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This lecture focus on various ideas in ethics (utilitarianism, deontology, virtue ethics, professional ethics etc.)
fwhich will be useful for thinking about particular ethical problems in engineering ethics. This Lecture will be
conducted online by using zoom.

(5/6) “Engineering Ethics as a Professional Ethics:”

This lecture discusses basic ideas of engineering ethics in comparison with other fields of applied ethics. In
particular, it discusses the characteristics of engineering ethics as professional ethics and what engineers as
[professionals are required to do.

(5/13) “Ethics for Engineers”

Engineers have to go through some ethical issues about research, development, design, manufacturing, and
[maintenance. In particular, the ethical decisions of engineers need to be considered for society and
environment.

(5/20) Press Release is an essential process for introducing the research to our society through various medias.
In this lecture, issues related to Press Release will be addressed and discussed with several examples

luding SNS release. Lecture will be conducted by Zoom.

Target year }4111 year students or abov* Number of credits ‘2 | Year/semesters |)() |/First semester

Days and period% Thu.3 l:)lass style ‘Lecture |languagnﬁmm{ Japanese

[Overview and purpose of the course]

[Modern ethics based on engineering aspect are becoming essential to present engineers and scientists.
Instructors from various faculties give lectures about ethics in their research fields.

[Course objectives]

The goal of this class is to understand engineering ethics, and to develop the ability to judge by yourself when
[you encounter ethical issues.

[Course schedule and contents]

(4/8) The central topic is what is ethics for engineers and what is significance of studying ethics for engineers.
(4/15) “General research ethics"

Lectures on the concept of writing academic papers with ethics.

(4/22)” Ethical Theories for Engineering Ethics”

Continue to TZ{RIE((2) | | |

(5/27) "Ethics in Water Supply."

It is a basic right in a society that a person can receive and use safe water in sufficient quantity. In addition, a
person of water supply utility is recognized to be an essential worker. Taking drinking water supply as a topic,
cthics required for a water supplier and an engineer is discussed. It is given by Zoom.

(6/3) “Forensic Analysis”

[Forensic repots are sometimes requested by the court in order to clarify the charge of incidents. The nylon
rope incident, the Wakayama curry poisoning incident, and the pig iron incident are explained as examples.
[How to write the forensic report is explained in order to avoid the ethical problems. (Zoom&Y outube)

(6/10) “Patents and Ethics (Part 1)”

This course will teach the students about 1) patent systems which protect inventions and research results and
2) ethical issues in patents. The first class, in preparation for the next subject of patent ethics, introduces
Japan's patent system with comparisons to the patent systems in the world's major countries and international
framework.

(6/17) “Patents and Ethics (Part 2)”

Students, equipped with the basic knowledge of patent systems by the previous lecture, will get familier with
actual case studies on ethical and legal issues in patents.

(6/24) "Urban Planning and Ethics"

The lecture focuses on the norms regulating the actions of the engineers involved in planning and designing
urban areas, as well as on the normative consciousness required to facilitate such planning and design,
[demonstrating some examples on urban transport planning. This will be given via Zoom.

(7/1) “General research ethics of synthetic chemistry”

Lectures on the concept of writing academic papers and patents of synthetic chemisty with ethics.

(7/8) Architecture has developed by imitating beautiful buildings, but in recent years there has been an
increase in the number of cases where copyright disputes have arisen. In addition, the appearance of
architecture often causes landscape controversy because of its influence on the surrounding environment.
Issues concerning the ethics and sociality of architecture are discussed while introducing overseas lawsuits
and design processes.

(7/15) The materials engineer may stand on the side using materials as well as a side supplying materials.
Some examples are introduced and, by this lecture, are argued about an ethic found from each situation by
materials engineer. Note that this lecture is going to be carried out in ZOOM, but may be changed to the on-
[demand on account of the speaker.

(7/29) "Engineer ethics in mechanical design"

Engineer ethics is not a passive and passive thinking that issues the action of simply following existing
norms, but a more active and creative thinking to decide and design one's own actions. It requires the logical
thinking and ethical thinking necessary for engineers. This is explained with past cases in mechanical design.
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Course number U-ENG20 12108 LI77

[Course requirements]

[None

[Evaluation methods and policy]

Class participation and reports.

[Textbooks]

Lecture materials will be distributed.

[References, etc.]

(Reference books)
[Omnibus Engineering Ethics | (Kyoritsu Shuppan Co., Ltd.) ISBN:978-4320071964
['Practical Engineering Ethics - A Short Course, New Edition] (Kagaku-Dojin Publishing Company,INC)
ISBN:9784759811551
IEngineering Ethics (Revised Edition)] (CORONA PUBLISHING CO.,LTD.) ISBN:978-4-339-07798-
8

['World of Engineering Ethics (3rd Edition)] ~ (Morikita Publishing Co., Ltd.) ISBN:978-4-627-97303-9
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Course title | N Instructor's Graduate School of Engineering
(and course | %I % ifi name, job title, Professor, MIKADA HITOSHI
title in Introduction to Engineering and department | Graduate School of Engineering

English) of affiliation Professor, DOSAKI MAKOTO
Graduate School of Energy Science
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Graduate School of Engineering
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Graduate School of Engineering
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Year/semesters po2i/intensive, First semester

Target year  |Ist year students or abovsl Number of credits ‘ 1

[Study outside of class (preparation and review)]

Days and period# Intensive klass style ‘Lccturc lamuigeafimmim{ Japanese

The assignment of the report will be given for each lesson.

[Overview and purpose of the course]

(Other information (office hours, etc.))

The class order is subject to change.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

Engineering is to inquire after truth, to develop useful technologies, and to establish ways how to give back
development results of technology to the society.

First, we offer special lectures regarding the basic knowledge that students in faculty of engineering are
expected to have.

Then, we offer a series of intensive lectures about how engineering can suggest solutions of current and
future problems of our society, the value of technology, and the responsibilities that researchers and engineers
are expected to fulfill.

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’  practical work experience

[Course objectives]

Students learn basic matters such as attitudes and responsibilities they are expected to take as a member of
social community. They find value in studying engineering and become to consider what they do in future by
lunderstanding technology can suggest solutions of problems our society is facing, especially problems about
safety and security.

[Course schedule and contents]

Special lectures, 1time, About basic knowledge and attitude as students who start to learn engineering, and the
role of engineering in society.

Intensive lectures,6times, A series of lectures offered by special lecturers playing on global stages of science
and technology. Lectures are for understanding the role that technology is playing in modern society, for
reconfirming importance to study engineering and to work as a researcher and engineer in society, and are to
be opportunities to consider own future path. Essays are assigned in every lecture to summarize the lecture
content and opinions of other students.

Schedule of the lectures are announced later.

Continue to T#F5(2) 4 4 |




REH

TFFR(2)

Course number U-ENG20 32402 SE77

[Course requirements]

None

[Evaluation methods and policy]

Course title Instructor's

(and course | T ZHEPEA > 2 —> 2w T 1 name, job title,

title in Faculty of Engineering International Internship 1 |and department A pproved
English) of affiliation

Evaluation will be based on participation and essays assigned in every intensive lecture.

Target year ‘lrd year students or abowl Number of credits ‘ 1 Year/semesters }1021 /Intensive, year-round

[Textbooks]

Specify if necessary.

Seminar

languagevﬁmmim{ Japanese and English

Days and period4 Intensive l:lass style

[Overview and purpose of the course]

[References, etc.]

(Reference books)
Specify if necessary.

Acquisition of international skills with the training of foreign language through the internship programs
hosted by the University, the Faculty of Engineering, or the undergraduate school the applicant belongs to.

[Course objectives]

[Study outside of class (preparation and review)]

Specify if necessary.

The acquisition of international skills with the training of foreign language through the to internship programs
hosted by the University is the major expectation to the students.

[Course schedule and contents]

(Other information (office hours, etc.))

Information about lecturers and contents of lectures are announced on electric bulletin boards.

Please confirm to your department office that the credit of this course is admitted to graduation requirements.

*Please visit KULASIS to find out about office hours.

Overseas Internship,1time,The contents to be acquired should be described in the brochure of each internship
program.
[Final Presentation, Itime,A presentation by the student is required followed by discussion among participants.

[Course requirements]

[Described in the application booklet for each internship program. The registrant is requested to have enough
1 skills for the participation.

[Evaluation methods and policy]

[Marit rating is done based on the presentation or reports after each internship program. Each D epartment
responsible to identify if the credit earned by this subject to be included as mandatory ones or not. If the
credit is not included in the undergraduate school in which the participant belongs to, the credit is granted by
the Global Leadership Education Center as a optional credit. The number of credits, either 1 or 2, will be
determined depending on the contents and the duration of the program that the participant has participated in.

[Textbooks]
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Course number U-ENG20 22403 SJ77

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Course title | ) . R ... |mnstructor's Graduate School of Engineering
(and course | //0—/3)L + ) —=5—Yy TH I F— (AR |name, job title, | Senior Lecturer, YOROZU KAZUAKI
title in Global Leadership Seminar [ (Study for methodology in a company) | and department | Graduate School of Engineering
English) of affiliation Senior Lecturer, KOMIYAMA YOSUKE
Target year #nd year students or abnv:l Number of credits ‘ 1 | Year/: %02' Int 2y d

Days and period% Intensive klass style Seminar |languagnﬁmmb'{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

1t is required for students to check if the internship program to participate in could be evaluated as part of
mandatory credits or not and could earn how many credits before the participation to the undergraduate
school or educational program the student in enrolled. If the credit could not be treated as mandatory ones,
get in touch with the Global Leadership Engineering Education Center.

*Please visit KULASIS to find out about office hours.

The purpose of this course is to study about how worldwide leading company, institute, etc. make proposals
and find solutions for expanding their own technologies to the international market. Throughout hands-on
training on their laboratory, students investigate the methodology of team organization, proposal, market
[prediction and conception ability by group works. After the investigation, students are expected to improve
their comprehension and explanation capability. As extended exersice subject of this course, the Global
Leadership Seminar II is opened in the second semester.

[Courses delivered by instructors with practical work experience]

[Course objectives]

(1) Category
A course that includes off-campus training classes.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

The goal of this course is to improve student's comprehension and explanation capability for processes of
[proposal and expansion on the international market invesitigating worldwide leading companies by group
work.

[Course schedule and contents]

Week 1, Guidance

[Week 2-13, Hands-on training
[Week 14, Pre-presentation
Week 15, Final presentation

[Course requirements]

How to register will be announced later. Students who want to join this course is requested to attend the first
class.

[Evaluation methods and policy]

Students are prohibited to skip hands-on training. Evaluation will be based on presentation.

[Textbooks]

[Not used
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[References, etc.]

(Reference books)

Course title Instructor's

(and course | T-ZHEPEA > 2 —>2 2w T2 name, job title,

title in Faculty of Engineering International Internship 2|and department A pproved
English) of affiliation

(Related URLs)

http://www.glc.t.kyoto-u.ac.jp/ugrad

Target year ‘lrd year students or abowl Number of credits ‘2 Year/semesters Poz] /Intensive, year-round

[Study outside of class (preparation and review)]

Seminar

Days and period4 Intensive l:lass style languagedimmiw{ Japanese and English

Investigating companies in advance. Analyzing the result from hands-on training. Preparing presentation.

[Overview and purpose of the course]

(Other information (office hours, etc.))

Acqusition of international skills with wth the training of foreign language through the participation to the
international internship programs held by the Faculty of Engineering or its subsidiary bodies.

[How to register will be announced later. Students who want to join this course is requested to attend the first
class. Students are prohibited to skip hands-on training. Evaluation will be based on presentation.

*Please visit KULASIS to find out about office hours.

[Course objectives]

The acquisition of international and foreign language skills through the participation to international
[programs is expected. Detailed objectives of the participation should be identified by each program.

[Courses delivered by instructors with practical work experience]

[Course schedule and contents]

(1) Category
An omnibus course delivered by invited lecturers and guest speakers from different companies, etc.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Overseas Internship,1time,The contents to be acquired should be described in the brochure of each internship
program.
[Final Presentation, Itime,A presentation by the student is required followed by discussion among participants.

[Course requirements]

[Described in the application booklet for each internship program. The registrant is requested to have enough
1 skills for the participation.

[Evaluation methods and policy]

[Marit rating is done based on the presentation or reports after each internship program. Each D epartment
responsible to identify if the credit earned by this subject to be included as mandatory ones or not. If the
credit is not included in the undergraduate school in which the participant belongs to, the credit is granted by
the Global Leadership Education Center as a optional credit. The number of credits, either 1 or 2, will be
determined depending on the contents and the duration of the program that the participant has participated in.

[Textbooks]
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[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

1t is required for students to check if the internship program to participate in could be evaluated as part of
mandatory credits or not and could earn how many credits before the participation to the undergraduate
school or educational program the student in enrolled. If the credit could not be treated as mandatory ones,
get in touch with the Global Leadership Engineering Education Center.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course that includes off-campus training classes.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number U-ENG20 22503 SJ77

Couissiel . o o Instructor's Graduate School of Engineering
(and course | 7=/} + )=4=Yy Th3t=11({ /A=Y 37 205Kl |name, job title, | Senior Lecturer, KANEKO KENTAROU
title in Global Leadership Seminar Il (Ennovation and its commercialization) | and department | Graduate School of Engineering
English) of affiliation Senior Lecturer, TAKATSU HIROSHI

Year/semesters [021/Intensive, Second
semester

Target year #nd year students or abnv:l Number of credits ‘ 1

Seminar

Language of ivmn’m{ Japanese

Days and period% Intensive klass style

[Overview and purpose of the course]

This course is a small-group workshop program where students are supposed to extract or set up challenges
by themselves aiming at creating new social values. In concrete, abilities of planning and problem-solving are
trained through group works in residential training and skills of presentation and communication are

I d through oral presentations regarding contents of the proposal at each step of the process from a
preliminary draft to its completion.

[Course objectives]

[Ability of planning, from extraction or setting up challenges to proposal of solutions aiming at creating new
social values, is trained through group works.

[Course schedule and contents]

*Depending on the situation of COVID-19 pandemic, all lectures will be given online and residential
training will be canceled.

Orientation, Itime,A brief overview and a schedule of the course are explained and working groups are
organized.

Lectures,2times,Lectures by experts are given.

Group works,3times,Setting up challenges, extraction of problems, collecting information, and group works
are done.

[Residential training, 7times, Through intensive group works based on discussion, a proposal for solving
problems is planned, a draft report is made, and a few presentations are made.

[Preliminary review meeting,[time,A preliminary review meeting is held and discussions are made.

[Report meeting, 1time,Final presentations are made and reports are submitted.

[Course requirements]

None

[Evaluation methods and policy]

* Depending on the situation of COVID-19 pandemic, all lectures will be given online and residential
training will be canceled.

It is required to join the residential training. A report meeting is held and comprehensive evaluation
concerning abilities in group discussion to extract or set up challenges and to propose solutions for achieving

Coninete 70U+ J=5=79 T3 - 114 /A=) 37 EROBER ) L




T0-10b+)=5-7y Te3F- 14 /A= 3L203ER) ()

Course number U-ENG27 37028 LI61 U-ENG27 37028 LI76

[Textbooks]

'Will be indicated as necessary.

[References, etc.]

(Reference books)
Will be indicated as necessary.

Graduate School of Engineering
Professor, MAE KAZUHIRO
Graduate School of Engineering
Professor, TANAKA TSUNEHIRO

Course title § Instructor's Graduate School of Engineering
(and course | £ 1% T34 {L2¥ name, job title, | Professor, OOE KOUICHI

title in Industrial Organic Chemistry and department | Graduate School of Engineering
English) of affiliation Professor, ATOMI HARUYUKI

Graduate School of Engineering
Professor, KAWASE MOTOAKI
Graduate School of Engineering
Professor, KONDOU TERUYUKI

[Study outside of class (preparation and review)]

Target year ‘er year students or abovcl Number of credits ‘2 | Year/semesters ‘202 1/Second semester

[Will be indicated as necessary.

Days and period% Wed.1 klass style ‘ Lecture |lznguaqmimmb'{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

Course open period: October to January

*It depends on divisions which students belong to whether the earned credits are admitted as credits required
for graduation. Please refer to the syllabus of your division.

*Please visit KULASIS to find out about office hours.

In petrochemistry, organic intermediates are synthesized highly efficiently using a reaction that is completely
different from that described in textbooks on organic chemistry. High efficiency means having low
consumption of energy and resources, and a low environmental impact. Lectures will discuss the current state
of industrial organic chemistry and reference manufacturing processes centered on petrochemistry and
fermentation.

[Course objectives]

[Courses delivered by instructors with practical work experience]

(1) Category

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors” practical work experience

To understand the current state of the organic chemical industry based on the current economic climate, and
to understand the characteristics of large-scale chemical product manufacturing and the basics needed to
maintain its processes.

[Course schedule and contents]

Current state of carbon resources, history of the organic chemical industry, and the use of natural gas, 2
sessions

Students are given an overview on the current state of carbon resources such as petroleum, coal, natural gas,
and biomass, as well as on the future outlook of energy supply and demand and the properties of carbon
resources. Following this, the history of industrial organic chemistry is outlined alongside the chemical
utilization of natural gas and utilization of biomass, which are expected to become increasingly important in
the future. [Mae professor]

[Petroleum products, petroleum refining, steam cracking, 2 sessions

The properties required for the safe use of petroleum products such as gasoline, kerosene, and light oil are
outlined, along with chemical processes such as desulfurization, decomposition, and reforming, which are
required to produce petroleum products. Following this, students are given an overview of the synthesis of
ethylene, propylene, and BTX, which are the main materials in petrochemistry, and are taught the methods by
'which each product is isolated from complex mixtures (distillation, extraction, extractive distillation).
[Professor Kondo]

Oxidation reactions and acid catalyst reactions, 3 sessions
Students are given a general overview of the characteristic reactions of petrochemistry that use air as an

Continue to BT EZ2) ! | |
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oxidant and are taught about the characteristics of catalysts that enable such reactions. In addition, special
oxidation reactions such as ammoxidation, acetoxylation, and oxychlorination are explained, before briefly
covering dehydrogenation reactions and oxidative dehydrogenation reactions. Following this, acid catalyst
reactions such as esterification reactions, aromatic alkylation reactions, and hydration reactions are then
outlined, alongside the characteristics of solid acid catalysts. [Professor Tanaka (Tsune)]

Chemistry of olefins, aromatic compounds and petrochemical secondary derivatives, 2 sessions

The conversion reactions of aromatic residues known as ethylene, propylene, C4 olefins, and BTX are
explained using specific examples of each. In addition, students are taught industrial organic chemistry of
secondary derivatives made from materials such as ethylene oxide, acetaldehyde, and acetone. Following this,
the synthesis of chemical products from BTX secondary derivatives is summarized. [Professor Ohe]

[Homogeneous catalytic reactions, 1 session

After giving an overview of complex catalysts, students are taught about processes of acetic acid synthesis
using complex catalysts (Wacker process, oxo process, and Monsanto process). In addition, students briefly
touch on the topic of complex-catalyzed asymmetric synthesis that uses cross-coupling reactions, alkene
metathesis reactions, and chiral ligands. [Professor Ohe]

[Bioprocesses, 2 sessions

An overview is given on the industrialized fermentation process and its principles. In addition, while using
specific examples, students are taught basic strategies and methods for screening microorganisms and
lenzymes, enhancing activity, improving selectivity, regenerating coenzymes, and removing feedback
inhibition, etc., which are needed for the commercialization of bioprocesses. [Professor Atomi]

[Flow sheets and material balances, 2 sessions

Flow sheets and material balance sheets are the most important materials when it comes to chemical
[processes. Therefore, students are taught how to read outline flow sheets used in lectures and are given a brief
explanation on detailed flow sheets. In addition, students are taught the basics of stoichiometry, as well as key
points in reading and preparing detailed material balance sheets. [Professor Kawase]

[Feedback lecture, 1 session
Lectures and examination contents are explained to students to improve their degree of learning (details are
given during lecture or on KULASIS). [All professors]

BRTELFE)

[Textbooks]

Others; materials are distributed during each lecture.

[References, etc.]

(Reference books)
The following are to be distributed during the first lecture: Kambe, N., Yasuda, M. (ed.), Gendai yuuki
kougyou kagaku, (Kagaku-Dojin Publishing, 2020) ISBN: 978-4-7598-2025-6; Tajima, K., Fukawa, I. (trans.
), Kougyou yuuki kagaku, (Tokyo Kagaku Dojin, 2016) ISBN: 978-4-8079-0876-9; Wittcoff, H.A., Reuben,
B., Plotkin, J.S., Industrial Organic Chemicals, 3rd Ed., (Wiley, 2012) ISBN: 9780470537435; Konishi, S.,
[Nenryou kougaku gairon, (Shokabo, 1991) ISBN: 00097241; Japan Petrochemical Industry Association (ed.),
Sekiyu kagaku kougyou no genjou 2021-nen, (Japan Petrochemical Industry Association, 2021)

[Study outside of class (preparation and review)]

Before attending teaching sessions, it would be advisable for students to read reference books to acquire
knowledge on the formation and current state of the petrochemical industry in 2021. In addition, students will
| deepen their comprehensive understanding of industrial organic chemistry and their knowledge on process
technology and other matters by reviewing materials distributed during teaching sessions and answering
questions on short tests conducted in each teaching session. It would also be advisable for students to devote
twice the amount of time spent in teaching sessions to review and prepare for the next session.

(Other information (office hours, etc.))

A small test may be given before the end of lectures.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

[Course requirements]

Lectures are given under the assumption that students have taken “Organic Chemistry: Fundamentals and
Exercises” and “Fundamentals of Chemical Process Engineering,” which are offered in the first half of
the second year.

[Evaluation methods and policy]

Questions on an end-of-term examination are given by all professor, with marks alloted to the questions being
[proportional to the total lecture time of each professor. The final grade is determined mainly by students’
results on the end-of-term examination, and to a smaller degree, their performance in teaching sessions.

Continue to B TE(L¥3) | |

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’”  practical work experience
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Course number U-ENG27 37030 LJ61

Graduate School of Engineering
Professor, ATOMI HARUY UKI

Course title _ Instructor’s Graduate School of Engineering
(and course | “EM{L 27 1 name, job title, | Professor, IAMACHI ITARU

title in Biochemical Engineering and department | Graduate School of Engineering
English) of affiliation Program-Specific Associate Professor, TAKAHASHI NOBUAKI|

Graduate School of Engineering
Senior Lecturer, TAMURA TOMONORI|

Target year ‘er year students or abovsl Number of credits ‘2 | Year/semesters |50 /Second semester

EWEFETH(2)

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

Days and period% Fri.2 klass style ‘ Lecture |umuaqvwimmb'{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

 4times,
,3times,
,3times,
 4times,
,1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Continue to E¥MtZEIF2) ! | |

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

REH
Course number U-ENG27 37042 LJ61

: Agency for Health, Safety and Environment|
CEIEOUD [ » Instructor's Professor, HASHIMOTO SATOSHI
(and course | B (R A name, job title, | Graduate School of Engineering
title in Introduction to Environment Preservation |and department | Agsociate Professor, NAKAGAWA HIROYUKI
English) of affiliation Agency for Health, Safety and Environment

Professor, HIRAI YASUHIRO

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters |5 /First semester

Days and periud% Mon.1 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

This course is designed for students specializing in chemistry.

Students will study basic examples of environmental issues and their effects on society from the perspective
of preservation of the environment at the university, the air environment, the aquatic environment, and a
sound material-cycle society. We will help develop students” understanding of environmental preservation
for their future research and social activities.

[Course objectives]

[The major course objectives:

(1) To learn the background and basic mechanisms of environmental problems, specifically as they relate to
air and water, as well as how to establish a sound material-cycle society.

(2) To understand relationships between various activities and their environmental impacts on campus.

[Course schedule and contents]

1. Environmental Issues of Our Time, 3 times

With a particular focus on chemicals, we will study the background and current status of environmental
issues and discuss possible future problems. We will also examine how environmental issues are related to
human activities and resource/energy consumption.

2. Environment Preservation at Kyoto University, 2 times

Students will learn about environmental protection systems at Kyoto University. We will explain systems for
water quality control, liquid waste treatment, and specially controlled waste management. We will also detail
systems and regulations for proper use and of chemical

3. Air Environment, 5 times

[We will discuss the current status of global air pollution. We will learn about a variety of regulations and the
relevant background of rules created based on the Air Pollution Control Law. We will discuss in detail air
pollutants emitted by factories and automobiles in urban areas and look closely at their chemical reactions in
the air, with a particular focus on radical reactions.

4. Aquatic Environment, 2 times

Students will study the conservation of water quality, specifically (1) water contamination by organic
substances and related purification methods, (2) water contamination by heavy metals and related treatment
methods, and (3) management of environmentally persistent substances. They will also learn about
environmental criteria, effluent standards, and environmental protection technologies for water quality

Continue to IRERE2HH?2) L | |
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5. Waste Management and a Sound Material-Cycle Society, 2 times

Students will develop a better understanding of waste treatment/management and a sound material-cycle
society by studying (1) mass balance and indexes on the macro level, (2) definitions of waste and the current
status of waste treatment, (3) waste and dioxin problems, and (4) approaches toward establishing a sound
material-cycle society.

6. Confirmation of students' levels of understanding, 1 time
Students’  level of understanding of course topics will be checked.

[Course requirements]

[None

[Evaluation methods and policy]

Evaluation: test scores + attendance rates.

[Textbooks]

[Not specified. Materials and references will be distributed in class when needed.

[References, etc.]

(Reference books)
To be announced in class.

[Study outside of class (preparation and review)]

Review on the materials and references distributed. Specified points willbe announced in class.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 37043 LI61

Agency for Health, Safety and Environment]
Courssitide ) . Instructor's Professor, HASHIMOTO SATOSHI
(and course | BB 22 2L name, job title, | Graduate School of Engineering
title in Chemistry and Environmental Safety and department | Agsociate Professor, NAKAGAWA HIROYUK]]
English) of affiliation Graduate School of Engineering
Professor, ABE RYUU

Fr

RR2(LF(2)

[Study outside of class (preparation and review)]

Target year ‘lrd year students or abowl Number of credits ‘2 Year/semesters |70 1/Second semester

(Other information (office hours, etc.))

Days and period4 Thu.1 l:lass style ‘ Lecture languagevﬁmmim{ Japanese

[Overview and purpose of the course]

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

[Course objectives]

[Course schedule and contents]

,2-3times,
,2-3times,
,2-3times,
,2-3times,
,2-3times,
,2-3times,
L 1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to RIER21F(2)! | |

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

KREH
Course number | U-ENG27 37046 LI61 U-ENG27 37046 LI76 Course number | U-ENG27 37048 LI61 U-ENG27 37048 LI76
Course title Instructor's Course title Instructor's Graduate School of Engineering
(and course | ) BI5 name, job title, | Graduate School of Engineering (and course | 7" 11 -t Z il T2 name, job title, | Professor,0OSHIMA MASAHIRO
title in Transport Phenomena and department | Professor, Y AMAMOTO RYOICHI title in Process Control and department | Graduate School of Engineering
English) of affiliation English) of affiliation Professor, SOTOWA KENICHIRO

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021 /First semester

Target year %Id year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Fim semester

Days and period4 Tue.2 klass style ‘Lccmrc |lamuigea1immim{ Japanese

[Overview and purpose of the course]

Days and period% Wed.2 klass style ‘ Lecture languagmimm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

,Stimes,
,Stimes,
 4times,
, 1time,
, 1time,

[Process control is used for operating the production processes in chemical and the steel industries. Pressure,
temperature, liquid level and flow rate are major process variables to be controlled automatically (i.e.,
computers). Understanding the process dynamics is the first step to develop a good control system. Then, as
the second step, the optimal selection and manipulation of the process input variables has to be determined.
The class teaches to derive the physico-chemical dynamic models of chemical processes and transfer function
models, which are obtained by taylor expansion of the physico-chemical models. Then, the design scheme of
controller is described. To make the understanding easier, computer simulation exercises using Matlab and
Simulink are offered. 1.

[Course objectives]

The goal of the class is to educate the students to be able to develop the dynamic process model, design the
[process controller and to analyze the control performance so as to design the optimal process control systems.

[Course schedule and contents]

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Introduction of Process Control,1time,Showing several examples, the necessity, objectives and importance of
process control are described. Then, the concepts of feedback and feed-forward controls and technical terms
on process control are explained. Some issues on process control design are explained. The basic design
[procedure of the control system for solving the issues is explained.

Development of Dynamic Models, 1time, The first step for developing better process control systems is to
understand the dynamic behaviors of the process to be controlled. The modeling method using the material
and heat balance equations is lectured to construct the model showing the dynamic behavior of the process
appropriately. Then, how to derive the linear transfer model using Taylor expansion of the first principle
model is explained.

Laplace transform and Transfer function, Itime,The Laplace transform is revisited first. Then, how to derive
the transfer function from the linearized dynamic model among the input and the output variables is lectured.
[How to obtain the linear model from the step response is also taught.

Exercise with Matlab for learning dynamic behavior, 1time,[Exercise] After learning the basics of Matlab and
Simulink, the dynamic behaviors of some typical dynamic systems such as the first-order lag system and the
second-order lag system are simulated. Then, for a given process, the exercise on developing the model and
executing the simulation is executed.

PID Control,1time,The most popular controller in process industries is PID (Proportional, Integral, and
[Derivative) controller. The basic features of three elements (P, I, D) are explained. Then, after explaining the
basic feature of PID controller, how to adjust the control parameters is taught.

[Dynamics of controlled system, 1time, The relationship between the pole of the transfer function and the
stability is lectured. Then, the basic feature, the steady-state characteristics, and the stability of the feedback
[control system are explained.

Continue to 7O AFIHIF(2)d | |
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Mid-term exam, Itime,To know the level of understanding, the mid-term examination is conducted.
Frequency response, 1 time, The relationship between the sine wave input and the output (the frequency
response), and how to detect the stability from the frequency response are lectured. The features of various
filters are also explained.

PID control system design ,1time, The adjusting method of PID parameters based on the IMC control
[procedure is explained. Then, several revised controllers of the basic PID controller for improving the
performance are lectured.

Exercise of control system design ,1time,[Exercise] For a given process, the exercise of tuning the control
[parameters and verifying the performance under the developed system using Matlab/Simulink is executed.
Cascade control and Multi-loop control, Itime,The concept of cascade control is explained. Then, as a control
system dealing with the two-input and two-output process, the multi-loop control system is introduced, and
how to remove the interaction among the control loops is explained.

Exercise of multi-loop control, 1time,[Exercise] For a given process, the exercise of developing a controller
for a two-input and two-output process is executed.

Equipment for control,I1time, The equipment used for the real process control system are explained. The
concept of proportional band and the reason why non-dimensional system is used are explained.

Overall exercise of process control design, Itime,[Exercise] Starting with the construction of the first principle
model of a chemical/bio process, a two-input and two-output control system (multi-loop controller) is
designed and the parameters are tuned by using Matlab and Simulink

[Feed-back time, 1 times,The question and answer to the final exercise, and the whole of the lectures are
[conducted.

70+ ZFIHIF(3)

[Courses delivered by instructors with practical work experience]

[Course requirements]

Basic understanding of linear algebra, ordinal differential equations and Laplace transform

[Evaluation methods and policy]

The score is determined by considering the quality of homeworks, midterm exam, term-end exam and final
project.

[Textbooks]

Process Control Engineering, Hashimoto, Hasebe, Kano, Asakura book store, isbn{} {4254250312}

[References, etc.]

(Reference books)
[Process Control System, Ohshima, CORONA Publishing isbn{} {4339033146}

[Study outside of class (preparation and review)]

The final term project will be given.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Continue to 7O ABIHIF(3)! | |

(1) Category

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’” practical work experience

REH
Course number U-ENG27 37052 LJ61
Course title Instructor's
(and course | fit {L"AHf name, job title, | Graduate School of Engineering
title in Introduction to Quantum Chemistry and department | Professor,SATO HIROFUMI
English) of affiliation

EFLF8R2)

[References, etc.]

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

(Reference books)

[Study outside of class (preparation and review)]

Days and periud% Mon.2 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

(Other information (office hours, etc.))

[Course objectives]

[Course schedule and contents]

L 1time,
,1time,
| 2times,
,2times,
,3times,
,2times,
,2times,
L 1time,
,4times,
L 1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

Continue to 2 FLFER(2) L | |

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 47056 LJ61

Course number U-ENG27 47059 LJ61

Graduate School of Engineering
Course title Instructor's Professor, ABE TAKESHI
(and course | UL name, job title, | Graduate School of Engineering
title in Electrochemistry and department | Agsociate Professor, MIYAZAKI KOUHE]|
English) of affiliation Graduate School of Engineering
Assistant Professor. FJ5T HEA

Target year )mh year students or abov:l Number of credits ‘2 | Year/semesters |50 /First semester

Graduate School of Engineering
Associate Professor KURAHASHI TAKUYA

Course title N Instructor's Institute for Chemical Research

(and course | &7 name, job title, | Associate Professor, TAKAYA HIKARU|
title in Spectroscopy for Organic Compounds and department | Graduate School of Global Environmental Studies|
English) of affiliation Professor, TANAKA KAZUO

Institute for Chemical Research
Associate Professor, HIROSE TAKASH]I|

Days and period% Thu.2 klass style ‘ Lecture |lznguaqmimmm{ Japanese

Target year }mh year students or abovcl Number of credits ‘2 | Year/semesters |>0) | /First semester

[Overview and purpose of the course]

Days and period% Tue.2 klass style ‘ Lecture |umuangimmb'{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course objectives]

[Course schedule and contents]

Fundamental of electrochemical reaction,4times,
Kinetics of electrochemical reaction.4times,
[Battery and fuel cell 4times,

Electrolysis, 1time,

Corrosion, I time,

Evaluation,1time,

[Course schedule and contents]

[Course requirements]

[None

, 1time,
,2times,
,2times,
L 1time,
,8times,
L 1time,

[Course requirements]

[Evaluation methods and policy]

[None

[Evaluation methods and policy]

[Textbooks]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.
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[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number U-ENG27 47061 LI61

Graduate School of Engineering
Professor, TANAKA TSUNEHIRO
Graduate School of Engineering

Course title N Instructor's Associate Professor, TERAMURA KENTARO)
(and course | filt ({7 name, job title, | Graduate School of Engineering

title in Catalyst Chemistry and department | Professor, ABE RYUU

English) of affiliation (Center for the Promotion of Interdisciplinary Education and Research

Program-Specific Senior Lecturer, ASAKURA HIROYUKI
Graduate School of Engineering
Senior Lecturer, MUROYAMA HIROKI|

Target year }4111 year students or abov* Number of credits ‘2 | Year/semesters |)() |/First semester

Days and period% Wed.1 l:)lass style ‘ Lecture |languaqnﬁmmb'{ Japanese

[Overview and purpose of the course]

Lecture will be delivered by Prof. Tanaka and Abe. Fundamental concepts to understand catalytic chemistry,
how to clarify mechanism of catalytic reactions, properties of representative sold catalysts and reactions
taking place over them will be lectured and also catalyst preparation methods will be outlined.

[Course objectives]

[Understanding fundamentals on catalyst and catalysis.

[Course schedule and contents]

1. Fundamental concepts in catalysis (2)
[Reaction kinetics; activation energy; adsorption; kinetics in steady state; heat of adsorption; Linear free
energy relationship; volcano shape order.

2. Metal oxides and catalytic oxidation (1)
Catalytic oxidation; reactor; EO synthesis; oxidation of paraffins; oxidation of aromatic ring; oxidation of
side branch of aromatics.

3. Solid acids and bases (1)
[What is solid acids and bases; factors to gover solid acid/base catalysis; generation mechanism of acid and
base

4. Catalyst characterization (2)
Catalytic reaction mechanism elucidated by analysis of reaction, Elucidation of reaction mechanism using
physical instruments; topics of catalyst characterization.

5. Summary of first half part of the lecture (1)
Solution of quizzes and summary

6. Catalysis by metals (2)
[Metal wire mesh catalyst; metal nanoparticle catalyst; Raney-metal catakyst; supported metal catalyst; role of
support; industrial metal atalyst

7. Photocatalysis and environmental catalysis (2)

Continue to Aff#{t=(2) ! | |
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[What is photocatalsys; principle of photocatalysis; photocatalysis in next generation; green chemistry; what is
environmental catalyst?

8. Catalyst preparation mmethod (2)

Formation of precipitates; structural change in drying process; co-precipitation method; uniform precipitation

method; hydrothermal method; sol-gel method; sorvothermal method.

9. Summary of last half part of the lecture (1)
Solution of quizzes and summary

10. Feedback (1)

Course number U-ENG27 37064 LI61

Graduate School of Engineering
Courssitite N Instructor's Professor, ATOMI HARUYUKI
(and course | £ {2211 name, job title, | Graduate School of Engineering
title in Basic Biochemistry 1T and department | Professor, MORI YASUO
English) of affiliation Graduate School of Engineering

Professor, HAMACHI ITARU

Year/semesters

Target year ‘lrd year students or abowl Number of credits ‘2 2021/Second semester

Days and period4 Mon.1 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

[Course requirements]

[None

[Course objectives]

[Evaluation methods and policy]

Total scores of quizzes performed after first and last half of the lecture are evaluated.

[Course schedule and contents]

[Textbooks]

[Not used

[References, etc.]

(Reference books)
Introduced during class

,3times,
,3times,
,2times,
,2times,
,2times,
,2times,
L 1time,

,4times,

[Course requirements]

[Study outside of class (preparation and review)]

[Review the documents supplied in lecture.

None

[Evaluation methods and policy]

(Other information (office hours, etc.))

First half of the lecture will be given by Prof. Tanaka and the rest by prof. Abe.

*Please visit KULASIS to find out about office hours.

[Textbooks]

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’  practical work experience

Continue to £1LF11(2) | | |

E1LFN(2)

Course number U-ENG27 37070 LJ61 U-ENG27 37070 LI76

[References, etc.]

(Reference books)

Course title . Instructor's Graduate School of Engineering
(and course | fi{fi 1 T.°% name, job title, | Professor, MATSUSAKA SHUJI
title in Fine Particle Technology and department | Graduate School of Engineering
English) of affiliation Associate Professor, WVATANABE SATOSHI

[Study outside of class (preparation and review)]

Target year %Id year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and period% Tue.3 klass style ‘ Lecture languaqmimm{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

[From raw materials to finished products, powders#8212particle aggregates#8212are often used in chemical
[processes. In this course, students will learn about the fundamental properties of particles, characteristics of
[powders, properties of dispersed particles in a gas (vapor) or liquid phase, particle dynamic behavior analysis,
and the generation, separation, and collection of particles.

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

[Course objectives]

Students will acquire an understanding of the characteristics of particles and powders, and of methods of
analyzing the dynamic behavior of fine particles. Students will also foster their abilities in applications and
developments involving the manipulation of fine particles, including their generation, separation, and
collection.

[Course schedule and contents]

Overview of fine-particle engineering (1 class)
Explanation is made of the role of fine engineering in chemical processes, with examples from classical
[processes and natural phenomena.

