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Concept of crystal structures, symmetry in crystal structures, structures of solids, band theory, principles of

semiconductors, electrical and magnetic properties of solid materials, synthesis of solid materials.
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Organometallic compounds of main-group and transition elements, fundamental organometallic reactions,

organometallic catalysis, applications to organic synthesis.
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Applications of group theory to the molecular orbital theory, ligand field theory, molecular vibration and electronic

transition in inorganic compounds and coordination compounds.
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Molecular structures and physical properties of compounds, Raman spectroscopy, nuclear magnetic resonance
spectroscopy, electron spin resonance spectroscopy, atomic force microscopy, scanning and transmission electron

microscopy.
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Structure of complexes, stereochemically nonrigid structures, molecular orbital theory, angular overlap, stability
of complexes, magnetic properties, photochemical reactions of transition metal complexes, complex clusters, bioinorganic
complexes.
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(Materials Chemistry for Renewable and Sustainable Energy)
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Principles of energy conversion, conventional and renewable energy systems, basic concepts of the renewable
energy technology, fuel cell, lithium-ion and sodium-ion batteries, electrochemical capacitor, organic and inorganic

photovoltaic cell, applications of renewable and sustainable energy.
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(Chemistry of F-block Elements and Boron)
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Syntheses, reactions, and chemical properties of F-block elements and boron.
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X-ray diffraction technique, X-ray scattering technique, neutron diffraction technique, X-ray photoelectron

spectroscopy, X-ray fluorescence spectroscopy, X-ray absorption techniques.
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Host-guest chemistry and molecular recognition, templates and molecular self-assembly process, physical
methods used in supramolecular chemistry, molecular switches via electron and energy transfers, molecular logic gates

and molecular-scale devices.
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Concepts and models in organic chemistry, stereochemistry, conformational analysis and molecular mechanics,

applications of molecular orbital theory and valence bond theory, concerted reactions, photochemistry.
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Reaction of intermediates, methods of studying organic reactions utilizing kinetic studies and kinetic isotope

effects, acid-base catalyzed reactions, substitution reactions, addition reactions, elimination reactions.

MM AsIRE192BIRTTEUNSS 3(3-0-6)
(Structural Determination of Organic Compounds)
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Spectroscopic methods for chemical structure determination of organic compounds, nuclear magnetic resonance
spectrometry, mass spectrometry.
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Concepts in stereochemistry with application to organic synthesis, two—component organic reactions, nucleophilic
addition and substitution, aromatic substitution, reduction, oxidation.
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Formation and related reaction of carbon-carbon bonds, pericyclic reactions, retrosynthetic analysis,

multicomponent reactions, radical reactions, and carbene chemistry.
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Natural occurring substances, relationships between primary and secondary metabolites, biosynthesis, enzymes
and natural product biosynthesis and biological activities, new synthetic methods and transformation of biologically active

substances.
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(Bioorganic Chemistry)
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Organic chemistry concepts in biological system, biosynthesis and chemical synthesis of DNA, RNA and protein,
enzyme catalysis and kinetics, bioconjugate chemistry, cofactor chemistry, metalloenzyme, mechanisms of antibiotics at
the molecular level, antibiotic resistance, molecular mechanisms of antifungal and antiviral agents, biology of

carbohydrate, significance of glycoconjugates at the molecular level.
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(Organometallic Chemistry and Asymmetric Synthesis)
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Chemistry of organometallic compounds, coupling reaction, cyclization reaction, isomerization reaction, oxidation

and reduction reactions, carbonylation reactions utilizing organometallic compounds as catalysts, asymmetric synthesis

catalyzed by metal and organic compounds.
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(Quality Assurance in Analytical Chemistry)
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Statistics in quality control, measurement uncertainty, modeling and optimization, metrology in chemistry,

method validation, analytical laboratory accreditation.
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Concepts of measurement and chemical instrumentation, analog and digital electronics, performance of electronic

instrumental systems in chemical analysis.
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(Separation Techniques in Chemistry)
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Theories and instrumentation of chromatography and ancillary techniques, gas chromatography, high

performance liquid chromatography, supercritical fluid chromatography, capillary electrophoresis.
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(Electroanalytical Techniques)

