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2026 EET F /R R
RIB 9 %E/Subject Categories

IR /Faculty /T E&%E : /School of Science and | S%EERI/Availability /% :/Available
Technology

FI5% /Field /¥E - MHREFE : /Academic Field of | & /Year /34X :/3rd Year
Materials Science

sBf2% /Program /IR RI2 - SBIZHPIRIE : /Specialized | % H/Semester /%5 H8 : /Second term

Subjects for Undergraduate Program of
Applid Chemistry
4348 /Category /:/ iE B #5BR/Day & Period | /4 2: /Fri.2

FIB 1B /Course Information

B &S 11525201

/Timetable Number

REES 11560023

/Course Number

BA7#/Credits 2

IR RE ##&E : Lecture

/Course Type

2 7 X /Class

BRERBL HFEFF : Molecular Quantum Chemistry

/Course Title

HEHEL /&N mE/AM 12 0 /YUMURA Takashi/MOTOYANAGI Jin

/ Instructor(s)

% Dfih/Other A 2=y TER EER R 0 — 12t | PBL EERIE /Project | DX ERRAE
FIB /Internship &E /IGP Based Learning /ICT Usage in Learning

EERBODHIHEICLD
RIB /Practical Teacher

BMBF> YT
/Numbering Code

BEDBHK - 12 /Objectives and Outline of the Course

B | ZRFHTOEE - W5 - KIGECHDFOBEF ORI FLNERAR EIZOWT, EFUENRIGH LEBRTEI2HREIL. ]
ETIHLELS—BNITKOONTWD, RFERTIE. EFLRAICEODVWTCERIN2MEFHEECETFREZERL, Ioll, BF
RELEDFOEEE L DRBREZERET 5,

Z | Abackground of quantum chemistry is commonly required to understand all of the chemical events, i.e. structures, properties,

and reaction behaviors of molecules and spectroscopy that experimental chemists heavily rely on.
This lecture course provides students with basic concepts and methodology of quantum chemistry leading to an

understanding of the relations of electronic structure of molecules to their physicochemical properties.

FEDEEBIZ /Learning Objectives

B | RFLZOBEARTHIDTFOL I BRI /OREROBREZERT 5,
EFNFEOEZAHNEBRTE 5,

KEFURFOBFREOEFAFMNEYEL. LU, BETZHBESNERTE S,
ZBFRFOBFREOEFFIHERY KL, LV, BET IHEEINEFETE 2,
EoE0@ER L, EFREEOEFHENIMYEL., LU, BET BN ERTE B,
NWABFRICOVWT, Bk 2 v 7 IILEOIRYIRWAEBETE, ERICEETE 3,
B2y rLETEON2EEEBLERREKLDFO (BF) BEL0BEENBRTE S,
Bt a2y 7 LETEONZERELEERKE D FORIGHEE OBENBRTE 2,
EEBRHEA BT REXGHNEBRTE B,

N— Y —\mBEN—= ) =Ry ZHALDOEVWEZERET B,

N—= =Ry 7EUERFICICALT-BOREREZERT 2 LN TE D,

!
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N=h U=y 7RUESFIICAL. ZOFEREEERTHIENTES,
Bz AVWTETHEEZERT 2,

BENBEEDRELERT S,

BENBEEAEL /A’ FGOoNEHEERET S,

= | Understand microscopic phenomena at atomic and molecular levels
Understand basic concept and methodology of quantum mechanics
Understand electronic states of hydrogenic atoms and related issues from a view point of quantum chemistry
Understand electronic states of many-electron atoms and related issues from a view point of quantum chemistry
Apply approximation techniques based on variational and perturbational theories to understand chemical bondings and
related issues
Understand and apply simple H&#252;ckel method of pi-electron system
Understand the relationship between characteristic value and molecular orbital
Apply simple H&#252;ckel method for conjugated molecules to understand their chemical and physical properties
Understand conditions that should be obeyed by wavefunctions
Understand differences between Hartree approximation and Hatree-Fock approximation
Understand concepts obtained from applying Hartree-Fock approxiation to atoms
Understand how total energy of a molecule can be obtained by Hartree-Fock approxiation
Understand electron correlation by using perturbation theory, that cannot be obtained from Hartree-Fock approxiation
Understand density functional theory
Understand what infomation can be obtained from density functional theory calculations by using Gaussian programs
2B EIEDEMEDFHEERE / Fulfillment of Course Goals (JABEE BEERIH D &)
H
ES

