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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
give a wide and detailed lecture and practice on  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.
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B DZ)ZBIZE Learning Objectives
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Able to consider the atomic structures and spectra based on the quantum theory.

B ZEDERME O EEX / Fulfillment of Course Goals (JABEE B8:&HRIE D )
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REHEIER Course Plan

No.

15 B Topics

A Content

1

EFHFO—MEER

HENY, FHEFREABIZAC. K 70/ OYBEROFNEMEE L TEH ERTFD
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b

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.

YAl T A H—DEBARE
=

al—FT A A—FRADERS L WFBEROEHICOVWTHRBL T, TENEH
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RFEVI v NICBITRRTFOER (M RIUHER). HRERT Vv LAOKTOE
BT OWTEESRT 2,

i

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

AR F EKRERF DR
B

RIS A ADEFEETIEETOY 2L —T 4 v A—FRA & LT, FANIREF & kZE
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NHEEBOUEZFV. KREFRFOBEL TR LT —DOEREFEN, THOEEICL -
THREEHEHEZEH L, spdf F—ERILOFRE THILF—EMEZR, BRHTE
BHOFRL) CBEFREOBSZIIST
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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
Schrodinger equation, and the relationship between the spherical harmonics and the
radia
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EDEREKZRTFOMME
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VoRE, 7 MAIZEAL TERRREZSRBAL. 2EFRFOBEFEE L EERED
BORIDICOWTERT B,

Orbital
momenta and fine structure of

and spin angular

hydrogen atom

Regarding the angular momentum and magnetic properties, the synthesis of the
angular momentum and the magnetic moment, the angular momentum, and the
analysis of the fine structure of the emission line spectrum of the hydrogen atom will
be described. The m
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Z | Molecular orbital method Molecular orbital method
6 B | BREELES ARG PLBREBERBICOWTHERY 5, RTFOBFHEEELUVHBMIIE—X VY M &
MERFOIFRILF—EMEHBBETEMR L, BROUSEZBNT 5, KKEFDT
ArYT7YE, Na BFOE—YMRICL DRI PLBRODH, 7RI TVDEF
BRI L > T 5,
= | 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 B | 9F9xF 1 EFBBEIARY | HFOBFRINARS bL L Franck-Condon RE, BHAEDHEHOHFOEFAN
FILEHiElER R~ 7 bL U b, B ZEFETLO0F. ABFAXEIOVWTEGRT 5, 2 FOREE
ITRNF—EFLOERRARY ML, IREITRALF—DEFERLY T HHELEDIC
FR,

= | 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 | ZRFHOFOFRMRERNZ RS b, ZRFHFOREERS., BEFHDF ORI
~g R Ry PVETTYRARY bb, FHERE), BIEREMEEICOWTHERT 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 H | 9F9HE3  HEHBIRY | EFAECVERRE Y DX - R SHESHBORBIZOWTHET S, BFRL
b > 30E (ESR) B & UBHESHE (NMRICOWTERNANRT A —Z—E2BNAL 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 %% tE7 b, BHE. ) Ay 7V TOBBERD, T/ BELUX LAY PO
EXEBAEN S, IH-NMR X7 MLOREZBET 5. 2 FAH b AEEMECRIKE
EOEHZ RS D RRBAREE. BES LOBFEEERLEYD 1H-NMR X~ k
IVORRITD DY I,

& | Analysis of 1H NMR | Deepen your understanding of chemical shifts, integrals, and J-coupling, and practice

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 B | 2% NMR 9% B EMOBEREICHEBETH SREFZEHRT 5 13C-NMR ICDOWT#EHT 5, 13C
~NMR OBRICBHBLERDTA MY —TFTHhy TV T BA—N—=nI PR E
MEEL L DB®REBRY 2, kKEDREXFT 3 DEPT FZBET %, 13C UANDE
% NMRGEIE (19F29Si,31P) 122 W\WTHEICHEMRT 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 | B#tEYo 1H LU 13C | BEMEZBLTCEREDT I ALY 7 ME. BHME. J-Hhy TV InRg—rnnE
NMR 12 & 2 REE A EYORIEEBELET 5, NMR XR7 MLEED LS ICAE LIhEZHEENTL
93,
% | 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

3
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NMR homework. Through exercises, we will practice the identification of organic
compounds from the chemical shi
13 | B | =&kt NMR ZRIT NMR RSOV T 5, AXEER 2D-NMR  (COSY. TOCSY) # &L UR
#4888 2D-NMR (HMQC., HMBC) IZ & 2 B#LEM DL VS VRAIEDHE A ZEE T %,
BA —/"—=nHF—zh (NOE)) %L TR7F FOEHRBEERICOVWTHERT %,
= | 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 | EESHT BEDWETOFRE, 1 AL BENHEBEDOEEICOWTEHAT 2, BEFL—ILE
BALRE— 2 12D VTR,
= | 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 H| £&d REORYRY CEMFEICHTE2T4 Rhy¥ay
% | Review Review of class and discussion on questions

FE1EZ14+ Prerequisite(s)

5|

i

ES

REREAFE (FE - BESH)

Required study time, Preparation and review

H | RENCERBINZ/NT X FD-HDEEP, LR— MEKICER 3KHEEINETH S,
Z | It takes about three hours each time to review for the next quiz and write reports.

HRIE SEE Textbooks/Reference Books

H (HRB) TEFLF] #EHit 78-4-06-513330-9

£82) [7 2B LE (ET)] BERILFERA  978-4-8079-0908-7

(3£8) BEIEMD AR FILIZK2REERES 8AR)| (Silverstein, Webster &, EFLZERIA)
% | (Reference book) [Atkins' Physical Chemistry] Peter Atkins, Julio De Paula

(Reference book) [ Spectrometric identification of organic compounds JRobert M. Silverstein, Francis X. Webster, David Kiemle

BB D 7R R VAL Grading Policy

B | BERICEETZNTR L (60%), EEABRICEET 2BBICHT S LKR—F3E0%). FE (10%)H» 5L, 6 0 2 EEZE
Bed 5,
% | 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.

B EE18% Point to consider

S|

REIHERECHE CRECEREL., BEER, #FK. N A MR ELTREBOATH D,

BEDITRP., BRY/NT X R L moodle #EART 2, BEZ774/Epdf Tmoodle IC7y 7 LTHY ., FIFTNTORE
IZHEWT, ZEEIE moodle IZHB/NT R M #RERBNICZRT I2LELNHE7-0, PCHLLWEAT— b7+ %2FS5T5
BENDH B,

LiR— MREARBINTEA, REBEICOVWTIE, BARFBTERLTH LU,

12 B0RETIE. ZREERBCRRTINENH D,

bii

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.
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