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Surface States and Image Potential States at Pt(111)
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Graphene on Pt(111)

How are surface states on clean Pt(111) affected by a graphite monolayer?
Cf. Xe, heptane/Ag(111) etc.

Island of graphene on Pt(111)
. L | Unoccupied states of graphene?
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Experimental
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Sample preparation

[Graphite/Pt(111)]

1. Pt(111) cleaning

- Ar* ion sputtering

- Annealing

- O, treatment

2. C,H, dose @110K

3. Annealing to 900K or
1100K

The processes of 2 and 3 are
repeated to obtain high
coverage.



Image potential states

Binding energies of the image states :

E,—hv=0-E,(n)
0.85¢V
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(n+a)*

E,=693V(n=1) B

E =755V (=2 ~C

E,(n=1)=0.83eV

E (n=2)=0.21eV

d =481eV cf. 4.7¢V for
o Bulk graphite

(@ pi11y = 5-98eV)

a=0.012
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3PPE from clean & Graphite covered Pt(111) surfaces

3PPE spectra
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Calculations: Crystal-induced surface state

Numerical integration of the Schrédinger equation

The wave function in the sp-band gap :

y=e” clos(gz—o—z +38)

The wave function outside the crystal is numerically
integrated.

Potential energy:
z, <z :image potential

0 <z < z;: liner form connected
with the image potential
atz=1z,

Both wave functions are matched smoothly at the half an
interplaner distance from the surface.

Crystal-induced surface state:
= clean Pt(111) : -0.13 eV from E

=Graphene / Pi(111) : 40.77 eV from E_ (graphene layer
at 3.7 A, inner potential 14.5 eV with respectto E_ .
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Coverage Dependence of 3PPE Spectra
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The Particle-in-a-round-box model

W(r) o< Jj[z,, (r/a)]

. E(a) =22.03/a% [eV],
a : Radius of a graphene island[A] L

. Take the lineshape at 1 ML as a reference.
= The peak energy and the width

Least-squares fitting of the spectral lines (< 1 ML)
with

I[x]-constf 1 ¥ 1 Exp| {r-a)z]dlr
) 127 (x-cfxr?)+(y/f2)2 7w v w?




Island size distributions of graphene
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Summary

|. Three peaks are observed by three-photon photoemission from the graphene/
Pt(111) surface.

- The higher two peaks: image-potential states for n=1,2
= Local work function =481 eV.

- The lowest peak: an unoccupied sp-derived surface state of Pt(111) modified
by graphene.

2. The binding energy of the image-potential state (n=1) at graphene/Pt(111)
depends on the coverage of graphene.

- Using a particle-in-a-box model, the size distributions of graphene islands are
estimated.

3. Photoemission from the 6* state is missing. Why?
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