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Alkyl chain length dependence of orientations of water molecules at
air/catanionic surfactant mixture solution interfaces observed by HD-VSFG
spectroscopy

oShinichi Sasaki, Masanari Okuno, Taka-aki Ishibashi
Graduate school of pure and applied sciences, University of Tsukuba, Japan

[Abstract] Equimolar mixtures of cationic and anionic surfactants (catanionic surfactants) are more
surface active than single ionic surfactants. Aqueous catanionic surfactant solutions form adsorbed
monolayers at lower concentration. Many studies of catanionic surfactant solutions have been reported.
However, the structures in the vicinity of air/catanionic surfactant solution interfaces, especially
orientations of water molecules are unknown. In this study, we have investigated orientations of water
molecules at air/SC,S:C,TAB (1:1) (Fig. 1) catanionic surfactant solution interfaces by heterodyne-
detected vibrational sum frequency generation (HD-VSFG) spectroscopy. This method has high
interface selectivity and capability to distinguish molecular orientations. Varying alkyl chain length of
compounds, we measured 12 aqueous catanionic surfactant solutions. Im[#*] spectra in the CH and
OH stretching regions indicate that adsorbed monolayers of catanionic surfactants induce orientations
of interfacial water molecules. Moreover, we found that orientations of interfacial water molecules are
independent of alkyl chain length of cationic surfactants but dependent on that of anionic surfactants.
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Application of heterodyne-detected vibrational sum frequency generation

spectroscopy to electrolyte solution/electrolyte interface
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3 Ultrafast Spectroscopy Research Team, RIKEN Center for Advanced Photonics (RAP),
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[ Abstract ] Heterodyne-detected vibrational sum frequency generation (HD-VSFG)
spectroscopy at electrolyte solution/electrode interfaces is realized for the first time. The study
of electrolyte solution/electrode interface is important to consider the working mechanism of
energy device such as Li-ion battery. However, the molecular-level picture of electrolyte
solution/electrode interfaces is still unknown because methods to measure molecules only at
those interfaces are limited. HD-VSFG spectroscopy, which is one of the interface-selective
measurements, has been used for air/liquid interfaces, but not for electrolyte
solution/electrode interfaces due to IR absorption by the solvent. In this work, we overcome
that problem and applied HD-VSFG to electrolyte solution/electrode interfaces.
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Fig. 1 (@) Imy@and (b) | x?]* spectra of 0.1 M LiCF3SOs acetonitrile solution / platinum interface at
various electrode potential.
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[Abstract]

The structures and orientations of Langmuir films, formed by 1-dodecanol on water
surface, were investigated by using molecular dynamics (MD) simulation and computational
analysis of sum frequency generation (SFG) spectroscopy. A general model of long-chain
alcohols was proposed on the basis of charge response kernel theory. The present model is
constructed with parameters for constituent functional groups, and can be readily extended to
analogous alkyl molecules. Using this model, molecular orientation, disorder and SFG spectra
of Langmuir films were analyzed. The results allow us to clarify microscopic relationship
between SFG spectra and molecular structure of Langmuir films.

[Introduction]

Amphiphilic molecules with long-chain alkyl moieties, such as phospholipids, long-chain
alcohols and carboxylic acids, can form ordered monolayer structures on hydrophilic surface.
Such ordered structure is seen in Langmuir films, self-assemble monolayer, Langmuir-Blodgett
(LB) films, etc. The ordered structures are readily (often spontaneously) constructed, and
widely utilized for various devices or functionalized interfaces. Detailed structural
characterization of these film is important to understand the properties, though available
techniques to characterize such wet and soft interfaces are rather limited.

The sum frequency generation (SFG) spectroscopy has been used to investigate Langmuir
monolayers due to its highly surface sensitivity.[*l The SFG spectra are known to be sensitive
to molecular orientation and conformational disorder of alkyl groups in the Langmuir
monolayer. Reliable theoretical support to analyze the observed SFG spectra is essential to fully
extract the microscopic information of Langmuir films.

