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2EDEK - 2 Objectives and Outline of the Course

H | L2 ICHVWTRAT LFEEmRERCERL, 3SERUBROEMMBOERFNEES DNENTH D, IXTOREY S
iE. LZF | OERNOEAT HH, LEVWHEHBAZFXERTRET 22 LICH20T, FEEBLALTEBITLZIZLIEELYL, T0
EOREICOVWTIEEEZMBON LMY FEEZLUILL, BESY Y M 2RH L THREZHE .

& | The purposes of Physical Chemistry | are to understand deeply the chemical bond theory which was studied in the
Fundamental Chemistry |, and to support the basic scholarship of the special subjects after the 3rd grades.

Although they are certainly introduced from the check of the Fundamental Chemistry |, since all the topics will cover the wide
range within half a year, it is difficult to understand the contents without the preparation and review of each lecture.

The students must solve examples and exercise problems, and prepare/review firmly about the lesson. Although it is the
lesson based on the designated textbook, some prints will be distributed suitably. Self-Learning is absolutely required.

F2BDEEBRE Learning Objectives

B | EFAHRICERT 2HANZOERMIOVWTERT 5,

BEFNFOHERBZFE LT TOBEZ2EET 5,
TalTaryA—ARA. BRBEHE L CHBEICOVWTOEREYFED S,

IRTTOFEORDRF DT RILX - L FHEROUEZFV. P RAMRICOVTOERT 3,

1 RFTDFEOT DR FORATREICOVTDO IR F —Hf & WBBHOMEEERT S,

IRTTDEZRF% 2RTTH LV 3IRTICHRL, MNFOBRBESHICOVTEE L. RFREOAEKREFEEZERT 5,
KERFORFHEE TR F—EGAEEE L, KERFOBBRRARYI FILIZOWTHATE 5,
KERFOBFPEOHRETIHR LT —ZEEL T, PELREVDOBERICOVWTEET %,
AEHENETERRBEEBEBL T, AUSTFHR MREFTHRLOBELEMRT 2,
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LBETRTOEMREBLZERL T, EFEEZHATES,

KEDFA X ODFREEZAVTRE, BAENES SUORBEEERNEDKBBERE TR L F—EMICOVWTEBT 5,
HEBRICOVWTEFRENOHATE S,

ERCRFHFELUVERRFOFICOVLWTHFIEEZ AV TETFRENHHATE %,

BREEB R FEREFRAEMNCOVWTERT %,

Eavrlimlicsy) mn BFZL 2D REBEH. BFEE. TRALF—EMICOVWTHATE 2,

DF ORI, RKBSLVEFEBOI XN —EUeEEBL, BT D,

b

To learn the laws of classical mechanics related to quantum mechanics.

To learn the principles of quantum mechanics and understand the background.

To learn the Schrédinger equation, wave function and expected value.

To learn the energy levels of particles in a one - dimensional box and the nature of the wave function and understand the
tunnel effect.

To learn the energy level and the nature of the wave function for harmonic oscillations of particles in one - dimensional
boxes.

To learn how to extend the one-dimensional idea to two and three dimensions, and to understand the free movement of
particles and the angular dependence of atomic orbitals.

To learn the atomic orbitals and energy levels of hydrogen atom and explain the spectrum of hydrogen atom.

To learn the shape and energy of the electron orbit of the hydrogen atom, and learn about the relation between the orbital
and the spin.

To learn the quantization of angular momentum and understand the relation with azimuth quantum number and magnetic
quantum number.

To learn the Aufbau principle of multiple electron atoms, and the electron arrangement.

To solve hydrogen molecular ion by using molecular orbital method and learn wave function and energy level of bonding and
antibonding orbitals.

To explain electronic states by using molecular orbital methods for homonuclear diatomic molecules and heteronuclear
diatomic molecules.

To learn hybrid orbitals and valence bond shell electron repulsion rule.

To explain the wave function, electron density and energy level of compounds with 7 electrons by Hickel approximation.
To learn energy levels of molecular rotation, vibration and electronic transitions.

