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Masanobu Mukaide (Division of Chemistry, Graduate School of Science)

Period
30 August 2003 - 6 September 2003

Place
Evangelische Akademie Tutzing, Bavaria, Germany

Research
We have developed an NMR apparatus for studying organic

reactions in supercritical water (SCW) (Figure 1). The apparatus
utilized the flow method to instantly generate the SCW condition and
to directly follow the reaction rate by changing the reactant flow rate.
A sample tube made of Si;N, was durable in the SCW condition up to
50000 and 50MPa. Temperature was successfully monitored with
thermocouples located at both up- and downstream of the Rf coil
center. With this apparatus, NMR spectra of SCW up to 400[] and
40MPa were observed. More important is the ability of this apparatus
for pursuing rapid reactions whose half-life is less than 10sec.

The reaction rates for the Claisen rearrangement of Allyl Phenyl
Ether(APE) in high temperature water were measured with this NMR
apparatus (Figure 1). Through this reaction, APE changes into
2-Allylphenol(2AP). Below 20001, this reaction has been studied so far

in a variety of organic solvents. It was reported that this reaction

zample

{20070 [T

water ///

(~—B00°C
H’ Buxiliarsy
mizer 4| heater
(-—400%C

—
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- /
I
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Figure 1. the flow-NMR apparatus
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proceeded faster in polar solvents than in non-polar ones. In subcritical water, this reaction proceeds very fast

due to the high temperature and high polarity. Furthermore, the product of the Claisen rearrangement, 2AP,

instantly reacts to form other compounds. For this reason, the reaction rates of Claisen rearrangement of APE in

subcritical water could not be evaluated so far by observing the decrease of APE. Thus, the flow-NMR is the

most suitable method to pursue such reaction. With changing the flow-rate, we could follow the temporal profile

of the reactant and the product in the domain of 5-20sec after the initiation of the reaction. From the temporal

decrease of the APE concentration, the rate constant for the Claisen rearrangement in subcritical water at 261

and 25.4MPa was evaluated to be 0.32s™.

Publications

"Development of a high-temperature and high-pressure nuclear magnetic resonance probe for studies of

chemical reactions in supercritical water", Fujitsugu Amita, Hiroyuki Oka, Masanobu Mukaide, Yohei Urasaki,

Kiyonori Takegoshi, Takehiko Terao, and Okitsugu Kajimoto, Rev. Sci. Instru. In press



Noriko Tsuboi (Division of Chemistry, Graduate School of Science)
Period
6 September 2003 - 22 September 2003

Place
ECOSS 22 Conference (Praha, Czech)

Abstract

The development of the photoelectron spectroscopy has made numerous electronic structures clear.
However there are still few evidences about the relationship with atomic structures. In this talk we show
how the surface-localized states affect the surface structure. Ti/Pd(100) surface alloy has a p(2x2)-pdg
structure and an adsorption of hydrogen induces a transformation to c(2x2). We investigated these
structures by low-energy electron diffraction (LEED) and angle-resolved ultraviolet photoelectron
spectroscopy (ARUPS). On Ti/Pd(100) bilayer surface alloy, the outermost layer is composed of pure Pd
which is laterally displaced to form p(2x2)-p4g symmetry and the second layer consists of a ¢(2x2) Pd-Ti
alloy. The adsorption of hydrogen removes the first layer displacement and the surface forms c(2x2) which
is an ideal surface of TiPd; bulk alloy. The ARUPS data show two remarkable changes around M point.
First, the alloying with Ti is associated by the shift of the particular band to lower energy (band (2) in
Fig.1) and second, on the Ti/Pd(100) surface the adsorption of hydrogen induces band (1) to shift to lower
energy. We discuss how these electronic structures relate to the p(2x2)-p4g and c(2x2) surface structures.
Ml GIA-1)

(0.8 A1) Wil G1A-1) (0.8 A-1
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Fig.1 ARUPS Band mapping result along [100] on Pd(100) and Ti/Pd(100)

Reference

[1] N. Tsuboi, H. Okuyama, M. Nishijima and T. Aruga, Phys Rev. B 68 (2003)
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Alistair M.P, Alistair R.L, Andrew J.Orr-Ewing; Chemical Physics Letters377 (2003) 439 —444
S. Enami, Y. Nakao, S. hashimoto, S. Aloisio, M. Kawasaki, J. S. Francisco

J. Phys. Chem. A, 108 (39), 7785-7789 (2004)



Yuichi Hashikawa (Department of M olecular Engineering, Kyoto Univer sity)

