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Solid—State PCET Behaviors of Mixed-Valence Re(III)Re(IV) Complex
Connected with One Complementary Hydrogen Bond
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[ Abstract]

Proton coupled electron transfer (PCET) plays an important part of biological reactions in
proteins. In the previous study, we have succeeded in synthesizing a dimer complex with a
Re""/Re"Y mixed valence state linked by NH--N type hydrogen bonding of 2,2'-biimidazolate
monoanion (Hbim ), [Re™'CL(P"Pr3)2(Hbim)][Re' CLy(P"Pr3)2(bim)] (1). The temperature
dependence of ESR spectra for 1 suggested intervalence charge transfer.From the analysis of
single crystal neutron diffraction, the proton on the NH...N hydrogen bonding is considered
to fluctuate along a wide single-minimum-like potential curve. These showed the existence of
moving electron and proton on the hydrogen bonding, and hence 1 exhibits PCET
phenomenon.In order to investigate the PCET behavior of 1 from a kinetic aspect, we
replaced proton on the hydrogen bonding with deuteron, and compared the results of isotope
shift in IR spectrum and single crystal X-ray structure analysis.
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Exploration of Degenerated Neutral Radical State

Based on a Nickel Dithiolene Complex
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[Abstract] n-Conjugated molecular materials with hydrogen-bonded lattice have attracted
much interest because they have a potential to exhibit unique physical properties derived from
proton-coupled electron transfer in solids. Among such materials, quinhydrone complex
composed of hydroguinone as a proton-electron donor and 1,4-benzoquinone as a
proton-electron acceptor has a potential proton-electron transfer (PET) phase under high
pressure, consisting of degenerated neutral radical molecules. In the PET phase, electrical
conductivity, magnetism, and dielectricity are expected to coexist. However, there are few
materials that have the PET phase under ambient condition due to the instability of the state.
In this study, we have focused on nickel dithiolene complexes, because of their multi-redox
properties as well as their ligand-based protonation/deprotonation properties, both of which
could have a favorable effect on the emergence of the PET state. Theoretical and experimental
investigations revealed the stabilization of the state by an introduction of cyano groups to the
nickel dithiolene complex. In this work, we discuss chemical and physical properties of a
proton-electron donor molecule and its PET state.
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[ Abstract] To examine the sensitivity of the charge ordered wholly tetrathiafulvalene (TTF)
radical salt, (TMTTF);[TTF(CO;)4sHz] (1) to the external stimuli, the electrical resistivity
measurement of 1 was carried out under the acidic condition. The decrease of the resistivity
by three orders of magnitude in 3 seconds was reproduced in the H,SO4 aq. (10" mol/L). The
surface color change during the measurement was attributed to the electrodecarboxylation of
the [TTF(CO;)sH,] which was detected by the decay of the Raman bands assigned to
[TTF(CO,)4H,] and the growth of those corresponding to TTF. The crystal growth under the
acidic condition was also examined and a new polymorph of (TMTTF),[TTF(CO,)sH,] was
obtained. In the new polymorph, inter-columnar relationship was turned from herring-bone
into parallel one. Based on the structural comparison with two polymorphs of neutral TMTTF,
it was concluded that the observed polymorphism was dominated by the TMTTF molecule.
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Fig. 1. The molecular structures of the donors in 1.
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[Abstract] A heterometallic one-dimensional chains, where several kinds of metal are
regularly aligned, are expected as new material for novel magnetic properties, because
combination of metals is various. Previously, we have succeeded in obtaining heterometallic
one-dimensional chain, where trinuclear complex [Pt;Cu(NHz3)s(piam)s](PFe), (piam =
pivalamidate) and [Rh2(O,CCHz3)4] are aligned with metal-metal bond. In this study, we will
report a novel one-dimensional chains aligned as —Rh-Rh-Pt-Co-Pt—, discussing metal
oxidation and spin states based on ESR, XPS, and magnetic susceptibility measurements.
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Evaluation of Physical Properties for High-Entropy-Alloy Thermoelectric
Materials by Simulation
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[Abstract] Thermoelectric and mechanical properties of high-entropy alloy (HEA) models
with Cu atoms into (Bi,Sb)2(Te,Se)s system have been analyzed through molecular dynamics
and first-principles simulations. In the molecular dynamics simulation, atomistic
Bis2ShsTessSe1oCus HEA models including more than 10* atoms were introduced under the
three-dimensional periodic boundary condition, and the isothermal-isobaric (NPT) ensemble
was adopted for melting, cooling, and annealing of HEA models using appropriate emperical
interatomic potentials. Some fragments of the models were extracted after annealing, and the
density-functional-theory calculations were carried out for the analysis of the electronic states
of these HEA fragments and nanostructures. The time evolution of molecular dynamics
processes and physical properties such as the Seebeck coefficients, phonon diffusion, and bulk
moduli of the models shall be discussed from the view point of molar entropy of mixing.
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Fig. 1. Temperature (blue line) and example of ASmixP (green
line) with 512 regions for a BizSheTessSe19Cus HEA model in the *
melting, cooling, and annealin% processes. Red line indicates the
ideal maximum value of ASmix" for this model.
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[ Abstract]

