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1 1 1

5i. na8Ji5n3§j«ui 
pi. QYiaiuvjul

17.3 Tl£J95n
^i8jQ5n!uopiu ^anm5fi^av3^^yi^myufiLJumai8u^'U|ima^?iilum'3'nion^nuiAiuB9n3iuw<ufm

Ipim§an‘5im5nlunf5mi£joTO4mjul^i'wayn'ii 3 ntio^i ^n^pniw
s

mu5fau5ia>3aiai?^iJlm!n iJ^nauKo&i

8
»



^UQmnnsjfk (umjia-iJJiili-^rmi^sjsiUia'j/'mjyrm) 
4(4-0-12)102610

(Graduate Inorganic Chemistry)
102620

(Graduate Organic Chemistry)
102630

(Graduate Analytical Chemistry)
102640

(Graduate Physical Chemistry)
102650

(Graduate Computational Chemistry)
2/n£n3m!an iJ‘5tnau^otjna3Joaiii<?i'Kisi 8 nan wu,

Tisnflnilantuna^flii^NfmQasj
’ i,

102700 fmi5tJuIiJ'3Lim34fia3J^'3L9ia4mg>3dinTU'nuQa&j
YrmYimfiifien
(Advanced Computer Programming for Scientific 
Research)

102701 m^uMa34au^tni7^tJuyn^yi?jifii^-!
(Information Access and Scientific Writing)

102702 fni3Jilaa^fiEjlurmlfe'i^i?iflLiatvia«3iJ2Tjlim^
(Chemical and Laboratory Safety)

TiaQ^maantunsiajQ^Tin^tfiaiauunIa
102710 i,<nSauum^a'3B39jvijyvi^n

(Inorganic Chemistry of Main Group Elements)
102711 ifi£Taaa4fiiutfu

(Coordination Chemistry)
102712 OBYii-im EJ/nviluniTvnla^^TLi

(Physical Methods for Sructure Determinations)
102713 n^niJSmmauuyil^

(Inorganic Reaction Mechanisms)
102714 la^Iaviaum^aoTn^viwvian

(Organometallic Chemistry of Main Group Elements)
102715 ififileiviaum^aoin^iiYiTU^u

(Organometallic Chemistry of Transition Elements)
102716 ifiSauum&Mo/rm

(Bioinorganic Chemistry)
102717 laSefaiu^aotm

(Solid State Chemistry)
102718 vioiiaYii,aanf(T5Yn>nfiSauuyi1d 1

(Selected Topics in Inorganic Chemistry 1)
102719 wSa^^anenTm^ifiSauunli 2

(Selected Topics in Inorganic Chemistry 2)
‘3i^aaiilanlunsi§j^'iyn<ii,PiSau,M^

4(4-0-12)

4(4-0-12)

4(4-0-12)

' 4(4-0-12)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

102720 taSaunlSu^ l
(Advanced Organic Chemistry 1)

*_i <=1 S' ^102721 ifiwauynBm^ 2
(Advanced Organic Chemistry 2)

3(3-0-9)

3(3-0-9)

9i
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qm'mviUQanGi
102722 rmfetiJnlynm^lluni^^ij^ml^nauauyili 3(3-0-9) 

(Spectrometric Identification of Organic Compounds)
102723 auYilEJfton^

(Organic Synthesis)
102724 mS4ua^W^J2imm‘3‘3^6U'l^

(Chemistry of Natural Products)
102725 LfifltamaH^aan

(Heterocyclic Chemistry)
102726

(Natural Products Isolation)
102727 wM^arifrtTm^mSauyili l

(Selected Topics in Organic Chemistry 1)
102728 iMavi danernym ^Saunli 2

(Selected Topics in Organic Chemistry 2)

«*
102730 ilSulin'nmiteiJmmIurmgwnTitiS

(Instrumental Methods of Analysis Laboratory)
102731 ?tii]nImffTnM<nwin;™

(Analytical Spectroscopy)
102732 nrjQLfin^otjrmimn 

(Analytical Separations)
102733 IflSWlMmniJ'W

(Analytical Electrochemistry)
102734 Lfl^OLflTl^OUQ^^aJJ

(Environmental Analytical Chemistry)
102735

(Forensic Analytical Chemistry)
102736 miomnswiamwa?

(Polymer Characterization)
ti_/ 2/ ei aS 6*102737 vmamAanfiyrflWANQiflnsvi 1
(Selected Topics in Analytical Chemistry 1)
o_/ 2s f~i ^3 <=1a 6*102738 vn^an^anfmnKimiNmTi^vi 2
(Selected Topics in Analytical Chemistry 2)

^ il anluna tfi vJf nl«*
102740 amvMAfMsntofiii

(Statistical Thermodynamics)
102741 wnflfnau^uwulviaJ

(Modem Quantum Chemistry)
102742 viqwSn^u^t^iilnlvngllnEl^jaon'i^u

(Group Theory and Vibrational Spectroscopy)
102743. aaaaatMmaSmim

(Colloid and Surface Chemistry)
102744 mjM^n&ja^TAiaama?

(Physical Chemistry of Polymers)
102745 vianuasmiibsEjnmallaoauwj

(Principle and Applications of Quantum Chemistry)
102746

(Physical Chemistry for Life Sciences)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

2(0-6-6)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

10
i



q'm'mm'janfl (u,5,5yny-iJ2ii^4nu-iPi'3a(?iuia^/,mjYnu)
3(3-0-9)102747 ififllvlvln uwulvi jJ

(Fundamentals and Methodology of Modern 
Electrochemistry)

3(3-0-9)102748
(Selected Topics in Physical Chemistry 1)
w&^i§anf(T5Yn'3ififiW'3vl^n^ 2 
(Selected Topics in Physical Chemistry 2)

TiaQimiantunauQflTm^iPifli.^^iuQm
102750

(Numerical Methods for Chemists)
2/

102751
(Advanced Computational Chemistry)

102752 iyifiuam?a'ifia>3uuu"bji,ana
(Molecular Modeling Techniques)

102753 mfiluIaSunlu^aiuim
(Computational Nanotechnology)

102754 wfeviiaanfiTTm^Lfifli^fiiuqru i
(Selected Topics in Computational Chemistry 1)

1/ A A ei102755 vnSaviiSanflTrmownfii^fiivnm 2
(Selected Topics in Computational Chemistry 2)

^gjQ5ni,lamuna3JQfliYn^i.«iiSiJ^s:yn<a
102760

(Chemical Synthesis)
102761

(Petroleum and Petrochemicals)
102762

(Heterogeneous Catalysis)
102763 LviaMaSuiIuma^u

(Introduction to Nanotechnology)
102764 Ifi^flTivilufiPiu^a^L^-ima^^u

(Introduction to Solid State Structure)
102765 wanMen

(Crystallography)
102766 wanftlel<?imig>3

(Advanced Crystallography)
102767 gviEnftifi^TnJ^Ejnm^^mfiluIaSiia^fn^^uwwwq 

(Applied Surfactant Science and Technology)
102768

(Polymer Chemistry)

3(3-0-9)102749

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)
?•

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

3(3-0-9)

d (u
3(3-0-9)102769

(Material Chemistry)

s
(Applied Electrochemistry)

(Selected Topics in Applied Chemistry 1) 
w&^iSansnTmoiaSiJ^m^ 2 
(Selected Topics in Applied Chemistry 2)

3(3-0-9)102860

3(3-0-9)102861

3(3-0-9)102862

11i
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TiEnMuamn ibtnauem

1(0-1-9)102980 ^3J3JU1 1
(Seminar 1)

102981 &434W1 2
(Seminar 2)

102982 3
(Seminar 3)

102983 ^34Vn 4
(Seminar 4)

vianm-we) 1.
** 2^

2. ,un^nb-'iv]nfiu<?ia<imvI<ifl34iJU'ivina^vl3Jo,^tfi'3vitmiJULl&j<uvi1a'Uin9i'i3j

1(0-1-9)

KO-l-9)

KO-1-9)

wmuwufi
102990 Qn^JlUVlUB 

(Thesis)
oviEnuviUBVi^ng9n34vmjtu^i9iuwu n uuu n 2

uuu 1 ^vi^f5mSnw39ia^invuiBtiJtiJiIyi 
uuu 2 dnviiiJwuSntn^a^nnmiiBqjqjim 
uuu 2 druiuwuSnu-'i^a^nnwiBqjnj'iIyi

^uouvnioun^'Ui'uayndi 19 viuoun^

mouviuourwlauaurm 60 uuoun(?i 
^luouvivioun^uaunoi 60 viuQtjnw 

^uouviuoun^'kiuaun'Ji 45 mb™

pmajviajn ejh i,a5iiJts;4iQ« i
a u a %j a^aiTtuiwoLei'iJiJ^io'iniTU^nnyn^uua ^ou

A dTum'zfTuiuw^au wm i mimi
i

MOTOuiw^'ffau wu 02 vijjiejw

tiimw i
foimm 2 uax 3 u^fi^

a
4 U^4W ani«utiia>3nEJOTn

5 viuiuo^ Q'mt^uiBqjqnrauctt
6 mum O^lU-lflU

\,m 7 uat 8 viuiejo^ o^iiSan
Lri'iJ 9 viuiufio o^i^uuui vrfaQyiLnuvmfi
neiuouis

o vm'iej™ n^o^if^uriTn^Ej 
i viuiuoo n^o^m^LfiSauuvilu

m 2 viuiuno naajo'nynomSaumu*
uw 3 viuiuo^ *
m 4 viwnuSo
uw 5 mviM nau^Tm^LfiuL^^Tuom
m 6 viuitjfi-i nauo^ivn^LauiJ^tm^
lot 7 viuiutu neiuo4zna,u •»
l^4!] 8 n^uo'ffi^uuvn 
m 9 viuiej!^ ouejiuinub 

m^uiiaonuo^

i

riL^u 5 uefeucu

A
6

12



17.4 uwum^nm
n uun n 2

jnfinTi^nwTM 3 wwanflm4-3£jn(?imil
wiaan
102980 Seminar 1

QtflUJflU 6omii-ifvu
Q^iaan

841
13

oiniaan 102990 Thesis 8102981 Seminar 2 
102990 Thesis

132
83102990 Thesis

mil /nflrmplnu-iTl 3 vruiangivruiansifiifirm^nunri i miiansi
102982 Seminar 3 
102990 Thesis

1102990 Thesis 33102990 Thesis1
3

i 9 102983 Seminar 4 
102990 Thesis

1102990 Thesis3102990 Thesis2
9

102990 Thesis 12102990 Thesis 99102990 Thesis3

2/A ** /d

mil jneirmelnirm 3 wwafiffijiiarmflfro™ 1 mianiyi
TTiiaan
102980 Seminar 1

oiniMij
Qmisan

8 641
13

omaan 
102990 Thesis

102981 Seminar 2 
102990 Thesis

16 102990 Thesis 32
33

102990 Thesis 6 102982 Seminar 3 
102990 Thesis

1102990 Thesis 33
6

102983 Seminar 4 
102990 Thesis

6 102990 Thesis 6 1102990 Thesis4
6

102990 Thesis 6 102990 Thesis 6102990 Thesis 65

mfinTafinimi 2 fnflrmflrmifi 3mfifm&m™ iami wiianei mMunei wwanGi
^‘fniMuvtfaomaan 6 via 76 ma 7 oanaan

102982 Seminar 3 
102990 Thesis

oanj-iauvilaoaiiaan 3i
102990 Thesis 3 1

?■
3

102990 Thesis3 8 102983 Seminar 4 
102990 Thesis

12 102990 Thesis
7

102990 Thesis 7 102990 Thesis 7 102990 Thesis 73

ua^'m'Rfiw
un^nwviangravniicu^^LLWu n uuu n 2
wim/n^ilu 4 /narmlWi uuUTnfiiMnwi
tv A IS v ^ ^ £/ M l/tv tvc*} Iunftni!)-iv]ang'?n4ivnijmsn(?iuw,u n uuu n 2 ^a^ Imuamjtmrayu 
QyimuvNUBnuilu 5 nifim^nw ilu L^/nfirm^nui uinum^nwi 
un^ntnvi^n^^u3uui,sn9ia^a'3^auwium7f(au^fiui1e(34u^/n£j6lu 6 ma' 
mi^nui uuu^fnfimT^nuiuinum^nu-n
un^ni!i-ivi^ng(?iT'?ji!iQuru^<?i^^<?ia^iuau^Ifn^Ti^yi£jiu<vNUBfnLjlu 7 /na 

rm^nw uuwutnum^nuo 
un^nwu^ng^ugum^^^asi^auw'n'Ufi'iU'ia^riquTin^jlu 9 

uuu^/nfim^ntnuTnum^ntn

vmnmwfl l.s

2.