Period
October 20, 2003-December 16, 2003

Place
Ford Motor Company, Dearborn, USA

Research

Smog chamber/FTIR techniques were used to study the gas-phase
reaction of CH;CF,0, with HO, radicals in 100-700 Torr of air,
diluent at 296 K. Experiments were performed in a 140-liter Pyrex
reactor interfaced to a FTIR spectrometer to photochemically initiate
the experiments. CH;CF,0, and HO, radicals were generated by the
UV irradiation of CH;CHF,/H,/Cl, mixtures in 700 or 100 Torr of air
diluent at 296 K. Figure 1 shows typical IR spectra acquired before
(A) and after (B) a 500 s irradiation of the mixture, which led to 59%
consumption of CH;CHF,. Comparison of the IR features in panel B
with the reference spectrum of COF, in panel C shows the formation
of this compound. Panel E shows the residual spectrum obtained by
subtracting panel C and D from panel B. It is known that reactions of
RO, + HO, can give hydroperoxide, so panel E is considered to
indicate the spectrum of CH;CF,OOH. It was assumed the reaction of
CH;CF,0, with HO, proceed via two channels.
CH;CF,0, + HO, — CH;CF,0O0H + O,
CH;CF,0, + HO, — CH;CF,0 + O, + OH (b)
In Fig. 2, the yields of CH;CF,OOH and COF, are plotted versus
[H,]o/[CH3CHF,]. The reaction proceed 53% via channel (a) and 46%

(a)

via channel (b). Product channel giving hydroperoxide similar to those
observed in reaction of unsubstituted peroxy radicals with HO, (e.g.,

CH;0,, etc.) and a new channel of RO + O, + OH.

References.
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Fig.2 IR spectra acquired before (A)
and after (B) a 500 s irradiation of
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M. Goto, M. Kawasaki, L.T. Molina, M.J. Molina,J. Wallington, "Atmospheric chemistry of HFE-7500",

Envir. Sci. Tech. 36, 2395 (2002)

Y. Hashikawa, M. Kawasaki, M. P. Sulbaek Andersen, M. D. Hurley, T. J. Wallington

Chem. Phys. Letters, 391 (1-3), 165-169 (2004)



Junya Ueda (Dept. of Molecular Engineering, Graduate School of Engineering)

Period
3 November 2003 — 20 December 2003

Place
School of Chemistry, University of Bristol, Bristol UK

Research

In collaboration with Prof. Andrew Orr-Ewing of Bristol University CRDS spectra of CO, in (3 0° 1)«—(0
0 0) band, which was suitable for measuring the rovibrational transitions with a conventional diode laser
with cavity-ring down spectroscopic technique,, were measured at different total pressures. We kept the

partial pressure of the absorber molecule CO,

constant. 012
All pressure broadening data were fitted to a Voigt 01
profile. The fitting program returned the Lorentzian ~ o008 |
component. The HWHM values of a Rotational line % oos |
are plotted against pressure. pressure broadening ja
coefficient, y is obtained from the slope of a linear : 004 7 e nitrogen
fitted line. The coefficients were measured at > 002 - o oxygen
different rotational absorption line with different 0
buffer gases. 0 10 20 30 40
We could make a rough estimate about the air Rotational Quantum Number, J
broadening coefficient. Fig.1 y values against rotationalquantum

number, /. Broadening parameters decrease

significantly with the increase of J. y of

y(air) = 0.79y(N,) + 0.21y(0,) nitrogen buffer has larger value than that of
oxygen at each J.

Those results are in good agreement with HITRAN data base. The pressure broadening coefficients showed

J-dependence in the transitions measured. The value of pressure broadening coefficient decreases as

rotational level increases. (Fig. 1) In the all pressure region measured, Y(N;) was larger than y(O,). It is

presumably due to difference of the electric quadrupole moment, -1.50 D (N;) and -0.39 D (O,).

References.
S. Enami, J. Ueda, Y. Nakano, S. Hashimoto, M. Kawasaki
J.Geophys. Res 109, D05309, doi : 10.1029/2003JD004097(2004)
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Kohei Hosomizu (Department of Molecular Engineering, Graduate School of Engineering)

Period
4 October 2004 - 21 November 2004

Place

Ecole de Chimie, Polymeres et Materiaux (ECPM), University of Louis
Pasteur, Republic of France (Prof. J.-F. Nierengarten's group)

Research
Synthesis of fullerene-terminated dendrons:

In recent years, porphyrin-substituted dendrimers have received much attention for
their potential applications as photoactive molecular devices since they have unique
photophysical properties.() Cgo as an electron acceptor forms a supramolecular
complex with porphyrin moieties of the dendrimers by n - = interaction. For the
development of efficient light-to-electrical energy conversion systems, it is highly
desirable to elucidate the relationship between morphology of the donor-acceptor
interpenetrating network and the photophysical and photoelectrochemical properties by
varying the molecular structures of donors and acceptors. Bearing this in mind, | had
stayed in Prof. Nierengaten laboratory for two months to learn know-how for preparing
the fullerene dendrons (Figure 1) as a key component of the photoelectrochemical
device.@ For further study in Japan, | am planning to fabricate supramolecular
assemblies of porphyrins and fullerenes onto conducting substrates by using
methodology developed by Imahori’'s group.®)
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Figure 1. Fullerene dendrons

References

(1) Imahori, H. et al. J. Phys. Chem. B 108(34), 12865-12872 (2004)
(2) Nierengarten, J.-F. et al. New. J. Chem. 24, 687-695 (2000)

(3) Imahori, H. et al. J. Am. Chem. Soc. 125(49), 14962-14963 (2003)



Period
March 8-18, 2003

Place
International Winter School on Chemical Biology, Hirschegg, Austria
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Publication
Kato, M.; Uno, T.; Hiratake, J.;Sakata, K. Bioorg. Med. Chem., accepted.



Yasuhiro Shimizu (Division of Chemistry, Graduate School of Science)

Period
20 September 2003 - 26 September 2003

Conference Name
The Fifth International Symposium on Crystalline Organic Metals,
Superconductors and Ferromagnets

Place
Port-Bourgenay, France

Report

I participated the international conference for the organic metals, superconductor, and
Ferromagnets, which was held in Port-Bourgenay, France. The purpose to attend the
conference is to present our recent study for the organic conductor and obtain useful
information about the recent progress in this field. About 300 participants came from all over
the world, mainly from Japan, France, USA, China, UK, and Russia. We had two ways of
presentation, oral speech and poster. I presented by poster for two hours at 25 September.
The title of my presentation was "'H-NMR study of Mott insulator k-(ET)2Cu2(CN)s with
isotropic triangular lattice". I reported that the title material showed a new magnetism
called the quantum spin liquid state, which is realized due to the strong spin frustration on
the neighbor of superconducting state appearing under pressure. The presentation attracted
much attention, because the spin frustration is of great interest in the material science, and
the spin liquid state is the first discovery. During the time, I talked and discussed with about
6 researchers interested in the study. The half of them were theorists who engaged in the
strongly correlated electron system. The discussion with them was very stimulating and
fruitful for me and continued to the midnight over the limited time.

The conference was interesting, because more than half of the participants are
chemists, and others were physicists including theorists, so that their background and
motivation were sometimes quite different each other, although the subject materials were
similar. Therefore, I could know why the presented materials were interesting and important
from the viewpoints of both the chemistry and physics. I thought that it was significant to
study and progress the new materials and new physics. I also felt that the most of the
studies presented in the conference were under development or already past the
breakthrough, although there were many newly synthesized materials and physical methods,
including the organic conductors with magnetic atoms or molecules, new organic
superconductors, the phenomena under the extremely high magnetic field and pressure.

Finally, I appreciate that I could make many friends in the world during the

conference, who will collaborate and discuss in the future.



Shinichiro Hatta (Division of Chemistry, Graduate School of Science)

Period
17 July 2004 - 24 July 2004

Place
14th International Conference on Vacuum Ultraviolet Radiation
Physics (Cairns, Australia)

Abstract
Charge-density wave (CDW) is a broken symmetry ground state stabilized by

electron-phonon coupling. For a weak coupling CDW (WCDW), the order parameter A(T)
is dominated by the electronic energy and entropy. Thus the CDW gap corresponding to
2A shows a BCS-like temperature dependence. On the other hand, for a strong coupling
CDW (SCDW), the enhanced lattice fluctuation effect in the free energy leads to an
order-disorder transition conserving the energy gap. The measurement of A(T) is

1mportant to understand the nature of a CDW transition.

The c(4x4) structure on In/Cu(001) with 0.63 ML coverage undergoes a reversible
transition to the high-temperature p(2x2) structure at 350-400 K [1]. The In-induced
surface resonance band forms a circular Fermi surface in the high-temperature phase. At
room temperature, the large energy gap across EF opens in the vicinity where the Fermi
surface for the high-temperature phase crosses the c(4x4) surface Brillouine zone
boundary. The band maximum is located at 600 meV below EF. On the other hand, the
LEED measurement indicated that the transition was of an order-disorder type, which

apparently contradicts with the WCDW scenario.

In the present work, the temperature dependence of the order parameter was
studied by angle-resolved photoelectron spectroscopy. With increasing temperature, the
surface resonance band maximum was gradually shifted upward in energy and the
energy gap closed at 405 K. The temperature dependence between 120 and 405 K was
represented well by the curve expected in the WCDW theory. We also studied the
temperature dependence of the c(4x4) diffraction profile by surface X-ray diffraction,
which showed a significant change above 350 K. Based on these two complementary

results, we discuss on the nature of the CDW transition on In/Cu(001).