Lead triiodide perovskite APblz such as MAPbIz and FAPbIs is one of the fundamental
materials showing panchromatic coloration, ambipolar transport and good charier mobility. Its
derivatives by A-site substitution have been investigated and developed for controlling
bandgap. One of the most important role of A-site cation is deforming the Pbls framework.
On the other hand, the electronic structure of A-site cation has not been focused so far,
although some inconsistent between the experimental results and our knowledge has been
reported. For example, the experimentally observed bandgap of the Csxy MA1«Pbls shows that
the lattice parameter decreases with Cs ratio but the bandgap increases. It is explained as the
bandgap of CsPbls is larger than that of MAPDbIz but theoretical understandings from
electronic structure of A-site cation have not been provided. To open the potential of
applications using perovskite, further controlling of the band gap is needed. In this work, we
elucidate the cation effects on the bandgap of cubic lead triiodide perovskite by using Cs™,
MA™ and FA".
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[ Abstract] The electronic structures and absorption spectra for mixed crystal of three model
dimers (X, a and B-type) using lithium phthalocyanine (LiPc), iron phthalocyanine (FePc) and
the others were investigated by the DFT calculation. The difference in the SOMO-SOMO
overlap is important in estimating the possibility of molecular design of mixed crystal
structure. In the X-type model dimer using LiPc and FePc, intermolecular interaction between
n-orbital (SOMO) of LiPc and d-orbital (SOMO) of FePc was confirmed. In the B-type model
dimer using LiPc and FePc, the SOMOs overlap poorly with each other due to the tilt angle.
We have attempted the film-forming method by co-evaporation for the X-type model dimer.
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19 nEF & RIEMEORV Figure 1. Crystal structures of LiPc
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Figure 3. Optimized geometry of B-LiFe dimer.
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[ Abstract] In alternators used for automotive electrical instruments and auxiliary devices, it
is known that an internal bearing breaks prematurely due to a hydrogen brittle flaking. It is
considered that the flaking mechanism is caused by decomposition of lubricant in the bearing
and penetration of a part of the generated hydrogen into the steel. However, the mechanism of
the hydrogen generation has not been clarified yet in detail. Therefore, in the present study,
we targeted two kinds of commonly used lubricants in order to examine that mechanism by
computational approaches. More specifically, we estimated their Gibbs free energies of
dissociation reaction, hydrogen elimination reaction, and hydrogen production reaction from
the results of QM calculations. As a result, it was found that the activation free energies we
obtained in the hydrogen generation mechanism of the two lubricants corresponds to the
experimental results of the hydrogen generation amount by the vacuum sliding test.
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Fig. 3 Predicted hydrogen generation mechanisms of (a) ADE and (b) PAO

Table 1. Gibbs free energies of each state from the initial state to the final state (kcal/mol)

Lubricants Initail state After bond disociation After H desorption TSstate  Final state
o ADE_ o 00 ST &1 20 622
PAO 0.0 52.0 81.6 88.6 61.6
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[Abstract]

We previously reported the Imx(z) (imaginary part of X(Z), the second-order nonlinear
susceptibility) spectra of water at the air/water and Nal aqueous solution interface in the bend
region. They exhibit positive peaks at ~1660 cm™, and we concluded that the HOH bend band
arises by the quadrupole mechanism that is beyond the conventional dipole approximation. In
this study, we measured Imy® spectra in the HOH bend region at various charged surfactant
and lipid monolayer interfaces. We found that the HOH bend vibrations at all these interfaces
exhibit positive peaks, irrespective of the sign of the charge of the head group, and that the
peak positions are different at different monolayers. This observation indicates that the Imx(z)
spectrum in the bend region appear with the quadrupole mechanism but it originates from the
water at the interface.

