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Electronic structure of picene crystalline films on Cu(111) studied
by UPS, MAES, and first-principles calculation
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Shigeru Masuda®
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[Abstract]

Picene (C22H14) is a potential organic semiconductor due to a high carrier mobility (3.2
cm?V1s?) and chemical stability. The electronic properties at picene/metal interface play an
important role in change transport, however, the details have been scarcely investigated both
experimentally and theoretically. In this study, the electronic structure of picene thin films on
Cu(111) was investigated by UPS, MAES, and first-principles calculation. At multilayer
coverage, the HOMO band in the UPS spectra split into two peaks, reflecting the structural
transition to a crystalline phase during film growth. The MAES spectrum of picene multilayer
on Cu(111) shows that the © bands are stronger than the o bands, which enables us to clarity
all the = states (from HOMO 11 to m1).
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Interfacial n-x interaction-induced delocalization of molecular orbital and
electron-phonon coupling
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[Abstract] Hexa-peri-hexabenzocoronene (HBC), one of archetypal polycyclic aromatic
hydrocarbons, can be regarded as a molecular unit of graphene because of its molecular
structure. In the present work, we discuss the electronic structure of the HBC monolayer on
the single-layer graphene and the single-crystalline graphite studied by using angle-resolved
photoemission spectroscopy (ARPES) with synchrotron radiation. From the photoemission-
angle dependence of ARPES, we found that the highest-occupied molecular orbital (HOMO)
of HBC shows the E-kj dispersion, which is not observable for other organic monolayers on
graphene and graphite. The observed dispersion can be ascribed to the molecule-substrate
orbital hybridization due to the hetero n-n electronic coupling at the interface. Furthermore,
the HOMO peak exhibits the kj-dependent electron-phonon (e-ph) coupling. The observed
e-ph coupling in the HOMO peak might be related to the anti-bonding or bonding character in
the HOMO-band dispersion.
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Vacuum level shift at Alqs/LiF/Al interfaces: a first-principles study
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[Abstract] Work function changes [vacuum level shifts (4vis)] in Al(001) surfaces by the
adsorption of thin layers composed of Alqs [Algs = tris(8-hydroxyquinolinato)aluminum] and
LiF are theoretically investigated. First-principles calculations reasonably reproduce
experimental values of AvLs, enabling us to discuss underlying mechanism. The dipole moment
of Algs and interfacial charge rearrangement (Pauli push-back effect) are main reasons for Avis
at Al(001)-Algs and AI(001)-LiF interfaces, respectively. For a stacked Al(001)-LiF-Alqgs
layer configuration, theory suggests a more complicated picture, which takes charge
rearrangement between LiF and Algs into account, than a simple sum of contributions from the
two layers.
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Fig. 1. (a) Electrostatic potential profile for an Al(001)-Algqs interface. (b) Plots for the AI(001)-Algqs interface:
electron density difference Apaiq3 along surface normal (top), displaced charge O(z) (middle) and net change
in the potential energy V(z) (bottom). In the bottom plot, potential drop from left to right is the bond dipole
(BD). (c) Potential profiles for clean Al(001) (top), Alqs (middle) and BD [bottom, same as that given in (b)].

[2& 0]
[1] Braun, S.; Salaneck, W. R.; Fahlman, M. Adv. Mater. 2009, 21, 1450.

[2] Yanagisawa, S.; Lee, K.; Morikawa, Y. J. Chem. Phys. 2008, 128, 244704.

[3] Otani, M.; Sugino, O. Phys. Rev. B 2006, 73, 115407.

[4] Heimel, G.; Romaner, L.; Brédas, J.-L.; Zojer, E. Phys. Rev. Lett. 2006, 96, 196806.
[5]

5] Yokoyama, T.; Yoshimura, D.; Ito, E.; Ishii, H.; Ouchi, Y.; Seki. K. Jpn. J. Appl. Phys. 2003, 42, 3666.



3A04
BEOHMICL S5 R xRBRYERE TONFEEFEEIOFHIMH
"RV EMEERT, PR
OfiH f— "' BH B FE wx'

Control of Photoinduced Electron Transfer at the Interface between
Heterogeneous Two-Dimensional Layered Materials
by Applied Electrode Bias
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[Abstract]

Hetero-interface systems consisting of two-dimensional (2D) layered materials have been
extensively investigated in relation to the development of optical and electronic devices. To
reveal their electronic functions, it is required to clarify the details of the electronic structure
under the applied bias and the photoinduced electronic interactions at the atomically-thin
interfacial region. Our group has developed the first-principles computational program named
SALMON for electron dynamics of nanostructures. By using the program, we elucidate the
optical and electric properties of a MoS,-Graphene heterostructure. It is found that the
electron transfer from graphene to MoS; is induced by the photoexcitation, and can be readily
controlled by an applied bias voltage. This electron transfer strongly depends on the details of
the electronic structure in the interfacial region. It is revealed that the photoexcitation of this
heterostructure causes the electron dynamics inherent in atomically-thin interfacial regions.
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In-situ ultra-low frequency SERS observation of electrode surfaces

Motoharu Inagaki, Kenta Motobayashi, oKatsuyoshi Ikeda
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[Abstract] Surface-specific vibrational spectroscopy is recognized as a powerful tool for
in-situ observation of electrode/electrolyte interfaces. = However, terahertz (THz) or
far-infrared (FIR) absorption spectroscopy is hardly applicable to in-situ observation of such
“buried” interfaces, especially for detecting low frequency extramolecular vibrations with rich
information on electrode/molecule interactions. On the other hand, surface enhanced Raman
scattering (SERS) spectroscopy has a potential advantage in detecting such low frequency
vibration modes even under electrochemical conditions. Based on recent technological
advancements in fabrication of optical notch filters, we have extended the detectable
frequency range of SERS into the ultra-low frequency region. Moreover, this ultra-low
frequency SERS was combined with sphere-plane type gap-mode SERS method, which
enabled us to conduct SERS spectroscopy even at atomically defined single crystalline
surfaces of various metals. In this talk, we discuss the mechanism of SERS effect based on
ultra-low frequency observation.
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Fig. 1. Surface enhanced Raman spectra  of