Particle properties and measurement (4 classes)

In these lectures, explanation is made regarding the following: particle diameter expression method, particle
size distribution and related statistical processing methods, dynamic properties, especially the basic properties
of elastic deformation and plastic deformation, physicochemical properties including droplet formation and
capillary condensation, etc., electrostatic properties related to electrical charge, optical properties from the
relationship between light wavelength and particle diameter, etc., as well as the properties of individual
particles, and the characteristics of particle interactions and particle aggregates (assemblies). Measurement
methods for these will also be discussed.

Gas (vapor)-phase particle systems (5 classes)

Lectures focus on the basics of microparticle generation via pulverization and nucleation, as well as motion
of gas-phase dispersed particles. Explanation is made of analysis methods for basic phenomena such as wall-
surface deposition, fine particle aggregation, etc. Using this as a foundation, discussion is then made of
various operations, including dispersion, classification, solid-gas separation, materials processing, etc.

Liquid-phase particle systems (4 classes)

Explanation is made of interactions of liquid-phase dispersion particles, and this base is used to discuss unit
operations including dispersion, aggregation, filtration, etc. Examples of ordered structure formation based on
particle group interactions are explained next. Finally, confirmation is made of the extent that students have
understood the contents of this course.

Continue to R FT#(2) ! | |
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General summary of course (1 class)
A summary, chiefly focused on dry powder operations.

Course number U-ENG27 37071 LJ61  U-ENG27 37071 LJ76

Course title . Instructor's Graduate School of Engineering
(and course | /112 XA AT LT % name, job title, | Professor,SOTOWA KENICHIRO
title in Process Systems Engineering and department | Graduate School of Engineering
English) of affiliation Assistant Professor, TONOMURA OSAMU!

[Course requirements]

[None

2021/Second semester

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters

[Evaluation methods and policy]

Days and period4 Thu.2 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

Evaluation is made on the basis of scores (results) in periodically given tests. Consideration will also be given
to reports that may be assigned at any time during the course.

[Overview and purpose of the course]

[Textbooks]

K. Okuyama, H. Masuda and S. Morooka [Biryuushi Kougaku ndash Fine particle technology, (Ohmsha)
ISBN:4-274-12900-4

The chemical processes consist of various unit operations. In this course, the concepts and the methods of
optimal synthesis,optimal design and production management are described. The mathematical methods for
optimization are also explained.

[Course objectives]

[References, etc.]

This course aims to understand the systematic modelling procedures of the design and operational problems
for chemical processes. In addition, it is requested to understand the optimization methods for solving the
[problems which are formulated as the linear, non-linear or combinatorial programming problem.

(Reference books)
K. Hashimoto, F. Ogino [Gendai Kagaku Kogaku) (Sangyo Tosho) ISBN:4-7828-2609-5

[Course schedule and contents]

[Study outside of class (preparation and review)]

Students must prepare for classes, and review after classes.

(Other information (office hours, etc.))

Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.

What is PSE?, Itime, The concept of process systems engineering is explained.

Modelling of the processes -physical model, Itime, The feature of physical models used in the process design
and operation problems is explained.

Modelling of the processes - statistical model,1time, The least square method used in constructing the
statistical model is explained.

[Procedure of process design, Itime,The procedure of process design and the solution method using input and
output model are explained.

Process design using simulation, 1time, The sequential modular approach which is commonly used in the
[process simulators is explained.

Process synthesis, Itime, The combinatorial programming method and multi-step heuristic method which are
used in the conceptual design are explained.

[Heat exchanger network synthesis,2times,A systematic synthesis method using T-Q diagram is explained for
the heat exchanger network synthesis problem.

[Production management of chemical processes, Itime, The concept of production management including
supply chain problem is explained.

Solution procedure using LP,2times, The formulation of the production planning problem as a linear
[programming problem, and its solution method using the simplex method are explained.

Scheduling problem and BampB method, 2 times, The formulation of the scheduling problem of batch
[processes as a traveling salesman problem and its solution procedure using the branch and bound method are
explained.

[Various scheduling problems of batch processes, Itime,Various scheduling problems which arise in batch
[processes and their solution methods are explained.
Evaluation of learning achi t, 1 times,The comp
misunderstanding of the homework is explained.

ive review is executed, and the

Continueto 7AEAYATLIZ?2)! | |
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[Course requirements]

The basic knowledge of chemical engineering such as the unit operation and reaction engineering, and that of
differential and integral calculus are requested.

Course number U-ENG27 47072 L176  U-ENG27 47072 LJ61

Course title e Instructor's Graduate School of Engineering
(and course | 7’11 2745 name, job title, | Professor,SOTOWA KENICHIRO
title in Process Design and department | Faculty of Engineering

English) of affiliation

[Evaluation methods and policy]

[Homework assigned in the lectures is treated as 30 points, and the final examination is treated as 70 points of
the total score.

Target year }4111 year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/First semester

Days and period% Fri.3 klass style ‘ Lecture languaqmimm{ Japanese

[Textbooks]

| [Overview and purpose of the course]

Lecture materials are distributed in the class.

[References, etc.]

(Reference books)
Introduced during class

Students will learn fundamental skills of designing chemical processes which consist of various unit
operations. A conceptual design exercise of a chemical process is carried out using the knowledge of
chemical engineering and process simulation system.

[Course objectives]

It is requested to understand the way of conceptual design, and to have the skill of designing chemical
processes by applying the knowledge of chemical engineering and related field.

[Study outside of class (preparation and review)]

[Course schedule and contents]

Students must be familiar with material and energy balances. Understanding of linear algebra is also required.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Concept of process design, Itime,The concept of process design and the procedure of conceptual design are
explained.

Evaluation methods, 1time, After explaining the fundamental terms on economical efficiency evaluation, a
single-year evaluation method and a multi-year evaluation method are explained.

How to use process simulators, Itime, The sequential modular approach that is commonly used in the process
i ors is explained. Then, how to use process simulator is explained using the demonstration.

[Reality of process design,6times,According to the procedure of process design, some important points and
available methods on market research, acquisition of data, process synthesis and equipment design are
explained. (Intensive course)

Practice of a chemical proc:
[consisting of 2 or 3 students.

Oral presentation,4times, The final design of each group is presented at the workshop where all members of
the faculty attend.

s design, 17times, The exercise on process design is performed by group

[Course requirements]

The basic knowledge on chemical engineering such as unit operation is requested.

[Evaluation methods and policy]

The results are evaluated by the contents of the final report and the oral presentation.

Continue to 70+t
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[Textbooks]

The reference materials are prepared by teachers.

Course number U-ENG27 37082 LJ76  U-ENG27 37082 LJ61

Graduate School of Engineering
Courssitite)) . Instructor's Professor, DOSHIMA MASAHIRO
(and course | 5122 T2 name, job title, | Graduate School of Engineering
title in Computers in Chemical Engineering and department | Asgociate Professor, NAGAMINE SHINSUKE]|
English) of affiliation Graduate School of Engineering
Assistant Professor, HIKIMA YUUTA

[References, etc.]

(Reference books)
Introduced during class

(Related URLs)

(http://www.cheme.kyoto-u.ac.jp/processdesign/)

[Study outside of class (preparation and review)]

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters |20 1/First semester

Days and period4 Tue.3 l:lass style ‘ Lecture languagevﬁmmim{ Japanese

| [Overview and purpose of the course]

Solving several Chemical Engineering problems with computer language, Visual Basic (VBA) in Excel, the
students earn the basic computational skills for engineering calculations. They will be learing how to solve
the linear and nonlinear algebraic equations, differential equations, integral and linear and nonlinear least
square method for parameter fittings

[Course objectives]

(Other information (office hours, etc.))

Since the exercise is supervised by faculty members in each laboratory, the registration is restricted to senior
students belonging to Chemical Process Engineering Course.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
[An omnibus course delivered by invited lecturers and guest speakers from different companies, etc.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’” practical work experience

The goals of this course is to write computer programming codes by students themselves for solving the
simple Chemical Engineering Problems.

[Course schedule and contents]

1. Orientation

[After the instruction on how to start the VBA Editor, the students write the programs for basic arithmetic
Iculation and unit conversion.

2. Algebraic equation

The simple chemical engineering problems that can be formulated by algebraic equations are assigned to

solve with VBA.

3-4. Iterative calculation methods

After leaning the successive iteration and Newton iteration, the students write the programs to obtain the

solutions of algebraic equations that are not analytically solvable.

5-6. Differential equation

After learning the Euler and RKG methods for solving the differential equations, the students work on the
Iculation of chemical reactor.

7-8. Numerical integration

After learning computer algorithm like trapezoidal method and Simpson method, the students write programs

to integrate numerical data.

9. Partial differential equation

After learning the scheme of approximating the partial differential equation with difference equations, the

students numerically solve the heat conduction equation and obtain the time evolution of temperature

distribution.

10-11. Matrix calculation

First the programming codes for performing basic matrix calculations is taught. Then, the students learn

Gaussian elimination to solve the simultaneous linear equation and develop a computer program to derive a

linear regression model from the data.

12-14. Parameter fitting

The students learn the steepest descent method, Newton method and Marquardt method to seek local

extremum of multivariable function, and write the program to determine the parameters to fit the model with
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data by non-linear least square method.
15. Term-end examination
16. Feedback

[Course requirements]

Excel is to be used. The basic operation of computer and excel is prerequisite.

[Evaluation methods and policy]

[The submission of all homework assignments will be worth 40% of the final grade. The term end exam will
be evaluated for the rest of the 60 % of the final grade.

Course number U-ENG27 47096 LI61

Graduate School of Engineering
Associate Professor, NAKAGAWA HIROYUKI
Graduate School of Engineering
Senior Lecturer, OOMAE MASASHI|

Course title Instructor's Graduate School of Engineering
(and course lse=s oyt =1y name, job title, Professor, ABE RYUU

title in Safty in Chemistry Laboratory and department | Graduate School of Engineering
English) of affiliation Associate Professor,SUGASE KENJI

Institute for Chemical Research
Associate Professor, TOSAKA MASATOSH]|
Graduate School of Engineering
Senior Lecturer,ISHIDA NAOKI

Target year }-tlh year students or abo»sl Number of credits ‘ 1 Year/semesters #azn Intensive, First semester

[Textbooks]

Text will be prepared by the tutors

[References, etc.]

(Reference books)
Introduced during class

[Study outside of class (preparation and review)]

Days and period# Intensive klass style ‘Lecture urguagewimm'm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Writing program for the chemical engineering problem is assigned as homework every week.

(Other information (office hours, etc.))

The first 30 minutes of the class will be devoted for explaining theory and basic computational scheme
needed to solve the assignment of the day. Then, solve the assignment by using the computer.

*Please visit KULASIS to find out about office hours.

[Course schedule and contents]

,1time,
L 1time,
, 1time,
L 1time,
L 1time,
L 1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to {tFRENELIREH(2) ! | |
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Course number U-ENG27 37101 LI61 U-ENG27 37101 LI76

[Study outside of class (preparation and review)]

Coursetitle | Instructor's Graduate School of Engineering
(and course [{L2Z T2 I 2 L—v g name, job title, | Professor, YAMAMOTO RYOICHI
title in Simulations in Chemical Engineering and department | Graduate School of Engineering
English) of affiliation Associate Professor, WVATANABE SATOSHI

2021/Second semester

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters

(Other information (office hours, etc.))

Days and period4 Tue.2 l:lass style languagevﬁmmim{ Japanese

Lecture
*Please visit KULASIS to find out about office hours.
[Overview and purpose of the course]
[Courses delivered by instructors with practical work experience]
(1) Category [Course objectives]
A course with practical content delivered by instructors with practical work experience
(2) Details of instructors’ practical work experience related to the course
[Course schedule and contents]
(3) Details of practical classes delivered based on instructors’ practical work experience ,?S:zs,
,2times,
, 1time,
,2times,
,1time,
 4times,
, 1time,
[Course requirements]
None
[Evaluation methods and policy]
[Textbooks]
r--TTTTTTTTTTTTT T T Continue'to L3 T#Y 2 0-Y 3024 TL
KREH
MEFTIFIaL—23>(2) Course number | U-ENG27 27102 LJ60
[References, etc.] Course title s . Instructor's Graduate School of Engineering
(Reference books) (and course | B {L 2 SLRRE N O [ T4k name, job title, | Professor, KOGA TSUYOSHI
eterence books title in Physical Chemistry: Fund Is and Exercises|and dep: Graduate School of Engineering
English) of affiliation Assistant Professor, KOJIMA HIROYUK]|

[Study outside of class (preparation and review)]

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Fim semester

Days and period% Tue.2 klass style Lecture languagmimm{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

*Please visit KULASIS to find out about office hours.

[Course objectives]

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

[Course schedule and contents]

,3times,
,3times,
 4times,
,2times,
,2times,
, 1time,

[Course requirements]

None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)
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[Study outside of class (preparation and review)]

Course number U-ENG27 27102 LI60

Course title . Instructor's Graduate School of Engineering
(and course | VR 22 ELAfE R O [14k2] name, job title, | Professor, TANAKA TSUNEHIRO
title in Physical Chemistry: Fund: Is and Exercil d dep: Graduate School of Engineering
English) of affiliation Associate Professor, [ERAMURA KENTARO

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

2021/First semester

Target year Lnd year students or abovsl Number of credits ‘2 | Year/semesters

Days and period4 Tue.2 klass style ‘ Lecture languagevﬁmmiw{ Japanese

[Courses delivered by instructors with practical work experience]

[Overview and purpose of the course]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

In order to allow students to learn about the three fundamental laws of thermodynamics and apply them in
[physical chemistry, students are taught the fundamental matters and are given exercises (shorts tests) in the
latter half of each teaching session to check their level of understanding.

[Course objectives]

The goal is to help students understand the fundamental laws of thermodynamics (especially the concept of
entropy and the second law) and learn how to apply them to real physical chemistry systems.

[Course schedule and contents]

[Physical chemistry systems (3 sessions), Tanaka

1) Systems and the surroundings, isolated systems, closed systems, open systems based on knowledge of the
[motion of material points/molecules, momentum and impulse, force and pressure, the kinetic theory of gas,
gas state equations

2) Thermal equilibrium state of isolated systems, zeroth law of thermodynamics (transitivity of equilibrium),
empirical temperature, state quantities and state variables (intensive properties and extensive properties),
work, change of state (reversible, irreversible, quasi-static, minimal, cyclical)

3) State quantities and state variables (intensive properties and extensive properties), compressibility and
coefficient of thermal expansion, infinitely small inrements and exact differentials

Energetics (3 sessions), Tanaka

[4) Mechanical work driven by the motion of molecules and electrical work driven by the motion of electrons
in an electric field, calorific value, internal energy, first law

5) Enthalpy, Joule-Thomson experiment, heat capacity (constant volume, constant pressure), enthalpy of
[phase changes

6) Heat of chemical reactions (Hess' law) (enthalpy of formation), heat of solution, atomic structure and
chemical bonds, bond enthalpy

Entropy and free energy (4 sessions), Tanaka & Teramura

7) Heat balance and entropy, reversible processes, Thomson's principle, Clausius inequality (Tanaka)

8) Heat engine (cycle), Carnot cycle, thermodynamic temperature (absolute temperature) (Tanaka)

9) Entropy associated with state changes, entropy of compounds (standard entropy), irreversible processes
and entropy increases (Teramura)

10) Helmholtz free energy, Gibbs free energy, thermodynamic potential, Maxwell relations (Teramura)

Third law of thermodynamics (2 sessions), Teramura
11) Nernst’ s heat theorem, the third law and entropy, residual entropy

Continue to EMFERRVRE (Tit2l (2 11
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12) Adiabatic demagnetization method, approaching absolute zero

Thermodynamics of open systems (2 sessions), Teramura
13) Partial molar quantity, chemical potential
14) Equilibrium of mixed systems, Gibbs-Duhem equation

Feedback (1 session), Tanaka/Teramura
15) The learning achieved in teaching sessions will be checked and applied to physics and physicochemical
[phenomena in various ways.

[Course requirements]

[None

[Evaluation methods and policy]

Evaluation is based on either method A or method B below, dependent on which one produces better results.
Method A: Regular examinations (100%)

[Method B: Performance in teaching sessions (20%), mid-term test (30%), regular examinations (50%)
Performance in teaching sessions refers to the students’  participation in teaching sessions.

* 60 marks or above qualifies as a pass.
* 59 marks or below qualifies as a fail.

[Evaluation policy]
[Achievement targets are evaluated according to the grade evaluation policy of the Faculty of Engineering.

[Textbooks]

Others; students must follow instructions given by the professor-in-charge

[References, etc.]

(Reference books)

Others; Moore, W.J. (translated by Fujishiro, R.), Mooa butsuri kagaku (ue) dai 4-ban, (Tokyo Kagaku Dojin,
1974), parts of chapters 1, 2, 3 and 6, isbn {} {4807900021};

Atkins, P. (translated by Chihara, H., and Nakamura, N.), Atokinsu butsuri kagaku (ue) dai 8-ban, (Tokyo
[Kagaku Dojin, 2009), chapters 1-3 and parts of chapters 4 and 5, isbn {} {9784807906956}

[Study outside of class (preparation and review)]

Students must review exercises given during teaching sessions.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Continue to Y FERRUEE (T1k2) (3)4 1)
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Course number U-ENG27 27102 LI60

Course title . Instructor's Graduate School of Engineering
(and course | PRI 2EBLAfE R O [14k3] name, job title, | Professor, M[IYAHARA MINORU
title in Physical Chemistry: Fund Is and Exerci d dep: Graduate School of Engineering
English) of affiliation Associate Professor, TANABE  KATSUAKI

(L EEROEE [T1E3] (2)

[Study outside of class (preparation and review)]

Year/semesters

Target year knd year students or abovsl Number of credits ‘2 2021/First semester

Days and period4 Tue.2 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

,3times,
,3times,
,4times,
,2times,
,2times,
,1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to WEMFERRVRE (Tit3] (2 11

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number U-ENG27 27102 LJ60

Course title e . Instructor's Graduate School of Engineering
(and course | V)L ARk J O [(T.(k4] name, job title, | Associate Professor,UMEYAMA TOMOKAZU
title in Physical Chemistry: Fund Is and Exercises | and dep: Graduate School of Engineering
English) of affiliation Associate Professor, SUGASE KENJI|

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Fim semester

Days and periud% Tue.2 klass style ‘ Lecture languaqmimm{ Japanese

| [Overview and purpose of the course]

Students are divided into four classes and each class is assigned a professor who conducts teaching sessions
during the same time slot. The exercises given are sampled from questions appearing at the end of chapters in
the reference book. However, the specific questions used and the way in which the exercises are given may
differ from class to class. In order to allow students to learn about the three fundamental laws of
thermodynamics and apply them in physical chemistry, students are also taught the fundamental matters and
are given exercises to check their level of understanding.

[Course objectives]

The goal is to help students understand the fundamental laws of thermodynamics (especially the concept of
entropy and the second law) and to learn how to apply them to real physical chemistry systems.

[Course schedule and contents]

Physical chemistry systems, 3 sessions

Systems and the external world (environment), isolated systems, closed systems, and open systems based on
knowledge of the motion of point mass/molecules, momentum and impulse, force and pressure, the kinetic
theory of gas and gas state equations, thermal equilibrium state of isolated systems, zeroth law of
thermodynamics (transitivity of equilibrium), empirical temperature, state quantities and state variables
(intensive properties and extensive properties), work, change of state (reversible, irreversible, quasi-static,
minimal, cyclical), compressibility and coefficient of thermal expansion, minute changes and exact
differentials

Energetics, 3 sessions

[Mechanical work driven by the motion of molecules and electrical work driven by the motion of electrons in
an electrical field, calorific value, internal energy, first law, enthalpy, Joule-Thomson experiment, heat
capacity (constant volume, constant pressure), enthalpy of phase changes, heat of chemical reactions (Hess'
law) (enthalpy of formation), heat of solution, atomic structure and chemical bonds, bond enthalpy

Entropy and free energy, 4 sessions

[Heat fluctuations and entropy, reversible processes, Thomson's principle, Clausius inequality, heat engine
(cycle), Carnot cycle, thermodynamic temperature (absolute temperature), entropy associated with state
changes, entropy of compounds (standard entropy), irreversible processes and entropy increases
[Helmholtz free energy, Gibbs free energy, thermodynamic potential, Maxwell relations

Third law of thermodynamics, 2 sessions
[Nernst” s heat theorem, the third law and entropy, residual entropy, adiabatic demagnetization method,
approaching absolute zero

Continue to L FERRURE [Tfed] (411
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[Thermodynamics of open systems, 2 sessions
[Partial molar quantity, chemical potential, equilibrium of mixed systems, Gibbs-Duhem equation

Entirety of thermodynamics, 1 session
The learning achieved in teaching sessions will be checked and applied to physics and physicochemical
[phenomena in various ways

[Course requirements]

None

[Evaluation methods and policy]

[Performance in teaching sessions (20%), regular examinations (80%)

Student's performance in teaching sessions encompasses their participation in these sessions, marks on short
tests taken during sessions, and marks from assigned reports.

Obtaining at least 60 out of 100 marks is considered passing, while obtaining 59 or below out of 100 marks is
considered a fail.

[Evaluation policy]
[Achievement targets are evaluated according to the grade evaluation policy of the Faculty of Engineering.

[Textbooks]

Atkins, P., Paula, J. (translated by Nakano, M., Ueda, T., Okumura, M., and Kitagawa, Y.), Atkins butsuri
[kagaku (jou) dai 10-pan, (Tokyo Kagaku Dojin, 2017) ISBN: 978-4-8079-0909-4, chapters 1-3 and parts of
chapters 4 and 5

[References, etc.]

(Reference books)
[Moore, W.J. (translated by Fujishiro, R.), Moore butsuri kagaku (jou) dai 4-han, (Tokyo Kagaku Dojin, 1974)
ISBN: 978-4-8079-0002-2, chapters 1, 2, 3, and parts of chapter 6

[Study outside of class (preparation and review)]

Students must review exercises given during teaching sessions.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

Continue to Y FERRUEE (T1ka] (3)4 1)




KREH

(L EEEROEE [T1ed] (3)

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number U-ENG27 27103 LJ60

Course title . Instructor's Graduate School of Engineering
(and course | K22 ELAE R O [14k1] name, job title, | Associate Professor, NAGAKI AIICHIROU|
title in Exercises in Basic Organic Chemistry and department | Graduate School of Engineering
English) of affiliation Associate Professor,FUITHARA TETSUAKI

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |20 1/First semester

Days and period4 Mon.1 klass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

This course systematically studies the basic concepts and principles of organic chemistry through lectures and
exercises. Particular attentions are focused on the chemistry of carbonyl group, which is one of the most
important functional group in organic chemistry. The organic chemistry of amines and heterocyclic
[compounds are also studied.

[Course objectives]

[Acquire the basic concept and knowledge, especially physical properties and reactions, of organic chemistry
of carbonyl compounds, amines, and heterocycles.

[Course schedule and contents]

1. Aldehydes and ketones (2)
Study on the structures, properties, syntheses, and reactions of aldehydes and ketone.

2. Nucleophilic addition reactions (3)
Study on the reactions and reaction mechanisms of the nucleophilic addition reactions to aldehydes and
ketones.

3. Carboxylic acids and nitriles (1)
Study on the structure, properties, syntheses, and reactions of carboxylic acids and nitriles

4. Carboxylic acid derivatives (2)
Study on the structure, properties, syntheses, and reactions of carboxylic acid derivatives, such as esters and
acid halides.

5. Nucleophilic acyl substitution reactions (2)
Study on the reactions and reaction mechanisms of the nucleophilic acyl substitution reactions of carboxylic
acid derivatives.

6. alpha-Substitution and condensation reactions of carbonyl group (2)
Study on the reactions and reaction mechanisms involving enolate anions of ketons and esters, such as
alkylations and aldol reactions.

7. Amines and heterocycles (2)
Study on the structure, properties, syntheses, and reactions of amines and heterocycles.

8. Feedback (1)
Continue to At ZERR
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BRCFERROER [T1] (2 Course number | U-ENG2727103 LI60
—[C_ou_rs;re_ LTire_m;nt_s] ___________________________ Course title | - Instructor's
= q s : . (and course | {7 F¥(L 2IERE R O [TAk2] name, job title, | Graduate School of Engineering
Desirable to take Basic Organic Chemistry A and B. title in Exercises in Basic Organic Chemistry ~ |and department | Associate Professor, KURAHASHI TAKUYA|
English) of affiliation
[Evaluation methods and policy]

Evaluate based on a final written examination and exercises and tests during the lecture.

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021 /First semester

[Textbooks]

<7 VU— TEBEYE: BRSO 7 Ta—F]  GEYEAFIAN) ISBN:9784807906918

Days and period% Mon.1 klass style ‘Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

This course systematically studies the basic concepts and principles of organic chemistry through lectures and

[References, etc.]

(Reference books)

. Particular attentions are focused on the chemistry of carbonyl group, which is one of the most
important functional group in organic chemistry. The organic chemistry of amines and heterocyclic
[compounds are also studied.

[Course objectives]

[Study outside of class (preparation and review)]

Preparation and reviewing the textbook are needed.

Acquire the basic concept and knowledge, especially physical properties and reactions, of organic chemistry
of carbonyl compounds, amines, and heterocycles.

[Course schedule and contents]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

1. Aldehydes and ketones (2)
Study on the structures, properties, syntheses, and reactions of aldehydes and ketone.

2. Nucleophilic addition reactions (3)
Study on the reactions and reaction mechanisms of the nucleophilic addition reactions to aldehydes and
ketones.

3. Carboxylic acids and nitriles (1)
Study on the structure, properties, syntheses, and reactions of carboxylic acids and nitriles

4. Carboxylic acid derivatives (2)
Study on the structure, properties, syntheses, and reactions of carboxylic acid derivatives, such as esters and
acid halides.

5. Nucleophilic acyl substitution reactions (2)
Study on the reactions and reaction mechanisms of the nucleophilic acyl substitution reactions of carboxylic
acid derivatives.

6. alpha-Substitution and condensation reactions of carbonyl group (2)
Study on the reactions and reaction mechanisms involving enolate anions of ketons and esters, such as
alkylations and aldol reactions.

7. Amines and heterocycles (2)
Study on the structure, properties, syntheses, and reactions of amines and heterocycles.

8. Feedback (1)
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Course number U-ENG27 27103 LI60

[Course requirements]

Desirable to take Basic Organic Chemistry A and B.

[Evaluation methods and policy]

Course title Instructor's

(and course | F KL 2ERLAE R O [11k3] name, job title, | Graduate School of Engineering
title in Exercises in Basic Organic Chemistry and department | Professor, HAMACHI ITARU
English) of affiliation

Evaluate based on a final written examination and exercises and tests during the lecture.

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |20 1/First semester

[Textbooks]

<7<V — T EROEANDOT Ta—F1  GREUEARIA) 1SBN:9784807906918

Days and period4 Mon.1 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

[References, etc.]

(Reference books)

This course systematically studies the basic concepts and principles of organic chemistry through lectures and
exercises. Particular attentions are focused on the chemistry of carbonyl group, which is one of the most
important functional group in organic chemistry. The organic chemistry of amines and heterocyclic
[compounds are also studied.

[Course objectives]

[Study outside of class (preparation and review)]

Preparation and reviewing the textbook are needed.

[Acquire the basic concept and knowledge, especially physical properties and reactions, of organic chemistry
of carbonyl compounds, amines, and heterocycles.

[Course schedule and contents]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

1. Aldehydes and ketones (2)
Study on the structures, properties, syntheses, and reactions of aldehydes and ketone.

2. Nucleophilic addition reactions (3)
Study on the reactions and reaction mechanisms of the nucleophilic addition reactions to aldehydes and
ketones.

3. Carboxylic acids and nitriles (1)
Study on the structure, properties, syntheses, and reactions of carboxylic acids and nitriles

4. Carboxylic acid derivatives (2)
Study on the structure, properties, syntheses, and reactions of carboxylic acid derivatives, such as esters and
acid halides.

5. Nucleophilic acyl substitution reactions (2)
Study on the reactions and reaction mechanisms of the nucleophilic acyl substitution reactions of carboxylic
acid derivatives.

6. alpha-Substitution and condensation reactions of carbonyl group (2)
Study on the reactions and reaction mechanisms involving enolate anions of ketons and esters, such as
alkylations and aldol reactions.

7. Amines and heterocycles (2)
Study on the structure, properties, syntheses, and reactions of amines and heterocycles.

8. Feedback (1)
Continue to At ZERR
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T i T e e Course title § N Instructor's Institute for Chemical Research
[Courselrequiremonits] NG (and course | {THE{LA SERER O [ 1{k4] name, job tile, | Professor,Y AMAGO SHIGERU
[Desirable to take Basic Organic Chemistry A and B. title in Exercises in Basic Organic Chemistry and department | [nstitute for Chemical Research
English) of affiliation Assistant Professor, KAYAHARA EIICH]|
[Evaluation methods and policy]

Evaluate based on a final written examination and exercises and tests during the lecture.

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Fim semester

[Textbooks]

<7 VU— TEBEYE: BRSO 7 Ta—F]  GEYEAFIAN) ISBN:9784807906918

Days and period% Mon.1 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

[References, etc.]

(Reference books)

This course systematically studies the basic concepts and principles of organic chemistry through lectures and
exercises. Particular attentions are focused on the chemistry of carbonyl group, which is one of the most
important functional group in organic chemistry. The organic chemistry of amines and heterocyclic
[compounds are also studied.

[Course objectives]

[Study outside of class (preparation and review)]

Preparation and reviewing the textbook are needed.

Acquire the basic concept and knowledge, especially physical properties and reactions, of organic chemistry
of carbonyl compounds, amines, and heterocycles.

[Course schedule and contents]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’” practical work experience

1. Aldehydes and ketones (2)
Study on the structures, properties, syntheses, and reactions of aldehydes and ketone.

2. Nucleophilic addition reactions (3)
Study on the reactions and reaction mechanisms of the nucleophilic addition reactions to aldehydes and
ketones.

3. Carboxylic acids and nitriles (1)
Study on the structure, properties, syntheses, and reactions of carboxylic acids and nitriles

4. Carboxylic acid derivatives (2)
Study on the structure, properties, syntheses, and reactions of carboxylic acid derivatives, such as esters and
acid halides.

5. Nucleophilic acyl substitution reactions (2)
Study on the reactions and reaction mechanisms of the nucleophilic acyl substitution reactions of carboxylic
acid derivatives.

6. alpha-Substitution and condensation reactions of carbonyl group (2)
Study on the reactions and reaction mechanisms involving enolate anions of ketons and esters, such as
alkylations and aldol reactions.

7. Amines and heterocycles (2)
Study on the structure, properties, syntheses, and reactions of amines and heterocycles.

8. Feedback (1)
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BRCFERROER [T14] (2

[Course requirements]

Desirable to take Basic Organic Chemistry A and B.

[Evaluation methods and policy]

Course number ‘ U-ENG27 27104 LJ60

Graduate School of Engineering
Course title Instructor's Professor, ABE RYUU
(and course | ELEMERE(L [T17, Ti8] name, job title, | Graduate School of Energy Science
title in Basic Inorganic Chemistry and department | Agsociate Professor, TAKAT SHIGEOMI|
English) of affiliation Institute for Liberal Arts and Sciences
Professor, TANAKA KATSUHISA

Evaluate based on a final written examination and exercises and tests during the lecture.

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |20 1/First semester

[Textbooks]

<7<V — T EROEANDOT Ta—F1  GREUEARIA) 1SBN:9784807906918

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Days and period# Fri.2 klass style ‘ Lecture lamlligevﬁmmiw{ Japanese

| [Overview and purpose of the course]

Students are taught the structure of atoms and molecules, and the chemical bonds and structures of inorganic
solids, which are basics of inorganic chemistry needed in order to work as researchers and engineers in all
fields related to chemistry.

[Course objectives]

To understand atomic structure, ionic bonds, covalent bonds, electronegativity, molecular structure, and basic
crystal structures, which together form the foundations of inorganic chemistry.

Preparation and reviewing the textbook are needed.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Course schedule and contents]

[Atomic structure (Chapter 1), 4 sessions

After receiving an overview of the origin, abundance ratio, and classification of chemical elements, students
are given a general outline on the quantum mechanical method of expression for the orbitals of electrons in an
atom and atomic orbitals, and are taught the orbital approximation method and the building-up principle for
dealing with many-electron atoms. Additionally, students are given an explanation on atomic parameters such
as the atomic radius and ionic radius that characterize the properties of an atom, ionization energy, electron
affinity, and electronegativity, and are taught how these atomic parameters are related to the periodicity of
properties of chemical elements.

[Molecular structure and bonding (Chapter 2), 5 sessions

Based on the idea of bonding electron pairs, students are taught about Lewis structures, formal charge,
oxidation number, resonance, and the relationship between the molecular structure and the characteristics of a
bond (length and strength of a bond). Following this, the valence bond theory is explained, then concepts in
the molecular orbital theory such as the bonding mode, expression of bond order, resonance, orbital overlap,
and hybrid orbitals are explained for diatomic molecules and polyatomic molecules.

The structures of simple solids (Chapter 3), 5 sessions

The structures of many inorganic crystals are well explained by models that atoms and ions are regarded as
spheres and they are closely packed. Here, the concepts of the crystal lattice and the close-packed structure of
spheres that are needed for describing the structure of a crystal are explained. Following this, students are
given an explanation about the structures of metal elements and alloys, and are taught about the characteristic
structure of ionic solids, the effect of the cation to anion size ratio on the crystal structure, the concept of
lattice enthalpy and the method of calculation using ionic models and thermodynamic data, and the various
results derived from lattice enthalpy, among other matters concerning ionic solids in particular. Furthermore,
students are also taught about the relationship between the electronic structure and the electrical/electronic
[properties of solids.

Continue to EREE(LE [T17, T18] (24 L)
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Confirmation of learning achieved, 1 session
[Here, the students’ understanding of the lecture contents is confirmed.

[Course requirements]

Course number U-ENG27 27104 LJ60

Graduate School of Engineering
Course title Instructor's Professor, MIURA KIYOTAKA
(and course | LLEMERE(L Y [T19, T20] name, job title, | Graduate School of Engineering
title in Basic Inorganic Chemistry and department | Agsociate Professor, MATSUI TOSHIAKI]
English) of affiliation Institute for Liberal Arts and Sciences
Professor, TANAKA KATSUHISA

Students must have introductory knowledge on physics and chemistry.

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Fim semester

[Evaluation methods and policy]

Evaluation is based on results from regular examinations.
[Evaluation policy]
[Achievement targets are evaluated according to the grade evaluation policy of the Faculty of Engineering.

[Textbooks]

Weller, M., et al. (translated by Tanaka, K., Takahashi, M., Abe, T., Hirao, K., Kitagawa, S.) 'Shuraibaa
atokinsu muki kagaku dai 6-ban (jyoukan))  (Tokyo Kagaku Dojin, 2016) ISBN:9784807908981

[References, etc.]

(Reference books)
Nothing in particular

[Study outside of class (preparation and review)]

[Before attending a lecture, students must prepare by reading the textbook; after attending a lecture, students
will review the material by solving exercises in the textbook.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Days and period% Fri.2 klass style ‘ Lecture languaqmimm{ Japanese

| [Overview and purpose of the course]

Students are taught the structure of atoms and molecules, and the chemical bonds and structures of inorganic
solids, which are basics of inorganic chemistry needed in order to work as researchers and engineers in all
fields related to chemistry.

[Course objectives]

To understand atomic structure, ionic bonds, covalent bonds, electronegativity, molecular structure, and basic
crystal structures, which together form the foundations of inorganic chemistry.

[Course schedule and contents]

Atomic structure (Chapter 1), 4 sessions

After receiving an overview of the origin, abundance ratio, and classification of chemical elements, students
are given a general outline on the quantum mechanical method of expression for the orbitals of electrons in an
atom and atomic orbitals, and are taught the orbital approximation method and the building-up principle for
dealing with many-electron atoms. Additionally, students are given an explanation on atomic parameters such
as the atomic radius and ionic radius that characterize the properties of an atom, ionization energy, electron
affinity, and electronegativity, and are taught how these atomic parameters are related to the periodicity of
properties of chemical elements.

Molecular structure and bonding (Chapter 2), 5 sessions

[Based on the idea of bonding electron pairs, students are taught about Lewis structures, formal charge,
oxidation number, resonance, and the relationship between the molecular structure and the characteristics of a
bond (length and strength of a bond). Following this, the valence bond theory is explained, then concepts in
the molecular orbital theory such as the bonding mode, expression of bond order, resonance, orbital overlap,
land hybrid orbitals are explained for diatomic molecules and polyatomic molecules.

The structures of simple solids (Chapter 3), 5 sessions

The structures of many inorganic crystals are well explained by models that atoms and ions are regarded as
spheres and they are closely packed. Here, the concepts of the crystal lattice and the close-packed structure of
spheres that are needed for describing the structure of a crystal are explained. Following this, students are
given an explanation about the structures of metal elements and alloys, and are taught about the characteristic
structure of ionic solids, the effect of the cation to anion size ratio on the crystal structure, the concept of
lattice enthalpy and the method of calculation using ionic models and thermodynamic data, and the various
results derived from lattice enthalpy, among other matters concerning ionic solids in particular. Furthermore,
students are also taught about the relationship between the electronic structure and the electrical/electronic
[properties of solids.

Continue to ZREMEILF (T19, T20] (2 4 )
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Confirmation of learning achieved, 1 session
Here, the students’ understanding of the lecture contents is confirmed.

[Course requirements]

Students must have introductory knowledge on physics and chemistry.

Course number ‘ U-ENG27 27104 LJ60

Course title . Instructor's Graduate School of Engineering
(and course | ELfEMERE(L 22 [T21, T22] name, job title, | Professor,FUJITA KOJI

title in Basic Inorganic Chemistry and department | [nstitute for Liberal Arts and Sciences|
English) of affiliation Professor, TANAKA KATSUHISA

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |20 1/First semester

[Evaluation methods and policy]

Evaluation is based on results from regular examinations.
[Evaluation policy]
Achievement targets are evaluated according to the grade evaluation policy of the Faculty of Engineering.

[Textbooks]

[Weller, M., et al. (translated by Tanaka, K., Takahashi, M., Abe, T., Hirao, K., Kitagawa, S.) 'Shuraibaa
atokinsu muki kagaku dai 6-ban (jyoukan)] (Tokyo Kagaku Dojin, 2016) ISBN:9784807908981

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

[Before attending a lecture, students must prepare by reading the textbook; after attending a lecture, students
will review the material by solving exercises in the textbook.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

klass style ‘Leclure lamlligevﬁmmiw{ Japanese

| [Overview and purpose of the course]

Days and period# Fri.2

Students are taught the structure of atoms and molecules, and the chemical bonds and structures of inorganic
solids, which are basics of inorganic chemistry needed in order to work as researchers and engineers in all
fields related to chemistry.

[Course objectives]

To understand atomic structure, ionic bonds, covalent bonds, electronegativity, molecular structure, and basic
crystal structures, which together form the foundations of inorganic chemistry.