[Introduction]

Molecular-level understanding of structure and dynamics of interfacial water is of
particular importance in fundamental and applied sciences. The structure and dynamics of
water at air/water and charged interfaces has been intensively studied by measuring the OH
stretching vibration of water using vibrational sum frequency generation (VSFG)
spectroscopy [1]. However, the interpretation of OH stretch spectra is often complicated due
to the Fermi resonance between the symmetric OH stretch vibration and the overtone of the
HOH bending mode. Unlike the OH stretch band, the bending mode of water is free from
such coupling and can provide complimentary information to that obtained from the OH
stretch band. Vibrational spectra of the bending mode of water at the air/water interface and
the aqueous interface of negatively charged sodium dodecylsulfate (SDS) were measured by
using conventional VSFG spectroscopy [2,3]. The homodyne VSFG and previous MD
simulation studies [3,5] claimed that the interfacial water molecules with “H-down” and
“H-up” orientation show positive and negative peaks, respectively, in the bend region. A
serious drawback of conventional VSFG is that it can only provide spectra of the absolute
square of . The [y® spectra obtained with conventional homodyne detection is heavily
deformed due to the interference between the resonant peak(s) and nonresonant background,
which makes interpretation difficult and often generates misunderstanding. Unlike the
conventional VSFG, heterodyne-detected VSFG (HD-VSFG) enables us to obtain Imy®
spectra, which is free from spectral deformation by nonresonant background and provide
direct information about the vibrational resonance of interfacial molecules [1]. We previously
reported for the first time an experimentally obtained Imy® spectrum of the air/water
interface in the HOH bend region [4]. The observed Imy® spectra of water at the air/water
and negatively charged Nal aqueous solution interfaces show positive bands at 1660 cm™ and
the intensity of the Imx(z)spectrum of Nal aqueous solution interface is larger than that of the
air/water interface, which is inconsistent to the flip-flop orientation of surface water
established in the OH stretch region. These observations were elucidated by calculating
quadrupole contributions beyond the conventional dipole approximation.

Here, we extend our study on the bending mode to various charged interfaces for



obtaining deeper understanding about the quadruple mechanism of water bending mode.

[Methods]

The optical setup for HD-VSFG measurement was described in detail previously [4].
Briefly, a narrow-band visible 1 pulse (795 nm, s-polarized) and a broadband infrared ®;
pulse (1500-1900 cm™, p-polarized) were first focused into a y-cut quartz crystal and then
onto the sample surface to generate sum frequency (w1 + ®,, S-polarized). The former SFG
generated from the y-cut quartz was used as a local oscillator (LO) and passed through a glass
plate (2 mm) to be delayed with respect to the latter SFG generated from the sample interface.
The two SFG beams are collinearly guided into a polychromator where they were dispersed
and temporally stretched to produce interference fringes in the frequency domain. The
interference fringes were detected by a liquid-nitrogen cooled CCD. The Fourier analysis of
the interference fringe from the sample combined with the calibration using the reference
z-cut quartz allow us to obtain complex spectra of the second-order nonlinear susceptibility

2).
X()

[Results and Discussion]
Figure 1 shows the experimentally obtained " ! T

Imy® spectra of HOH bend at the air/ water 0'5—_/\ DPPG
interface as well as positively charged (CTAB and 0.0 |== A,
DPTAP) and negatively charged (SDS and DPPG)
monolayer/water interfaces. The Imy® spectra in this 05 DS 4

Figure reveal two important features of the bend
band of water. First, the bend band show positive
peaks at all charged interfaces, irrespective of the
sign of the head group. This provides a strong
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evidence for that quadruple mechanism gives rise to T ;

the Imy'® band of water in the bend frequency region, E o5t CTAB -
being consistent with our previous conclusion [4]. 00 N
The second key feature of the Imy® spectra is that '

the peak amplitude and frequency position are 051 H,0
different for different monolayer. This spectral i
change indicates that the Imy"® spectrum in the bend 00F . -
region somehow represents the properties of the 1600 1700 1800
interfacial water, even though it has the quadrupole o, frequency (em

origin. This implies that the origin of Imy? in the ® _

bend region is interface quadrupole induced by the % L Tmx” spectra of the air/ water
gic quadrup : y (H,0) (Black), CTAB/H,O (Red),

large gradient of the electric field at the interface. We  DPTAP/H,0 (Green), SDS/H,O (Blue),

discuss the mechanism in detail in the poster. DPPG/H,O (Magenta) interfaces in the
HOH bend frequency region. Solid lines
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Construction of a near-infrared ultrabroadband multiplex CARS

spectrometer for total internal reflection measurement
oMasayuki Ishikawa, Masanari Okuno, Taka-aki Ishibashi
Graduate School of Pure and Applied Sciences, University of Tsukuba

