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2 IICBWTEAL, LFEEREFRCEREL, 3ERUBOEMHNBORERZNEZES ONBENTHD, TRTHOIEY S
F. LF | DR SEATEH, LWEHZFERTHRETIILICHRZDT, FEEBLLTCERTIIZIZLEHLWL, 20
EOREICOVWTIEBEAMBO LAY FEEZLTUILL, BESY v b 2REH L TREZH I,

i

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 I, 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.

v

&

DEZEEZ Learning Objectives

BEFNRICERT 2 HRNFOFENICOWTERET S,

BFNF0#EREBEZFEEL T ZOEREER®RT 2,

Tal T4 v A—AER KBEESLUCBFEICOVWTORREZRD S,

I RTOFEDRDOKF DTV F—EEFBEHOMEEZFV, b XAHRICOVTOERY 2,

1 XTOROF O FORMRENC OV THO T RILF - ERBBHOUEZERES 5,

IRTDEZFZ 2RAB LV IRTICHRL., WFOBRALERICOVWTEE L, RFIEOAERFIELZERY 5,
KERFOFERFIEE THRNLF—EMEEB L, KRRFOERI T MLIZDOWTEHATE %,
KEFRFOBEFPEDOHRE T AN F—2BREL T, BBEL AV OBRRICOVWTESY %,
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AEHEOEFHLREREZFBL T ANETFH. MREFHREOBEZERET 5,

LEFRFOERREBZER L ¢, EFEELXRATE S,

KEDFAF VO TFHEEEROCRE, FEENES L UOREAERNEDOFBEKE T X —EMIOVWTEET S,
HEBEICOVWTE FRENSHEATED,

EM_REFHFB LR _BEFOFIIOVWTHFIEEER VL TEFIRENRATE B,

BAREE L RFMREFRIEACOVWTEST 2,

Eay RIS LY nEFZ 2O KENER. BFEE. THAALF—HEMICOWTEHATE S,

HFoEER, RASLUVEFEBRO IR F—EMNLEEL, BRET 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
guantum 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.

BRZDERE O HBEXE / Fulfillment of Course Goals (JABEE ES&ERIB D &)

B IO | ik

REEHEEE Course Plan

No. IEH Topics AZA Content
1 H| EFHRHEEOERLFHET | EFHICERTIHANT - BRKFICOVWT, EFAHRERA. TRNZORBAER,
i J—arvOERA, BRIBFE—AV FMEHKE—XV MRHL, EFHREEOES
& LT, RDOEBR. KREFOIBIRARY MLICHE T2 HAEORR, EFOXKER,
Y- R BEBE AV L Z2ERT 5, EFRORBUTHET7 V7 DEF
WRETA V2 RAVOREFRGZFAL T, R—TORFETILADDELY %
fRER T %,
Z | Background of  quantum | Onclassical 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 B | EFHF0KEL AT ERUHR. F - 7MY EROTNEBE L CRBICNFO_EMZFHAL.

ZOBDETFAEYORERBE /7Y OBHBREBOERABRT D, N E Y RULTDIT
NAFEL 2L —T 4 v A—DOFEBHZOREDRES L NHBBER ORI, Tk
EUERE, T4 7voARRETCORNERBL T, KBUED 2L —T 1 H—F
BRXoBEIC ORI,

Establishment of quantum | Compton effect and de Broglie's material wave flow are overviewed to explain the

b

mechanics duality of wave and particle, and the discovery of electron spin and Pauli's exclusion

2
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principle are explained. Heizenberg's matrix mechanics and the process of
Schrédinger's

