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Brownian motion probe for water-alcohol mixture system

oKazuki Furukawa!, Sumito Kuronuma?!, Ken Judai'
! Department of Physics, College of Humanities and Sciences, Nihon University, Japan

[Abstract] Brownian motion of polystyrene beads in water/alcohol (methanol, ethanol,
1-propanol, 2-methyl-2-propanol) mixture has been observed by microscope at 25°C. The
calculated viscosities from the Brownian motion showed good agreement with liquid shear
viscosity for pure water and high concentration alcohol aqueous solution (> ~30 mole %).
However, the Brownian motion probes in water/alcohol underestimate the shear viscosity
values, especially in low concentration region. This indicates that mixing water and alcohol is
inhomogeneous in micron-sized probe beads. The discrepancy between the mobility of
Brownian motion and liquid mobility can be explained by the way the rotation of the beads in
an inhomogeneous viscous solvent converts the translation movement.
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Figure 1. <x?> of the beads as a function of
time interval for 20wt% concentration of
ethanol at 25°C. The plots are observed
values by Brownian motion. The solid lines
are calculated from bulk viscosity [2].
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Figure 2. (a) Comparison of the calculated viscosity (plots) according to Brownian motion in various
water-alcohol concentrations with those of the macroscopic values (solid lines) at 25°C. (b) Ratios between the
microscopic viscosity calculated from Brownian motion and the macroscopic shear viscosity as a function of
ethanol weight concentration at 25.0 °C. The error bars indicate a 99% confidence interval.
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Structural fluctuation of supercritical xenon-krypton mixture
using anomalous small-angle X-ray scattering method

(OTakeshi Morita, Yoshitada Tanaka, Keiko Nishikawa
Graduate School of Science, Chiba University, Japan

[ Abstract] Fluctuation is a key concept for understanding structure of disordered systems.
Inhomogeneity of molecular distribution is discussed in terms of the fluctuations of number
density and concentration. Bhatia—Thornton theory has been widely applied for investigations
on the fluctuations of disordered binary systems. Based on the theory, the fluctuations are
evaluated from combination of scattering intensities and thermodynamic quantities. In the
case of supercritical solutions, we observed two peculiar behaviors in the concentration
fluctuations obtained from the theory. Determination of the fluctuations only utilizing
diffraction experiments was examined due to the issue mentioned above. We performed
anomalous small-angle X-ray scattering (A-SAXS) measurements using synchrotron
facilities. The A-SAXS experiments were carried out for xenon-krypton mixtures. The
concentration fluctuations of the supercritical mixtures were evaluated only utilizing the

diffraction experiments.
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Fig. 2. Correlation lengths of supercritical
Xe-Kr mixtures at 0.2 mole fraction of Kr
along an isotherm at 1.04 in reduced
temperature . The lengths for neat Xe along
an isotherm at the
temperature are also
comparison.[4]
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Operando Observation of Liquid and Liquid-Liquid Interface by
Soft X-ray Absorption Spectroscopy
oMasanari Nagasaka'~
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[Abstract] Soft X-ray absorption spectroscopy (XAS) is an element specific method to
reveal local structures of liquid samples. We have developed a liquid flow cell for XAS in
transmission mode, where the absorbance of liquid samples can be easily optimized by
controlling the liquid thickness. In aqueous pyridine solution, molecular interactions of
pyridine are measured by XAS in C and N K-edges and those of solvent water are observed in
O K-edge. We have also applied XAS to operando observation of chemical reactions in liquid
phase. The mechanism of electrochemical reaction is studied by Fe L-edge XAS of aqueous
iron sulfate solution by using an electrochemical cell. The phase transition mechanism of a
lower critical solution temperature in aqueous triethylamine solution is studied by spatially
resolved XAS of the liquid-liquid interfaces between water and triethylamine phases with
scanning transmission X-ray microscopy.
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Fig. 2. Energy shifts of the C1, C2, and
N peaks in aqueous pyridine solutions
from pure liquid pyridine as a function
of pyridine molar fraction.
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liquid-liquid interfaces between TEA
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140 nm. The inset shows the image at
530 eV, in which red arrow indicates
the measurement region.
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Ultrafast electron transfer reaction of dye in electron-donating solvent
probed by vibrational coherence
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Margherita Maiuri’, Gregory Scholes®, Hiroshi Miyasaka'
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[Abstract] Photoinduced electron transfer (ET) is one of the most important processes in
light energy conversion systems. Marcus theory is one of the most famous frameworks on ET
reaction in condensed phase. In this theory, reorganization of surrounding media is regarded
as a main reaction coordinate. However, ultrafast ET beyond Marcus’ framework has been
reported in various systems. To elucidate the role of molecular vibration in ultrafast ET, we
have investigated the ET dynamics between a naphthacene dye and aniline derivatives by
means of broadband transient absorption spectroscopy. Coherent wavepacket motions of
naphthacene dye with frequencies of 300-1600 cm™ were clearly observed in time domain.
The vibrational coherence of 310 cm™ mode was reduced with increasing ET rate, suggesting
this vibration is coupled to ET reaction.
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Fig. 1. TA map of BPEN in (a) THF and (c) DEA. Amplitude of Fourier transformed spectra of the residuals
obtained by subtracting slow varying dynamics of TA signals of BPEN in (b) THF and (d) DEA.
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Electronic state changes and solvent effect of donor-acceptor connected
molecules associated with intramolecular electron transfer