REETEIEE /Course Plan

No. IEH Topics AA Content
1 B | EFHZ0HERE - BFEE RBAEX. BETF. BAUE. EEE
KEFFURFOKEAER. EFHK
% | The foundations of quantum | Wave function, Operators, Eigenvalues, Observables
mechanics and Hydrogenic | Wavefunction of hydrogenic atoms, Quantum number
Atoms
2 B | bFEs LCAO ok, ERYES. 7 —BriEy. HBES
HFIE, BEYE - KEAMH. BER¥M ERZRFHF
Z | Chemical bond Variational principle, Overlap integral, Coulomb integral, Resonance integral
Molecular orbital, Bonding/Antibonding, Bonding order, Homonuclear diatomic
molecules
3 B | M H#&EEY (1) Bid Huckel &, EHIERER
Z | Pi-Conjugated molecule (1) Simple Hiickel method, Linear conjugated molecules
4 B | M H#&EY (2) BIRERER. HEENHE
% | Pi-Conjugated molecule (2) Cyclic conjugated molecules, Aromaticity
5 B | bFREEERE (1) Ty RT7—F K72 VA FARIG. FARRG
Z | Molecular orbital theory for | Molecular orbital theory for chemical reaction (1)
chemical reaction (1)
6 B | PR EERE (2) DFERIG. T4 =X - TILE =G
Z | Molecular orbital theory for | Intermolecular reaction, Diels-Alder reaction
chemical reaction (2)
7 B | AFEEER TN & FEH. EHIEK
% | Photonic properties of | Absorption and luminescence, Luminescence quenching
conjugated molecule
8 B | HA&EER BIEBLOEREEZT AT 5
Z | Midterm examination Asking questions associated with issues learned from the first half lessons
9 H | KBEHKoME 2By Ny URE, RNHHERBER. XL — 275X
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= | wavefunction spin, The Pauli principle, asymmetric orbitals, slater determinant
10 | B | Hartree 3Ef! Hartree Al BCSJEEEHB DAL (SCF &)
% | Hartree approximation Hartree approximation, self-consistent field
11 | B | Hartree-Fock siflORF~D | A, BRERE, ~—T L 78 7> Al
Iy
= | Hartree-Fock approximation | exchange intergrals, Aufbau principle, Madelung rule, Hund rule
on atoms
12 H | Hartree-Fock il F A~ | EBFERE. 2 FHE. Roothann-Hall =%
Iy
Z | Hartree-Fock approximation | electronic configuration, molecular orbitals, Roothann-Hall equation
on molecules
13 | B | E#3%itE KRR b Hartree-Fock ¥, EEhk., EFHEE
= | perturbation theory perturbation theory, Post-Hartree-Fock approximation, electron correlation
14 H | ZENBEBHETE P EAEAMOESTE. Hohenberg-Kohn @ EE, Kohh-Sham Ai2x
= | Density Functional Theory density functional theory calculations, Hohenberg-Kohn theory, Kohh-Sham equation
15 | H | EFLFHE OERK Gaussian 7’077 L% 7: Diels-Alder RIGERNT. BHIRE., REEE. 2 TFHNE
D RENBIEL
= | Application of quantum | Interpretation of Diels-Alder reaction by using Gaussian program, transition state.
chemistry  calculations  to | local minima, wavefunction of molecular orbitals
chemistry
B1EEM /Prerequisite(s)
H | W8F |, MELCFNIEEINTWD L, MEYELLF | DEESNEFHFOEREZBERL TLWE I ENEELL,
T | Taking basic courses such as “physical chemistry | and 11" is indispensable, Taking the course “Material Physical Chemistry
|” and understanding the basics of quantum chemistry are desirable.
RERBBNFEE (8 - 15F%) /Required study time, Preparation and review
B | #% - YEFZOEBRMFBHIDETH D, FE -EBEBZL-HYITHIT L, BEINLFR—FEREIBELECZ L,
% | Basic knowledge on mathematic and physics is required. Do preparation for the lessons and review the lessons. Make
reports given in the classes by yourself.
HRIE SEZE /Textbooks/Reference Books
H | & 7 328 FE. T(PW. Atkins &, TR, FRHER BEREFERA) / ELHTREIEF T FIPER &,
BEE) S EFLE (RHED & 2#RE)
% | Reference books: Physical Chemistry (P W. Atkins, Oxford) /Quantum Chemistry for beginers (Masaki Abe, Baifu-kan) /
Quantum Chemistry (Yoshinari Harada, Shoka-bou)
ARIEEHI D iRk O EAEE /Grading Policy
B | PEASLUCZEHERBBOMES LU, RERICET L AR— FORBRECABRECTMT 2, I oIl T 2EROEEITHE
50%, LR=F50%ET %,
% | Midterm and end-of term examinations (50 %) as well as reports given in lessons (50 %)
BE2EIEE /Point to consider
H
E2