3.

4.

5.

6.*

13/
i



17.5 phasinansmn 

102610
(Graduate Inorganic Chemistry)

Q^niiopiiifiau :

xJgmmaan^miAtlMu u^tm'nJ^gjn^yiintjgiiaotuififlauuyili

Lftih^nmn
1.
2. fijjjjimwfolmfififi yiqw^n^
3.
4. Wof(fl>3Ufi^4lll^<Da>3Qf((?1
5. iJSnTEnaan^^ui^^nm^tnTsiJ^^n^
102610 Graduate Inorganic Chemistry 

Prerequisite : Consent of the School of Chemistry
Atomic and molecular structures, bonding theories, molecular symmetry and 

group theory, acids and bases, structures and properties of matters, oxidation and 
reduction reactions, and relevant applications in inorganic chemistry.
Course Outline
1. Structures and bondings
2. Molecular symmetry, group theory and applications
3. Acids and bases
4. Structures and properties of matters
5. Oxidation and reduction reactions and their applications

4(4-0-12)

(12 fokw) 
(12 folw) 

(8 foW 

(8 foW 

(8 foLw)
4(4-0-12)

(12 hours) 
(12 hours) 

(8 hours) 
(8 hours) 
(8 hours)

102620
(Graduate Organic Chemistry)

QtfuwMjriau :
YiqttaaatttfmftjlNiaqa vi^nmnninnujii.<?iailaifiS wan'KiIa^^iJ ?U9ia?n u^^eu^ia? 

laailnmaun rmfln»3iiaiinmi‘5?&Jitjnavlnil§mmauYi1a n'mmuriiiuuugfialavl^n ilqmtJi 
fmili34i.i.uuMguatiJSn?£nm'5fiia^ ai4uiJulaaauufi^gfiSlal^^vi^au iJgmm'ua^i 
fnuJttnaufiTfuaua arnmialmujein Li.asrmiinufiiiuuual^i.ujlin

ifhlmjnmm
1. viqwqaaftyiaL^*Uji.ana
2. vianm'3mtJ/3nUflL<?ia?Iai.aS
3. wam^Ifn^^il ftmin uasmflailaaJnmaun
4. m?^nwiu,^nT5u^mEjn«'lnil2n7£naun1y
5. miuyiu^uiiiiuQflSTavlan

v

7. fnmmulaaauu.a^uQaala'lvl^^iau
8. iJqnlm^a^en'nJ^nauaTnjaua
9. fimmialmmlin 

10. nTsuviuviuuuiial^iwj^n

4(4-0-12)

(6 ^IsiO) 
(4 ^IjJO) 
(6 ^1^4) 
(7 ibW 

(5 fahl) 
(3 ^LjO) 
(3 ^IjJO) 
(5 ^1^4) 

(4 ^Ll^) 

(5 ^LjO)

14



4(4-0-12)102620 Graduate Organic Chemistry
Prerequisite : Consent of the School of Chemistry

Molecular orbital theory, stereochemical principles, conformational, steric and 
stereoelectronic effects, study and description of organic reaction mechanisms, 
nucleophilic substitution, polar addition and elimination reactions, carbanions and other 
nucleophilic species, reactions of carbonyl compounds, aromaticity, and aromatic 
substitution.

Course Outline
1. Molecular orbital theory
2. Stereochemical principles
3. Conformational, steric and stereoelectronic effects
4. Study and description of organic reaction mechanisms
5. Nucleophilic substitution
6. Polar addition and elimination reactions
7. Carbanions and other nucleophilic species
8. Reactions of carbonyl compounds
9. Aromaticity 

10. Aromatic substitution

102630
(Graduate Analytical Chemistry)

QtfiiwAuriau :
vianni7sDa-im™fiilun'i7Qi,an^ uasmykan:^

(6 hours) 
(4 hours) 
(6 hours) 
(7 hours) 
(5 hours) 
(3 hours) 
(3 hours) 
(5 hours) 
(4 hours) 
(5 hours)

4(4-0-12)

<U

wi34fi^i^iaaau<Da<]?a4jfi^ ustvi^nm^a<im<nufivn>3i,ma>3flaf{3J£jlvi3Jvil^lunr5gifin^vn4
tafi \mr\ tnauanNmilnTmtflnfl ififilvlvh mmtarmuEjn 

iMmjnmvi
1. vmnmiQflfhtumyjiflTi;™ (12 him)

1.1
1.2 m'jQLan^fio'iuaai^ua^a'u

2. vianm^a^mmaynoLma^Sa^tilviaJ
2.1 mfiviftyn<l^lljnlmslln3 (UV-Vis, AAS, AES, ICP, IR-Raman, XRF uaji MS) (18 ihb-K))
2.2 Lafl'lvJvli (Imyiu^lauj<?i1u^IgaiiYi3JL3J9i1)
2.3 mauarmu^n (GC, HPLC ua^amnlmiyla^)
2.4 gSmoao'UJia'u (TG, DTA uas DSC)

(4 ^oLjo) 
(8
(6 ^qLjo)
4(4-0-12)102630 Graduate Analytical Chemistry 

Prerequisite : Consent of the School of Chemistry
Analytical measurement: statistical treatment of data and the analysis of errors in 

acquired data and principles of modern instrumental techniques used for chemical 
analysis: spectroscopic techniques, electrochemistry, separation techniques, and thermal 
methods of analysis.

Course Outline
1. Principles of analytical measurements

1.1 Statistical treatment of data
1.2 Analysis of errors

(12 hours)

15i
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2. Principles of modern instrumental techniques
2.1 Spectroscopic techniques (UV-Vis, AAS, AES, ICP, IR-RAMAN, 

XRF, and MS)
2.2 Electrochemistry (potentiometry and voltammetry)
2.3 Separation techniques (GC, HPLC and electrophoresis)
2.4 Thermal methods (TG, DTA and DSC)

(18 hours)

(4 hours) 
(8 hours) 
(6 hours)

102640
(Graduate Physical Chemistry)

isniufiufiau :
^wJnlvn^Inil

4(4-0-12)

1. amviiNaftisl9i7vn4Lfiw
1.1 l 2 uat 3 fla4amvmAeM<?n
1.2 7JiUUJmSi;SlEJLlfl^a4WSl3J
1.3
1.4
1.5 laSlylvli

2. ^iiJnlviisiInfl
2.1 ailnmaunfaiJnlyiifdnO
2.2 en.iJnlmeflntlmTvi^uLi.aijm^^u
2.3 ii3jniulinnI^ii.uu^fUiJnIm^Inil

3.
« fir3.1 uwa^aoaaunafn^Tyiuiiu

3.2 m7Qi,fin^w^yn<iaauyi^^'ifi9i4
3.3 nqtt£)a(flniT3Tja<iiJ{]mEn
3.4
3.5 iJ^mtnuuwq

102640 Graduate Physical Chemistry 

Prerequisite : Consent of the School of Chemistry
Chemical thermodynamics, spectroscopy, and chemical kinetics.

(16

(16

(16 ^oLlo)

4(4-0-12)

Course Outline
1. Chemical thermodynamics

1.1 The first, second and third laws of thermodynamics
1.2 Solution systems and mixtures
1.3 Phase and phase diagrams
1.4 Chemical equilibrium
1.5 Electrochemistry

2. Spectroscopy
2.1 Electronic spectroscopy
2.2 Rotational and vibrational spectroscopy
2.3 Magnetic resonance spectroscopy

3. Chemical kinetics
3.1 Basic kinetic concepts
3.2 Analysis of kinetic results

(16 hours)

(16 hours)

(16 hours)

16
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3.3 Theory of reaction rate
3.4 Elementary reactions in solution
3.5 Reactions on surfaces

102650
(Graduate Computational Chemistry)

nunQUASwiffieftn nq^fnau^ nq^^a^Lavl-LawIa 

u^t^Sfivi^wu^a^ailn^navi

1. YlUYnUfitU91ft1^9l4
2. viqu-2?nau<?i3J

2.1 yiqU'2^au^^'iviTU^uat9ia3Jii,atLj^qfi
2.2 fi3JiiliwliJ^a49iQ^im,uni'5L^^n^ufiSu
2.3 QSni'miJ'swuiiasffjjm^a^wa?
2.4 muJ^imaaftyi^
2.5 ailn^naufiLlw
2.6 viannn^S^aji^^i^^n^au^hniviu^
2.7 Tamimailnma'u
2.8 aaftyfra^a^aulunqu-^aaTiiviai^Iw^na

3. yiqugLa^iavl-iajjIa
3.1
3.2 ^m^aiTnl-'HaaciiviTuaaTiiyiffi^I^^na
3.3 Lia^iala-iawIa^viTUinJui^aD^
3.4 aauiyi^L^Lji^q^diviTummi^mS^

4. YiqwSn'mJ^jnmaa-Srifimlwiana
4.1 m^uiJ^aaftviei
4.2 ^Stau^Ia
4.3 QslaLau^Ia

5. QBffvi^yiuB'Daoa^nmau 
5.1 ^laia^

4(4-0-12)

(6 foliH) 
(16 #U*M

(8 h\m)

(8 him)

(8 him)

c*Gie=it=i t=i

5.2 QMavua
5.3 QcSfliavJ

102650 Graduate Computational Chemistry
Prerequisite : Consent of the School of Chemistry

Mathematical review, quantum theory, SCF-MO theory, approximate molecular 
orbital theories, and electron correlation methods.
Course Outline
1. Mathematical review
2. Quantum theory

2.1 Quantum theory for atomic and molecular systems
2.2 General properties of operators and wave functions
2.3 The variation method and Schrddinger equations

(2

4(4-0-12)

(6 hours) 
(16 hours)

17



2.4 The orbital approximation
2.5 Electron spin
2.6 The antisymmetry principle and determinantal wave functions
2.7 Electron configuration
2.8 Atomic orbitals in molecular orbital theory

3. SCF-MO theory
3.1 The energy expression for closed-shell systems
3.2 The Hartree-Fock equations for molecular orbitals
3.3 LCAO-MO for closed-shell systems
3.4 Molecular orbitals for open-shell systems

4. Approximate molecular orbital theories
4.1 Orbital transformation
4.2 CNDO method
4.3 INDO method

5. Electron correlation methods
5.1 CISD method
5.2 CEPA method
5.3 CPF method

6. A short project in computational chemistry

(8 hours)

(8 hours)

(8 hours)

(2 hours)

102700 m?iSl£juIiJ9un^Jifia§i,WQiffial5iu^^TM?U'aiu^8jyn«ngnfns(ei4u
(Advanced Computer Programming for Scientific Research)

fanifoflufiau :

