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SILICENE: The silicon counterpart of Graphene



“History does not repeat itself, but it does rhyme”
Mark Twain
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Single 2D layers:

- Graphene
- Silicene ?
- Germanene ?

Breaking the limit of Moore’s Law
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Stability and electronic properties :

(TB) G. Guzmán-Verri, et al, Phys. Rev. B 76, 075131 (2007)
(DFT) S. Lebègue et al, Phys. Rev. B 79 115409 (2009)
(DFT) Cahangirov et al, Phys. Rev. Let. 102, 236804, (2009)

Theoretical study

Quick history

- Silicene has intrinsic stability and an electronic struct ure
similar to the one of graphene.

S. Lebègue et al, Phys. Rev. B 79 115409 (2009)

- Silicene is a buckled layer

Silicene Graphene



22x22 nm2

]101[

~ 0.16 nm

Léandri et al. Surf. Sci., 574, L9 (2005)

Ordered Si Nanoribbons with the same
width (0.16 nm)

Si/Ag(110) at RT

Silicene NRs



B. Aufray et al. Appl. Phys. Lett. 96, 183102 (2010)

calculations 

A. Kara et al. Surf. Sci. Reports, 67, 1–18 (2012) 

Silicene NRs

STM

Si/Ag(110)



A. Kara et al. J. Phys. Condens. Matter 22, 045004 (2010)

STM
Ab initio calculations 

Silicene NRs on Ag(110) : Growth at RT



2x5 superstructure

15x15 nm2 , V = -0.9 V ;  I = 0.5 nA

]101[STM

Silicene NRs on Ag(110) : Growth at 220°C

Deposition at 220°C: 1 ML of Si/Ag(110) 



Deposition at 220 °C: 1 ML of Si/Ag(110) 

Self-assembled Si NRs
8x8 nm2 , V = -1.6 V ;  I = 3.2 nA

M. R. TCHALALA et al. (accepted)

STM

Silicene NRs on Ag(110) : Growth at 220°C

]101[



Silicene NRs on Ag(110) : Growth at 220°C

Si-Si ~ 0.2 nm
M. R. TCHALALA et al. (accepted)



De. Padova et al. Nano Letters 8 (8), 2299-2304  (2008)

15 L 30 L
STM

Isloted Silicene NRs: molecular oxidation

Oxidation starts from the NRs extremities

Chemical reactivity toward O 2



asymmetry : 0.12

Metallic character
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Si 2p

hνννν=140eV

θθθθ ≈≈≈≈ 0,5 ML

Two components :

two well-defined Si environments:

C. Leandri et al. Surf. Sci., 574, (2005) L9 
De Padova et al., Nano Letters 8 (2008) 271

De. Padova et al. Appl. Phys. letters, 96, 261905 (2010)

Narrowest Si 2p core-levels

Atomically perfect Si nano-ribbons!

Core Level Photo-Electron Spectroscopy (Synchrotron radiation) PES

Silicene NRs on Ag(110)



Assembled silicene NRs: molecular oxidation

Silicene NRs are not reactive
to molecular Oxygen

Core Level Photo-Electron Spectroscopy (Synchrotron r adiation) PES



Assembled silicene NRs: Atomic oxidation

Silicene NRs are more reactive
to atomic Oxygen

Core Level Photo-Electron Spectroscopy (Synchrotron r adiation) PES

Reactivity toward oxygen

Graphene Silicene Silicon (Sp 3)



Silicene sheet

Si/Ag(111)

B. Lalmi etal, APL, 97, 223109 (2010)

22x22 nm2 , V=0,1 V , I=1,9 nA

(2√3 x 2√3)R30°



Chun-Liang Lin et al . Applied Physics Express 5 (2012) 

(√13×√13)R14°4x4

STM

Silicene sheet
Si/Ag(111)



480 K

(2√3×2√3)R30°

single layer of silicene
420 K 460 K

4x4

Baojie Feng et al, Nano Lett., 12 (7), 3507 (2012)

STM
Silicene sheet

Si/Ag(111)

Lan Chen et al, Phys. Rev. Lett., 110, 085504 (2013)(√3×√3)R30°



H. Enriquez et al. Journal. of Phys. Condens.  Matter, 24, 314211 (2012)

Silicene sheet

4x4

R0°

R10.9°

(2√√√√3x2√√√√3)R°30

Si/Ag(111)

(√√√√13x√√√√13)R°13.9

R33°

R5.2°

(√√√√13x√√√√13)R°13.9
Ag [110]

Si [110]



Z. Majzik J. Phys.: Condens. Matter, 25, 225301 (2013)

Silicene sheet
Si/Ag(111) : STM and nc-AFM

STM

STM NC-AFM



A. Fleurence etal. PRL 108, 245501 (2012)

15x15 nm2 , V = -0.9 V ;  I = 0.5 nA

Silicene on Ag(110)

Silicene NRs

Si/ZrB 2 (0001) 



Silicene sheet

Lei Meng et al. Nano Lett., 2013, 13 (2), pp 685–690

Si/Ir(111) 



Silicene NRs
Si/Au(110) 

M. R. TCHALALA et al. APL, 102, 083107 (2013)



Si NRs on Au(110)-2x1 

M. R. TCHALALA et al. APL, 102, 083107 (2013)

Two well defined components

Two Si environments

Asymmetry : 0.09

S1 Silicon  within the NRs

S2 Silicon at the NRS edges 



Dirac cone or no Dirac cone

Silicene sheet:

Electronic properties



New electronic states

Quantum
Confinement

De. Padova et al. Appl. Phys. letters, 96, 261905 (2010)

The silicon band dispersion along the direction of
the nano-ribbons shows the Dirac cone like graphene

Dispersion perpendicular to 
the nanoribbons

Dispersion along
the nanoribbons

Silicene NRs

Si/Ag(110)



(4x4) superstructure

P. Vogt et al. PRL 108, 155501 (2012)

Silicene sheet:
Si/Ag(111)

Electronic properties (HRPES) 

Linear dispesion



Silicene sheet:
Si/Ag(111) Electronic properties (STS) 

Linear dispesion

Lan Chen et al. PRL 109, 056804 (2012)



Silicene sheet:
Si/Ag(111)

No linear dispersion !!!

Chun-Liang Lin etal. PRL 110, 076801 (2013)

Electronic properties (STS) 



Silicene sheet:
Si/Ag(111)

Y. Peng et al.  Phys. Rev. B. 87 245430  (2013)



Silicene sheet:
Si/Ag(111)

Y. Peng et al.  Phys. Rev. B. 87 245430  (2013)



Future challenges

CaSi2

Chemical Synthesis



Future challenges

Chemical Synthesis

H. Nakano et al. Angew.Chzem. 2006, 118 6451-6454

Si

Mg



Chemical Synthesis

SILICON SHEETS BY REDOX ASSISTED CHEMICAL 
EXFOLIATION 

Silicon with graphitic structure

M. R. TCHALALA J. Phys.: Condens. Matter, 25, 442001 (2013)

TEM
PES



Silicene growth and transferability

- How to grow silicene on large scale-area on insulators ?

- Can we control the interaction of silicene with its supporting
substrate for transferablity ?

- Synthesis by chemical methods ?

Insulator

Silicene

Future challenges



- Experimental evidence of Silicene on different
substrates (Nano-ribbons and sheet)

- Electronic properties of silicene still under debate

Conclusion
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