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BEDBR - IE Objectives and Outline of the Course

H | EFMEeEEL LT 9XFORE, £BE, X7 MLVORBTHEZZICD
NEZDZENREORNTH 2, ARNGHICETH 2 RNTEDNS L URIDIE. FRADIE, WRIABRHICEICNZ,

EENHT CIBIK

HIBBERARTH S, RED 1 -LEBE T
RHD, 6 - 9EIBDIFRETIE, EFES. RIEB. B

7. DXFEHFEEE DBERICOVTELVAR

CHOFHMICERL, BEIT D, EOMEDPBTBICBVTHRZEROMEIZEWNT, TS DHEEOITICEIT 54

FROYBIE N ORENBZEZE L, BRIDNT R M 2B & TEEE

i

give a wide and

detailed lecture and practice on

Based on quantum chemistry, the purpose of the class is to acquire the principles of spectroscopy, equipment, and methods
for analyzing spectra, and to gain deep insight into the relationship between spectroscopy and molecular structure. We will
UV-visible spectroscopy, fluorescence spectroscopy, infrared spectroscopy,
and magnetic resonance spectroscopy,and on mass spectrometry. Knowledge of these instrumental analyses is essential for
graduate research in any field of study. Until the 1st to 5th lessons, we review the contents of the undergraduate "Physical
Chemistry II" lesson and deepen your understanding by solving each quiz. In the 6th-9th class, while understanding items
such as selection rule, Boltzmann distribution, and spin regarding electronic transition, vibration transition, and magnetic
resonance, how they are used for electronic state and structural analysis of organic compounds. In the 10th to 15th sessions,
we will learn the principle of two-dimensional nuclear magnetic resonance spectra and mass spectrometry, whose contents
are related to those of the undergraduate "Spectrometric Identification of Organic Compounds" lesson.

v

FEDEEBFIZE Learning Objectives

H | EFRICEDE. RFEBEPARI MLEZEZDIEHNTE D,
BFNF0#EREBEZFEL T ZOEREER®RT 2,
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Yal T4y A—ARR KBRS L CHBEIC OV TORRERD 5,

AEHENEFHRBEZEBFL T, AUEFH

=]

WREFHEOEELXERET 5,

Eay RIS LY 1 BF 21 2LEM0ORBEK. EFHEE. TRLF—ELICOVWTHRATE 2,
RFB LD FORBINZRY MIILORIRE L BEROBRGREERT 5,

FABLV T DNEOREBEERAZIRL, AT MLERTT 5,
BEBFRAECVHENEDORBEEB AL, AT MLERBTT 5,

BHSEED L EDRBEERAER L, AT MLERITT 5,

BEMTEAORBEEREZEBR L, X MLERBITT 5,

B

Able to consider atomic structure and spectrum based on quantum theory.

Learning the principles of quantum mechanics and understanding their background.

Deepening understanding of the Schrodinger equation, wave functions, and expectation values.

Mastering the quantized representation of angular momentum and understanding its relationship with azimuthal quantum

numbers and magnetic quantum numbers.

Ability to explain the wave function, electron density, and energy levels of compounds with 7 electrons using the Hiickel

approximation.

Understanding the relationship between the selection rules of atomic and molecular light absorption spectra and group

theory.

Understand the principles and fundamentals of infrared and Raman spectroscopy and analyze the spectra.

Understand the principles and fundamentals of electron spin resonance spectroscopy and analyze the spectra.

Understand the principles and fundamentals of nuclear magnetic resonance spectroscopy and analyze the spectra.

Understand the principles and fundamentals of mass spectrometry and analyze the spectra.

il

BiZ0ERE O FHBE# / Fulfillment of Course Goals (JABEE BIERIH D &)

B | IO [ ik

REHBEIER Course Plan

No.