3(3-0-9)

rmmu/num<i7yi£n?rifi9i4i.i,atuuu^aa>3yn>3ftm<?i?n^4 yiuvnu
1 mtn leimaansnn ^ v^aiuviTu vnaiheimA m^aanumja^na^ji 

diviiiJfia^o^am^nni^aiu^^u^TOu 9iqatii<inT5il^^nfea3J^qi9iafeu^i,,3ni<?ia4u^^u^ 

mnuniJilqjvnyn>3qvimftifl9i4 nnvlvlndivi?umvi^wSli ua^Ira-num^a'ivnmvn-iqyiLnfn^
imlmjnmm
1. n™iuq£uvn>3qyimfngi9i4i^^uinja^a>3yn-3fim9ifti^9i4
2. yiuynu^wtu^ul'uSu
3. mjynummSyumwifiajjwqi,<?ia4 1 /nwi I<?i£jilanain ^ vla^uviTu mailifiaia
4. miaamLiiijafina^iigiiviiiJ^a^'i^am^nn^am^^u^u'iu
5. <?ham<im‘5iJ^Ejn^a^'ii9ia^u^nm9ia4L^s^U(?iwiuniJi]qjvnynoqyi£nfn?l9i4

5.1 ituu^iao^mm^i^u
5.2 'jnju'ua^^rmuiJij'Uj^iSu

6. nnvIvlndnviiij/nvigtiJjSli
6.1 uwfi^ita^,w|TUYn>3fim9iftifi9ndivi?uimijaiaa'3fn34349i
6.2 m'nJ^jjq^w^uuunnvlvlnuu^tnvMiu
6.3 ■waocfiJ^ayl^Lnm^nTivlyln

7. W^Tum'aaTuqruvn^ntnfn^?

(4
(5 foM 
(8 ^qluo) 
(5 h\m) 

(4 ^qTw4)

(4 him)

(6 tfiM

3(3-0-9)102700 Advanced Computer Programming for Scientific Research 
Prerequisite : Consent of the School of Chemistry

Scientific computing and mathematical modeling, review on linear 
algebra, review on a selected computer programming language such as C,
FORTRAN or Pascal, designing of efficient algorithms for vector and parallel
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computers, examples of scientific problems solved by vector and parallel 
computers, three-dimensional graphic modeling, and a short project on scientific 
computation.
Course Outline
1. Scientific computing and mathematical modeling
2. Review on linear algebra
3. Review on a selected computer programming language such as 

C, FORTRAN or Pascal
4. Designing of efficient algorithms for vector and parallel computers
5. Selected examples of scientific problems solved by vector and 

parallel computers
5.1 Systems of linear equations
5.2 Systems of non-linear equations

6. Three-dimensional graphic (SD) modeling
6.1 Concepts and mathematical background for 3D modeling
6.2 Graphic processing on workstations
6.3 Graphic library, softwares and tools

7. A short project on scientific computing

102701
V

(Information Access and Scientific Writing)
foiifomjfiau : 'Uifj 

jiu&3;ja^a'33JvnQYimstJu^siJU^iJijauivia4iu9i

1. nufe^^aJnyi^aun^aovia^^^wvnqntnatJLyiaMaS^il
ctf qj , q q

2. mauauAsima^am^uau
2.1 mriTJiiwum^uMawA
2.2 m^ufiu(?nuIyJ?u^a4
2.3 ima<iSa^ufiuiiiJupcu&syai,anmfi
2.4 tala^aauauuiJUjmfewA™

3. uviMa^avn^^iuqvimfti^?
3.1 uvifuimMa
3.2
3.3 rmaivjaouasimnnum^

4. m^rmintnnijfe^jfma^m^i.nu^ajuauuaa^q^al
5.
6. rmwimw'iimEJ

6.1 uvifiviflwi urstuTumw ufi^miaNao
6.2 m‘5aeim‘afewmiarfaa<aMmi&v

6.3 rmaamatju iiat^ikiJiJiia^rmroEm

6.5 m^^tiuN^TwqatJ

(4 hours) 
(5 hours) 
(8 hours)

(5 hours) 
(4 hours)

(4 hours)

(6 hours)

3(3-0-9)

(3 flltaw)
(6 ttl^)

(6

(6 folzw) 
(6 ^qlu^) 
(9 ^"Uki)
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3(3-0-9)102701 Information Access and Scientific Writing 
Prerequisite : None

Techniques how to get access into scientific information available, both in the 
university library and on the internet, basic knowledge with respect to data manipulation 
and storage, and scientific writing.

Course Outline
1. Suranaree University of Technology library electronic database
2. Searching techniques and tools

2.1 Searching strategies
2.2 Directory search
2.3 Search engines
2.4 Meta-search engines

3. Sources of scientific data
3.1 Abstract sources
3.2 Scientific journals
3.3 Citations and references

4. Data manipulation and storage
5. Project workshops
6. Research writing

6.1 Focus, sources, bibliography and citation
6.2 Information organization and argument
6.3 Paraphrase, plagiarism and writing styles
6.4 Proofreading strategies and improvement of drafts
6.5 Research paper writing

l o/ 0 9 V , d a/ I a a/a102702 emailaatajia turn?
(Chemical and Laboratory Safety)

Qsn&mjriau : lajfj
uuqftam&nmj

ni^iuun^u^^iaoau^^aluvia^iJgLi^m? 

ailrntfluniiflaorm m^fmmtnniJcn^^mSuau'jn'itJ 

untacimurmtu

1. yffiufili tm^uuq^^in&nniJfniajiJ^a^lu'MaoiJSiJ^m?
2. ?aiKifiiJi,^tn/3vi3Ji&j
3. a'u^n&j uat;fmaiu,,un8iiu<?i4ua'3au<?ina
4. awn^u'wa-iiJgiJ^m^

4.1 ainfmifiS
4.2 a'lnmla^amna
4.3 ^nnn^ufflylyl'i
4.4
4.5 snn?<iS

4.6 snn^au®!•
5. fmaeifmmSm
6. ailmfulumrfasinu

(3 hours) 
(6 hours)

(6 hours)

(6 hours) 
(6 hours) 
(9 hours)

3(3-0-9)

(2
(3 foTwo) 
(3 ^"tio) 

(16 ^"tkl)

(3 him) 
(3 %i\m)
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(4
(2

3(3-0-9)

7. m^m^i‘5fi'3au9in£j
8. ^TJ9iLvi^fllviTi£J4imi^i5m45unl‘Uf(rii'wm‘5m

102702 Chemical and Laboratory Safety 
Prerequisite : None

Basic concepts of laboratory safety, regulations and laws, concepts of hazard and 
risk, classification of laboratory hazards, risk reduction strategies, protective equipment, 
hazardous waste handling, and accident reporting and situation remediation.

Course Outline
1. Actions, attitudes and concepts of laboratory safety
2. Regulations and laws
3. Hazard, risk and classification of hazards
4. Laboratory hazards

4.1 Chemical
4.2 Mechanical
4.3 Electrical
4.4 Pressure and vacuum
4.5 Radiation
4.6 Others

5. Reduction of risk
6. Protective equipment
7. Hazardous waste handling
8. Accident reporting and situation remediation

102710
(Inorganic Chemistry of Main Group Elements)

itfifopiunau :

MmimiasffMviajviein

1. uuiIvbj^ia4f{3Jii9i9ii3j<?inTi4Bi9|fla4ri<?jvi3jvian
2. ifiSi,^^ml^nau^ia<ilaIw?wu
3. n'5iufitm^a4^ml^naij4jja>3n^vi3ji i
4. n^ufitL?iS4ija4eii7iJ?tnaiJ4ua'3n^vi3J 2
5. m^uaiimSua^enTiJ^naiJiiaon^visj 13
6. n<?jUci^m^a>3fn7Ll^naiJaDa<in9ivi35i 14
7. n<?iu^^^w4ua>3^r3il^naiJ<ua4Bn(?ivi4i 15

1 1 -u

8. FimiasmlhMi^snama^wd 16
i q qj

9. n<?jua^mfi8Da4fn7il^naiJ<iia>3Bi9ivi4j 17 vm 18

102710 Inorganic Chemistry of Main Group Elements

Prerequisite : Consent of the School of Chemistry
Periodic trend of main group elements and chemistry of compounds of hydrogen 

and main group elements.

(2 hours) 
(3 hours) 
(3 hours) 

(16 hours)

(3 hours) 
(3 hours) 
(4 hours) 
(2 hours)

3(3-0-9)

• (4 

(4 

(4
(4 folau) 
(4 folwo) 
(4 ^Ll^) 

(4
(4 him) 

(4 folau)
3(3-0-9)
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Course Outline
1. Periodic trend of main group elements
2. Hydrogen and chemistry of hydrogen compound
3. Elements and chemistry of compounds of Group 1
4. Elements and chemistry of compounds of Group 2
5. Elements and chemistry of compounds of Group 13
6. Elements and chemistry of compounds of Group 14
7. Elements and chemistry of compounds of Group 15
8. Elements and chemistry of compounds of Group 16
9. Elements and chemistry of compounds of Group 17 and Group 18

102711 lewlflaalm'uflu
(Coordination Chemistry)

Qsniumjriau :

yiqwJ^uB^lurnul'a^nauIaaa^m^u ^LiJn^^aJnmaun^ueiK^ii^Lmm^n siaaeiaunaln 
Lfin^

1. vi^nniTwupud'ivi^iJfmm^a'uIfivi^uyiTui^u
2. Im4e(fi<iL^t'lafeuja^asifm^<i^au 

2.1
2.2 ift'iiIaaailii.mm^tlai-i^fK)

3. nqwQyiUB^UfnulitnauIaaa^m^u
3.1 nqw^vnwwSn
3.2 yiqygffu'i^mmu^

4. ^iiJn^naiinmaun^u^^fOiiJ^Lmmln
5. '

102711 Coordination Chemistry
Prerequisite : Consent of the School of Chemistry

Fundamental concepts for transition metal complexes, structure and isomers of 
complexes, bonding theories in coordination compounds, electronic spectra and 
magnetic properties, and reaction mechanisms and synthesis methods.
Course Outline
1. Fundamental concepts for transition metal complexes
2. Structure and isomers of complexes

2.1 Isomerism and chirality
2.2 Coordination numbers and structures

3. Bonding theories in coordination compounds
3.1 Crystal field theory
3.2 Ligand field theory

4. Electronic spectra and magnetic properties
5. Reaction mechanisms and synthesis methods

(4 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours)

3(3-0-9)

(4 ihbjo) 
(8 follH)

(8 folwo)

(8 tfoM
(8 #qT3H)

3(3-0-9)

(4 hours) 
(8 hours)

(8 hours)

(8 hours) 
(8 hours)
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102712
(Physical Methods for Structure Determinations)

Qttiiumjfiau :
mfi ifi?i t'M^nwtutfiiTiJ^snauauuyil^'i u lyifiuaauvlT'i uasnNiumiJnTmffTnil 

aa^inHaL^-^mafUiJnlyneilnfl wmaEjmmnm^nnl^uu'ufei.iJnlyi^Inil aiinmauTAnn 

ii3jnLufinL^kmmfiLiJnlyi^InS os^man^ uatmauaau6]

iffilmjvuni
1. ijyiuT
2. nrnLfin^anwmt^Qtjauvlru^^uasnwiutfiiJnlmtflnfl
3. milLfin^anwuui^tjaa^inWa
4. milmimatnimnm^nL^uuu^nJnlvi^Inil
5. milmtanmaviynnusjnmliniVi^uuu^iiJnlm^Inil
6. m‘ni.an^anmu^^£jQra^an6J
7. ni'n^nsnSani^cus^EJiYifiufiau®]

102712 Physical Methods for Structure Determinations
Prerequisite : Consent of the School of Chemistry

Techniques to characterize inorganic compounds including infrared and Raman 
spectroscopy, ultraviolet-visible spectroscopy, nuclear magnetic resonance spectroscopy, 
electron paramagnetic resonance spectroscopy, X-ray methods, and other techniques.
Course Outline
1. Introduction
2. Characterization by infrared and Raman spectroscopy
3. Characterization by ultraviolet-visible spectroscopy
4. Characterization by nuclear magnetic resonance spectroscopy
5. Characterization by electron paramagnetic resonance spectroscopy
6. Characterization by X-ray methods
7. Characterization by other techniques