BHIZDERE O FHIEEXE / Fulfillment of Course Goals (JABEE BEERIH D H)

REHEIER Course Plan

No. 18 B Topics AZA Content
1 H | EFRAEOTRLAHPET | EFHRICERTZIHHRNT - ERHKFICOVWT, EFAER. dHBHFOKEHEL.
B 7—0vnikll, BRUBFE—XV FEHRKE—X Y FERRL.
EFREEOER L LT, KOKEEF. KERFOEHRI Y FILIZH T 2RAEDF
R, BFORR, £—v PR BEBEIRY FLZERT 5,
EFROBRBUITHDI TSIV IDEFRMETA V224V OXBFIRGZHBAL
T, R=TDRFETNADDENY ZEiRT 5,
% | Background of  quantum | On classical mechanics and electromagnetism related to quantum theory, we describe
theory and old quantum theory | the equation of motion, the wave equation of classical mechanics, Coulomb's law,
electric dipole moment and magnetic moment. As the background of the birth of
quantum theor
2 BH | EFHF0REL AVTEUMR K- TAAOYERORNEZHE L CRENERTFO_EMZHAL.
ZOHODEFRAEVORR LT OFMREBOBRREZERT 5,
NALYRLVITDFTHNANFEEY 2L —T 4 v A—DRBNFOREDRES L VKE
B OBEMRIRN, MEEURE, 71 7 v o ARAEFTCORNETBL T TBUED
YAl =T AV H-FERAOBEIC ORI S,
& | Establishment of quantum | Compton effect and de Broglie's material wave flow are overviewed to explain the
mechanics duality of wave and particle, and the discovery of electron spin and Pauli's exclusion
principle are explained. Heizenberg's matrix mechanics and the process of
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Schrodinger's

B|Yal—TF4vH—ABAL | Yalb—T4 v A—FEAOERS L CESBEHOEH2EHOEE. Rk, T
DEEIE — MEEFEHEBBEROBRICL > THAL, a2l —TFTaryH-—AFRIACALLND
FEPLE L TUTOERICOWTERAT 5,
RT Vv LI RILF — EREBEBOEARR, KENBEHOEEBIIC L 2AEEL
Ry —F vy _Rong v —ial, —EBFEL. BEEEENE
% | Schrodinger equation and | The composition of Schrédinger equation and requirements of wave function are
wave function explained by variable separation method, such as normalization, orthogonality of
Hermitian operator and wave function. The following matters will be explained as
approximations
B | BEAFO 1 RTOEE 1 RTOBHEKFOEE)., BROEFRT VI vILICEITHFOEE (L
B)., 1 RTHFERET Vv LRNOKFOEEICDOWTHRT B,
Z | One-dimensional motion of | The one-dimensional movement of free particle, the movement of particles at a finite
free particle rectangular potential (tunneling effect), and the movement of particles within one-
dimensional well-type potential are described in detail.
H | FO0KRTYI v MICEB0F | 1 RTANIRESFERT Vv LICEIT2NFOEHZFR L IRBIEFREZEAT 5,
DEE) 1 RITIRENES
% | Particle motion due to center | Particle motion due to center force potential: one-dimensional vibrational motion
force potential: one-
dimensional vibrational
motion
B | 2R7T. 3RFTICBIFBHTD | KIFDO1IRTYaLb—T 4 v H—FRAOBEREEHIHEICL>T2RTH L3
EE) RITDFERDRLF~ EHIRT B,
Yal—T A v H-FARAOBEZRREZV, T IHhoBENTL 2EREAMBIZ L &
REBBEAHOREREROERE LB L TER, KA LICKREINIFAEY 5 5 KE
B TH D EmMANBROEH E AAAFIRICOWTHRAB L, MEERRIN/Y 2L —
T A v H—ARERAO—MN LB EL AT 5,
Z | Particle motions in two- and | The results of one dimensional Schrédinger equation of particle are extended to
three- dimensional space particle in two and three dimensional boxes by variable separation method.
Learn the polar coordinate representation of the Schrédinger equation and learn the
relationship be
B | ARELURFOEFIE KRFURFO 2L —T 4 v H—FRAD O KFBURFOBREEER L SRS
HEBOUEBELZFV, KRERFOEE L TXILF—DEFRE R,
DEEIC K > TERFBBEHMAEEE L, s,p,df A—EXILOFKRE THRIILF %%
F, BRI HEHOTERY OBFEEORSZEIET S
% | Electron state of hydrogen- | From the Schrédinger equation of hydrogen-like atom, we learn the dynamic radial
like atom wave function and the nature of radial distribution function of hydrogen-like atoms
and learn the relation between hydrogen type atom structure and energy. Radial wave
functi
H | KEFURFETORYIRY | EFNFORIBRICBEVWTOEELEIREZEE L, AR RT Vv LICEIT T
(FRiEEER) DEFCOVTRY RD, by RAHERP, LRTHFERT V¥ v LA FOKE
B e TR F—ICDWTEHRAA L /2%, REAMBEK & SMFREBEH D O KRELURT
DRBEBIERENTWE L EEESE S,
Z | Overview of hydrogen-like | We will organize important matters in the formation process of quantum mechanics
atom (Midterm exam) and look back on particle motion in various potentials. After explaining the tunnel
effect and the wave function and energy of the particles in the one-dimensional well
type
H | AEHHEL ALY AEHEOETLLABESHEDEET. AEHEOMEER N EMEF L Z AT
%,
Eléx, AEFHEICOVWTHAL. FHEBT 2 FORBBEHICOWTEBALLZ LT, A
BHEDEFICOWTEHALE, BEEZBHICEAFICOVWTIRL, AiE
FH MEETHREAEHEOBERICOVWTIRNG, 512, ABHE LHSHLE
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PWT, AEBHBEWRE— X b BEBHEDOBREKRRTOERZ I FILOW
MBSO 2B 5,