[Course schedule and contents]

[Atomic structure (Chapter 1), 4 sessions

After receiving an overview of the origin, abundance ratio, and classification of chemical elements, students
are given a general outline on the quantum mechanical method of expression for the orbitals of electrons in an
atom and atomic orbitals, and are taught the orbital approximation method and the building-up principle for
dealing with many-electron atoms. Additionally, students are given an explanation on atomic parameters such
as the atomic radius and ionic radius that characterize the properties of an atom, ionization energy, electron
affinity, and electronegativity, and are taught how these atomic parameters are related to the periodicity of
properties of chemical elements.

[Molecular structure and bonding (Chapter 2), 5 sessions

Based on the idea of bonding electron pairs, students are taught about Lewis structures, formal charge,
oxidation number, resonance, and the relationship between the molecular structure and the characteristics of a
bond (length and strength of a bond). Following this, the valence bond theory is explained, then concepts in
the molecular orbital theory such as the bonding mode, expression of bond order, resonance, orbital overlap,
and hybrid orbitals are explained for diatomic molecules and polyatomic molecules.

The structures of simple solids (Chapter 3), 5 sessions

The structures of many inorganic crystals are well explained by models that atoms and ions are regarded as
spheres and they are closely packed. Here, the concepts of the crystal lattice and the close-packed structure of
spheres that are needed for describing the structure of a crystal are explained. Following this, students are
given an explanation about the structures of metal elements and alloys, and are taught about the characteristic
structure of ionic solids, the effect of the cation to anion size ratio on the crystal structure, the concept of
lattice enthalpy and the method of calculation using ionic models and thermodynamic data, and the various
results derived from lattice enthalpy, among other matters concerning ionic solids in particular. Furthermore,
students are also taught about the relationship between the electronic structure and the electrical/electronic
[properties of solids.

Continue to EREEE(LE (121, T22] 24 L)
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Confirmation of learning achieved, 1 session
[Here, the students’ understanding of the lecture contents is confirmed.

[Course requirements]

Course number U-ENG27 27105 LJ60  U-ENG27 27105 LI76

Graduate School of Engineering
Course title Instructor's Professor, MAE KAZUHIRO

(and course | {L2% 7' A T2k [T17, T18]  |name,jobtitle, |Graduate School of Engineering

title in Fundamental Chemical Process Engineering|and department | professor, Y AMAMOTO RYOICHI
English) of affiliation Graduate School of Engineering
Associate Professor, MAKI TAISUKE|

Students must have introductory knowledge on physics and chemistry.

Year/semesters |02 | /First semester

Target year #nd year students or abnv:l Number of credits ‘2

[Evaluation methods and policy]

Evaluation is based on results from regular examinations.
[Evaluation policy]
[Achievement targets are evaluated according to the grade evaluation policy of the Faculty of Engineering.

[Textbooks]

Weller, M., et al. (translated by Tanaka, K., Takahashi, M., Abe, T., Hirao, K., Kitagawa, S.) 'Shuraibaa
atokinsu muki kagaku dai 6-ban (jyoukan))  (Tokyo Kagaku Dojin, 2016) ISBN:9784807908981

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Before attending a lecture, students must prepare by reading the textbook; after attending a lecture, students
will review the material by solving exercises in the textbook.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Days and period% Thu.2 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

| 2times,
,2times,
,2times,

, Itime,

, 1time,
,0.5times,
L 1time,
,1.5times,
L 1time,

| 2times,

, 1time,

, 1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to {2 7R ATHER (117, 18] (2)4 4}
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Course number U-ENG27 27105 LJ60  U-ENG27 27105 LJ76

[Study outside of class (preparation and review)]

Graduate School of Engineering
Professor, KAWASE MOTOAKI

Courseftitle | Instructor's Graduate School of Engineering
(and course | 2% 7 112 Z T8 [T19, T20]  |name, jobtitle, |Professor,SANO NORIAKI

title in Fundamental Chemical Process Engineering|and department | Graduate School of Engineering
English) of affiliation Senior Lecturer, ASHIDA RIYUUICHI

Graduate School of Engineering
Professor, YAMAMOTO RYOICHI

(Other information (office hours, etc.))

Target year )an year students or abovsl Number of credits ‘2 | Year/semesters |>0) | /First semester

*Please visit KULASIS to find out about office hours.

Days and period% Thu.2 klass style ‘ Lecture |lznguaqnfimmim{ Japanese

[Overview and purpose of the course]

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Transport phenomenon of materials, energy, and momentum are important not only in chemical processes but
also in environmental problems and energy problems which include diffusion of pollutants and efficient
utilization of heat. In this course, beginning with material and energy balances, momentum transport, energy
transport, and material transport are explained. As well, fundamentals of chemical reaction engineering
which aims to analyze and design chemical reactors are lectured. Categorization of reactor operation and
shapes of reactors is explained from engineering viewpoint and methods for formulating reaction rate
equations from experimental data and for designing reactors are then explained.

[Course objectives]

To learn fundamentals of chemical process engineering particularly transport phenomena and chemical
reaction engineering.

[Course schedule and contents]

[Weeks 1 and 2: Fluid dynamics (momentum transport)--- Basic concepts of transport phenomena, momentum
transport in fluids as well as Newton's law of viscosity, laminar flow of Newtonian fluid, turbulent flow and
friction factor, and macroscopic flow and application of balance equation to actual processes are lectured.

[Weeks 3 and 4: Heat transfer (energy transport)--- Types of heat transfer, heat conduction and Fourier's law,
heat transfer at fluid--solid interface and heat transfer coefficient, convective heat transfer, and principles of
heat exchanger are lectured.

Weeks 5 and 6: Diffusion (material transport)--- Diffusion and Fick's laws, analogy between momentum
transport, energy transport, and material transport, equimolar counter diffusion and one-directional diffusion,

and application to diffusion problems are lectured.

[Week 7: Review of transport phenomena--- Comprehensive lecture of fluid dynamics, heat transfer, and
diffusion which were taught previous weeks is given.

Week 8: Confirmation of understanding of transport phenomena--- Intermediate examination on transport
[phenomena as practice.

Week 9: Classification of chemical reactions and chemical reactors--- Basic concept of chemical reaction

ing is lectured and categorization of reactions and reactors from engineering viewpoint is explained.

Continue to {70 ¢ ATSHR [T19, T20] (4} |

{LF 70w ATHER (T19, T20] (2)

Weeks 9 and 10: Reaction rate equation--- Definition of reaction rate and its dependency on temperature are
explained. Steady-state approximation and partial equilibrium approximation fro formulation of overall
reaction are lectured.

Weeks 10 and 11: Fundamental equations of designing and operating reactors--- Stoichiometry during
reaction and kinetic balance equations of batch reactor, continuous tank reactor, and tubular reactor are
explained.

[Week 12: Kinetic analysis of simple reaction--- Measuring data in experiments using batch reactor, tubular
reactor, or continuous tank reactor, analyzing those data, and formulating reaction rate as a function of
concentrations and temperature are explained.

(Weeks 13 and 14: Design and operation of reactors--- Design and operation of reactors are taught and
exercised.

[Week 15: Comprehensive lecture on chemical reaction engineering which were lectured in previous weeks is
given.

[Course requirements]

[None

[Evaluation methods and policy]

[Absolute evaluation of intermediate and final examinations. Take-home assignments and in-class quizzes are
imposed and evaluated if necessary.

[Textbooks]

K. Hashimoto and F. Ogino ed. [Gendai Kagakukogaku (2001)] (Sangyo Tosho) ISBN:4782826095

[References, etc.]

(Reference books)
F.Ogino [Ido Gensho) (Sangyo Tosho) ISBN:478282520X
R. Bird, W. Stewart and E. Lightfoot [Transport Phenomena (2nd Ed.)] (Wiley) ISBN:9780470115398
K. Hashimoto Han'no Kogaku (revised and augmented)]  (Baifukan) ISBN:9784563046347

[Study outside of class (preparation and review)]

[Read through a corresponding part of the textbooks before the lecture. Assignments are usually taken from
the textbooks.

(Other information (office hours, etc.))

All registered students are divide into 3 classes. The 3 classes run separately though the contents are shared.
Fundamental knowledge on ordinary differential equations is needed. Be sure to take two examinations on
the former part (transport phenomena) and the latter part (chemical reaction engineering).

Continue to {70t AT R (19, T20] (3)4 1 |
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*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 27105 LJ60  U-ENG27 27105 LJ76

Graduate School of Engineering
Course title L § Instructor's Professor, MIYAHARA MINORU
(and course | {7 7' 11 A T 28K [T21, T22]  [name,jobtitle, |Graduate School of Engineering
title in Fundamental Chemical Process Engineering|and department | Asociate Professor, NAKAGAWA HIROYUKI
English) of affiliation Graduate School of Engineering
Professor, YAMAMOTO RYOICHI

(L2 70CZTFER (121, T22] (2)

concentrations and temperature are explained.
Weeks 13 and 14: Design and operation of reactors--- Design and operation of reactors are taught and

Target year knd year students or abovsl Number of credits ‘2 Year/semesters ‘202 1/First semester

[Week 15: Comprehensive lecture on chemical reaction engineering which were lectured in previous weeks is
given.

Days and period4 Thu.1 l:lass style ‘ Lecture languagevﬁmmim{ Japanese

[Course requirements]

[Overview and purpose of the course]

[None

Transport phenomenon of materials, energy, and momentum are important not only in chemical processes
butalso in environmental problems and energy problems which include diffusion of pollutants and efficient
utilization of heat. In this course, beginning with material and energy balances, momentum transport, energy
transport, and material transport are explained. As well, fundamentals of chemical reaction engineering which
aims to analyze and design chemical reactors are lectured. Categorization of reactor operation and shapes of
reactors is explained from engineering viewpoint and methods for formulating reaction rate equations from
experimental data and for designing reactors are then explained.

[Evaluation methods and policy]

[Absolute evaluation of intermediate and final examinations. Take-home assignments and in-class quizzes are
imposed and evaluated if necessary.

[Textbooks]

[Course objectives]

K. Hashimoto and F. Ogino ed. [Gendai Kagakukogaku (2001)J (Sangyo Tosho) ISBN:4782826095

To learn fundamentals of chemical process engineering particularly transport phenomena and chemical
reaction engineering.

[References, etc.]

[Course schedule and contents]

[Weeks 1 and 2: Fluid dynamics (momentum transport)--- Basic concepts of transport phenomena, momentum
transport in fluids as well as Newton's law of viscosity, laminar flow of Newtonian fluid, turbulent flow and
friction factor, and macroscopic flow and application of balance equation to actual processes are lectured.
[Weeks 3 and 4: Heat transfer (energy transport)--- Types of heat transfer, heat conduction and Fourier's law,
heat transfer at fluid--solid interface and heat transfer coefficient, convective heat transfer, and principles of
heat exchanger are lectured.

[Weeks 5 and 6: Diffusion (material transport)--- Diffusion and Fick's laws, analogy between momentum
transport, energy transport, and material transport, equimolar counter diffusion and one-directional diffusion,
and application to diffusion problems are lectured.

Week 7: Review of transport phenomena--- Comprehensive lecture of fluid dynamics, heat transfer, and
diffusion which were taught previous weeks is given.

'Week 8: Confirmation of understanding of transport phenomena--- Intermediate examination on transport
[phenomena as practice.

[Week 9: Classification of chemical reactions and chemical reactors--- Basic concept of chemical reaction
engineering is lectured and categorization of reactions and reactors from engineering viewpoint is explained.
Weeks 9 and 10: Reaction rate equation--- Definition of reaction rate and its dependency on temperature are
explained. Steady-state approximation and partial equilibrium approximation fro formulation of overall
reaction are lectured.

Weeks 10 and 11: Fundamental equations of designing and operating reactors--- Stoichiometry during
reaction and kinetic balance equations of batch reactor, continuous tank reactor, and tubular reactor are
explained.

Week 12: Kinetic analysis of simple reaction--- Measuring data in experiments using batch reactor, tubular
reactor, or continuous tank reactor, analyzing those data, and formulating reaction rate as a function of

Continue to {tZ 7Rt ATEER 121, 122) (2)4 1}

(Reference books)
F. Ogino [ldo GenshoJ (Sangyo Tosho) ISBN:478282520X
R. Bird, W. Stewart and E. Lightfoot [Transport Phenomena (2nd Ed.)J (Wiley) ISBN:9780470115398
K. Hashimoto ['Han'no Kogaku (revisedand augmented)] (Baifukan) ISBN:4563045187

[Study outside of class (preparation and review)]

Read through a corresponding part of the textbooks before the lecture. Assignments are usually taken from
the textbooks.

(Other information (office hours, etc.))

All registered students are divide into 3 classes. The 3 classes run separately though the contents are shared.
Fundamental knowledge on ordinary differential equations is needed. Be sure to take two examinations on the
former part (transport phenomena) and the latter part (chemical reaction engineering).

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

REH KREH
Course number U-ENG27 27111 LI60 Course number U-ENG27 27112 LI60

Graduate School of Engineering
Course title . Instructor's Course title . Instructor's Professor, KOGA TSUYOSHI
(and course | {F{L "7 T (AIIK(L7) name, job title, | Graduate School of Engineering (and course | VL% T (FIRAE) name, job title, | Graduate School of Engineering
title in Organic Chemistry I (Frontier Chemistry) |and department | professor, NAKAO YOSHIAKI title in Physical Chemistry I (Frontier Chemistry)|and department | Associate Professor, NISHIDA KOUJI
English) of affiliation English) of affiliation Graduate School of Engineering

Assistant Professor, KOJIMA HIROYUKT|

Target year %nd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Second semester

Year/semesters |02 /Second semester

Target year #nd year students or abnv:l Number of credits ‘2

Days and period4 Mon.1 klass style ‘Lccmrc |lamuigea1immim{ Japanese

[Overview and purpose of the course]

Days and period% Wed.2 klass style ‘ Lecture languagmimm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course objectives]

[Course schedule and contents]

,4times,
,3times,
| 3times,
,2times,
| 2times,
L 1time,

[Course schedule and contents]

[Course requirements]

| 2times,
,3times,
,3times,
,3times,
,3times,
, 1time,

None

[Course requirements]

None

[Evaluation methods and policy]

[Evaluation methods and policy]

[Textbooks]

[Textbooks]

[References, etc.]

(Reference books)

[References, etc.]

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

(Reference books)

Continue to L | (BIRUEE) (2)) ) |
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Course number | U-ENG27 27113 LI60

[Study outside of class (preparation and review)]

Course title . Instructor's Graduate School of Engineering
(and course | MER(L2% (AR name, job title, | Professor, MIURA KIYOTAKA
title in Tnorganic Chemistry (Frontier Chemistry) |and department | Graduate School of Engineering
English) of affiliation Associate Professor,SHIMOTSUMA YASUHIKO

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |5021/Second semester

Days and period4 Mon.2 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Courses delivered by instructors with practical work experience]

[Overview and purpose of the course]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

[Course objectives]

[Course schedule and contents]

,3times,
,3times,
,4times,
,4times,
, 1 times,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to (L7 (Bl (2) | |
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Course number U-ENG27 27114 LJ60

[Study outside of class (preparation and review)]

Graduate School of Engineering
Course title Instructor's Professor, 0OTSUKA KOJI
(and course | /)L (FAIKALY) name, job title, | Graduate School of Engineering
title in Analytical Chemistry (Frontier Chemistry)|and department | Asociate Professor,0YAMA MUNETAKA
English) of affiliation Graduate School of Engineering
Associate Professor, KUBO TAKUYA

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Year/semesters |02 /Second semester

Target year #nd year students or abnv:l Number of credits ‘2

Days and period% Fri.2 klass style ‘ Lecture languaqmimm{ Japanese

[Courses delivered by instructors with practical work experience]

[Overview and purpose of the course]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

As an introduction to analytical chemistry, basic subjects related to the underlying chemical equilibrium in
solution, including acid-base, complex formation, redox, dissolution, and partition equilibrium, will be given
and some exercises will also be conducted.

[Course objectives]

Learn important matters related to in-solution chemical equilibrium, which is the basis of analytical chemistry.

[Course schedule and contents]

1. Outline of chemical equilibrium (2): Explain the basics of chemical equilibrium as the basis for dealing
with in-solution chemical equilibrium, such as acid-base, complex formation, precipitation, and redox
reactions.

2. Acid-base equilibrium (4): Based on the Bronsted's definition of acids and bases, the pH calculation
methods for various solutions are shown, and the estimation of the neutralization titration curve, selection of
indicators, and buffer solutions are explained. The acid-base equilibrium in complex systems containing
polyprotic acids will also be shown.

3. Complex formation equilibrium (4): Mainly for chelatometric titration, the condition formation constant is
evaluated in consideration of side reactions, such as the protonation of ligands and the complexing effect of
metal ions. And discuss the feasibility of complex titration. The prediction of titration curves and metal
indicators will be discussed.

4. Redox equilibrium (4): The electrode potential and Nernst equation, which are the basis for understanding
the redox equilibrium, are explained. The relationship between the electrode potential and the redox
equilibrium in an aqueous solution is discussed. The relationship between the amount of the titrant and
[potential in a redox titration is shown. The actual titration is will be given.

5. Confirmation of learning achievement (1): Confirm (comment) the achievement of the contents of this
lecture.

[Course requirements]

[None

Continue to At (BIRILE) (2)L 4
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Course number U-ENG27 27115 LI61  U-ENG27 27115 LJ62

[Evaluation methods and policy]

Evaluation will be based on assignments (80%) and class performance (20%).

[Textbooks]

Coursetitle | i Instructor's Graduate School of Engineering
(and course | 77 TALAREERE T (RIRRIES) name, job title, | Associate Professor,NISHIDA KOUJI|
title in Elements of Polymer Chemistry I (Frontier Chemistry) | and department | Graduate School of Engineering
English) of affiliation Associate Professor, MATSUOKA HIDEK]|

[Daniel C. Harris [ Quantitative Chemical Analysis, 10th Ed.J (W. H. Freeman, 2020) ISBN:
9781319324506

Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |5021/Second semester

Days and period4 Thu.2 l:lass style languagevﬁmmim{ Japanese

Lecture
TRer ] [Overview and purpose of the course]
eferences, etc.
(Reference books)
Introduced during class
[Course objectives]
[Study outside of class (preparation and review)]
Introduced during class if necessary.
Course schedule and contents’
(Other information (office hours, etc.)) gtimes :
*Please visit KULASIS to find out about office hours. :ltimc,’
,2times,
, 1time,
L 1time,
,1time,
,2times,
,2times,
,2times,
, 1time,
[Course requirements]
None
[Evaluation methods and policy]
[Textbooks]
r--TTTTTTTTTTTT T T Continue o BAFFEE | EALD @171
KREH
=AFEEER | BIRIEE) (2) Course number | U-ENG2737117 LI60
[References, etc.] Coursaftitle | . . Instructor's
(Reference books) (and course | {7 HLA11 (RIRAE) name, job title, | Graduate School of Engineering
title in Organic Chemistry II (Frontier Chemistry)|and department | Professor, MATSUBARA SEIJIROU
English) of affiliation

[Study outside of class (preparation and review)]

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021 /First semester

Days and period4 Wed.2 klass style Lecture |lamuigea1immim{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

*Please visit KULASIS to find out about office hours.

[Course objectives]

[Course schedule and contents]

,3times,
,3times,
| 3times,
,3times,
| 2times,
L 1time,

[Course requirements]

None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 37118 LI61

(and course | “E (AHEYIE (L2 (AIRESE)

title in Biorelated Material Chemistry

Course title Instructor's

English) of affiliation

Graduate School of Engineering

name, job title, | Professor, NUMATA KEIJT
and department | Graduate School of Engineering
Senior Lecturer, OOMAE MASASHI|

LR EELY BIRER) (2)

[Study outside of class (preparation and review)]

Target year ‘lrd year students or abowl Number of credits ‘2

Year/semesters |05 |/First semester

(Other information (office hours, etc.))

Lecture

Days and period4 Tue.1 l:lass style

Language of imuﬂim{ Japanese

[Overview and purpose of the course]

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

[Course objectives]

[Course schedule and contents]

, 4 times,
 4times,
,4times,
,3times,

[Course requirements]

None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

Continue to £AEENELF EM{LT) 2111

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

REH

REH

Course number U-ENG27 37119 LJ60

Course number U-ENG27 37120 LJ61 U-ENG27 37120 LJ62

(and course | PJEE{L A1 (BIlKAES?)

Course title Instructor's
name, job title,

Institute for Chemical Research

Professor, TSUJII YOSHINOBU

Associate Professor, OONO KOUJI
title in Physical Chemistry II (Frontier Chemistry)|and department | [ngtitute for Chemical Research
English) of affiliation

Course title | L N Instructor's Graduate School of Engineering
(and course | ) L A AL (RIBE) name, job title, | Associate Professor, HORINAKA JIYUNICHI
title in Elements of Polymer Chemistry I1 (Frontier Chemistry) |and department | Graduate School of Engineering
English) of affiliation Associate Professor, TERASHIMA TAKAYA

Target year brd year students or abov:l Number of credits ‘2

| Year/semesters ‘202 1/First semester

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021 /First semester

Lecture

Days and period4 Wed.1 klass style

|lamuagenfimmim{ Japanese

Days and period4 Tue.2 klass style Lecture |lamuigea1immim{ Japanese

[Overview and purpose of the course]

[Overview and purpose of the course]

[Course objectives]

[Course objectives]

[Course schedule and contents]

[Course schedule and contents]

,3times,
,2times,
| 2times,
4times,
,3times,
L 1time,

,2times,
,2times,
| 3times,
,3times,
,4times,
L 1time,

[Course requirements]

[Course requirements]

None

None

[Evaluation methods and policy]

[Evaluation methods and policy]

[Textbooks]

[Textbooks]

[References, etc.]

[References, etc.]

(Reference books)

(Reference books)

[Study outside of class (preparation and review)]

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.




REH

Course number U-ENG27 37121 LI61

Course number U-ENG27 37122 LI60

Course title Instructor's

(and course | #7151 EA 122 A (BIRKIE22) name, job title, | Graduate School of Engineering
title in Introduction to Statistical Thermodynamics (Frontier Chemistry) | and department | Agsociate Professor,IDA DAICHI
English) of affiliation

Graduate School of Engineering
Course title Instructor's Professor, OTSUKA KOJI
(and course | (25 7ML (BIRAESE) name, job title, | Graduate School of Engineering
title in Instrumental Analytical Chemistry (Frontier Chemistry)|and department | Associate Professor,0YAMA MUNETAKA
English) of affiliation Graduate School of Engineering
Associate Professor, KUBO TAKUYA

Target year L}rd year students or abov:l Number of credits ‘2 | Year/semesters ‘2()21 /First semester

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters |20 1/First semester

Days and period% Mon.2 klass style ‘ Lecture |lznguagmimmb'{ Japanese

[Overview and purpose of the course]

Days and period# Fri.l klass style ‘ Lecture lamuigedimmim{ Japanese

[Overview and purpose of the course]

As an introduction to instrumental analysis, chromatography, spectral analysis and electrochemical analysis
are shown.

[Course objectives]

[Course objectives]

Learn the principles and applications of typical instrumental analysis methods.

[Course schedule and contents]

[Course schedule and contents]

,2times,
,3times,
,3times,
,3times,
,3times,
, 1time,

1. Chromatography (4): The basic theory and principle of chromatography, including the plate and kinetic
theory and parameters related to retention and separation, are explained. Then equipment and separation
characteristics of both gas chromatography and high performance liquid chromatography will be introduced.

2. Spectral analysis (5): After explaining the properties of electromagnetic waves and their interaction with
1

derivation of the Beer's law, which is important in light absorption measurement, as well as its

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

use in quantitative analysis are shown. In addition, the principles, equipment, and measurement methods of
ultraviolet-visible absorption spectrophotometry, and fluorescence/phosphorescence spectrophotometry are
discussed.

3. Electrochemical analysis (5): Regarding the potentiometric method (potentiometric), the details of the
electrodes that are the basis of the measurement and the measurement principle are explained. The response
principle of ion-selective electrodes and pH measurement using glass electrodes will also be explained. In
addition, electrolytic gravimetric analysis and coulometry will be introduced.

4. Confirmation of learning achievement (1): Confirm (comment) the achievement of the contents of this
lecture.

[Course requirements]

[References, etc.]

(Reference books)

Completed or learned "Analytical Chemistry (Frontier Chemistry)" is recommended.

[Evaluation methods and policy]

[Study outside of class (preparation and review)]

Evaluation will be based on assignments (80%) and class performance (20%).

[Textbooks]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Danicl C. Harris | Quantitative Chemical Analysis, 10th Ed.] (W. H. Freeman, 2020) ISBN:
0781319324506

Continue to BEAMAILE (BIAALS) (24 1

Introduced during class

KREH
oL (BIRIES) (2) Course number | U-ENG27 37123 LI60
( ___________________________________ Courseftitle | - _— Instructor's Graduate School of Engineering
(and course | {F{L"A1IT (AIRRAEF) name, job title, | Agsociate Professor KURAHASHI TAKUYA|
title in Organic Chemistry III (Frontier Chemistry)|and department | Graduate School of Engineering
[References, etc.] English) of affiliation Associate Professor, YOSHIHIRO SASAK]
(Reference books)

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Second semester

[Study outside of class (preparation and review)]

Days and period4 Tue.2 klass style ‘Lccmrc |lamuigea1immim{ Japanese

Introduced during class if necessary.

[Overview and purpose of the course]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Course objectives]

[Course schedule and contents]

,2times,
,2times,
,2times,
,2times,
,2times,
,4times,

[Course requirements]

None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.




Course number U-ENG27 37124 LI60

Course title Instructor's

(and course | PJER{L221T (AIRAES) name, job title, | Graduate School of Engineering
title in Physical Chemistry IIT (Frontier Chemistry)|and department | professor, DOKITA HIDEO
English) of affiliation

Year/semesters

Target year ‘lrd year students or abowl Number of credits ‘2 2021/Second semester

Days and period# Tue.1 klass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

In Physical Chemistry III (frontier chemistry), lectures will focus on quantum chemstry, which is one of the
core subjects in physical chemistry as well as thermodynamics and statistical thermodynamics: quantum
chemistry describe the dynamics and properies of microscopic systems such as electrons and molecules,
thermodynamics provides systematic description of macroscopic properties and characteristics, and statistical
thermodynamics makes links between microscopic and macroscopic properties. The lectures will also focus
lon how quantum theory serves as a basis for understanding electron configuration in atoms, chemical bonds,
molecular structure, and various spectroscopic properties.

[Course objectives]

Students will understand quantum theory systematically, which provides the fundamental laws of the
[molecular world. Students will also become able to explain, on the basis of quantum theory, electron
configuration in atoms, chemical bonds, molecular structures, and various spectroscopic properites.

[Course schedule and contents]

(1) Quantum theory (5 classes)

* Origins of quantum mechanics and microscopic system dynamics
+ Quantum-mechanical principles

* Translational motion, vibrational motion

* Rotational motion

(2) Atomic structure and atomic spectra (2 classes)
« Structure and spectra of the hydrogen atom
* Structure and complex atomic spectra of multielectron atoms

(3) Molecular structure (2 classes)
* Valence bond method, molecular orbital method
* Polyatomic molecular system orbitals

(4) Molecular spectroscopy 1 (2 classes)
* Rotational spectrum
* Vibrational spectrum

(5) Molecular spectroscopy 2 (1 class)
* Electron transition

(6) Molecular spectroscopy 3 (1 class)

Continue to ¥IE{LFIN (BIER{ES) (2)) 4 )

WIE(EFI (BIBRIES) (2)

+ Magnetic resonance

(7) Intermolecular interactions (1 class)
* Electrical properties

* Intermolecular interactions

Final examination/ Confirmation of extent of student learning

[Feedback (1 class)

[Course requirements]

[Prerequisites for this course are completion of the following courses: Fundamentals of Physical Chemistry
and Practical Exercises, Physical Chemistry I (Frontier Chemistry), and Physical Chemistry II (Frontier
Chemistry).

[Evaluation methods and policy]

[Evaluation method]

Evaluation will be based on an examination (80%) and class performance (20%).

Evaluation for Participation in class includes attendance and evaluations of short reports.
[Evaluation policy]

Achievement of goals is evaluated according to the grade evaluation policy of the undergraduate.

[Textbooks]

Peter Atkins, Julio de Paula 7, FPIF CH# - LITTEEE - BURERE - JLEERE 3R 177 R 2 T8k

)10 (F) 0 GREUEZEFA) ISBN:978-4-8079-0908-7 (77 b & T¥pEL2E) 25 8 hit
() TEMVEEA)

Peter Atkins, Julio de Paula &, FREF/CHY « HETVE « BURDERE « JWHERE G117 b2 2 T8k

)10 (F) ) GEUEMFEIN) ISBN:978-4-8079-0909-4 (77 b2 A THER(bA%) 55 8 i
(F) TEMVELA)

2

[References, etc.]

(Reference books)
Introduced during class
To be introduced during the course

[Study outside of class (preparation and review)]

Lectures will proceed on the assumption that students have read carefully and thoroughly assigned textbook
[pages before each class period. Therefore, students should be sure to perform such study before and after
each class.

Continue to ¥IE{LFIN (BIRIEE) (3)) ) |

[EEZEn @RS (3)

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 37126 LJ60

Graduate School of Engineering
Course title Instructor's Professor, 0OTSUKA KOJI
(and course | {r /el AR AT (AL ) name, job title, | Graduate School of Engineering
title in Advanced Instrumental Analysis (Frontier Chemistry) | and department | Agsociate Professor,0Y AMA MUNETAKA
English) of affiliation Graduate School of Engineering
Associate Professor, KUBO TAKUYA

Year/semesters |02 /Second semester

Language of ivmnix{ Japanese

Target year #rd year students or ab0\4 Number of credits ‘2

Days and period% Fri.l klass style ‘Lecture

[Overview and purpose of the course]

[Principles and methodologies of new chromatography, separation analysis methods, and some methods which
were not dealt with in "Instrumental Analysis (Frontier Chemistry)" are discussed. In addition, the advanced
instrumental analysis methods will be introduced as a topic.

[Course objectives]

[Understand the principles and applications of advanced instrumental analysis methods as well as the cutting-
edge analysis technology.

[Course schedule and contents]

1. High-performance separation analysis (4): Outlines the basic theory, principle, equipment, and applications
of micro/nano-scale separation analysis methods, which have been rapidly developing in recent years,
focusing on capillary electrophoresis and microchip electrophoresis

2. Electrochemical analysis (4): Principles, measurement methods, and response behavior of electrochemical
analysis methods for electrolytic redox reactions, such as potential and current measurement methods

(voltammetry) and current measurement methods (amperometry).

3. Spectral analysis I (1): Principles and measurement methods of atomic spectroscopy and inductively
coupled plasma spectroscopy.

4. Spectral analysis II (4): Basic theory, principle, equipment and applications of infrared spectrophotometry,
Raman spectrophotometry, mass spectrometry, and nuclear magnetic resonance spectroscopy.

5. Topics (1): Advanced instrumental analysis method.

6. Confirmation of learning achievement (1): Confirm (comment) the achievement of the contents of this
lecture.

[Course requirements]

Completed or learned both "Analytical Chemistry (Frontier Chemistry)" and "Advanced Instrumental
[Analysis (Frontier Chemistry)" is highly recommended.

Continue to RSB (EIR{LF) 2)) 1




REH

SRS (RIS (2)

Course number U-ENG27 47127 LI61

[Evaluation methods and policy]

Evaluation will be based on assignments (80%) and class performance (20%).

[Textbooks]

[Daniel C. Harris [ Quantitative Chemical Analysis, 10th Ed.J (W. H. Freeman, 2020) ISBN:
9781319324506

[References, etc.]

(Reference books)
Introduced during class

[Study outside of class (preparation and review)]

Introduced during class if necessary.

Graduate School of Engineering
Professor, OOUCHI MAKOTO
Graduate School of Engineering
Professor, OTSUKA KOJI
Graduate School of Engineering
Professor, NAKAO YOSHIAKI
Graduate School of Engineering
Professor, NAKAMURA YOU

Course title . Instructor's Institute for Liberal Arts and Sciences
(and course | {LZD T H > 7 ¢ 7 (AK{L) name, job title, | Professor, TANAKA KATSUHISA
title in Frontier Chemistry (Frontier Chemistry) |and department | Graduate School of Engineering
English) of affiliation Professor, MIURA KIYOTAKA

Graduate School of Engineering
Professor, TAKENAKA MIKIHITO
Institute for Chemical Research
Associate Professor, OONO KOUJI
Graduate School of Engineering
Professor, NUMATA KEIJI

Faculty of Engineering

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Target year }4111 year students or abov:i Number of credits ‘2 | Year/semesters ‘2021 /First semester

Days and period% Fri4 lt)lass style ‘Lecture |lznguaqmimm{ Japanese

[Overview and purpose of the course]

[Advanced research being performed in frontier chemistry research labs will be explained in an easy-to-
understand way by researchers themselves. This is a concentrated course: Two classes will be held one after
the other on Friday afternoons at 13:00-14:30 and 14:45-16:15, for a total of seven class days. Course dates
are posted separately elsewhere.

[Course objectives]

Students will gain knowledge of frontier research as currently practiced in representative chemistry research
areas, as well as of likely future trends. Students will also understand the role that chemistry plays in society.

[Course schedule and contents]

[Frontlines of polymer properties (2 classes)

[As macromolecules form a variety of molecular assembly structures, they display superior properties. In
these lectures, an overview explanation is provided on how block copolymers and graft copolymers form, via
self-organization, regular micro-phase separated structures on nanometer orders. These nano-patterns are
then used in the development of devices and new materials.

[Frontlines of polymer synthesis (2 classes)
An overview explanation is provided of basic chain polymerization functions, methods of precise synthesis of
macromolecules via chain polymerization, and the characteristics of polymers thus precisely synthesized.

Frontlines of macromolecular design (2 classes)
Chemistry for the rational design and synthesis of macromolecules is indispensable to activities that aim to
[proactively grant new functions to polymers. Students will gain a deeper understanding of the fundamentals

Continue to ftZN70Y7 (7 @IAALE) (24 1)

t2070>7 47 (RBIRILS) (2)

of living radical polymerization, which has undergone remarkable developments in recent times, and surface-
graft polymerization; an overview of applications and related items will also be presented from the viewpoint
of material design, especially applications in surface graft polymerization.

Frontlines of polymer characterization (2 classes)

An overview explanation is provided of light scattering in polymer solutions and of methods for determining
molecular parameters from intrinsic viscosity measurement. Also discussed are application examples for
each type of macromolecule (polymer).

Frontlines of organic chemistry and analytical chemistry (2 classes)

[Fine organic synthesis using organometallic compounds has become the most powerful tool of molecular
architecture. An overview is made of the theories of fine organic synthesis, and concrete advanced research
cases are introduced. Micro- and nanoscale high-performance separation and analysis techniques are
introduced to showcase the frontlines of novel topics.

[Frontlines of inorganic materials chemistry (2 classes)
[Discussion will be made of the synthesis and function of novel inorganic materials synthesis for applications
involving spin electronics and photonics materials.

Frontlines of polymer materials chemistry (2 classes)

Explanation will be made of recent issues associated with the characteristics and properties of such things as
elastomers and polymer gels. Lectures discuss the flow of development from supramolecular assembly to
supramolecular organization, trends in molecular architecture such as catenane and rotaxane, and the
development of nanomaterials.

Feedback (1 class)
Evaluation is made of the extent of learning achieved in the course overall, and in regards to the degree that
students have achieved course goals.

t2070> 747 (RIRILS) (3)

[Study outside of class (preparation and review)]

[Assignments and individual reports will be appropriately instructed during classes.

(Other information (office hours, etc.))

[Course requirements]

Students are recommended to have finished fundamental courses in organic chemistry, physical chemistry,
inorganic chemistry, analytical chemistry, and polymer chemistry.

[Evaluation methods and policy]

(Grades will be determined based on an overall evaluation of attendance and scores (results) on reports.

[Textbooks]

[No textbook will be used. Materials and PowerPoint presentations will be distributed and/or used during
classes.

[References, etc.]

(Reference books)

Continue to {LZN70 747 (EIF{LE) (3)4 )1

Course contents may be changed as necessary.

*Please visit KULASIS to find out about office hours.




REH

Course number U-ENG27 37129 LI61

Institute for Frontier Life and Medical Sciences|

Course title N - Instructor's Professor, TABATA YASUHIKO
(and course | {L.22 4= 1) name, job title, |Institute for Frontier Life and Medical Sciences|
title in Chemical Biology and department | Professor, EIRAKU GENJI

English) of affiliation Institute for Frontier Life and Medical Sciences|

Associate Professor, OHGUSHI MASATOSHI]

Target year ‘lrd year students or abowl Number of credits ‘2 Year/semesters |70 1/Second semester

{LFEMF(2)

[Course requirements]

None

[Evaluation methods and policy]

The credit is judged by the scheduled examination and the attendant rate.

Days and period4 Thu.2 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Textbooks]

[Overview and purpose of the course]

It is important in the field of life science to understand biochemistry and biological medicine in terms of
organic material chemistry. The way to think and view the biological system and bioprocess at the molecular
level can make clear the academic knowledge of life science and contribute to the development of
engineering-medicine-pharmacy interdisciplinary research area. In this lecture, proteins, polysaccharides, and
lipids of bio-related substances as well as cells, cell membrane, extracellular matrix of biological system are
explained in terms of chemical biology. As a representative of engineering-medicine-pharmacy
interdisciplinary research area, drug delivery system (DDS) and regenerative medicine are introduced. In
addition, some topics in the field of life science, including stem cells, body defense and immunology, and
endocrine disruptor, are also covered.

[References, etc.]

[Course objectives]

(Reference books)

Fundamentals of Biochemistry: Life at the Molecular Level ; Wiley isbn{} {9780470547847}

Molecular biology of the Cell ; Garland Science isbn{}{9780815344322}

F9 I HEENCLSMILELEEE Gii= v F) DRFFERGN | BBt A T 1 A1)V R isbn{}
{9784944157846} .

Immunology ; Saunders isbn{}{9780323080583}.

CEYEEAI L MR BT isbn {} {9784524403059}

2 TR THNSF /DDS ; BREtE AT ¢ /1)L B isbn{} {9784944157884}

The objective of the lecture is to obtain the fundamental knowledge of proteins, polysaccharides, lipids, cells,
and extracellular matrix and understand stem cells, body defense, DDS, regenerative medicine, and endocrine
disruptor of life science application.

[Study outside of class (preparation and review)]

[Course schedule and contents]

Proteins and enzymes,2times,Structure and function of proteins and enzymes

Polysaccharides and lipids, 1time,Structure and function of polysaccharides and lipids

Cell and cell membrane, 1time,Structure and function of cells and membrane transportation

Signal transduction, Itime,Signal transduction at cell membrane

Energy conversion, 1time,Oxidative phosphorylation to generate ATP

Cytoskeleton, Itime,Cellular biomechanics and biochemistry of cytoskeleton

Body defense and immunology, 1time,System and function of body defense and immunology

Stem cells, I time,System, function, and medical application of stem cells

Cell and extracellular matrix, 1time,Structure and function of extracellular matrix

Regenerative medicine and material science,2times,Overview of regenerative medicine based on material
science

[Drug delivery system (DDS),1time,Overview of DDS based on material science

Endocrine disruptor,1time,Overview of endocrine disruptor based on material science

[Achievement evaluation, 1time,Credit evaluation based on the understanding level of lecture contents

Continue to {EZ4E4F(2) 4 | |

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

KREH
Course number U-ENG27 37130 LJ62 U-ENG27 37130 LJ61 =ERFEE1(2)
Course title Instructor's e T T T
(and course | 577 L7 | name, job title, | Graduate School of Engineering [Evaluation methods and policy]
title in Polymer Chemistry [ and department | Professor, DOUCHI MAKOTO [Writton Examinati
English) of affiliation ritten Examination

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and periud% Wed.1 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

[Based on the courses quotFundamental Polymer Science I and IIquot (covering polycondensation and radical
[polymerization), this course is to discuss the concepts and the characteristics of coordination, stereospecific,
ionic (anionic and cationic), ring-opening, and living polymerizations. Examples are provided for initiators,
[monomers, reaction mechanism, polymerization intermediates, and produced polymers.