[ Abstract]

We have constructed a near-infrared ultrabroadband multiplex CARS spectrometer for
measuring CARS spectra of the vicinity of solid/liquid interface in the total internal reflection
(TIR) geometry. We used a nanosecond 1064 nm microchip laser as the pump laser and a
supercontinuum (SC) generated from a photonic crystal fiber as the Stokes laser. Owing to the
ultrabroadband SC (600—-1900 nm), the spectrometer can excite multiple vibrational modes in
the spectral range of more than 2500 cm™!, simultaneously. As a test measurement, a CARS
spectrum of a CaFz/ethanol interface was successfully obtained in the CH stretching region
(2750-3050 cm ™). The incidence angles of o, and , laser beams were 73.4° and the estimated
depth of the probed volume was about 150 nm. This spectrometer will be applied to TIR-CARS
measurement of lipid bilayer membranes at solid/liquid interface.

[Flat—L b7 F A= A T< AL (CARS) 23 1A TIE, 2 DO —H—¥ (R
7w, Ah—7 2K w,) FRFE B I OZE M E RS D REHI IR L, 34T 2IEEK
20,—wy D T HEMHT 5, 00, BDERE T T OT7 < ARHIRENIE — R OIREIFQE— 2
T HEXIIGHIIAE T KT D700 2O FmEREF AL TRENV O EEITHOZENT
&2, EWERRH (TIR) Big:i%a CARS /0 YEiEIGH 528 T il e R rot M
ELTCIRE T DER IR ST 5 O FEIR D A DIREN AT MV A2 Y BH TEHT L
DHIFRFSND, AWFZE Tl BRI 50 CARS 43 YGRIE DT DT iRIMVE IR
Wik~ /LT 7Ly A CARS 3 IR EZREEE LT, EEE L 7o 2518 1 T wr YEIZI R 2500
em' ZHADA—/NN—a T 4= a— LR EHNTEY, ERS V7 e
225 750-3050 cm ' \ZOTC DAV BHEIL CIREN SR NELII CEL T2 MR LT, &6
2. CH h#EIEENfEEL (2750-3050 cm ') IZDOW T, CaF,/ =& /— )L { A5 TIR-CARS
AR MVEAGDHI IR,

(a) ;’f50 mm f10 mm 4 f 50 mm {b) ‘g
polychro-| " [\ |l ) : Il:?lsgopnargs fiter i
mator VIl . flip.mirror ——
w, w,eut filter ™/ Q XY,z Stage airfliquid
c \___-“ z . Notch filte f 150 mm interface
f100 mm yé X 8=73.4 A ®20 mm
) NdYAG ‘:]3 /o (C) H
microchip laser Photonic Crystal Fiber  supercontinuum 00 mm $
1064 nm 1 M =1 \/2 plate [ ]
~1ns, 3kH | 7 id/liqui
=050 nm £500 mm solidiliquid
long pass filter interface

Fig. 1. (a) Experimental setup of the near-infrared ultrabroadband multiplex CARS spectrometer.
Experimental geometries measured for (b) air/liquid interface and (c) solid/liquid interface in TIR.
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Analyses of potential-dependent local structure and dynamics of
interfacial ionic liquids on organic semiconductors
using molecular dynamics simulation

oTaiki Sato!, Hiroo Miyamoto?, Ichiro Tanabe!, Kouji Inagaki?,
Yoshitada Morikawa?, Ken-ichi Fukui®
! Graduate School of Engineering Science, Osaka University, Japan
2 Graduate School of Engineering, Osaka University, Japan

[ Abstract] Electric double layer formed at the ionic liquid/organic semiconductor interfaces
effectively induces career accumulation, which realizes very low operating voltage of organic
field effect transistor. However, molecular behavior at the interface has not been fully
understood. In this study, we performed classical molecular dynamics (MD) simulation to
analyze the local structure and dynamics of ionic liquid (BMIM-TFSI) at the interfaces. It was
found that BMIM cations and TFSI anions on the fullerene (Cso(111)) electrode are localized
at hollow sites surrounded by three Ceso molecules and atop sites above a Ceo molecule,
respectively, at negative potential. At positive potential, ions of opposite charges were
localized at these sites. In contrast to this checkerboard-like structure on the fullerene
electrode, interfacial ionic liquid on the rubrene electrode showed higher mobility with rather
random configuration regardless of the electrode potential.

