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2EDEK - 2 Objectives and Outline of the Course

H | L2 ICHVWTRAT LFEEmERCERL, 3SERUBROEMNBOERFHEZES OHNENTH D, IXTOIEY S
E. LZF | OBERN OEAT HH, LEVWHBAZFXERTRET 22 LICH20T, FEEBLALTEBTILZIZLIEELYL, 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 I, 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 istributed suitably. Self-Learning is absolutely required.

F2BDEEBRE Learning Objectives

H | EFAHFICERT 2HRNFOEICOVWTERT S,

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

IRTTOFEORDRF DT RILX - L FHEROUEZZV. P RAMRICOVTOERT 3,

1 RFTDFEOT DR FORARBICOVTO TR F —Hf L WBBHOMEEERT S,

1IRTTDEZRF% 2RTTH LV 3IRTICHRL, MNFOBRBESHICOVTEE L. RFREOAEKREFELZERT 5,
KERFORFHEE TR F—EGAEEE L, KERFOBBRRARYI FILIZOWTHATE 5,
KERFOBFPEOHRETIHR LT —ZEEL T, PELREVDOBERICOVWTEET %,
AEHENETERRBEEBEBL T, AUSTFHR MREFTHRLOBELEMRT 2,




11061090_HEBL=Z2 1l XBEEER

LBFRFOEKNFRBZERL T EFREZRATE 3,

KEDNFAFVORFHEEERVTRE, HAUNES LUORBEERPEDRBEKE TR F—HMIOVWTEET 2,
HEHEAICOWTE TRENSHATE 2,

ERZRFOFELVER BREFATFICOVWTOFIEEEXRAVWTETRENRETE 2,

ERBNE & RFMBREFRFEMOWTEET 5,

By 7 LaflUc LY nBEFZH 2 EYOREBEK. BEFEE. THRLX—ELICOVWTHRATE 2,

HFOEER, REBBLVOEFELOTI RN F—EMLZEB L, BET 5,

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 | EFRAEOTRLHPET | EFHRICERTZIHHRNT - ERHKFICOVWT, EFAER. dHBHFOKEHEL.
E 7 —BrOKAl, BRIBFE—X Y FEHMRE—A Y b 2EHIL. EFHLEDER
LT, HOEBHR. KERFOBIRARY MLIZH T 2BAIEORR, EFORER,
Y- VR, BEBEARY ML EBHT 5, EFHRORBITHET IV DEF
BEHRETA 2224 Y ODRBFRFERAL T, F—TORERFETNADDOEHY %
BT 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.
ZOBDEBEFAEVOFRRENT Y OBHMRBOREREZRINT 2, N RULTDIT
NAFET 2L —T 4 v A—DOFEBAZOREDRIES L CHBBEROMERER, TH
EUEE, T4 7voARREFCORNEZHRAL T, KBUED 2L —T 1 H—F
BRoOBEICOLIS B,
& | 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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Schrédinger's

B|Yal—TF4vH—ABAL | Yalb—T4 v A—FEAOERS L CESBEHOEH2EHOEE. Rk, T
DEEIE — MEEFEHEBBEROBRICL > THAL, a2l —TFTaryH-—AFRIACALLND
ERLE L TUTORERICOVWCERAT 5, BT Vv LI RILF— & REEHOERE
ReOFFBEBOEREBHRIC L DAL, RILy—F v RN A v —imBl. —EFELL
EFELENE
% | Schrédinger equation and | The composition of Schrédinger equation and requirements of wave function are
wavefunction explained by variable separation method, such as normalization, orthogonality of
Hermitian operator and wavefunction. The following matters will be explained as
approximations u
B | BEAFO 1 XTDOEE) 1RTTDOBBHNTOEE)., BROEFRRT VI v ILICEIT DT OEE (R
B)., 1RFTHPERT Y v LANDOKFOEBENCDWTEHHRT B,
% | 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
onedimensional well-type potential are described in detail.
H | RORTyr vy LT | 1 ROBATIRSFERT Vv ILICB TR FOBES#ES L. IRBEFREEAT 5,
DEE) 1Rt IRENES
Z | Particle motion due to center | Particle motion due to center force potential: one-dimensional vibrational motion
force potential: one-
dimensional vibrational
motion
H | 2Kk5T. SRTICHEITZHTFO | IFD1IRTYal—T4 Vv H—ARAOERE2ZHOMEICL -T2 RTHELU3
EE) RIEOERDRFANEIRT S, Yal—T 14 v H—FRAOBEERREFO, £
MHOERNTL 2REAMBEH L BRRHBEBHOBREZADOERE LB L TER, AL
ICEHREEI NI FA LY 5 2 RBBEKTH L2 IREAMBEHOEE & EAFIKICOWT
AL, BMEERRENIYal—T 4y A—ARADO—MRILEREE AT S,
Z | Particle motions in two- and | The results of one dimensional Schrédinger equation of particle are extended to
threedimensional space particle in two and three dimensional boxes by variable separation method. Learn the
polar coordinate representation of the Schrodinger equation and learn the
relationship bet
B | ARELUFRFOEFIE KRFURFO 2L —T 4 v H—FRAD O KFBURFOBRFEER L SRS
HEHOUEEEFV, KFBEFEFOBEL I XL —DOBEFRERN, THHEEICE-T
B REBEM A EH L, s,pdf A—ERILDOKE THILF —HM %2, BHEHHE
BoORRL oBFEEOHRZEZEIET %,
@ | Electron state of hydrogen- | From the Schrodinger 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
B | KEREUEFE TORYRY EFNFORIBRICEVWTOEELENZEEL, BRALGRT v ILICE T RF
DEFHICOVWTIRYIRS, > RIHRP. 1L RTHFEKRT ¥ v LAORF OIKRE)
B TR F—ICOWTHA Lok, SREFFBEHK & SR REBEL o KBRLURF
DEEEBDIERINTVWEIEZTEEI TS,
% | Overview of hydrogen-like | We will organize important matters in the formation process of quantum mechanics
atom 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
B | AEHEL XLV BAEHEOEFHEAEHEDEREF, AEHEOBERRTE EZHEFLEHAT
%, BlEx, AEHEICOWTEHAL, FHESY 2 FORKENBEHICDOWTERRAL7Z £ T,
BEHEOEFICOVLWTHA L%, KELZBBRICBANFICOWTHERL, A4
BFH. HEBFHEAEHBOERICOVLWTRERNS, &5, HEHE WIS
IZ2WT, AEFHBLHMRE— XV b AEHEOAHE KRR FOBIRIA Y LD
S DT Z 5T B,
% | 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