AANNIAAR R NIzUILANTINGING SRUNARERSIBIURRReRIa TN Wieliantsliaenzi
maei i nsuszandlimeiindessimani i lunnsfinendaqussnmeineg negaanngss uazemide
AU

Electrochemical principles, mass transport process, kinetics of electrode reaction, electroanalytical techniques,

applications of electroanalytical techniques in studying various kinds of materials in industry and frontier research.
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(Analytical Spectroscopy)
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Theoretical concepts, methodology, instrumentation, and applications of spectroscopic techniques.
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(Instrumental Analysis Laboratory)
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Practice of instrumental techniques for chemical analysis.
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(Thermal Analysis)
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Principles of thermal analysis, derivative thermogravimetry, differential thermal analysis, differential scanning
calorimetry, thermomechanical analysis, dilatometry.
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(Mathematical Methods in Physical Chemistry)
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Mathematics for theories in physical chemistry; differential equations; numerical methods; Fourier transform.

UfifnsiafieRnRnd 3(0-9-5)
(Practical Physical Chemistry)

UfiRnsmaafidsiandiihamdatuiiaqin Tnewnzidsatuannsalnd saumamansind
WY uwaznisAnuomnaeiilnpenRamed

Experimental concerning physical chemistry of current interest, especially experiments in spectroscopy, chemical

kinetics, electrochemistry and the use of computer in chemical calculation.

NYUHNAN 3(3-0-6)
(Group Theory)

wq‘wfjﬂfq'w NNN’WI’;I‘UEQTNL@Q?\] m‘i‘ﬂ‘i:f—gﬂéﬁumm@mﬂm%m'ﬂuﬁu wqwﬁm‘izﬁ;wa'aﬁm@q@ HEEIGIN
UITNVIBINOTUL

Group theory, molecular symmetry, applications to quantum mechanics, theory of molecular vibrations,
classification of states.
aaunamansuaznainaasljisenad 3(3-0-6)
(Kinetics and Mechanism of Chemical Reactions)

noeaaioasiifenyagm o gedanusumaudiu  asunaransuasnainzesiiten
Fudou Uﬁﬁ‘%mﬁa‘jﬁm‘imﬁﬁ%m wazUfAzenTiae

Kinetic theory of elementary reactions, collision theory, transition-state theory; kinetics and mechanism of

complex reactions, catalytic and fast reactions.

FapuluBeileridn 3(3-0-6)
(Functional Nanomaterials)
Wwifn NIEBNULY NMsAATIRiLarnsAseinnianyarasdanun lnBelerddn nsdszynd

Concepts, design, synthesis and characterization of functional nanomaterials, applications.



01403546

01403547

01403548

01403549

01403551

01403552

I AaNNILaes 3(2-3-6)
(Computational Chemistry)
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Rl RENAIazIEN AR (qufoiRafisiy) wdnuaznisszgndandissaniinnslauasluanodng
Tauniing

Basic quantum chemistry, molecular orbital theory (Hartree-Fock), non-empirical (ab initio), semiempirical and
empirical methods (extended Huckel theory), principles and applications of Monte Carlo and molecular dynamics

simulations.

ARFANARSNERNILAN 3(3-0-6)
(Statistical Mechanics in Chemistry)

maUszgndnannatfuasguiassinsiuwiand auifigoonadnresszuuamnin nasans
LULRTULAZN AFNARS ATBUA NI L ABNIAL N Lana

Applications of statistical principles and probability theory in chemistry, thermodynamic properties of macroscopic

systems, classical mechanics and quantum mechanics of atoms and molecules.

NRATNASAIBUANNLAT 3(3-0-6)
(Quantum Mechanics in Chemistry)

fadnfiunng Merfuniu aunismaefased ABnialssnadiiluiannisnsafsed nquinisulaii
naufnnssunaw lassadsBifinaseuuaranifzesaznenuariinens msdszgndnamansmansinlumn
naalnd

Operators, wavefunctions, Schrédinger equation, approximation methods for solving the Schrédinger equation,

variational theory, perturbation theory, electronic structure and properties of atoms and molecules, applications of

quantum mechanics to spectroscopy.