[Textbooks]

[None in particular. PDF files of slides that are to be shown at the course lectures will be uploaded into the
course website, and it is strongly recommended for students to download these materials for review and self-
learning.

[References, etc.]

(Reference books)
[quotFundamentals in Polymer Sciencequot, Tokyo Kagaku Dojin: isbn{} {9784807906352}

[Course objectives]

[Study outside of class (preparation and review)]

To discuss fundamental aspects of polymer chemistry, particularly the fundamental nature of polymers and
their synthesis (polymerization reactions).

[Course schedule and contents]

(Other information (office hours, etc.))

Coordination Polymerization,2times,To discuss: The fundamentals of coordination and Ziegler-Natta
[polymerizations, including ring-opening metathesis polymerization, and the relation between catalyst design
and polymerization mechanism.

Stereospecific Polymerization,2times, To discuss: The fundamentals of stereospecific polymerization,
[polymer characterization therein, and the relation between polymer steric structure and polymerization
mechanism.

Study Achievement Test (1),1time,To examine as quotfeed-backquot: The achievement of studying in the
subjects that have already been discussed (coordination and stereospecific polymerizations).

[Anionic Polymerization,3times,To discuss: The fundamental of anionic polymerization, including initiators,
[monomers, their structurendashreactivity relationships, elementary reactions, kinetics. and reaction
[mechanisms.

Cationic Polymerization,3times,To discuss: The fundamental of cationic polymerization, including initiators,
[monomers, their structurendashreactivity relationships, elementary reactions, kinetics. and reaction
[mechanisms.

Ring-Opening Polymerization, 1time,To discuss: The fundamental of ring-opening polymerization, including
initiators, monomers, their structurendashreactivity relationships, elementary reactions, kinetics. and reaction
[mechanisms.

Living Polymerization,2times,To discuss: The definition and examples of quotlivingquot polymerization,
including initiators, catalysts, monomers, their structure-reactivity relationships, elementary reactions,
kinetics, and reaction mechanisms

Study Achievement Test (2),1time,To examine as quotfeed-backquot: The achievement of studying in the
subjects that have already been discussed (ionic and living polymerizations).

[Course requirements]

Fundamental Polymer Science I (2nd year, 2nd term) and Fundamental Polymer Science II (3rd year, 1st

Continue to B FLFE 1 (2)1 4 |

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience




REH

Course number ‘ U-ENG27 27132 LI55 U-ENG27 27132 LJ61

Coursetitle| . Instructor's Graduate School of Engineering
(and course | {287 (KAL) name, job title, | Professor, NAKAMURA YOU

title in Mathematics of Chemistry(Frontier Chemistry){and department | [nstitute for Chemical Research
English) of affiliation Associate Professor, OGAWA HIROK]|

{L=8% (BIRIESE) (2)

[Textbooks]

Year/semesters

2021/Second semester

Target year knd year students or abovsl Number of credits ‘2

[References, etc.]

Days and period4 Tue.2 l:lass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

(Reference books)

[Study outside of class (preparation and review)]

[Course objectives]

(Other information (office hours, etc.))

[Course schedule and contents]

L 1time,
L 1time,
, 1time,
, 1time,
L 1time,
,2times,
L 1time,
, Itime,
, 1time,
, 1time,
,1time,
L 1time,
,1time,
L 1time,

[Course requirements]

[None

[Evaluation methods and policy]

Continue to {tF#% (BIRLF) ()1 | |

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 37133 LJ60

Course title § . Instructor's Graduate School of Engineering
(and course | EH{A{L (AIIK(L ) name, job title, | Professor, FUIITA KOJI

title in Coordination Chemistry (Frontier Chemistry)|and department | Institute for Liberal Arts and Sciences
English) of affiliation Professor, TANAKA KATSUHISA

[ERFtE ERED 2

Confirmation of learning achieved, 1 session
Here, the students’ understanding of the lecture contents is confirmed.

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and periud% Mon.1 klass style ‘ Lecture languaqmimm{ Japanese

| [Overview and purpose of the course]

Students are given an explanation of acids and bases, and oxidation and reduction, which are basic concepts
of inorganic chemistry. Following this, students are taught about coordination chemistry, one of the core
fields in inorganic chemistry. In order to prepare students to understand coordination chemistry, an
introduction to group theory is given and the structure and properties of complexes are explained.

[Course objectives]

To understand acids and bases, as well as oxidation and reduction for inorganic compounds; to learn how
group theory is used to describe molecular symmetry; and to understand the structure and electronic state of
complexes, especially d-metal complexes.

[Course requirements]

Students are required to have knowledge obtained in Basic Inorganic Chemistry.

[Evaluation methods and policy]

Evaluation is based on results from regular examinations.

[Textbooks]

Others; Weller, M., et al. (translated by Tanaka, K., Takahashi, M., Abe, T., Hirao, K., Kitagawa, S.),
Shuraibaa atokinsu muki kagaku dai 6-ban (ue), (Tokyo Kagaku Dojin, 2016), ISBN: 978-4-8079- 0898-1)
isbn {} {9784807908981}; Weller, M., et al. (translated by Tanaka, K., Takahashi, M., Abe, T., Hirao, K.,
[Kitagawa, S.), Shuraibaa atokinsu muki kagaku dai 6-ban (shita), (Tokyo Kagaku Dojin, 2017), ISBN:978-4-
8079-0899-8) isbn{} {9784807908998}

[References, etc.]

[Course schedule and contents]

[Acids and bases, 3 sessions

Students are given explanations of the Bronsted definition and Lewis definition of acids and bases, the
concepts of hard acids and bases and soft acids and bases, specific examples of oxoacids, and acid - base
reactions in solvents.

(Oxidation and reduction, 3 sessions

Explanations are given on basic concepts of oxidation-reduction reactions related to inorganic compounds,
such as reduction potential, Nernst equation, Latimer diagrams, Frost diagrams, Pourbaix diagrams, the
chemical extraction of simple substances, and Ellingham diagrams.

Molecular symmetry, 3 sessions

[Here, the symmetry of molecules and the basics of group theory are explained. In particular, students are
taught about symmetry operations, symmetry elements, point groups, the application of symmetry, orbital
symmetry, molecular vibrations and spectroscopy.

An introduction to coordination compounds, 2 sessions
Explanations are given on specific examples of the structure and symmetry of complexes, the nomenclature
of complexes, and the isomers in complexes.

d-Metal complexes: electronic structure and properties, 3 sessions

Students are given an explanation on the crystal field theory and the ligand field theory, then are taught how
to clarify the electronic structure of a complex based on spectroscopy. In particular, students are taught about
the basic principles of optical absorption, lumi electron parar ic resonance and other
techniques in spectroscopy, and are given a clear explanation on the electronic structure of a complex that
could be clarified by using these techniques.

Continue to $i&{tF (BIRILE) ()L 11

(Reference books)
Others; Hirao, K., et al., Muki kagaku - sono gendai-teki apuroochi - dai 2-ban, (Tokyo Kagaku Dojin, 2013)
isbn {} {9784807908240}

[Study outside of class (preparation and review)]

Before attending a lecture, students must prepare by reading the textbooks; after attending a lecture, students
will review the material by solving exercises in the textbooks.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 37134 LI61 U-ENG27 37134 LJ62

Course number U-ENG27 37135 EJ61

Course title Instructor's
(and course | (557 T{L2E11 name, job title, | Professor, TAKENAKA MIKIHITO
title in Polymer Chemistry IT and department | [nstitute for Chemical Research

English) of affiliation Associate Professor, OGAWA HIROK]|

Graduate School of Engineering

Target year L}rd year students or abov:l Number of credits ‘2 | Year/semesters ‘2()21 /Second semester

Days and period% Fri.2 klass style ‘ Lecture |lznguagmimmb'{ Japanese

[Overview and purpose of the course]

[Course objectives]

Mastering at least the minimum knowledge of polymer physics necessary for starting research in polymer
field

[Course schedule and contents]

[polymer structure and characteristic property,3times,Definition of polymer, polymer characteristics, kinds of
[polymer, molecular structure, shape of a single-chain and its variety, molecular weight and molecular weight
distribution will be discussed.

 4times,

,4times,

,3times.
, 1time,

[Course requirements]

None

[Evaluation methods and policy]

Grading

Graduate School of Engineering
Professor, MATSUBARA SEIJIROU
Graduate School of Global Environmental Studies
Professor, TANAKA KAZUO

Graduate School of Engineering
Associate Professor,YOSHIHIRO SASAKI!
Graduate School of Engineering
Associate Professor, KUBO TAKUYA|
Graduate School of Engineering

Course title ) Instructor’s Associate Professor KURAHASHI TAKUYA|
(and course EW{E?‘%% 1 (ﬁ'lﬁ!iﬂ:i’) name, job title, Graduate School of Engineering
title in Frontier Chemistry Laboratory I(Frontier Chemistry) |and department | Associate Professor, TERASHIMA TAKAYA
English) of affiliation Graduate School of Engineering

Senior Lecturer, DOMAE MASASHI|
Graduate School of Engineering
Professor, FUJITA KOJI

Graduate School of Engineering
Associate Professor,IDA DAICHI
Graduate School of Engineering
Assistant Professor, KOJIMA HIROYUKI
Faculty of Engineering
AL T BRI e A

Year/semesters |05 |/First semester

Target year ‘lrd year students or abo\4 Number of credits ‘7

Days and periods*’uel{&.Wed}{Slhul{klass style ‘ Experiment languagewimmiw{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

,6times,
,6times,
,12times,
,9times,
,3times,
,9times,
,15times,
,6times,

Continue to BIR{LFZR | (EIR{LE) 24!
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[Course requirements]
[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]
(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))
*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]
(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number U-ENG27 37136 EJ61

Graduate School of Engineering
Professor, MATSUBARA SEIJIROU
Graduate School of Engineering
Associate Professor, KUBO TAKUYA
Graduate School of Engineering
Associate Professor, CURAHASHI TAKUYA
Course title N N Instructor’s Graduate School of Engineering
(and course | AL EHER T (AIRAL %) name, job title, | Agsociate Professor, TERASHIMA TAKAYA
title in Frontier Chemistry Laboratory II(Frontier Chemistry) |and department | Graduate School of Engineering
English) of affiliation Senior Lecturer, DOMAE MASASHI
Graduate School of Engineering
Professor,FUJITA KOJI
Graduate School of Engineering
Associate Professor,IDA DAICHI
Faculty of Engineering
AL T2 BRB e A

Year/semesters |05 /Sccond semester

Target year }lrd year students or abovsl Number of credits ‘7

Days and period%’ucl{&w“ﬂ345Thu34klass style ‘ Experiment larquigedinstrm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

,6times,
,12times,
,9times,
,3times,
,9times,
,15times,
,6times,
,6times,

[Course requirements]

[None

Continue to BIFLFR8II (Bl (24 1)
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[Evaluation methods and policy]

Course number ‘ U-ENG27 37137 LE48  U-ENG27 37137 LE61

Courssititieyl . Instructor’s Graduate School of Engineering
(and course | FL*ZHEEE (RIRIL) name, job title, | Professor, MATSUBARA SEIJIROU
title in Scientific English and department

English) of affiliation Part-time Lecturer,John Pryce

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Target year L}rd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Firs[ semester

Days and period% Mon.3 klass style ‘ Lecture |lznguaqmimm{ English

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

, 1time,

, 4 times,
, 4 times,
, 5 times,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

None

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 37137 LE48  U-ENG27 37137 LE61

Course title N - Instructor's Graduate School of Engineering
(and course | B} 2 0EE  (BIlR(L) name, job title, | Professor, MATSUBARA SEIIIROU
title in Scientific English and department

English) of affiliation Part-time Lecturer,John Pryce

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Fim semester

Days and periud% Mon.4 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

This course aims to give students an opportunity to use and expand on their current English skills in a
Scientific context, specifically within the field of Industrial Chemistry. In addition, since all instruction is in
English, the course focuses on creating an environment where students can develop their overall skills in
International Communication in both oral and written formats.

This is not a passive lecture course; students are expected to attend all online classes and actively participate
in activities and discussion.

[Course objectives]

The goals of this course are: 1. To enable students to become conversant in English within various aspects of
Industrial Chemistry. 2. To improve and expand student's specialized vocabulary and pronunciation skills. 3.
To give students confidence in oral and presentation skills. 4. To develop student's overall ability in speaking,
listening, reading, and writing, as well as critical thinking skills with regards to Industrial Chemistry topics. 5.
To develop and contribute to the student's confidence and knowledge to be able to attend international
conferences, conduct presentations and publish papers in English.

[Course schedule and contents]

1. Introduction / Unit 1 - 3D Printing Material Chemistry : Introduction to the course objectives, how it will
be conducted and the first unit covering effective note taking.

2. Unit I - 3D Printing Material Chemistry : Continuation and completion of unit 1.

3. Unit 2 - Virology - Studying Viruses : Pronunciation, use of synonyms and effective summarisation
methods using the SW1H approach.

4. Unit 2 - Virology - Studying Viruses : Continuation and completion of unit 2.
5. Video Opinion 1 Assignment Preparation : Details will be given in class.

6. Unit 3 - Nanotechnology - Securing your Future / Video Opinion Assignment 1 Submission. :
Pronunciation, use of collocations, and the using the SW1H method for brainstorming and creating titles for

Continue to #5558 (BIMILE) ()L 11
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[presentations/papers/assignments.
7. Unit 3 - Nanotechnology - Securing your Future : Continuation and completion of unit 3.

8. Unit 4 - Genetics -What does the future Hold : Pronunciation, topic keywords and the resolution of
dilemmas using ethical and moral issues in science and technology.

9. Video Opinion 2 Assignment Preparation / Final Presentation Topic Selection : Details will be given in
class.

10. Unit 5- DNA and Cloning -Real Carbon Copies/Video Opinion 2 Assignment Submission :
Pronunciation, word association, note-taking and summarizing.

11. Unit 5- DNA and Cloning - Real Carbon Copies / Practice Presentation : Continuation and completion
of unit 5.

12. Unit 6 - Biomimicry - Nature as a solution : Pronunciation, topic keywords, Note-taking and
Summarizing

13. Unit 6 - Biomimicry - Nature as a solution . Continuation and completion of unit 6.
14. Opinion 3 Assignment : This assignment will be conducted live in class.

15. Final Presentation : This assignment will be conducted live in class.

[Course requirements]

Students enrolled in the Industrial Chemistry Course of the School of Industrial Chemistry. All instruction
will be in English, so students are advised to work on improving listening skills both before and during the
course.

[Evaluation methods and policy]

[Video Opinion 1-3 - 45%
[Practice Presentation - 10%
Presentation Topic - 10%
Final Presentation - 35%

[Textbooks]
Handouts can be downloaded from the resources tab on Panda. Additional materials such as rubrics, lecture
p ions and suppl 'y materials can also be found there.
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Course number U-ENG27 37211 Ll61

[References, etc.]

(Reference books)
Nothing specified.

Agency for Health, Safety and Environment]
Course title | B Instructor's Professor, HASHIMOTO SATOSHI
(and course | 7'V — > 7 S A b U — i name, job title, | Graduate School of Engineering
title in Introduction to Green Chemistry and department | Professor, EGUCHI KOUICHI
English) of affiliation Graduate School of Engineering
Professor, OGOSHI TOMOKI

[Study outside of class (preparation and review)]

[Nothing specified.

Target year L}rd year students or abov:l Number of credits ‘2 | Year/semesters |50 /First semester

(Other information (office hours, etc.))

Days and period% Thu.1 klass style ‘ Lecture |lznguaqmimmb'{ Japanese

[Nothing specified.

*Please visit KULASIS to find out about office hours.

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

,Stimes,
,Stimes,
,Stimes,
4times,
L 1time,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

REH
Course number U-ENG27 37220 LJ61 U-ENG27 37220 LJ55

Fukui Institute for Fundamental Chemistry|
Course title Instructor's Professor,SATOU TOORU
(and course | {7 X" F11 name, job title, | Graduate School of Engineering
title in Mathematical Method in Chemistry IT and department | Aggistant Professor, NAKANO HIROSHI|
English) of affiliation Institute for Chemical Research

Professor, MIZUOCHI NORIKAZU

KREH
Course number U-ENG27 27300 LJ60

Graduate School of Engineering
Course title Instructor's Professor, MAE KAZUHIRO
(and course | ¥JF{L "7 T (fL*AT.%7) name, job title, | Graduate School of Engineering
title in Physical Chemistry I (Chemical Engineering)|and department | Associate Professor, MAKI TAISUKE
English) of affiliation Graduate School of Engineering

Associate Professor, TANABE KATSUAKI

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters |>0) | /First semester

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and period4 Fri.l klass style ‘Lccmrc |lamuigen1imm{ Japanese

[Overview and purpose of the course]

Days and periud% Wed.2 klass style ‘ Lecture languagwﬁmm{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Thermodynamics is an essential subject to learn chemical engineering. This class provides an elementaly
level of chemical engineering thermodynamics.

[Course objectives]

The goal is to learn the way to apply the basics of thermodynaaics to chemical process caluculations.

[Course schedule and contents]

[Course schedule and contents]

| 2times,
, 1time,
,3times,
L 1time,
 4times,
,3times,
, 1time,

[Course requirements]

None

[Evaluation methods and policy]

Introduction,0.5times,

The First Low of Thermodynamics and Other Basic Concepts,0.5times,
[Volumetric Properties of Pure Fluids,1.5times,
Thermochemistry, 1.5times,

The Second Low of Thrmodynamics,2times,

Confirmation of the Level of Attainment 1,1time,

Balance for Open Systems,2times,

Thermodynamic Properties of Fluids,2times,

[Phase Equilibrium, 1time,

Application of Thermodynamics to Industrial Processes ,2times,
Confirmation of the Level of Attainment 2, 1time,

[Course requirements]

The basic knowledge of physical chemistry is required.

[Textbooks]

[Evaluation methods and policy]

The score is evaluated by reports (homeworks) and examinations.

[References, etc.]

[Textbooks]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

J. M. Smith and H. C. Van Ness : Introduction to Chemical Engineering Thermodynamics, Eighth Edition
(McGraw-Hill International) isbn {} {9781259696527}

Continue to fIE{LF | (L2I%F) () ) |
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Course number U-ENG27 27301 LJ60

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

For lectures using English textbooks, prepare in advance and understand the outline of the contents.
Since we pose homework of 1-3 problems from the end of the chapter every week, please submit the report at
the bigining of next lecture.

(Other information (office hours, etc.))

Implement as many exercises as possible according to the progress of the lecture and try to acquire the
content of the lecture. Impose tasks every week. Bring a scientific calculator.

*Please visit KULASIS to find out about office hours.

Graduate School of Engineering
Professor,SAKKA TETSUO
Institute of Advanced Energy
Professor, NOHIRA TOSHIYUKI
Graduate School of Engineering

Course title Instructor's Professor, ABE TAKESHI

(and course MERgbE 1 (k2T name, job title, Graduate School of Engineering

title in Inorganic Chemistry I (Chemical Engineering)|and department | Associate Professor, MATSUI TOSHIAKI|
English) of affiliation Graduate School of Engineering

Program-Specific Associate Professor HOSOKAWA SABUROU
Graduate School of Engineering
Professor, ABE RYUU

Graduate School of Engineering
Associate Professor MIYAZAKI KOUHEI

Target year Lnd year students or abu\':I Number of credits ‘2 | Year/semesters |70 1/Second semester

Days and period# Mon.2 l:lass style ‘Leclure languagevﬁmm'm{ Japanese

[Courses delivered by instructors with practical work experience]

[Overview and purpose of the course]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course
A lecture derived from an instructor’ s practical work experience outside of academia

(3) Details of practical classes delivered based on instructors’  practical work experience

In quotInorganic Chemistry I (Chemical Engineering)quot, following five topics will be explained: 1) Acids
and bases of inorganic compounds 2) Oxidation and reduction 3) Concept of group theory, which is necessary
for the understanding of molecular structures 4) Fundamentals of coordination compounds, 5) Corrosion

[Course objectives]

[Course schedule and contents]

[Asids and Bases,4times,
Oxidation and Reduction.4times,
Corrosion,3times,

[Molecular Symmetry,4times,
Coordination compounds,2times,
Evaluation, I time,

[Course requirements]

Based on the understanding of quotFundamental Inorganic Chemistryquot, lectures will be done.

[Evaluation methods and policy]

Grading is based on the examination held at the end of the semester. The attendance rate and the reports
submitted during the course may be counted in evaluation.

-t TTTTTTTTTTTTTTTTTT Continue to Bt F | UERTR) (1 TV
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Course number U-ENG27 27302 LJ55 U-ENG27 27302 LI76

[Textbooks]

Inorganic Chemistry (4th edition) P. Atkins, T. Overton, J. Rourke, M. Weller, F. Armstrong isbn{}{
0199264635}

Course title . . Instructor's Graduate School of Engineering
(and course | {2 T 28072 T (L2 T) name, job title, | Associate Professor, NAGAMINE SHINSUKE
title in Mathematics for Chemical Engineering I (Chemical Enginecring) |and department | Graduate School of Engineering
English) of affiliation Associate Professor, TANIGUCHI TAKASHI

[References, etc.]

(Reference books)
Supplemental explanation will be delivered at the first class.

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and period% Thu.1 klass style ‘ Lecture languaqmimm{ Japanese

[Overview and purpose of the course]

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

The aim of this class is to learn the fundamental mathematics commonly used in Chemical Process
Engineering, Chemical System Engineering, such as ordinary differential equations, Laplace transformation,
methods to solve differential equations by using Laplace transformation, and vector analysis. The style of the
class is mainly lecture style.

[Course objectives]

To attain the mathematical knowledge and skill how to calculate a line, surface and volume integrals, and to
Iculate differentiations
lof scalar and vector fields, and to solve ordinal differential equations by using Laplace transformations.

[Course schedule and contents]

[Vector Analysis, (7-times)

(We learn the following items:

1. Vector Analysis (including differentiation of vectors)

2. Integration of vectors Integral Theorem (Gauss divergence Theorem, Stokes Theorem)

Ordinary differential Equation, (4-times)

'We learn that various physical phenomena seen in our daily life can be described by ordinary differential
equations.

[As a method to solve Ist and 2nd order ordinary differential equation, the following methods will be learned :
1. Method of separation of variables

2. Method of variation of parameters

Laplace Transformation, (3-times)

After learning the historical background and the discovery of Laplace transformation,

we learn how to solve ordinal differential equations and integral equations by using Laplace transformation,
and also learn applications of Laplace transformation to definite integration.

Confirmation of the level of attainment, (1-time)

Confirmation of the level of attainment
Comments on the term-end Exam

Continue to fLZIFHF | (LEI%) )4 1!
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Course number U-ENG27 37303 LJ61  U-ENG27 37303 LJ76

[Course requirements]

Basic knowledge on differentiation, integral, matrix operations

[Evaluation methods and policy]

Course title Instructor's Graduate School of Engineering
(and course | {fit (AR 77 .77 name, job title, | Professor,SANO NORIAKI

title in Fluid-Phase Separation Engineering and department | Graduate School of Engineering
English) of affiliation Associate Professor, NAKAGAWA KYUYA

Grade will be evaluated by (i) the examination at the end of semester and (ii) homework during semester.

2021/First semester

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters

[Textbooks]

FH RER] TRT S OUIRMT (B LROBCEAM I—Z 3)) G ISBN:4000077732
il = 1575 22w Rl (H%4) ISBN:4785670215

Days and period4 Thu.1 l:lass style ‘ Lecture languagevﬁmmim{ Japanese

[Overview and purpose of the course]

[References, etc.]

Chemical Processes consist of variety of units and operations. Here, distillation, gas absorption, extraction,
and so forth which aim substance separation and purification will be lectured from basic principle and
[phenomena to kinetics and quantitative expression.

(Reference books)
e ok THROBEE L (20X (HAGER1E) 1SBN:4535603014
KBS HEEEOTSOBCE] (LR ISBN:4759800085

[Course objectives]

[Study outside of class (preparation and review)]

By taking typical separation operations as examples, mass balance, the students will understand the concept
of mass transfer, and equilibrium, and they will master how to use them in quantitative manner. Additionally,
they cultivate their ability to use differential contact operation and stage operation.

After each class of vector analysis, homework is given to students, and their solution will be shown at the
class in two weeks.
It is highly recommended that students solve them before the class.

[Course schedule and contents]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Fundamental of mass separation and mass purification (3times): Principles and methods in substance
separation and purity, which are important for chemical process, will be lectured. Fundamentals of molecular
diffusion and mass transport will be explained.

Gas absorption(4times): Equilibrium of gas with liquid, diffusion in liquid phase, gas diffusion rate, and
design of gas absorption will be lectured, and the students will understand the idea of differential contact
operation.

Distillation (4times): Method to correlate the gas-liquid equilibrium will be lectured, and fundamental
principle of distillation operation is explained as operation for purification of liquid mixture. The design
method of continuous rectifying trays tower will be lectured as the most simple multi-stage contact operation
method.

Extraction (3times): Method to correlate the gas-liquid equilibrium will be lectured, and fundamental
principle of distillation operation is explained as operation for purification of liquid mixture. The design
method of continuous rectifying trays tower will be lectured as the most simple multi-stage contact operation
method.

Feedback class (1time): A supplementary lecture or exercise class will be conducted as an additional class to

give advanced knowledge or to confirm the attainment level of the course goals on diffusion, gas absorption
and distillation.

Continue to HARDEITF(2) | |
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[Course requirements]

Introduction to Industrial Chemistry (Material and energy balances), Fundamentals of Chemical Process
Engineering,

KREH
Course number U-ENG27 37304 LI60
Course title ” e Instructor's Graduate School of Engineering
(and course [ ER{L2211 (L2 T2%) name, job title, | Associate Professor, TANABE KATSUAKI
title in Physical Chemistry II (Chemical Engineering)|and department | Graduate School of Engineering
English) of affiliation Assistant Professor,SUZUKI TETSUO)]

[Evaluation methods and policy]

Evaluation will be made based on midterm exam, routine exam at the end of semester, and reports often given
in lectures.

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021 /First semester

Days and period4 Fri.2 klass style ‘Lccmrc |lamuigea1immim{ Japanese

[Textbooks]

[Overview and purpose of the course]

K. Hashimoto and F. Ogino 'Gendai Kagaku Kogaku] (Sangyo Tosho)

[References, etc.]

[Based on the contents of Physical Chemistry I, you learn the phase transition and separation for multi-
[component systems, etc. Also, you learn molecular and solid-state physical chemistry in the view of quantum
theory.

(Reference books)
Introduced during class

[Course objectives]

[Understand the phase-separation phenomenon of multi-component systems, and master how to read the phase
diagrams. Further, understand the quantum theory, its difference and relation to the physical chemistry of
macroscopic systems.

[Study outside of class (preparation and review)]

[Course schedule and contents]

Students should check the contents of lecture beforehand and deepen their understanding by using text book
and reference book.

(Other information (office hours, etc.))

Lecture will be given basen on the textbook. Exercise problems will be given to students to deepen
understanding in due course.

*Please visit KULASIS to find out about office hours.

Physical chemistry of multi-component liquids and gases: 8 times
Physical chemistry of molecules and solids: 6 times

[Feedback lecture: 1 time

[Course requirements]

[Assume the completion of Physical Chemistry I (Chemical Engineering)

[Evaluation methods and policy]

[Final (end-term) exam score, etc.

[Textbooks]

Atkins [Physical Chemistry) ~ (10th edition, Chaps. 4-10)

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

[Remind the contents of Physical Chemistry I (Chemical Engineering).

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.




Course number U-ENG27 37305 LJ55 U-ENG27 37305 LJ76

Coursetitle| Instructor's Graduate School of Engineering
(and course | {L272 T2 RA1T name, job title, | Agsociate Professor, NAGAMINE SHINSUKE
title in Mathematics for Chemical Engineering IT [and department | Graduate School of Engineering
English) of affiliation Associate Professor, TANIGUCHI TAKASHI

Year/semesters

Target year ‘lrd year students or abowl Number of credits ‘2 2021/First semester

MEFTFERFN(2)

Equation of wave

Diffusion equation,

Multi-dimensional problem

Confirmation of the level of attainment (1-time),
Confirmation of the level of attainment

Days and period# Fri.l klass style ‘ Lecture lamlligevﬁmmiw{ Japanese

[Course requirements]

[Overview and purpose of the course]

'We will give a series of lectures on necessary mathematical knowledge and skills when students will learn
subjects in the chemical engineering course, especially on Probability and Statistics, Fourier Transformation,
Partial Differential Equations.

It is required that students have already had the lecture : Mathematics for Chemical Engineering I in the
former semester.

[Evaluation methods and policy]

Grading will be determined by a test at the end of series of lectures, and reports and short tests in class, if

[Course objectives]

Goal of the class is that students attain necessary mathematical knowledge that is needed when students learn
subjects in the chemical engineering course.

[Textbooks]

[Course schedule and contents]

[Probability and Statistics (fundamentals) (5-times)
1-1. Definition and properties of probability
1-2. Conditional probability
1-3. Stochastic variable and its properties
(a) Probability distribution function,
(b) Average, Expectation value, Moment,
(c) Moment generating function
1-4. Multi-stochastic variable case
(a) simultaneous distribution function
(b) marginal and conditional probability
(c) covariance, correlation coefficient

[Probability and Statistics, (2-times)
1-5. Various distribution function
(a) binomial distribution functions
(b) Poisson distribution functions
(c) Gauss distribution functions
1-6. Law of large numbers
Central limit theorem
Normal distribution

Fourier Transformation, (4-times)
3-1. Fourier integral
3-2. Fourier transformation

Partial Differential Equation (3-times)
4. Fundamentals to solve partial differential equations

Continue to {tZITZEHZN(2) | | |
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[References, etc.]

(Reference books) )
BEPEIE R AN U — 2 10 ERORCE)  CEIEEIE) 1SBN:4000079301

[Study outside of class (preparation and review)]

After each class of Probability and Statistics, homework is given to students, and their solution will be shown
at the class in two weeks.
It is highly recommended that students solve them before the class.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 37307 LJ61 U-ENG27 37307 LI76

Course number U-ENG27 37308 LJ61 U-ENG27 37308 LI76

Graduate School of Engineering

Course title - Instructor's Associate Professor, NAKAGAWA HIROYUK]|
(and course | i i T 211 name, job title, | Graduate School of Engineering
title in Chemical Reaction Engineering II and department | Professor, KAWASE MOTOAKI

English) of affiliation Graduate School of Engineering

Senior Lecturer, ASHIDA RIYUUICHI|

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters |>0) | /First semester

Course title . Instructor's Graduate School of Engineering

(and course | [ F[135 57 1.5 name, job title, | Professor, SANO NORIAKI

title in Solid-Phase Separation Engineering and department | Graduate School of Engineering
English) of affiliation Associate Professor, NAKAGAWA KYUYA

Target year %Id year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and period4 Mon.2 klass style ‘Lccmrc |lamuigea1immim{ Japanese

[Overview and purpose of the course]

Language of ivmn’m{ Japanese

Days and period% Wed.2 klass style ‘ Lecture

[Kinetic analysis and reactor design of heterogeneous chemical reactions and nonideal flow reactors are
[described.

[Overview and purpose of the course]

[Course objectives]

Knowledge on the kinetic description of heterogeneous reactions.
[Knowledge on the design and operation of various reactors, including non-ideal flow reactors.
Ability to perform such calculations for designing reactors.

To understand various separation operations used in industrial chemical processes, multiphase transport
[phenomena, transport properties, and methods to design separation operations will be lectured. Especially,
drying, adsorption, membrane separation and crystallization will be taken as practical examples.

[Course objectives]

[Course schedule and contents]

[Homogeneous and heterogeneous reactions, Itime,

Complicated reaction rate equations, Itime,

[Macromixing and micromixing in nonideal flow,3times,

Gas-solid reactions and reactors,3.5times,

Solid-catalyst reactions and reactors,3.5times,

Gas-liquid and gas-liquid-solid-catalyst reactions and reactors,2times,
, 1time,

The present course aims at achieving the following three goals by taking some types of solid-phase separation
operations for example: (1) understanding mass balance, heat balance, and simultaneous transport phenomena
of mass and heat, (2) cultivating the ability to design and develop separation units and materials used for
multi-phase separations, and (3) developing knowledge on recent trends of separation techniques.

[Course schedule and contents]

[Course requirements]

[None

[Evaluation methods and policy]

Evaluation will be based on a mark of the final written exam, submission of quizzes conducted in class, and
reports on assignments conducted.

[Textbooks]

K. Hashimoto Han'no Kogaku (revised and augmented)] (Baifukan) ISBN:9784563046347

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Read through the chapter of the textbook by the class starts and learn by yourself if understanding is
insufficient after the class.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Adsorption Operations (4times): Adsorption equilibrium as dynamic equilibrium, adsorption isotherm,
diffusion in pores and at surface, adsorption rate, and so forth will be explained. In addition, how to design
adsorption operation and how to calculate breakthrough curve in fixed bed type adsorbing column will be
lectured.

Humidification Operations (1time): Humidification operation will be lectured as example of simultaneous
transport of heat and mass at gas-liquid interface. The students will understand the idea of wet-bulb
temperature and how to use humidity chart.

[Drying Operations (4times): The mechanisms and kinetics of drying and expertise to select and design the
drying unit type will be lectured, relating operation conditions with properties of the dried products.

[Membrane Separation Operations (3times): With the main focus on the gas separation, permeability equations
and process designs of membrane separation processes will be lectured.

Crystallization Operations (2times): The mechanism of the crystallization and kinetic analysis of the crystal
lgrowth will be lectured, followed by the explanation on the population balance required for the design of
app . Finally, students' understanding on the course will be tested.

Feedback class (1time): A supplementary lecture or exercise class will be conducted as an additional class to
give advanced knowledge or to confirm the attainment level of the course goals.

[Course requirements]

Introduction to Industrial Chemistry (Material and energy balances),
[Fundamentals of Chemical Process Engineering,

Continue to ERRDBEIF(2) ! | |
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Course number U-ENG27 37309 LJ60

[Evaluation methods and policy]

Evaluation will be made based on midterm exam, routine exam at the end of semester, and reports often given
in lectures.

Course title Instructor's

(and course | PFIL2EIIT ({52 T.%%) name, job title, | Graduate School of Engineering
title in Physical Chemistry IIT (Chemical Engineering)|and department | professor, MITY AHARA MINORU
English) of affiliation

Target year ‘lrd year students or abowl Number of credits ‘2 | Year/semesters |5021/Second semester

[Textbooks]

K. Hashimoto and F. Ogino [Gendai Kagaku Kogaku] ~(Sangyo Tosho)
[H. Tamon [Kanso Gijutu Jitsumu Nyumon  (Nikkan Kogyo Shinbun)

Days and period4 Tue.l klass style ‘ Lecture languagevﬁmmiw{ Japanese

[Overview and purpose of the course]

[References, etc.]

(Reference books)
Introduced during class

Thermodynamics is an important foundation of chemical engineering that is difficult to understand intuitively.
To understand thermal phenomena intrinsically, observing them on a microscopic level is effective and
provides indispensable knowledge for various advanced technologies such as nanotechnology. In this subject,
students are taught the basics of statistical thermodynamics and are given the chance to deeply understand
and apply entropy and free energy, which are difficult to comprehend through macroscopic theory alone.

[Course objectives]

[Study outside of class (preparation and review)]

Students should check the contents of lecture beforehand and deepen their understanding by using text book
and reference book.

To understand the relationship between number of states and the probability of the emergence of states that
lie behind entropy and free energy, and to acquire the ability to formulate molecular models for simple
systems, such as lattice systems, using various ensembles

[Course schedule and contents]

(Other information (office hours, etc.))

Lecture will be given basen on the textbook. Exercise problems will be given to students to deepen
understanding in due course.

*Please visit KULASIS to find out about office hours.

[Fundamental laws of classical thermodynamics, 3 sessions
The “difficulty” of the second law, entropy, and free energy, in particular, are again recognized.

[Probability, distribution of states, and thermodynamic limit, 1 session
Students are given an explanation of how the random motion of each molecule is connected to the
thermodynamic state observed using a simple continuous system as an example.

Microcanonical ensembles and entropy, 1 session
[Distribution of the number of states under a constant gross energy, S=kInW, dS/dE=1/T and its interpretation

Entropy of ideal gas, Boltzmann distribution, and velocity distribution, 1.5 sessions
[Phase spaces and quantity of states, deriving the entropy of ideal gas via S=kInW, distribution of energy
states

Canonical ensembles and partition function, 1.5 sessions
Study of the energy distribution of subsystems connected to a heat bath, partition function, Helmholtz free
energy in a system at constant (V, T), Gibbs free energy in a system at constant (p, T)

Exercises, 1 session

For microcanonical ensembles and canonical ensembles, students will work on the formulation of
thermodynamic states based on molecular physical properties. Students must attend this session as it is
important for their evaluation. Depending on the progress made in this session, an additional session may be
held for exercises.

Continue to fIE{LZN (IK2T%) (21 I |
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(Grand canonical ensembles and chemical potential, 2 sessions
Study of open systems, grand partition function, chemical potential, examples of application

Classical statistical approximation and configuration integral, 1 session

Students are given an explanation of the configuration integral and expression of partition functions, which
are formulated via classical approximation of the number of states in a phase space. In addition, students are
taught about the relationship between the configuration integral and thermodynamic quantity.

[Non-ideal systems and intermolecular interactions, 2 sessions

In real systems, non-ideality is expressed through intermolecular interactions. As a result of these interactions,
imperfect gas is produced and the gas-liquid transition occurs. Hence, the approach to handling such
loutcomes is explained to students in these sessions. In addition to the typical interaction potential function,
students are taught that molecular simulation is significant as it allows the configuration integral to be
obtained directly, and are given an outline on how to obtain thermodynamic quantities via molecular
simulation.

Confirmation of learning achieved, 1 session
Here, the students’ understanding of the contents of lectures will be evaluated and confirmed.

[Course requirements]

Physical Chemistry: Fundamentals and Exercises & Physical Chemistry I (Chemical Engineering)

[Evaluation methods and policy]

In addition to the end-of-term examination, students are also evaluated based on exercises and short tests
conducted when necessary.

[Textbooks]

Others; none

[References, etc.]

