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Plasmonic Enhancement of Two-Photon Photoemission by Ag Nanoclusters
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[Abstract] The electronic field enhancement with a localized surface plasmon resonance
(LSPR) at silver nanoclusters (Ag, NCs) has been probed by two-photon photoemission
(2PPE) spectroscopy, which sensitively observes an effective electron excitation with an
irradiated pump photon. To evaluate the LSPR property of Ag, NCs for the deposited phase,
we have soft-landed Ag, NCs size-selectively on a functional organic substrate composed of
Ceo fullerene. The total 2PPE intensity derived from the photoexcited electron is enhanced by
a factor of ~10, when a small amount (0.2 monolayer equivalent) of Ag>1 NCs are deposited
on the topmost of the Ceo substrate. From the light polarization and photon energy dependence
of 2PPE measurements, it is revealed that the 2PPE intensity enhancement is reflected with
LSPR property on the Agz1 NCs. The size effect of LSPR properties will also be discussed.
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[Abstract]
Unoccupied states of semiconductors are relevant to the electron conduction. The most direct
and thorough information about the unoccupied states can be obtained by inverse
photoelectron spectroscopy (IPES), which can be regarded as the time-inversion process of
photoelectron spectroscopy (PES). However, the cross section of the IPES process is 5 orders
of magnitude smaller than that of PES, which impedes the wide use of IPES. In this study, we
employ the surface plasmon resonance (SPR) of metal nanoparticle to enhance the signal
intensity of IPES. This was, however, impossible because the photon energy involved in
conventional IPES exceeds 9 eV and is much higher than the SPR energy of existing materials.
In 2012, we developed low-energy IPES (LEIPS), in which the photon energy is less than 5
eV, which can be matched with the SPR energy. We demonstrate as much as 5-fold
enhancement of the LEIPS signal from an organic semiconductor by SPR of Ag nanoparticles.
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Fig. 1. Principle and experimental setup of low-energy inverse photoelectron spectroscopy (LEIPS).
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[ Abstract] We summarize recent progress in experimental approaches to the
investigation of the unoccupied electronic structures of organic ultrathin films, based on
a combination of spectroscopic and microscopic techniques. On the occupied valence
bands of the films, it has been extensively studied for a variety of organic molecules.
However, systematic investigations of unoccupied electronic states still have been
challenging. In this context, we have clarified the correlation between geometric and
electronic structure using a combination of two-photon photoemission (2PPE)
spectroscopy and scanning tunneling microscopy (STM). These findings, with a
spectroscopic and microscopic understanding at the level of molecule, will provide
fundamental insights into desirable electronic properties at organic/substrate interfaces.
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Relationship between beer surface structure and foam stability
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[Abstract] An aspect of beer quality generally considered to be or major importance is the
presence of a stable and attractive head of foam. It was believed that the formation and
stability of foam was related with the hydrophobic proteins and hop derivative isohumulones.
In this study, we report the structure of beer surfaces and their relationship with the stability of
the beer foam using sum-frequency generation spectroscopy.
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[Abstract] Sum frequency generation (SFG) spectroscopy is a unique optical method
widely utilized for studying molecular science of interfaces. Recently, contribution of the
third-order nonlinear optical susceptibility () to SFG is actively discussed from the
experimental and theoretical viewpoints. This x® contribution may spoil the interface
selectivity of SFG, because y** is nonzero in the isotropic bulk. Here we report how to
estimate the x® contribution in heterodyne-detected SFG spectra of charged lipid/water
interfaces.
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Vibrational relaxation time of OH stretch at the air/H,O interface: Reliable
determination through the hot-band by time-resolved vibrational

sum-frequency generation spectroscopy
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2 Ultrafast Spectroscopy Research Team, RIKEN Center for Advanced Photonics (RAP),
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[Abstract] By using time-resolved heterodyne-detected vibrational sum-frequency generation
(TR-HD-VSFQG) spectroscopy, we examined the dynamics of the hot-band of the OH stretch
mode at the air/H>O interface, and evaluated its vibrational relaxation (T1) time of interfacial
water molecules. Compared to the bleach band, the hot band region is free from the
thermalization signal and hence its analysis can provide more reliable T time. The interfacial
T times obtained with three different pump IR frequencies at 3300, 3400, and 3500 cm™ were
in the range of 0.3-0.4 ps, which are similar to those in bulk H>O. We concluded that there are
no drastic pump frequency dependence in T; time of hydrogen-bonded OH at the air/H,O
interface although it was reported recently (van der Post et al. Nat. Commun. 6, 8384 (2015).)

[Introduction] Water is one of the most common and important substances we can encounter
on the earth, and it mediates many of biological and atmospheric phenomena.
Heterodyne-detected sum-frequency generation (HD-VSFG) spectroscopy has successfully
revealed microscopic structure of interfacial water distinct from bulk by directly providing
spectra of second-order susceptibility, %® [1]. Dynamics of interfacial water molecules such
as vibrational relaxation and spectral diffusion are also important in the fundamental aspect,
and they can be different from bulk water dynamics because the truncated geometry of
interface may significantly affect vibrational energy relaxation process. Previously, the Bonn
group and we reported remarkably different vibrational relaxation time (Ti) of
hydrogen-bonded OH at the air/H>O interface based on the analysis of the recovery of the
bleaching of the OH stretch mode: The Bonn group reported substantially large T, time (~0.7
ps) for the high-frequency side (weakly hydrogen-bonded water) excitation [2] while we
reported T time to be ~0.4 ps with no drastic excitation frequency dependence [3]. In order to
solve this discrepancy, we evaluated the T; time of the OH stretch vibration of interfacial
water by measuring the decay of the vibrationally excited state (i.e., hot band) of the OH
stretch vibration in this study. This measurement is complementary to that in the bleach band
region but the analysis can be more straightforward because the hot band appears in the lower
frequency region where the ground-state OH stretch band does not give any signal so that it
can be separated from the signal due to thermalization (hot ground state).

