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BEDOBR - IE /Objectives and Outline of the Course

H | @R TEELIAFE. 9B BRICEDIE, XKFTERIMEAOEAZBENET 5, RFREOIXANF A LBEFEBENE
AFEEICLT FFOBELEFRELZERL, AEREETROMELZHHNT 2, LFBEEZERT B7-0I10, 27FH
FEAICEITC, BFNE LD FREOREREHAT 2, ZEFHFOBEICOVT, BERBEDEXAZBET 2, INb%
AL LT, RER-REREE. BAES. 2 TFHEEER. £SBHEGICOVLWTERZRD S,

& | On the basis of chemistry, physics and mathematics studied in high school, chemistry at university will be introduced. This
lecture describes fundamentals of chemistry, including the states of matter, the mole, the structure of molecules, the
elements and their properties in the periodic table, the electronic structure of the elements and the chemical bonds in typical
molecules and crystals. For diatomic molecules, in particular, the relationship between atomic orbitals and molecular orbitals
will be explained to understand chemical bonds, while for polyatomic molecules, hybridized orbitals and structure of

molecules will be lectured.In this lecture, an outline of quantum mechanics will be briefly provided.

v

FBDZEBRE /Learning Objectives

B | RFENFOHE. T/7AAHROEFOSFHRIVIRDEWVICOVWTERT 5,

BT 0K, BHRNAT XL —EMEEFHROHR L FEFREDIFHRELERS 5,
BFOBFREL) HEBROERRE L THROMEICOWTERT 5,

BEFEEN LD FEE. CEEEOEROEREIBMET 5,
tEFEEOBFEICO VT, ZOEME L BHEERT 5,

NTFOEELEETE 5,

HFEBEERICOWTERT %,
DNTFEBHEROREFR E HRPICOWTERT 5,

I | The goals of this course are to understand quantum theory treated in the microscopic world.
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To understand wave nature of electrons and emergence of descrete energy levels.

To understand characteristic of elements according to an electronic configuration.

To understand the way how to form molecular orbitals from atomic orbitals.

To understand the concept and characteristics of varoius chemical bonds.

To Imagine molecular structures.

To understand typical interactions between molecules.

To understand typical interactions between moleclues and electromagnetic waves to obtain a basic knowledge about

spectroscopy.

BE20ERE O FHEEX / Fulfillment of Course Goals (JABEE ES&ERIB D &)

