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Introduction

Graphene has some interesting properties:
* high charge-carrier mobility
e the ballistic electron transport at room temperature

* (...)

Practical applications: interaction with a substrate
* Ir(111) and Pt(111) good candidates, large separation and weak interaction

Aim of the project:
* Create a force-constant model of graphene on Ir(111)
* |Implement the model in a code
* Predict the phonon-dispersion

* Explain the characteristics of the phonon dispersion

o /

/Experimental Phonon dispersion of graphene on Ir(111)\

Obtained using high resolution electron energy loss spectroscopy (HREELS precision of
+4meV) [ 1]
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: Folding of the phonon dispersion

primitive cell unit cell replica supercell
oi 0i 0i O oi ©0i o0i O oi o0i 0f O

|. Find correspondence between the atoms of the supercell and the unit cell

2. Construct replicas of the unit cell with the size of the supercell
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Force constant model

Force constant matrix of the interaction (local coordinates)
of two atoms, depends on: 0

 Types of atoms interacting; Cp = gb(zo

* Distance between them (using cubic splines). "

t_éA off diagonal elements
set to zero
[9)-
ti

Transform to global coordinates: C! = RTC. R
Build the dynamical matrix: D;;(k) = mlimj ; C;iexp(ik - ry)
Calculate the phonon frequencies: det ’Dij(k) _ aﬂ(k)‘ — ()
Force constants for pure graphene from the literaturel3]

3. Project the phonons of the replica of the primitive cell in the supercell
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Results

Unit cell of graphene with one Ir atom:
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’ Ab-initio pure graphene

‘ Force constant model graphene on Ir

10x10 supercell of graphene on 9x9 Ir(1111) with 443 atoms with
corrugation:
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* Degeneracy of the ZO/ZA lifted

* First indication of the parallel phonon bands of a supercell
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Conclusions
* What the code can do:
— Easily tunable model
— Fast: 443 atoms 250 kpoints takes 26min on a desktop (serial)
— Get the force constants from fisrt-principles (ABINIT)
* Further research:
— Quantitative interaction for Ir-C in graphene Z
— Study different substrates M
— Study of the bandstructure
. s
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