[1] T. Nakagawa, et al, PRB 67, 241401 (2003)



Takeshi Waki (Department of Chemistry Graduate School of Science)

Period
25 July 2004 - 7 August 2004

Place
1. Universitat Karlsruhe, Karlsruhe, Germany (SCES04)
2. Institut f. Festkorperphysik Technische Universitaet Wien Austria

(discussion with Prof. Dr. Gerfried Hilscher)

Research
BixVsO16 occurs temperature-induced Metal-insulator transition (MIT) in the case of

1.72< x <1.80 * The magnetic susceptibility y of the compound with 1.72< x <1.80 shows
an anomaly at the MIT temperature 7mr . Below 7uir, y shows a rapid increase with
decreasing temperature, following Curie-Weiss law. The effective moment estimated
from susceptibility below Zuzris about 0.4 u#(V atom). In order to reveal the origin of
the magnetic moment below 7w, we performed >’V-NMR study. Observation of the
51V-NMR signal below 7mr7 indicates the existence of non-magnetic vanadium sites. The
markedly decrease of the Knight Shift in low temperatures suggests the spin-singlet
nature of the ground statet. The origin of the small magnetic moment attributed the

formation of spin-singlet state.
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Chishiro Michioka (Division of Chemistry, Graduate School of Science)

Period
25 July 2004 - 7 August 2004

Place
Karlsruhe, Germany
Wien, Austria

Research
participated in the international conference on strongly correlated electron systems (SCES'04),

and acquired various knowledge. Moreover, the research result for the novel superconductor
Nay35C00, YH,0 using NMR method was reported, and it succeeded in spreading our result widely
abroad. The contents of my presentation are shown below.

Recent discovery of the superconductivity in Naj3sCoO, YH,O has attracted much attention
because strong spin frustration on the triangular CoO, plane may exhibit exotic quantum phenomena.
In order to clarify superconducting mechanism on the CoO, plane, we performed “D and *Na NMR
measurements. The hyperfine coupling constant in *Na is too small to estimate the Knight shift, K
while the transferred hyperfine field affects ’K in some intent. We discussed the microscopic spin
susceptibility in Nay3;;Co0, YH,0 at below and above T, from the temperature dependence of the
Knight shift, ’K (Fig.1).

After the conference, I had a

—O— Oriented
|~ —— Oriented simulation
| —e— Powder

- - - Powder simulation

» =19.62 MHz

discussion on the physical-properties
measurements under the strong

magnetic field with Dr. Hilscher of

Intensity (a.u.)

the techniques university of Vienna,

and exchanged useful opinions with

Dr. Hilscher and his laboratory's 506 508 300 302 304
research members. H(T)

Fig.1 NMR spectra of Nag35Co0, yD,0.
Publication
’D NMR Study in the Novel Superconductor Naj35C00, yD,0:
C. Michioka, et. al. , Physica C, now under discussion.



Yuki Miyamoto (Division of Chemistry, Graduate School of Science)

Period
4 September 2004 - 21 September 2004

Place
Fifth International Conference on Low Temperature Chemistry,

Berlin, Germany

Department of Physics, Freien Universitat Berlin, Germany
(Prof. N. Schwentner's group)

Summer School: "Molecules Trapped in Solids", Dijion, France
Laboratoire de Physique, Université de Bourgogne, France

(Dr. V. Boudon’s group)

Research

Nuclear spin relaxation of methane in solid parahydrogen

Because of the weakness of nuclear magnetic interactions, relaxation between
different nuclear spin states is very slow in the gas phase. On the contrary, the
relaxation in condensed phase sometimes becomes quite fast. However, the mechanism
of the fast relaxation in condensed phases has not been well understood yet.

Methane molecules trapped in solid parahydrogen rotate almost freely, because solid
parahydrogen is quantum crystal. As shown in Figurel and 2, infrared absorptions of
CH: and CDyq clearly show rotational branches. This temporal change mean the nuclear
spin conversion from I=1 states to I=2 states. By analyzing the temporal change in
intensity, the rates of nuclear spin relaxation were obtained.

I presented our recent work on the nuclear spin relaxation process of methane in
solid parahydrogen at Fifth International Conference on Low Temperature Chemistry
and Summer School: "Molecules Trapped in Solids", and discussed with Prof. N.
Schwentner’s group and Dr V. Boudon’s group.
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Figure 1. FTIR spectrum of v3 band of CH,4 Figure 2. FTIR spectrum of vz band of CD4
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