REETEIER /Course Plan

No. IEH Topics AZ Content
1 B | IELoIc RFH#m - TRALF—RICOVWTHBLET, /o BUERTICOVWTHLEHRLES,
Z | Introduction This lecture explains atomic theory and energy theory, also explains units and
dimensions.
2 B | EFELFER EEME (2,5,8,10) #MHLET, T0%, RFELFEL, RLEICOVTHEAL
£7,
Z | Atomic weight and abundance | This lecture will explain the exercises (2, 5, 8, 10). After that, | will explain atomic
weights, abundance ratios, and isotopes.
3 H | EFOBELEFH Wiish % B8 2 EF (WBAT) ICE7=o<hTHD Lorentz (A—L V) hEHR
BB L7705, Max Planck ®IhiE (BAEBETR <2 MILORIR) . KESHE. Compton 8L
#L. de Broglie K& %L £,
Z | Atomic structure and quantum | After explaining the Lorentz force, which is the force acting on electrons (charged
theory particles) moving in a magnetic field, | will explain Max Planck's achievements
(interpretation of the blackbody radiation spectrum), the photoelectric effect,
Compton sca
4 B | k&RKFEFRX~7 bie Bohr £ | &), 3XBTHAXDOHE L ZNZIGA LT 3RTNY FILOABEOFHEZHRAL £7,
T R, MAL%ZEETZ 1EOBEFICHL T, W<2HDRER%E$H &I L7 Bohr £F
WIZDOWTHFL ET, REBIC, KBERFRRZ L (BIRRA~Z FL) I2DWTELEA
LET,
& | Hydrogen atomic spectrum | First, | will explain how to calculate 3X3 determinants and how to calculate the cross
and Bohr model product of 3D vectors using the 3X3 determinant. Next, | will explain the Bohr model,
which is based on several hypotheses, for an electron moving around a circle. Fina
5 B | F 7% - Shrodinger A3 Bohr D[R FET LTI, KREFARY bL%ES FCHRATEEF T, ThULOERRE
EH7=bLEtA, E<HLLVREBICL-T, I/700HRAZRTI2HLVAE [E
FHE] PEHLELT, 2B, EFNFOELRAREATH S Schrodinger HESR
DIEVAZRHL £,
% | Quantum  mechanics and | Quantum mechanics and Shrodinger equation
Shrodinger equation
6 B | KRRFOEFIRE KFRFD 1s, 2s, 2px, 2py, 2pz IZ DOV THERZDEKREFZFUET, 1s IFEERRE
(=BBOKRRRF) OBFHETT,
& | Electronic state of hydrogen | Students learn the meaning and shape of the orbital names for the hydrogen atom 1s,
atom 2s, 2px, 2py, and 2pz. 1s is the electron orbital in the ground state (= a normal
hydrogen atom).
7 H | k& - KEERREFOIRLF— | AERTFD Shrodinger ARATHE LN 2 EBFEKTIZ. 3 2OEFEH (nl,m) TIRE
CEEHBFRFOIFRILF— X | PMEETEE LTz, TRALF—FFEFHROKMMKELE LT, ZEFEFTIE. BT
D1 BLWHhTRE f1Z Shrodinger AR ZBEC Z A TERLO T, EMEFEWE T, £ Z Tl KEK
#) BFo#E (1s, 2s, 2p, ..) ZFEVWETH. TRAF—FEEFHRENEAES)
BETFRIKET 22V ET, F/2. EBEFRFOBFEEEZEZ S H AT,
INETICHRW (BETHRWL) EFRTHIAECVBERETH (£1/2) »RET
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= | Energy of hydrogen and | Inthe wave function obtained by the Schrédinger equation for the hydrogen atom, the
hydrogen-like atoms and | state could be specified by three quantum numbers (n, |, ml). The energy depended
energy  of  multi-electron | only on the principal quantum number. For multi-electron atoms, the Schrédinger
atoms Part 1 and mini-exam equation

8 B | K& - KEERRFOZRLF— | Hund DFRNEDOWT, ZBEFRFOERRECEFEREEZHBALET.
EEBEFRFOIRILT —
zD?2

Z | Energy of hydrogen and | This lecture will explain the ground state electronic configuration of multi-electron
hydrogen-like atoms and | atoms based on Hund's rule.
energy  of  multi-electron
atoms Part 2

9 B | #BHEAORKE D TFEE &4 DRFOENERE (A0) 2 Lo FEEREKE DV, HEUEHE L KESHEHED
TELZEHFVET. Z0HHT, [ERYVED] ICOVWTEHALET,
ZE | Formation of covalent bonds | Students will learn how molecular orbitals are created from the orbitals (AO) of
and molecular orbitals individual atoms, and how bonding orbitals and antibonding orbitals are formed. | will
also explain the concept of "overlap integrals."
10 B | E&_FRFHFOEK N2,02,F2 hEDZRFHFICDOVWT, TRAF—E[MEER, ZNOLOHFRNOEF
EBEZRAL. THEFORICL) D FOMMMNAELZ L 2EmRLET,
% | Formation of homonuclear | This lecture will explain the energy levels of diatomic molecules such as N2, 02, and
diatomic molecules F2, and explain the electron configurations within these molecules, and present how
the number of unpaired electrons determines the magnetism of the molecule.
11 H | EZEFHFOIRLFY— | 10 AIBEOKEEEL LT, FILEZZRFAFOIRNFT—EMEBFEREEICDOWVWTHRA
N, HFOREERNEZD | L. BRZEFHATRAOBEORY z. EBBEHEERREENrTOEX £, 720 K
1 ZETO sp BEREEFABIREEZRBL, TEFL Vv DFOEBEE, RRFEFOD sp iR
BEICL->TEBLEY,