[FE] A A kR E AR LTI SN TR Y . S e M0 AHRERIR
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Determination of injection barrier at metal/organic interface

using accumulated charge measurement
oAkinari Ogino?, Toshiaki Tanimura®, Takeshi Komino!, Tokuji Yokomatsu?,
Kazusuke Maenaka?, Hiroyuki Tajima®
! Graduate School of Material Science, University of Hyogo, Japan
2 Graduate School of Engineering, University of Hyogo, Japan

[Abstract] In organic thin film device, a charge injection barrier formed by organic
semiconductor/ metal contact interface is an significant parameter. In general, it is estimated
indirectly by spectrometry (e.g., photoelectron spectroscopy). In contrast, we reported an
Accumulated Charge Measurement (ACM) method, which can measure the charge amounts
directly to real device structure, recently. The charge injection barrier can be estimated with
some approximations by means of the method. In this study, we report the result about the
characteristics of metal-free-phthalocyanine/Ag interface measured by the ACM method. The
device structure is a capacitor consisting of Al/SiO2(120nm)/H2Pc(80nm)/Ag. The device
was fabricated from H2Pc and Ag evaporated under a vacuum on the Al/SiO2 substrate. As
the result of the measurements, the hole injection barrier was estimated to be approximately
0.3 eV, and built-in-potential was about 0.4 eV. These values are consistent with of the
reported work functions, while the electron injection barrier was not observed.
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Charge Separation of Excitons on the Heterojunction
of a Perovskite Thin Film

Yuki Saito', Kotaku Ideshima®, Ayano Higashimura®, oKoichiro Mitsuke™?
! Department of Chemistry, Josai University, Japan
2 Graduate School of Science, Josai University, Japan

[ Abstract] Transient luminescence from the photoelectric conversion electrode of the
perovskite solar cell was investigated by time resolved dispersed fluorescence spectroscopy. A
TiO, compact layer c-TiO, was deposited by aerosol spray pyrolysis on a cleaned transparent
conductive glass FTO. The dimethylformamide solution of Pbl, was dropped on the c-TiO,
film followed by spin coating. The substrate was dipped in a 2-propanol solution of CH3NHsl,
resulting in change into CH3NH3Pbl; crystal. Three different materials were interfaced to the
perovskite by spin coating: Poly(methyl methacrylate), phenyl-Cg;-butyricacid methyl ester
(PCBM, the electron-transporting material), or spiro-OMeTAD, the hole-transporting material.
We performed time-resolved single photon counting for observing luminescence at ~ 800 nm
from the excitons produced by 470 nm laser irradiation. The results suggest that the excitons
generated in the perovskite layer have sufficient diffusion length to reach the interface where
the excitons are quenched either by the electron- or hole-transporting materials.
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— VBT % & PRRS T,

[ Introduction]

Because of the rapid increase in their photovoltaic conversion efficiencies, a number of
groups are hastening research and development on perovskite solar cells [1]. It has been
accepted that the mesoporous TiO, layer is not essential for high-efficiency solar cells, since
the carrier lifetime and diffusion length of lead halide perovskite are expected to be long
enough to realize charge separation at the heterojunction. In the present study, transient
luminescence from the photoelectric conversion electrode of the perovskite solar cell was
investigated by time resolved dispersed fluorescence spectroscopy to determine the diffusion
lengths and lifetimes of lead halide perovskite.

[ Experimental methods]

Transparent conductive glass (FTO) substrates were cleaned by ultrasonication in deionized
water and ethanol. A TiO, compact layer c-TiO, was deposited on FTO by aerosol spray



pyrolysis at 500°C using 2-propanol
solution of titanium diisopropoxide
bis(acetylacetonate), TPA.

For the cell fabrication a
mesoporous TiO, layer containing 15-
and  25-nm-sized  particles  was
deposited by spin coating of a TiO,
paste diluted in ethanol. This TiO,
layer was subjected to calcination at
500°C. For luminescence spectroscopy
deposition of the mesoporous TiO,
layer was omitted.