LAHBINI9LS9U §RTEIIEWRE 3(3-0-6)
(Chemistry of Heterogeneous Catalysis)
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mafaAsALar I NEr e IUfiBeAAsRng influessassAsenglaladuazdaggngniiiiantes

Theory and reactivity of catalytic materials at solid surfaces, adsorption, molecular design, synthesis and

characterization of heterogeneous catalysts, chemistry of zeolite acid catalysts and related microporous materials.

¥
mﬁqmmwnsswuga 3(3-0-6)
(Advanced Industrial Chemistry)
P o o v A By oa £ A
gaamnssiall lassadrarnunfidort wnmdgnia nszuawnnswieningiuliuigntiienis
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HARPHNUT DHNVEILAsBNNES ﬂﬁ‘iﬂ‘i:ﬂﬂ(fﬁu’qmﬂﬁ%ﬂ‘iﬁu

Chemical industry, structure of chemicals, phase diagram, raw materials refining processes for production of

inorganic and organic chemicals, applications in industries.

ALNNRFIASIARDANINNTTH 3(3-0-6)
(Chemical Industrial Thermodynamics)

ﬂggﬂ'@ﬁlﬁﬁ\iLLZ\]SZ\‘I’B\T’Hﬂ\iﬂm‘iﬂ‘v‘mﬂﬁﬂm%LLNZﬂﬂiﬂitﬂﬂﬁﬂ% LLi\ﬁwd’NTNL@Qﬂ Naﬁﬁﬂqmwwmvmm
SLUUR AT IUNEN Nmmqﬂ'fg]mmmzmiﬁﬂmm

First and second laws of thermodynamics and their applications, intermolecular forces, thermodynamic properties

of single and mixed systems, phase equilibria and their calculations.



01403553

01403554

01403555

01403556

01403558

01403559

anunarmanizaljisentugaamnssw 3(3-0-6)
(Industrial Reactions Kinetics)
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§ Ui R uuuAisug A BidnaseURen
Concepts in chemical kinetics, studies of rate equations and analysis of homogeneous and heterogeneous
reactions, properties of solid catalysts, external and internal transport processes and design in heterogeneous catalytic

reactions, heterogeneous non-catalytic reactions.

nsUfifinmsienizniianisgaannesy 3(3-0-6)
(Industrial Unit Operations)

nsUsygndntsanelanluwmsn prsdenuaziaabonheUfifnisnigeamnsss nsseme n1sviudie
ﬂiZUQHﬂWiLLHﬂLLﬁ‘NLLﬂt"IJ’ﬂ\iL‘Wi\l’] T@LL@S’IJ@\?L‘M@’J NN RXINNSUBILART LLN::‘UEQTM@LL@?&“B@QLL%@ NITUIRNTITLEN
TreMfiasiue nsvuIunueniBnanasdenienin

Applications of momentum, heat and mass transport in industrial unit operations, evaporation, drying, gas-liquid,
vapor-liquid, liquid-liquid and fluid-solid separation processes, membrane separation processes, mechanical and

physical separation processes.

wiluazmalulagnstiafoa 3(3-0-6)
(Chemistry and Technology of Textile Coloration)

nasuNnLATMIRIRAIziREen aaniiaanisiiond waliladnnafiendime nisfiaiuas
N9ANINAT N9TALAzNITIAaaUA

Classification and synthesis of dyes, auxiliary chemicals for dyeing, technology of textile dyeing, printing and
finishing, color measurement and testing.

a a ed o

L‘VIﬂ'Hﬂﬂ’TSQLﬂ‘i"lzﬁ'w%ﬂ@?%qmﬂﬁﬂﬂ‘iiﬂ 3(3-0-6)
(Surface Analytical Techniques in Industries)

ﬁuﬁwﬂxﬁﬂq FTUUFY YNl ﬁxqmiyﬁmﬂ ledidnaseuaninsalndlnesofiond unaaning
w3zeslenewfegiilee ndeaiad TlasalndiBeussermen wavnsuszendli

Surface of materials, vacuum systems, vacuum pumps, X-ray photoelectron spectroscopy, time-of-flight

secondary ion mass spectrometry, atomic force microscopy, and their applications.