B|Yal—TFT4rvH—ARAE | Yalb—T4 v A—FRAOERS L FBBEBHOEH2ZTHoEE. Rk, T2
R ENBIEL — MEEFEREBBEKOBERICL > THHAL, Yalb—T4 vyH—FRAICALLND
FERLE L TUTOBERCOWCERBT 5, KTy LI RLF— L BBBEROELRE
ROFEBEBOERBIIC L 2IEFIAL. RILy—F v oA ="l —BFELL
EEREEDE
= | 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 | BEATO 1RTOES 1RTOBBRMTDOEE, BROEFRT > v ILICHIT2HTOBE (> 2%
B), 1RTHFERT ¥ v LRNOKFOEE)DWTEHRT 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
onedimensional well-type potential are described in detail.
H | BAORTYyIvILICEDHRTF | 1 REATRFEART Vv ILICBIT 2R TFOEE #5F0 L IRBEFHREEAT 5,
DEE 1Rt REES
% | Particle motion due to center | Particle motion due to center force potential: one-dimensional vibrational motion
force potential: one-
dimensional vibrational
motion
H | 2K7T. 3RTICHBITZHRTDO | FIFDIRTYal—T 4 v H—FRADEREZEHNMEICL>T2RTHELU3
EE) RIEODFEFRDRFNEIRT S, a2l —T 4 v H—FRAOBMEEZERTEZLN, T2
MHIENTL ZREAMBEH L BFRBBPROBEREAOER T LB L TER, KEAL
ICHREI NI FA LY D B RBBEHTH L2IRARMBEBBOESE & EATRICOWT
AL, BEERRENLYaL—T 4 v H—FRAO—MROLBRELZHBET S,
% | 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 | AKFRELURFOEFIE KEBURF DY 2L —T 4 v H—ARAD b AFRBURFOEREE B L BEH
FEBOUELZFV., AREFRFOBELIXILT-DERZZR, BHESBEICL-T
PERKPEHEEHL, spdfF—EXLOBERE TRLF TR, BESHE
BORRKI OBFEEOHREZIET 2,
% | 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 | KFEURTETORYERY EFNZORMBRERICEVWTOEZEAEREZEE L, A BKRT Vv ILICBIT DR T
DEENCOVWTIRYIRS, by RILHRC, 1L RTHFPUERT V> v LADRFDKE)
B e TR F—ICDWTEHRRA L /2%, REAMBEK & SMFREBEH D, O KRELURT
DRBEBAERENTWE L EEESE S,
& | 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
H | AEHHEL ALY AEHEOETLABEHEDERET. AEHEOMEER N EHMEF L ZFAT
%, OlEx, AESHEICOWVWTERABL, FEFT 2 FOKENEEFICDOWTERAA L 7= £ T,
AEFHEOEFHICOVWTHRALAE, AL BHICEB A FICOWTIERL, A4
BT MIEBEFHREABHEOERICOVTENS, I LI, AEFHE L MKHMEE
IZ2WT, ABFBLHMRE— AV b AEHEDEKEKRRFOBIRARY LD
IS DT % AT B,
Z | Angular momentum and spin Explain quantization of angular momentum and operator of angular momentum, polar

3
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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 wi
10 B | 2BFRFOETFHE BffEORR. BFHREAPRICOVWTEE LR, 2BEFREFONETRILF—FE
FE N TLRFOILAUF—RLEE, N—bU—-Tx v 7L AL —2—177
H. BWKERHERL —2—8]) I[COWTHEAT 5, ZEFRFOSFIRELZERT S
79I, BEAESHEL AL VAEFHEOERNOEHEFEEFTHE RO, ZBFR
FOEICOWTCHBAT 2, XY UDEE, 7> Mz ERL CEREREZRBL, 28
FRFOBFEELEEREDEEZ, 2BEFRFOBFRELAF LI RILF—LE
FHRMNDOBEEZ 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 | #EBELKERNTFAH Y HERGEA Ty B KEDFAA > H2+OHE, 0 BEE m BLBICOWTER
Y 2, BFEEEEE D FREEDEVNEZV, KRAFAF > H2Z+ O FEEIEIC
LB E KD T, HEBEDOERBEZHBAT 5,
% | 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 | E&BLUERZRFHTF KEDFH2 OBEDL L. F2EAPOER_RFHFOEFESED FREE~DETF
ORBICL > TEAT 2, ERZFEFHFOEFHEICOVWTEHRAL T, EXRMEEL
DEEIZSND,
& | 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 | B | »F@Et® (1) ‘EREE | EFLFOEREEADIGAIC OV T, BREE L RAHREFTRFER (VSEPR A1)
ERFRE FXRFEA TRIT B,
% | 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 | #F8&ELE (2) ‘bavy | b2y TASFRBREZHNRL. TTY. 74YTy RvEvaflice>Teayy
Uik WLl E AT %, nEBEFAES T 2 KBEM. EFFRE. TRLF—HEMICOVNTE
2L T, HOMO, LUMO o#I&% 2h s,
Z | Molecular structure chemistry | The Hickel molecular orbital method will be described in detail, and the Huckel
(2): Hiickel 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 ¢
15 | B | &btz INETOE LD ERR,
Z | Summary and supplement Summary and supplement.

[E1EZt4+ Prerequisite(s)

B | tZ | 0BELEBBELZIHRET %, LT | OBEMZEIB L LA THEYERLLFE | IEBTESD, LF | ORRZRIHRET S
DTEFEBL CHELRITNIE, WBAFE | OBEGEUSIFEEL L,
Z | This course is limited for students in Department of the Applied Chemistry. Comprehension of Fundamental Chemistry | is

required.

REREALE (FE - BESH)

Required study time, Preparation and review

H

FE.
Z&,

BEBZEHOETCIRHMEEIILETH D, NNT A M7, SBRATNICIE. RENBTZESE.

RT2EEE L THERT D
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FRAIE LTHETITIFETHSZH. 1, 2E0IEF Y5/ (FrFvvR) TFH52&1HVEB,

ZZ | Three hour-study at home is necessary. A midterm exam will be performed.
= FEHRE) 17 b 2yELE (L)) FER{IFERA 978-4-8079-0908-7
(BEE) [EFF) BEXAY ATV T4 74 74 78-4-06-513330-9, [EHELF| ¥4 T> X4t 978-4-7819-1270-7
= | (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
B | BiEE Tk, 8 EE ToRIE (50%) & 9EA S 15 [EDEE (50%) ICHFEICHIT D, ZOEETRN 60 AU LEZERET 2,
Z | 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