15 8 Topics

AZA Content

1

EFNFO—MEER

NS FEFRERIATC. K- 704 0OYBROANEHE L TEBERFO
—_EMEHBAL. TOBROBFREVORRE T OFMFRBEOREZHRT 5, /N
ALV RLTDITNAFES 2L —T 4 v H— DR HFOHEDRES L VRSN
BOBEXRFEIN, THEEERE, T4 7 v AR E TCORNEERT B,

i

General concepts of quantum
mechanics

Based on classical mechanics and early quantum theory, we will explain the flow of
matter waves of De Broglie and explain the duality of waves and particles, and then
discover the electron spin and explain the significance of Pauli's exclusion principle.

AL TAVA—DREFIE
"

Al —TAVvH-FRAOBRE L VESEHROEZHICOVWTHAL T, TR B
E BB, T - MEEFERBBROERERRT D, Yal—T 14 A—HR
HICHALLNZELUCDWTERBT 5, BEOCHRF¥ TIZ. BHUTFOES, BROKER
BTy v VBT BRFOEE) (Fr2UA3R). HPEKRT VY v LD FOE
BN DOWTERT 2,

Schrodinger's wave equation

Explains the construction of the Schrodinger equation and the requirements of the
wavefunction, and explains the variable separation method, normalization, and the
orthogonality between the Elmeat operator and the wavefunction. The approximation
used for

MRS F & KRR F D KE
B

RIS v LD BEETIEHETOY 2L —FT 4y H—ARRE LT, ARG F & k&
BRFDYaL—FT 4 v H—ARKERR, Yal—FT 1 vH—HERDBMEERTE S
U, 222 0BENTL 2RERAMNBEBHYEBREBDEBOBEBREAOEREZLLLTF
S KEBEURFOY 2L —F 4 Y H—HRAN S KEBLURT OBRRENRIH & BE
HEEBOUELZFV. KREFRFOBEL TR ILF—DOERET PN, EHRIBEICL -
THREEHEHEZEH L, spdf A —ERILOFRE THILF—EMEZLR, BRHTE
BHEOFRY OBFBREOBSZEET

b

Wave functions of harmonic
oscillator and hydrogen atom

Learn the Schrodinger equation of a harmonic oscillator and a hydrogen atom as a
Schrodinger equation with potential energy. Learn the polar coordinate display of the

2



61960002_%9 FiEE(LZF

Schrodinger equation, and the relationship between the spherical harmonics and the

radia
4 H | $EABEHEL RV AEY | AEHECRSNMEICDVWT, AEHELBEE— XV . BAEHEOEHKEAER
EOEK EKRRFOMME | FOEBRI~Y MLOMMBIESEORITEZHAT 5, LEFRFONBTR LY —EA
& EEEHEICHET 2, 2EFRTFOETFREZBMRET 272010, DEAEFHEL ALY
AEFEOARN O EABHEETFHE KD, ZBFRFOEICOVWTERET 5, /X7
VoRE, 7 bRIEZERL CEREEZHGBL. 2EFRFOETFEE L EERED
BEORIZICOWTERT %,

% | Orbital and spin angular | Regarding the angular momentum and magnetic properties, the synthesis of the
momenta and fine structure of | angular momentum and the magnetic moment, the angular momentum, and the
hydrogen atom analysis of the fine structure of the emission line spectrum of the hydrogen atom will

be described. The m

5 B | »F8h&E BFCFOBEEFADISAICOWT, BREE, RFMH=REFRFEL (VSEPR A1)
TEBICRALEE. TT7v 7RIy RvEy FURLVERICE S TR Y
TIVENE BT 5, 1 EFHEET 2 RBEH. EFEE. TRALF—EMICTDONT
g L T, HOMO, LUMO OIEE%Z 2h 8, ROFBEDBFEBIC OV T OERBERE L
ED D,

Z | Molecular orbital method Molecular orbital method

6 B | BREELESR ARG PLBRBEBEREICOVWTHERT 5, RTFOBFHEEBLUVHMIE—X VY M &
MERFOIFRLF—EMEHBBETERL. BROUSZBNT 5, KKEFDS
ARYTYRE, Na BFOE—ZHRICED AR FULBROHHE, 7EOTVOET
BRI L > THBT %,