= | Angular momentum and spin Explain quantization of angular momentum and operator of angular momentum, polar
coordinate of angular momentum and spatial quantization.
Rotational motion and angular momentum will be described, and the wave function
of the particle moving in a circle w
10 B | 2BFRFOETFHE BfEORR, BFHREARRICOVWTEE LR, 2BEFREFONETRILF—FE
FE (N TLARFOILRUF—RELEE, N—bU—-Tx v 7L AL —&—177
H. BWKERHERL —2—8]) ICOWTHEAT 5, LEFRFOSTFIRELZERT S
79I, BEAEHEL AL VAEFHEOERNOEHEFEEFTHE RO, ZBTFR
FOEICDOWTCHBAT 2, XY UDFEE, 7> Mz ERL CEREREZRBL, 28
FRFOBFRE L EEREBOEORO FZRBT 5, LBFRFOEFREL A F >~
CTANF—EBFHRMOOBEEEZHAT 2
= | Electron orbitals of multiple | After reviewing periodic rule, electronic shell and periodic table, the orbital energy
electron atoms calculation method of multi-electron atoms (energy approximate calculation of helium
atom, Hartree-Fock approximation, Slater matrix formula, effective nuclear charge a
11 B | #BHEELKEDFAF HEEGEF 7Ty ML KEDTFAF > H2+OEE, 0 EHE 1 BLEICDWTER
Y 5,
FRFEHEEEEDFREEDEVEFZV, KFEDFAF 2 H2+ DR FIBEIC L 2EM
BERDT, HEBEOAREZHRAT 5,
Z | Covalent bond and hydrogen | Covalent bond and octet rule, structure of hydrogen molecular ion, H2+, ¢ bond and
molecule ion  orbit will be explained.
Learn the difference between the valence bond method and the molecular orbital
method and explain the essence of covalent bond by finding an app
12 B | 2FBE&ELE (1) ERBLV | KEHFH2 OEEL O, B2RABPOER_RFHFOEFBEEZ D FNEE~DET
BERZFFHF DFBEIZL > THREAT B,
ERZRFHOFOBEFEEICOVLWTRAL T, ERREE L OBEICIND,
Z | Molecular structure chemistry | From the structure of the hydrogen molecule H2, we explain the electronic structure
(1): homo- and heteronuclear | of the homonuclear diatomic molecule of the second period by electron filling to the
diatomic molecules molecular orbital method. The electronic structure of heteronuclear diatomic
molecules
13 H | 2F#E&F (2) SEREEL | EFLZ20EEEEADILABITDOWT, EBRE L R FMEAETFXIRFEA (VSEPR A1)
JRFH% B F xR FE A ZIRET B,
Z | Molecular structure chemistry | On the application of quantum chemistry to organic chemistry, we explain hybrid
(2):  hybrid orbitals and | orbitals and valence shell electron pair repulsion rule (VSEPR rule).
valence shell electron pair
repulsion rule
14 | B | 9FBEtF (3)icavTb | EavyTRFREEEFEHRL. TTV, 7RIy RyEVEFICE>TRay T
= & BENBHEE IR %R %, 1 BFHEET 2 KEBEH. EFBE. THALF—EMICDONTRE
L T, HOMO, LUMO 2% 22T, {LFHE TR S & {EAIN 2 BENBHE
(DFT) SHEICO>VTHBNT B,
Z | Molecular structure chemistry | The Hickel molecular orbital method will be described in detail, and the Hckel
(3): Hickel method and | approximation will be explained using ethene, butadiene, benzene as an example.
Density functional theory Understand the wave function, electron density, energy level involving m electrons,
and the con
15 | B | BF. HFOBEEL AR ML | HXZOEBLE IR LB EZOBIREICOVWTREIR L, BRFART bLoflE L
T, KERFO/OMYTVRES MY TLRFOEKRRARY MLEGRET 2, ZRT
DFPIRE)., BESEOER L AZEBICOVWTRAL, 777 -avy FroRE
ZRAVTHAFORINANRY PILEHKEBLITY ARZ T FLICOWTHEGRT 5, BF
ARG PILIZDOWTEE, R—L—-F X)L b0RRIZHRBAL, n*—n, n*n &%
Ty rIIVEBEBED T TRERT 5,
% | Structure and spectrum of | We will discuss the basics of spectroscopy, including spectral transitions and