The dimethylformamide solution of
Pbl, was dropped on the TiO, film
followed by spin coating at 6500 rpm.
After drying at 70°C for 30 min. we
dipped the substrate in a 2-propanol
solution of CH3NHzl to synthesize
CH3NH3Pbls. Three different materials
were interfaced to the perovskite by
spin coating chlorobenzene solution of

Part of a TCO™! was protected by a masking polyimide sheet
(Reserved for an anode contact area)

$

Aerosol spray-pyrolysis of TPA*2 on a hot TCO surface

Remove the masking and
Sintering at 500°C

Spin coating of TiO, paste*? diluted in ethanol at 1000 rpm
‘ Sintering at 500°C
Mesoporous TiO, film was infiltrated with Pbl,* by spin coating

Annealing at 70°C for 30 min.
TCO glass was dipped in a CH;NH;l solution®

‘ Rinsed with 2-propanol and dried
HTM"® was deposited by spin coating at 4000 rpm

$

Gold was deposited by vacuum evaporation on the top of
the cell to form the back contact (cathode)

Remove the masking and give a solder as the anode contact

Scheme 1. Fabrication process of perovskite solar cells.

(1) poly(methyl methacrylate), PMMA, (2) phenyl-Cg1-butyricacid methyl ester, PCBM, or
(3) spiro-OMeTAD, that is the hole-transporting material.

We performed time-resolved single photon counting for studying luminescence from
exciton generated in the perovskite layer. A 470 nm laser beam with an 86 ps pulse width was
impinged on a photovoltaic electrode at 45 MHz repetition rate. Luminescence was dispersed

by a monochromator and detected
with a streak camera synchronized
with the laser. The photon counts
were accumulated as a function of
the luminescence wavelength and
delay time after photoexcitation. The
fluorescence decay curve was
obtained by integrating the counts
over the wavelength range of from
780 to 820 nm.

[Results and Discussion]
Fig. 1 shows the decay curves for
the photoemission from perovskite
on c-TiO, covered with PCBM
(upper) and spiro-OMeTAD (lower).
In the case of the perovskite covered
with PMMA, laser impinging the

250 T T T T T T T T T T T 90
Perovskite on ¢-TiO, |
1 ° spiro-OMeTAD
200 = PCBM {60

g

s

Luminescence intensity / arb. units
8

500 1000 1500 2000 2500 3000
Time after photoexcitation, ¢/ ps

Fig. 1. Time-resolved photoluminescence decay of the
perovskite on compact TiO, layer interfaced with
spiro-OMeTAD and PCBM.

sample gave rise to a rapid increase in the luminescence intensity but it leveled off and no
transient decay has been found until at least 5 ns. These results suggest that the excitons
generated in perovskite have sufficient diffusion length to reach the interface where they are
quenched either by electron- or hole-transporting materials.

[ Reference]

[1] J. Burschka et al. Nature 499, 316-319 (2013).
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Theoretical study of the solvent structure around solid/liquid interface
with DFTB and 3D-RISM
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[ Abstract]
Recently, there is a great attraction of the device including organic semiconductor and solvent
layer. Awaga group at Nagoya University reported the liquid/solid interface in the device is
important to the device performance. However, understanding the interface at atomic level is
not achieved. Moreover in our system, the number of organic molecular and solvent
molecular is significantly large. Conventional methods, such as molecular dynamics and DFT
etc., cannot be applied to our system because of their computational costs. Thus we developed
a method to reduce the costs by combining DFTB and 3D-RISM based on statistical
mechanics. As a result, we obtained solvent structure around organic layer. Furthermore
electronic structure of the organic layer made a charge density deviation from solvent
structure.

[F]

T, By Tl S EEN A D SN2 T A ANREFER SN TRBY, tEEL
RN T UV AE R ENIEEEINTWS., L DT A AMREA A E ST A T7-01Z,
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DRIZEHEEND D FENIEFIZEZ N & DRERDOE EINBEEESS B %2 H
WZERIIREECH 5. £ 2T, BEEULBIEIE R (DFTB) ¥4 & k7 i -5<
3D-RISM ZflAaabd s 2 & T, ZOBRMNEAITOREERE & SRR O R
LAJUZBITAIRDEFENEZBH LML L9 ERlAT-.
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Fig. 1 Model of the photocell.
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[1] T. Fujimoto, M. M. Matsushita, K. Awaga, J. Phys. Chem. C, 116, 5240-5245(2012).
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lon species dependence of hysteresis behavior at the interfaces of
Pt electrode and ionic liquids
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[Abstract] lon adsorption/desorption at electrolyte/electrode interfaces is of fundamental
importance in electrochemistry due to its critical role in the electrochemical reactions. The
applied potential dependence on the typical electrolyte/electrode interface structure has been
well-explained by theoretical models, such as Gouy-Chapman-Stern (GCS) model. On the
other hand, room-temperature ionic liquids (RTILs), which are salts in a liquid phase at room
temperature, exhibit unique ion adsorption/desorption hysteresis at the electrode interface,
which cannot be explained by conventional models including GCS model. Such hysteresis has
been considered to be due to large potential barrier in the ion exchange between Stern layer
and diffuse layer under high ionic concentration, but the reason is still unclear. In this study,
we examined the ion species dependence of the hysteresis in the ion adsorption/desorption
behavior at the RTIL/Pt electrode interfaces by infrared-visible sum-frequency generation
(IV-SFG) vibrational spectroscopy. We found that the anion adsorption/desorption hysteresis
strongly depends on both the anion and cation species, indicating that the ions in the diffusion
layer, as well as that at Stern layer, highly contributes to the hysteresis behavior at the
electrochemical interfaces of RTILs.