% | Selection rule and group | We will explain the spectral transition and the selection rule. Understand the

theory electronic structure and magnetic moment of an atom, the energy level and fine
structure of a complex atom, and introduce the basics of group theory. The Grotrian
diagram of a
7 H | #F0HF]  BFBEBANRY | HFOBFRIMR~RY bLE Franck-Condon RIE, BEAEDAE L DODFDEF AN
PLEAliEIER R <o kL 7 bl ZEHEA. ZEFEAEL 2T KBEFHNEICOVWTHGRT %, 9 FDEEK
IRNF—HEMEEIRARYT ML BB THILF-—DEFERLY T DHELEDHIC
3

Z | Molecular spectroscopy 1: | The electron absorption spectrum and Franck-Condon principle of a molecule, the
Electronic transition spectrum | electron spectrum of a molecule having only a single bond, the molecule having a
and pure rotation spectrum double bond and a triple bond, and photoelectron spectroscopy are outlined. Learn

the rotation
8 B | #FDHFE2 Ko IR | ZRFHOFOFRNMRERNZ RS b, ZRFHFOREERS., BEFHDFORIAIBRILZ
Ry L Ry PLETTYRARY ML, FHERE), BIEREMEEICOWTHGRT 5,

% | Molecular spectroscopy 2: | Infrared absorption spectra of diatomic molecules, normal mode analysis of the
Vibrational and rotational | vibrations of polyatomic molecules, and characteristic vibrations in vibration infrared
spectra absorption spectra are outlined. The principle and application of the Raman spectrum

wil
9 B | 2FDRFE3 HRHEBRNY | BFAEVERRALYOE -V VRN OHSAHEBOREBICDOWTEHRET %, EFRL
koL VB (ESR)E & OHEESHE (NMRICOWTERN AT A —X—%2BNL T, R
Ry SIVEENT OERZ AT 5,

Z | Molecular spectroscopy 3: | The principle of magnetic resonance will be explained from the Zeeman effect of
Magnetic resonance | electron spin and nuclear spin. The basic parameters of electron spin resonance
spectroscopy (ESR) and nuclear magnetic resonance (NMR) are introduced to explain the basics of

spectral ana
10 H | 1H NMR 9% F>7 b EHME. ) Ay TV TOBBERD, TI/BBLOXI LAY FOE
EXE BAEMN S, IH-NMR XR7 FLOREZBE T 5. 5 FAN b AEEMEPRIKE
EOEH RS B RNRBAREIE. BES LOFEEEEELEYMD 1H-NMR X ~<_7
ILORBITD Y BRI,
& | Analysis of 1H NMR | Deepen your understanding of chemical shifts, integrals, and J-coupling, and practice

