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2EDEK - 2 Objectives and Outline of the Course

S|

YIBLZ | TEH-ANZOEANESAEREL LT, MBEFESLCZ0IA L L TFEBESAEEZIMYIE S, £/, HF0D
IRNLNF—REPEFHLINTVWE ZLEZRER, DEEBEHREIMVIED ZEATESLLSICT S, INHDOHEETAFHEIY W
EFRLCHTFERMOIRNX—HH (KLY <o), T b — AR FEHOEWREEMRT 5, S oI0, LERIGICE D
FREOEEOREHE (RICEER) &, TOEANLERICOVWTEE L. RICOBEEZIOFE, BIRATEDLLSICT D,
RIGEERTIE, FEHEEIRILF—0BESE LOEBR

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) is introduced to obtain several thermodynamic functions. 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. Learn rate equations to obtain reaction
kinetics of reactants and products in chemical reactions. The chemical kinetics also provides a concept of activation energy
and a kinetic expression of the equilibrium constants and concentration of chemical intermediates obtained by the stationary
state approximation.

v

=

DEREBZE Learning Objectives

{LZFEICE L TLRRT > v LD O FHEEREZEL Z AN TE B,
BEIRLY— REEM., FEEROMICH 28R EBHET 5,
DFIFILF—DBF L IRILF—EMNADRILY T U HHEZERT S,
PILY T U REh O DEREHEED Z LN TE B,

NEEHE,STY FAE— AFTRALF R EORNFEKELFECTE D,
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FEEHEHEERTERT LN TE D, FHEROBREZERS 5,
2RIGEEICB T 2 RIGRER #H) 22KV Z0BLREFET 2,
RISHEED O RISRED (HaF) €2< V. EFREEZERT 2,

RIGEEEHDORERFIEZERS D,

RIGREROBER N oL B TFE BB L, FEEREICREEHRTRRETE %,

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.

ST EIEDERREDFMHEXE / Fulfillment of Course Goals (JABEE BSEHIH d &)

B

REHBEIER Course Plan

No. I5H Topics AA Content
1 | B[ kBERBEFTREBIFL | RGETEL ¥ 7 XBAT L F—OELS L CFHERI OV,
¥—

% | 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 B | FEE#HEZORE., EAEKEF | BHIALF D OLR-FEEROEK. BLORE - EHICK2Zf, LovbUT
% DRBAEHAICLVERET 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 TBBISE2EFEr o BFE R, Bih & BROELE, EEBBENL
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 F 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 | sat#onz (1) EFHINTDFOIINF— LM RNFZOEZICOVT, RILY < o7 & HEHE
BIOWTEEL, DFOIRAF—EEMERLY T o DhERVZEFAD T RILF —
DEEHXZE L,
& | Statistical thermodynamics | Statistical thermodynamics (1)
(1)
6 B | #at&nz (2) RY A RERETY FOE—IIOWTFEET 5,
& | Statistical  thermodynamics | To learn the Boltzmann distribution and statistical entropy.
(2)
7 B | HatEonz (3) DFLBERE L VOH / ZHILHEREHR, - BAFEHEE,

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

(3) functions.
8 B | HatEohz (4) HErBNFORA, FEERODRERIC L 2RBLEMRT 5,
o | Statistical  thermodynamics | Application of statistical thermodynamics: to understand the expression of
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(4) equilibrium constant usingh molecular partition functions.

9 B | 89 55F (1) K[AEDOAFEFRICOWVWT, RIGEERCHERN FEE RO DM,
= | Molecules in motion (1) To understand the kinetic model of gasses in order to study the chemical kinetics.

10 | A | E®g29F (2) WE AR OWT, RIGRER COELILA DS DR,

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

11 | B | Z2REEE (1) ERAEEERERXORY IRV, RIGRE., REXBMOTEE, RO, — KRS, ZXK

IGICH T B REY. ERYOREZY

= | 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 reactants and products.

12 | B | t2RIGERE (2) REXOERICOWT, FEZ2EOU RS, BRRIG. FEFEICOVWCERL, RIS,

ERYOREECPAFERISHREICOVTDOEREIT,

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

13 | B | t2RIGERE (3) RIGEREDREREMHICOVNT, 7L —=7 RO RIEEEEROREMRFMEICONT

FET 2,

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

14 | B | LZRSEE (4) HAFRIS, EHERIG, ER, MEERL L, BELRBOEEICOWVWT,

& | 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 | t¥RGERE (5) RIGODRFENZF & RIGREDRNFNREFIZDOVT,

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

FE1EZt4+ Prerequisite(s)

B | ZEENZ . I B FE L 1 0BEEZFHRE LTWS, ZOMICHY. MEBORMBZEET 22 EHNEE LV, FC. 2
FOIRLF—HDEFAINTVWEZ LAY, BRATULEL INIMRICOVLTIE, HREZEORETHVWALNDOR—TICE
PNTLWBHDT, BETHELZET 5,

Z | The class will be given assuming the completion of Chemistry | and Il, Physical Chemistry I, Il.  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.

REBEAEE (FE - B85

Required study time, Preparation and review

B | WEAFI-E, —E0oRB &L TRENICHEZONTWD, o T, ZISﬂE DFEICIIVELZ L | ORNBROEBEIIEST
ZHTHD, ZHEICHI-oTE, BREOFE, B | BERETS 2 &,
& | Physical Chemistry I-1ll are given systematically as consecutive classes. Completion of Physical Chemistry | and Il should

be required to take the Physical Chemistry Il 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.

HR}E SEZE Textbooks/Reference Books

B | #8E 7r¥r X MBFE-T F10R (FR - dRER, BRUCFZEAN).

& | P W. Atkins and J de Paula, Physical Chemistry 10th Ed., Oxford (2014).

BUERHI D kKR O EZ%E Grading Policy

H | BREBROMIEICL Y FHES 2,
KEOELEL, UTZ5H,
FE-EEEX L CERAEE. /— MR TEEANRZERL TWDLZENHZREE, X0oBFELY, ERNAMELZHECZ
ENTES (60-75 8), S HICISHENAZME, BEICERYBACENNH D (575 ).

% | Grade will be estimated by the term-end examination. Criteria are as follows: judged as a person at a level (60-75%) who

3
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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
ES




