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2EDEK - 2 Objectives and Outline of the Course

H | WBF | CE-RANFOEANPFRZERLE LT WFFESLCZOIGHAE L THFEESMFZIVIRS ., £72. WEL
FUTEBLAELIICDFOIRLF—RENEFHINTWE ZLEBFEFR, DEEHEZRVIERS Z&NTESLLSICT 5,
INSOFMEANFHNRYFVEZBL THFEFAOI R LF 0% (RLYy < raHf), Tvhoe— CRFEOBKTERT
%, LI, ALERISICL 2D FREOREORKEHEE (RIGEER) & TOEANRERICOVTEZ L, REOBERZELD
FA, BRNTEDLIICT 2, RIGRERTIE, EECIRALF— 0SS L OEBREIUD B8 5N 5 FEELC P REIE
BEICOVWTHEBT 3,

i

Chemical equilibrium and equilibrium electrochemistry are introduced on the basis of the fundamental concept of
thermodynamics studied in Physical Chemistry |. Statistical thermodynamics (statistical approach to molecular systems with
quantized energy levels as learned in Physical Chemistry Il) is introduced to obtain several thermodynamic functions.
Students are supposed to understand the energy distribution in the molecular systems (the Boltzmann distribution),
statistical entropy, and chemical equilibrium through the study of statistical thermodynamics. Chemical kinetics and related
area are also introduced. Students are supposed to learn rate equations to understand the reaction kinetics of reactants and
products in chemical reactions as a function of time. The chemical kinetics also provides a concept of activation energy
and the stationary state approximation which gives a kinetic expression of the equilibrium constants and an estimate of
concentration of chemical intermediates.

SV DEEBRE Learning Objectives

B | t2FEICBBLTLERT Vo v ILh S PEEHREE LN TE S,
BRI RLF— ZEBR, FEHEROBICH 2BHREZERT D,
DFIRILF—DEFETRILE —EMADRILY I DR EEET 5,
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RILY TR O DEREBHEESD Z LN TE D,

AREHEL STV FOE—, RBIAALF—HEORNFEREFETE S,
THEREHEBERTRT LA TE S, FEHERDEKEERT 3,
CFERIGREICE T2 RIGRERX (MAH) 22K Y, Z0BESFEZFHET 5,
RISHEEN O RISRER, MOk 22K Y, EFREEEZBERT 2

RIGEEEHDORERFIEZERS D,

RIGREROBER N ot B TE BB L, FEEREICREEHRTRRTE 5,

% | To derive the equilibrium constant from the equation of chemical potentials of the components.
To understand the relationship among the free energy, standard potential, and equilibrium constant.
to understand the meaning of the equilibrium constant through its expression with partition functions of the components.
To derive partition functions from the Boltzmann distribution.
To derive thermodynamic functions such as entropy and internal energy from partition functions.
To express the equilibrium constant with partition functions.
To make differential rate equations and derive their integrated forms.
To make a set of differential rate equations from a reaction mechanism and to apply the stationary state approximation.
To understand the temperature-dependence of rate constants.
To understand the equilibrium from the kinetic viewpoint.
3 BAZDERE O S / Fulfillment of Course Goals (JABEE BS:&ERIB D &)
H
Ea

REHEIER Course Plan

No. I5H Topics AA Content
1 | B[ t2REEF7REMTIL | RIGEFEE ¥7 BRI F—OL(LH £ OFHFEHI LT,
¥—

% | Extent of reaction and a | Tolearn the reaction Gibbs energy as a function of the extent of reaction and to derive
change in Gibbs free energy the equilibrium constant.

2 H | FEEHEZORE, EOKE | BEIRLY DO RA-FEEHROBRK, BLORE - EAICKEZEfL, L¥rv U T
% DRBAEBAICK VERET B,

% | Temperature and pressure | To learn the relationship of the equilibrium constant and temperature or pressure.
dependences of equilibrium | To understand the Le Chaterier's principle through the mathematical expression of
constant the equilibrium constant.

3 B | FEESLF (1) BRHAZBMICH L TRBBISE2EFEr 0o BFE R, Bih & BROELE, EEBBEBENL
EEBALFN VA MORXFETEHERET 5,
% | Electrochemical cell (1) To understand electrochemical cells consisted from half-reactions of electrodes and
their variations.  To understand electromotive force of cells, the standard
electrochemical potential, and the Nernst equation from the work for bringing a
charged particl
4 H | TEESLE (2) B - BT & FETERS L BN FEH L OB%R
% | Electrochemical cell (2) To learn the relationship between electrochemical potentials and the equilibrium
constant and thermodynamic functions of the cell reaction.
5 B | at#onz (1) EFHINTDFOIINF - EMARNFZOEZICOVT, RILY < o7 & HEH
BIOWTEEL, DFOIRAF—EEMERLY T o DhERVZEFAD T RILF —
DEEHXZE L,
& | Statistical thermodynamics | Statistical thermodynamics (1)
(1)
6 B | #at&nz (2) RY A REFETY FOE—IIOWTFEET 5,
& | Statistical  thermodynamics | To learn the Boltzmann distribution and statistical entropy.
(2)
7 B | Ha#nE (3) DFHEERE L OH / = HhILDEREHHL o AN FEHTE,