4-methylbenzenethiols on roughened Au surfaces measured
using conventional notch filters (Gray shaded spectrum) and
volume Bragg grating filters (blue and red lines for anti-Stokes
and Stokes branches).
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A D-n-D dye that exhibits remarkably different excited-state behaviors
under interface and bulk environments

oMasaaki Mitsuit, Yasushi Takakura®, Yoshiki Niihori, Masashi Nakamoto?,
Yutaka Fujiwara?, Kenji Kobayashi?
! College of Science, Rikkyo University, Japan
2 Graduate School of Science, Shizuoka University, Japan

[Abstract] We undertake an ensemble and single-molecule spectroscopic investigation into
the photophysical characteristics of a highly fluorescent D-n-D chromophore (DPB-2)
embedded in a polystyrene (PS) film or adsorbed at a PS-glass interface. In the PS film, the
DPB-2 single-molecules exhibited similar fluorescence properties to those in nonpolar
solutions. Remarkably, the single-molecule fluorescence lifetimes of DPB-2 at the PS-glass
interface was much longer than those in the PS film. Experimental and theoretical
considerations suggest that fluorescence emission of DPB-2 in the PS film occurs from the
symmetric quadrupolar state formed through planarization, whereas such conformational
relaxation is prohibited at the interface due to the strong physical constraint and
surface-induced symmetry-breaking occurs in the adsorbed D-n-D dye molecules.
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Control of the single-molecule conductance of Ceo

oHaruna Cho?, Shintaro Fujiit, Manabu Kiguchi?, Yoshifumi Hashikawa?, Yasujiro Murata?
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[Abstract] Fullerenes and endofullerenes have attracted wide attention due to their unique
structures, electronic properties, and potential applications in nanoelectronics and
nanotechnology. Endohedral fullerenes containing metal atoms are generally more reactive,
either thermally or photochemically, than the corresponding empty fullerenes, because of the
small HOMO-LUMO gaps. Electronic properties of individual endohedral fullerenes, thus,
remains largely unsolved. Here, we investigate single-molecule transport properties of the
individual endohedral fullerenes of HO@Cso and Li*@Ceo by performing single-molecule
measurement based on the break junction technique. The single-molecule conductance of
H.0@Cso sandwiched by Au electrodes was found to be comparable to that of empty Ceo. On
the other hand, the inclusion of the Li* atom into the Ceo cage leads to 2-4 fold increase in the
single-molecule conductance. Analysis in |-V characteristics based on the Landauer—Bdttiker
formalism revealed that the conductive character of Li*@Ceo is due to the closer-lying
transport channel to the electrode potential.
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Fig. 1. Conductance histograms for the single-molecule junctions of (a) Cso, (b) H2O@Cso, (C) Li*@Ceo.
Peak positions are indicated by arrows. The single-molecule conductance was determined to be Gu=
34mGo, GL=3mGo for Ceo, GH=27MGo, G =3MGo for H,O0@Cesy, and Gu=74mGo, GL=10mG, for
Li*@Cso.
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Fig. 2. Examples of current versus bias voltage characteristics for (a) Ceo, (b) H2O@Cqo, (C) Li*@ Ceo.

[ 3C#k]
[1] M. Koike, S. Fujii, H. Cho, Y. Shoji, T. Nishino, T. Fukushima, M. Kiguchi, Jpn. J. Appl. Phys, 57, 03EG05
(2018).
[2] Y. Isshiki, S. Fujii, T. Nishino, M. Kiguchi J. Am. Chem. Soc. 140, 3760 (2018).



3A09

BuEE AV AREENEO— 7 FH
"B FER
ORI, KB, A%, SHAl, BRE, &0iEm

Single-molecule discrimination of neurotransmitters with machine learning

oYuki Komoto?!, Takahito Ohshiro!, Takayuki Takaai®, Takeshi Yoshida®, Takashi Washio?,
Masateru Taniguchi®
1 The Institute of Scientific and Industrial Research, Osaka University, Japan

[Abstract] Single molecule conductance measurement with the Break Junction (BJ)
method attracts attention for discriminating biomolecules such as DNA and peptides.
Discrimination of neurotransmitters is expected in a biomolecule where a new detection
method with BJ method. Discrimination between neurotransmitter serotonin and dopamine is
essential for understanding nerve actions. However, these two neurotransmitters cannot be
identified by conventional technique. In this study, we aimed to identify serotonin and
dopamine using the BJ method.

In the experiment, single-molecule signals were detected by the BJ method. Single-molecule
signals of serotonin and dopamine cannot be distinguishable by conventional conductance
histogram analysis. The signals were classified using a support vector machine. As a result,
we succeeded in discrimination with accuracy of 0.7 by using machine learning. Adding
standard deviation of current to features improves discrimination accuracy. Machine learning
was able to detect differences in behavior of molecules due to structures.
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Table 1 Confusion matrices of classifying of serotonin and dopamine

Predicted molecule

Features | Without standard deviation | With standard deviation
serotonin dopamine serotonin dopamine
True serotonin 0.73 0.27 0.74 0.25
molecule dopamine 0.38 0.61 0.27 0.72
F-measure 0.72 0.75

[2E 3]
[1] Y. Komoto et al., Sci. Rep. 6, 26606 (2016).
[2] M. Di Ventra and M. Taniguchi, Nat. Nanotechnol., 11, 117(2016).
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