(Reference books)

Others; Nagaoka, Y., Iwanami kiso butsuri shiriizu: Toukei rikigaku, (Iwanami Shoten, 1994) isbn {} {
9784000079273} ; Fujiwara K., Hyodo, T., Netsu-gaku nyuumon: Makuro kara mikuro he, (University of
Tokyo Press, 1995) isbn {} {4130626019}; Toda, M., Butsurigaku 30-kou shiriizu: Netsu genshou 30-kou,
(Asakura Shoten, 1995) isbn {} {425413634X};

[Kubo, R., Shinsou-ban: Toukei rikigaku, (Kyoritsu Shuppan, 2003) isbn {} {9784320034235};

[Widom, B. (translated by Koga, K.), Kagaku-kei no toukei rikigaku nyuumon, (Kagaku-Dojin, 2005) isbn {}
{4759809503};

[Doi, M., Butsuri no kangaekata 2: Toukei rikigaku, (Asakura Shoten, 2006) isbn {} {9784254137422}

[Study outside of class (preparation and review)]

After a teaching session, students must review it to deepen their understanding. In addition, students must
[prepare any questions that they may have and ask them at the beginning of the next teaching session.

Continue to MIE{LFN (LFIZF) (3)4 4!
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Students are given many short tests (quizzes). Exercises are also important for the students’  evaluation.
[Hence, they must attend the session where exercises are given.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience




Course number U-ENG27 37312 EJ61 U-ENG27 37312 EI76

Graduate School of Engineering
Professor,SANO NORIAKI
Graduate School of Engineering
Associate Professor, NAKAGAWA KYUYA
Graduate School of Engineering
Assistant Professor,SUZUKI TETSUO|
Graduate School of Engineering
Senior Lecturer, ASHIDA RIYUUICHI
Graduate School of Engineering
Course title . Instructor's Assistant Professor, HIRAIDE SYOTARO)]
(and course | {7 7 T A T2EHER T ({L2 1) |name, jobtitle, | Graduate School of Engineering

title in ChemicalProcessEngineeringLaboratoryl(Chemical i d dep: Assistant Professor, MOLINA LOPEZ, John Jairo|
English) of affiliation Graduate School of Engineering
Assistant Professor, HIKIMA YUUTA|
Graduate School of Engineering
Assistant Professor, [ONOMURA OSAMU|
Graduate School of Engineering
Assistant Professor, MURANAKA YOSUKE|
Graduate School of Engineering
Assistant Professor, MARUYAMA HIROYUKI
Faculty of Engineering

Lo AR

Year/semesters |05 |/First semester

Target year ‘lrd year students or abo\4 Number of credits ‘5

(LF70LAIFRER | (LFIH) (2

[Course requirements]

Fundamentals of Chemical Process Engineering, Physical Chemistry I (Chemical Engineering), Fundamental
[Fluid Mechanics, Chemical Reaction Engineering I are recommend to take in advance.

[Evaluation methods and policy]

Attendance, performance in experiments, reports will be evaluated.

[Textbooks]

Textbook edited by teaching staff in department of chemical engineering

[References, etc.]

(Reference books)
Bird, Stewart, Lightfoot, Transport Phenomena, 2nd Ed. (Wiley) isbn{} {9780470115398}
Hashimoto and Ogino, Gendai Kagaku Kogaku (Sangyo Tosyo) isbn {} {4782826095}
Hashimoto, Hanno Kogaku (Baifukan)isbn{} {4563045187}
Smith, Van Ness, Abbott, Introduction to Chemical Engineering Thermodynamics, 7th Ed.(McGraw Hill)
isbn{} {0071247084}

[Study outside of class (preparation and review)]

Days and periodﬂLrhu.lA,S,Fn.3,4,42lass style ‘ Experiment larqlligevﬁmmiﬂ{ Japanese

Preparation of each lecture is highly recommended.

[Overview and purpose of the course]

Experimental training on chemical analyses (gravimetric analysis, titration analysis) and fundamentals of
chemical engineering (physical chemistry, transport phenomena, reaction engineering, etc.)

(Other information (office hours, etc.))

[Course objectives]

This course will enhance studentsrsquo understanding of quantitative chemical analysis and chemical
engineering.

[Course schedule and contents]

[Fundamentals on chemical analyses, 15times,training regarding glass tools, electric balance, condensation,
filtration, volumetric measurement, titration, etc. Student will also learn safety and waste management in
chemical experiments.

Chemical Engineering I/Physical Chemistry,14times, freezing point drop, Liquid-liquid equilibrium, gas-
liquid equilibrium, measurement of gas diffusivity, fabrication of pH meter, surface tension and wettability
Chemical Engineering I/Transport Phenomena,4times,viscosity and flow dynamics, pressure drop in liquid
flow

Chemical Engineering I/Reaction Engineering,4times,kinetic analysis in batch reactor, characterization of
flow reactor

Chemical Engineering I/Apparatus Setup,2times,electric-cooling temperature-controlled batch,

Continue to ft#7NtATFEER | (L¥I%) ()} 1!

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 37313 EJ76  U-ENG27 37313 EJ61

Graduate School of Engineering
Professor,SANO NORIAKI
Graduate School of Engineering
Associate Professor, NAKAGAWA KYUYA!
Graduate School of Engineering
Assistant Professor,SUZUKI TETSUO|
Graduate School of Engineering
Senior Lecturer, ASHIDA RIYUUICHI|
Graduate School of Engineering

Course title Instructor's Assistant Professor, HIRAIDE SYOTARO]
(and course | {L%% 7 0 X T229R11 ({22 1°%%)  |name, jobtitle, | Graduate School of Engineering
title in hemicalProcessEngi Laboratoryll(Chemical Engineeri d dep: Assistant Professor, MOLINA LOPEZ, John Jairo
English) of affiliation Graduate School of Engineering

Assistant Professor, HIKIMA YUUTA|
Graduate School of Engineering
Assistant Professor, TONOMURA OSAMU
Graduate School of Engineering
Assistant Professor, MURANAKA YOSUKE|
Graduate School of Engineering
Assistant Professor, MARUYAMA HIROYUK]|
Faculty of Engineering

b2F LA TR A

(LF 70 ATEREI (LFTH) (2

[Course requirements]

[Physical Chemistry I, IT (Chemical Engineering), Fundamental Fluid Mechanics, Transport Phenomena,
Chemical Reaction Engineering I, II, Fluid Phase Separation Engineering, Fine Particle Technology, Process
Control are recommend to take in advance.

[Evaluation methods and policy]

Attendance, performance in experiments, reports will be evaluated.

[Textbooks]

Textbook edited by teaching staff in department of chemical engineering

[References, etc.]

Target year krd year students or ab0\4 Number of credits ‘5 | Year/semesters |50 ]/Second semester

(Reference books)

Bird, Stewart, Lightfoot, Transport Phenomena, 2nd Ed. (Wiley) isbn{} {9780470115398}

Hashimoto and Ogino, Gendai Kagaku Kogaku (Sangyo Tosyo) isbn{} {4782826095}

Hashimoto, Hanno Kogaku (Baifukan)isbn{} {4563045187}

Smith, Van Ness, Abbott, Introduction to Chemical Engineering Thermodynamics, 7th Ed.(McGraw Hill)
isbn{}{0071247084}

Days and period%\Med&A,S,Thu}A,*)Iass style ‘ Experiment languagwﬁmm{ Japanese

[Study outside of class (preparation and review)]

[Overview and purpose of the course]

Preparation of each lecture is highly recommended.

Experimental training of chemical engineering fundamentals(transport phenomena, separation engineering,
reaction engineering, powder technology, process control)

(Other information (office hours, etc.))

[Course objectives]

This course will enhance studentsrsquo understanding of chemical engineering, and the students will learn
typical operations in the experiments.

[Course schedule and contents]

Chemical Engineering II/Transport phenomena,9times,unsteady state heat transfer, heat transfer with forced
flow, mass transport through interface

Chemical Engineering II/Separation Engineering,9times,continuous distillation, pressure drop and gas
absorption in packed bed tower, cyclone characteristics for particle sizes

Chemical Engineering II/Reaction Engineering and Process Control,9times,gas-solid reaction, gas-solid
catalytic reaction, , dynamic characteristics in process control

Continue to {t# 70 ATEREN (L2T%) (24 )

*Please visit KULASIS to find out about office hours.




Course number U-ENG27 27314 LI61 U-ENG27 27314 LI76

Graduate School of Engineering
Professor, MAE KAZUHIRO

Coursetitle| " Instructor's Graduate School of Engineering
(and course | {L.°7 > i name, job title, | Professor, KAWASE MOTOAKI
title in Material and energy balances and department | Graduate School of Engineering

English) of affiliation Associate Professor, MAKI TAISUKE]
Graduate School of Engineering

Associate Professor, TANABE KATSUAKI

[Course requirements]

Basic knowledge on thermodynamics lectured in Physical Chemistry: Fundamentals and Exercises, and
[Physical Chemistry I (Chemical Engineering) is required.

[Evaluation methods and policy]

Evaluation will be based on exercises at class, assignments, and an examination.

Target year )an year students or abovsl Number of credits ‘2 | Year/semesters |50 |/Second

Days and period% Wed.1 klass style ‘ Lecture |umuaqvwimmb'{ Japanese

[Overview and purpose of the course]

Balances of mass, volume, mole amount, and elements of substances as well as balance of energy is a
fundamental of chemical engineering. Physical and chemical principles which are required for taking
material and energy balance in problems about chemical processes are lectured. How to calculate the mass,
[component (element), and energy balance as for application processes is explained and practiced.

[Course objectives]

To acquire capability to analyze complicated chemical industrial processes from balance point of view as
well as to cope with design and operation of chemical processes quantitatively.

[Course schedule and contents]

[Week 1: Dimensions and units--- How to express dimensions and units, which are basic concept of
measurement, and importance of dimensions and units is lectured.

(Weeks 2--4: Fundamentals of material balance--- Flow system (closed and open), steady and unsteady
operations, expression of composition of mixture, material balance over a single apparatus, and their
exercises.

'Weeks 5--6: Fundamentals of energy balance--- Forms of energy, calculation of apparent and latent heats,
energy balance with no chemical reactions, and their exercises.

Weeks 7--8: Process flow diagram and unit operations--- Various unit operations, principles of separation
processes, and process flow diagram are lectured.

Weeks 9--10: Material and energy balance of complicated processes--- Calculation of balance of processes
including chemical reactions or phase changes is lectured. As well, how to understand material balance in

case of many apparatus connected, merging, splitting, and recycling included is explained.

[Weeks 11--13: Practice of taking balance in chemical processes--- Calculation of material and energy balance
in complicated chemical processes is exercised.

[Weeks 14: Scale-up. Methodology of scaling up apparatus is generally explained as well as introduction to
kinetics required for design is lectured.

Week 15: Learning achievement evaluation.

[Textbooks]

Masao Sudo ed. ['Kiso Kagakukogaku) (Kyoritsu Shuppan) ISBN:9784320088702

[References, etc.]

(Reference books)
Some handouts are given at class.

[Study outside of class (preparation and review)]

[As many exercises as possible will be imposed at class. Assignments will be imposed every week. Bring a
scientific calculator to the class.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

REH

Course number U-ENG27 37315 LE48 U-ENG27 37315 LE61

Course title N s Instructor's Graduate School of Engineering
(and course | B} 2 UERE (L2 T4) name, job title, | Professor, MATSUSAKA SHUJI
title in Scientific English and department

English) of affiliation Part-time Lecturer,John Pryce

RIFEEE (E2TH) (2)

[Course requirements]

Students enrolled in the Chemical Process Engineering Course of the School of Industrial Chemistry.

[Evaluation methods and policy]

Target year Frd year students or ab0\4 Number of credits ‘2 Year/semesters ‘2021/Second semester

Days and periud% Mon.3 klass style ‘ Lecture languaqmimm{ English

[Overview and purpose of the course]

This course aims to give students an opportunity to use and expand on their current English skills in a
Scientific context, specifically within the field of Chemical Engineering. In addition, since all instruction is in
English, the course focuses on creating an environment where students can develop their overall skills in
International Communication in both oral and written formats.

[Assessment

(Week 6 - Video Opinion Assignment 1 (10%)
Week 11 - Video Opinion Assignment 2 (10%)
(Week 14 - Presentation Assignment (20%)
Week 15 - Final Written Exam (60%)

[Textbooks]

[Course objectives]

Handouts will be given each lesson.

The goals of this course are: 1. To enable students to become conversant in English within various aspects of
Chemical Engineering. 2. To improve and expand student#039s specialized vocabulary and pronunciation
skills. 3. To give students confidence in oral and written communication skills regarding technical data, unit
operations, process design and technical descriptions in English. 4. To develop student#039s overall ability in
speaking, listening, reading and writing, as well as, critical thinking skills with regards to Chemical
Engineering topics. 5. To develop and contribute to the student#039s confidence and knowledge to be able to
attend international conferences, conduct presentations and publish papers in English.

[References, etc.]

(Reference books)
Nothing specified.

(Related URLs)

(Nothing specified.)

[Course schedule and contents]

[Study outside of class (preparation and review)]

[Unit 1-15,times, The course is divided into 15 classes over 15 weeks and the topics have been selected and
sequenced to take the students through key aspects of Chemical Engineering beginning with elementary
specialized vocabulary and pronunciation, culminating in technical trouble shooting and presentation of a
solution.

Week - Theme

1 © Unit I Nanotechnology

2 1 Unit | Nanotechnology

3 Unit 2 Materials Chemistry

4 Unit 2 Materials Chemistry

5 ©  Video Opinion Assessment Preparation

6 . Unit 3 Catastrophes in Chemical Engineering / Video Opinion Assignment 1
7 ©  Unit 3 Catastrophes in Chemical Engineering

8 Unit 4 Virology

9 Unit 4 Virology

10 ©  Presentation Assignment Preparation

11 Unit5 Genetics / Video Opinion Assignment 2
12 ©  Unit 5 Genetics

13 Unit 6 Biomimicry

14 ©  Unit 6 Biomimicry / Presentation Assignment
15 ©  Final Written Exam

All instruction will be in English, so students are advised to work on improving listening skills both before
and during the course.

(Other information (office hours, etc.))

Nothing specified.

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 37315 LE48  U-ENG27 37315 LE61

Courssititiel] . Instructor’s Graduate School of Engineering
(and course | B} “#iEE ((L2ET2%F) name, job title, | Professor, MATSUSAKA SHUIJI
title in Scientific English and department

English) of affiliation Part-time Lecturer,John Pryce

RFHE (EFIF) (2

[Course requirements]

Students enrolled in the Chemical Process Engineering Course of the School of Industrial Chemistry.

[Evaluation methods and policy]

Year/semesters

Target year ‘lrd year students or abowl Number of credits ‘2 2021/Second semester

Days and period4 Mon.4 klass style ‘ Lecture languagedimmiw{ English

[Overview and purpose of the course]

This course aims to give students an opportunity to use and expand on their current English skills in a
Scientific context, specifically within the field of Chemical Engineering. In addition, since all instruction is in
English, the course focuses on creating an environment where students can develop their overall skills in
International Communication in both oral and written formats.

[Course objectives]

The goals of this course are: 1. To enable students to become conversant in English within various aspects of
Chemical Engineering. 2. To improve and expand student#039s specialized vocabulary and pronunciation
skills. 3. To give students confidence in oral and written communication skills regarding technical data, unit
operations, process design and technical descriptions in English. 4. To develop student#039s overall ability in
speaking, listening, reading and writing, as well as, critical thinking skills with regards to Chemical
Engineering topics. 5. To develop and contribute to the student#039s confidence and knowledge to be able to
attend international conferences, conduct presentations and publish papers in English.

Assessment

Week 6 - Video Opinion Assignment 1 (10%)
[Week 11 - Video Opinion Assignment 2 (10%)
Week 14 - Presentation Assignment (20%)
[Week 15 - Final Written Exam (60%)

[Textbooks]

Handouts will be given each lesson.

[References, etc.]

(Reference books)
[Nothing specified.

(Related URLs)

(Nothing specified.)

[Course schedule and contents]

[Study outside of class (preparation and review)]

Unit 1-15,times, The course is divided into 15 classes over 15 weeks and the topics have been selected and
sequenced to take the students through key aspects of Chemical Engineering beginning with elementary
specialized vocabulary and pronunciation, culminating in technical trouble shooting and presentation of a
solution.

(Week - Theme

1 1 Unit I Nanotechnology

2 . Unit I Nanotechnology

3 Unit 2 Materials Chemistry

4 ©  Unit 2 Materials Chemistry

5 Video Opinion Assessment Preparation

6 Unit 3 Catastrophes in Chemical Engineering / Video Opinion Assignment 1
7 Unit 3 Catastrophes in Chemical Engineering

8 Unit 4 Virology

o Unit 4 Virology

10 © Presentation Assignment Preparation

11 ¢ Unit5 Genetics / Video Opinion Assignment 2
12 ©  Unit 5 Genetics

13 Unit 6 Biomimicry

14 ©  Unit 6 Biomimicry / Presentation Assignment
15 ©  Final Written Exam

All instruction will be in English, so students are advised to work on improving listening skills both before
and during the course.

(Other information (office hours, etc.))

[Nothing specified.

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 27400 LI176  U-ENG27 27400 LJ61

Graduate School of Engineering
Professor, MATSUSAKA SHUJI
Graduate School of Engineering
Course title Instructor's Professor,SANO NORIAKI

(and course | {L°# 7 AT [W2 02 (filif) | [name,jobtitle, |Graduate School of Engineering

title in Chemical Process Engineering and department | Professor, SOTOWA KENICHIRO
English) of affiliation Graduate School of Engineering
Associate Professor, MAKI TAISUKE
Graduate School of Engineering
Associate Professor, WATANABE SATOSHI

Target year %nd year students or abov:l Number of credits ‘2 | Year/semesters |50 |/Second semester

Days and period% Wed.1 l:)lass style ‘ Lecture |lznguaqmimm{ Japanese

[Overview and purpose of the course]

Chemical processes are comprised of a combination of various operations (unit operations), and this course
will discuss distillation, gas-absorption, and other fluid-based mass transfer unit operations for separating and
purifying substances, as well as mechanical unit operations related to the production and processing of
particulate matter (powders), beginning from an overview of their basic phenomena and operating principles
together with the study of the related kinetic phenomena and their quantitative expression methods. Students
will also learn methods for the safe operation and control of chemical processes.

[Course objectives]

Cultivate an understanding of the concepts of mass balance, mass transfer, equilibrium relationship, and
control by studying examples of typical separation operations, particle-based separation operations, and
process control in chemical processes. In addition, students will develop the ability to quantitatively analyze
chemical processes.

ft270ATHF W202 (BIA) 1 (2)

5. Gas-solid separation, 2 sessions

These sessions will describe the concept of partial separation efficiency, in addition to discussion of the
principle of solid-gas separation and the methods for evaluating separation performance applicable under
various conditions.

6. Process control, 3 sessions

These sessions will promote an understanding of the characteristics of systems characterized by dynamic
input and parameter values and also briefly describe the control methods for compensating fluctuations by
taking distillation column and reactors as examples.

7. Feedback, 1 session
Supplementary classes or exercises are conducted outside of the regular course schedule to confirm the
achievement of learning objectives related to diffusion, gas absorption, and distillation.

[Course requirements]

Introduction to Industrial Chemistry (stoichiometry for chemical engineering), Foundations of Chemical
Process Engineering

[Evaluation methods and policy]

Course grades will be based on the results of regular examinations and reports assigned as needed to improve
understanding.

[Textbooks]

WA, KB TBURIE L (F 36 ISBN:4782826095

[Course schedule and contents]

[References, etc.]

1. Basics of substance separation and purification, 2 sessions
These sessions will explain the principles and methods of separation and purification of important substances
in chemical processes, as well as the fundamentals of molecular diffusion and mass transfer.

2. Gas absorption, 2 sessions

Students will learn the concept of the “differential contact method” , through lectures discussing
equilibrium of gas dissolution in liquids, the diffusion phenomenon in the liquid phase, gas absorption rates,
and design methods for gas absorption devices.

3. Distillation, 3 sessions

These sessions will describe the correlation method of vapor-liquid equilibria, explain the basic principles of
various distillation operation methods for mixed liquid purification procedures, and explain the design
method for a continuous rectification stage column, which is the simplest “‘multi-stage contact operation.”

4. Overview of particle system operation, 2 sessions
These sessions will describe the role of particle-based unit operations in chemical processes, the evaluation of
particle characteristics, their methods of expression, and the behavior of particles.

Continueto ft¥70¢ 2T W202 (@) ] (24 V)

(Reference books)
o AR BERR L 515 (EEXE)) ISBN:4782825099, /KA, Ailde 22T 2R, (P
SEIXITE) ISBN:4782825102

[Study outside of class (preparation and review)]

Lectures will be conducted mainly using textbooks, and exercises will be assigned based on the pace of the
lectures. Students should make efforts to acquire lecture content.

(Other information (office hours, etc.))

Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.




Course number U-ENG27 27400 LJ76  U-ENG27 27400 LJ61

Graduate School of Engineering
Professor, MATSUSAKA SHUJI
Graduate School of Engineering
Course title Instructor's Professor, SANO NORIAKI

(and course | {L*# 7 T2 AT [N'S (i) ] name, job title, | Graduate School of Engineering

title in Chemical Process Engineering and department | Professor,SOTOWA KENICHIRO
English) of affiliation Graduate School of Engineering
Associate Professor, MAKI TAISUKE]|
Graduate School of Engineering
Associate Professor, WATANABE SATOSHI

Yearlsemesters | 507 1/Second semester

Target year knd year students or abov:l Number of credits ‘2

Days and period# Wed.1 }:Iass style ‘ Lecture languagevﬁmm'm{ Japanese

[Overview and purpose of the course]

Chemical processes are comprised of a combination of various operations (unit operations), and this course
will discuss distillation, gas-absorption, and other fluid-based mass transfer unit operations for separating and
purifying substances, as well as mechanical unit operations related to the production and processing of
particulate matter (powders), beginning from an overview of their basic phenomena and operating principles
together with the study of the related kinetic phenomena and their quantitative expression methods. Students
will also learn methods for the safe operation and control of chemical processes.

{t¥70+XTF NS (%) 1 (2

particle characteristics, their methods of expression, and the behavior of particles.

5. Gas-solid separation, 2 sessions

These sessions will describe the concept of partial separation efficiency, in addition to discussion of the
principle of solid-gas separation and the methods for evaluating separation performance applicable under
various conditions.

6. Process control, 3 sessions

These sessions will promote an understanding of the characteristics of systems characterized by dynamic
input and parameter values and also briefly describe the control methods for compensating fluctuations by
taking distillation column and reactors as examples.

7. Feedback, 1 session
Supplementary classes or exercises are conducted outside of the regular course schedule to confirm the
achievement of learning objectives related to diffusion, gas absorption, and distillation.

[Course requirements]

Introduction to Industrial Chemistry (stoichiometry for chemical engineering), Foundations of Chemical
[Process Engineering

[Course objectives]

[Evaluation methods and policy]

Cultivate an understanding of the concepts of mass balance, mass transfer, equilibrium relationship, and
control by studying examples of typical separation operations, particle-based separation operations, and
process control in chemical processes. In addition, students will develop the ability to quantitatively analyze
chemical processes.

Course grades will be based on the results of regular examinations and reports assigned as needed to improve
understanding.

[Textbooks]

[Course schedule and contents]

1. Basics of substance separation and purification, 2 sessions
These sessions will explain the principles and methods of separation and purification of important substances
in chemical processes, as well as the fundamentals of molecular diffusion and mass transfer.

2. Gas absorption, 2 sessions

Students will learn the concept of the “differential contact method” , through lectures discussing
equilibrium of gas dissolution in liquids, the diffusion phenomenon in the liquid phase, gas absorption rates,
and design methods for gas absorption devices.

3. Distillation, 3 sessions

These sessions will describe the correlation method of vapor-liquid equilibria, explain the basic principles of
various distillation operation methods for mixed liquid purification procedures, and explain the design
method for a continuous rectification stage column, which is the simplest ““multi-stage contact operation.”

4. Overview of particle system operation, 2 sessions
These sessions will describe the role of particle-based unit operations in chemical processes, the evaluation of

Continue to {t2704 2% (NS (&) ] 94 1)

FEAS, I THRULZ L) (FE2EE) ISBN:4782826095

[References, etc.]

(Reference books)
fe )l T RR & A (7
SEXE) ISBN:4782825102

%)) ISBN:4782825099, KE, Hil%e Tb 7 TR (7

[Study outside of class (preparation and review)]

Lectures will be conducted mainly using textbooks, and exercises will be assigned based on the pace of the
lectures. Students should make efforts to acquire lecture content.

(Other information (office hours, etc.))

Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 27401 LJ61 U-ENG27 27401 LI76

Course title Instructor's
(and course | JLfiffififA )% name, job title, | Graduate School of Engineering
title in Fundamental Fluid Mechanics and department | Associate Professor, TANIGUCHI TAKASHI|

English) of affiliation

EREREE(2)

Confirmation of the level of attainment, (1-time)
Confirmation of the level of attainment
Comments on the term-end Exam

Target year #nd year students or abnv:l Number of credits ‘2 Year/semesters ‘2021/Second semester

[Course requirements]

Days and periud% Tue.2 klass style ‘ Lecture languaqmimm{ Japanese

It is highly recommended for students to take the class:
"Mathematics for Chemical Engineers I".

[Overview and purpose of the course]

[Evaluation methods and policy]

Lecture on fundamentals of fluid dynamics needed for Chemical Engineering

Grade will be determined by (i) the examination at the end of semester and (ii) homeworks during semester.

[Course objectives]

[Textbooks]

Goal of this class is to understand the fundamental pricipals in fluid dynamics.

[Course schedule and contents]

Introduction to fluid dynamics, (3-times)

0.  Example of flows

0-1. flow of ideal fluid

0-2. Laminar flow

0-3. Stability of flow

0-4. Turbulent

0-5. Computational fluid dynamics

1. Properties of fluid

Viscosity

. Compressibility

. Laminar and turbulent flows
Quiescent fluid

-1. Pressure

. Buoyancy

[Dynamics of Ideal Fluid, (6-times)

3. Fundamentals on flows

3-1. Particles and continuum body

3-2. One dimensional flow

3-3. Three-dimensional flow (Preparation of Mathematics)

4-1. Mechanics in the ideal fluid

4-2. Equation of continuity

4-3. Euler’ s equation of motion

4-4. Bernoulli” s theorem

4-5. Examples

4-6. Streaming function and potential flow

[Dynamics of viscous fluid, (5-times)

5. Dynamics of viscous fluid

5-1. Viscosity

5-2. Stress tensor

5-3. Exact soluble problems described by Navier-Stokes equation

Continue to EREFENFE2)L | |
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[References, etc.]

(Reference books)
Bird, Stewart, Lightfoot [Transport Phenomena 2nd Ed.J  (Wiley) ISBN:9780470115398

(Related URLs)

(http://www-tph.cheme kyoto-u.ac.jp/p/taniguch/class.html)

[Study outside of class (preparation and review)]

Because the content of the class basically follows the textbook raised above,

it is reccommended that the students look through before the class.

In addition, because the students need a fundamental knowledge of vector analysis as prerequisite knowledge,
it is highly recommended for the students to parallelly take a class of "vector analysis".

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.




Course number U-ENG27 27402 LI61 U-ENG27 27402 LI76

{LF THHERER(2)

To qualify achievement of the practices

[Course requirements]

[None

Coursetitle| § Instructor's Graduate School of Engineering
(and course | {b.27 T2 5 | Rk S name, job title, | Professor, KAWASE MOTOAKI
title in Computer Programming in Chemical Engineering|and department | Graduate School of Engineering
English) of affiliation Senior Lecturer, ASHIDA RIYUUICHI|
Target year knd year students or abovsl Number of credits ‘2 Year/semesters |70 /Second s

Days and period4 Tue.4 l:lass style ‘ Lecture languagevﬁmmim{ Japanese

[Evaluation methods and policy]

[Overview and purpose of the course]

Lectures and practices of fundamentals of computer algorithms and programming using FORTRAN 77 and
Visual Basic for Applications (VBA) for learning basic knowledge and skills of computation required for
chemical engineers. FORTRAN 77 has been often employed for numerical calculation and VBA is practical
on PCs.

[Absolute evaluation based on the assignments with taking into account participation in practice classes,
quizzes, and examination.

[Textbooks]

Ken'ichi Harada [Fortran 77 Programming)  (Saiensu (Science)) ISBN:9784781904610

[Course objectives]

[References, etc.]

To learn syntaxes of FORTRAN 77 and VBA, how to write programs, and how to execute program for
solving basic chemical engineering problems.

(Reference books)

[Course schedule and contents]

[Study outside of class (preparation and review)]

Weeks 1--3: Computer algorithms and programming I

1) Introduction to digital computers and programming languages as well as inputs, outputs, and simple
[programs, 2) Logical IF statement and GO TO statement, data types, 3) Array and DO loop, 4) Description of
assignments

[Weeks 4--5: Practice of computer algorithms and programming [
To write and execute 2 or 3 programs solving fundamental problems. e.g. Simple calculations, integration by
the trapezoidal rule, Newton method, bisection method

(Weeks 6--8: Computer algorithms and programming IT
1) Built-in functions, function and subroutine subprograms, 2) Data format, input from and output to file, 3)
Interpolation, numerical integration, 4) Description of assignments

Weeks 9--11: Practice of computer algorithms and programming II
To write and execute 2 or 3 programs solving fundamental chemical engineering problems. e.g. Statistics,
linear least square

Week 12: VBA programming
[Fundamentals of Visual Basic for Applications and some examples of VBA codes

Weeks 13--14: Practice of VBA programming
To write and execute some VBA programs solving problems, some of which are shared with FORTRAN
practice

[Week 15: Qualification

Continue to {t¥TFHEHEB(2)| | |

[Practice of programming and calculations are to be carried out by BYOD. Train yourself at home as well as
at classes.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Course number U-ENG27 27403 LI176  U-ENG27 27403 LJ61

Course title - Instructor's Graduate School of Engineering
(and course | S St T-%% 1 name, job title, | Agsociate Professor NAKAGAWA HIROYUKI|
title in Chemical Reaction Engineering I and department | Graduate School of Engineering

English) of affiliation Professor, KAWASE MOTOAKI

KREH
Course number | U-ENG27 37404 LI61
CETIOUED | - Instructor's Graduate School of Engineering
(and course | BRI E AL~ name, job title, | Professor, MATSUBARA SEIIIROU
title in Organic Material Synthetic Chemistry and department | Graduate School of Engineering
English) of affiliation Associate Professor, KURAHASHI TAKUYA

Target year %nd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Second semester

Target year brd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Second semester

Days and period4 Fri.l klass style ‘Lccmrc |lamuigea1immim{ Japanese

Days and period4 Mon.2 klass style ‘Lccmrc |lamuigea1immim{ Japanese

[Overview and purpose of the course]

[Overview and purpose of the course]

[Homogeneous chemical reaction engineering including kinetic analysis, design and operation of reactors,
lcomplex reactions, recycle reactors, semibatch operation, and nonisothermal reactors.

[Course objectives]

[Course objectives]

To understand stoichiometry and kinetics of complex reactions and mathematical models for design,
operation, and kinetic analysis of homogeneous reactors including nonisothermal conditions and to be
acquainted with those calculations.

[Course schedule and contents]

[Course schedule and contents]

Design equations of isochoric and nonisochoric reactors, Itime,

[Reactor systems,2times,

Complex reactions,4times,

Kinetic analysis of reactions and design and operation of reactors,2.5times,
[Nonisothermal reactors,4.5times,

,1time,

L 1time,
,2times,
,4times,
 4times,
,1time,
,2times,
, 1time,

[Course requirements]

It is required to learn Fundamentals of Chemical Process Engineering and to have basic knowledge of
ordinary differential equations and matrix.

[Course requirements]

None

[Evaluation methods and policy]

[Evaluation methods and policy]

[Absolute evaluation based on the examination, assignments, and quizzes.

[Textbooks]

[Kenji Hashimoto ['Han'no Kogaku (revised and augmented)] (Baifukan) ISBN:9784563046347

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

[Take home assignments almost every week.

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.
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Course number U-ENG27 17405 LI60

Graduate School of Engineering
Professor, NAKAO YOSHIAKI
Institute for Chemical Research
Professor,KAJI HIRONORI
Graduate School of Engineering
Professor, KOGA TSUYOSHI
Graduate School of Engineering
Professor, MIURA KIYOTAKA
Graduate School of Engineering
Professor, ABE RYUU

Graduate School of Engineering
Professor, MATSUBARA SEIJIROU
Graduate School of Engineering
Professor, KONDOU TERUYUKI
Graduate School of Engineering
Professor, SUGINOME MICHINORI
Graduate School of Engineering
Professor, 0GOSHI TOMOKI

Course title . Instructor's Institute for Chemical Research
(and course | T3k [ 11k1] name, job title, | Professor, MURATA YASUJIROU
title in Introduction to Industrial Chemistry and department | Graduate School of Engineering
English) of affiliation Professor, ABE TAKESHI
Graduate School of Engineering
Professor, OTSUKA KOJI

Graduate School of Global Environmental Studies
Professor, TANAKA KAZUO
Institute for Chemical Research
Professor, WATANABE HIROSHI
Graduate School of Engineering
Professor, MORI YASUO

Institute for Frontier Life and Medical Sciences|
Professor, EIRAKU GENJI

Graduate School of Engineering
Professor, KAWASE MOTOAKI
Graduate School of Engineering
Professor,SOTOWA KENICHIRO
Graduate School of Engineering
Professor, MAE KAZUHIRO
Graduate School of Engineering
Professor, MATSUSAKA SHUJI

TECFER [T1h1] (2

[Overview and purpose of the course]

In this subject, the leading topics in research conducted in the field of industrial chemistry are taken up in a
series of lectures and explained in a simple manner.

[Course objectives]

To gain an interest in chemistry, to understand the role of chemistry in society, as well as basic knowledge
that should be acquired as an industrial chemistry student.

[Course schedule and contents]

Target year Year/semesters |02 | /First semester

It year students or abov* Number of credits ‘2

Days and period% Wed.1 klass style ‘ Lecture languagwﬁmm{ Japanese

Continue to TE{tZiE [T11] 2 L

Lecture 1: Physical chemistry field: Professor Hironori Kaji: Shining molecules: Principles and applications
of electroluminescence (EL)

Lecture 2: Physical chemistry field: Professor Tsuyoshi Koga: The discipline of physical chemistry: Centered
on statistical thermodynamics

Lecture 3: Inorganic chemistry field: Professor Kiyotaka Miura: Manufacturing via lasers

Lecture 4: Inorganic chemistry field: Professor Ryu Abe: Artificial photosynthesis will open up a hydrogen-
based society in the future: Solar water splitting via photocatalysts

Lecture 5: Organic chemistry field: Professor Seijiro Matsubara, Professor Yoshiaki Nakao, Professor
Teruyuki Kondo, Professor Michinori Suginome: Constructing molecules via precise organic synthesis

Lecture 6: Organic chemistry field: Professor Seijiro Matsubara, Professor Yoshiaki Nakao, Professor
[Tomoki Ogoshi, Professor Yasujiro Murata: Constructing molecules via precise organic synthesis

Lecture 7: Analytical chemistry field: Professor Takeshi Abe, Professor Koji Otsuka: Storage batteries, the
latest analytic technology, micro/nanoscale separation analysis

Lecture 8: Analytical chemistry field: Professor Takeshi Abe, Professor Koji Otsuka: Storage batteries, the
latest analytic technology, micro/nanoscale separation analysis

Lecture 9: High polymer chemistry field: Professor Kazuo Tanaka: High-performance materials pioneered by
high polymer chemistry - from familiar to advanced materials

Lecture 10: High polymer chemistry field: Professor Hiroshi Watanabe: Motion and relaxation of high
[polymers

Lecture 11: Biochemistry field: Professor Yasuo Mori: Life-likeness of matter
Lecture 12: Biochemistry field: Professor Mototsugu Eiraku: Organogenesis technology using stem cells
Lecture 13: Chemical engineering field: Professor Motoaki Kawase, Professor Kenichiro Sotowa, Professor

Kazuhiro Mae, Professor Shuji Matsusaka: Quantitative relationship of matter in chemical processes, energy
balance and global environmental conservation

Continue to T¥{tFi#E [T1e1] 3) L
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Lecture 14: Chemical engineering field: Professor Motoaki Kawase, Professor Kenichiro Sotowa, Professor
[Kazuhiro Mae, Professor Shuji Matsusaka: Quantitative relationship of matter in chemical processes, energy
balance and global environmental conservation

Lecture 15: Feedback (planned)

Course number U-ENG27 17405 LJ60

[Course requirements]

Students are not required to have specialized prior knowledge of chemistry.

[Evaluation methods and policy]

Students are evaluated based on their performance in teaching sessions, as well as the submission status and
content of their assignments and reports. (Achievement targets are evaluated according to grade evaluation
policy of the Faculty of Engineering.)

[Textbooks]

Not used

[References, etc.]

(Reference books)
Others; materials are introduced in lectures when needed.

[Study outside of class (preparation and review)]

Students are given appropriate instructions during teaching sessions, and are required to review printouts and
other materials distributed during these sessions.

(Other information (office hours, etc.))

Students are required to submit reports when necessary. The order of items covered in lectures is subject to
change.

*Please visit KULASIS to find out about office hours.

Graduate School of Engineering
Professor, NAKAO YOSHIAKI
Institute for Chemical Research
Professor,KAJI HIRONORI
Graduate School of Engineering
Professor, KOGA TSUYOSHI
Graduate School of Engineering
Professor, MIURA KIYOTAKA
Graduate School of Engineering
Professor,ABE RYUU

Graduate School of Engineering
Professor, MATSUBARA SEIJTROU]
Graduate School of Engineering
Professor, KONDOU TERUY UKI
Graduate School of Engineering
Professor, SUGINOME MICHINORI
Graduate School of Engineering
Professor, 0GOSHI TOMOKI

Course title . Instructor's Institute for Chemical Research
(and course | T-3£{b224AR [ T{k2] name, job title, | Professor, MURATA YASUJIROU
title in Introduction to Industrial Chemistry and department | Graduate School of Engineering
English) of affiliation Professor, ABE TAKESHI
Graduate School of Engineering
Professor, OTSUKA KOJI

Graduate School of Global Environmental Studies
Professor, TANAKA KAZUO
Institute for Chemical Research
Professor, WATANABE HIROSHI
Graduate School of Engineering
Professor, MORI YASUO

Institute for Frontier Life and Medical Sciences|
Professor, EIRAKU GENIJI

Graduate School of Engineering
Professor, KAWASE MOTOAKI
Graduate School of Engineering
Professor,SOTOWA KENICHIRO
Graduate School of Engineering
Professor, MAE KAZUHIRO
Graduate School of Engineering
Professor, MATSUSAKA SHUJI

Target year

st year students or abowl Number of credits ‘2 | Year/semesters ‘202 1/First semester

Days and periud% Wed.1 klass style ‘Lecture |lznguagwfinslm1bw{ Japanese

Continue to THft¥#ks [T1e2] 24 11
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[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

Guidance,2times,Guidance on how this class is operated, and how to use computing facility for this class.
[Basic knowledge on the role of IDS in network security and how machine learning can help the intrusion
detection.