@ | Statistical  thermodynamics | To derive several thermodynamic functions from molecular and canonical partition

(3) functions.
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8 B | Hwat#onz (4) BN ZOISH., FEEROSRERICL 2EB4BRT 2,
o | Statistical  thermodynamics | Application of statistical thermodynamics: to understand the expression of
(4) equilibrium constant usingh molecular partition functions.
9 H | 2892557 (1) [EODFEERIIOWVT, RLRERTOHELD FEEROBLLDIBMRE,
= | Molecules in motion (1) To understand the kinetic model of gasses in order to study the chemical kinetics.
10 | B | E&d20F (2) WAL LA RRRIC OV T, RISRER CHERILBOBEZ 0IRME,

Z | Molecules in motion (2) To understand diffusion and the diffusion equation in order to study the chemical
kinetics.

11 | B | t2RGERE (1) %%ﬁﬁiﬁti,f#‘twﬂw%&m RIGRE, RISRBOEER. RRIG. —RRIG. ZRKR
DB B RIS, ERYDOREE,

| Chemical kinetics (1) To study the definitions of the rate, the reaction order, and the elementary reaction,
and to learn experimental techniques and rate equations in chemical kinetics. To
derive the temporal change in the concentration of
ERAFEREAOIRY KL, RIGRE., RISKEDOER. RRIC.

12 | B | tFRIGRE (2) REXOBRICOWT, FHZEU RS, BRRIG. FIEAFEICOLWTERZL, RIS,
LR DREZCPAFERICFEEICOVTOERZIT,

ZE | Chemical kinetics (2) To learn the Arrhenius equation to understand the temperature dependence of
reaction rates.

13 | B | tFRGERE (3) FIGREDBEKREFEICOWT, TL—=U ABORIGEEERDORERFEICOVT
r—ﬁj_l—a*%

& | Chemical kinetics (3) To learn the Arrhenius equation to understand the temperature dependence of
reaction rates.

14 | B | LZRISEE (4) EHERIS, Bh, MEFRL L, BHARISOREICDOWVT,

ZE | Chemical kinetics (4) To learn the steady state approximation to understand the mechanisms of complex
reactions such as unimolecular reactions, chain reactions, polymerization, catalytic
reactions, and enzyme.

15 | B | LtZERSEE (5) RIGDODFENFE RIGREDHRNFHHEREAICONT,

% | Chemical kinetics (5) To learn the aspects of reactions from the chemical kinetic and thermodynamic

viewpoints.

[E1EZt4+ Prerequisite(s)

B | Z#EacZ 1, 9BLR | 0BEAHRE LTV, Z0MICKR. DEORBABETSZZENEE LWL, HIZ. D
FOIZLF—HETFAINTWEZ AL, BEATRLEEL SNIZFRICOVTIE, HREORETCHW AN DR—VICE
PMMTWEDT, ZEETHEZET 5,

i

The class will be given assuming the completion of Chemistry | and I, Physical Chemistry I, [l. Hopefully, other classes for
mathematics and physics should be taken. Since the concepts required in the class such as the quantized molecular

energies are given in the pages in the other sections of the textbook, they should be learned by yourselves.

EEBMAZE (T8 - 489

Required study time, Preparation and review

B | #EBLZI-IHE, —E0RB L L TREMICHAONTWLS, it T, ZIKﬂE DFFEICITYEBER L | ONBDEEAHETH
ETHD, TBICH- T, BRBEOFE, EBE 1 KEEBETS 2 &,

Z | Physical Chemistry I-1ll are given systematically as consecutive classes. Completion of Physical Chemistry | and Il should
be required to take the Physical Chemistry Ill class. For the better understanding of the subjects in the class, studying of
the Physical Chemistry text book before and after the class would be of great help and is strongly recommended.

HRIE SEZE Textbooks/Reference Books

B | #8E 7302 YBASYE T £10MR (FR - FAHR] BRULZEEA).

% | P W. Atkins and J de Paula, Physical Chemistry 12th Ed., Oxford (2022).
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B | #iREROREICK Y FTET 5,
KAEDEE(L, UT x5SR,
FE - B2 L CEREEE, /2D CRENRLAEMRL LD I EHIHZEE, RoFELY, ERNAMEERZ
ENTES (60-75 8), S OICISENAZME, BEICERYETCENNH S (575 =),

ZE | Grade will be estimated by the term-end examination. Criteria are as follows: judged as a person at a level (60-75%) who
can solve basic problems and derive the equations through the understanding the subject of the class by skimming and
reading carefully the textbook before and after attending the class, respectively, and by taking lecture notes and doing the
homework; a person at a level (>75%) who can challenge and solve the advanced problems and subjects.

H | CoOBREIMPFE, HABNP. RIGRERD 3 DOAZERIEY I/ 2EFEWVIIEELTW20OT, BITTRET S LES
BRRDIOTEETHI L,

= | This class includes three large topics of chemical equilibrium, statistical thermodynamics, and reaction kinetics. Since they
are closely related each other, attendance is necessary for understanding of the whole course.

IS