The quantitative analysis of C-H stretching band of Langmuir monolayers is quite
challenging to theoretical calculation. It requires an accurate model to describe symmetric
stretching, asymmetric stretching and Fermi resonance included in the C-H band. At the same
time, the contribution from different conformer should also be considered. We have developed
suitable molecular model of C-H groups in the case of small alcohols so far.>®! Based on these
development, the present work aims at proposing a general and transferable model for alkyl
molecules, and extend our methods to investigate the ordered and disordered structures of
Langmuir monolayers. This work will realize the computational analysis of C-H stretching
vibrational spectra of large organic molecules through MD simulation, and lead to further
computational studies of polymer and protein systems.

[Model and Method]



In this work, we chose 1-dodecanol [CH3(CH2)110H] as target molecule. In reliable MD
simulations of SFG spectra, molecular modeling is of key importance. The polarized model is
based on charge response kernel (CRK), which can be obtained from ab initio calculations.
However, it is time consuming to perform quantum mechanical (QM) calculations on large
molecules, especially when different conformers are involved in systems. In this case, we
proposed a systematic method to obtain the polarizable parameters from ab initio calculations
of small molecules in training set (ethanol, propanol and butanol). The proposed strategy takes
account of possible conformers, and allow us to theoretically investigate the C-H stretching
SFG spectra of large organic molecules. It can also be readily transferred to other large
molecules with acceptable computational cost.

[Results and Discussion]
Table. 1. Calculated molecular properties of alcohols.

Density(g/mL) AH, (kcal/mol) Surface tension (mN/m)
Cal. Exp. Cal. Exp. Cal. Exp.
ethanol | 0.774(0.003) 0.785 10.18(0.23) 10.12 23.7(4.0) 22

propanol | 0.799(0.002)  0.799 | 11.40(0.19) 1135 22.7(42) 233
butanol | 0.797(0.002)  0.806 | 12.79(0.21)  12.52 21.9(4.1) 24.9
octanol | 0.802(0.003)  0.822 | 15.53(0.26)  16.98 27.6(5.5) 27.1

First, MD simulations for bulk and interface of ethanol, propanol, butanol and octanol
liquid were carried out to validate the performance of the presented model. The calculated
molecular properties, such as density, heat of vaporization and surface tension are in good
agreement with experimental results (Table 1). The SFG spectra of target molecules were also
calculated and compared  with
experimental data (Figure 1). Exp. Cal.
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Figure. 1. Calculated and experimental™ ssp-SFG
spectra of alcohols.
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Solvent extraction mechanism studied by vibrational sum frequency
generation
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[Abstract] Liquid-liquid solvent extraction is a significantly important technique for the
separation and purification of metals. Metals dissolved in aqueous phase are extracted to
organic phase through the formation of metal complexes with a specific kind of ligands,
so-called extractants. Generally, extractants such as tributyl phosphate (TBP) are surface
active because of their amphiphilic nature, hence they come to the organic/aqueous interface
and the interface is considered to be the site where the complex formation between metals and
extractants occurs. However, it is difficult to observe metal complexes at the interface and
understand solvent extraction mechanism taking place at the interface, partly because metal
complexes transfer to organic phase after the complex formation at the interface. Recently, we
were able to trap a metal complex at the interface by excluding the organic phase to prevent
the metal complexes at the interface from transferring to the organic phase, and successfully
investigated the structure of the interfacial metal complex using vibrational sum frequency
generation (VSFG) spectroscopy.[1] By applying this technique to the system of the uranyl
(UO,%") extraction by TBP, we investigated its solvent extraction mechanism.
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Molecular theory of the surface tension minimum of the electrolytes
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[ Abstract] The electrolyte surface tension exhibits a characteristic minimum around a
concentration of ImM for all ion types, known as the Jones—Ray effect. We show that a
consistent description of the experimental surface tension of electrolytes is possible by
assuming charged impurities in the water with a surface affinity typical for surfactants.
Comparison with experimental data yields an impurity concentration in the nano-molar range,
well below the typical experimental detection limit. Our modeling reveals salt-screening
enhanced impurity adsorption as the mechanism behind the Jones—Ray effect: for very low
salt concentration added salt screens the electrostatic repulsion between impurities at the
surface, which dramatically increases impurity adsorption and thereby reduces the surface
tension.
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Figure 1. (a) Surface tension of electrolyte solutions. The symbols are experimental data [1,2] and the lines are
linear fits. The surface tension is linear with respect to the salt concentrations, and the linear coefficient is
strongly ion-specific. (b) Averaged linear coefficients [3] are plotted with respect to the types of cations and
anions. The series of surface affinity of ions are distinct, and hydronium is strongly adsorptive to the surface. (c)
Surface tension of NaCl solutions showing the Jones-Ray effect. The symbols are experimental data [6,7]
whereas the lines are calculated by the mean-field theory of the surface tension. (d) Surface potentials of
air-electrolyte interface as a function of the added salt concentration.
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BETHY, BERLERICEIBHITH LW EE X BN 5, Fig 1d IZIEAH O &
IZ X > TAEUTZRmEN % NaCl JRE DO E L TXIR LT, HRENAE/RFRCIX
FKEBEMPET I VAL ML RESZ ERNboTz, Z OB B IKIIAHY O BT
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Bromination and coupling reaction of perylene molecules on a Au(111)
surface