oHirao Yasukazu, Nagaoka Gen, Kubo Takashi
Department of Chemistry, Graduate School of Science, Osaka University, Japan

[Abstract]

Recently, functional molecules that respond to environmental stimulus have attracted
attention. By using intramolecular electron transfer as a key reaction, we have developed
molecules responsive to the polarity of the medium. In this work, we designed a
donor-acceptor type molecule having galvinol as a donor unit and acridinium as an acceptor
unit, in which both units are connected by a cross-conjugation. The zwitterionic structure 1-ZI
and the neutral biradical structure 1-BR were switched depending on the change in the
polarity of the medium. We tried to elucidate solvent effects and electronic structures by using
spectroscopic methods after synthesizing and isolating zwitterion 1-ZI. Significant spectral
changes were observed depending on the polarity of the solvent in the NMR and UV-Vis-NIR
measurements.
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Molecular dynamics simulation analysis of transient hole-burning spectrum
in solution
oTsuyoshi Yamaguchi®, Norio Yoshida?, Katsura Nishiyama?
! Graduate School of Engineering, Nagoya University, Japan
2 Department of Chemistry, Graduate School of Science, Kyushu University, Japan
3 Department of Environmental Science and Technology, Meijo University, Japan

[Abstract] A method to calculate the transient hole-burning spectrum using equilibrium
molecular dynamics (MD) simulation was proposed, and it was applied to a model solute
molecule immersed in tetrahydrofuran. The relaxation of the spectral width was strongly
dependent on the excitation energy, and it sometimes became slower than that predicted from
the relaxation of the spectral center based on the harmonic approximation, as had been
reported experimentally by Nishiyama and Okada. The free-energy profile along the
solvation coordinate was anharmonic, and the characteristics of the transient hole-burning
spectrum described above was reproduced qualitatively by the diffusion model along the
solvation coordinate. It indicates that the slow relaxation of the spectral width reflects the
anharmonicity of the free-energy profile.
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Free Energy Calculation of a Proton Transfer Reaction in Solution
by Using the DFTB/MM-RPMD Method
oKento Kosugi?, Hiroshi Nakano'?, Hirofumi Sato*?
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[ Abstract] In most proton transfer reactions, nuclear quantum effects (NQESs) are prominent.
Solvation effects are also important for proton transfer reactions because ionized molecules
are largely stabilized. Therefore, theoretical methods are required to analyze chemical
reactions including NQEs and solvation effects. In this study, we combine the QM/MM
method with the RPMD method for that purpose. To obtain statistically well converged results,
the computationally inexpensive DFTB3 is used as a QM method. The DFTB3 parameters
30b are corrected to reproduce a high level QM result. We applied this method to a proton
transfer reaction between 2,4-dichlorophenol and trimethylamine molecules in methyl
chloride to confirm its validity. First, the corrected 3ob parameter set gives the energy profile
of the reaction in very good agreement with that of B3LYP/6-31G(d,p) level. The free energy
profile was evaluated with this refined parameter set and the NQEs was investigated.
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IR LTtk 245 5 121%, 10°~10%[0], 2D WTZznll B QM ZHE N
WEBETH D72, abinitio 77 FRUETESRE LB EE R EOMERIEEL QM EHEEE L
THWLZ EFREETH S, £ TAMETIE, Zhbd QM FHEE & ik L CEt
B EE A 102~103 (51 R BR A 5E FEIL I £k DFTB32% QM BHEE L L CTHW .
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Fig. 1 (a) The reaction coordinate for this system. (b) The potential energy curve along the reaction
coordinate. (c) The free energy curve along the reaction coordinate.
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DFTB-MD £33 X UO'DFTB-RPMD {EIZ L A2 HHZ R VX —2{kD#E%E 7T a v h L= &
ZA, =0 OJFL TRICEFIRDBETH D Z & bh- 7= (Fig. 2¢).
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Fig. 2 Free energy surface by using (a) DFTB-MD method (AF:). (b) DFTB-RPMD method (AFy).
(c) Free energy gap; AFa.-AFy.
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