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B &S 11525201
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REES 11560023
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BA7#/Credits 2

IR RE ##&E : Lecture

/Course Type

2 7 X /Class

BRERBL HFEFF : Molecular Quantum Chemistry

/Course Title

HEHEL /&N mE/AM 1= YUMURA Takashi/MOTOYANAGI Jin/

/ Instructor(s)

% Dfih/Other A x—=ry 7RER | BEREREN o —X2ME | PBLE®ERE Project DX JER®E
B Internship £ IGP Based Learning ICT Usage in Learning
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BEDBR - IE Objectives and Outline of the Course

B | ZEFHFOEE - W% - RIGECHDFOEFORT FULNEAAR EICOWT, EFUFENARIGH LBETELIREIL. ]
FETIHEL —BIICKD ONTWVWD, RBEETIH, EFHRICEIVTRRINICEBEEPEFRELZEMBEL, Tl BEF
REEDFOREMEEOBEEZERT 5,

A background of quantum chemistry is commonly required to understand all of the chemical events, i.e. structures, properties,

i

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.

i

FEDEEBIZE Learning Objectives

B | EFLEZ0EEETHEIDFOLI BRI I/ARHROBREAERT 5,
ETHEOEXAHNEBRTE D,

KRBLURFOBEFREDEFAEMNEY KWV, LU BET 2HFESHIBRTE 2,
ZBFRFODEBFIREDEFLFHEY KWL, BLO, BETIHESHEMRTE S,
EE0BRAL, EERBEOEFEENRYIEL., BLU, BET2EHENEBRTE S,
NRABFRICOVWT, Bifit 2 v 7 ILEOERY IRWABETE, ERISCEETE %,
B2y T ILETEONIEEEBELEEEKEDTFO (BF) BEL0BEENBRTE S,
Bt 2 v FIVETEONIEFELEFES LD FORIGHEE OBEENERTE S,
EEBEA T REXENERTE D,

N—=F U=\ BlEN= b =Ry ZELDOEVEIERT B,
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N=tU =Ry 7EEERFICISALIBORBREZBERT 52N TE S,
N=t =Ry 7ElESFICISAL. ZDHERELZBRTSIENTE D,
EBEEERAVWCETHERZERT 2,

BENBE#EDREBZEET 5,

BENBEEAEL ofAIMGOND HEEBET 2,

& | 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
S BAZDERE O S / Fulfillment of Course Goals (JABEE BS:&ERIB D &)
H
Ea

REHBEIER Course Plan

No. IHH Topics AZA Content
1 H | EFHF0EE - RFHE EEAEN., BET. HAE EFE
KEFLURFORBARER. EFHK
& | The foundations of quantum | Wave function, Operators, Eigenvalues, Observables
mechanics and Hydrogenic | Wavefunction of hydrogenic atoms, Quantum number
Atoms
2 B | kFES LCAO ik, ERYBESH. 7 —arviEy. HBRES
AFEE. BEM - KEEHE. BHERE. ERZRFHTF
Z | Chemical bond Variational principle, Overlap integral, Coulomb integral, Resonance integral
Molecular orbital, Bonding/Antibonding, Bonding order, Homonuclear diatomic
molecules
3 B | /oA HE&EYm (1) Bif Huckel &, EHFERER
% | Pi-Conjugated molecule (1) Simple Hickel method, Linear conjugated molecules
4 B | A H#£ELED (2) BIRFERER. HEKNKE
& | Pi-Conjugated molecule (2) Cyclic conjugated molecules, Aromaticity
5 B | bFEREEERE (1) 7y F7—F - kR7<Yl HFAKRIG. BERRE
& | Molecular orbital theory for | Molecular orbital theory for chemical reaction (1)
chemical reaction (1)
6 B | b2 REEER (2) DFERIE. T4 —LX - TILE—KIG
Z | Molecular orbital theory for | Intermolecular reaction, Diels-Alder reaction
chemical reaction (2)
7 B | AR R R & F, HATHEHK
Z | Photonic properties of | Absorption and luminescence, Luminescence quenching
conjugated molecule
8 B | PERER B OEBRELZT AT 3
Z | Midterm examination Asking questions associated with issues learned from the first half lessons
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9 H | KBBE#oMtE 2y XY VEE RETARBBEK. XL — 2175
Z | wavefunction spin, The Pauli principle, asymmetric orbitals, slater determinant
10 | B | Hartree 3Ef! Hartree 3ifl BCEEEEHB DAL (SCF &)
= | Hartree approximation Hartree approximation, self-consistent field
11 | B | Hartree-Fock AlOEFA~D | RIRE, BRERE, ~—7/L> 78 7> M
Ivy:E!
o | Hartree-Fock approximation | exchange intergrals, Aufbau principle, Madelung rule, Hund rule
on atoms
12 | B | Hartree-Fock ;5B D D FA~D | BFEEE. 9 F#E. Roothann-Hall ¢
IG5 A
Z | Hartree-Fock approximation | electronic configuration, molecular orbitals, Roothann-Hall equation
on molecules
13 | B | EE#LHE RZ b Hartree-Fock ¥, 1EEhE., EFEE
= | perturbation theory perturbation theory, Post-Hartree-Fock approximation, electron correlation
14 | B | BENBEIETE PESNEIHGESTE. Hohenberg-Kohn O F#, Kohh-Sham AiE=t
% | Density Functional Theory density functional theory calculations, Hohenberg-Kohn theory, Kohh-Sham equation
15 | B | EFFHE 0XEK Gaussian 7B 7 7 LZFL 7= Diels-Alder RGN, BBIKRE, REBE, HTFEE
PN EIE
Z | Application of quantum | Interpretation of Diels-Alder reaction by using Gaussian program, transition state.
chemistry  calculations  to | local minima, wavefunction of molecular orbitals
chemistry

JB1E515 Prerequisite(s)

B | WBZ, MBLEFINAPEEINTWEZ L, MEYEBLZ I DYEESNEFHFOEREZERL TWHIEAEEL L,

| Taking basic courses such as “physical chemistry | and II” is indispensable, Taking the course “Material Physical Chemistry
|” and understanding the basics of quantum chemistry are desirable.

BEBRARE (78 - 485

Required study time, Preparation and review

B | #% - YEFZOERMFBHIVDETH D, FE-EBEBZL-MYITHIT 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 S%E2E Textbooks/Reference Books

H | & 7 328 FE. T(PW. Atkins &, TR, FRHER BERUEFERA) / ELHTRERIEF T FIPER &,
ERE)  ETE (RHEED & 2%ERE)

% | Reference books: Physical Chemistry (P W. Atkins, Oxford) /Quantum Chemistry for beginers (Masaki Abe, Baifu-kan) /
Quantum Chemistry (Yoshinari Harada, Shoka-bou)

BB D 7R R VAL Grading Policy

B | PRSI OCFHRABROBBES L O, BERBICETLR— FORPRICPHRARETIHET %, INHICHT IERDE S IFEHER
50%, LR—FB0%ET B,

% | Midterm and end-of term examinations (50 %) as well as reports given in lessons (50 %)

BB =E1E5 Point to consider

H

e