102713 nalniifjnfaiauutilsi
(Inorganic Reaction Mechanisms)

Tzn&mjfiau :
ndlnilgmmnmYmvi n^lnilgniLiiaaniL^u-

IMu iistn^'lnm'JwiJSn^Eni.anwuE 

imlffijrwim
1. uyiuiLiatmiuyniJ‘5tmmJ2n?&n6lvifiT5a^a'itj
2. iJSm&nrmumivi

2.1 mTwai'5mTKiq'lil
2.2 nalnilgm&jimmmufi^aofnTMSi^Iaaa^m^u 4 \xev 5
2.3 nalniJ§mtJirmi.mufiluf{ml^nauaan(?i^a^^
2.4 n^lmJgmy'irmimufilufi'mJxnauaTTuausu^^TnJ^^nauvuntJi^ao

3. ilgm&Jiaani^^u-l^n^u
3.1 nalmiuuauiua&nfl&n
3.2 nsivlnuiJiJiaiL9ia‘5f(iv)£j4

3(3-0-9)

« A

(1 ^Ljo)
(6 ^IlJ-3)
(5
(6
(6 ^0) 

(6 ^0) 

(6 folm)
3(3-0-9)

(1 hour) 
(6 hours) 
(5 hours) 
(6 hours) 
(6 hours) 
(6 hours) 
(6 hours)

3(3-0-9)

(3 follM) 
(15 falw)

A A

(12
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(6 foL-W)4. m'amiJgmmi.anwu^
4.1 vmnmtmliJ
4.2 nalnm?iiJ§EJUULla<iMs2fma‘iTia'3uaaau
4.3 nalnm‘5i,^3iM^^La‘uluuaaau
4.4 nalnna^a'l'jiOTu^a^ua^a'u
4.5 n^'lnM^THaSi^^ui.^ttalmaTfuani^m;

3(3-0-9)102713 Inorganic Reaction Mechanisms
Prerequisite : Consent of the School of Chemistry

Classification of reactions in solution, mechanisms of substitution reactions, 
mechanisms of oxidation-reduction reactions, and mechanisms of homogeneous catalysis.
Course Outline
1. Introduction and classification of reactions in solution
2. Substitution reactions

2.1 General consideration
2.2 Mechanisms of substitution reactions at four- and five-coordination
2.3 Mechanisms of substitution reactions in octahedral complex
2.4 Mechanisms of substitution reactions of carbonyl and related compounds

3. Oxidation-reduction reactions
3.1 Inner-sphere mechanism
3.2 Outer-sphere mechanism

4. Homogeneous catalysis
4.1 General principle
4.2 Mechanisms of alkene isomerization
4.3 Mechanisms of alkene hydrogenation
4.4 Mechanisms of alkene polymerization
4.5 Mechanisms of hydroformylation and hydrocarboxylation

(3 hours) 
(15 hours)

(12 hours)

(6 hours)

102714 t^Sl9Viauyi1y4ua^E'i(?i,M§i‘yian
(Organometallic Chemistry of Main Group Elements)

Qffiifofiufiau :
i,afifeviaun1^a>3n9ivi4ivi^nua^s39HmTuimvi3J ll uas 12s U 1 u

3(3-0-9)

imlwHium
1. iivrui
2. i.afllavia'um^a^n^viw l
3. ifiSfeviaum^aon^viij 2 uas 12
4. LaSfeviaum^a^Bi^viaJ 13
5. i.afllavia'wm^a'iE'i^viij 14
6. LaSlaviaunl^a^n^viaj 15
7. iafjTaviaum™<]™vi3j 16
8. mSTaviawn^a^mimd ll

(4
(4
(6 foluo) 
(6 foM
(4 ^otjo) 
(4 h\w) 

(4 tfllwo) 
(4 folau)

3(3-0-9)102714 Organometallic Chemistry of Main Group Elements
Prerequisite : Consent of the School of Chemistry

Organometallic chemistry of main group elements and transition elements in 
Group 11 and 12.
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Course Outline
1. Introduction
2. Organometallic chemistry of Group 1
3. Organometallic chemistry of Group 2 and 12
4. Organometallic chemistry of Group 13
5. Organometallic chemistry of Group 14
6. Organometallic chemistry of Group 15
7. Organometallic chemistry of Group 16
8. Organometallic chemistry of Group 11

102715
(Organometallic Chemistry of Transition Elements) 

foiiwmjfiau : muflauuaoem'miifw
18 ailnerom

uasni'nbssjn'miao
^mJ^naufeviaum^ <?ifia^auanm^m8u'uiuniJ^SlfiVia<wyi1^a^n^vi4jvian
i ml min uni 

1. unui
i.i ifi^Iaviaunl^a-in^imTu^u

(4 hours) 
(4 hours) 
(6 hours) 
(6 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(4 hours)

3(3-0-9)

(6

A Co1.2 dq 18 aiarmau
2. ‘Uu^a^aunu^

2.1 ^unu^anTuau^uat^TiJ^naiJ^aommu^i^jaua
2.2 mi,nu^laI<?i7fn4uaumi,§ui,m^emiJ^naiJ<uaoau,nu(AaI^i‘5ua,um^14
2.3 ^un,w^taI(?nfn4uaug>mvnuLmsfn‘5il^naiJ^iao^ii,nu^laI^WTfuaW'mvn,u
2.4 ^LmumQmiatfniiJ^^nau^a^minumQii

3. rm^ifin^^ml^naulaviaumfi
4. ilgm&n^aofrnil^naulfivia'uyili
5. m^QL^n^dnym^fnuJ^nauIavia'uyil^
6. nmlitm^a^frnil^naulaviauyila
7. anwmt;m4iiuiuniimmaviauyi1fi<iia^n7jvi3jvi^n

(8

(4
(4 fom) 

(6
(4 ^qI344) 

(4 him)
3(3-0-9)102715 Organometallic Chemistry of Transition Elements

Prerequisite : Consent of the School of Chemistry
Organometallic chemistry of transition elements and 18-electron rule, type of 

ligands, structures and bonding between metal and ligands, syntheses, reactions, 
characterization and applications of organometallic compounds, and parallels to main 
group organometallic chemistry.

Course Outline
1. Introduction

1.1 Organometallic chemistry of transition elements
1.2 18-electron rule

2. Type of ligands, structures and bonding between metal and ligands
2.1 Carbonyl ligands and their compounds
2.2 Linear hydrocarbon ligands and their compounds
2.3 Cyclic hydrocarbon ligands and their compounds
2.4 Co-ligands and their compounds

(6 hours)

(8 hours)
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3. Syntheses of organometallic compounds
4. Reactions of organometallic compounds
5. Characterization of organometallic compounds
6. Applications of organometallic compounds
7. Parallels to main group organometallic chemistry

102716 iflflauu'Ml&M'wi'm
(Bioinorganic Chemistry)

QtfiMufiau : Tflmil

myfalcuauW m?iJ^dn^<iia^'taaauI?iviiiua^m^<?iluyn^LR^ ^^a^autaSauumm^^fniAi 
tf/nxmeiliaaj
imhunmvi
1. iiyiu'i
2. ijyiiinyiu,a^vi,uw5iia^aaa,uIavi^lu^iJij5Q/nyi
3. LauW

3.1 ftaliblm
3.2 uau-aulil^u

4. laaaufevisua^'iwi.a^l'uvn^m^

102716 Bioinorganic Chemistry
Prerequisite : Consent of the School of Chemistry

Roles of metal ions in biological systems, metalloprotein, metalloenzyme and their 
physiological importance, applications of metal ions and chelates in drugs, and 
environmental bioinorganic chemistry.

Course Outline
1. Introduction
2. Roles and functions of metal ions in biological systems
3. Metalloprotein and metalloenzyme

3.1 Heme protein 
3.2. Non-heme protein

4. Metal ions and chelating agents in medicine
5. Environmental bioinorganic chemistry

102717 ifiSstamsflia*u,S3
(Solid State Chemistry)

QsniMuriau :
tiniyAurmai uun&nwmnja^a^ imauunl ^ Im^rma^ 

‘ua^LLSoa^unlil il^^£jfifiw^<?iaIa'53fifi3l,u^tnu^a3uS3

ifiilmjrwni
€ o is1. QEtoTijmfiEmTfliuunanwuu;

2.
2.1 Im3cl?i3wan
2.2 m^6Ua3W§n62fU^9i'13sl

2.3

(4 hours) 
(4 hours) 
(6 hours) 
(4 hours) 
(4 hours)

3(3-0-9)

(2
(10 ^IlJ3)

(12 him)

(6 ^IlJ3)

(6 ^olu^)
3(3-0-9)

(2 hours) 
(10 hours) 
(12 hours)

(6 hours) 
(6 hours)

3(3-0-9)

(5 ^1343) 

(9 floM
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2.4 fmatenti'ua'ji.m
3.
4. eftnjfi'mo6')

4.1 ^mvjui
4.2 ^iiliyn^aJnmavinua^vJiSi
4.3 mjTJflmu&hviin
4.4

5.

102717 Solid State Chemistry 

Prerequisite : Consent of the School of Chemistry
Preparative methods and physical techniques for characterization of inorganic 

solids, solid state structure of inorganic solids, factors affecting these solid state 
structures, and the properties resulting from them.

Course Outline
1. Synthesis and characterization
2. Structure

2.1 Crystal structure
2.2 Descriptive crystal chemistry
2.3 Crystal defects and nonstoichiometry
2.4 Solid solutions

3. Solid state bonding theory
4. Properties

4.1 Conductivity
4.2 Electronic and electrical properties
4.3 Magnetic properties
4.4 Optical properties

5. Applications

(5
(12

(5

3(3-0-9)

(5 hours) 
(9 hours)

(5 hours) 
(12 hours)

(5 hours)

102718 i
(Selected Topics in Inorganic Chemistry 1)

Qffiifafluriau :

3(3-0-9)

imfojjTimm 

vraavm ta^auunlfifiniao (36 folao)
3(3-0-9)102718 Selected Topics in Inorganic Chemistry 1

Prerequisite : Consent of the School of Chemistry
Selected topics of current interest in inorganic chemistry.

Course Outline
Topics of current interest in inorganic chemistry

102719 2
(Selected Topics in Inorganic Chemistry 2)

Qsnifofiufiau :
w&fiiaan^TmoiaSa'uuyilffin'iaoi.Su^ii'ieiuMuijaaiJU

(36 hours)

3(3-0-9)
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ifiihuTimm 

wfemo tfiDa'U'unl^ni^

102719 Selected Topics in Inorganic Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in inorganic chemistry.

(36

3(3-0-9)

Course Outline
Topics of current interest in inorganic chemistry

da d102720 lAfjfmniramsfo i■u
(Advanced Organic Chemistry 1)

Q^nii^piufiau : 102620 Vila I^yfniwrnmau'uaomig^i.fiS
aan^i^m laLmluimi ilgm^n^a^awfiLm m'5in9u^^iJgm&n4iia<iaLu^<?iufit

Co d iAAA d Q_/ Q-/ 6* a A Co d d I M i a aa

lquui^u taejo
Lfiih?jTwni
1. aanitMu
2.
3. lal^nlunm
4. ilSmm^ia^avmaifil
5. nT3i,n<?iua^iJSmmsiia>3aIuLfi9mei^i,auuiwu
6. iJ§n?&nLntnnu?m^B5'ura'u^4in^aL§n(?nam<iwao'i4iQa4vlQ^luiJSmm
102720 Advanced Organic Chemistry 1
Prerequisite : 102620 Graduate Organic Chemistry or consent of the School of 

Chemistry
Oxidation, reduction, hydroboration, free radical reactions, formation and 

reactions of enolates and enamines, and reactions involving highly reactive electron- 
deficient intermediates.

