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Similarly, by changing the sign of the electric potential on copper substrates (j > 0) (fig. 3, b), it is pos-
sible to realise transitions of electrons from the highest occupied molecular orbital (HOMO) of molecules 
to graphene, resulting in the formation of positively charged molecular ions in the flow. In  this case, the 
energy level EHOMO in molecules should be located higher than the energy level (EF – ej) of electron-filled 
p-states in bent graphene, which makes it possible for electrons to transit from a molecule to graphene, turning 
molecules into positive ions (see fig. 2, b). This corresponds to the fact that the work function of graphene 
WF

vac F
� �� � � � �� �E E e  should be greater than the ionisation energy of the molecule (IP ≈ –EHOMO ).

The table shows the experimental values [32–34] of electron affinity and ionisation energy for molecules that 
can be used to obtain molecular ions. To compare with experimental values and evaluate data missing from the 
literature, we have calculated EA ≈ –ELUMO and IP ≈ –EHOMO using the PM7 semiempirical method [35], imple-
mented in the MOPAC2016 package. 

Values of electron affinity (EA) and ionisation potential (IP) 
of neutral molecules and radicals

Molecule EA, eV IP, eV Reference Molecule EA, eV IP, eV Reference

Hydrogen 
(Н2)

– 0.72 
– 

–7.04

– 
15.43 
15.02

[32] 
[33] 
PM7

Hydroxyl radical 
(•ОН)

2.17 
1.83 
1.63

– 
13.02 
11.18

[32] 
[33] 
PM7

Oxygen 
(О2)

0.87 
0.45 
0.92

– 
12.06 
9.17

[32] 
[33] 
PM7

Nitrogen dioxide 
( • NO2)

1.62 
2.27 
1.09

– 
9.59 
10.56

[32] 
[33] 
PM7

Nitrogen 
(N2)

– 
0.13

15.58 
13.66

[33] 
PM7

Nitrate radical 
( • NO3)

3.88 
3.94 
4.95

– 
12.57 
11.54

[32] 
[33] 
PM7

Dicarbon 
(C2)

3.27 
2.15

11.41 
11.74

[33] 
PM7

Methyl radical 
(•CH3)

1.08 
0.08 

– 0.54

– 
9.84 
9.97

[32] 
[33] 
PM7

Water 
(Н2О)

– 0.8 
– 

– 4.05

– 
12.62 
12.12

[32] 
[33] 
PM7

Ammonia 
(NH3)

– 
– 4.57

10.07 
10.15

[33] 
PM7

Carbon dioxide 
(СO2)

– 0.59 
– 0.55

13.78 
12.76

[33] 
PM7

Carbon monoxide 
(СO)

1.33 
–1.60

14.01 
12.33

[33] 
PM7

Anthracene 
(С14Н10)

1.19 
0.53 
1.09

– 
7.44 
8.39

[32] 
[33] 
PM7

Adamantane 
(C10H16)

– 0.3 
– 

– 4.07

– 
9.25 
10.20

[34] 
[33] 
PM7

Fullerene 
(С60)

2.68 
2.96

7.6 
9.66

[33] 
PM7

Fullerene 
(С70)

2.77 
3.23

8 
9.19

[33] 
PM7

Fullerene + adduct 
(С60 + [2(COOH)]3)

2.88 9.75 PM7 Fullerene + adduct 
(С70 + [2(COOH)]2)

3.54 9.45 PM7

Fig. 3. Schemes for generation of a flow of molecular ions: a – scheme for generation of negative ions (M  −
 )  

between convex graphene surfaces on a copper substrate (analogy of a Laval nozzle), WF �� � < EA;  
b – scheme for generation of positive ions (M   + ) between concave graphene surfaces, WF �� � > IP