3
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spectroscopy identifying 1H-NMR spectra while looking at the structural formulas of amino acids
and nucleosides. Learn the deficiency hydrogen index that determines the degree of
uns
11 H | 2% NMR o3& B EYOBEREICHEATH 5RRZERT 5 13C-NMR ICDWTREHT 5, 13C
~NMR OBRICHBLEBRDZTA MY —TFTHy TV T BA—N—nTIHF R E
ML EDREREEET 5, KEDMREXAT % DEPT EZ%Z2E#HET %, 13C A0 %
NMREIE (19F29Si,31P) 22 WTHEEICARRST 5,
% | Multinuclear NMR | We will explain 13C-NMR, which observes carbon, which is essential for structural
spectroscopy identification of organic compounds. Understand the meanings of proton-decoupling,
nuclear Overhauser effect, relaxation time, etc., which are necessary for
understanding 13
12 B | E#taYo 1H LU 13C | BEMEZBLTCEREDT I ALY T ME. BHME. J-Hhy TV InRg—rnng
NMR (2 & 2 [EE B EMORIEEEET 5, NMR ZARJ FLEEDLS ICAE LA AZEENTL
¥ 3,
= | Identification of  organic | The participants should present how to identify the compounds of A-W whose
compounds by 1H and 13C | molecular formula and 1H NMR spetrum in CDCI3 were given in the previous
NMR homework. Through exercises, we will practice the identification of organic
compounds from the chemical shi
13 H | =&kt NMR ZRIT NMREICDOWCHEHRT 5, FZEIER 2D-NMR  (COSY, TOCSY) &L UR
%486 2D-NMR (HMQC, HMBC) IZ & 2 BH#{LEMD > ' FILEEDIEAZEET %,
A==y =5 (NOE)) %L TR7F FOEHIFEEICOWVWTERT D,
% | Two-dimensional NMR | The two-dimensional NMR methods will be explained. We will practice how to identify
spectroscopy signals of organic compounds by homonuclear correlation 2D-NMR (COSY, TOCSY)
and heteronyclear correlation 2D-NMR (HMQC, HMBC). The nuclear overhauser
effect (NOE)) will b
14 B | BEE2 BENNETORE, A AV LEALBEENHEBOBRICOVWTERAT 2, BERL—ILE
B E— 7 12D W THES,
Z | Mass spectrometry The principle of mass spectrometer, ionization method and types of mass separator
will be explained. Learn about nitrogen rules and isotope peaks.
15 = .5} BEOIRYRY L BEMEEICHT ST RAvyay
= | Review Review of class and discussion on questions

[E1EZt4+ Prerequisite(s)

5|

.

ES

BEBEATE (78 -

Required study time, Preparation and review

BE%)

B | RENCEEINZNT X FOHDEEC, LR— MERICER 3FFREEIILETH 5,
Z | It takes about three hours each time to review for the next quiz and write reports.

#HR}E S5EZE Textbooks/Reference Books

H (#HRE) 875 Xt 78-4-06-513330-9

(8 [7h*r2yBs (ETF)] BERLFEA  978-4-8079-0908-7

(3£8) BELEYMDRARY FILIZLZREKRE 8AR)] (Silverstein, Webster &, EFR/LZERIA)
% | (Text book)

Quantum Chemistry, Kodansha Scientific Co. Ltd. 978-4-06-513330-9
(Reference book)
Atkins Physical Chemistry 1st&2nd volume, Tokyo Kagaku Dojin, 978-4-8079-2078-5 (Japanese)
Atkins' Physical Chemistry 12th edition, Oxford Univ. Press, 978-0-19-884781-6 (English)
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| [Spectrometric identification of organic compounds] Robert M. Silverstein, Francis X. Webster, David Kiemle

BB D 5 ER VELE Grading Policy

H

REFRICERT 20T (60%). BEABICEET 2RBICNT 2 LE— F30%). FR (10%)HSFHEL. 6 0mULES
BEd B,

B

Grades will be assessed based on quizzes given during class (60%), reports on assignments related to the lecture content

(30%), and presentations (10%). A score of 60 or above is considered a pass.

E =A% Point to consider

I | B8
el

REIHERECHE CHECTERL., BEER, @&, N XM ELTRBOATH S,

REDEBTP, BRXP/NAT X ML moodle #ERT 2, WEZ77A/idEpd f Tmoodle IZ7y 7LThHY., ZIFTRTOIRKE
IZHEWT, ZFEEIE moodle ICHB/NT R+ EIRERFNICERT 2LENH 2720, PCHLLEAY— b7+ 25T 5
BENDH D,

LR— FRENRIN TS, BHBEICOVWTE, BARBTERLTH LU,

12 B0OFRETIE. FREIIHBECRERTINENH D,

Bt

Classes are held face-to-face in lecture halls in English, with all class materials, lectures, quizzes, etc. in English.
Moodle is used for class instructions, class materials, and quizzes. Class files are uploaded to Moodle in PDF format, and in

almost all classes, students are required to take quizzes on Moodle during class time, so students are required to bring a PC
or smartphone with them.

Students are assigned to write reports, but may write them in Japanese.
In the 12th class, students are required to make a presentation in English.