mﬁwaﬁmﬂ%ﬁzuga 3(3-0-6)
(Advanced Polymer Chemistry)

ANFEBNULLNEANDS N19ALANNITWEENNERINesUAzNTAAUTNAT nsdnulsneRinedsTHYR
WoRNBSNTaEN ANHANRREsznIsAsIEEuaTaNTR MavieandR KARnsILaTANeInsIue UTBen
raanaAmes aslinuse nsUssgndtiuazmalulatizoamefwes firnssmedinesuewian

Design of polymers; control of polymerization and chemical modification; modification of natural polymers, special

polymers, structure—property correlation, property prediction, fabrication and rheology, reactions of polymers, additives,

applications and technology of polymers, direction of polymers in the future.

ANz ann 3(3-0-6)
(Green Chemistry)

nann1sresAliazenn JaRAsiunILAen N1IRRATId SeleudiarannzevUiizemauny

walula8auad nswasuuaznsidanannaananinisineasuasiaqmasi



01403571

01403572

01403581

Principles of green chemistry; alternative starting materials, syntheses, reagents and substitutional reaction

conditions; biochemical technology; chemical conversion and utilization of agro-based resources and waste materials.

nseanuuuluanaliinenianasiie 3(3-0-6)
(Computer-aided Molecular Design)

wnAnasnsesnuuulianatirenfiaweddos nsdrassuuuluana wannsveaadBerenianes
TWN19FIRBIULY UHIAATHANSEBNUULEN  ANFERNLULEN Ingafadunud  nseenuuusnlagendalaseasng
Tsfin  nsdszgndlilunisfunuen  waRalunnseenuuuliananefweslasendesudfinislassadouas
Bannseinduesmedines

Concepts of computer-aided molecular design, molecular modeling, principles of computational chemistry in
modeling, concepts in drug design, ligand-based drug design, protein structure-based drug design, applications in drug

discovery, concepts in molecular polymer design based on structural and electronic properties of polymers.

RNaHz 2l 3(3-0-6)
(Solid State Chemistry)

Tnseadnandn noufdidnnsauaieeddans namansaouinbmguiununasuesneuds ginds
Banqufluauiineiiin sudimasindn uazaniRBeusensds anwieands  UAReaiiTuazuy
vosudouazuninAe nadaryndlilunnaide

Crystal structures, free electron theory of metals, quantum mechanics in band theory of solids, theoretical

backgrounds in electrical properties, magnetic properties, and optical properties of solids, superconductivity, chemical

reactions in solid and surface systems, applications in research.

LARYBID YN 3(3-0-6)
(Chemistry of Gemstones)
#HAuarANTRIaNATYNHETINGG NTTUMNITNANB NIRRT FNTANNNIENIN 19LAR LAZIBILES
o a dl = ° o = o/ a
PINDYNDH  AIBIHDNINTUNITILYBTHAD YN
Types and properties of natural gemstones, production process of synthetic gemstones, physical, chemical and

optical properties of gemstones, instruments for gemstone identifications.

ﬁ'l'a%mﬂiw"im‘fumﬁ'ngm

01403611

01403614

AnaRuEY 3(3-0-6)

(Inorganic Materials)
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Psmiailureauds sifinnsBiinmsefinduazBauannends Jaqesfin Sansasafizen
Tananafaiain Familondany waddemds waduasenfing daufullszqiinuagl Yaqlmsneiwdd-auyad
Chemical bonding in solids, electronic and optical properties of solids, ceramic materials, catalyst materials,
semiconductor materials, materials for energy, fuel cell, solar cell, electrochemical capacitor, inorganic-organic hybrid

materials.

sasslfizeuasnisiselfizen 3(3-0-6)

(Catalysts and catalysis)
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01403621

01403622

01403623

01403624

01403631

01403634

Catalysis, type of catalysts, preparation of solid catalysts, metal surfaces, physical and chemical adsorptions,
surface and crystal catalyses, kinetics in catalysis, organometallic and cluster catalysts, homogeneous and heterogeneous
catalyses, catalysis applications in industries.

