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2EDEK - 2 Objectives and Outline of the Course
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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.

FEDEEBZ Learning Objectives

!
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RILY TR O DEREBHEESD Z LN TE D,
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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 | {tERBEFT7TIERIAN | RDETELF 7 AEBHIANF—OZAB LOFEERICOWVWT,
¥—

% | 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 B | FEESLF (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 | #et#ohE (1) EFINTDFOIRNF - LFEHBANZOBRIC OV,
& | Statistical thermodynamics | Statistical thermodynamics (1)
(1)
6 B | #stahn® (2) ALY T o EDEBEERICOVWTER L, HFOIRIF—HEMERLY T Hh%
RAW/-EHOI X LF—DEREE L,

& | Statistical  thermodynamics | To derive the equation for mass energy from the partition function assuming the

(2) Boltzmann distribution of molecular energy to the quantized levels.
7 B | #et#ohE (3) ALY R RIERETTY FPAE—IZDOWTEET 5,

o | Statistical  thermodynamics | To derive statistical entropy from molecular and canonical partition functions.

(3)
8 B | #atgnz (4) DFNEBRB LN/ ZHLDEEBHS > BAFBEHEE L,
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= | Statistical  thermodynamics | To derive several thermodynamic functions from molecular partition functions based
(4) on the Boltzmann distribution.
9 BH | Hwat#on® (5) BN ZOSH., FEEROSRERICL 2EB4BRT 2,

& | Chemical kinetics (1) Application of statistical thermodynamics: to understand the expression of
equilibrium constant using molecular partition functions.

10 | B | ZERSEE (1) ERAEEEREXORY IRV, RIGRE., REXBMOTEE, RO, — RIS, ZXRK
IGICH T2 REY. ERYOREZY

= | Chemical kinetics (2) Experimental methods for measuring of reaction rates, treatment of rate equations.
Definition of reaction of rates and reaction order, elementary reactions. Concentration
changes of reactants and products in the first order and the second order reactions.

11 | B | t2RGERE (2) TEEzeURIL. ¥ v 7k

& | Chemical kinetics (2) To learn the reactions approaching equilibrium and relaxation methods.

12 | A | t2REEE (3) RIGEREDREREHICOVT, 7L—2v XBIORIGEEEHDOREREFMEICONT
FEYT 2,

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

13 | B | tZRSEE (4) FUOHRS 1 RIS, BIBEFEICOWTER L, RIGH. ERPDOREEL LRI
HEEICOVWTDEREITS,

& | Chemical kinetics (4) To learn reaction mechanisms by studying consecutive reactions and pre-equilibria,
considering of changes in concentrations of reactants, products and chemical
intermediates.

14 | B | t¥RIGERE (5) BREECEEEEARD., HF. BRRIGGEDERELRIGOREICD VT,

ZE | Chemical kinetics (5) 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 | tZRSEE (6) RIGOAFENF & BRIKREER, RICREORNFNZEAICOVT,
ZE | Chemical kinetics (6) To learn some aspects in reactions from the kinetic and thermodynamic viewpoints

derived from the transition state theory.

BIEEE Prerequisite(s)

B | FENCEZ L L HBARL I OBBEZIRE L TV2, Z0MICHY. MEORBZEET 2 ENEELL, FIT, 5
FOIFRILF— ﬁz%%éﬂfmé ERE, BERNTHREL SNBZFEROVTIE, KRZORETHAVW LU OR—DIcE
PNTVNEDT, RETHEZEY %,

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.

RERRNLE (FEB - EES)

Required study time, Preparation and review

H | BT I-1E, —EZ0RBE L TRENICHZONTWVS, fE-> T, Kﬂﬁ@ HICIIWEAZE L | ONBOEEHIETH
FTHD, THEICHI- T, BREDOFE., EE% | KERETS 2 &,
FANCLIED S BMOERLYVUATOILICBET E L,
(ATl 1 BT Y OPERME 5 BEE LTVET, BEORECHOY TEIPE - FRPBEEIT> TN,
% | 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.

Officially YOU are requested to remind the following definition of the credit:

"Please note that KIT requires 45 hours of study from students to award one credit, including both in-class instructions as

well as study outside classes. Students are required to prepare for each class and complete the review after each class."




15061054 _#321L# |

BRZE TR PEAEE T IO (FR - AER BRIEZRA).

B m

P. W. Atkins and J de Paula, Physical Chemistry 12th Ed., Oxford (2022).

HRABROBEICE VEHEY 5,

KAEDEEF, UTz5R,

FE-EBZ L HEREEE. /- 2B UREANRTZERL VWS I LY RE, A0FEL L, ERNeREEZ®EZ
ENTED (60-75 R), S oIISANARE BEICRVETENL?HZ (575 2),

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 carefull

Z OREFMPEFE, MARANF RISEERD 3 DORER Iy 72B8HEWVICEBELTWSDOT, MITTRET 2 EES
BLRBDTERT DI L,

b

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.
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