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Abstract. We have shown, both experimentally and theoretically, that the metal-induced gap states
(MIGS) can exist in epitaxially grown organic-insulator/metal interfaces. The material chosen is
tetratetracontane/Cu(001) with a well-defined interface. The element-selective near edge x-ray absorption
fine structure (NEXAFS) exhibits a pre-peak indicative of MIGS. An ab-initio electronic structure
calculation supports the existence of the MIGS, and shows how the MIGS wave function looks like.

1. INTRODUCTION

It is well known that the characteristics of devices such as organic electroluminescence or organic
solar cells crucially depend on the energy-level alignment at the organic/metal interface. The band
alignment, as measured with photoemission spectroscopy and Kelvin probe, has been discussed for
explaining various effects. However, very little is known about the band alignment at organic / metal
interfaces. For inorganic-semiconductor/metal interfaces there is a mounting body of evidence that the
band alignment is determined by the interface states such as defects states or metal-induced gap states.
So the study of interface states at organic/metal interfaces should be imperative. Specifically, the
interface states at organic-insulator/metal interfaces are intriguing, since their band alignment cannot
be explained by simply assuming a common vacuum level. So the existence of the interface states is
suggested, while the simple band picture dictates that the states are irrelevant for insulator/metal
interfaces. So we look into this problem by combining experimental and theoretical studies.

2. EXPERIMENTAL

The experiments were performed with a UHV chamber at the
soft x-ray beam line BL-7A at the Photon Factory, Tsukuba.
Material chosen here is a typical organic insulator
tetratetracontane (TTC: CyHg). TTC was evaporated on
Cu(100) with the substrate temperature of 300 K in a Knudsen
cell. Real-time observation of crystallinity and orientation of the
films was monitored by the reflection high-energy electron
diffraction (RHEED).

Figure 1 shows the RHEED pattern for a 1 ML(mono-layer)-
thick TTC film grown on Cu(001). Clear diffraction patterns
were observed when the incident electron beam parallel to the
[110] azimuth of Cu(001), which indicates that a single-
crystalline TTC film grew heteroepitaxially on Cu(001) with its tTr1$CCungL\j\?r?tract; agi(ég)l).l -M:;
molecular long axis parallel to the [110] azimuth of Cu (001). incident electron beam is parallel to

Cu [110].

Figure 1. RHEED pattern for (a)
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The streaks in the RHEED pattern show that the 1 ML film was atomically flat, i.e., the
insulator/metal interface is indeed well-defined.

Figure 2 shows the polarization dependence of NEXAFS spectra for 1 ML-thick TTC/Cu(001)
together with that for a 25 ML thick layer TTC. A pronounced pre-peak appears just below the bulk
edge onset for the 1 ML TTC. Since NEXAFS qualitatively provides information on the density of
states of unoccupied states, the appearance of the pre-peak below the edge indicates that new states are
formed below the vacuum level and above the Fermi level. Since the interaction between the organic
molecule and the substrate is quite weak (~10 kJ/mol/CH, chain), which is in the physisorption rather
than chemisorption regime, the pre-peak observed by NEXAFS should originate not from chemical
bonds at the interface, but from the states formed by the proximity of the organic layer to a metal, i.e.,
metal-induced gap states in an organic material.

The pre-peak is greater for a grazing x-ray incidence than for the normal incidence, indicating that
the MIGS wave functions are oriented in the surface normal direction.

3. AB-INITIO CALCULATION

We have then performed a first-principles calculation based
on the density functional theory with pseudopotentials and
plane-wave basis. In the top panel of Figure 3 we show the
atomic configuration considered in the actual calculation. The
bottom panel of Fig.3 displays the local density of states at
Fermi energy, where we can see an amplitude having
significant magnitude at the interface and peaked at carbon
sites. This result supports the formation of MIGS at the
organic/metal interface. The MIGS wave functions are seen to
be oriented in the surface normal direction, which agrees with
the above experimental result.
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Figure 2. The polarization dependence of C-K edge NEXAFS spectra for 1 ML thick TTC/Cu(001) along with
that for thick layer TTC for comparison. The x-ray incident angles are 90, 55 and 30°. All the spectra are
normalized by their edge-jump.
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