atoms and molecules

selection rules. Examples of atomic spectra will cover hydrogen Grotrian diagrams
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and sodium emission lines. The course also introduces diatomic molecules and

vibrational-rotat

FE1EZt+ Prerequisite(s)

B | tZ | OFBLEREFIHIRET 5, bF | OBEMZEEL TCOWALKTHLYEBAZ N IZEETE S, LF | ONBRZFIRET D
OTEFEE L TRbRITNL MEBLE I OBEGEISIZE L L,
& | This course is limited for students in Department of the Applied Chemistry. Comprehension of Fundamental Chemistry | is

required. Physical Chemistry Il may be taken even if the credit of the Fundamental Chemistry | have not been obtained;
however, as the course presupposes knowledge of these subjects, it will be difficult to earn the credit unless the missing

material is supplemented through independent study.

REREAFE (FE - BESH)

Required study time, Preparation and review

H

BEADRZ A FiE. KIT Moodle Y RFLICT Yy 7L THBDTFE, BEIERT 2L, REORRICHEBE., 5EFF
ZEDOZEE D ERA T, BEOMBEZ/ — Ml & BEZREZXAEHET S, moodle ILHZ/NT R e T i<, £RE
RIDETAETHLRBRCTE D, SHMBRERILETHD, BERINTRALZEITI 2N H D, HBEANICIE, BESNDMHE
ERVWT, BRERNRZEE. BRI IRz THRET S &,

i

Slides from classes are uploaded to the KIT Moodle system, so please use them for preparation and review. Read the relevant
sections of textbooks, reference books, etc. before and after class, write down homework problems in your notebook, check
the answers, and check your answers. Be sure to solve quizzes on moodle. You can take the quizzes as many times as you
like until you get all them correct. Approximately 3 hours are required including preparation and review. Some quizzes may
be given during class. Before the exams, be sure to allocate time to solve the assigned questions and review and confirm the

lesson content.

HRE 5EZE Textbooks/Reference Books

H (HRE) [EFb HBEASISEE T #R4  78-4-06-513330-9
(3£8) [7hFr2PEtLE (EBL0TF)] ERIEFEEA  978-4-8079-0908-7
(BB A T 2% 978-4-7819-1270-7

| (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)

Basic chemistry, Saiensu-sha Co., Ltd. 978-4-7819-1270-7

BAEETI D AR R O E%E Grading Policy

S|

hEEER (50%) CFEIROHER (50%) THHEL. DR RA 60 AU EZAEET D, ZNENOT X M, HBEOH)
BHLUERMBELRCHEZ 60U LHET, Z2ho% B2 2Ttk A0BHEEH TEETENFHELAIFIETE 2,
HESIGFHREL G WA, REPDT -7 — b BLUBEE/ — FORBKRE. moodle D/hT R +DEEE, FEFRICHI N
B ATl L T, RGBSR Y B,

Bt

The course will be evaluated based on a midterm exam (50%) and a final exam (50%), with a total score of 60 points or higher
required to pass. At least 60% of the questions in each test will be the same as those in the textbook. Students will receive
credit if they can correctly answer these questions, including not only the "answers" but also the derivation of the formulas.
Attendance will not be graded, but the submission of worksheets during class and homework notebooks, answers to Moodle
quizzes, and assignments given during class will be evaluated and taken into consideration in the final grade.
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H | BRO»HZ2FEE. BEAORERD 16 10 ICEWMHEE (25EIAFI24 5E) IIRKZZ L, XMLTFRNEL LSS
£ %EB%T 5, KIT Moodle Y X7 LAZFALTREZEETZ2D0T, BRBAZLVYZ—DODAALTFL R
(bXXXXXXX@edu.kit.ac.jp)&F v o35 &,

Z | Office hoursis 16 : 10 on Monday. (2N-424) KIT moodle system is used, and the mail from the KIT education address should

be checked.




