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BEDBHK - 12 /Objectives and Outline of the Course

H | EFE2EEL LT DAFORE, £E, X7 MLOBNAEZBICDI, DRFEAFEBEL DBERICOVTRWAR

BEN EBIR

DB,

NEZDZENREORNTH 5, ARNBDICETH 2 EAREDNS L ORI IE. FADIE, BKHABDICEICMZ,

KHODHFMICERL, BET 2, EORRDFICEVTHREROARICENT, o OBERASITICESY 20

HITDHBEBRARTH 5, 12ED 1 - 5OB X TlE, FHROVEBLZ I OREARZEZ L, BRIO/NT X FE@R I TEES
6 - 9EBDRETIZ. EFEL. KRBV, W

I | Based on quantum chemistry, the purpose of the class is to acquire the principles of spectroscopy, equipment, and methods

give a wide and

detailed lecture and practice on

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 11" 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

FEDFEBRZR /Learning Objectives

H | EFmICEDE, RFEBEPARI MLEEZ DI ENTE D,
BEFNFOHERBZFE LT TOBEZEET 5,
TalTaryA—ARA. BBEHE L CHAEICOVWTOEREYFED S,
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BEHEDEFHLRRELEEL T AUEFH. HIEFRLOBEZERT 2,

Eavrlimlicsl) mn BFZL 2B DOREBEH. BEFEE. THAALF—EMICOVWTHATE 2,
RFBLODFORRINRA RS b L OEIRE L HROBGREIERT 5,
FHBLOT Y RHEDRBEEBFELEBL. AT FVERTT S,
BFACYHESEOFIBEEREBRL., XRT MLERITT 5,
BERHEEDTOEDRBEEREZBEL, AT MLVERITY %,

BEDMEDRIBEEREEB L. 2T MILERITY 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 m electrons using the Hickel

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.

BEZDERE O HBEX / Fulfillment of Course Goals (JABEE ES&ERIB D &)

| O | ik

REETEIEE /Course Plan

No.

15 B Topics

AR Content

1

|

BEFHFO—MREER

HHAP, BHEFREBEIA T K 701 0YBEROFANEEE L TERB R T D
ZEMEHBAL. TOBROBTFREVORRB AT OFMREORRZERT 5, /N
ALV RLTDITINHFEES 2L —F 4 VH— DR HFOHEDREES L O RHE
BOERBRIN, FTHEEERE, 74 7 v 7 ARAE TCORNEERT 5,

biid

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 —TAvH-—FRAOBRE L VESEHROEZHICOVWTHAL T, EHS B
EOBB, T - MNEEFERBBROERERRT D, Yal—T 4y A—HR
HICHALLNZELUCDWTERBT 5, BEOCHRF¥ TIE. BHUFOES., BROKER
BTy v VIZBIFBRFOEE) (Fr2U3R). HPEKRT VY v LD TFOE
BN DOWTERT 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 EKRRF DR
B

REVS v MHWEETIRETOY 2L —FT 4 A—FRRE LT, AR T L kE
BRFDYaL—F 4 v H—ARKERR, Yal—FT 1 vH—HERDBMEERTE P
U, 222 oBENTL 2RERAMNBYEBREBDEBOBEBREAOEREZLLLTF
S KEBEURFOY 2L —F 4 H—HRAN S KEBLURT OB RIRENRI MR & BE
HEEBOUELZF V. KREFRFOBEL TR ILF—0OERET PN, TBHOBEICL -
THREESHEHEZEH L, spdf A —ERLOFRE THILF—EMEZLR, BRHTE
BHEOFRY bBFBREOBHSZEET

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
Schrodinger equation, and the relationship between the spherical harmonics and the
radia
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4 H | $EABEHEL RV AEY | AEHECHSNMEICDVWT, AEHEBIBEE— XV . BEHEOEHK L KER
EOAEKEKBRRFOMME | FOEBRI~Y MLOMMBIESEORITAHAT 5, LEFRFONBTR LY —EA
& EEEHEICHET 2, 2EFRTFOETFREZBMRET 272010, DEAEFHEL ALY
AEFEOARN O EABHEETFHE KD, ZBEFRFOEICOVWTIRAET 5, /X7
VoRE, 7 bRIEZERAL CEREEZGBL. 2EFRFOETFEE L EERED

BEORIZICOWTERT B,

= | 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=REFRFEA (VSEPR A
TEBICRALEE. T 7RI RyEy FURLVERICE S TR Y
TIVENE BT 5, 1 EFHEET 2 RBEH. EFEE. TRALF—EMICTDONT
g L T, HOMO, LUMO OIEE%Z 28, ROHBEDBFEZIC OV T OERBRE L
RO B,