Course Outline
1. Oxidation
2. Reduction
3. Hydroboration
4. Free radical reactions
5. Formation and reactions of enolates and enamines
6. Reactions involving highly reactive electron-deficient intermediates

(36 hours)

3(3-0-9)

(6 foLiO) 
(6 fol^Kl) 
(2 foTao) 
(6 tfokio) 
(8 tfAjO)
(8 folau)

3(3-0-9)

(6 hours) 
(6 hours) 
(2 hours) 
(6 hours) 
(8 hours) 
(8 hours)

d 6da 3(3-0-9)102721 tflSjaun^a^JUfRl 2
(Advanced Organic Chemistry 2)

Qsniumjriau : 102720 i Vila
uoaaIa^anfiil^lfe?'Kiviusi;ai4ija‘u-ai7iia<u uat 

ilgmmmmn^vjUB^aiiijau-a'iTiiauu.iJiJLml^aanuatuiiijai.anlnTylan
iMmjnmvi

2. uoaalavlanftfl^^lferi^viuTOaiTuau-a'i'njau
3. iJ^mmmim^'UB^aiuiau-ailija'uuiJijm^ain
4. iJSmEJini?ifii?iwuB^m4ijau-fii4ijauuiJijai,lnlYi^lan

(6 ^oIsjo) 
(12
(io ^*Lki) 

(8 ^olaio)

28
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3(3-0-9)102721 Advanced Organic Chemistry 2
Prerequisite : 102720 Advanced Organic Chemistry 1 or consent of the School of 

Chemistry
Stereocontrol and ring formation, nucleophilic species that form carbon-carbon 

bonds, and pericyclic and electrophilic carbon-carbon bond forming reactions.
Course Outline
1. Stereocontrol and ring formation
2. Nucleophilic species that form carbon-carbon bonds
3. Pericyclic carbon-carbon bond forming reactions
4. Electrophilic carbon-carbon bond forming reactions

102722
(Spectrometric Identification of Organic Compounds)

Qtfiuamjfiau :

<snn auvlTU^ffiiJnwn
ifhlvrjvuni
1. aa^inHa
2. imamiJnT'mmm
3. auvIru^fdiJnlmujm
4. Iibeiamujniwin wl^uuufenJnlyi^wm 

5.13fnuiauug mS Eimi^n

102722 Spectrometric Identification of Organic Compounds 

Prerequisite : Consent of the School of Chemistry
Structural elucidation of organic compounds from ultraviolet, mass, infrared, and 

nuclear magnetic resonance spectral data.
Course Outline
1. Ultraviolet spectrometry
2. Mass spectrometry
3. Infrared spectrometry
4. Proton magnetic resonance spectrometry
5. 13Carbon nuclear magnetic resonance spectrometry
6. New dimensions in nuclear magnetic resonance spectrometry

102723 iumalfai.Arirw
(Organic Synthesis)

QtfiiNflUfiau : 102721 ififlauvilfirufti 2 Vila
V I S’rfol8) Iuuuuwum^aanuuum^mnsvi tornmnenu na^mm?^an9nuviu>3 IwrmLi.ynei'iu 

na£jyi^m7i,mns:}3'usiia'3fmiJ?t:naua'iluaua na?jmrm^i,antw^ 

divi?uenTLl^nau^flIa^fiTKivn>3iaSMa'u

iMmjrimvi
1. uuuuwurmaammum^i.fintwI^EjgSuEjnffQW
2. natjyiBfmiaan^iuviviolun'i^uyndTu

9

3. nafjyisrmu.tjndgu'uaNifniil^nauaiiijaufi

(6 hours) 
(12 hours) 
(10 hours) 

(8 hours)

3(3-0-9)

(3 ^oIno) 
(7 ^IjJ>3) 
(4 foLu)
(8 h\m) 

(7 folau) 
(7 him)

3(3-0-9)

(3 hours) 
(7 hours) 
(4 hours) 
(8 hours) 
(7 hours) 
(7 hours)

3(3-0-9)

(1 folau) 
(10 him) 

(12 hlzu)
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(9
(4 him)

3(3-0-9)

4. naaYmmi&iwnntW'j
5. jjnsrm^ ifine^ri^ni  ̂Lfifl^u-Sau

102723 Organic Synthesis
Prerequisite : 102721 Advanced Organic Chemistry II or consent of the School of 

Chemistry.
Routine for designing a synthesis by disconnection approach, strategy for 

choosing a disconnection, strategy of carbonyl disconnections, strategy of ring synthesis, 
and advanced synthesis strategy for complex chemical structures.
Course Outline
1. Routine for designing a synthesis by disconnection approach
2. Strategy for choosing a disconnection
3. Strategy of carbonyl disconnections
4. Strategy of ring synthesis
5. Advanced synthesis strategy for complex chemical structures

102724
(Chemistry of Natural Products)

Iibfiu rmmwaan fnTibsnauualmmlin
iiaafnaa&jfl mamua^ ff^a^ay^

1. ucttmenbaaan
2. ffmJ?tnauuaI?uw^n mmuatj^ fiuiTu amiuvi yJail'i'uatj^«u

fioluu ua^aaaln^
3. ua^m^ati^
4. maT^uatj^
5. m<?ia?a£jA
6. l^u yjaflylru

102724 Chemistry of Natural Products 

Prerequisite : Consent of the School of Chemistry
Structure, chemistry and syntheses of carbohydrates, proteins, nucleic acids 

aromatic compounds, alkaloids, terpenoids, steroids, and other natural products.
Course Outline
1. Carbohydrates, proteins and nucleic acids
2. Aromatic compounds, e. g., benzenoids, coumarins, lignans, flavonoids 

quinones and polyketides
3. Alkaloids
4. Terpenoids
5. Steroids
6. Miscellaneous natural products, e. g., porphyrins

(1 hour) 
(10 hours) 
(12 hours) 

(9 hours) 
(4 hours)

3(3-0-9)

(7
(7

(7 ftotau) 
(7 folaw). 
(4 him) 

(4

3(3-0-9)

(7 hours) 
(7 hours)

(7 hours) 
(7 hours) 
(4 hours) 
(4 hours)
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102725 lAmainalVtaflin
(Heterocyclic Chemistry)

Q^nii^Fiunau :
fiTijj'ia'jMuiJSn^En il^fil&n u^^rm^mTi^fn'nJ^nauaummmyial^fianvi^u

win ^SrwUmiau aaniiau iis!ini34i;rrui.8ua<Knihsnau
s

MiImjTwim
1. fn'siJitnauLjM^aamai.Yialiualmuifin^^ l Laiyial?at<?ia^ \,iu 

m^u Imaia&jjj IvjItu Maylu us^qutu
2. ffTnJ^nauIsjIul^SmaiYialiual^LWJ^nfifi 2 ifiiYiaTiaiwaaj im 

m^nSu lyin^u aw-^nl^a Inatl^a uatla^fe
3. m'5ihtnau'lu'liffiamaiYiaI?ii,aI'5imlin itfu a^Iuau 'lal^a^Iul'u 

lUuMw^igtjjj iuuMviItu aufea mul^tullnlaylu Li,ei«iuuI^[5]rlQUTU
4. en^^nauiamaH^nau m u^m^nus^uviajuauS'luIa^n

3(3-0-9)

(15

(12 fo^M)

(6 fo^M)

(3

3(3-0-9)102725 Heterocyclic Chemistry 
Prerequisite : Consent of the School of Chemistry

Reactivity, reactions and syntheses of common organic heterocyclic compounds 
containing nitrogen, oxygen, and sulfur.
Course Outline
1. Monocylic heteroaromatic compounds with 1 heteroatom, e. g., 

pyridines, pyryliums, pyrones, pyrroles, thiophenes and furans
2. Monocylic heteroaromatic compounds with 2 heteroatoms, e. g., 

pyridazine, pyrimidine, pyrazine, imidazoles, thiazoles and oxazoles
3. Bicylic heteroaromatic compounds, e. g., quinolines, isoquinolines, 

benzopyryliums, benzopyrenes, indoles, benzolb]thiophenes and benzofb]furans
4. Miscellaneous heterocyclic compounds, e. g., purines and p-lactam antibiotics(3 hours)

(15 hours)

(12 hours)

(6 hours)

102726 nmanwaGimvvnfiTiiJsnei
(Natural Products Isolation)

QtfiifoflUfiau : I^Li?niuimsuaiJ‘ua-3fnsinQ<inmS
gtSfrnuyn m^n^^tJ<iia>3'lviagnq<?iS-3&jg^ m'suEjnl^BlfnjJiIvinTivIfia^ufniu^uwi 

Tfl?NilYinT)flnmAniiJ§aulaaau Ia‘34nIyin?iyl4Da>3Lvifn^‘5?nu^uiJiJL9ilBu 

nnvluimnij m^nwan
iQihunmvi
1. gSirrautinw^fiuim™^^
2.
3. n^iiEjnl^tjImjJiIvinTivIfta^u^iJj^i
4. m*JU£jnI^yIfi?3nIvinTiflm?ufmiiJ§?Julaaau
5. mTuynl^iyIa'3U'iIyinnyl5jia>3 lluumm
6. nimBnl^ImNiInnnfluuunLi
7. nmnwan
8. rmefffaM

3(3-0-9)

(7 folau) 
(3 him) 
(4 ^l41>3) 
(7 him) 

(5 ftoLu) 
(3 riLi-l) 
(3 tfoM 
(4 ^iLjO)
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3(3-0-9)102726 Natural Products Isolation
Prerequisite : Consent of the School of Chemistry

Isolation approach, supercritical fluid extraction, isolation by low-pressure column 
chromatography, ion-exchange chromatography, preparative high-performance liquid 
chromatography and planar chromatography, crystallization, and plant extraction.
Course Outline
1. How to approach the isolation of a natural product
2. Supercritical fluid extraction
3. Isolation by low-pressure column chromatography
4. Isolation by ion-exchange chromatography
5. Isolation by preparative high-performance liquid chromatography
6. Isolation by planar chromatography
7. Crystallization
8. Plant extraction

(7 hours) 
(3 hours) 
(4 hours) 
(7 hours) 
(5 hours) 
(3 hours) 
(3 hours) 
(4 hours)

102727 imaviJansmiimAljiu'iilu i
(Selected Topics in Organic Chemistry 1)

Isniumiriau : TflyfnmwuflabWfmm'UfiS
mari iSanemvm mSawnfivimeu iSuviu'i emlatuilaaim

9

3(3-0-9)

vmavm LaSaunl^m^ (36

3(3-0-9)102727 Selected Topics in Organic Chemistry 1 

Prerequisite : Consent of the School of Chemistry
Selected topics of current interest in organic chemistry.

Course Outline
Topics of current interest in organic chemistry (36 hours)

102728 ,M'^^afil,laf^G^^,^n^^,PlSau,M1^ 2
(Selected Topics in Organic Chemistry 2)

QsniMufiau : I(?i£jfn'i3jm,usuaiJsiia>3cn4iii35ifiLfi^
wMiSanffTTKi^^Sauyil^m^iLluflviifluMuilaaiJW

9

3(3-0-9)

Milmjrimvi
(36 fohl)

3(3-0-9)102728 Selected Topics in Organic Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in organic chemistry.
Course Outline
Topics of current interest in organic chemistry

102730
(Instrumental Methods of Analysis Laboratory)

QsniNpiufiBU :

102630

(36 hours)

2(0-6-6)
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2. a^aSnuau^a-H^iilnlmM^S^a? (LvJajJu^^umlvImyJamm^)
3. FTIR ?uiJnIvi?Si,9ia4
4. adnlm^aal^wa?

