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Inorganic Materials Chemistry
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Autumn Semester (2-0-0) Even years

Prof. Ryoji KANNO, Assoc. Prof. Masaaki HIRAYAMA

Inorganic materials chemistry is concerned with the synthesis, structure, properties and applications of
inorganic solid materials. The study of structure—property relations is very fruitful area and one with immense
possibilities for the development of new materials or materials with unusual combination of properties.
Schedule:

. What is materials chemistry

. Crystal structure

. Chemical bonding in solids

. Defect, nonstoichiometry

. Interpretation of phase transition

. Ionic and electronic conductivity

. Magnetic properties

00 N O O W N

. Solid state electrochemistry
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Laser Spectroscopy for Chemistry (L —¥ —43 D b F~D s )

%y 2—0—0 JEH EW Bdm-EI B dEEdR
(1) A DOEAiw
2) A OZRNX —EiE
(3) 43 F Db - FRFNIE AR
4) L—H—
(5) KL EA/EH
(6) &FHyHIEEZDILFEA~DIRH
Laser Spectroscopy for Chemistry
Autumn Semester (2-0-0) Odd years
Prof. Masaaki FUJII, Assoc. Prof. Makoto SAKAI
(1) Quantum theory of atoms and molecules
(2) Structures of atoms and molecules
(3) Dynamical process of molecule
(4) Laser
(5) Interaction of light with molecule
(6) Applications of laser spectroscopy
95047
Organic Synthesis (A L)

BT 2—0—0 I A EEEER L RE EEREHER

Autumn Semester (2-0-0) Even years

Visiting Prof. Kimihiro MATSUKAWA, Visiting Assoc. Prof. Munenori INOUE

(VRS- B E s

VU R AR A AR B

This lecture will be focused on the basic and advanced organic synthesis. The former will mainly cover the

C-C bond formation reactions and the functional group transformations. The latter will deal with organic

polymers by some polymerization methods. Furthermore, this lecture will present the synthesis of

organic—inorganic hybrids and their properties.
1. Introduction
. C—C Bond formation by using carbanion (1)
. C—C Bond formation by using carbanion (2)
. C—C Bond formation by using carbanion (3)
. C—C Bond formation by using carbocation
. C-C Bond formation by using radical and carbene
. Functional group transformations

. Introduction of macromolecules

© 0 1 O O1 &~ W DD

. Polymerizations and characterization of organic polymers

—_
o

. Network formation by photo—polymerization

—_
fu—

. Synthesis of organic—inorganic hybrid materials

—_
[\]

. Organic—inorganic hybrids with nano materials

—_
w

. Properties of organic—inorganic hybrid materials
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. Potential applications of organic—inorganic hybrid materials
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Nanotechnology and Nanoscience (/77 />y —&F /% AT R)
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Nanotechnology and Nanoscience
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Spring Semester (2-0-0) Even years

Prof. Masahiko HARA, Assoc. Prof. Tomohiro HAYASHI

1. Introduction of Nanotechnology and Nanoscience

2. Scanning Probe Microscopy and Spectroscopy

— 1. History of Scanning Probe Microscopy (SPM): from Observation to Manipulation

— 2. Scanning Tunneling Microscopy (STM) 1: Surface Chemistry and Phase Transitions

—3. Scanning Tunneling Microscopy (STM) 2: Self-Assembled Monolayers (SAMs)

—4. Atomic Force Microscopy (AFM) 1: Biological Macromolecules and Surface Forces

—5. Atomic Force Microscopy (AFM) 2: Single Molecular Detection (SMD)

2—6. Scanning Near—Field Optical Microscopy (SNOM) and Other Probe Methods: Fluorescence Decay

Process, and Proximity Effect
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. Limits of Nanotechnology and Paradigm Shift for 21C’s Science and Technology
. Introduction of surface & interface science

. Experimental and theoretical techniques for surface & interface analysis

. Chemical modification of solid surfaces (fundamentals and applications)

. Biointerfaces (construction, analysis and applications)
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. Interactions at biointerfaces (theory and analysis)
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Organic Molecular and Macromolecular Chemistry (4% 7Ly 1+ Dib5F)
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Organic Molecular and Macromolecular Chemistry
Autumn Semester (2—0—0) Odd years
Prof. Yoshiro YAMASHITA, Prof. Ikuyoshi TOMITA
This lecture will cover the following topics.
. Novel organic redox systems
. Electroconductive and superconductive organic molecules
. Organic field effect transistors (FET)
. Organic ferromagnets
. Inclusion complexes