3
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angular momentum will be described, and the wave function of the particle moving in

a circle wi
10 B | #BFRFOETFHE FAREORR, BEFHRLAHRICOVWTEEL-ER, 2BTFRFONELRILY—FHE
FE NV YLEFOIRAFXEGETE, N— Y —-T7 7+ v 7 AL —%—1775
R, BIEBEFEAL —Z—8) IOVWCEHBT 5, 2BFRFOEFIREZEET S
7o, BEAEHE L R VABHEOER, bEBAEHEETFHE KD, FEFE
FOEIZOWTHAT 2, XV VORE, 7> MZFERL TERRBZHBEL, 28
FRFOBFEBLEEREDEZ, 2BFRTFOBFRELAF MLIRILF—LE
FHRNDOBEEZ AT %,
= | 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 | #BHEALKEDFIF HEREEGEF 7Ty ML KEDTFAF > H2+ D&, 0 EHE 1 BLBEICDWTER
B %, BRFE@EEEEDTFREEDENZZV, KFEDFAF ¥ H2+OHFRBEEIC
LB E RO T, HERBEOEREZHAT %,
= | Covalent bond and hydrogen | Covalent bond and octet rule, structure of hydrogen molecular ion, H2+, ¢ bond and
molecule ion m 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
appr
12 B | B LVERZREFHTF KENFH2 OfEED S, BE2EAROER_RFHFOBFEELTN FREEI~NDEF
DFRBICL > THBAT 5, ER_BEFHAFOEFBEICOVWTHBL T, EXkEEL
DEEICSND,
% | Homo- and heteronuclear | From the structure of the hydrogen molecule H2, we explain the electronic structure
diatomic molecules of the homonuclear diatomic molecule of the second period by electron filling to the
molecular orbital method. The electronic structure of heteronuclear diatomic
molecules
13 H | »F7#E&Es (1) SERiE | EFLF0oEELEADIABICDWT, ERINE & R FMRAETXI L (VSEPR 8))
ERFMRE FrRFEA] ZIRET B,
Z | Molecular structure chemistry | On the application of quantum chemistry to organic chemistry, we explain hybrid
(1):  hybrid orbitals and | orbitals and valence shell electron pair repulsion rule (VSEPR rule).
valence shell electron pair
repulsion rule
14 B | 2FHBE&LE (2) ‘bavy | bavyTARFREREZFHFHL. TT7Y. 741y _RvtEvaflicé-CTeavyr
IE IR %GBT %, nEBFAEST 2 RBBEH EFEE. TRLF—HEMIONTE
2L <. HOMO, LUMO O#E&%2Hh T,
% | Molecular structure chemistry | The Hickel molecular orbital method will be described in detail, and the Hickel
(2): Hickel method approximation will be explained using ethene, butadiene, benzene as an example.
Understand the wave function, electron density, energy level involving m electrons,
and the c
15 H| ZeHeme INETODEEDEFHRE,
% | Summary and supplement Summary and supplement.

JB1&515 Prerequisite(s)

H |tZ2 | 0BEBLERZEIRET S, tF | OBMEZEE L TOWAKTEYELE | IZEBTESD, bF | ORREFIRET S
OTEFEE L bR ITFNIL, PEBAFE | OBEMEISIZEL L,
I | This course is limited for students in Department of the Applied Chemistry. Comprehension of Fundamental Chemistry | is

required.

RERHENLE (FF -

Required study time, Preparation and review

BE%)

S|

&,

BEEAHE TCIRHMEBEBLETSH D, N A MeiTH, AR, BRENBLZESR. BRI HH2L4THEHRT S

FRAIE LTHETIIFECTHZH. 1, 2EIEF Y ZA4 Y (FrTwrF) THI2e6HYIES,
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| ks | Three hour-study at home is necessary. A midterm exam will be performed.

H &HRE) [7 b2 298 (L)) BFFEA 978-4-8079-0908-7
(BEE) (BT #SLEY ATV T4 74 74 78-4-06-513330-9, [EELE] ¥4 T> R4t 978-4-7819-1270-7
Z | (Text book) Atkins Physical Chemistry 1st volume, Tokyo Kagaku Dojin, 978-4-8079-0908-7
(Reference book) Quantum Chemistry, Kodansha Scientific Co. Ltd. 978-4-06-513330-9 Basic chemistry, Saiensu-sha Co.,
Ltd. 978-4-7819-1270-7
H | &I ©ld. 8 EE ToRi= (50%) & 9[EIH S 16 B (50%) ISHFICHT 5, ZDEETRN 60 RULEEZAEET 5,
= | Performance evaluation of this course will be equally divided by the former half (50%) and the latter half (50%). Students
who acquire more than 60 points in the exams are regarded as having passed.

o