6. Ifnw'ilvinnvliin^
7. Ta^iIvinnvI'iiaomaQ^^a'ut^
8. imaoQ^Ti^wmBYn^ifmwfau

(72

2(0-6-6)102730 Instrumental Methods of Analysis Laboratory 
Prerequisite : Consent of the School of Chemistry

Laboratory work in instrumental methods and some instrumentation discussed in 
102630 Graduate Analytical Chemistry.
Course Outline
Experimental work designed to use the following instruments:
1. UV-Vis spectrophotometer
2. Atomic absorption spectrophotometer (flame and graphite furnace)
3. FTIR spectrometer
4. Spectrofluorometer
5. Inductively coupled plasma-mass spectrometer
6. Gas chromatograph
7. High performance liquid chromatograph
8. Thermal analyzer

102731 miinl^tflnik^QiArisw
(Analytical Spectroscopy) 

itfi&mjrism : IflEjfnmwumraa'm'm'iunS
douibsnaij'ua^ma^a &uwm^&yty'iumjrnu

imfornimm
1. ijvrui 

1.1 

1.2
l .3 ^uun^Iammnufi^tmjMnmmn

2. ftauibsnaiiimaofla
2.1 nQviujiuiia'3yiftufngi9n
2.2 rmin^myj u.ci^ailn^mn'iviu<aviflvn^ai
2.3 ^uiSanfrrwmqfiau
2.4 i,iviel>3miu(?iu^i^t9huiJaNi^ryfyitu
2.5

3. ^ryqjimu^^^qjqjimTunou
3.1 ^nwm^i%yn^a>3^rijfijiuum^qjryimTumu
3.2 m^'uamimaia'yinfiou^njqjiruuas^ryujifuiiim'u

(72 hours)

3(3-0-9)

(2

(8 ^IlJO)

(4

33



(6 him)4. TnQLfin^vi
a«=1 d

4.1
CM,

4.2 fniwfia^mSaulurmQ^yn4?aiJnImL?iS
•

4.4
5. maufifnilnl,mujmml<iasi9ia3j
6. wauamiJnlmwmnMu\,f\m
102731 Analytical Spectroscopy 

Prerequisite : Consent of the School of Chemistry
Concepts of spectrochemical analysis, instrumental components, signal and 

noise, methodology, and atomic and molecular spectrometric techniques.

Course Outline
1. Introduction

1.1 Nature of spectrochemical analysis
1.2 Expressions of analytical information
1.3 Radiometric and photometric system

2. Instrumental components
2.1 Basic laws in optics
2.2 Image formation and beam directing optics
2.3 Wavelength selection systems
2.4 Optical sources and transducers
2.5 Signal processing and readout systems

3. Signal and noise
3.1 Signal and noise characteristics
3.2 Signal-to-noise enhancement techniques

4. Methodology
4.1 Calibration methods
4.2 Errors in spectrochemical measurements
4.3 Sensitivity and detection limit
4.4 Error minimizing techniques

5. Atomic spectrometric techniques
6. Molecular spectrometric techniques

102732
(Analytical Separation)

Qinifapfuriau :
nqidQn'mmn launlYinri^lurfa aianlmylami

ma^u m^farrnfnwiatrN
imlmjrwni 
1. Yiqycifrmmn

1.1 mifwaaluImwiIvinTwl
1.2

i ^

1.3
9

(8 foL-w) 
(8 h\w)

3(3-0-9)

(2 hours)

(8 hours)

(4 hours)

(6 hours)

(8 hours) 
(8 hours)

3(3-0-9)

(6 him)
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(92. Tm^Tnnnvkrfa
i ^

2.1
2.2
2.3 aa&ju

i

2.4 lala^raavn
2.5 Mfmflibsnau

3. la^'ilnnn^^iaoi.vifn^^^go
3.1
3.2 ^uu&^^iati'i'i
3.3 aa^wu

i

3.4 tala^mavn
3.5 mauadiviiu,uaulaaaunflil5^
3.6 mawd'ivi?ijT,aaaunftfl^

4. a JnlnTiAlaliffma^m
5. mauam^rm^mwam^
6. m^ian^i^ammvjuas^oiB^im

102732 Analytical Separation
Prerequisite : Consent of the School of Chemistry

Separation theory, gas chromatography, high performance liquid chromatography, 
introduction to electrophoresis, sample handling techniques, and qualitative and 
quantitative analysis.

(9

(4 hhu)
(4
(4

3(3-0-9)

Course Outline
1. Separation theory

1.1 Chromatographic retention
1.2 Zone formation and resolution
1.3 Optimizing resolution

2. Gas chromatography
2.1 Mobile phases
2.2 Sample injection systems
2.3 Columns
2.4 Detectors
2.5 Ancillary techniques

3. High-performance liquid chromatography
3.1 Solvent delivery systems
3.2 Sample injection systems
3.3 Columns
3.4 Detectors
3.5 Techniques for non-ionic species
3.6 Techniques for ionic species

4. Introduction to electrophoresis
5. Sample handling techniques
6. Qualitative and quantitative analysis

(6 hours)

(9 hours)

(9 hours)

(4 hours) 
(4 hours) 
(4 hours)
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102733 iflfjlvJflniMifiris'w
(Analytical Electrochemistry)

ima^Sa Imyrulla
isjm uasiYifiMQmmjjmfll
ivilmjnmvi
1. ^amaflyjyln

1.1 ffntflylyli^ao^aa
1.2 mtUTumAlylyli
1.3 a^nmn^umai.ai&ja'!
1.4 miamunA^lyJyl'i

2. a^uyia^ciraa^iJgm^Tijolyjyl'i
2.1 a<?inrmm^iJ§mLn^lyJy]'i
2.2 m^u^ua^a^nmiLn^il^mm

3. rmmdowoafm
3.1 frnuyii
3.2 rrmaSauim
3.3 mini

4. LalaoSa
4.1 ^^hlyJyl'i
4.2 LmaoSaua^lanuat^^

5. Tyjmuilam^l
5.1 'ranmrMn^l'Hyh 

.5.2 ^'lyJ^naangmlaaa'u
6.

6.1 Tyiailinnyl
6.2 yfafloatmmiim
6.3

102733 Analytical Electrochemistry 

Prerequisite : Consent of the School of Chemistry
Electrochemical cells, kinetics of electrode reactions, mass transport, 

instrumentation, potentiometry, and voltammetric techniques.
Course Outline
1. Electrochemical cells

1.1 Cell potential
1.2 Electrode processes
1.3 Electric double layer
1.4 Electrode classification

2. Kinetics of electrode reactions
2.1 Rate of electrode reaction
2.2 Current and reaction rate

3(3-0-9)

(6

(4 him)

(4

(4 him)

(8

(10 tfiw)

3(3-0-9)

(6 hours)

(4 hours)
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(4 hours)3. Mass transport
3.1 Diffusion
3.2 Migration
3.3 Convection

4. Instrumentation
4.1 Electrode materials
4.2 Analog and digital instrumentation

5. Potentiometry
5.1 Principles of potentiometric measurements
5.2 Ion-selective electrodes

6. Voltammetric techniques
6.1 Polar ography
6.2 Pulse voltammetry
6.3 Stripping voltammetry

102734
(Environmental Analytical Chemistry)

Qsnifomjriau :

ilnn^fmMlaum^nnuei/iiQsIanfau
ua^^aan^ia^ilfyvn

ifiilmjrwni
1. unun
2. mwQUfiutmn'ua^^uq^aajj
3. vifinmy) mn^ynom um vi
4. fmua^wa'uunlmLa^cmua^waunli
5.
6. linn^mmLlaumtianniJ^iQiilan^au
7. moaaniiaoiltyvn
102734 Environmental Analytical Chemistry
Prerequisite : Consent of the School of Chemistry

Quality control of environment, principles of physical and chemical analyses, 
inorganic and organic pollutants, toxicology of certain toxic pollutants, greenhouse effect 
and global warming, and solutions of the problem.
Course Outline
1. Introduction
2. Quality control of environment
3. Principles of physical and chemical analyses
4. Inorganic and organic pollutants
5. Toxicology of certain toxic pollutants
6. Greenhouse effect and global warming
7. Solutions of the problem

(4 hours)

(8 hours)

(10 hours)

3(3-0-9)

(i
(3

(12
(6 #otau) 
(6
(4 foW 

(4 him)
3(3-0-9)

?•

(1 hour) 
(3 hours) 

(12 hours) 
(6 hours) 
(6 hours) 
(4 hours) 
(4 hours)
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102735
(Forensic Analytical Chemistry)

QtfiiwAiifiau :
V M SJ A 4/ a aa . S' da S' */ a , S' a aa S' d.fni3J?i,ua<i^uLn&nnuu<?nyimfnff9i? ifijjcmnjivinum‘5yi^uvn<iu(?nyiLnfn^9n ansQuu u q

ua^anu^^itlu miriarmfitj: ansyn^iaS anEYnA/rM aiQB'UQLfi^? m
, I S S

, a I a q^a a 1/ a aa , 6u^inJgu<?ini‘3tntnnuu<?nyi^ifnfi^n 

liilmjnmvi
i/ X i/ A s'1. aTimma>3<lium^niJU^Qyi&n^iel'?n•u

2. laffitan^niiniT^ga'uyn^u^nmfn^-?
3. anrflvu^^finu^iJnLlu
4. rmriarmfi&j: amBYnomS aiQBYnA/nvi an^ucLaSy?

9 9 9

5. tniffnaa
6. iJgiiam^Ln&nniJuaQvi&na'i^m: rmmiaanLRaaa mimnai™^ 

airii^^fn^a^vidniJinmanauIa^ GC/MS n^Snwi^iJU^aoviSn 

iJ'inmanauIaLjlmala^SaQyi&j'ia'iffa? rml^ilSm&Jiua^cmLa^nijn^ 

a^IumamQaenEJwSau^ miQLan^w&n^am^&jua^fniyieiaau 

la yte iMyiT^altoiAamiln
102735 Forensic Analytical Chemistry 

Prerequisite : Consent of the School of Chemistry
Introduction to forensic science, analytical chemistry and forensic investigation, 

firearms and gunshot analysis, terrorism: chemical weapons, biological weapons, nuclear 
weapons, and arson, drug of abuse, and forensic analytical chemistry laboratory.
Course Outline
1. Introduction to forensic science
2. Analytical chemistry and forensic investigation
3. Firearms and gunshot analysis
4. Terrorism : chemical weapons, biological weapons, nuclear weapons, 

and arson
5. Drug of abuse
6. Forensic analytical chemistry laboratory: detection of bloodstain, 

study of the aging process of ballpoint solvent by GC/MS, 
a systematic approach in studying ink profiling of ball pens, 
chemical reaction of amino acids and its application to fingerprint, 
forensic analysis of condom and personal lubricant by capillary 
electrophoroesis

102736 m^QlATlSlSviaiujal
(Polymer Characterization)

Qfiiifomjriau :
niTmuivtunlmanfi mfhfiyisvivmfl™

3(3-0-9)

*

(2 tfoM 

(8 foW
(4 ^qI^O)
(6
(4

(12

3(3-0-9)

(2 hours) 
(8 hours) 
(4 hours) 
(6 hours)

(4 hours) 
(12 hours)

3(3-0-9)
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mhunmm 

1.
1.1
1.2 Ifi^jJiImnTi^mAmu'iiaowfl
1.3 m'smtiaou^

2. mTiifin^YnofaiJnlvn^Inil
2.1 auvln Li^ffuJnlynfflnil
2.2 vh Lfi§£j4u3jnmlin nl^uumfailnlmfdnfl

3. mA^man^
3.1 rmmtLa^oSian^
3.2 riTsiSmiiJUuawSian^

4. mr3iflniflwi>3fnwa'u
4.1 t^la i,TUL§£ja^i.Lnuu>3 ufiaa^S L<?ia?
4.2 m‘ni.an!^yn>3i,na&nn3L3i<?i1

5. m^Lftn^iiij^%Iaafn^nuatQyimn^u^
5.1 m'nLant'wi^n^a^
5.2 ?IaSi<?ia4

102736 Polymer Characterization 

Prerequisite : Consent of the School of Chemistry
Molecular weight determination, spectroscopic analysis, X-ray techniques: 

thermal analysis, and viscoelastic and rheological analysis.
Course Outline
1. Molecular weight determination

1.1 Dilute solution viscometry
1.2 Gel permeation chromatography
1.3 Light scattering

2. Spectroscopic analysis
2.1 Infrared spectroscopy
2.2 Nuclear magnetic resonance spectroscopy

3. X-ray techniques
3.1 X-ray scattering
3.2 X-ray diffraction

4. Thermal analysis
4.1 Differential scanning calorimeter
4.2 Thermal gravimetric analysis

5. Viscoelastic and rheological analysis
5.1 Dynamic mechanical analysis
5.2 Rheometer

(9

(9 foluj)

(6 foW

(6

(6

3(3-0-9)

(9 hours)

(9 hours)

(6 hours)

(6 hours)

(6 hours)

102737 TmamaanstoymifliniemsiS i
(Selected Topics in Analytical Chemistry 1)

QinMiiriau :

3(3-0-9)

ifiilmjTwm
vraavm wSq lanswiniM iflufluifmMuilaaiiu (36 him)

39i
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3(3-0-9)102737 Selected Topics in Analytical Chemistry 1 

Prerequisite : Consent of the School of Chemistry
Selected topics of current interest in analytical chemistry.

