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Abstract

The author has used first-principles calculations to analyze systematically the electronic structure for benzene and pentacene adsorbed
on noble metal surfaces to investigate the formation factors of the interface dipole which affects the carrier injection barrier. The van der
Waals density functional can reproduce the experimental adsorption energy, whereas usual methods cannot. Although it is difficult to
estimate the adsorption distance using only calculations, the adsorption distance is deduced from the experimental work function change.
The calculated electronic structures at the deduced distance are consistent with the experimental results of photoelectron
spectroscopy, indicating the validity of the method for deducing the adsorption distance. The results for the adsorption distance and the
electronic structure infers that for benzene and pentacene molecules adsorbed on Ag and Au, physical factors dominate the formation

factors, whereas for pentacene molecules adsorbed on Cu, chemical factors also contribute to them.
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Fig. 1 Energy band diagrams at organic/metal interface (a) before and (b) after
contact
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Table 1 Surface unit cell, number of layer in slab and adsorption site

goo gooo oooboOo |oo0obo |oboobo
Cu(111)
gooo Ag(111) 3x 3 6 fcc hollow
Au(l111)
Cu(11l) | O@3x v7
ooooo Ag(111) O6x V7 4 hcp hollow
Au(lll) | O6x V7

020 0O00000Ag(11)0O0DOOODOOO0OO0
Fig. 2 Plane view of pentacene/Ag(111) system
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Table 2 Adsorption distance (Z°*) and adsorption energy (E.) for benzene on

metal surfaces calculated by using GGA and vdW-DF along with
experimentally-observed Eyq
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Zea [nm] | Eaq[eV] | 2% [nm] | Ead[eV] | Ead [eV]
Cu(111) 037 -0.050 037 -0.55 -0.58
Ag(111) 037 -0.061 037 -0.49 -042
Au(111) 0.37 -0.068 0.37 -0.55 -0.60
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Fig. 3 Work function change as function of Z for benzene/noble metal
systems
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Fig. 4 Work function change as function of Z for pentacene/noble metal
systems
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Table 3 Deduced adsorption distance (Z*) in benzene/noble metal and
pentacene/noble metal systems

0g oooo ooooo
Zded [nm] Zded [nm]
Cu(111) 0.29 0.24*
Ag(111) 0.33 0.34
Au(111) 0.31 0.33
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