Z | Molecular orbital method Molecular orbital method

6 B | BREELES ARG PLBRBEBEREICOVWTHERT 5, RTFOBFHEEBLUVHMIE—X VY M &
MERFOIFRLF—EMEHBBETEMRL. BROUSZBNT 5, KKREFDS
ARYT7YRE, Na BFOE—ZUHRICED AR FULBROHHE, 7EOTYOET
BRI L > TIHBT %,

% | 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~NY b E Franck-Condon RIE, BEEDAEZ L DODFDEFRAN
PLEAliEIER R <o L 7 bl ZEHA. ZEFBAEL 2T KBEFHNEICOVWTHGRT %, 9 FOEE
IRNF—HEMEEIRARY ML BB THILF—DEFERLY T DHELEBHIC
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 | ZRFHOFOFRMRERNZ RS b, ZRFHFOREERS., BEFHDFORIAIBRILR
Ry Ry PVETTYRRY ML, FERE), 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 | 2FDHF3  HEHABRIRY | BFAECVERRE Y DL - VRS SWEREBORBIZOWTHAT S, BFAL
koL Ve (ESR)E & RS IHE (NMRICOWTERN AT A —X—%2BNL T, R
Ry SIVEENT OER Z AT 5,

& | 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 %% vF>7 b EHME. ) Ay TV TOBBRERD, TI/BBLUOXI LAY FOE
EXE BAEHMN S, IH-NMR X7 FLOREZBET 5. 9 FAN b AEEMECRIKE
EOEHZ RS B RRBAREIE. BES LOFEEEELELEYMD 1H-NMR X ~<_7 k
ILORBITD Y B FR,
& | 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
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uns
11 H | 2% NMR o3t B EYOBEREICHEATH 5RRZERT 5 13C-NMR ICDOWTREHT 5, 13C
~NMR OBRICHBELERDZTA MY —TFTHy TV T BA—N—nTIHF R E
MEFHEL EOB®REIBET %, KEDIRZXAIY 2 DEPT £%BET %, 13C UHADZ
®NMRGAIE (19F29Si,31P) ([CDWTHE ISR T %,
= | 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 | a0 1H LU 13C | BEEHBEZRBL CBREDT I ALY 7 ME. BHME. J-Hy TV IRg—vhbHE
NMR (2 & 2 [EE B EMORIEEEET 5, NMR ZARJ MLEED LS ICAE LN 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 | —&k5t NMR ZRIT NMR EICDOWCHEHRT 5, FZEIER 2D-NMR  (COSY, TOCSY) H&LUR
1%A8B8 2D-NMR (HMQC, HMBC) IC & 2 B#LEMD > 7 FILVRIEDIEH & EB T 2,
BA—/"—=nHF—zh (NOE)) %L TR7F FOEHRBEERICOVWTHERT 5,
% | 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 | BE71HT BEDWETOFRE, 1 A VR BENHEBEOEEICOWTEHAT 2, ERL—ILE
B E— 7 12D W TR,
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 H| £&® REOIRYRY CEMFEICHTE2T4 Ahy¥ay
= | Review Review of class and discussion on questions

BIEEH /Prerequisite(s)

5|

.

ES

BEBEATE 78 -

188%) /Required study time, Preparation and review

S|

RENCEEINDNT X P DIzHDIEZ®, LAR— M ICEE 3RERERILETDH B,

-

=

It takes about three hours each time to review for the next quiz and write reports.

#HRlE SE2E /Textbooks/Reference Books

= #HRE) [EFH) #Hxt 78-4-06-513330-9

(£8) [7 o 2PBLE (ET)] ERIEFERA  978-4-8079-0908-7

(B£E) [BLEHDR T FILIZE DRIEEEE 8 BR) ] (Silverstein, Webster &, BHR{LFEA)
& | (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)

[Spectrometric identification of organic compounds] Robert M. Silverstein, Francis X. Webster, David Kiemle

FAEETI D AR R O &% /Grading Policy
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BRERICERT 20T R (60%). BEABICEET 2RBICNT 5 LE— F30%). FFR (10%)HHFFHEL. 6 0mULEE
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=EIE% /Point to consider

| B8
¢l

IREGHEBRECHE CREBCTERL., BEER. #BE. NTRAIMRELTRBOALTH 5,

REDETP, BRXP/NAT X ML moodle #ERT 2, WEZ77A4/idEpd f Tmoodle IZ7y 7LThHY., ZIFTRTOITKE
IZHWT, ZFEEIE moodle ICHB/NT R+ EIRERFNICERT 2LENH 270, PCHLLEAY— b7+ 25T 5
BENDH B,

LR— FRENRIN TS, BHBEICOVWTE, BARBTERLTH LU,

12 B0FETIE. FREITHBECRERTINENH D,

b

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.