oOsamu Endo?, Wang-Jae Chun?, Masashi Nakamura®, Kenta Amemiya®*, Hiroyuki Ozaki®
!Department of Organic and Polymer Materials Chemistry, Faculty of Engineering, Tokyo
University of Agriculture and Technology, Japan
2International Christian University, 3-10-2 Osawa, Mitaka
Tokyo 181-8585, Japan
3Department of Applied Chemistry and Biotechnology, Faculty of Engineering, Chiba

University, Chiba, Japan

“*Photon Factory, High Energy Accelerator Research Organization (KEK-PF), Institute of

Materials Structure Science (IMSS), Japan

[Abstract] Interactions of bromine with perylene molecules in a monolayer on a Au(111)
surface have been studied by the polarization dependent X-ray absorption spectroscopy near
the carbon K-edge (C K-NEXAFS). The perylene molecules are laid flat on the Au(111)
surface in the monolayer and change the orientation upon bromine dosage. The characteristic
1s — singly unoccupied molecular orbital (SUMO) transition is observed as a result of the
sufficient amount of bromine dosage, which indicates the charge transfer or hole injection.
After heating at 600 K, the low-energy shift of the absorption edge and the decrease of the
first absorption peak are observed, which reflect the coupling reaction of the perylene
molecules.

[F] REOHFETF— N Ch DT T 7 = TR N FEEICES L SBEE 2
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Molecular modification of graphene on metal surface for
catalytic activity control

oTomohiro Fukushima, Hidetaka Hasebe, Kei Murakoshi
Department of Chemistry, Faculty of Science, Hokkaido University, Japan

[ Abstract] Here, we show that graphene metal interaction can be modulated by the
molecular modification at surface. Graphene on gold surface was synthesized by chemical
vapor deposition. Crystallinity of graphene was characterized by Raman spectroscopy.
Molecular modification of graphene/gold was accomplished by the electrochemical oxidation
phenylhydrazine under electrochemical potential control. Successive introduction of defective
sites were confirmed from Raman spectroscopy and Cu under potential deposition. It was
found that gold surface was not exposed even after electrochemical modification, suggesting
the formation of sp> defect site. These defects can introduce the strain of graphene at metal
surface and modulating the interaction between graphene/metal interface. Importantly, we
found that molecular modification at graphene/metal surface resulted in the control of
electrocatalytic activity. Rate-limiting step for electrocatalytic hydrogen evolution reaction
can be modulated after the molecular modification confirmed from steady-state Tafel plots.
These results showed that importance of the electronic interaction of graphene/metal and
catalytic activity, which can be controlled by molecular modification.
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Figure 2. Tafel plots of graphene/Au (black square), 0.4
mC-cm”-deposited Ph-graphene/Au (red circle), and 0.9
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Theoretical Study on C-H Bond Activation of Methane on Metal Oxide
Surface

oYuta Tsujil, Kazunari Yoshizawa!
Institute for Materials Chemistry and Engineering, Kyushu University, Japan