A
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Uffizeuaznisdoinsziarsduniduugs 3(3-0-6)
(Advanced Organic Reactions and Synthesis)

BraduaasimanfawEd  mardneuasiunfeumlidiy naaiieiuszasndeerRanafUom
Ujfisennslauanlinne Uifseneandinduuaraandu wfunifes nmsdamsizinaniawiadlnaly
aanen Tusonuszionled UR3evnsenyadaasussunaiaienfililiunisduassimaafiuad

Organic synthetic methodology, functionalization and interconversion of functional groups, formation of
carbon-carbon bonds, ring closure and ring opening reactions, oxidation and reduction reactions, protecting groups,
organic synthesis using silicon, boron and enzymes, radical reactions and palladium in organic synthesis.
szifigudaduvisasuaszi 3(3-0-6)
(Methodology in Organic Synthesis)

msdanseiasuszneuiflnssasnafiasmnanan mjntes nedszyndbunddnset
NNFAATITARRENITDDNURULNTEUINNITRIATIENR

Synthesis of medium-size ring compounds, protecting groups, application in synthetic chemistry, analysis

and design of synthetic processes.

LAHYITSEN 3(3-0-6)
(Medicinal Chemistry)

Tumqﬂ%qmw NNFIMUUNUIUANIDILT  IHUNLBRTHIBIYUASNNYTAUNAATNAS Lﬁﬁwmam‘iﬂ'ﬂﬂqw‘%
28981 N19EBARLULATNMNEIYN

Biomolecules, classification of drugs, drug metabolism and pharmacokinetics, drug targets, drug design and
development.
IATLRMTEINL AR BN 3(3-0-6)

(Frontier Research in Organic Chemistry)
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nfipsmAdeiviuatelusrddsaunaniimiaefidundd  Tasanivedeenddefendesiuaninginig
Fefinfdunadidniugeesnddein nsefisenguuarnisiiaue luiuEenedian
Current topics on frontier research in organic chemistry, especially those involving interdisciplinary approaches

based upon organic chemistry; students’ group discussion and class presentation included.

a3 ndnaaitiaeei 3(3-0-6)
(Chemometrics in Analytical Chemistry)

LALEBNFUATNTZLINNNSIBNRATIEN m’i':m\'iLLNum‘imm@mLme‘immﬁﬁﬁqm NITRTITNILAL
N99ANNSIRY Y N1ITVEFUULY nSifiguuLnaefiauls

Chemometrics and analytical process, experimental design and optimization, signal detection and manipulation,

pattern recognition, multivariate calibration.

a ada %l
szfeuaimseilanstusin 2(2-0-4)
(Analytical Methods for Aquatic Metals)
nsuenguuuustifueslansuasnansznusedeiidintuin A8nnssausanuansensaedne suwnlnsalnd
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01403635

01403643

01403644

01403648

01403651

01403652

Metal speciation and its impact on aquatic organisms, methods of sample collection and preparation,

spectroscopic methods for metal analysis, chromatographic and electrochemical methods for metal speciation analysis.

mﬁfwﬁm‘i\iqmmwmsu 2(2-0-4)
(Industrial Electrochemistry)
a  dg = '
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mMafaasRasBu R i eiaNTeuLaTNITAILAN LUAWNESUAZITARIEEINGRS
FasugBand (i

Organic electrosynthesis, corrosion and control, batteries and fuel cells, electrochemical sensors.

mﬂn‘fmsa‘[ﬂﬂszﬁ"ﬂmaqa 3(3-0-6)
(Molecular Spectroscopy)

Anvoszapspdnuimanmi  Tnlasonsnnsalnd Bunsnsamdningalnt  smusdnlnsalng
awnsalndfiwdeindeaaees Biannsefinawninealnd  awslowmdanlnaalnd isadnnsen
anlnsalnd wazunaanlnguns

Characterization of electromagnetic radiation, microwave, infrared, Raman, laser-induced, electronic, spin
resonance, photoelectron spectroscopy and mass spectrometry.
iafANRuazAfinaasaY 3(3-0-6)
(Surface and Colloid Chemistry)

Talswasnvasnisgedy wiBaRanduasnsgeduufisunenuds ngufoscRasaninin
mavinaniafiesnwessneasnud aaunamansIB i MedszgndEiunissefitenitoiug

Adsorption isotherms, physical chemistry of gas adsorption onto solids, electrified interface theory, colloid

destabilization, electrokinetics, applications to heterogeneous catalysis.