. Solid phase organic synthesis
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. Photo— and electro—luminescent organic materials



8. Fundamental aspects of step—growth polymerizations

9. Recent topics on step—growth polymerizations

10. Fundamental aspects of chain polymerizations

11. Living polymerization and macromolecular design through living processes

12. Recent topics on chain polymerizations

13. Reactive polymers

14. Functional polymers
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Semiconductor Physics and Devices (Y-E{ATE T /31R) T8 FE (0 0 3 B
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Autumn Semester (2-0-0) Even years

Visiting Prof. Hiroshi YAMAMOTO, Visiting Assoc. Prof. Kazunari OZASA

This lecture covers the basic physics of semiconductors as well as the wide applications including solar cells,
transistors, memory devices, and sensors. The first half term focuses on inorganic semiconductors (PN
junction, solar cells, transistors, memory devices, new technologies, nanomaterials), and the second half

focuses on organic semiconductors (new organic semiconductor materials, luminescence, thin film transistors,

displays ).
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Autumn Semester (2-0-0) Odd years Visiting Prof. Yukari SATO, Visiting Prof. Jiro NAKAMURA
Electrochemical sensing devices such as chemical and biochemical sensors, and energy devices such as
batteries and fuel cells, will be introduced and discussed with the emphasis on surface and material properties.
Based on the fundamental understanding of electrochemical reaction and materials, history of these devices
and the technological trend will be also overviewed.

. Introduction to battery technology

. Introduction to Chemical and Biochemical Sensors

. Reactions and performance of batteries

. Lithium batteries and their safety

. Lithium ion batteries

. Electrode design for lithium ion batteries

. Fuel cells

. Metal air batteries

O© 0 1 O O = W N =

. Biomaterials for chemical and biosensors
10. Electrochemical sensors
11. Affinity sensors (DNA, Proteins etc.)
12. Micro and nano—sensors
13. Electrochemical microfluidic devices for bioanalysis
14. Ubiquitous Sensor Systems
{75 PRI L K0T BIBRGE, SRR IC LDk,
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A ¥ F 2 (Inorganic Materials Science)
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Coordination Chemistry
Autumn Semester (2-0-0) Odd years
Prof. Takanori FUKUSHIMA, Assoc. Prof. Take—aki KOIZUMI

. Introduction of coordination chemistry
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. Stereochemistry of metal complexes

. Synthesis of metal complexes

. Reactivity of metal complexes

. Electrochemistry of transition metal complexes
. Recent topics in coordination chemistry

. Synthesis and Properties of Coordination Polymers
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. Nanomaterials formed by coordination bonds
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{LRBIBRELEF (Environment Preservation and Chemical Safety)
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BRI A% (Topics in Applied Electrochemistry)
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Fundamental Electrochemistry
Autumn Semester (2-0-0) Odd years
Prof. Takeo OHSAKA, Assoc. Prof. Fusao KITAMURA
This course aims to develop the foundations and applications of electrode potentials from first principles
using a minimum of mathematics only assuming a basic knowledge of elementary thermodynamics.
This lecture will cover the following topics.
1. Introduction
2. The origin of electrode potentials
3. Electron transfer at the electrode/solution interface

4. Thermodynamic description of electrochemical equilibrium



. Nernst equation
. Activity and concentration
. Activity coefficient

. Measurement of electrode potentials

© 00 N O U

. Standard electrode potentials
10. The relation of electrode potentials to the thermodynamics of the cell reaction
11. Standard electrode potentials and the direction of chemical reaction
12. Migration and diffusion
13. Application of electrode potentials (1)
14. Application of electrode potentials (2)
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Fundamental Science of Thermodynamics and Magnhetics (Z\ /13 L ORER F D HAE Rl %)
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Autumn Semester (2-0-0) Even years
Prof.Hitoshi KAWAJI, Assoc. Prof. Nobuhiro MATSUSHITA
This lecture deals with the thermodynamics and magnetics of materials. In the first half, the temperature
variation of the properties of materials will be discussed from the thermodynamic point of view. In the latter,
the class deals the electronic state in crystal fields and the spin interaction to understand the magnetism of
various materials.
. Introduction to thermodynamics
. Lows of thermodynamics
. Entropy and statistical mechanics
. Thermal excitations in materials
. Heat capacity of materials
. Thermodynamics of phase transitions
. Microscopic models of phase transitions

. Introduction to magnetics
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. Schroedinger equation