[Methods] Our setup of TR-HD-VSFG has been described elsewhere [3]. Briefly, two probe
beams: ®~795 nm NIR (~24 cm™! in bandwidth) and ®,~3 um IR (~300 cm™ in bandwidth),
are focused on 10 um thickness y-cut quartz generating the local oscillator. Then, ®1, @2 and
local oscillator are refocused on the sample surface. In addition, the pump IR beam (®pump)
having bandwidth of ~150 cm™ is focused and spatially overlapped with the w; and ; probe
beams on the surface. The time delay between IR pump and probe beams is scanned by a
motorized mechanical stage. The generated SF signal is filtered by 750-nm shortpass filter
and sent to a nitrogen-cooled CCD (10:2KB-dll) through polychromator (SP-2300i) for



obtaining time-resolved spectra. Polarization of incident and SF lights are S-, S-, P-, and
P-polarization for SF, m1, w2, and pump, respectively.

[Results and Discussion] Figure 1 shows Almy® spectra of the air/H,O interface in the
frequency region corresponding to the hot band of the OH stretch mode. At 0.0 ps, the band
center of the hot band (negative sign) observed by 3500-cm™ excitation is more blue-shifted
compared to the bands obtained with other two pump frequencies, due to the inhomogeneity
of hydrogen bonding of interfacial water. After 0.5 ps, the spectral features in the Almy®
spectra measured with three different wpump frequencies almost converge to each other in the
frequency region of <3050 cm™ due to effective spectral diffusion [4], although the spectra
are different in the region of >3050 cm™! because of different magnitude of the thermerization
signal. To avoid this thermalization contribution, we integrated the -Almy® from 2900 to
3050 cm! in the o, frequency region to evaluate the T; time (Figure 2). For the three ®pump
frequencies, the Ti times deduced from the fitting analysis lies between 0.3 and 0.4 ps,
showing no significant mpump dependence within the error. This result is fully consistent with
our previous analysis in the bleaching region. Therefore, we concluded that the T; time of
hydrogen-bonded OH stretch mode at the air/water interface is 0.3-0.4 ps with no drastic
®pump dependence.

Air / H;0 — vpump = 3300 cm’’ Air/HO  — vy, =3300 cm’’
- _ -1
Voump = 3400 cm’” Vounp = 3400 om’
3 oo — Voump = 3500 cm” — Vpump = 3500 cm
© 0'00 Steady sthte : !
— 0 — =
QH -0.01 - =
£ -1.0 ps - =
- 2
-0.5 ps - &
= +0 =
il e E
? +0.1 ps <
2 [ —— | o
° +0.3 ps g— %
‘_- _—-_“-———\-—/_‘ ©
5 [10Sps g
© L=
- +0.7 ps ——
8, 7
£ e s 00 03 06 09 12 15
+1.5 ps / Pump-probe IR time delay (ps)
——
| 1 1

. ®) -
2900 3000 3100 3200 Fig. 2. Integrated(-AImx ) for 2900—3050 cm !
probing region (square symbol). Solid lines
are convoluted exponential fitting curves.
Offset is applied for clear visibility of curves.

Probe IR frequency (cm’1)

Fig. 1. TR-HD-VSFG spectra of air/H,O interface
in the region of OH stretch hot-band including
the tail thermalization region.
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Dependence of the ferroelectricity of ice on substrate investigated by
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[ Abstract] Properties of thin films are modulated by growing the films on different
substrates. We used crystalline-ice films on Pt(111) substrate as a model system to investigate
the ferroelectricity of thin films of molecular aggregates. Using sum-frequency generation
spectroscopy (SFG), we investigated the ferroelectricity of crystalline-ice films deposited on
clean Pt, CO/Pt and O/Pt substrates. On clean and CO-deposited Pt surfaces, net-H-down
ferroelectric ice films are grown, while orientationally disordered paraelectric ice film is
grown on O/Pt surface. The net-H-down orientation of the first-layer water molecules is
propagated to multilayer on clean Pt and CO/Pt, resulting in the growth of ferroelectric ice. In
contrast, the mixed layer of H,O and OH formed at the ice/Pt interface has no anisotropy
along the surface normal, resulting in the growth of paraelectric ice. We also explored the
ferroelectric-paraelectric transition of the ice films on clean Pt and CO/Pt. The second-order
transition takes place on clean Pt, while the two-step first-order transition occurs on CO/Pt
substrate.
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[Abstract]

The acrylate-type polymer is widely used polymeric materials, and possesses transparency,
softness, and weather resistance characteristics. Poly (2-methoxyethyl acrylate) (PMEA) and
Poly (methyl methacrylate) (PMMA) are representative acrylate polymers. Although PMEA
shows blood compatibility in a human body, its molecular mechanism has not yet become clear.
In this study, we focus on molecular structure at the PMEA/HOD and PMMA/HOD interfaces
by molecular dynamics (MD) simulation. First, we develop classical force fields of monomer
consisting of side chain of each polymer in a hydrated condition so as to reproduce radial
distribution function (RDF) and vibrational density of state calculated by ab initio molecular
dynamics (AIMD). Next, we calculate molecular structures and vibrational sum frequency
generation spectra at PMEA/HOD and PMMA/HOD interfaces by classical MD (CMD)
simulation. Vibrational spectrum characteristic to each polymer interface and its relation to
interfacial structure are discussed.
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