Course Outline
Topics of current interest in analytical chemistry (36 hours)

os 2/ A eH do 3(3-0-9)102738 ■raamaansmnmAN'aiArisvi 2
(Selected Topics in Analytical Chemistry 2)

Qsnifafiufiau :
mm L§anf^Tm>3 cmlalmhaim

ifhhfjnum
w&vno LfiSo iSuflunffuMuilaaims (36 him)

3(3-0-9)102738 Selected Topics in Analytical Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in analytical chemistry.

Course Outline
Topics of current interest in analytical chemistry (36 hours)

102740
i

(Statistical Thermodynamics)
IsnitoAUfiau :

3(3-0-9)

vi^nn'i^ma^Ku urm nimm ua^aom^

d 2/1. vi^nm?ma<i<5ru
1.1 am a vim a
1.2 aa^^aum^mfip^ua^^n^urmuij-ifiTU
1.3 m?um,on^
1.4 fniw^wusnuamviv'i^fti^

2. unft 
2.1
2.2 unfia^auL^Q a^aua ua^ai&ia^asj
2.3 unffUi^ij'jmuuu

3. <na^m
3.1 wana^aua^fi^
3.2 wMNianmaswanlaaaunaflNafi

q q

3.3 uuuaiaa'iaJn^iTauafn^a-iIavi^
3.4 wiviuluwSn

(9 ^olu^)

(9 fo'hw)

(9 folau)

(9 him)4.
4.1 vlon^um^iianuaoufitnqi^m^rnu
4.2 tiuau-a
4.3

40
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3(3-0-9)102740 Statistical Thermodynamics
Prerequisite : Consent of the School of Chemistry 

Basic principles, gases, solids and liquids.
Course Outline
1. Basic principles

1.1 Microscopic and macroscopic states
1.2 Statistical ensembles and partition function
1.3 Fluctuations
1.4 Thermodynamic connection

2. Gases
2.1 Ideal gases
2.2 Monatomic, diatomic and polyatomic gases
2.3 Imperfect gases

3. Solids
3.1 Ideal atomic crystal
3.2 Ideal molecular and ionic crystal
3.3 Free electron model for metals
3.4 Defects in crystal

4. Liquids
4.1 Distribution function and perturbation theory
4.2 Non-electrolyte solutions
4.3 Electrolyte solutions

102741 iflSfrcaueimwutasj
(Modern Quantum Chemistry)

Qtfiifoflunau : IflBfnmrnmraavmiqTOS
yI'3n^!ufiSudiviTU7iajiJvi?n£jailn5i?a,mi,^«<?iq^iuum‘5 nmli^itusTiyil-yJafi awn-

ivilmjrwni
1. ^n^fi^u^viTU'ssiJiJvisitiatlnmaui^^^iiuuniT

1.1 iltyvnaianenavi
1.2 ifammjm (aaftria)
1.3 wmviuMmym
1.4 mul^imaiinl-yJafi
i .5 uatau^nmEnlfi^ uim

2.
2.1 ^m^TTnl-ylafi
2.2 m'siStmfiwm'saTTyil-vlaft
2.3

3. 0,U9nmBlW'3UlJU
3.1 ^n^Swvienylm^uiJiJ
3.2 AiJUAianW)0rcfla

4. yiqw^l^Ky'TO^'31J
4.1 m‘5il‘»3Jimfjailn9i'5aua^
4.2 yiqwSfjfnu

(9 hours)

(9 hours)

(9 hours)

(9 hours)

3(3-0-9)

(9 ^Lj^)

(7

(io him)

(10 ^Iwo)
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3(3-0-9)102741 Modern Quantum Chemistry
Prerequisite : Consent of the School of Chemistry

Many electron wave functions and operators, the Hartree-Fock approximation, 
configuration interaction, and pair and coupled-pair theories.
Course Outline
1. Many electron wave functions and operators

1.1 The electronic problems
1.2 Basis functions (orbitals)
1.3 Slater determinant
1.4 Hartree-Fock approximation
1.5 Exact wave function and configuration interaction

2. The Hartree-Fock approximation
2.1 Hartree-Fock equations
2.2 Derivation of the Hartree-Fock equation
2.3 Roothaan equations

3. Configuration interaction
3.1 Multiconfigurational wave function
3.2 Doubly excited Cl

4. Pair and coupled-pair theories
4.1 Independent electron pair approximation
4.2 Coupled-pair theories

102742 Yif]U'gn^m^s;suiJnI'mgfInil5)a^fn‘3^u
(Group Theory and Vibrational Spectroscopy)

QtfiiwAUfiau :
ermyrurmu

n'l^il^Ejn^yiq^n^l'wn'iiMa^mna auylnfUdnlrnfllnil u^nniumdnlnWlnO 

iMmjnmvi
1. umuuei^yiqySijyi^a^Yiqygn^

1.1
1.2 rataidatj
1.3 fisna

2. f(jj3j'i9nTia«3ljiianau^tf(3iwi9i?4iia<ind3i
i i

2.1 aamu^iun^nua^IadaLm
2.2

9 9

2.3
3. ^Qum^aon^jj

3.1 cluiJ^iJ^iJ^m^a^mmn^La^nru^a?
3.2 yiqwSaa^Inu^a^ua^wa^aonqwSaaflvilnu^^
3.3 <$nn>w'mfu<?ia4

4. n'luJ^m^nqb'Sncjulum'sMa^mn^
4.1 ^anraaom^uilnw
4.2 niTwi Asi]a>3^4nraa>3n'i‘5^'u

(9 hours)

(7 hours)

(10 hours)

(10 hours)

3(3-0-9)

(3

(5^0^)

(5 him)

(5 ifatw)

42
i



(105. awlni?MiJnImtfTnil
5.1 rm^uuuuin^aunua^uauin^avin
5.2 faiJn9in^ia'3nT5#m^i;m7M34u<iia<il3j^naat<?ia^^
5.3 waua<ifni34i9uuauaT?3jaunua^fnvjvl3Jimim>3
5.4 m^uua^Lji^navimEja^ajj

i ^

5.5 mfiufuiasifna^a 
6. rujiufailnlrn^Inil

6.1 ncjfm^an^aoTiJJiu
6.2 sulnwnua^m^'uuuiJTUJTu
6.3 rmI^^iW4Ba4ii.si4i,i,atwaiia<iTi34'iu
6.4 mTmIm4f(fKi^nnTi34iuu^staai4-^iiJnIm^Inil

(8 him)

A A6.5 mauauatialaoSa

3(3-0-9)102742 Group Theory and Vibrational Spectroscopy
Prerequisite : Consent of the School of Chemistry

Definitions and theorems of group theory, molecular symmetry and symmetry of 
groups, group representations, and application of group theory to molecular vibration, 
infrared spectroscopy and Raman spectroscopy.
Course Outline
1. Definitions and theorems of group theory

1.1 Defining properties of a group
1.2 Subgroups
1.3 Classes

2. Molecular symmetry and symmetry groups
2.1 Symmetry elements and operations
2.2 Symmetry point groups
2.3 Classes of symmetry operations

3. Representations of groups
3.1 Some properties of matrices and vectors
3.2 Orthogonality theorem and its consequences
3.3 Character table

4. Application of group theory to molecular vibrations
4.1 Symmetry of normal vibrations
4.2 Determining the symmetry types of the normal modes

5. Infrared spectroscopy
5.1 Harmonic and anharmonic oscillators
5.2 Vibrational-rotational spectra of diatomic molecules
5.3 Effects of anharmonicity and nonrigidity
5.4 Vibration of polyatomic molecules
5.5 Techniques and instrumentation

6. Raman spectroscopy
6.1 Raman selection rules
6.2 Vibrational Raman spectra
6.3 Polarization of light and the Raman effect
6.4 Structure determination from Raman and IR-spectroscopy
6.5 Techniques and instrumentation

(3 hours)

(5 hours)

(5 hours)

(5 hours)

(10 hours)

(8 hours)
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' K da102743 fiaaaaa«uas:ipi§jviuw'3
(Colloid and Surface Chemistry)

sfciTU^a^^atJ^ ciwij^L^afi'u WQ^^^a^^a^m^Q-unefua^a^m^Q-
‘ua^vmi w/i?QW4Da<!4iia<iiL?>3-u>m w,3‘5/i34iia>3iia>3ul<i-<iiaoi,vien m'i34iflS^^a<i
^aei^atj^ raa^auaMmi^TyJ^

mlmjrwm
1. mu^fia^^ay^

1.1 unui
1.2 m?a'iuum^uu4ua>3^a^^atj^
1.3 anwuiftiavfo^Tu

2.
2.1 m‘3i.a^au^6iia>3a‘ufnfilu<?i3n^i<i^i9u4?ja'3i,vi^3
2.2 rmifi^aufiuuuuTmu&Jui.^smmmmi.uun'i'jLSau^
2.3 a^^n^un^lia
2.4 ?i3i34^uaaf(Iu^n

3(3-0-9)

(3 foll-W)

(4

(3
fUA A

3.
3.1 rrnrvma-mctt
3.2 ailn<snauMmfiInil

4. WQ'iQwua^aoi.viaQ-unfli^^aNiivi^-iiaoi.vim
4.1 ?nw&WQua^fi3iiiw^vi'iiovi<ui
4.2
4.3 tiniyi^ia>3wmua^m?i,m'Uji6^
4.4
4.5 uwuylMui,ein^ui,^tn

5. m^^a'36ua>3im-une(: m^^u‘ua-mncii.m^aijuua<iufe
6. m^^a^^aoL^-^ia^tvifn

6.1 aj^wfum^mmilyn
6.2 rm^nylan
6.3 ,v

7.
7.1 ailnmn^ui,£iai,futia4
7.2 iJrin^mmynolvIvli^o^i^u

8. fni^Lcintj^'iia^'aaeifiatJ^
8.1 MalyJCri'zfa^
8.2 ^uufiiJ^nauliQtjfn^LSuMalyJQn'

9. a^miu^^Iyl^
9.1 uitfulmli ua jmilua^Ma^'ui^j'u
9.2 mim^am^iammua^m
9.3 TyJu

(6 him)

(4 h\m) 

(5 hh^)

(5 him)

(3

(3 hlzu)
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3(3-0-9)102743 Colloid and Surface Chemistry
Prerequisite : Consent of the School of Chemistry

Colloidal state, kinetic properties, optical properties, liquid-gas and liquid-liquid 
interfaces, solid-gas interfaces, solid-liquid interfaces, charged interfaces, colloid stability, 
and emulsions and foams.
Course Outline
1. Colloidal state

1.1 Introduction
1.2 Classification of colloidal systems
1.3 Structural characteristics

2. Kinetic properties
2.1 Motion of particles in liquid media
2.2 Brownian motion and translational diffusion
2.3 Ultracentrifuge
2.4 Osmotic pressure

3. Optical properties
3.1 Light scattering
3.2 Electron microscopy

4. Liquid-gas and liquid-liquid interfaces
4.1 Surface and interfacial tensions
4.2 Adsorption and orientation at interface
4.3 Physical properties of surfactant solution-micelle formation
4.4 Adhesion and cohesion
4.5 Monomolecular films

5. Solid-gas interfaces: adsorption of gases and vapors on solids
6. Solid-liquid interfaces

6.1 Contact angles and wetting
6.2 Detergency
6.3 Adsorption from solution

7. Charged interfaces
7.1 Electric double layer
7.2 Electrokinetic phenomena

8. Colloid stability 
• 8.1 Lyophobic sols

8.2 Systems containing lyophilic material
9. Emulsions and foams

9.1 Oil in water and water in oil emulsions
9.2 Emulsion polymerizations
9.3 Foams

102744 lAMftoylin&iawamaal
(Physical Chemistry of Polymers)

QtfiiMAUfiau :
Im^^Ti^^aoI^a^ma? ema^iBwaamaluAsyiaamalwe^ etoiuMmjiuuMrnus 

vmamviaq amuswan waamalwamvien
waamamulylvh uasn'miaa^Ukana Sum

(3 hours)

(4 hours)

(3 hours)

(6 hours)

(4 hours) 
(5 hours)

(5 hours)

(3 hours)

(3 hours)

3(3-0-9)
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liilmjnmn
1.