\R Wi nd 3L Tae g 3(3-0-6)
(Electrochemistry for Advanced Materials)

wAmmaal g msudanings ABmaafiuasmaniindmiuniasdinsisl waanaey
meAnTpianEnzuagAnsTmIal iinresiandugs nsUszendesianiugs

Concepts of electrochemistry for advanced materials, chemical and electrochemical methods for synthesis,

fabrication, characterization and electrochemical behavior of advanced materials, applications of advanced materials.

w'aﬁma%ﬂs:nﬂuﬁguge 3(3-0-6)
(Advanced Polymer Composites)

FanlunafwmasUszney Rasonuardumesatunefimesuszney nsvuannisulsgluas
WaANgIN andABena n1seenuuLIsIeAmesUsTnaULa NSy nd HanIzinu

Materials for polymer composites, interfaces and interphases of polymer composites, processing and fabrication,
mechanical properties, polymer composites design and special applications.
mssafisenluanamnssuiall 3(3-0-6)
(Chemical Industrial Catalysis)
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01403653

01403654

01403691

01403696

01403697

01403698

Chemical industrial catalysis, catalyst design, selection, uses and properties, catalysis in solutions, catalysis by
enzymes, catalysis by polymers, catalysis in molecular-scale cavities and on surfaces, spectroscopy in catalysis,

deactivation of catalysts.

waluladinfizaadanddanin 3(3-0-6)
(Chemical Technology of Biofuel)

MaKARENILEAINEN huTag laeevanatasas  dngAutesastanan  mstitadesduasansdanng
walilagnsudsuraglasuuganm madsusfioaglasdmanites nszuaunanaRaEaIugs
FFAhmssimaailunszuaunsndnieniiea waldladnsndalulefioa  A3Amavinnauailunszuaunig
wanluloflirauasnfizedu

Production of ethanol from lignocellulose biomass, biomass feedstock resources, pretreatment of biomass,
cellulose bioconversion technology, hemicellulose conversion to ethanol, advanced process in ethanol production, methods
for chemical analysis in ethanol process, technology in biodiesel production, methods for chemical analysis in biodiesel

process and glycerin.

MsUsznauaneuasaluladninnssy 3(3-0-6)
(Rubber Compounds and Fabrication Technology)

HUAZIEREANEY FTFANUAY AITHRIUNANTUIENBLINYNUALARANTITNEN  a98ANeY
WESHENAIERAN e NEN WNAMIAENARNTIN NITNARBLUAZNNINIVUARNEMZANTT NITAALAS
NN9NN9AB9LAY

Rubber and elastomeric materials, additives, development of rubber compound and compounding technique,

thermoplastic elastomers, rubber blends, fabrication technology, testing and specification, waste reduction and disposal.

A
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suifeuigiquangmiaail 1(1-0-2)
(Advanced Research Methodology in Chemistry)
d’mﬁﬁmm:mﬂﬁﬂiu@quLm:ﬁ NMATYUINENTUN NIV AR S

Advanced research and techniques in chemistry, scientific writing.

ISa9aNIENINLAR 3(3-0-6)
(Selected Topics in Chemistry)
4 4 o o a o o 4 .
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Selected topics in chemistry at the doctoral degree level. Topics are subject to change each semester.

ANNWT 1
(Seminar)
asiauauazadUeitiafiiiaulantedinuafiluseiuygyen

Presentation and discussion on current interesting topics in chemistry at the doctoral degree level.

Ueymfiaw 1-3
(Special Problems)
nnsRnENARAdmMIsAseiszAULR e wazEeuEsedaiinanaeu

Study and research in chemistry at the doctoral degree level and compile into a written report.



01403699  AneHNNE 1-48
(Thesis)
AsetusrAutByyen uarBeuEsdauivineninug

Research at the doctoral degree level and compile into a thesis.
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