This corresponds to the fact 
that the work function of graphene WF

vac F
� �� � � � �� �E E e  should be less than the electron affinity (EA) of 

the molecule (EA ≈ – ELUMO ). The experimentally measured value of the work function of graphene monolayer 
is WF � �� �0  ≈ 4.3 eV [27]. Energy relations for electronic states in macromolecular and metal nanocontacts 
see in publications [28; 29].

Let us consider a scheme for obtaining a flow of negatively charged molecular ions M  – from a flow of elec-
trically neutral molecules M 0 when they interact with two electrically conductive graphene layers bent in op-
posite directions (fig. 3, a). Two bent graphene layers (placed with their convex sides facing each other, which 
leads to compression and then expansion of the flow, as in a Laval nozzle) are electromechanically attached at 
the edges to two flat substrates of a chemically inert metal (see also [12]). The substrates are connected to an 
external source of electrical voltage: a negative potential (j < 0) is applied to two substrates (cathodes), and 
a positive potential is applied to the anode in the form of a metal grid located (perpendicular to the flow of 
molecular ions) far from the cathodes (see fig. 3, a). The intensity of ion formation depends on the flow density, 
the speed of molecules, the distance from the molecules to the graphene surface and other factors.

The transition of electrons from the convex side of the graphene surface to the lowest unoccupied mole
cular orbital (LUMO) of a molecule M 0 is initiated by the electric potential j applied to the substrate from 
an external source. Potential j can be either constant or variable. In the case of an alternating potential, the 
electric field acts on the electron with a certain frequency, this can lead to the coincidence of the electron ener
gy with the energy level ELUMO of the molecule. Varying the frequency of electric field oscillations makes 
it possible to increase the intensity of ion formation. There is an analogy here with the Sena effect [30; 31], 
in which, when a negative ion and an atom collide, an electron transfers from the ion to the atom without 
changing their trajectory (the so-called resonant charge exchange), that is equivalent to the scattering of 
the ion. The resonant charge exchange cross section replaces the elastic scattering cross section in the phe-
nomena of ion transport in the intrinsic gas of atoms, when the transport of particles is associated with their 
elastic scattering.

Fig. 2. Schemes of the transition of an electron (e−) from the Fermi level of graphene (EF – ej)  
to the lowest unoccupied molecular orbital (LUMO) with the formation of a negative molecular ion (a)  

and the transition of an electron from the highest occupied molecular orbital (HOMO)  
to the Fermi level of graphene with the formation of a positive molecular ion (b).  

The dependences of the single-electron energy of graphene in one of the six equivalent points  
of the 1st Brillouin zone on the wave number k of p-electrons  

when an electric potential j < 0 (a) or j > 0 (b) is applied to the graphene are shown;  
EA is the electron affinity of the molecule, IP is the ionisation energy (potential) of the molecule


