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Effects of pollution: experiments

[Solid State Communications 146, 351-355 (2008)] 

• Shifted effective Dirac point
• Conductance asymmetric



(data courtesy of Amelia Barreiro, Barcelona)

Systematic current annealing

Effects of pollution: experiments



Relevant experiment



Hydrogenated graphene

D. C. Elias et al, Science 323, 610 (2009)



General considerations
Disorder in conventional conductors:
Time reversal symmetry preserved / broken?

Graphene:
Valley index preserved / broken?
Chirality preserved / broken?

In particular:
Long ranged vs short‐ranged
Coulomb vs defect scattering
Ionic vs chemisorbed adsorbates
Aim: Adsorbate‐specific theory for chemisorption



Tight‐binding description
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Tight‐binding description
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Parameters can be fit from DFT (here: Siesta)
H+:    εi =    0.66 γ0,  γi=2.2 γ0
OH−: εi = − 2.90 γ0,  γi=2.3 γ0



outside the gap in the gap



Scattering rate off a single adsorbate
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Renormalisation of the resonance

dos on adsorbate
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Renormalisation of the resonance
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Randomly placed adsorbates
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Comparison to numerics

Fixed width nanoribbon Averaged over width



Additional Coulomb scattering

Additional scattering

(A 



Additional Coulomb scattering

Additional scattering

4x1012 cm-2



hydrogenated graphene…

D. C. Elias et al, Science 323, 610 (2009) 3.8 x1012 cm-2



hydrogenated graphene II…

ARPES on hydrogenated graphene on SiC(0001), 
A Bostwick et al PRL  103, 056404 (2009)



Quantum corrections 
[McCann et al, 
PRL 97, 
146805 (2006) ]



Test: increase adsorbate concentration





Comparison to numerics



Hydrogenated 
graphene
D. C. Elias et al
Science 323, 610 (2009) 

Towards strong localization

Scaling theory: large systems should be insulating 



Towards strong localization

Here:
Quasi‐1d
Nanoribbon

Onsite 
potential V0 ,
coverage p



exponential decay of conductance g ~ exp(‐L/ξ)

• Localization length ξ can become very large
• Transient regime: ‘ballistic’ minimal conductivity
• Both happens away from the nominal Dirac point              



average effect of adsorbates
Effective 
Dirac point 
shifted to

Localization length diverges 
at effective Dirac point

pVV 0=

Effective potential step induces evanescent modes
‐> intrinsic pseudodiffusive regime

ξ
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• disorder‐induced pseudodiffusion and localization

See also: PRL 101, 196803 (2008), PRB 79, 195413 (2009) 
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