[FE] A A ik & I3 E R CliikRiEZ 24 5 TH Stern Diffuse

V| ERUCTF O TITEBEA 5 F 72 BT a7 BT & layer: A 'ayi
mg_a D TUND, %’iflﬁ%}im%k Lcmmzn BT A@ A

B 1L AR EE R E B B AW - T 9‘ 2 Ah

H’Ef@j] % Gouy-Chapman-Stern (GCS) &7 /L (Fig. 1)
e SN B A BT 7L 2 ISR S LT A‘@M@A FoX
i gy A AT A o - B [fom D A@A AG)A
BED BALIS B\ ET L TR TE VR 6&
AT Y ¥ AHEBSEBRA RS NF[L2], S UL _@A@A o 4

A AR DJLHUE L K E B (Stern JE) & Fig. 1.T3}pical GCS model structure.
DB TOA T AW R T 2 v )VFERENTFET D

ZEICHET S ETHIENTOAMN[R]. b AT U U REENCET S LR - BERAR
FEDORNENG, EEOHERNIKRIZH TR, £ 2T, AMFETI3ER - FLmiuH
PRIREN 53 1L T d D ARSI - AT R E I F AR IR E 7 OlE (IV-SFG) & -V T A A kAR
RS RIS B D BASE DA A R A 70 L, BRI —E B & iEalE
WCHFET DA A FEEE AT U A EOMEMEZRFTL2ZE2ZENE LT,
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T D 53 1R R 2 AT E . Fig. 2. Energy diagram of SFG.
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T=. SFG JIE MBS T BRI THIR S h., 1R (;7 ()
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FEM - AgIAQ[OTAZ &M A AV -, ERALFAHEKLNSFG  F pthf
I D AN LB AL I & A 7 2 HZ-5000 (AL L
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[22 k) Fig. 4. SFG spectra of [TFSA]™ anion at Pt interfaces of

Csmim][TFSA] and (b) [P14][TFSA].
[1] W. Zhou et al. Electrochem. Commun. 12, 672 (2010). (&) [Camim][ 1and (b) [PL4][ ]
[2] K. Motobayashi et al. J. Phys. Chem. Lett. 4, 3110 (2013).
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Unveiling the role of hydration during the interfacial transport process of
hydrophilic ion using free energy calculation
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[Abstract] In this study, we calculated the multidimensional free energy surfaces of ion
transport through liquid-liquid interfaces. The calculation revealed the hydration status of the
interfacial ions and evaporation kinetics of hydration along the diffusion in the oil phase. The
role of evaporation Kkinetics in relation to the efficiency of the interfacial transport is discussed
in details, and thus the catalytic effect of water during the interfacial transport process of
hydrophilic ions is elucidated.

[Introduction] Recent experimental measurement of interfacial kinetics using micropipette
apparatus revealed that even a trace amount of water dissolved in the hydrophobic phase brings
about remarkable facilitation for the ion transfer from the water phase to the hydrophobic one,1
but the mechanism of this phenomenon is still unsolved. In order to understand the mechanism
of facilitation of ion transfer process, we use molecular dynamics (MD) to look into
microscopic details of the ion transport process near the interface.

[ Method ] The transport process of hydrophilic ions through water-oil interface is
accompanied with characteristic transient structural fluctuation of water molecules near the
interface, called “water finger”. The interfacial transport is properly described with two
coordinates: the distance between ion and the interface z, and the water finger coordinate w to
account for the status of “water finger”.? We calculated the 2D free energy surface along z and
w using the Hamiltonian replica exchange molecular dynamics (HREMD).

