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Z | 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.
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The goals of this course are to understand quantum theory treated in the microscopic world.

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.

EiZEDERME O EEX / Fulfillment of Course Goals (JABEE B8&HRIE D )

JBE| IO [ ik

REEHEIEE Course Plan

No. 18 H Topics AA Content
1 H | iLoic FRFe#m - TRLF—RICOVWTHRALET, 7o BUERTICOVWTLEIRLES,
% | Introduction This lecture explains atomic theory and energy theory, also explains units and
dimensions.
2 H | EFELFER EEMIRE (2,5,8,10) #MHL £, Tk, RFELHEEL, BEARICOWTHREAL
EJE IR
& | 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 B | BFOBELETFH WEhE BT 2EF (WERT) ISIE725 < ATHSB Lorentz (A—L V) hEHR
BB L7=dH. Max Planck OIHE (REMETR~7 ML ORI, HKEHE. Compton &
#L. de Broglie HEXHAL EY,
& | 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 | KEREFRRZ b E Bohr & | &#. 3X3ITHADFE L ZNEZSALZ3RTNY PLONEOETEZRBALET,
T Rz, HALZESET 2 1EOEFICHL T, WC2HDRREZ S &I L7 Bohr 7
MCOWTESRLET, BEIC. KREFARYT ML BIRR <Y bL) ([TDWTEHA
L9,
% | 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 H | EF757% - Shrodinger H125 Bohr D RFETFT I T, KERFARY bL%ES FLHATEEZTH, ZhULORE
EH7bLEFA, <HLLWREICL-ST, I7A0HREZERTIHLVAZE [E
FHZE] PEHLELT, 2B, EFNFOEXRAEXTH S Schrodinger HIER
DIEVAFZRHL £,
% | Quantum mechanics and | Quantum mechanics and Shrédinger equation
Shrodinger equation
6 B | KRRFOEFIKEE KERRTFD 1s, 25, 2px, 2py, 2pz ICDOWTHBLZ OB EEZFVET, 1s IFEERKRE
(=BBOKRKEF) 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 B | K& KEEFERFOIRLF— | KERFD Shrodinger FRRXTEOSNZEBEK TIZ. 3 2DEFHK (nl,ml) TIRE
ELEBFRFOIIANF— Z | PBETEE Lz TRXLMT—FEFEFHOAMKEFLE LIz, ZBFEFTIE, BT
D1 BLOWIAFRP 912 Shrodinger AR AEZBRC Z LA TERVLOT, EMEFEVE T, £ Z Tl KEK
&) RFo#hE (Is, 2s, 2p, .) AEVETH. TXALF—FEETHENEAES
EEFRIKET DL’V ET, £/, ZEFRTFOEFEEEZEZXS ) AT,
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INETICHRL (BHETAW) BFRTHIAEVERETHR (£1/2) P"RET

% | 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& - KEERRFOTRLF— | Hund DFRNCEDOWT, 2BEFRFOERREOCEFEREZHBAL ET.
EEBEFRFOIRXILT —
zD?2

% | 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 | #E5HEOEKRE HTEE &4 DRFOBEEIE (AO) H 75 \¥$JLLE§*&%EO< Y, fEEENE E RIEEEED
TEBZZLHFVES. ZohhT, [ERYES] ICOVWTHALET,
% | 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 H | BTN TFOERK N2,02,F2 R EDZRFHFICONT, TRNF—E[EZEZ, TNOLDOHFHROETF
ZAL, FHBEFOBICKL YD FOWMENRED Z LR L T, ZoEIE,
Nﬁ’é ITHhT. FOWNRKL-#ARBEZRRBLTLELOVET,
% | 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| EZEFHPFOIRLF— | 10 ABOKEEELE LT, FILERZEFHFOIR AT —EMNEEFREEICD WV THHA
N, HFOREERNEZD | L. BERZBEFHATRAOBEORY Z. BBBEHEERREENrOEX £, 720 K
1 FRTO spEREEFLRBREZRBEL. TEFL > DFOEEE, RERTD sp B
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 | #FOREERNEZD 2 RBRBRTF D sp2, sp3 BAREEFRKBREZHBA L. TN o DREKEE LD TFREDBEFRE
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) HEELAANFEATHAZExRBALELET, 7. ZHEESH
BEUN) (BETFHEEE) ICIKELDTFERT > vl e LT, Lennard-Jones iRF > ¥ v L%
BANL.BREORE ST 725F (2L T, FELEESR r_(eq) VERER o ZEMRE
LET,

Z | 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 AR, BEA A VICOVWT, BREEZED &, BELHENBRE cE X9, EU@EE:
sp3 B, FEIEEA : dsp2 JBA. IE/NEE : sp3d2 L d2sp3 T, H & D 3d &
IZABOEFLHZH. ZDIHBAHNEFIEVW 2 EER DI LT, BENRAT
3139 TT,

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 | & ERPEEBEICBIIDZVWCODPDEREXFVET. - (T VERORETHD

NaCl & & CsCl B nigiEZ R L. MEDOBRFEFLIFELET,
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% | 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,
and calculate the limiting radius ratio of the two.

H | @S2 RToMFER, (P, VBER YMEOEEBLBREZRRE LTV,

Z | Participants need to acquire Basic Chemistry, Chemistry, Basic Physics and Physics in high school.

H |t | 0oRABICIE. BARFRER S JUEMRBOER L L2EENEEN TV, HREBLUSEELLEEZHALLTE
CEBPBETHD, EBRVEE (moodle ZRAT 2 FE) #ROERETICHTITI 2L, RAIE L THEATITI AL 1,
2@EF > ZA4y (FvT=vR) OHET B,

Z= | 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.

BRE RR, SIE T&EE 2] Gl U1 > 24t
5EE  WinterZ, AR [7LvavrD-dotEiEain tERA

‘

BHEEDNTZ N (60%) HLUERRER (40%) THEL., ZOEHRL 60 AU LEEAKET 2,

Performance will be evaluated by mini-exams (60%) and term-end exam (40%). Students need to acquire more than 60 points
to pass.

B | #E&EFENIC moodle TNTR M ZITHEINH Y ET. ZoElE/ —F PCERFSL T,
= | There will be some lectures where you will have a short quiz on Moodle. Please bring your laptop to those lectures.
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