Intrusion Detection by Signature-Based IDS,5times,Learn the mechanism of intrusion detection by signature-
based IDS by studying open source signature-based IDS and attacks, such as correspondence between alarms
issued from IDS and communications, and adding signatures to detect attacks.

Intrusion Detection by Machine Learning, 7times,Learn the method of classifying normal and malicious
traffic by machine learning algorithms and public dataset for benchmarking intrusion detection performance.
Presentation, 1time,Based on the exercise, students presents their methods of intrusion detection using
machine learning, and discuss it with other students and instructors.

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Continue to T¥{tFi#E [T1e2] 3) L1
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Course number U-ENG27 17405 LJ60

Graduate School of Engineering
Professor, NAKAO YOSHIAKI
Institute for Chemical Research
Professor,KAJI HIRONORI
Graduate School of Engineering
Professor, KOGA TSUYOSHI
Graduate School of Engineering
Professor, MIURA KIYOTAKA
Graduate School of Engineering
Professor,ABE RYUU

Graduate School of Engineering
Professor, MATSUBARA SEIJTROU]
Graduate School of Engineering
Professor, KONDOU TERUY UKI
Graduate School of Engineering
Professor, SUGINOME MICHINORI
Graduate School of Engineering
Professor, 0GOSHI TOMOKI

Course title . Instructor's Institute for Chemical Research
(and course | T-3E{b224Aw [ Tk3] name, job title, | Professor, MURATA YASUJIROU
title in Introduction to Industrial Chemistry and department | Graduate School of Engineering
English) of affiliation Professor, ABE TAKESHI
Graduate School of Engineering
Professor, OTSUKA KOJI

Graduate School of Global Environmental Studies
Professor, TANAKA KAZUO
Institute for Chemical Research
Professor, WATANABE HIROSHI
Graduate School of Engineering
Professor, MORI YASUO

Institute for Frontier Life and Medical Sciences|
Professor, EIRAKU GENIJI

Graduate School of Engineering
Professor, KAWASE MOTOAKI
Graduate School of Engineering
Professor, SOTOWA KENICHIRO
Graduate School of Engineering
Professor, MAE KAZUHIRO
Graduate School of Engineering
Professor, MATSUSAKA SHUJI

TE{eF8ER (T3] (2

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

Guidance,2times,Guidance on how this class is operated, and how to use computing facility for this class.
[Basic knowledge on the role of IDS in network security and how machine learning can help the intrusion
detection.

Intrusion Detection by Signature-Based IDS,5times,Learn the mechanism of intrusion detection by signature-
based IDS by studying open source signature-based IDS and attacks, such as correspondence between alarms
issued from IDS and communications, and adding signatures to detect attacks.

Intrusion Detection by Machine Learning,7times,Learn the method of classifying normal and malicious
traffic by machine learning algorithms and public dataset for benchmarking intrusion detection performance.
Presentation, 1time,Based on the exercise, students presents their methods of intrusion detection using
[machine learning, and discuss it with other students and instructors.

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

Target year

st year students or abowl Number of credits ‘2 | Year/semesters ‘202 1/First semester

(Reference books)

Days and periud% Wed.1 klass style ‘Lecture |lznguagenfimmim{ Japanese

[Study outside of class (preparation and review)]

Continue to THft¥#ka (T3] 24 11

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Continue to T¥{t¥#s [T{k3] 3)4 | |
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Course number U-ENG27 17405 LI60

Graduate School of Engineering
Professor, NAKAO YOSHIAKI
Institute for Chemical Research
Professor,KAJI HIRONORI
Graduate School of Engineering
Professor, KOGA TSUYOSHI
Graduate School of Engineering
Professor, MIURA KIYOTAKA
Graduate School of Engineering
Professor, ABE RYUU

Graduate School of Engineering
Professor, MATSUBARA SEIJIROU
Graduate School of Engineering
Professor, KONDOU TERUYUKI
Graduate School of Engineering
Professor, SUGINOME MICHINORI
Graduate School of Engineering
Professor, 0GOSHI TOMOKI

Course title 3 Instructor's Institute for Chemical Research
(and course | T3k [ 11k4) name, job title, | Professor, MURATA YASUJIROU
title in Introduction to Industrial Chemistry and department | Graduate School of Engineering
English) of affiliation Professor, ABE TAKESHI
Graduate School of Engineering
Professor, OTSUKA KOJI

Graduate School of Global Environmental Studies
Professor, TANAKA KAZUO
Institute for Chemical Research
Professor, WATANABE HIROSHI
Graduate School of Engineering
Professor, MORI YASUO

Institute for Frontier Life and Medical Sciences|
Professor, EIRAKU GENJI

Graduate School of Engineering
Professor, KAWASE MOTOAKI
Graduate School of Engineering
Professor,SOTOWA KENICHIRO
Graduate School of Engineering
Professor, MAE KAZUHIRO
Graduate School of Engineering
Professor, MATSUSAKA SHUJI

Target year

15t year students or abov* Number of credits ‘2 Year/semesters ‘2021/First semester

Days and periud% Wed.1 klass style ‘ Lecture languagwﬁmm{ Japanese

Continue to TE{tZil8 [T1ed] 2 L1
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[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

Guidance,2times,Guidance on how this class is operated, and how to use computing facility for this class.
[Basic knowledge on the role of IDS in network security and how machine learning can help the intrusion
detection.

Intrusion Detection by Signature-Based IDS,5times,Learn the mechanism of intrusion detection by signature-
based IDS by studying open source signature-based IDS and attacks, such as correspondence between alarms
issued from IDS and communications, and adding signatures to detect attacks.

Intrusion Detection by Machine Learning,7times,Learn the method of classifying normal and malicious
traffic by machine learning algorithms and public dataset for benchmarking intrusion detection performance.
Presentation, 1time,Based on the exercise, students presents their methods of intrusion detection using
[machine learning, and discuss it with other students and instructors.

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Continue to T¥{t¥#s [T{ka] 3)4 1)
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Course number U-ENG27 27406 LI60

Course number U-ENG27 27407 EJ61

Course title Instructor's Course title B Instructor's Graduate School of Engineering
(and course | 5577 (L2 F 5 name, job title, | Graduate School of Engineering (and course | Chem-E-Carg&it * 25 name, job title, | Professor,SANO NORTAKI

title in Introduction of Polymer Chemistry and department | Professor, AKIYOSHI KAZUNARI title in Chemical-E-Car Design and Experiment [and department | Faculty of Engineering

English) of affiliation English) of affiliation

Target year knd year students or abov:I Number of credits ‘2 | Year/semesters ‘2021/Firs[ semester Target year knd year students or abovsl Number of credits ‘2 | Year/semesters |70 1/Second semester
Days and P9’i°d4 Wed.2 klass style Lecture u"g“iﬂmm”{ Japanese Days and period# Fri4,5 klass style Practical training unguagewmmi«{ Japanese

[Overview and purpose of the course]

[Course objectives]

[Course schedule and contents]

, 1 times,
, 5 times,
, 3 times,
, 4 times,
, 1 times,

[Course requirements]

[None

[Evaluation methods and policy]

[Textbooks]

[Overview and purpose of the course]

S NAL 2RS5BT & B b A HBHETY (Chem-E-Car) Zi%at, BFT 5, RalBHAART
(DB TSI Y 5 FBE (7, Chem-E-Carlc 92 W% B39 5, 8I{ L 7=Chem-
E-Car/, IRODLNFAEZIEM L CTHN L T 5 EMZETTE 202 T A MEXTH S, &
(T3 T A DL ZITBFETNONE LTV, ATRETOMEITS .

[Course objectives]

EHIC B HYEL A2 PR L, T OIEHIC OV T ORRZRD 5,

%gfti‘ BEIDH, FERN - BN, HAREF BT, ALY - WIEINBISZRIRT 254880
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[Course schedule and contents]

(1D 24383 (1] @ Chem-E-CarfFR, EATHBICHEIRZ AT %Y
Q) R (5] © Waltr, WEHE, ST 2ME X, 5%
5% fdifH U 72 € 7 )L Chem-E- Car(/ﬂ’l—é%
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(@) LfFSE (1] 0 Chem-E-CarD B FIC R LAFFET® LIFRIRO M/ IAORM,

(5) Chem-E- Carif’l:\ ntLqiE [538] : Chem-E-Car®ait. BUE, E1THER. %4-\7‘—5‘@1%]5{)(
(6) = [138] : Chem-E-Carlc ﬁgé‘%%?ﬁ GETT - f?ﬂ.@"?@ R )

(%)%:%‘/%Z R #5752 [1#] : Chem-E-Cari{ 73> 7 2 k. Chem-E-CardE{ 17— 21T
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i, AR

[Course requirements]

[None

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

[Evaluation methods and policy]
Chem-E-Car® ETTPERE (T2 7 A RKEED | RIS RIC BT B56K, LA— ML DilHiid 5,

Continue to Chem-E-Cars&st + £8(2) | |

Chem-E-Cari&st + 2E&(2)

[Textbooks]

BB ST Vb

[References, etc.]

(Reference books)
7 REFVA MEEy: (B S0

[Study outside of class (preparation and review)]

FETICIRR T %

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.

Course number

Graduate School of Engineering
Professor,SAKKA TETSUO
Institute of Advanced Energy
Professor, NOHIRA TOSHIYUKI
Graduate School of Engineering
Course title Instructor's Professor, ABE TAKESHI

(and course | MEREILF T GEfi{t ) [TAk1 - TAE3] [name, jobtitle, |Graduate School of Engineering

title in Inorganic Chemistry I (Advanced Chemistry) |and department | Associate Professor, MATSUI TOSHIAK]|
English) of affiliation Graduate School of Engineering
Program-Specific Associate Professor HOSOKAWA SABUROU
Graduate School of Engineering
Professor, ABE RYUU

Graduate School of Engineering
Associate Professor, MIY AZAKI KOUHEI

| Year/semesters |50 1/Second semester

Lecture |llngllaqnfinsm1h{ Japanese

Target year %nd year students or abovsl Number of credits ‘2

Days and period% Mon.2 klass style

[Overview and purpose of the course]

IR L AT, BRART LY ATy Rl - Bk, VA ADFE - F2RRid 5, N, BbeiEd
JTIC DOV T, »ﬁﬂﬂ:q—}i’qﬂlb CHFIT B, EBIC, N TOREMRET 5 L CEELREROMZICD
WS L, 73T DIE L5 FORISTERAL AR L OBIEIC DOV TGRS, E5I1C, d-Tay Y
(LEVDAIC DN TR S,

[Course objectives]
W - Sk, ER(Lie, WFRPE, RNHEAPIC OV CEIEL, 3 AHERHREOMEL A, 4 2405
DB AT B,

[Course schedule and contents]

W Lt R (450) Ale
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RGPS ERIIT % 72D OFEREEEHP. Bronsted M DA WIMEIC DWW TS %, U Lewis
& KB ML DER 2R L, PeasonDIVEE - (RS D WHOBZZ % 5. Riklc, B - Hikk
& UTOEBONE 28 RINC RIS % 72 DTAI ST A— 2 — %2 fifiid %,

(L LT (55 AR

—ODOWEANS & 5 —DOWENETWEE L TRLLE CAVEL S, TO-DD@EEE LD T
FEALETTRIG EV S o T ORISICB 2 )2 AINAN R LRGN RIS DV THBA, T Ofi#FH N E
HTHBHT LmT, &5, BELETTRISOMNTIC IV 5N % AL AN L ] Frdquoki
e (FEkR) Thirdquoll DWW THERIT %,

) FORFRE (78) 400

0¥ DIFE MFEOBLEN SRR T OMFE 2 R EELPRTH SRRSOV TGlND, Fi|

50 F ORI Ié%ﬁ‘%:%:%‘% DFIMT S BB T AN EEIC DLW T PIITE 5 T

LRIRHT Do & BIC, NDTHUEDHAL TP, WIHHEDELE, 7 FREIOMHHRZ Bl d 5 I
T OMPENRE L 755 T L72RT,
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Contineeto EAE? | (R (Th1- T3 @414




ERLE | GRiEE) (Tt Ifks] ()

LewisDff « HiJikds K UZN 5 O TH % SiEROBEZZ HIVTd-7 1y Z L0 A1 7
HEEICDWTHET %,

AEENEE OS], LA — SIS 2 5 K U2 1TV, AR BRI 2R 5.

[Course requirements]

SRR L 2 BB LT 5 T L RHRICGHER ZED B,

[Evaluation methods and policy]

TEHIRBRO BRI E T H 2, TAUSTH 2 A U TR GRS Il U CRrfii g %

[Textbooks]

(Y aF408— 7 b3V A (1) H6

M.Weller, T.Overton, J.Rourke, F.Armstrong %

i A, R M, R K TR &, Ui R
G E2EIR]N (2016) ISBN 9784807908981

[References, etc.]

(Reference books)

55 1 IR Al L SRR 2 BT %o

[Study outside of class (preparation and review)]

J“%é@ﬁukﬁiﬂ@%-%zﬁm LTHL T L, ZOMEOMBRICILY T 2 M2 M EEA THEE UTHR

L, T2

(Other information (office hours, etc.))

b 2 7T RIS U T AMISED BN THEIC K O RN EDNM Tbh b,
KT 4 AT T — DS DOV TId. KULASISTHER L TL 2 &0,

FER ML T (CEIHMES) ) &, 3 CICHNMER LI ED TR0 T (et
) | g LRSI LG, BT 5%,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ pracncal work experience related to the course

T TBGE N BN BT 447

Contine to ERft? | (R51Z) [Tht- ThY @4l

ERLE | GRiEE) (T Iiks] (3)

(3) Details of practical classes delivered based on instructors’ prdctlcdl work experience
FESERARRROTIZEAC BV T, BB S DB 59, {23 & OILFERZEE LI
L5 I TR LA B OIS 2 S0 U 7 AR B2 1A U 7ciis 2 S g % o

Course number

Graduate School of Engineering
Professor, SAKKA TETSUO
Institute of Advanced Energy
Professor, NOHIRA TOSHIYUKI
Graduate School of Engineering
Course title Instructor's Professor, ABE TAKESHI

(and course | MEREILF T CEli{t) [T{k2 - T{t4] [name,jobtitle, |Graduate School of Engineering

title in Inorganic Chemistry I (Advanced Chemistry) |and department | Associate Professor, MATSUI TOSHIAK]|
English) of affiliation Graduate School of Engineering
Program-Specific Associate Professor HOSOKAWA SABUROU|
Graduate School of Engineering
Professor, ABE RYUU

Graduate School of Engineering
Associate Professor, MIY AZAKI KOUHEI

[EREET CeRt® (T2 Ifedl )

LowisOl: - HiHH £ 0 EN B DM ADETH B EORE AT 7 1 5 LA RTFiis
SOV T B

" RIEIEE R, 18]
1/1‘° RIS B fiRE s K UMRRSZ TV, AREEEZ RS 5.

[Course requirements]

SRR L 22 BB LTV 5 T L ZIHRICGHERZED B,

[Evaluation methods and policy]

ERABROATN ETH B, THUSTH I L CREMICHIE L CIHET %,

Target year %nd year students or abovsl Number of credits ‘2 | Year/semesters |>0)/Second

Days and period% Mon.2 l:lass style Lecture |lznguaqmimm{ Japanese

[Overview and purpose of the course]

WL, RRATT LY AT R - Bk, U1 AOW: - BERGS 5. NI, BLLME
TTICDVT, %‘f\{t%’&qﬂ;u KT B, I, HTOREMRT % L CRERERREROMEZICD
WL, 50 F- 0T &0 FORISTERAL AT L OBIHIC OV TN S, E5IC, d-THv s
(L APIDFHAIC DN TS,

[Course objectives]

W - 3L, We(LE T, SR, BNEAPICDOWTHERL ., 3 AHERIREO ML 2L, 4 2R
DESULAHCET B,

[Course schedule and contents]

1z & Sk (421) 4l
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[Textbooks]

(22 T40N— 7 b F oA (1) H6 R
M.Weller, T.Overton, J.Rourke, F.Armstrong %%

R B SR R i fUGE TR —2L duil
U E2IF]N (2016) ISBN 9784807908981

L

[References, etc.]

(Reference books)
55 1 RS A TR 2R S %,

[Study outside of class (preparation and review)]

FEDRNC % DRz EH L THEL T Lo TOMEDMAICTK YT SR Z M A TREEE L TH
U, T E %,

(Other information (office hours, etc.))

XL 2 7T AT 7T ATED SNTBURIC K 0 R ICPEEDNM D NS,
T 4 AT T —DFHIC DN TIE. KULASISTHERL TL 20,

TR ML T (TSEAME ) ) 2. 9 CICHMER Lo B0 THER L7 T i) )
2 JRME UAMET LIca, ML 2%,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

Continueto EM4fL7 | (Gift%) [Tfka- Ifea] (3411




ERLE | (Ria?) (Tie2- Ifkdl (3)
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(3) Details of practical classes delivered based on instructors’ practical work experience
PEERNRR O IHFUITC BT, SRS D B DAIR 59, 3¢ & OILFIUR EEMLITEy
VIS B T L B O W2 F2E L 7o SRz 1 L il e J2 9 .

Course number ‘

Graduate School of Engineering
Professor,SAKKA TETSUO
Institute of Advanced Energy
Coursetitle | Instructor's Professor, NOHIRA TOSHIYUKI
(and course | VML’ T (Jeliifb’?)  [T{L1 + T{E3] [name, job title, |mnsitute for Integrated Radiation and Nuclear Science|
title in Analytical Chemistry I (Advanced Chemistry)|and department | Associate Professor,OKI YUUICHI
English) of affiliation Graduate School of Engineering
Professor, ABE TAKESHI

Graduate School of Engineering
Associate Professor, NISHINAOYA

Year/semesters |02 |/Second semester

Target year #nd year students or abnv:l Number of credits ‘2

Days and period% Tue.2 klass style Lecture lamuagmimmi«{ Japanese

[Overview and purpose of the course]

DHHEEDAME LT, iz, (LA —ikkEe UCTHEER, WMo 2T (BiE, SiEk
T, BRILEID) OBER 2 S %, WER M NZETOT 2 I OHEETS .

[Course objectives]
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[Course schedule and contents]
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Course number ‘

[Course requirements]

None

[Evaluation methods and policy]

FHffld, IR (AL ORI & %o

[Textbooks]

Daniel C. Harris [ Quantitative Chemical Analysis, 10th ed.]  (Freeman (2020))

[References, etc.]

(Reference books)
TA T YE=Ty F DEROHHLY: @GO 1 GERAT, 19824F) ISBN:4563041513
VAT v IHHEAT (EEE 7RO 1 G, 20164F) ISBN:9784621301098
B, AL JTHE Do Aok (AR, 2012) ISBN:9784759814651

Graduate School of Engineering
Professor,SAKKA TETSUO
Institute of Advanced Energy

Course title ) N Instructor's Professor, NOHIRA TOSHIYUKI
(and course | 7L T (Jesiifb’#)  [T{k2 » TAk4] |name, job title, |insitute for Integrated Radiation and Nuclear Science]
title in Analytical Chemistry I (Advanced Chemistry)|and department | Associate Professor,OKI YUUICHI
English) of affiliation Graduate School of Engineering
Professor, ABE TAKESHI

Graduate School of Engineering
Associate Professor, NISHINAOYA

Target year %nd year students or abovsl Number of credits ‘2 | Year/semesters |50 /Second semester

Days and period% Tue.2 klass style Lecture |umuaqemimmb'{ Japanese

[Overview and purpose of the course]

FRIGIL, BHTE A

DL ADAME LT, e, (L A—ROHEREL UTHEEZR, RO AT (
2179,

TLE BRMLED) OBERTIZ#ET %, MR NRETOT % I OE

[Course objectives]
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e RPAICED X ST LT A D, iz, BIUROHIBICE S b > T0 A EEGTES
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[Study outside of class (preparation and review)]

ARSI B R R EE & LT,

(Other information (office hours, etc.))

ik PR T COREREREE) | 29 CICHNEERF L7 ER, TONTE: T Cetin(b?) |
2 JRiE LHAHER LTcin G, AL 725,

*Please visit KULASIS to find out about office hours.

[Course schedule and contents]

{27 T B, 210

bbb Ay ba—)LTES, HBWVIKIEREICHAID 5 2905 (RO H- i, A
DRRTEE) B, IHERMICIHT 2 T-HIRE (L AROMRRE PR (LR TIRGE) 2RO BIEDE X 77
&, EOETFHTEILETH %, ZTOHARZMIT %,

R T, S 1]

3 Ui, 1RIRDpH DRFRTEZ SIS %o Fli4 OIELINEGH A O H 2 5HE7EE 2 )5,
RALC BRI 28 o S, TE RN & Bk, RRIEET OB 2T, ZERIEORIELLT
259 % & D BRI AT OV THEL i\ %,

PLIBAEB, 1

TLBCT B OHA (FAMRERTPPINE A A VR ISV TR UTeth, BRIILTH0 A A > i BT
75 & DML TS B RE DM D o5 2 fFH T %o

i 0 21

S RISOMH O, REMEFL— FAITHSED T ARFICID EFTFL— MiEhc i
%iﬁiﬁamuowr%ﬁﬁaom%ﬁ%ﬁk%@%%%ﬁbfi%%&#pwrﬁimmm%
iy %,

WL et - 4000
LI -2 BRI S % 72 D OSEE L 75 B 8L, FHCHEREEATY )L > A BRI DOW TS
%o T BT, MELETTHE T T OBMAEN & (LT PROBIRIC DOV THILE T %,

Continueto At | (£516%) (T2 Thal @011




SieF | Geiits) [Tie2- Tfkd] (2)

AR EEE Ol
fE e U TR LB IS 0 g 2 2 1TV, 2R 2 iR %,

Course number ‘

[Course requirements]

[None

Graduate School of Engineering
Course title Instructor's Professor,OOE KOUICHI

(and course | (L2 T (Jeliift™s) [1fL1« T{k3] |name, jobtitle, |Graduate School of Engineering

title in Organic Chemistry I (Advanced Chemistry)|and department | Associate Professor, MIURA TOMOYA
English) of affiliation Institute for Chemical Research
Professor, NAKAMURA MASAHARU

[Evaluation methods and policy]

Year/semesters

Target year %nd year students or abov* Number of credits ‘2 2021/Second semester

A, ERER (D OREIC K %,

Days and period# Mon.1 klass style ‘Lecture lamuagedimmb'{ Japanese

[Textbooks]

[Overview and purpose of the course]

Daniel C. Harris 'Quantitative Chemical Analysis, 10th ed.]  (Freeman (2020)) ISBN:4563041513

[References, etc.]

(Reference books)
TA T YA=Ty R TERSHHLY @GETHO 1 (AT, 19824F) ISBN:4563041513
JVAF v [ohE2A OFEFEE 7O 1 (L, 20164F) ISBN:9784621301098
P, N, #H DO e 2O (LR, 201245) ISBN:9784759814651

(Organic Chemistry I-IV are taught over two years (from the second half of sophomore year to the first half of
senior year) as subjects that systematically instill students with the basics of organic chemistry they will need
to know in order to work as researchers and engineers in all fields related to chemistry in the industrial,
academic, and public sectors. Among these subjects, Organic Chemistry I allows students to understand ideas
of acids and bases, as well as concepts of delocalization and conjugation of electronic states in compounds
and intermediates, while also teaching them about reactions involving carbonyl groups from the standpoint of
molecular orbital theory. In addition, students are taught how to determine the structure of organic
lcompounds by making full use of various spectral methods.

[Course objectives]

[Study outside of class (preparation and review)]

The goal is to understand organic reactions in a unified manner by considering mechanical similarities, rather
than through mechanical memorization.

RN AICH T 2 HE RS2 EEE UTRY

[Course schedule and contents]

(Other information (office hours, etc.))

TERL L TorEA T CLSEREREA) 1 2, 9 CIs B
2 g UHAHE LIcia, BnifiL 7% 5.

BRI LTSRS Tkt T o) )

*Please visit KULASIS to find out about office hours.

Structure of molecules and method of expressing organic reactions (Chapter 4 and Chapter 5), 1 session
[Atomic orbitals and molecular orbitals are explained to students to provide a deeper understanding of the
relationship between the shape of organic molecules and electronic structures. In addition, students learn to
[depict the movement of electrons in organic reactions using curved arrows.

[Nucleophilic addition reactions to carbonyl groups (Chapter 6), 2 sessions
Students are given an overview of reaction modes between carbonyl groups and nucleophiles.

[Delocalization and conjugation (Chapter 7), 2 sessions

The concepts of “delocalization and conjugation,” which are important for understanding differences in
reactivity and physical properties of organic molecules, are explained using molecular orbital theory. In
addition, aromaticity is explained.

Acidity and basicity (Chapter 8), 2 sessions

Students develop an understanding of the structural characteristics of compounds related to acidity and
basicity, and learn how to calculate and use pH and pKa. In addition, equilibrium theory and changes in the
electronic structure of compounds in proton transfer reactions are explained. During the session, an
examination is conducted to confirm how much students have learned to date.

Organometallic reagents for carbon-carbon bond formation (Chapter 9), 1 session
The method for preparing organometallic compounds and examples of carbon-carbon bond forming reactions
that use organometallic compounds are explained.

Continveto BEEF | (£5Z) [Tt TR @11

BREF 1 GRilt?) [Tie1- T3] (2)

[Nucleophilic substitution reactions on the carbon in carbonyl groups (Chapter 10), 2 sessions

By showing examples of substitution reactions that occur on the carbon in carbonyl groups, students are able
to gain an understanding about the reactivity of carbonyl compounds based on reaction mechanisms that go
through tetrahedral intermediates and the properties of nucleophiles and leaving groups. Using such examples
also allows synthesis reactions that involve carbonyl compounds to be explained in a systematic manner.

Nucleophilic substitution reactions at C=0, following loss of carbonyl oxygen (Chapter 11), 2 sessions
[The mechanisms behind the formation of acetals, imines, and alkenes from carbonyl compounds and their
applications in synthetic chemistry are explained.

How to determine the structure of organic compounds (Chapter 3 and Chapter 13), 2 sessions

Students are explained the principles and characteristics of infrared spectroscopy and nuclear magnetic
resonance spectroscopy, and are taught for determining the structure of organic compounds by reading
various spectra.

[Feedback lecture, 1 session
The fourteen lectures and examination contents are explained to students to improve their degree of learning
(details are given during the lecture or on KULASIS). [All professors]

BHEF 1 GRilt®) [Tie1- i3] (3)

[Study outside of class (preparation and review)]

Students should briefly glance over the handouts and textbook, and prepare for the contents of each unit
before attending any lecture. In addition, students will actively work on report assignments given in each
teaching session, while deepening their understanding of the contents of each unit. It would also be advisable
for students to devote twice the amount of time spent in teaching session to review the material and prepare
for the next session.

(Other information (office hours, etc.))

[Course requirements]

None

[Evaluation methods and policy]

[Evaluation method]

Marks from (mid-term and end-of-term) examinations (90%); evaluation of performance in teaching sessions
(10%)

[Performance in teaching sessions is evaluated based on participation in sessions and the assessment of reports
igned in each teaching session.

[Evaluation policy]

Students must obtain a total of at least 60 (out of 100 marks) from the results of their (mid-term and end-of-
term) examinations and their performance in teaching sessions.

60 marks or more: Pass

59 marks or less: Fail

[Textbooks]

J. Clayton, N. Greeves, and S. Warren  [Organic Chemistry, 2nd Ed.]  (Oxford University Press) ISBN:
9780199270293

[References, etc.]

(Reference books)
IMcMurry, J. (translated by Shibasaki, M., Iwasawa, N., Owada, T., Mashino, T.,) TMcMurry Organic
Chemistry] (Tokyo Kagaku Dojin, 2009) ISBN:9784807906918

Continue to 52 | (igft3) [Tfet sl (3441

Students are divided into two classes and each class is assigned a professor who will conduct teaching
sessions in the same time slot.
* For details on office hours, please check KULASIS.

[Note: If a student who has already completed ““Organic Chemistry I (Basic Industrial Chemistry)” takes
Organic Chemistry I (Advanced Chemistry)” and earns credit, these will be treated as additional credits.

*Please visit KULASIS to find out about office hours.




Course number ‘

Graduate School of Engineering
Course title Instructor's Professor,0OE KOUICHI

(and course | £t T (Jeliift™s) [1fk2« T{4] |name,jobtitle, |Graduate School of Engineering

title in Organic Chemistry I (Advanced Chemistry)|and department | Associate Professor, MIURA TOMOYA
English) of affiliation Institute for Chemical Research
Professor, NAKAMURA MASAHARU

Target year %nd year students or abov* Number of credits ‘2 Year/semesters |50 1/Second semester

Days and period# Mon.1 klass style ‘Lecture lamuagedimm{ Japanese

[Overview and purpose of the course]

(Organic Chemistry I-IV are taught over two years (from the second half of sophomore year to the first half of
senior year) as subjects that systematically instill students with the basics of organic chemistry they will need
to know in order to work as researchers and engineers in all fields related to chemistry in the industrial,
academic, and public sectors. Among these subjects, Organic Chemistry I allows students to understand ideas
of acids and bases, as well as concepts of delocalization and conjugation of electronic states in compounds
and intermediates, while also teaching them about reactions involving carbonyl groups from the standpoint of
molecular orbital theory. In addition, students are taught how to determine the structure of organic
lcompounds by making full use of various spectral methods.

[Course objectives]

The goal is to understand organic reactions in a unified manner by considering mechanical similarities, rather
than through mechanical memorization.

ARfE | (RiRlt?) [Tfe2- Ifkd] 2

Nucleophilic substitution reactions on the carbon in carbonyl groups (Chapter 10), 2 sessions

By showing examples of substitution reactions that occur on the carbon in carbonyl groups, students are able
to gain an understanding about the reactivity of carbonyl compounds based on reaction mechanisms that go
through tetrahedral intermediates and the properties of nucleophiles and leaving groups. Using such examples
also allows synthesis reactions that involve carbonyl compounds to be explained in a systematic manner.

[Nucleophilic substitution reactions at C=0, following loss of carbonyl oxygen (Chapter 11), 2 sessions
The mechanisms behind the formation of acetals, imines, and alkenes from carbonyl compounds and their
applications in synthetic chemistry are explained.

[How to determine the structure of organic compounds (Chapter 3 and Chapter 13), 2 sessions

Students are explained the principles and characteristics of infrared spectroscopy and nuclear magnetic
resonance spectroscopy, and are taught for determining the structure of organic compounds by reading
various spectra.

[Feedback lecture, 1 session
The fourteen lectures and examination contents are explained to students to improve their degree of learning
(details are given during the lecture or on KULASIS). [All professors]

[Course requirements]

[Course schedule and contents]

[None

Structure of molecules and method of expressing organic reactions (Chapter 4 and Chapter 5), 1 session
[Atomic orbitals and molecular orbitals are explained to students to provide a deeper understanding of the
relationship between the shape of organic molecules and electronic structures. In addition, students learn to
depict the movement of electrons in organic reactions using curved arrows.

[Nucleophilic addition reactions to carbonyl groups (Chapter 6), 2 sessions
Students are given an overview of reaction modes between carbonyl groups and nucleophiles.

[Delocalization and conjugation (Chapter 7), 2 sessions

The concepts of “delocalization and conjugation,” which are important for understanding differences in
reactivity and physical properties of organic molecules, are explained using molecular orbital theory. In
addition, aromaticity is explained.

Acidity and basicity (Chapter 8), 2 sessions

Students develop an understanding of the structural characteristics of compounds related to acidity and
basicity, and learn how to calculate and use pH and pKa. In addition, equilibrium theory and changes in the
electronic structure of compounds in proton transfer reactions are explained. During the session, an
examination is conducted to confirm how much students have learned to date.

(Organometallic reagents for carbon-carbon bond formation (Chapter 9), 1 session
The method for preparing organometallic compounds and examples of carbon-carbon bond forming reactions
that use organometallic compounds are explained.

Continveto BEEF | (£%MZ) (T2 Thal @011

[Evaluation methods and policy]

[Evaluation method]

[Marks from (mid-term and end-of-term) examinations (90%); evaluation of performance in teaching sessions
(10%)

[Performance in teaching sessions is evaluated based on participation in sessions and the assessment of reports

d in each teaching session.

[Evaluation policy]

Students must obtain a total of at least 60 (out of 100 marks) from the results of their (mid-term and end-of-
term) examinations and their performance in teaching sessions.

60 marks or more: Pass

59 marks or less: Fail

[Textbooks]

Clayden, J., Greeves, N., Warren S. [ Organic Chemistry, 2nd Ed.]  (Oxford University Press, 2012)
ISBN:9780199270293

[References, etc.]

(Reference books)
McMurry, J. (translated by Shibasaki, M., Iwasawa, N., Owada, T., Mashino, T.,) ['McMurry Organic
Chemistry] (Tokyo Kagaku Dojin) ISBN:9784807906918

Continue to BB F | (1) [Tfe2- Ifta) (94 44

BREF 1 Geilt?) [Tie2- Tikd] (3)

Course number ‘

[Study outside of class (preparation and review)]

Students should briefly glance over the handouts and textbook, and prepare for the contents of each unit
before attending any lecture. In addition, students will actively work on report assignments given in each
teaching session, while deepening their understanding of the contents of each unit. It would also be advisable
for students to devote twice the amount of time spent in teaching session to review the material and prepare
for the next session.

Course title § § Instructor's Graduate School of Engineering

(and course | {22 H2T (SEhifi{b) name, job title, | Associate Professor,ITOU AKIHIRO]
title in Mathematical Method in Chemistry I (Advanced Chemistry) | and department | cener or he Promation of nterdisciplinary Education and Research
English) of affiliation Program-Specific Associate ProfessorFUKUDA - RYOICHI]

Target year %nd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/se¢0nd semester

Days and period% Thu.1 l'.)lass style ‘ Lecture |lznguagmimm{ Japanese

(Other information (office hours, etc.))

[Overview and purpose of the course]

Students are divided into two classes and each class is assigned a professor who will conduct teaching
sessions in the same time slot.
* For details on office hours, please check KULASIS.

[Note: If a student who has already completed ““Organic Chemistry I (Basic Industrial Chemistry)” takes
Organic Chemistry I (Advanced Chemistry)” and earns credit, these will be treated as additional credits.

*Please visit KULASIS to find out about office hours.

(L2272 HE S B L CRRERBCADIRE L U T ORREL - M O BARTHINC DUV Thff
L EBIHB RS,

[Course objectives]

(L2 —)L & UCRERBCADIREZ S, PIE LA, PEeAun, (b 28k & o &re
HO R DB L 75 % BEARLAZ A I IR T E B K 5108,

[Course schedule and contents]

(1751 & BIEAERDFGE (024 ()]

IEHEZAC BN S I LIS LIZTTIOIICKBIE N, Z OEAEREICE TS N B HEaNb 5 |
i’#ﬁf;ﬁ)%@(@%’ﬁ@ﬂﬁi%&ﬁ}ﬁt LTOFNCDONT, BIFOSBHHICDOWTHB Z3H 1B T
FEB Y %,

15 L7520

FRIEZER & A7 [20E]]

79D I [1]5]]

TSI DEAERIER (& 2 7 VFEI 0% k) 1]

R FE P ORERR [117]]
R NEORRIE 2 RS %o

[ EMRNTORTE (Y4 48 )]
K & BB R L T % | ABUEFEBEGR OIS DOV TLI RO X 5 4t 7 7 —<Ici - T
BT T#R T %, BEGERE OIS ERMD O ENTES X SICKb T L RHBET

°

A IR & RO (1[0
IR SRRSOV C DI & 70 2 JHRR RS B0 — 8 & SRR R I B D B T
—HNCHRA B K HICT B

LS 111
BEFRTIC B CHEGRBER T H 2 ERIBIBIC DOV TER S %,

Continue to fbFEFI (&igitF) )4 4




MEFEF (RIRES) (2)
SR OR DR N AZ MR LN TE 3 L5129 %,

SRR [117]
SR BIRG OV & NROBESZ B % BIRFI DI OV CREMTE S K 51T %,

ISR D BERR BT [117)
(ESI S R BRON BRI T & 5 C L 2Bl L, BEURMZFITE 5 X 5189 %,

FEGE R [1]0]]
PO Z B L, RBGERZ W GEHRNTES K519 %,

o BEEREO RS [118]]
RO BRI R AT B

TR [ 1071
S AT )|

[Course requirements]

BEARBIG L 87, 2FIGERE MAORDA « B, #RBRECEA - BZIBEL TV T ENHEE L,

[Evaluation methods and policy]

WA R T IRHC AT 2 R8T A T (50%) & EIBR(50%) D A5l iz & - TRTiig 5.

[Textbooks]

[Not used
R T Y SRR 5.

[References, etc.]

(Reference books)
KEIES ML EEORDORA T (LR ISBN:9784759800081
R ARSI SERARAR. T~ v A — U2 (FLif) ISBN:9784621088104
AT TR TROEEECY 5 HEMEU  CAMEI) ISBN:4000079751

[Study outside of class (preparation and review)]

A TNAGLBMOBERE T, HARZREHIOWTTELTHE T L, E5IC, REERICRME
127 Y M RSELNOMBMERZHE, NRICOWTEEL T L,

(Other information (office hours, etc.))

AT 4 AT T —DFHIC DN TIE, KULASISTHERL TL 720,

Continue to fL¥#%1 (i(Ls) (3)1 11

MEFEF (RIRES) (3)

TR MEEeA T (TREAE) ) 2. 9 CICHMER Lo TR T olife) )
2 s UAMET LIca, BmifiL 2%,

*Please visit KULASIS to find out about office hours.

Course number ‘

Graduate School of Engineering
Professor,SATO HIROFUMI

Course title Instructor's Graduate School of Engineering

(and course | ¥JFH{L A1 (Jbiift ) [LAE1  T{E3] [name, jobtitle, | Associate Professor, TOU AKIHIRO
title in Physical Chemistry II (Advanced Chemistry)|and department | Graduate School of Engineering
English) of affiliation Associate Professor, HIGASHI MASAHIRO

Institute for Chemical Research
Professor, MIZUOCHI NORIKAZU

[rEfE GRitD [LTiel- L1kal (2)

“ARFEEOMRE (1]
FENEOMRIE R RS %o

T4—RnNw 7 [1H]

Year/semesters |07 | /First semester

Target year #rd year students or abov* Number of credits ‘2

Lecture

Days and period# Wed.1 klass style languagevﬁmm'm{ Japanese

[Course requirements]

SLEIBLAEA SR (i) B TR 1 T LT BRI Z BR L v 5
ce

°

[Overview and purpose of the course]

[Evaluation methods and policy]

S IPE O LIS, R HEICEED < FRER U0 FHBEICEED EERE BRI DV Callid
Uy RIS U C BRI OME 2 i S %

[Course objectives]

DI, fiHL xR Schroedinger SRR DB, FHUE &) FHLEKR T TN SICFED W T
D TOWARRTES X SICEBT L,

[Course schedule and contents]

D PEE & WO fE [1[11]
LA e /1 N EOZ QR NS

731 OfEkT 177 (28]
53 OE « [l « fikBh IS K O OMT), LagrangelEXOMEHT /1%, Hamilton R DfiHT 117

5P ORE (3]
KRB, BB ATV NT b, HERAIR, ERESHBAMR, AHEEERIGR, B R & AR T
> ¥ JbDSchroedinger /5 FE

CRFHTFORTE (1)
RS 7. B T

hEAER (1 ]

KA (1 ]A1]
KR T & i

SRS (2]
S ) DAL, SETETOME, S TIEOE 2T, SHOETHT
bk (2]

RS TSI, € Lk

Rl TGN I

L 1 OISR BT TR & RS P

Continue to WE(E#I (RRfe%) (Tt ThA @414

(50%) . HAAKRER (50%)
W& IR BR O 2 3 T8
10 0 xiilisdr 6 0 A B2 B4, 5 9 A FZABIK LT %,

[Textbooks]

Not used

[References, etc.]