The MD simulation was carried out with CI™ ions through the interface between water and
1,2-dichloromethane.  The distribution of hydrated ion clusters with different hydration
number immediately after the break of “water finger” is retrieved by analyzing the trajectory of
HREMD simulations. The free energy profiles with restricting the hydration number to a
specific value in the exit channel are also calculated.

¢ Present affiliation: Toyota Central R&D Labs., inc.



[ Result & Discussion] The calculated 1D free energy curves along z under different
conditions are shown in Fig 1. Each curve in the figure has a break point in the oil region
(z=10~30 A) where the water finger is broken. The n=0 and n=1 curves in Fig. 1 show the
free energy curves with restricting the exit channel to a specific number of hydration n,
indicating that the water finger tends to last longer when the break generates a naked ion (n=0)
or a small cluster (n=1). Figure 2 shows the distribution of clusters with different hydration
number immediately after the break of “water finger”. The nascent clusters tend to have more
hydrated water than that in the equilibrated bulk oil.> The subsequent kinetics of water
evaporation/adsorption should take place after the break of water finger, and the kinetics
competes with the diffusion and the recapture by the water finger. The comprehensive picture
of the kinetics of hydrated ion clusters is proposed in the presentation.

—n=0 -
St —a 015 v
E . —w. f. formed o
] 0.1 — N=5
2 20 & N=6
S— — =T
2 10 0.05 N=8
— N=9
0 - é\_‘k___ — N=10
0 10 20 30 40 0
. 0 10 20 30 40
z(A o
(4) 2(A)
Fig 1. 1D free energy curves under different Fig 2. The distribution of clusters with
conditions. The green line is the ordinary different hydration number immediately
curve. The red line represents the situation after the break of “water finger”.

when “water finger” keeps being formed.
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Theoretical study on charge separation process in organic semiconductors
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[Abstract] A bulk-heterojunction structure is often employed to develop high-performance
organic photocells, in which the donor and acceptor regions are complexly intertwined. In
such situations, the mesoscopic-scale islands and peninsulas that compose the donor materials
may be formed in the acceptor region. Alternatively, the donor region may extend deeply into
the acceptor region. This yields mesoscopic-size impurities in the charge separation (exciton
dissociation) process of organic photocells and prevents the dissociation of excitons
(electron—hole pairs). In this work, we first discuss the mesoscopic-scale impurity effect on
the charge separation process in PCBM acceptor models by considering the hot CT state and
dimensional effects. Then, we also inspect vibrational energy relaxation in bulk PCBM and
related materials in acceptor regions, which may have importance in understanding
vibrational energy dissipation in our model.

[7]
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Surface treatment of Ag nanowire for surface enhanced Raman scattering
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[ Abstract]

Surface enhanced Raman scattering (SERS) is a promising way to unveil the behaviors of
drug molecules in a living cell. We recently developed the method to insert plasmonic Ag
nanowire (AgN'W) probe in the cell to obtain SERS signal. One way to increase the sensitivity
of AgNW as an endoscopic probe is to fabricate AgNW with rough surface. Here, we show
the method for etching of AgNW to form the rough surface. AgNWs are placed in ethylene
glycol solution of Ag(NO3) and stirred at 80 °C. As reaction time passes, the faceted pits are
generated on the surface, resulting in the formation of AgNW with rough surface (etched
AgNW). SERS signal from etched AgNW is investigated to understand the effect of surface
roughness on SERS.

[F]

RS w7 FUNY =Y AT AOBRICEN T, B/ L~V TOMIN 04y 11
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Fig.1. Scanning electron microscope images of Ag NWs after etching.
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Fig.3. (a) SERS spectrum of AgNW before and after
etching. The red arrow indicates the peak used for intensity
mapping. (b) Mapping of Raman intensity of etched Ag

nanowires.
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Preparation of gold nanoparticles coated with a flavonoid compound
and dispersibility controls of them

oKazuyuki Hino, Eri Tsunoda, Fumine Nishio, Aoi Fujita, Ruriko Shibata
Department of Chemistry, Aichi University of Education, Japan

[Abstract] We have prepared gold nanoparticles (diameter of 2, 5, 20 nm) coated with a
flavonoid compound (alkyl chain length of C3~C10). Fluorescence spectra of them show
stronger quenching with larger particle diameter and shorter chain length. On the other hand,
under pH 3, 7, and 11, absorption spectra of them show a red shift of ~100 nm because of
aggregation. We confirmed the reversibility of dispersion and aggregation by changing the
pH.
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