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Visualization of delocalized unoccupied states of rubrene film on graphite
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[Abstract]

Rubrene ultrathin films on graphite substrate have been investigated by a combination of
two-photon photoemission (2PPE) spectroscopy and low-temperature scanning tunneling
microscopy/spectroscopy (STM/STS). By comparing with 2PPE results, we have assigned
two unoccupied electronic states in STS spectrum as a molecular level (Ln level) derived
from a diffuse molecular orbital and the first image potential state (IPS) on the rubrene film,
respectively. Spectroscopic maps based on the constant-current STM technique have shown
low contrast LDOS landscape of the Ln level extending over the film. The image is similar to
the IPS which has 2D free-electron-like behavior on the surface. It is in contrast to those of
other molecular-derived states which show strong contrast on the molecular site. This
difference of spatial feature indicates delocalized nature of diffuse molecular orbital-derived
Ln level and localized nature of typical molecular states.
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Fig.1 (@) STM image of a rubrene film.
1 and 2 ML domains coexist in this frame.
(b) Averaged dz/dV spectra taken on 1 ML
(red) and 2 ML (blue) regions, at
corresponding color crosses in (a). The
inset is the calculated diffuse molecular
orbital.
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Fig.2 (a) Constant-current STM image of a
2 ML rubrene film taken by sweeping the
sample bias continuously. The image is
flattened for clarity to remove the tilt in the
image. (b) dz/dV spectra taken on the same
region of (a).
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F|93 dz/dV maps based on different
methods taken on a 2 ML rubrene film at the
energy corresponding localized molecular
derived level ((a),(c)) and delocalized Ln
level ((b),(d)). Subtraction-method was used
for (@) and (b), Modulation-method was
used for (c) and (d).
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