(Reference books)
7R AYEMEY: (1) B8 TS GBI EHIN)  (ISBN 9784807906956)
<=1 - YA EVYEYEY: a7 Ta—F (B TEOHHR RN (SBN
9784807905089)

[Study outside of class (preparation and review)]

RN O TR IR PRI BCED R ETH D | RN LI CEHER TS &, ki
IR Bl & N2 LR 2 AT U CIEIE S 2 T EMEH LU,

(Other information (office hours, etc.))

T IPEOEEADIS R RZ B R, THIEBARIEY:, @ b, EEe7dh %
WL AR RERIRAL . D TR aib e, RTOFORME L 5%, T HNEE
BURDILEBIIHIC BN TRHATH D, LoD BITDIFTHRLL,

TR A (L) ) 2. 9 CICHMER Lo B0 TR TR |
2 s UHAHET LI, BN L 7% %,

*Please visit KULASIS to find out about office hours.




Course number ‘

Graduate School of Engineering
Professor,SATO HIROFUMI

Course title . . Instructor’s Graduate School of Engineering
(and course | V13 {L 211 (Jedift’?)  [T4k2 + T{k4] |name, jobtitle, |Associate Professor,/TOU AKIHIRO
title in Physical Chemistry IT (Advanced Chemistry)|and department | Graduate School of Engineering
English) of affiliation Associate Professor, HIGASHI MASAHIRO]

Institute for Chemical Research
Professor, MIZUOCHI NORIKAZU

[l GRS (Tfe2- Iiedl @)

B O (1)
RN RO IR 7 AT 5.

T4—FNw o [1H]

Target year #rd year students or abowi Number of credits ‘2 Year/semesters ‘202 1/First semester

Lecture

Days and period% Wed.1 }:Iass style lamuigeafimlmlbv{ Japanese

[Course requirements]

SEREVIELAEA, AR (i) B R T2 1 TR BT I HZ BB L Tv 5

ek,

[Overview and purpose of the course]

[Evaluation methods and policy]

TP AOBFEEE JSHL TSI EED < R K& O FHBEICEED LA G DV Taltid
U, RIS U TR FIHOME 2 9 5.

[Course objectives]

)OS, LR Schroedinger/TRE OB, S GE & 7 HLE K O T MBI DWW T
D TONHZEMRTEZXIICEBT L,

[Course schedule and contents]

(e DVERT & et OmfE (1 [91]
AR SR 374 /1 SN = QU N

)1 OfEfT )12 (28]
3 ONHE - [B1#z - fRENES KO OB, LagrangefE X DMMT /1%, HamiltonfE X DT 112

)OSk (3 (A1)

KRB, BB 7. AT NT )b, WERAEI, EHESHABAfR, RHEEMERGR. B ki & T RR T
> % )LD Schroedinger /5 F#

R (1]

FRRHRD) . WAL T

FhEEAER (1 @]

UK (1 [A1]
UKHIET & Tl

LETRAES [2001]

ST DR, LEFETOMIE, D FHEOER )T ST T
Yooy Ui [210]

IR FONTHE, oy Vik

& O —fRIMEARES (1 [E1]

S PO B0 ORE &R iE

Continue to BRI (Efes) [Tha Ifeal @) )1

TR (50 %)  WIAHER (50 %)
P IS 13 PP EIERERORE A 2 5 5
1.0 0 s8R 6 0 A L2 Ak, 5 9 AR ZARAME T %,

[Textbooks]

[Not used

[References, etc.]

(Reference books)
ZDfth
7R F ALY (1) B8 TSI GREUEFEIN)  (ISBN 9784807906956)
<=V - BBV DT 7a—F (B TERBR GREUE¥FA) (ISBN
9784807905089)

[Study outside of class (preparation and review)]

A NAO TR BRI BRI BCADRETH D | lRNA LI CETEME T2 L, K/
[FIRFINC Bl & N 2 (LA ReANZ AT U CIE S % T EWEE LW,

(Other information (office hours, etc.))

AL ANDISHRR 2 P LIS, CIUSHREIIL, @y, b rd 2
WIS L2 AR ERERIRALY:, D7 rzilib g, RTO PR ML 5%, ‘T ANHER
BRI ARIC BN TRHATH D, LoD D EIZDF THRLL,

TR ML (TR ) 2. 9 CICHMER L7/ E0 TR TG |
ZfEfE UHAHER LT, BN L 75 %,

*Please visit KULASIS to find out about office hours.

Course number ‘

Course title § Instructor's Graduate School of Engineering
(and course | AL A1 (Jebiift) [TAk1 - T{E3] [name, jobtitle, |Professor, SUGINOME MICHINORI
title in Organic Chemistry I (Advanced Chemistry)|and department | Graduate School of Engineering
English) of affiliation Associate Professor, FUITHARA TETSUAK]|

Target year L‘ird year students or abov:l Number of credits ‘2 | Year/semesters ‘2021 /First semester

Lecture |lzngllagwfimm1h{ Japanese

Days and period% Wed.2 l'.)lass style

[Overview and purpose of the course]

(LADBR T 2H 50200 CF - B - ) T, AL E R X URIh# & U TH—#CihE
% T2 DICBEARAT RIS B L OB 2 SRR 2 S T2 DI, AL ALILIID 2 0 5 3
(ERINCBIR S N5, AREYINE. KEL 3D/ 83— M BRELEN TV, IRFD/S— kTl
GRAE A OVIAME2ED BSOSOV AEIRE, AR OV TR 5, 820/ 8— R TR, F
& Uiz 9 2 A BL IO RIS ZTERY, SRALIEISE & B EIC DWW Bk g
%, H30— T, FRHEEEYO n B TDE5 T 2 ROSEBER, 7y, =7
— )V, FEBALEPNCH T %R FIRIRIC DOV TR d 5.

[Course objectives]

AR LA KO & B HE UTiTy, SRR L 2113 & O R L A SR R O
Tt - TR A, & O REE LNUANTRIIIC RS 85 T L2 AL LTV 5, KIS
BEREDELEP, ARICHR U T ORISR 2 B 51T 8072185,

[Course schedule and contents]

VARMEE 208

FHRFUEAR ()Y FAR—) VT AT LA AFRENDE R RN T IUEEY T
DXFEEEE (145)

SRAGIEHS G, 210

SRILIE S GO KNS, SNIKIG & SN2SEIG,/ ThEBERE SRA%HI il & dxf (158)

1S s, 21111
0 & B 35 KUE I SRAGHIORIR UG & B2/ B BERE O8],/ BN T AR & 37 (ks
S B2 GO E R EleBG (178)

ORI B 21, 1
TV RS B RE TS 2001

AL TR AL SREF IO E S & UNLARBHRUE S LA B AN Sk
N T 7 b A X B EHRMBEOREE (198)

T/ — VR UL/ F— h O E G 200

NI —VEZERN B ORI K B T — UL g R T )=/ T ) — VR UL 5
— M EHRHA L T BRIS LEET ) T— Vit T —VEBEX T S— F OMER T L TO
i/ T/ =)V T—T VORI (205%)

Continue to BHAft#1 (Rfe%) [Tt ThA @414

BRI (GER(E%) [T1e1 - IMk3l (2)

SR 75 A R, 218

N> DOREFEISIS, T 1/ —)VOREFEIIG, 7 = 2 EEADNRE EIIS S F
U b - STRAME R O R 2 Bl SRE T EH G OBRYE (21755)
RIRDFERNFICHET Z1H, 118

74— BNy Zil,11E
AHERORADIRE D LtBROMIT,

[Course requirements]

SEREG R AL, AR A O AL AT AATENAD BRI EN TV A T L2
21T o

[Evaluation methods and policy]

(GH/775] RIOHET/INT A M 2179 L EIc, REOH&RC L R— k& UTRINT %38
5 A%, NTAR, LR bBXUHBICHEED FH (3080  BROEHER (7 050
R UTRHIS %0

Catii /58] EHEHENCDOWT, LARO BRI O /5 EHIHE > T 6 B O MR Tt ili %

[Textbooks]

Jonathan Claydenft! [Organic Chemistry (Second Edition) |  (Oxford University Press) ISBN:
9780199270293 (14, 15, 17, 19, 20, 2 1 EZFLICHOIKLD))

[References, etc.]

(Reference books)
LRI ERE D T~ 7<) — AL — AR EAND 7 T —F—1  GUEEFEA) ISBN:
9784807906918 ( (FEEEAE ML AL CH W T BAHE))

[Study outside of class (preparation and review)]

T RO BRI, AL X O AL S & OHiE T4 Tlc 2 Al
Y BNAICDE, HELTEITL,

Y R THRE NI R TRZASOFTHRE, ALOMREZIERT ST L, & LHRNAR
JELTWBIHCIE, BREHD/ — M EMER LT, MERICHMT 5T &,

(Other information (office hours, etc.))

ZalE 2 7 T A, VT ATED SNTBRIC K D IREEEIED %,

TEE PERYEAAD (LAY | %2, 3 CIRHMTER L7222 EN T EAICRS L) |
2 s UHAMET LIcia, BN 5%,

*Please visit KULASIS to find out about office hours.




Course number ‘

Course title Instructor's
(and course | (LA (Sedif’?) [TAk2 + T{k4] |name, jobtitle, |Institute for Chemical Research

title in Organic Chemistry 11 (Advanced Chemistry)|and department | Professor, MURATA YASUJIROU
English) of affiliation

Target year Frd year students or abov:l Number of credits ‘2 Year/semesters ‘202 1/First semester

Lecture

Days and period# Wed.2 klass style lamuagedimmb'{ Japanese

[Overview and purpose of the course]

ARICAN (Getlt?) [Tfe2- Tieal (2)

SR T 75 A ARG, 210
N Y OREF G, T 1/ —)VOREFESE, 7 =) > FEERD REFEBIE /A
Ut s RTEANER O A ZELTE,SREFEISOCORBIRTE (2175

RRDHFRNAIC T 21, 1 [

T4 — RNy k& )
AR DO RO D L ilBROHT

(L ENBIRT 2H 50 B0 (F « JE - 1) T, FIL tﬁﬁ A L Ol & U O Tt
9% Te DICREEAT] RIS LA DB 2 RN 2 5721, AR ALILIND 2 fF% 0 5 3
ERIICRIR S N5, AREE, KL 33@;\~|\fa~b$ﬁhkéhn\éo RAD— Tl
GRS ORI RSSO T IR, TARRERIEIC OV TR %, 552 D/ S— kT
L U Otz 9 2 BRI B L AP0 SOETEZ BERY Y, SRELIE UG & BRI DWW TRl g
%o H53 03— h T, FHAHRILANO n BTHME T 2 RI8ZIER, Fc7vry, =7
— )V, FEBACEINHT % RE TSI DOV TR S %,

[Course requirements]

%Wﬁﬁé{tﬂn AR AR OB, ARMEAICRAT AR ERENT VS T L2
BT,

[Evaluation methods and policy]

[Course objectives]

AR LA KO E S UTiTy, SRR AL IS K O AL AR R O
T o AN, KO RN L NVARIBINICHRIE S € 5 C L2 HIRE LTWB, KIG
BEREDEL0, BRICER U TORIGEG 2 B 51T /724 5.

(RHili /53] 0 T/h T A R 2175 L LI, XD LAR— & LTHRING % A
52 %, ITAR, LR—FBRUHEBICEDEEM G05D - BXUEHRER (7 050
Rt UCRHilid %o

(RHili /78] FEEENCOW T, TAABOERTO /7 #HI 5> T 6 B O BAETREN TRHTid %

[Textbooks]

[Course schedule and contents]

VLAE2 200
FHGSENER (L) 2 FAY—) VT AT LA = AHRBENDE R IR 0F T U LE /v
DIFREIEForEl (148)

SRAZIE G, 210
SRILE G ORE, SNIKIS & SN2BS,/ThiEERE / sRAZH Il L diafi (1550
[ G, 2001

i 6 & VS 45 KIF I RIGHI DN BURG & B2,/ REEEE D7 5], Bl O 37 SR & 37 (ks
S E2RIG OB E1eBRIG (175

AT OREFRNAIC IS 2 3HH, 11

7V IS B SRAE IS, 210
ML TR AL SRE T INONLE S & USRS T A B AN,/ ISk~
N5 T kA KB ERMEE O (195)

T/ —)VRCT /) F— FOERRE KIG,20E

r N —)VHZERE W R G K B T/ — )Wk g is T /=) /) — )V T 5
— MR L T B RISRER T T— Nk T — VB XU L S— s OBER T L TO
s/ T/ =)V T—F VDS (2055)

Continue to BRILZN (Ri7ftE) [Tha- Tial )4 )}

Jonathan Claydenft! [Organic Chemistry (Second Edition) J (Oxford University Press) ISBN:
9780199270293 ((1 4. 15, 17, 19, 20, 2 1&E~&EPCHOIKD))

[References, etc.]

(Reference books)
LIS IERE DS T~ 7<) — AL — 4R RIEAND T T a—F—1  (HE{EFEFEAN) ISBN:
9784807906918 ( (EREA L2 AL IITHW T 8RHE))

[Study outside of class (preparation and review)]

TH B ORER T BRI, AL X CHBEAR S KOS T3 TIC AR
ié@“%mﬁtd)g WELTHC L,

CEETHEINIGREORTEALOFTRE, HSOMFEZHRT 5T &, & LIEENAR
;‘tLﬁCb\%:HL &, RS/ — P EMEGERL T MFRICHRT ST &,

(Other information (office hours, etc.))

Xl 2 7T AT, I IAMITED LN HEICK D IREZED S,

VEEL 0 TR COREEEREY) | 2, §TICHAIER LI R TR Ao s) |
s LIAHMET LI G, nEfi e 2%,

*Please visit KULASIS to find out about office hours.

Course number

Graduate School of Engineering
Professor, ABE TAKESHI

Institute for Integrated Cell-Material Sciences|
Professor, FUKAZAWA AIKO
Graduate School of Engineering
Professor, OHKI YASUHIRO
Graduate School of Engineering

Course title Instructor's Associate Professor, MATSUI TOSHIAKI|
(and course | HERE(L221T (Jeliifb®) [Tk« TAt3] |name,jobtitle, |Graduate School of Engineering

title in Inorganic Chemistry IT (Advanced Chemistry)|and department | Associate Professor, MIKI KOUJI
English) of affiliation Graduate School of Engineering

Associate Professor, SAKAMOTO RYOTA|
Institute for Advanced Study
Professor, FURUKAWA SHIYUUHEI|
Institute for Advanced Study
Associate Professor, HORIKE SATOSHI
Graduate School of Engineering
Senior Lecturer, TAKATSU HIROSHI

| Year/semesters |50 1/First semester

Target year ‘er year students or abov:i Number of credits ‘2

Days and period% Mon.2 l:lass style Lecture |lznguaqmimm{ Japanese

[Overview and purpose of the course]

ELE R L7 L2 T 2 ER L 7212007 RNV A Ra—Z L LT, BEih R OCAEREELS
IDBNME AT DOVT, M, BFART Mb, RISHH7ZD T 5.

[Course objectives]

AJ%"%W*&UE%A!%{I:A%@\MM%L TG, WTFARY MV, RISERIC OV T Oz

g

[Course schedule and contents]

19. d RJmsfk Sl RE & AT R,
BRI (H’k d-781v ’70)j:7§@fﬂ14>> DETARY VO E Fminus 1 FECHEED
WCEHINC AT, SHARDRS IS DV T OMRZRD %

20. BOTAL 7 © BEIROD I, 4101

d-70y 7SRO RICHREZ NG9 %, F I SISHEBOTEIC OV TR L, RIESAE T
BERE L WSS AANVER S B RS OREIZ XIS %0 RNT, thmmﬁ%mmﬁ%@ﬁ
RS & FALEC RIS DR 250 9 % .

21. d BIBOHRERIELOY,300
d-7 8y 7 EREEAYOIMETH 2 RE VR )VERRORNE, 56
RNT, IkFEB K UBRALKERANL T ORS AR & RUSTEIC DOV TR %,

s B 1A

Auﬁ;w)wakﬁﬁ“d‘é SR GRAD 9%

JISICDNTHRR D,

Confinue to BRI (Eigfes) [(Tfet Tl @411

[EREE GRILD [Tiel- I1kal (2)

[Course requirements]

FEDONNCRRY DTS TIC Y 2 T A N— « 7 bF VALY () 1~78&dEmL T

o

[Evaluation methods and policy]

T3 i ds K UHIRABRIC TR % o

[Textbooks]

T aTAN— T b F A (F) [H56hKk] M.Weller, T.Overton J.P.Rourke, F.Armstrong £
A, EhEHEE, LK, PR—Z, JUIE IR s 2M A (2017) ISBN :
0784807908998

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

FEEE CICBRIEZ K< HATHEIT L

(Other information (office hours, etc.))

F—U—F 1 d—Tov ZEik BFARY MY, BRGNS, ’itamo
(A N ST S (s ]

T TR T (ML) | 2. 9 CICHET LI EDY TIRBML Y T i) )
s UIAHERF U720, BNENI & 72 %,

*Please visit KULASIS to find out about office hours.




Course number

Graduate School of Engineering
Professor, ABE TAKESHI

Institute for Integrated Cell-Material Sciences|
Professor, FUKAZAWA AIKO
Graduate School of Engineering
Professor, OHKI YASUHIRO
Graduate School of Engineering

Course title Instructor's Associate Professor, MATSUI TOSHIAKI
(and course | MERE{L AT (Jetift’?) [ 142 - T{t4] |name, jobtitle, |Graduate School of Engineering

title in Inorganic Chemistry IT (Advanced Chemistry)|and department | Associate Professor, MIKI KOUJI
English) of affiliation Graduate School of Engineering

Associate Professor, SAKAMOTO RYOTA|
Institute for Advanced Study
Professor, FURUKAWA SHIYUUHE]
Institute for Advanced Study
Associate Professor, HORIKE SATOSHI|
Graduate School of Engineering
Senior Lecturer, TAKATSU HIROSHI|

Year/semesters |02 | /First semester

Target year Frd year students or abov* Number of credits ‘2

Language of inwmio'{ Japanese

Days and period% Mon.2 klass style Lecture

[Overview and purpose of the course]
LIRS L7 & ERRE2A 1 2 819 L7 7 RNV A RO—2 L LT, Rk CaERERILS
IDBENL AT DVT, M, BTARY Mb, RISHHZ DS %0

[Course objectives]
fgg%’jﬁi&Gﬁ&%fh@itﬁ%@ﬁﬁ%ﬁi& EHHE, EFAXY ML, RISHERIC DOV TORRZ
PR %

[Course schedule and contents]
19. d JEEEk  HFRE & A7 V7L BEEA RHC d minus 7 1y 7 OBEO8K) OEF
AT BV OREZ B FminusTEFRIRFEICHE DO TN E T, SiRkDRS I DV T ORfifZz 7

H %,

20. FfAL @ SRS A, d minus 7 H 27 SSAD RSHRE 2 FHIICHGETS 20 F 3 RISHEMED
DFUCOWVTHRIR U, RIS T 2 S ERRE & | TRPESHAD ES 2 B ORI Z XBI %, T
TS DR IO TEADFHRIIE & FELETTR SO 25089 5,

21. d BBOFERERELAY,30E, d minus 7 1w 7 HRERELAYIO R T H % BIE 7 VR =)Lk
@*%5%\ A RISIE DWW TG ROT, IK#ES K UBRAKRENL 7 OfG rhkal & SIS D
WD,

A PEERE OWER, | ML AR R ONRICE I 2 B 2 1R GERD) 9%

Continue to BRI (5381t%) (T2 Tl @) 11

EEEFI Giafe?) (Tie2- Tikd] 2)

[Course requirements]
FEOWNCZE DB S TICY 2T 4/8— « 7 b F VAMBEY (1) 1 ~7 SziliziL 5L T

o

[Evaluation methods and policy]

T K UHIAGBRIC TRHili g %

[Textbooks]

T aTAN— 7 MRV (F) [H56hk] M.Weller, T.Overton J.P.Rourke, F.Armstrong £
FHASA, s, e, TR, JUIE 3R Bk 2M A (2017) ISBN :
9784807908998

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]
FEECICBREZ L st THlT L

(Other information (office hours, etc.))
F—U—F 1 d-—78av 7k EFARY ML, TR RAEAYoREE. RGO
SOSHERE, AESIEIEAY

TR LA T (L) ) 2. 9 CICHMER LoD TIER L 2 T i) )
2 g UHAHET LI ia, BnifiL 7% 5.

*Please visit KULASIS to find out about office hours.

Course number ‘

Graduate School of Engineering
Course title ) . Instructor's Professor, ATOMI HARUYUKI
(and course | L1 (Jetifi{L27) name, job title, | Graduate School of Engineering
title in Basic Biochemistry I (Advanced Chemistry)|and department | professor, MORI YASUO
English) of affiliation Graduate School of Engineering
Professor, HAMACHI ITARU

Target year L‘ird year students or abov:l Number of credits ‘2 | Year/semesters |>0) | /First semester

Lecture |lzngllagwfimm1h{ Japanese

Days and period% Tue.l l'.)lass style

[Overview and purpose of the course]

2 WS B 0 i AL AR, RRATRSAR Y & OBTRIC UL CHERREIZ ST,
Flo, I - EVERERMRIRRE R EONHANS RIS E N, BAIRELTVS, TOLS
T AL EORFEIC OV T, BIRIEROMN TH Bt b F)V I~ 7% i Ea o sl i 72 i #%
9% L LI, BEMRO TR AZ 5 X %,

[Course objectives]

VA BT B TEAE ) OIEERIFRD BTG,

[Course schedule and contents]

AL DR, 117
L L E ED KSR - I THHDONR L, AL ORI 2 39 5.

A=l RS WIE|
1SS B 5 2 >3 7 ORIK, FHEDIH-IC OV THINT %,

2 F TV R TR EEIEEROTN 200
(5 FDNA GRNA, X V7S VEADBIEHROWN TH 512 b TV R T DEBEICDOWTHIA
EX:E

DNADIBRL, fHA, 51,110
T ONFRKTHZDNANED X S IcHBE N, iz, EDXSICDNAKIRZ - ZRNEL
51 & N2 T DV TGS %,

RNAD AR & B FHBL 208
RO AE TH IRNADIEGIC K D R E N, TOBOT vy 2 v F iR CREAT %58
BT %, iz, WGz, BIEFHRBIOTHIEIC OV TG 5.

227 EDOGK208
RNADIH S BHEN BN & N2 287 DA IR E N2 B RTT %.,

BT, 1
Ha 7 5K 3 % R AR 9 7 O—DTdh 2 HEOMGE L EEIC DOV TIRIIT %,

IEET & AR 1l
il & 545 & DBIFROHINE A DX 2 TEAE 2 LRI & 2 ORERS) T TH B IREIC DV THEHT %,

Continue to (LI (EtwltE) ()4 ||

EEF (CRIRES) (2)

R
Wl & 2 DUV RO RS 5.

BB DR, 1]
D N I B ER A RS B

[Course requirements]

None

[Evaluation methods and policy]

AL LR— MC K DFHEd %,

[Textbooks]

Jeremy M. Berg, John L. Tymoczko, Lubert Stryer [ A b+ ¥ —":{b21  GREUEFFEIAN) ISBN:
9784807908035 (57

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

PR EF G, R TERT L RRINET 2 L L 8IC, #BEPIC 0BT X by o &
DERICESD % o

(Other information (office hours, etc.))

BRI ORI ZEZE T L5 2 LT ELDT, EMiFRoflEZz sz 3 20,
FE TSI > TRIHEIC DWW T, HADIRISCTERLTEL T &,

o R T CEREMEYS) | 2, 9 TICHAER LI EAY TR T Getmlt) | %
S U HAALIERF L7, AT L 2%,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience




Course number ‘

Course title Instructor's

(and course | 573 LA (Sedii{b??) name, job title, | Graduate School of Engineering
title in Introduction to Polymer Chemistry I (Advanced Chemistry) | and department | Professor, OGOSHI TOMOKI
English) of affiliation

Target year Frd year students or abov:l Number of credits ‘2 Year/semesters ‘202 1/First semester

Days and period# Thu.2 klass style Lecture lamuagedimmb'{ Japanese

BAFLFEER (GRiRts) (2)

el pEESG T T ToToTmmmmommmmmm T
BIEHESICDWTHIRIL, BIRT—T )L, SV by, SUF FREDBIRE/ v—h 55N 5 R
U —IZDVTHINT 5.

<A B>

EARCI Sl VAS R/

[Overview and purpose of the course]

0 ALEYIOBER O EFIEDIE 2R VIR > 72 &, W50 OB BT 2 AP
9. WRETRRENZED TAREDO D THAEXES (@G, B, FhEe) conT
R 5. %Y CIREHESOP TRELNEE OS5 T VIIVER, A4 VEA, BAES,
BREFICOVTRHT 5. REDOmD AT 2 FEy 78NS 5.

[Course requirements]

GRILFORZEGLTEB{T L

[Evaluation methods and policy]

[Course objectives]

£ T O R B PR %
RO IR 2 5T 5.

[Course schedule and contents]

[T /7
INT R MCEED PET (10%) , TREAER (40%) , WIARRAER (50%) ORIz :ICHIET 5.
IRVl

1008, 6 0l hekbTE
6 0 fiLLE : A1
5 9L G

EHE] 9T DHAMER & #55 A R O

FTOER, FEE, TRRED TREGICOWTIFIL, ma 7o E0XSIckEn, BifED
ALY - THICH > TEMERRD. £z, @9 TFOFI) FRIC DV TORERIC DV TR
BT B, WO TREAETHHERES, MHFHESICOVTRNT 5.

CHalEl-HelE  BFXEA (FHEMEA - O - Ah#EE)

IS KB @D TFERRIGZRD 7 2 RERY ZAFIVEDWTIRGL, ERRY v—00 7
L TROMOHBICONTEMHNT 2. BN K ZED FARETRFVRIEE RV LAY
NS UTHIET S, £z, 7/ —VEE, THRIFIEISEH S LTHMESIC OV T BN S,

7 RO NI B S TR
i ONEICIS 2 PGB 21TV, AR ELEEOMRRZ1TS .

SEslEl-EE 0 T U AVES - HLEG
TVINVEEGOEFEBRNDB, £/ <—LRERIORSE, ZYVEGORY, Wik - R -
(517 EDRIE, EAHE, EES, /ISR ZICOW TR 5.

EEAREING A bl B g o ey
AAVEG (VA VEG - AFAVED) OISOV TENS. &<, JTIPAAR
T VINIVEE & ORISR R BT 5.

130 FlfiEA
G ORERITH %A L7 1 D Ziegler-Nattati 30 Ul T AR A DWTHER T 5.

Continue to BAFLF A (Ril%) 2411

[Textbooks]

[Not used

[References, etc.]

(Reference books)
i SR M TR e AR GLLEhR) 1SBN:978-4-621-08259-1

[Study outside of class (preparation and review)]

T L ED HEROIE B A AR AT DN TEE L TE T L.

G RETRENIONT AN R ERTRALOFTIRE, H5OMFEZ
;ﬁﬁiﬁ/{ﬁ@bfu‘&ﬂ#tdi, PEETRMENTNY R Y R, BEED/ — 2
FyBHC L.

THT L. LM
ALT, WEFICHL

(Other information (office hours, etc.))

A—IUIC & B A

TERL - T Feslin 1 CLEHERMEY) | 2, 9 TICHAMER LI/ BN s T et 1
(el ) | g URAERS Lich o, BN 5%,

*Please visit KULASIS to find out about office hours.

REH

Course number ‘

Graduate School of Engineering
Course title . . Instructor's Professor, KONDOU TERUYUKI
(and course | i (L2211 (Jedifts?)  [TAE1 » T3] |name,jobtitle, | Graduate School of Engineering

title in Organic Chemistry I1I (Advanced Chemistry)|and department | Agsociate Professor, OOMURA TOSHIMICHI
English) of affiliation Graduate School of Engineering
Associate Professor, KIMURA YUU

Target year L‘ird year students or abov:l Number of credits ‘2 | Year/semesters |50 /Second semester

Days and period% Tue.2 l'.)lass style Lecture |lznguagmimm{ Japanese

[Overview and purpose of the course]

In this subject, a systematic approach is taken to teach students about organic chemistry, which is needed in
order for them to work as researchers and engineers. Since Organic Chemistry III is a continuation of Organic
Chemistry I, which is offered in the second half of sophomore year, and Organic Chemistry II, which is
offered in the first half of junior year, the subject uses the same textbook as Organic Chemistry I and II and
conducts lectures based on the contents described in Chapters 22 to 26 of the textbook. During lectures,
students are given a detailed explanation of reactions that are characteristic of electron-deficient alkenes and
aromatic compounds, and are taught about the protection and deprotection of functional groups essential for
the synthesis of complex organic molecules. In addition, in order to help students understand the chemistry of
carbonyl compounds, which are one of the most important types of compounds in organic chemistry, lectures
are given with a focus on the varied reactivity of enolates.

BREFN (ER%) [T T3] (2)

conjugated dienes, and selectivity of direct additions and conjugate additions, etc. (Chapter 24).

[Alkylation reactions of enolates, 3 sessions

Lectures are given on the alkylation of nitriles and nitroalkanes, electrophiles used for alkylation, alkylation
of lithium enolates, alkylation using enolate equivalents, alkylation of & beta; -dicarbonyl compounds, and
regioselectivity in the alkylation of ketones, etc. (Chapter 25).

[Reactions of enolates and carbonyl compounds: aldol reactions and Claisen condensation, 3 sessions
Lectures are given on aldol reactions, cross-aldol condensation, aldol reactions using enolates and enolate
equivalents, intramolecular aldol reactions, acylation reactions of enolates, Claisen condensation, crossed
Claisen condensation, and intramolecular crossed Claisen condensation, etc. (Chapter 26).

Confirmation of learning achieved, 1 session

Students’ understanding of chapters 22 to 26, which are covered in lectures, is confirmed.
Explanation of examinations and lectures, 1 session

Students’ understanding of organic chemistry as a whole is enhanced.

[Course requirements]

[Course objectives]

Lecture contents from Basic Organic Chemistry I, Basic Organic Chemistry II, Organic Chemistry I
(Advanced Chemistry), and Organic Chemistry II (Advanced Chemistry)

Goals include deepening one’ s understanding of the reactions of aromatic compounds, systematically
lunderstanding the reactivity of functional groups, as well as completely mastering the chemistry of carbonyl
[compounds, which are one of the most important types of compounds in organic chemistry (alkylation
reactions of enolates, aldol condensation reactions, and other condensation reactions, etc.). In the process of
reaching these goals, students will also consolidate the contents they have learned so far from Organic
Chemistry I and I, and will strive to master a high level of organic chemistry, which they absolutely need in
order to work as researchers and engineers at the forefront of society.

[Evaluation methods and policy]

[Regular examinations (85%), performance in teaching sessions (15%)

[Textbooks]

Clayden, J., Greeves, N., Warren S., Organic Chemistry, 2nd Ed., (Oxford University Press, 2012) ISBN:
9780199270293

[Course schedule and contents]

[References, etc.]

Conjugate addition reactions and aromatic nucleophilic substitution reactions, 3 sessions

Lectures are given on conjugate addition reactions, conjugate substitution reactions, nucleophilic epoxidation,
aromatic nucleophilic substitution reactions, addition-desorption mechanisms, and reactions that use
diazonium compounds and benzyne as intermediates, etc. (Chapter 22).

Chemoselectivity and protecting groups, 3 sessions
Lectures are given on reducing agents, reduction of carbonyl compounds, catalytic hydrogenation reactions,
reduction via molten metal, selectivity in oxidation reactions, reactivity of functional groups, and protection/
deprotection of functional groups, etc. (Chapter 23).

Regioselectivity, 2 sessions
Lectures are given on regioselectivity in electrophilic aromatic substitution reactions, electrophilic attacks on
alkenes, regioselectivity of radical reactions, nucleophilic attacks on allyl compounds, electrophilic attacks on

Continue to BMLZIN (%) [Tt Tfea] @y 1)

(Reference books)
Others; McMurry, J. (translated by Shibasaki, M., Iwasawa, S., Owada, T., Mashino, T.), Makumarii yuuki
kagaku - seitai hannou he no apuroochi, (Tokyo Kagaku Dojin, 2009) ISBN: 9784807609918

[Study outside of class (preparation and review)]

A report assignment is given in each teaching session.

(Other information (office hours, etc.))

Students are divided into two classes and each class is assigned a professor who will conduct teaching
sessions in the same time slot.

Continue to BRHLZIN (&i&fk%) [Tt Ifea] (3)v 11




RPN GEift) [Tfe1- Tiks] @)

*Please visit KULASIS to find out about office hours.

Course number ‘

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Graduate School of Engineering
Course title Instructor's Professor, KONDOU TERUY UKI
(and course | {221 (Jeififb?) [ T4k2 « T{k4] |name,jobtitle, |Graduate School of Engineering

title in Organic Chemistry IIT (Advanced Chemistry)|and department | Associate Professor, OOMURA TOSHIMICHI
English) of affiliation Graduate School of Engineering
Associate Professor, KIMURA YUU

Yearlsemesters | 07 /Sccond semester

Target year Frd year students or abov:l Number of credits ‘2

Days and period# Tue.2 klass style Lecture lamuagedimm'm{ Japanese

[Overview and purpose of the course]

WF7E# d & Ui & U CHEMES 5 1o DI BT L A RIRINIC R T B0 AL AT,

2 [ IR O G LA, 3 ERTHIRTE ORI AIORGER L LT, ThH oL U
BEL 2V, A& O8I 526D NAZ R T 5, BFALT VT VR EFELEYIC
RHEI R ROSIC DWW TCRESIT 5 & & BIc, MR FO RIS L 75 % ERERED LR - LR
REICDOVTING, &, LAV TR RERLAEMDO—DTH % VR VLaEoft
RIS Bl T/ 57— bOEZRARISTECIER LoDl zitd %,

[Course objectives]

B AL YISO PR TR, BREREDFOSTEIC DOV TRIRINICEIE S 2 & L E1c, ARk
ICBWTRE BEELAEVDO—DTH 2 IV RZULEMD? (/57— FO7 )VFIUERIE,
7V R—IURERIS, X TMOMEISE) Z25eRIEFd %, TOMICBNTINE TS
ATEHEREEZAL, TONEZFAL, WeE, il & UTHARORITIGHES % el R Ris
FKEOTRIL 21T %,

[Course schedule and contents]

RTINS & 75 T RIS, 3 [ ]
RN, HAREIE, RGN TR F AL, FFERERIKEIRSIG, Wh-Bishs, &0
ITVZY LB YA Rk TR RISFTOWTHiERT 5 (2280

(LB & ARG 3 [0
HCAL, AVRZULEYIOETT, KRG, ERleEIC L5580, BILRISIC B 2%
TRPE. EREREDSIGHE, RO - BRGSOV Tl % (2350

07 SRR 210
B R EHIGIC B B fwﬁ%‘}’ﬁ TV ANORETHR, 52 I1VRIEO N
":ég*;%l:/z#%'\g)/k*ﬁﬂzﬁ\ IR T ANOREFIE, (N & HARAT I OFEIRETIT DU
kS % (245

T/ 5— DT IVF IS

—PUBRC= a7 Ay OTIVFIE, TIVFEULCHVZRE AL VFY LT T— b
DT VFME, T/ F— FEiRZE NS 7 )VFIUE. beta- 7V AR Z)UEEO 7 )VF UL, 7
F DT IVFIIC BT B ALEERIEFICOVTHER T 5 (255)

T/ F— b EIVRZIUEEMDKIG @ 7 )V R —)IVREI & UClaisenffi 74,3181

Continue to BN (£ [Tfe2 Thal () )}

AR (GiR%) [Tfe2- Tiedl (2)

TV R =V, AT IV R—)UiiG. T/ 57— hBXUL/ TF— FEikZEHNS 7))V R—)IVK
I TN IV R—=IVG, T/ F5— D7 P IALKIE, Claisenfii 3
< FClaisenfii &, 79 73 A Claisenfi S IC DV TR T 5 (2639)

B ODRERR, L[] ’8ﬁo7”_225d)‘f526$(7)+?’%'ﬂ F”E 9 %,
B - IOV DRG] TR RO BIRIC DL T IR & HIF .

[Course requirements]

GEREARRLA T, A2, ARLE T Gy , AR T Guli?) OmRNea

[Evaluation methods and policy]

IR (85%) |\ TR (15%)

[Textbooks]

(Organic Chemistry Second Edition (J. Clayden, N. Greeves, S. Warren, Oxford University Press, 2012) ISBN
£ 9780199270293

[References, etc.]

(Reference books)
<73 — G BRSO T Ta—F (X 7=V —F ; SIGER, ARG, KBS
2, HIFIEE  BGR AUEAEEA, 2009)  ISBN:9784807906918

[Study outside of class (preparation and review)]

SR L R — R RS

(Other information (office hours, etc.))

2l B 2 7 T A, YT ARCES BT BEIC X D A UKD Tb N %,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

LMz 14

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number ‘

Graduate School of Engineering
Course title § § Instructor's Associate Professor, SUGASE KENJI
(and course | PFIL2EIIT (ediifb) name, job title, | Graduate School of Engineering
title in Physical Chemistry I1I (Advanced Chemistry)|and department | Asociate Professor, UMEY AMA TOMOKAZU
English) of affiliation Graduate School of Engineering
Senior Lecturer, IGASHIGUCHI KENJI]

Target year L‘ird year students or abov:l Number of credits ‘2 | Year/semesters |>0)/Second semester

Days and period% Tue.l l'.)lass style Lecture |lznguagmimm{ Japanese

[Overview and purpose of the course]

In this subject, students are taught the fundamentals of spectroscopy, molecular structure, rotational and
vibrational spectra, electronic transitions and photochemistry, magnetic resonance, and statistical
thermodynamics.

[Course objectives]

The aim is to learn basic concepts of spectroscopy as a whole and statistical thermodynamics.

[Course schedule and contents]

Basics of spectroscopy, 1 session
What is spectroscopy, optical absorption and quantum mechanics, Einstein coefficients

Rotational and vibrational spectra, 4 sessions
[Rotational energy levels and spectra, vibrational energy levels and spectra, lasers, symmetry and normal
vibration, Raman spectrum

Electronic transitions and photochemistry, 2 sessions
Electron band spectrum, photochemical principles, fluorescence and phosphorescence, photochemical chain
reactions, photolysis, photosynthesis

M. tic resonance, 2 sessions
M ic properties of molecules, nuclear magnetic resonance, chemical shift and spin coupling, spin
relaxation, two-dimensional NMR, electron spin resonance

Statistical thermodynamics, 5 sessions
Partition functions and thermodynamics, molecular energy and molecular partition functions, applications of
statistical thermodynamics

Confirmation of learning achieved, 1 session
Students’  understanding of lecture contents is confirmed.

