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Surface Modification
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● High purity substrate and well‐defined structure

● Unlike metals (e.g. gold), the electronic properties of silicon
can be tuned (doping type, dopant density, photogenerated
electron‐hole pairs)
● Technological processes used for the micro‐ and nanopatterning of 
silicon are numerous and mature

● Controlled and robust hybrid molecule/silicon assemblies

Silicon as Immobilization Substrate
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Chem. Rev. 2016, 116, 4808

Highly ordered, densely packed monolayers
Si‐C interfacial bonds, not electrically defective

Covalent Grafting onto Si‐H Surfaces
Hydrosilylation reaction with Si‐H
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Ferrocenyl Monolayers

Low oxidation potential
(not affected by the solvent

system)

Theory on long‐distance interfacial
electron transfer kinetics

(« tunneling » or « through chain » ?)

Fast electron transfer rate
(two stable redox states) 



Light‐Activated Electrochemical Addressing of Grafted Redox Centers
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Ferrocenyl Monolayers

Angew. Chem. Int. Ed. 2013, 52, 12024; Angew. Chem. Int. Ed. 2010, 49, 3157 

Collab. H. Zuilhof, Wageningen Univ., The Netherlands

n‐type Si Photoanode
For oxidation processes, insulator in the dark and quasi‐conductor upon illumination
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Ferrocenyl Monolayers

Light‐Activated Electrochemical Addressing

Langmuir 2014, 30, 7235

Collab. H. Zuilhof, Wageningen Univ., The Netherlands



C ‐ time profiles measured at 50 Hz for different applied potentials during several dark
(OFF state)/illumination (ON state) switching cycles.

8Angew. Chem. Int. Ed. 2013, 52, 12024

Light‐Activated Electrochemical Addressing
Ferrocenyl Monolayers

O NH

O NHO NH

Collab. H. Zuilhof, Wageningen Univ., The Netherlands



Stability of the photocapacitance
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Truth table for
AND logic gate

0 : dark 0 : ‐0.25 V  0 : <2 µF/cm2

1 : illum 1 : 0.06 V   1 : >80 µF/cm2

All solid‐state molecular AND gate
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Ferrocenyl Monolayers
Light‐Activated Electrochemical Addressing

Angew. Chem. Int. Ed. 2013, 52, 12024

Collab. H. Zuilhof, Wageningen Univ., The Netherlands
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Organic Radical Monolayers
Collab. N. Crivillers and C. Rovira, Institut de Ciencia de Materials de Barcelona, Spain

Cyclic voltammetry
Light   from 0.1 to 10 V/s

0.4 V/s

Dark
Light

Perchlorotriphenyl (PTM) 
radical

OFF (30s)/ON (30s)

Capacitance
Eapp = 0.18 V; 50 Hz

Chem. Sci. 2020, 11, 516
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Biredox Monolayers
Collab. N. Crivillers and C. Rovira, Institut de Ciencia de Materials de Barcelona, Spain

Chem. Sci. 2020, 11, 516

Fc‐N3
« click »

a 
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Metal‐Molecule‐Semiconductor Junctions
Incorporating Stable Organic Radical

Collab. N. Crivillers and C. Rovira, Institut de Ciencia de Materials de Barcelona, Spain

Si/EHB Si/H‐PTM Si/rad‐PTM

a) b)
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Charge Transport Through Junctions
Collab. N. Crivillers and C. Rovira, Institut de Ciencia de Materials de Barcelona, Spain
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20 junctions x 20 traces 

ACS Appl. Mater. Interfaces, accepted

Nijhuis, Whitesides and co‐workers, 
J. Am. Chem. Soc. 2009, 131, 17814

Presence of the SOMO‐SUMO molecular orbitals for the 
radical‐based junction impacts on the device performance

Log R|J‐1V/J1V|= 4.04
Log R|J‐1V/J1V|= 2.30

VB

Silicon

CB
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b)

eff (Si/rad‐PTM)= 0.74 ± 0.01 eV
n = 1.3
dmonolayer = 21.8 ± 1.0 Å

eff (Si/αH‐PTM) = 0.74 ± 0.01 eV
n = 1.4
dmonolayer = 21.0 ± 1.0 Å
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Photoresponse behavior of the junctions
Collab. N. Crivillers and C. Rovira, Institut de Ciencia de Materials de Barcelona, Spain
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ACS Appl. Mater. Interfaces, accepted

Red laser  = 635 nm (1.95 eV)
 PTM radical SUMO‐SOMO bandgap
 > Bandgap of Si
 no radical decomposition

Linear fits as expected for typical 
photodiode characteristics

Improvement of the photodiode 
properties by the incorporation 
of low‐band gap molecules in the 
visible spectrum at the interface 
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Chiral Molecule‐Modified Si‐H Surfaces for Spintronics
Collab. J. Crassous, Institut des Sciences Chimiques de Rennes (ISCR), OMC
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Fabre, B.; Crassous, J.; Matozzo, P.; Leroux, Y. in preparation

Helicene « M » or « P »

‐ Ellipsometry
‐ AFM
‐ XPS

Cyclic voltammetry
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