[Abstract]

Methane strongly adsorbs on the (110) surface of IrOz2, a rutile-type metal dioxide. Its C—H
bond is facilely dissociated even below room temperature, as predicted in a few theoretical
works and actually observed in a recent experimental study. Thence, three questions will be
posed and answered in this talk: First, why does methane adsorb on the IrO2 surface so
strongly? Second, why is the surface so active for the C—H bond breaking reaction? Third, is
there any other rutile-type metal dioxide that is more active than IrO2? One will see that a
second-order perturbation theoretic approach of molecular orbitals is successfully applied to
the analysis of the electronic structure of methane, which is found to be significantly distorted
on the surface.
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Theoretical study on dehydrogenative conversion of methane
to higher hydrocarbons by liquid indium

Yuki Ohtsuka!, Akira Nakayama', Yuta Nishikawa?, Hitoshi Ogihara®,
Ichiro Yamanaka?, oJun-ya Hasegawa!
! Institute for Catalysis, Hokkaido University, Japan
2 Department of Chemistry and Materials Science, Tokyo Institute for Technology, Japan
3 Department of Chemistry, Kobe University, Japan

[Abstract] Conversion of methane to valuable hydrocarbons is one of the designable
alternative to petrochemical production of higher hydrocarbons. Recently, Yamanaka et al.
reported direct dehydrogenative conversion of methane to higher hydrocarbons by liquid
metal indium [1]. They examined various transition metals and post-transition metals as the
catalyst and found that indium gives the best yields. Indium has the low melting point (430 K)
among the metals and is in liquid state at the experimental temperature (1173 K). In this study,
the mechanism of the reaction was investigated with density functional theory (DFT)
calculation and DFT molecular dynamics calculation (MD). The result of MD calculation at
1173 K shows that the gas / liquid interface is rather disrupted, and low-coordinated indium
appeared at the interface. DFT with cluster model calculations were performed for the
methane C-H dissociation process and found that the reactions with In> and In3 cluster are
exothermic and slightly endothermic, respectively. The reason of the smallness was
interpreted by the orbital interaction. Blue-moon ensemble calculations were performed for
activation free energy of the later steps. The result shows that ethane formation with
Langmuir-Hinshelwood type mechanism would be most favorable.
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Fig. 1. Snapshot of ab initio MD Fig. 2. Orbital correlation diagram of In, — CH4 interactions at
calculation for gas / liquid interface at transition state structure.
1200 K.
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Trapping and Accumulating Processes of Photogenerated Electrons in
Powder Photocatalysts
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! Graduate School of Engineering, Toyota Institute of Technology, Japan

[Abstract]

The behavior of photogenerated charge carriers on anatase and rutile TiO, powders were
investigated by time-resolved absorption spectroscopy. In the case of anatase TiO, powders,
free electrons survive longer than ms, and cw-light irradiation causes accumulation of free
electrons in a few seconds. However, in the case of rutile TiO,, most of the electrons are
deeply trapped at the mid-gap states within a few ps. Cw-light irradiation rapidly increases the
deeply trapped electrons but it takes hundreds of seconds for the accumulation of free
electrons in rutile TiO, powders. The difference of accumulation processes of free electrons
are caused by the difference in the depth of the mid-gap states between anatase and rutile.
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Fig. 1 Transient absorption spectra of
anatase (A) and rutile (B) TiO, powders
photocatalysts excited by 355 nm (6 ns)
laser pulses.
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Fig. 2 Decay curves of transient absorption at
15000 and 1000 cm™ of anatase (A) and rutile
(B) TiO, powders irradiated by 340 nm
cw-LED light.
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