% | Energy levels of heteronuclear | Continuing from the 10th lecture, | will mainly explain the energy levels and electronic
diatomic molecules, molecular | configurations of heteronuclear diatomic molecules, and consider the charge
structure and hybrid orbitals | imbalance in heteronuclear diatomic molecules from the perspective of wave
Part 1 functions and e

12 B | #FOREEBRNEZD 2 RKFIRF D sp2, sp3 BABEFLEBEREZHA L. TN o DRKBE & D FHEDEKR%E
SBALET,
% | Molecular  structure  and | This lecture explains the process of forming sp2 and sp3 hybrid orbitals of carbon
hybrid orbitals Part 2 atoms and the relationship between these hybrid orbitals and molecular structure.
13 H | RF-9FICE=6<h (FHF | 280 (London 1) HEELANFEATHAZExRBALELET, 7. ZLHEESH
BEUN) (BEFHEER) ICIKELDTFERT > vl e LT, Lennard-Jones iR7 > ¥ v L%
BALBREORE T T 725F(ICL T, FEKHEERH r_(eq) PERER o 2R
LET,

= | Forces acting on atoms and | This lecture explains that dispersion forces (London forces) are the main
molecules (other than | intermolecular forces. | will also introduce the Lennard-Jones potential as an
covalent bonds) intermolecular potential that depends on the internuclear distance (atomic distance),

and use equation

14 B | s3I SEIR, BEA A VICOVWT, BRREEZED &, BELCHENBRE cE X9, EM@EE:
sp3 Rk, FEEAR : dsp2 B, E/\EAE : sp3d2 LU d2sp3 TF, H & D 3d Bl
BIZEEDOEFLH 2. ZDIHBARNEFIIVW 2N ZER DI LT, BEHNRAT
E5E9 T,

Z | Complex formation For complexes and complex ions, the structure and magnetism can be understood by
using hybrid orbitals. Tetrahedron: sp3 hybridization, square planar: dsp2
hybridization, octahedron: sp3d2 and d2sp3. Magnetism should be able to be
explained by considering

15 | B | #& ERCHERBEICE T2V 2L DEREZFVEY. ol (FUHERORKXTHS
NaClZl & CsCI R s =g L, MEDBBRFREATHEL X,
% | Crystals Students will learn some definitions of crystals and crystal structures. They will also

understand the structures of NaCl and CsCl, which are representative ionic crystals,
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| | and calculate the limiting radius ratio of the two.

B | gi2BBEOZ 1 IZEWT, IMTFR M (BEAED) 22RTHRL, ERABROMENISAEO%REUETHD L.
Z | Students must have taken all quizzes including homework in the Chemistry | in the previous semester and achieved a score
of 40% or higher in the exam.

B | 2| oRFICIH. BARZRERSLIUVEMNBOEREL2EANEREN TV S, IRESLUSEZRELZHALEFE
LEBIBETHD, BERVCEE (moodle 2B 2FE) 2ROFBHEE TIIHTITO 2 &, RAIE LTHETITI AN 3,
ARNEF Y FAY (FvTFev ) OhbHYED,

ZL | This lecture contains the foundation of natural science as well as specialized courses in chemistry. Review and preparation

using a textbook and reference books is required. Always carry out the review and homework (, which will be given in the
moodle) until the next lecture.

HRE RERE, SrE TER 2] TR 1> 24t
S£#E2 : WinterZE, BAR [7Lviavrni=-ootEiEaiml LFERA

‘ >E#

H | BHEO/NT X (40%) $LOTEHRAR (60%) THEL. ZOEFRA 60 RUEEZEEET D, 72720, HETOREAD
2EHEZFRE T 5.
Z | Attendance at all face-to-face classes is required. Performance will be evaluated by mini-exams (40%) and term-end exam

(60%).

‘

The lecture "Fundamental Chemistry" will be provided to two classes (a and b).

IS



