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Patent Claims 

1. Electronic switching element (1) which comprises, in this sequence, 

a first electrode (20), 

 a molecular layer (18) bonded to a substrate, and 

a second electrode (16), 

where the substrate consists of the first electrode (20) and optionally 

one or more layers lying on top of this, and 

 where the molecular layer is essentially formed from one or more 

compounds of the preferred sub-formulae Ia to If of formula I, as 

defined below: 

 

R1-B1-Sp-G Ia 
  
R1-(A1-Z1)-B1-Sp-G Ib 
  
R1-(A1-Z1)2-B1-Sp-G Ic 
  
R1-B1-( -Z2-A2)-Sp-G Id 
  
R1-B1-( Z2-A2)2-Sp-G Ie 
  
R1-(A1-Z1)-B1-( Z2-A2-)-Sp-G If 

 
in which  

A1 and 
A2                 

denote  
  
B1             

denotes   
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 where the groups may be oriented in both directions, 

 
R1                            denotes alkyl having 1-15 C atoms,  
 
L1 and  L2,             independently of one another, denote Cl or  F, where at   least 

one of the radicals L1 and L2 denotes F, 
 
L3                            denotes F, 
 
Y1 and Y2,             independently of one another, denote H, Cl or F, 
 
Z1, Z2,                    independently of one another, denote a single bond, -CF2O-

, -OCF2-, -CH2O-, OCH2- or -CH2CH2-, 
 
Sp                           denotes unbranched 1, ω-alkylene having 1 to 12 C atoms or 

unbranched 1, ω-perfluoroalkylene having 1 to 12 C atoms, 
 
G                             denotes -CH=CH2, -OH, -SH, -SO2OH, -

OP(O)(OH)2, -PO(OH)2, -COH(PO(OH)2)2, -COOH, -Si(OR)3 
or -SiCl3, 

 
and wherein characterised in that the molecular layer is a 
molecular monolayer. 

 

2. Electronic switching element (1) according to Claim 1, characterised in 

that the first electrode (20) represents the substrate for the molecular 

layer. 

3. Electronic switching element (1) according to Claim 1, characterised in 

that a diode (22), which represents the substrate for the molecular 

layer (18), is arranged between the first electrode (20) and the molec-

ular layer (18). 

4. Electronic switching element (1) according to Claim 3, characterized in 

that the diode (22) comprises an n+-doped layer (24) and a p+-doped 
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layer (26), where the n+-doped layer (24) or the p+-doped layer (26) is 

designed as a combined electrode together with a semiconducting first 

electrode (20). 

 

5. Electronic switching element (1) according to Claim 1 or Claim 2, 

characterised in that a diode (22) is arranged between the second 

electrode (16) and the molecular layer (18). 

 6. Electronic element (1) according to any one of Claims 1 to 5, 

characterised in that an interlayer is arranged between the substrate 

and the molecular layer (18), where the interlayer is selected from an 

oxidic or fluoridic material and in that the molecular layer (18) is 

bonded to this oxidic or fluoridic interlayer. 

 7. Electronic switching element (1) according to Claim 6, characterised in 

that the oxidic or fluoridic interlayer is formed from TiO2, Al2O3, HfO2, 

SiO2 or LiF. 

 8. Electronic switching element (1) according to any one of Claims 1 to 7, 

characterised in that the anchor group (G) of the compounds of the 

formula I, as defined in Claim 1, is bonded to the substrate by 

physisorption. 

 

9. Electronic switching element (1) according to any one of Claims 1 to 

7, characterised in that the anchor group (G) of the compounds of 

the formula I, as defined in Claim 1, is bonded to the substrate by 

chemisorption. 

10. Electronic switching element (1) according to any one of the preceding 

Claims, characterised in that the anchor group (G) of the compounds of 

the formula I, as defined in Claim 1, is selected from the groups -

CH=CH2, -PO(OH)2 and -C(OH)(PO(OH)2)2. 
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11. Electronic switching element (1) according to any one of the preceding 

Claims, characterised in that the first electrode (20) consists of a material 

selected from element semiconductors, compound semiconductors from 

groups III-V, compound semiconductors from groups II-VI, metals, and 

conductive, oxidic materials. 