10. Angular momentum and quantum number

11. Crystal field and electron

12. Molecular orbital and exchange interaction

13. Molecular field theory I: para — and ferromagnetism

14. Molecular field theory II: antiferro— and ferrimagnetism
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Advanced Catalytic Chemistry

Autumn Semester (2-0-0) Odd years
Assoc. Prof. Junko NOMURA
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. Fundamental heterogeneous catalytic chemistry

. Surface analytical techniques—How can we clarify black boxes?
. Green Chemistry by catalysts

. Solid acid and base catalysts

. Selective oxidation by catalysts

. New catalysts

. Nanocatalyst
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. Photocatalyst
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Fundamental Biological Chemistry LAk ) VG JE 7 B R R B
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Autumn Semester (2-0-0) Odd years

Prof. Kan TANAKA, Assoc. Prof. Sousuke IMAMURA

Living cells are composed of bio—molecules, such as sugar, lipid, protein and nucleic acid. This course will
give fundamental knowledge on these components, as well as the basis of intracellular energy conversion and
genetic information processing.

1. Introduction

2. Sugars and lipids

3. Amino acids, peptides and proteins

4. Nucleic acids

5. Catabolic metabolism and energy conversion

6. Mitochondria and chloroplasts

7. Genes and central dogma: Genetic information processing
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Organic Electrode Process (HHEEMRS L7 1 2) VG B (B 50 A o 2R O 2
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Autumn Semester (1-0-0) Even years
Assoc. Prof. Shinsuke INAGI

This lecture will cover the fundamentals and applications of organic electrochemistry. Some of the topics
dealt with are as follows:

1. Introduction to electroorganic synthesis

2. Direct and indirect electron transfer

3. Reaction selectivity

4. Electrogenerated acid and base

5. Paired electrosynthesis

6. Electropolymerization

7. Recent progress in organic electrochemistry
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Topics in Process Chemistry (7 1t A{v5 % VG A 450 B SR B
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Autumn Semester (2-0-0) Odd years

Prof. Hiroyuki NAKAMURA

This lecture is aimed at students who have a basic grounding in organic chemistry and attempts to convey an
understanding organic process research with special focus on the development and optimization of chemical
reactions and processes and their transfer to a larger scale, via large laboratory and pilot plant operations, for
manufacture. This lecture covers research and development in the fine organic chemicals including
pharmaceuticals. Students are encouraged to discuss synthetic route strategy and design, giving reasons and

rationale for choice of reagents, solvents, conditions, etc., and learn unexpected differences observed as



processes are scaled up. Students also learn aspects which may be important including yield improvement,
cost reduction, improvement in space—time yield, etc. with reaction conditions, choice of solvent, workup and
product isolation, safety, and environmental considerations.
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i i 7 i {5 (Catalytic Reaction Chemistry)
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Applied Organic Chemistry P JE O B DR DA
Autumn Semester 1-0-0 (Even years) Assoc. Prof. Yuki TANIGUCHI
Lectures will focus on the application of various organic reactions. The lecture will cover with the following
topics: the chemistry of reactive intermediates such as radicals, the organic reactions of heteroatom
compounds, the utilization of organometallics, C—1 resources in organic chemistry, and so on.
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(Specific Interdisciplinary Subject A in Electronic Chemistry)
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Specific Interdisciplinary Subject A in Electronic Chemistry

Spring Semester (0-2-0) Prof. Takeo OHSAKA, Prof. Ryoji KANNO

Understandings of electrochemical energy conversion systems, such as fuel cells and lithium battery systems,
are the key concepts to bring about technology breakthroughs relating to fundamental energy and
environmental issues. This exercise/drill course utilizes a self-study approach on the subjects for students
seeking to broaden their knowledge on electrochemistry and to acquire sufficient problem—solving skills to
conduct research on fuel cells and lithium batteries.
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(Specific Interdisciplinary Subject B in Electronic Chemistry)
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Specific Interdisciplinary Subject B in Electronic Chemistry

Autumn Semester (0-2-0) Prof. Ryoji KANNO, Prof. Takeo OHSAKA

Understandings of electrochemical energy conversion systems, such as fuel cells and lithium battery systems,
are the key concepts to bring about technology breakthroughs relating to fundamental energy and
environmental issues. This exercise/drill course utilizes a self-study approach on the subjects for students
seeking to broaden their knowledge on electrochemistry and to acquire sufficient problem—solving skills to

conduct research on fuel cells and lithium batteries.
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