Continue to ¥IE{LFIN (Setwit®) (2)) ) |




WIE(EFI (SEiR(t®) (2)

Course number ‘

[Course requirements]

It is assumed that students have already taken Physual Chemistry: Fundamentals and Exercises,”
[Physical Chemistry I,” and “Physical Chemistry II.

[Evaluation methods and policy]

Evaluation is mainly based on results from regular examinations, and, to a lesser degree, attendance in
lectures and submission of reports. Attendance, short tests, and assignment reports are all subject to
evaluation. Marks are given if these evaluation items are only partially satisfied.

Institute for Chemical Research
Professor, WATANABE HIROSHI
Institute for Chemical Research

Course title | § 8 Instructor's Professor,KAJI HIRONORI

(and course | 577 (L AR (SEsifL ) name, job title, |Institute for Chemical Research

title in Introduction to Polymer Chemistry IT (Advanced Chemistry) |and department | Associate Professor, MATSUMIYA YUMI
English) of affiliation Institute for Chemical Research

Assistant Professor,SHIZU KATSUYUKI
Institute for Chemical Research
Assistant Professor,SUZUKI KATSUAKT|

[Textbooks]

Year/semesters |02 |/Second semester

Target year #rd year students or ab0\4 Number of credits ‘2

Atkins, P., Paula, J. (translated by Nakano, M., Ueda, T., Okumura, M., and Kitagawa, Y.), Atkins butsuri
kagaku (ge) dai 10-pan, (Tokyo Kagaku Dojin, 2017) ISBN:978-4-8079-0909-4

Lecture

Days and period% Wed.2 klass style lamuagmimmi«{ Japanese

[Overview and purpose of the course]

[References, etc.]

(Reference books)
Moore, W.J. (translated by Fujishiro, R.), Moore butsuri kagaku (jou) oyobi (ge) dai 4-pan, (Tokyo Kagaku
[Dojin, 1974) ISBN:978-4-8079-0002-2

E 0 PRV RIS (o & ZIERES LR CRFBIRIRINE (T & ZISKBEE) 13, @1
BN RWVARIRORGEZ RO LIS 5. COBICHEDE, @0 TOMEIR. i X UK
HEIC B0 B8 ST DV TR 2175 .

[Course objectives]

[Study outside of class (preparation and review)]

EF ORSE L TIFPEE), YT OBEE 5RO W CHE 5 T L 2Rk B

Since the subject is taught under the assumption that students have basic knowledge on quantum chemistry,
students must thoroughly review the basics of quantum chemistry in advance.

[Course schedule and contents]

(Other information (office hours, etc.))

Note: If a student has already completed “Physical Chemistry I1I (Basic Industrial Chemistry)” and earns
credits for “Physical Chemistry 11T (Advanced Chemistry),”  these will be treated as additional credits.

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

5 TEHOIE L IR D 2000 FRRE D IS DWT, 9 FRAIEOIEA L 75 % @0 TIO O 50 LI
MO BT 5.

AR DS Flory- Huggms(f)@um CHOE HATZY oY — RELVZLVE—BIUYE
BT V¥ VOFEICDNTIRN, T OREREIIC, BTN & OB #2359
5. Flo, 5 1RE EDHAMNL ) FRIEOREEIC OV TEHIAT 5.

[EADREE 28] B @S T3, REE LSS K D BIRGS, BRE. 5 A&, MUYI0 #kss s
ERPRT % T LR L, EANGES GRS OWTHHT . /. o0& kb tilrio
filii + IERRRBE ORI & RATHE R DV TR 5.

ST kS, 18 3550 FHURT BUEBC DV CHE L. FSHOBEBI OB E S 5 Rink %
IZDVWTHEND. 51T, AT AR S JI2AIE L B DL, BT, TO0) 1
ICDWCHIAT %.

LG 208]: AT AR S B 3 LT ITER ) FEVR T a Y R — A= g Y TRICOW
THL, TV boE—gitk e LTI LGFED OIS UTHRETT 2 NS DUV T SO BGEBIC T/
EEWNCRHT S, oo BEROD FRmlERIIC OV T EHHT 5.

T EAF 30 A 4l RIS ) T EOTARRAVR S R 2 O S (X1 F 37 R) Lt
I CRIH U, $HIF LD WS REYI IR O 72 DI E U BB E VRIS DV TR, T 5I,
PHOEB) & KPS DV T OBHED ) THEMC DV T E MR L. BRI A2 A 7 2 H D
”? (AR5 ) 1CDWTIE, RIS OFETERA & RERER OIS DOV T B HId 5.

FRBEE O, 1B ABRNE DRSOV TE R Z X t&)fér"l‘lﬁaﬂ@ﬁﬁ M L. AR
< ’(@ﬁ’%)@h\ﬁ GRS NBIRICHT B PRI R B3 5

Continue to B FLF BN (KiH(%) (2111

RAFLFERI GRiRts) (2)

[Course requirements]

SRRSO T LR ZELTOE T EAEELL.

[Evaluation methods and policy]

Course number ‘

Course title B Instructor's Graduate School of Engineering
(and course | {2457 AT 1% (Geifb2) name, job title, | Professor,Shu Seki

title in Statistical Mechanics for Chemistry (Advanced Chemistry) {and department | Graduate School of Engineering
English) of affiliation Associate Professor, SUDA MASAYUKI|

R & LT, i S Rl . LaR— kit L £ 97
FelEU, anFolRific &> TE, alBzeib e, alskoRERMT
A Y

Target year }Mh year students or abov:i Number of credits ‘2 | Year/semesters ‘2021/First semester

Days and period% Mon.2 l'.)lass style Lecture |lznguagmimm{ Japanese

[Textbooks]

[Overview and purpose of the course]

Fils, 770 > b 2.

[References, etc.]

(Reference books)
F%ﬁ.mﬁz\ﬂt?r‘ s (EEFEN)  isbn{} (4759802584}
ETFOMEEWITE ] GE#HL) 1SBN978-4-06-154380-5 isbn{} {9784061543805}

[Study outside of class (preparation and review)]

(0 FOREN LR T B T dITiE, I ERRET IR E L T8 B
[ X248 %%‘)J?t%ﬁﬁh? (DHPB) IZDWTHRBEEBEZIT>TVB T EMRETH S,

(Other information (office hours, etc.))

(R e AR T CLSEIREE) | 2, 9 TICHAMER LI BN [0 LA n T
(el | s URATERS Lo, BNt %%,

*Please visit KULASIS to find out about office hours.

I TEROIRL ) OFRITT, EEMEAE Lic, BEUMSEMELMELEAET C
LT, RFMICIENES DT L& 5, EXIERARREONETT, TR (ave7h) |
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Repetition of thinking again and again is only the way to master the Physico-Chemical concepts; there is no
shortcuts to learn them in principle. This is also the case to learn the concepts in Solid State Physics. Once
[you master the concepts into yourselves, you will never forget and lose them. It will take a bit longer time to
master them, but everybody are able to master them by the “simple repetition of thinking” , however never
acquire the concepts if stop the thinking. Mastering the concepts will allow you to judge/make an immediate
decision on critical factors controlling data/phenomena in our natural systems, or allow you to interpret  the
factors changing the systems. This is the “Master of (Physico-Chemical) Concepts” . Statistical mechanics
and thermodynamics, the major target of the present class, are representative of Physical Chemistry due to
their versatility to reproduce our practical systems.

The major aim of the present class is:

Starting from the basic concept of "Entropy" defined by statistical mechanics, unlikely to the discoverly and
development of "Entropy" in classical thermodynamics, to understand macroscopic physical properties of
matters quantitatively by an use of Physico-Chemical concepts in Statistical Mechanics.

[Course objectives]
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Targets:

1) Definition of entropy by statistical mechanics and understanding the concepts of entropy via mathematical
derivations

2) Concepts of ensembles

3) Physical properties of matters in view of statistical mechanics

4) From classical statistical mechanics to quantum statistical mechanics

Finally we approach to the limitations of the classical statistical mechanics, leading to the dawn of quantum
mechanical treatment for the thermodynamic bodies: unlikely to the case for the requirements of the
treatments in atomic structures/blackbody radiations. We finally discuss on the gap between Maxwell-
[Boltzmann systems and Fermi-Dirac/Bose-Einstein statistical systems.

{LFREAFE GEiRt®) (3)

[Course requirements]
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[Evaluation methods and policy]

2301 & D Question Paper/Quiztc TRl %o @ UIRLERIZ I L7200 e 10053055

[Making your scores based on Question Papers/Quiz in classes. No final exam is scheduled. Maximum scores:
100,

[Textbooks]
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[Course schedule and contents]
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Fundamentals of Statistical Mechanics

Probability and Statistics: Leading distributions

Random walk theory and Brownian motion, in relation to diffusion equation
Movement of particles, in gas phase

Entropy derived from statistical mechanics: Boltzmann entropy

Probable configuration, intensive/extensive variables and partition function
Ensembles

Grand canonical ensembles and distributions

. Fermi-Dirac and Bose-Einstein distribution

10. Spontaneous symmetry breaking in the systems

11. Discussions

Continue to {L#55 1% (R&(LE) (3)) 11
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(Reference books)
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[Study outside of class (preparation and review)]
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*Please visit KULASIS to find out about office hours.

Course number ‘

Course title Instructor's

(and course | JeliFE AR P ATRY: (GEbii{bs) name, job title, | Graduate School of Engineering
title in Fronters in Instrumental Analytical Science (Advanced Chemistry) [and department | professor, SAKKA TETSUO
English) of affiliation

Target year }4111 year students or abov4 Number of credits ‘2 | Year/semesters ‘2021/First semester

Days and period% Wed.2 l'.)lass style Lecture |lznguagmimm{ Japanese

[Overview and purpose of the course]
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[Course objectives]
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[Course schedule and contents]
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[Course requirements]
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[Evaluation methods and policy]
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[Textbooks]
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[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]
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(Other information (office hours, etc.))
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*Please visit KULASIS to find out about office hours.




Course number ‘

Course title Instructor's Graduate School of Engineering

(and course | A H¥{L22TV (SEhiib2) name, job title, | Associate Professor, MIKI KOUJI
title in Organic Chemistry IV (Advanced Chemistry)|and department | Graduate School of Engineering
English) of affiliation Associate Professor, NAGAKI AIICHIROU|

BRIEFIV (GEiR(ts) (2)

[References, etc.]

Target year )mh year students or abov:l Number of credits ‘2 Year/semesters ‘ 2021/First semester

(Reference books)

[Study outside of class (preparation and review)]

Lecture

Days and period# Fri.2 klass style lamuagedimmb'{ Japanese

[Overview and purpose of the course]

[Before the class, read the textbook and check the contents.
'When you have a question, ask via e-mail (kojimiki@scl.kyoto-u.ac.jp or anagaki@sbchem kyoto-u.ac.jp).

In the class, stereoselective and stereospecific reactions of cyclic and non-cyclic compounds as well as
nonionic transformations, such as pericyclic reactions, rearrangement, and radical reactions, are explained.

(Other information (office hours, etc.))

[Course objectives]

-To understand stereoselective and stereospecific reactions of cyclic and non-cyclic compounds.
-To understand non-ionic transformations, such as pericyclic reactions, rearrangement, and radical reactions.

[Course schedule and contents]

-Stereoselectivity in cyclic molecules, 2 times

-Diastereoselectivity, 2 times

-Pericyclic reactions: cycloadditions, 2 times

-Pericyclic reactions: sigmatropic and electrocyclic reactions, 2 times
-Rearrangements, 2 times

-Fragmentation, 1 time

-Radical reactions, 3 times

-Final examination, 1 time

[Course requirements]

It is desirable for students to take classes of Organic Chemistry I, II, & III (Fundamental Chemistry) before
this class.

[Evaluation methods and policy]

Evaluation will be based on examinations (80%) and class performance includes attendance and short reports
(20%).

[Textbooks]

Nick Greeves, Stuart Warren, Peter Wothers, Jonathan Clayden WOrganic Chemistry 2nd Edition] (
Oxford University Press) ISBN:978-0-199-27029-3

Continue to BH#{LFIV (LiFlt®) (2)4 4!

Better to bring the textbook.
*Please visit KULASIS to find out about office hours.

*Please visit KULASIS to find out about office hours.

Course number ‘

e . . . . Instructor's Graduate School of Engineering
(and course | {22 FBRT (Sl b) name, job title, Professor, 0GOSHI TOMOKI
title in Advanced Chemistry Laboratory I(Advanced Chemistry) and department | Faculty of Engineering

English) of affiliation Professor,

Fin{bFRER (EiRft®) (2)

[Course requirements]

AR E R CORRY SN HZ L T d T Lzl 2T,

[Evaluation methods and policy]

Target year L‘ird year students or abov:l Number of credits ‘7 | Year/semesters ‘2021 /First semester

Days and period%’url{S,Wed3.4‘5‘Thu‘3‘4‘klass style Experiment |lzngllagwfimm1h{ Japanese

[Overview and purpose of the course]
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[Course objectives]
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[Course schedule and contents]
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[Textbooks]
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[References, etc.]

(Reference books)
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[Study outside of class (preparation and review)]
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Course number ‘

Course title et e Instructor's Graduate School of Engineering
(and course | 5L BRI (Setiifb7) name, job title, | Professor, 0DGOSHI TOMOKI
title in Advanced Chemistry Laboratory I(Advanced Chemistry) | and department | Faculty of Engineering

English) of affiliation Professor,

Target year Frd year students or abov:l Number of credits ‘7 Year/semesters ‘2021/Second semester

Days and period%lue‘l{S‘Wed‘3.4‘5‘Thu‘Mklass style Experiment I.amudgmimm{ Japanese

[Overview and purpose of the course]
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[Course objectives]

[Textbooks]
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[Course schedule and contents]

Jetifb O —ARER T F AN Gttt a—ABEEE  #) ZRAL. Theiifd s,

el LA IREE 18
B ROSHIE, 7

et A IR =, 18001
DERIHRIFIC OV THE L Diels-Alderi s, Beckmannfifii S Wlttlg)iﬂ‘_'\ Friedel-Crafts b5
VAR IV TG, Grignard I IICBE T % B, 7525 IS @D A MRz,

el L2 SR, 1 1a]

M%ftwdob‘ég*ﬁﬂm ZEBEBLTERT 5 L ZANE LT, ROMHEADOERZTTS,
%li”'%@ﬁﬁizt‘/iw\}7n AL 2.0 AV - R —HORERN 3. AFVEE
ﬁm@’fﬂ‘/{ﬁ%r‘i‘fuaﬂﬁm@*ﬁﬁg 4. MR XFRIEHTIC X 2 A5 RABERENT R O S L AN T 3L+
—Z . REEEUT, S (BT GasanN—ThFVR Hehlk) #B5EHEL
THWV 3,

i LA IR 11, 71
HH DI Ri & B R R  © CICBERBOS ORE & 2 OFIHIC B9 % 927217 5

M, BIERLAERTRL, MORMEZAIC S 2 B2 1T 5

[References, etc.]

(Reference books)
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[Study outside of class (preparation and review)]
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(Other information (office hours, etc.))

[Course requirements]
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[Evaluation methods and policy]
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Course number ‘

Graduate School of Engineering
Professor, ATOMI HARUY UKI

Course title Instructor's Graduate School of Engineering
(and course | ‘i {L ARk (SEdifb ) name, job title, | Professor, MORI YASUO

title in Chemlcal Basis of Life(Advanced Chemistry)|and department | Graduate School of Engineering
English) of affiliation Professor, HAMACHI ITARU

Graduate School of Engineering
Senior Lecturer, TAMURA TOMONORI|

Year/semesters |07 /Sccond semester

Target year knd year students or abov:I Number of credits ‘2

Lecture

Language of immi«{ Japanese

Days and period# Tue.1 }:Iass style

[Overview and purpose of the course]
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[Course objectives]
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[Course schedule and contents]
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[Course requirements]
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[Evaluation methods and policy]
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[Textbooks]

IR N R

[References, etc.]

(Reference books)
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[Study outside of class (preparation and review)]
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[Courses delivered by instructors with practical work experience]

(1) Category
A course with practical content delivered by instructors with practical work experience

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience
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Course number ‘

Graduate School of Engineering
Professor, KAGEYAMA HIROSHI

Course title Instructor's Graduate School of Energy Science
(and course | MEREL2211T (Selib) name, job title, | Associate Professor, TAKAI SHIGEOMI|
title in Inorganic Chemistry IIT (Advanced Chemistry)|and department | nstitute for Chemical Research
English) of affiliation Professor, MIZUOCHI NORIKAZU

Graduate School of Engineering
Senior Lecturer, MUROYAMA HIROKI

Year/semesters |07 /Sccond semester

Target year ‘lrd year students or abovsl Number of credits ‘2

Days and period% Fri.l }:Iass style ‘Lccturc lamuigeafimm{ Japanese

SERLFI RIS (2)

of defects that exist in crystals are explained in relation to the physical properties of solids.

Electrical properties, 2 sessions
[Materials such as metallic conductors, superconductors, semiconductors, and ionic conductors, along with
their electrical properties, are explained.

Confirmation of learning achieved, 1 session
Students’ understanding of lecture contents is confirmed.

[Course requirements]

[Overview and purpose of the course]

In this subject, students are taught about the relationship between synthetic methods, structures, and physical
properties of inorganic solids using concrete examples.

[Course objectives]

To achieve an even higher level of learning by developing an understanding of the solid-state synthetic
methods important for inorganic solids, solid-state characterization, crystal structures, crystallography and
diffraction methods, the interpretation of phase diagrams, solid solutions, defects and non - stoichiometry,
and the chemical bonds of solids.

[Course schedule and contents]

Solid-state synthetic methods, 2 sessions

Students are given an explanation on obtaining inorganic solids through solid-phase, liquid -phase, and gas-
[phase syntheses, ion exchange, electrochemical reactions, thin film, preparation of monocrystals, the
hydrothermal method, and so forth.

Solid-state characterization, 2 sessions

Items pertaining to the principles and applications of solid-state characterization, such as optical microscopes,
electron microscopes, infrared spectroscopy, Raman scattering, nuclear magnetic resonance, XAFS, and
thermal analyses, are explained.

Crystal structures, 2 sessions
Here, the concept of crystal symmetry and crystal structures are explained in relation to one another. By using
specific crystals as examples, students are also able to gain an understanding of their formation.

Crystallography and diffraction, 2 sessions
Students are taught the concept of crystallography, structural analysis using diffraction methods, and various
characterizations.

Interpretation of phase diagrams, 2 sessions
The thermodynamic basics of phase equilibriums and phase diagrams are explained for one-component and
two-component systems. In addition, students are taught about important systems using concrete examples.

Solid solutions, defects and non-stoichiometry, 2 sessions
Students are given an explanation on the structure of solid solutions and how to analyze it. Further, the types

Continue to E{LFI (ei(t®) 1 11

None

[Evaluation methods and policy]

Students are evaluated out of 100 marks based on their result on the end-of-term examination (80%) and their
[performance in teaching sessions (attendance status and reports, etc.) (20%).

[Textbooks]

Others; West, A.R., Solid State Chemistry and its Applications, 2nd Edition, (Wiley, 2014) ISBN:
0781719942948

Or its translated version

West, A.R., Uesuto kotaikagaku kiso to ouyou (KS kagaku senmonsho) ISBN: 9784061543904

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Students must read through the applicable chapter before attending each teaching session. Generally, students
are required to submit assignments weekly.

(Other information (office hours, etc.))

Note: If a student has already completed “Inorganic Chemistry III (Basic Industrial Chemistry)” and earns
credits for “Inorganic Chemistry I1T (Advanced Chemistry),” these will be treated as additional credits.

*Please visit KULASIS to find out about office hours.

REH
Course number ‘
Course title - P Instructor's Graduate School of Engineering
(and course | PRIl 1a (SEhiiL27) name, job title, | Associate Professor, [ERAMURA KENTARO)
title in Physical Chemistry Ia (Advanced Chemistry)|and department | Cener for the Promotion of nterdisiplinary Education and Research
English) of affiliation Program-Specific Senior Lecturer ASAKURA HIROYUKI]

Target year %nd year students or abov:l Number of credits ‘2 | Year/semesters ‘2021/Second semester

Days and period% Wed.2 l'.)lass style ‘ Lecture |lznguagmimm{ Japanese

frEtSa GERED 2

[Evaluation methods and policy]

Evaluation is based on either regular examinations only (100 marks), or performance in teaching sessions (50
marks) and regular examinations (50 marks).

However, performance in teaching sessions encompasses the mid-term examination, as well as tasks such as
preparing for and reviewing lectures.

Obtaining at least 60 out of 100 marks is considered passing, while 59 or below is considered a fail.

[Textbooks]

| [Overview and purpose of the course]

Students are taught basic contents related to thermodynamics and chemical kinetics, which are necessary for
understanding chemical reactions.

[Not used

[References, etc.]

[Course objectives]

Through this subject, which continues from “Physical Chemistry: Fundamentals and Exercises,” students
[will develop the necessary abilities to master applied thermodynamics and reaction kinetics.

[Course schedule and contents]

Lectures cover the following items. For each item, lectures are given at the frequency indicated by [ ],
meanwhile confirming the students’ understanding. The order in which each item and sub-item is taught in
lectures is not fixed; rather it is properly determined by the lecturer based on their policy, as well as on
students’  background and understanding.

(1) Phases [3 sessions]

The concepts of phases, phase equilibriums, the phase rule, chemical potential

(2) Thermodynamics of solutions [3 sessions]

Partial molar quantity, activity, osmotic pressure, vapor pressure

(3) Chemical equilibriums [3 sessions]

[Dynamic equilibriums, standard free enthalpy, equilibriums of non-ideal systems, fugacity
(4) Chemical kinetics [5 sessions]

Chemical reaction rate, rate equation, rate constant and equilibrium constant, collision theory, activated-
complex theory, chain reactions, catalytic reactions

(5) Confirmation of learning achieved [1 session]

(6) Feedback [1 session]

[Course requirements]

Students are required to have knowledge from “Physical Chemistry: Fundamentals and Exercises,” which
is taught during the previous term.

Continue to 1Bt Fla (ki(t3) (4 1!

(Reference books)
Moore, W.J. (translated by Fujishiro, R.), Mooa butsuri kagaku (ue) dai 4-ban, (Tokyo Kagaku Dojin, 1974)
ISBN: ISBN4-8079-0002-1 (Chapters 6, 7, 8 and 9); Atkins, P., Paula, J. (translated by Nakano, M., Ueda, T.,
Okumura, M., and Kitagawa, Y.), Atokinsu butsuri kagaku (ue) dai 10-ban, (Tokyo Kagaku Dojin, 2017)
ISBN:ISBN978-4-8079-0908-7 (Chapters 4, 5 and 6); Atkins, P., Paula, J. (translated by Nakano, M., Ueda,
T., Okumura, M., and Kitagawa, Y.), Atokinsu butsuri kagaku (shita) dai 10-ban, (Tokyo Kagaku Dojin,
2017) ISBN:ISBN978-4-8079-0909-4 (Chapters 20 and 21)

[Study outside of class (preparation and review)]

Students must review contents covered in lectures before taking the end-of-term examination.

(Other information (office hours, etc.))

Note: If a student has already completed and earned credits from ““Physical Chemistry I (Basic Industrial
Chemistry)” or “Physical Chemistry Ia (Basic Industrial Chemistry)” and earns credits for “‘Physical
Chemistry Ta (Advanced Chemistry),” these will be treated as additional credits.

* For details on office hours, please check KULASIS.

*Please visit KULASIS to find out about office hours.




Course number ‘

Graduate School of Engineering
Course title Instructor's Professor,Shu Seki
(and course | ¥ B 210 (ediifb?#) name, job title, | [nstitute for Chemical Research
title in Physical Chemistry Ib (Advanced Chemistry)|and department | professor, WATANABE HIROSHI
English) of affiliation Institute for Chemical Research
Assistant Professor, SATO TAKESHI|

Yearlsemesters |07 |/Sccond semester

Target year %nd year students or abov* Number of credits ‘2

Lecture

Language of iw Japanese

Days and period# Thu.2 klass style

[Overview and purpose of the course]

IEIEAE TRRDIK L ) O ERITd, BRI & L i
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TVET,

DI B OBE PTG O A T, FAESA RS [ELVED) LIRS HiEHY - Ml
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0L N Yy Zs KB LNEEAD, DTFORBOX 57, T ha—a/hS isffRokiE
&, ENARTERELVWEEZ S LRNETD, SEIEL) FOMEZIBRLT, T hboE—
DRARIBIC & 2 BAWEH 12 ARIC BV T, TNREALT 25N, iiE&k Db LRLVE
LHRZZT EDRBZHELET,

[Repetition of thinking again and again is only the way to master the Physico-Chemical concepts; there is no
shortcuts to learn them in principle. This is also the case to learn the concepts in Solid State Physics. Once
[you master the concepts into yourselves, you will never forget and lose them. It will take a bit longer time to
master them, but everybody are able to master them by the “simple repetition of thinking” , however never
acquire the concepts if stop the thinking. Mastering the concepts will allow you to judge/make an immediate
decision on critical factors controlling data/phenomena in our natural systems, or allow you to interpret the
factors changing the systems. This is the “Master of (Physico-Chemical) Concepts” . Statistical mechanics
and thermodynamics, the major target of the present class, are representative of Physical Chemistry due to
their versatility to reproduce our practical systems.

The major aim of the present class is:
To understand macroscopic phenomena in our practical/natural system quantitatively by an use of Physico-
(Chemical concepts, particularly on statistical physics.

Continue to ¥IE{kFIb (%eislk®) (2)4 4!

IE(EFIb (GEiRIEF) (2)

In the first half of this class, we start to discuss on quantitative definition of “entropy” based on the simple
statistical mechanics, away from the hysterical/conventional definition of entropy in line of classical
thermodynamics. The discussions on “statistical entropy”  will be extended to represent a variety of
intensive variables of some practical system via the concept of “Ensemble” , followed by the discussions on
the feasibility of statistical mechanics for understanding the physical properties of matters/chemical reactions.

[Course objectives]

IEE AR R OTE TAAE T L2 B LIS LT,

1) LY b ul—oiiat /I AN RE RO MR L BERO R
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4) FaERBIT % EEETHEGINZHANDIEH
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SHIWrg 7edic, L THHEEGHE - X TO—DL LTHat 2 A £ 9,

IRAIIC I, Maxwell-BoltzmanniC & 2 BRI 2 ORR TRERBIT 5 T LOMRA L, (xR
TS BRI I B D ? | ZRRL, —RIIRS O Z LIS LTI ALY

PNDEEE L3RRS, T8 Z2HubE UTE OV 2RI % e D& 1) 122 s il O 2
FHICES T L REBRLET,

Targets:

1) Definition of entropy by statistical mechanics and understanding the concepts of entropy via mathematical
derivations

2) Requisites for statistical mechanical approach to the systems

3) Concepts of ensembles: the extension to the real systems

[4) Derivation of a series of intensive variables representative of systems

5) Feasibility of the above concepts to understand the practical systems, spectroscopic techniques, physical
properties of matters, and practical chemical reactions.

Finally we approach to the limitations of the classical statistical mechanics, leading to the dawn of quantum
ical treatment for the thermodynamic bodies: unlikely to the case for the requirements of the
treatments in atomic structures/blackbody radiations. We finally discuss on the gap between Maxwell-
Boltzmann systems and Fermi-Dirac/Bose-Einstein statistical systems.

[Course schedule and contents]

EFEIE EPIED) S AR
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EE(EFIb (Seimib®) (3)

Il | IR & & F EE AR ORR
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10 ke T hoE—
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G120 0 7 L=y ADXOEH & iR
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551400 ¢ PITE D RO OFRSL

SE1SIE] ¢ iRt DI R & SR ER

Principles of Statistical Mechanics and Entropy; mathematical backgrounds

Definition of Entropy: Approaches from statistical mechanics and conventional thermodynamics
Boltzmann Principles: Historical reviews starting from the discussions by Clausius
Translational Motion of Atoms/Molecules

Phase Transitions revisited by Statistical Mechanical Approaches: Heat Capacity of Matters
Distribution of Molecular Motions in Gases: Partition Functions

Canonical Ensembles: Partition Functions

. A Varieties of Intensive Variables: in relation to macroscopic thermodynamic systems
Fundamental Statistical Mechanics including Exercise

10. Entropy Elasticity

11. Brownian Motions and the Collision Theory of Particles

12. Arrhenius Equation and Law

13. Eyring Equations and the Transition State Theory

14. Limitations of Classical Statistical Mechanics towards Quantum Statistical Mechanics

15. Statistical Mechanics Applications including Exercise

TE o R oo

[Course requirements]

[None

[Evaluation methods and policy]

LURDA, BOHKDS B, fBNEWZ R U Ciriie LEd,

(AR RT AT (10050 DH
B/72X i & Question Paper (%1712 1) + Hfii7 A b + WK T A

FRBRIC 35U 5 SRR ORFBIAR I EARINCRD £ A,
I 7 A S ORE RIS DV TR NBHKULASIS 23 U TR B 2 AR T 2T L b %9,

R - WIREBRO AR -+ BRI T HE A

ik
Scores will be made by the following dual ways (finalized by the better one)

1) Active participation + midterm ination + final ination in total
2) Final examination only

[No makeup exam after the final examination.

Continue to fIE{tFIb (%eislk®) (4)) 4!

=S CRRiES @)

[Textbooks]

L= MpEees (1) 0 GREYEZAFN) 1SBN:978-4807900022

[References, etc.]

(Reference books)
I AT —OlY)) G AE) 1SBN:978-4486018636
Richard P. Feynman [Feynman Lectures on Physics Voll. ISBN:978-0465024933
FHIRES] T2 (BEmER) 1SBN:978-4563024376

[Study outside of class (preparation and review)]

" Fermifffi2” &5 X% & 57, WIHIOERL - ST 5 b SR BIZ VT, e
R EhE EORMZENLTTE, BRGOR D OBRRUICONTEZ, HREERMEFT >
THBTLz2BHDLET,

Think quantitatively and calculate anything.

(Other information (office hours, etc.))

4T 4 AT T —EEEADY T TR S 2 W
FEFv 2 SA BYVTAX  A4-0095%

AR E[#1Z Question PaperZ TG LT L 72 & W,
e & o Tlde-maillc X 2 EM & ZHFIF £ T,

(Welcome not only the questions during/at the end of classes, but also the question papers.

ViR e T (T3ERE) ) & U< MFEE 1 b CEREEEY) | 23 Clcifi
ERF LTV 2 AED THIEYE 2 T b G’y | ZE URAHER LIcht, B L 75 %,

AT 4 AT T — DRI DN TIE. KULASISTHERL TL 2 E W,

*Please visit KULASIS to find out about office hours.




Course number ‘

Graduate School of Engineering
Professor, MORI YASUO

Course title . Instructor’s Graduate School of Engineering
(and course | FFZHEEE  (Jebi{b %) name, job title,  |Professor, SHIRAKAWA MASAHIRO)
title in Scientific English and department | Graduate School of Engineering
English) of affiliation Associate Professor,MIKI KOUJI

Part-time Lecturer,Scott.Joseph Walker|
Year/semesters |7(21/Second

Target year ‘lrd year students or abovsl Number of credits ‘2

FFHE CRREE) (2

[Evaluation methods and policy]

EHIMZS R LR — b

[Textbooks]

FrC e Lisw

Lecture

Days and period% Mon.3 }:Iass style lamuigeafimm{ English

[Overview and purpose of the course]

(Lepz i & LTcRE « T2EOYGRRT - RN BEZ ZGHMD | JROXFTHIDEZ 2K
Bl ARED T EB KSR B THD, REIGROIENGEN ZE D %,

[Course objectives]

[References, etc.]

(Reference books)
=L

[Study outside of class (preparation and review)]

BOMEAT 2T Y P TPREREIT T L

[ PRAYC 8T & % 7o I Bs, REIGEJEGDO AP TH 2. FTEDMIGERXDIERIC [
T, JGHETYRONSE, BEN. BFERAOEN - Tk - R - B SHROERG 2B 4
A CRBITES R 51cE%,

[Course schedule and contents]

1@l
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[Course requirements]

LR AR L O — AR THh B T L,

(Other information (office hours, etc.))

A DI E U TS
I KR X TS RARBIC I o Ty, NS CHIEABIC S 25800 9,

TR 0 TRAEUEGEE CRREEREEYS) | &2, 9 CICHAEM LIz Ens TRAENGE Gl | %
S U HAALIERT L7t AL L 5%,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
[An omnibus course delivered by invited lecturers and guest speakers from different companies, etc.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience

Course number ‘

Graduate School of Engineering
Professor, MORI YASUO

Coursetitle| - Instructor's Graduate School of Engineering
(and course | FIAUEH (ki) name, job title, | Professor, SHIRAKAWA MASAHIRO
title in Scientific English and department | Graduate School of Engineering

English) of affiliation Associate Professor, MIKI KOUJI

Part-time Lecturer, BOLSTAD, Francesco)

Target year Frd year students or abov:l Number of credits ‘2 Year/semesters |50 1/Second semester

Lecture

Days and period# Mon.4 }:Iass style languagevﬁmm'm{ English

[Overview and purpose of the course]

(Lepziun & LTeRIPE « T2ERO SR - ERD BEZZGHAMD . JEROLFHTHIDE X 2K
B AREDTEB XS ICR DD, FRERIGHORMEGEN Z LD %,

[Course objectives]

BRI TEHEC & 5 Feablc Bk, B DD KT Cd %o SN LOTPRIC )
T SECHHOTR, BN, DRMADH - Fik - R - 5 SROENE LR RRNICE
TRBTEDLSICR D,

[Course schedule and contents]

1l AR Tl SE RO EDE D, T—r 23y TRROWH G175, V-7 3 v 7T,
ST BNV I — T TIPSR L OIS B TS /ERZTT S o Native Speaker®D HEREIC & fif
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411 (L2253 B2 D & LTSGR TR NIRRT - SC R OFiR & KBUTEORSZ T 5.
4l 75 =T AT 4 VT, YaEha e L THEL R - BRAR, S OERM, MYy
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S, ZTNEBAIOIEC KD X0 REWGHRSUERORREDOEIG L 5, Tz, MER LI
EREL. ZNOMBNEREEDIZDDT Y = 7 %2R %,

[Course requirements]

TR O — ARETH B T L,

[Evaluation methods and policy]

SRR R LA — b

[Textbooks]

FHCHRE L2

[References, etc.]

(Reference books)
7wl

[Study outside of class (preparation and review)]

FERICHAiT 5 7)) Y T TREE RIS T L

(Other information (office hours, etc.))

*AEDFRNTIS U TRk

Vi 0 TRPESEER CLREHRMLYS) | 2, 9 TICHAER LI/ BN TREESERGEmILY) | %
IS UHAAIIERF L7, AL L 2%,

*Please visit KULASIS to find out about office hours.

[Courses delivered by instructors with practical work experience]

(1) Category
[An omnibus course delivered by invited lecturers and guest speakers from different companies, etc.

(2) Details of instructors’ practical work experience related to the course

(3) Details of practical classes delivered based on instructors’ practical work experience




Course number

Graduate School of Engineering
Professor, ABE TAKESHI
Institute for Chemical Research
Professor,KAJI HIRONORI

Course title Instructor's Graduate School of Engineering

(and course | IHTILAAIT (Gebiifb?) name, job title, Associate Professor, NISHI NAOYA
title in Analyncal Chemistry II (Advanced Chemistry)|and department | nsfitute for Integrated Radiation and Nuclear Science
English) of affiliation Associate Professor, TAKAMIYA KOUICHI

Graduate School of Engineering
Senior Lecturer, TAMURA TOMONORI|
Graduate School of Engineering
Assistant Professor, NAKAO AKITO

Year/semesters |)() /First semester

Target year ‘lrd year students or abovcl Number of credits ‘2

SHEFN (EIRIEE) (2)

- RIEIEE ORfER, 110
LAR— MEEICHS 2 %5 L OMRS2ITO, EREERZ RS 2

[Course requirements]

P (TSR | SEREVI B L ~AB

[Evaluation methods and policy]

WIRRBOBHTZ AL 20, PRABEULA—M2ERTHI DD 5.

[Textbooks]

Lecture

Days and period% Tue.2 }:Iass style lamuigmimlmbv{ Japanese

[Overview and purpose of the course]

C O T, BERAOFLEOAME LT, Z7ux 757 0 —, /enhnk UL ok,
EEATIE, BRSSOV TGS .

Daniel C. Harris | Quantitative Chemical Analysis] (W. H. Freeman) ISBN:9781464135385 (9th-ed.)

[References, etc.]

[Course objectives]

(LACHBO TR T T EWNTE RV - D OFikz, ZOFBICH 2B CHRYT 5

(Reference books)
JURF vy IohEAl UEESE 6/ ) (AL#%) ISBN:9784621075555
Gary D. Christian [#L#11 UREE 61 1 GLi%) 1SBN:9784621075555

[Course schedule and contents]
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Continue to Z#iftEN (eimits) 1 1)

[Study outside of class (preparation and review)]

BRI - ZERGRGA, MR T AR LRGN 2 L L b, @fhic o T 2 ah
> IR ORRICEED 5

(Other information (office hours, etc.))

%(ﬂﬁkth'f< ZMELHEE (hHL 22199 % L THRELRER) 1S d 2 Az RE L
TN EEAT B,
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*Please visit KULASIS to find out about office hours.

REH
Course number | U-ENG27 47997 G61
Course title Instructor's
(and course | FFJIIFYE (HISHELARE AT name, job title, | Graduate School of Engineering
title in Graduation Thesis and department AT STAFF
English) of affiliation

Target year }Mh year students or abov:I Number of credits ‘ 12 | Year/semesters %(lzl/lnlensiw, year-round

Days and period4 Intensive klass style Seminar |lamuigea1immim{ Japanese

| [Overview and purpose of the course]

Students are assigned to a laboratory where they will individually pursue research on a topic related to
industrial chemistry and write a graduation thesis.

[Course objectives]

Through discussions, debates, and experimental exercises on their research topic, students will acquire
research skills such as identifying research issues and solving problems, and will improve their
[communication abilities by learning to explain academic and technical contents clearly.

[Course schedule and contents]

The structure and contents of teaching sessions are decided between students and academic advisor.
[For example, they may consider conducting two seminars a week and assigning an individual task at least
lonce a week, etc.

[Course requirements]

In order to begin graduation research, students must be assigned to a laboratory and meet the number of
credits required for their year of admission.

[Evaluation methods and policy]

Students are evaluated comprehensively based on their understanding of the research topic, their completion
of exercises, and the oral examination for their graduation thesis.

[Textbooks]

Others; instructions are given in each laboratory.

[References, etc.]

(Reference books)

[Study outside of class (preparation and review)]

Students must conduct independent study according to their research topic.

(Other information (office hours, etc.))

*Please visit KULASIS to find out about office hours.