12. Electronic switching element (1) according to Claim 11, characterised 

in that the first electrode (20) consists of a material selected from the 

element semiconductors Si, Ge, C (diamond, graphite, graphene), Sn 

(alpha modification) and Se, the compound semiconductors GaAs, 

InAs, InP, GaSb, TaN, TiN, MoN, WN and GaN, CdSe and ZnS, the 

metals Au, Ag, Cu, AI, W, Ta, Ti, Co, Mo, Pt, Ru and Mg and the 

conductive oxidic materials ITO, IGO, IGZO, AZO and FTO. 

13. Electronic switching element (1) according to any one of the preceding 

Claims, characterised in that the second electrode (16) consists of a 

conducting or semiconducting material or combination of a plurality of 

these materials selected from Hg, In, Ga, InGa, Ag, Au, Cr, Pt, Pd, Au, 

Pb, Al, Mg, Zn, Yb, W, CNT, graphene and conductive polymers. 

14. Electronic switching element (1) according to any one of the preceding 

Claims, characterised in that the first electrode (20) and the second 

electrode (16) are metallic conductors or in that the first electrode (20) 

is semiconducting and the second electrode (16) is a metallic con-

ductor. 

 

15. Electronic component (10) comprising one or more switching ele-

ments according to any one of the preceding Claims. 

16. Electronic component (10) according to Claim 15, characterised in that 

the component (10) has a multiplicity of switching elements (1), where 

the first electrodes (20) and second electrodes (16) of the switching 

elements (1) form a crossbar array. 
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17. Electronic component (10) according to Claim 15 or Claim 16, 

characterised in that the switching elements are set up to change between 

a state having high electrical resistance and a state having low electrical 

resistance, where the quotient between high electrical resistance and low 

electrical resistance is between 10 and 100,000. 

 

18. Electronic component according to any one of Claims 15 to 17, 

characterised in that it is designed as a memristive component. 

 19. Method for operating an electronic component (10) according to any one 

of Claims 15 to 18, characterised in that a switching element (1) of the 

electronic component (10) is switched into a state of high electrical 

resistance by setting a corresponding first electrode (20) to a first electrical 

potential and setting a corresponding second electrode (16) to a second 

electrical potential, where the value of the voltage between the two 

electrodes (16, 20) is greater than a first switching voltage and the first 

potential is greater than the second potential, a switching element (1) of the 

electronic component (10) is 

 switched into a state of low electrical resistance by setting a corres-

ponding first electrode (20) to a third electrical potential and setting a 

corresponding second electrode (16) to a fourth electrical potential, 

where the value of the voltage between the two electrodes (16, 20) is 

 greater than a second switching voltage and the fourth potential is 

greater than the third potential, and the state of a switching element is 

determined by applying a reading voltage whose value is smaller than 

the first and second switching voltages between corresponding elec-  

trodes (16, 20) and measuring the current flowing. 

20.    Use of a molecular layer as indicated in Claim 1 in a memristive 

electronic component. 
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21. Process for the production of the switching element according to any 

one of Claims 1 to 14, comprising at least the following steps: 

I. production of a first electrode (20), 

II. deposition of a molecular monolayer (18) comprising 

one or more compounds of the formula I, 

 III. application of a second electrode (16). 

22. Compounds of the preferred sub-formulae Ia to If of formula I 

 

R1-B1-Sp-G Ia 
  
R1-(A1-Z1)-B1-Sp-G Ib 
  
R1-(A1-Z1)2-B1-Sp-G Ic 
  
R1-B1-( -Z2-A2)-Sp-G Id 
  
R1-B1-( Z2-A2)2-Sp-G Ie 
  
R1-(A1-Z1)-B1-( Z2-A2-)-Sp-G If 

 
in which  

A1 and 
A2                 

denote  
  
B1             

denotes   
  
 

 

 where the groups may be oriented in both directions, 
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R1                            denotes alkyl having 1-15 C atoms,  
 
L1 and  L2,             independently of one another, denote Cl or  F, where at least one 

of the radicals L1 and L2 denotes F, 
 
L3                            denotes F, 
 
Y1 and Y2,             independently of one another, denote H, Cl or F, 
 
Z1, Z2,                    independently of one another, denote a single bond, -CF2O-

, -OCF2-, -CH2O-, OCH2- or -CH2CH2-, 
 
Sp                           denotes unbranched 1, ω-alkylene having 1 to 12 C atoms or 

unbranched 1, ω-perfluoroalkylene having 1 to 12 C atoms, 

G                             denotes -OP(O)(OH)2, -P(O)(OH)2, or -C(OH)(PO(OH)2)2. 

  
 