1.1 WoLmuL^^Imoul
1.2 mi^ua^iiJri>34i)aATAiaama4

2. sm^^'i^amuaiua^aamaiw^
2.1 amvMMtf<?n
2.2 viq^n™Q{]/na

3. ftaTUta^mjiuu^^aTU^vt^aumaQ

(6 him)

(9 h^)

(9 ^qIwo)
t=* a-*

3.1 nMUYiTum;
3.2 ^{j^fflnafn^n^a^v^aima?
3.3 Qyimm^u^awaama?

4. cltnu^wln
4.1 Im<i^fKiwm
4.2 m^nwanuc^amweMen

5. wSalvi^vnomwififiii-i^l^n^awamaial

(6 rtuo)

(6

3(3-0-9)102744 Physical Chemistry of Polymers 

Prerequisite : Consent of the School of Chemistry
Structure of polymer chain, polymer solutions and blends, amorphous and molten 

state, crystalline state, and modern topics of physical chemistry of polymers such as 
molten crystalline polymer, conductive polymer and molecular modeling.

Course Outline
1. Structure of polymer chain

1.1 Configurations and conformations
1.2 Size and shape of polymer chain

2. Polymer solutions and blends
2.1 Thermodynamics
2.2 Phase behaviour

3. Amorphous and molten state
3.1 Glass transition
3.2 Polymer viscoelasticity
3.3 Polymer rheology

4. Crystalline state
4.1 Crystalline structures
4.2 Crystallization and kinetics

5. Modern topics of physical chemistry of polymers

102745
(Principle and Applications of Quantum Chemistry)

Qttiifamjfiau : I^tJwi3imu42i0usua-3^i5iiiQ^i1fiS
2/ % V A ei <u €u^^Qamormmugmvn^nfift'i^? 

fnaumilfl aMibum&jdi tm imTusn ti

(6 hours)

(9 hours)

(9 hours)

(6 hours)

(6 hours)

3(3-0-9)
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Milmjnmvi
(6 him)1. ifWfnawMU0>3<$Tu

2/^ ^ ^1.2 uvna^^iJfni^f^ujiuvnoiafiwaura
2. unuem^fity^a^La^aQau^

2.1 ^rmm^a^uai
2.2 m^^imuaTu-aaumvuama?
2.3 nq^aa-Sramluian^
2.4 Yiqu-Qa'i^yil-vJa^
2.5 ffvi^wuB'ua^aJnmau

3. &a,na'i&i,nmnum‘5fi'iuQmm^nafn^<?i?aQa<u^4i
3.1
3.2 rmLaam^uijIwmna^u'UJ'i^nyi
3.3 rmiSanteBni'inaftifimfnau^
3.4 ^Tj^^a^isiuuljJifin^Snymatfniw'uiLSa^auaom^aiwui,

4. IiJ'5LLn?jj^im^iJ^viTurma'iwmyn>3LawaQau9i3J
4.1 IiJ?un?3J HyperChem TO^jm'jaiu'imuuLalaoaau^QL'yia^uijaaa
4.2 Iilmirn^i Gaussian diviiiirmfiiuQtuuuLmaofia^Q^a^uija^^ua^mfeiu

5. Im<i4iuQa^£j^ui,n£j'3num?aiu'3mYi'Ki^Sfnau9i34
102745 Principle and Applications of Quantum Chemistry
Prerequisite : Consent of the School of Chemistry

Essential concepts and elements in quantum chemistry and examples of 
quantum mechanics calculations using standard quantum chemistry softwares.

(9 him)

(6 him)

(9

(6 foW
3(3-0-9)

Course Outline
1. Introduction to quantum chemistry

1.1 Relationships between experiment and theory
1.2 Concepts and basic knowledge in quantum chemistry

2. Essential elements in quantum chemistry
2.1 Schrodinger equation
2.2 Born-Oppenheimer approximation
2.3 Molecular orbital theory
2.4 Hartree-Fock theory
2.5 Electron correlation

3. Practical considerations in quantum mechanics calculations
3.1 Molecular coordinate systems
3.2 Selection of molecular systems
3.3 Selection of quantum mechanics methods
3.4 Molecular properties and reliability of the calculations

4. Exploring of standard quantum chemistry softwares
4.1 HyperChem packages for PC
4.2 Gaussian packages for PC and workstations

5. A short project in quantum chemistry calculations

(6 hours)

(9 hours)

(6 hours)

(9 hours)

(6 hours)
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102746 lPlSl,5'3Vlin&<wlUQcM£nff1Sf(?l4S'3inVI
(Physical Chemistry for Life Sciences)

faniMAUfiatt :
2/ l l

^u|ium>3ma4IjjWiSn^uasm?il^?jn^nu‘5suuvimm4ia<inuQyiaj'iftiffm5Q/nyi 
ivialt^unSn^aoftneis^nmifi^^u^siifiSlvIvJi
iMmjnmvi
1. umjj^iaomjiJWvnyiM'u
2. ^a^iuL^^no'5a^viu-3aiia^ma4IwWiSn^
3. tauIyiiili.^^'iiafiffa^^a^ina^Wi^n^
4. vi^3<nua^i^tef3J^^
5. mul^m^^oSofnyj^jaomail^WiSn^

7. ejueiten^^i ^ja Jnlrnla^
102746 Physical Chemistry for Life Sciences 

Prerequisite : Consent of the School of Chemistry
Fundamentals of thermodynamics and its applications to systems related to life 

sciences, and thermodynamics for solutions and electrochemical systems.
Course Outline
1. Description of macroscopic systems
2. Energy and the first law of thermodynamics
3. Entropy and the second law of thermodynamics
4. Free energy and equilibrium
5. Biological applications of thermodynamics
6. Chemical and biological kinetics
7. Solution and electrolyte solution

3(3-0-9)

(2 folaJO) 
(6
(5 tflUw) 
(5 #qUk)) 
(6 fol&M) 
(5 floLjO) 
(7 him)

3(3-0-9)

(2 hours) 
(6 hours) 
(5 hours) 
(5 hours) 
(6 hours) 
(5 hours) 
(7 hours)

102747 ,wu5iui,ias;Qfini^a'3i,^SvlvJvlmwu<lw§i
<d

(Fundamentals and Methodology of Modern Electrochemistry)
Qsnifomjriau :

ijyi<u3mmniJamviyifi^'i^4yn>3i.afiL^5iLaSl,Hyli ef/nyiu'i4iia<iai§nIyi7lfimLa^a,u(?i7mtn 

tfttlaaau ai§nTmlswnAm£imfima4
dm® (ma^m^u^'lyjyl'ilvia) na'lnil^tmaSlylyli^^an^ uwu/nviffntflylvJv^i.amm^m'j 
imawa uasQEffnunw'niaj'jsvnism mvlm^^aisnLmLfi?!
imlmjrwm

2. ^/nvi'uiuaoaJnlm'tamLfi^au^nm&ni^'taaa'u
3. ai,lnIml^n^iULis^itja4
4.
5. ffn&lvlvlnvflweoj^^ (iflaflm^urflvlflnlvi^)
6. na'lmJfimtmfiSl'Hvlwmanm?
7. uwwnviffntflTAlyln-^Lam^KfmuiJ^wft
8. QB^nwi m'nmsvniw mvliu^aianlmlaTi

3(3-0-9)

(4 ^qUi^) 
(4
(4 him) 

(6 him) 

(4 him) 
(4 h^) 

(4
(6 him)
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3(3-0-9)102747 Fundamentals and Methodology of Modern Electrochemistry
Prerequisite : Consent of the School of Chemistry

Introduction to chemical thermodynamics and electrochemistry, electrolytic 
conductivity and ionic interaction, electrolytic double layer, types of electrodes and 
electrode potentials at equilibrium, non-equilibrium electrode potentials (at current flow), 
selected electrochemical reaction mechanisms, potential-pH diagrams and their 
interpretation, and methods for the study of electrode/electrolyte interfaces.

Course Outline
1. Introduction to chemical thermodynamics and electrochemistry
2. Electrolytic conductivity and ionic interaction
3. Electrolytic double layer
4. Types of electrodes and electrode potentials at equilibrium
5. Non-equilibrium electrode potentials (at current flow)
6. Selected electrochemical reaction mechanisms
7. Potential-pH diagrams and their interpretation
8. Methods for the study of electrode/electrolyte interfaces

(4 hours) 
(4 hours) 
(4 hours) 
(6 hours) 
(4 hours) 
(4 hours) 
(4 hours) 
(6 hours)

102748 i
(Selected Topics in Physical Chemistry 1)

QsniMmjn'au :

3(3-0-9)

iffifowmim
(36

3(3-0-9)102748 Selected Topics in Physical Chemistry 1 
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in physical chemistry.

Course Outline
Topics of current interest in physical chemistry (36 hours)

102749 wiamSanfmnmfiSwfavliln! 2
(Selected Topics in Physical Chemistry 2)

Qtfiftpmnau : I^&j^Qi34w,u4«aij<iiav3fn4inqs2mfiS
vh&maanflT5Yii<iifiSmyl^n^ma'3i9ufiuif(uMui]a^iiJu

3(3-0-9)

vmavrM laS (36

3(3-0-9)102749 Selected Topics in Physical Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in physical chemistry.

Course Outline
Topics of current interest in physical chemistry (36 hours)
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102750
(Numerical Methods for Chemists)

Qtfiifamjriau : wuflaiiwfn'ii'ntfiifiti
taaurmuniJnjvnm^oyi&Jimfi^Tl^Ejfea^^Q^a? /nwaa^w^a? 

aanaTwA nn^m? miQtfni^rma^na^ rmawtm^L^^Qm4!] efoirm
fivli'HaiTute fiilainuu^^nru^ailamu im^wfeau

1. m9iaum?unilqjvnyn<iQyimfnfi9i4l^&jlfea^Qi.(?ia‘!
2. /nwaa^^a? (laan 1 mm)
3. <?ham>3mm!j&juIiJ?urn^^u^aana^^il^
4. nnsfoirm

4.1 mmimwm^EjQSa^na^wil^
4.2 dflllU'llllJ^n^'U
4.3 QffUQ^'u-lVl^'U
4.4 vsm

5.
5.1 oSaana^nil^

5.1.1 n/iimma4
5.1.2

v

5.2 QlaanaTKiwimiivii6^
5.2.1 Qmm4^^ei

3(3-0-9)

(1
(4
(l
(4 follN)

(4

5.2.2 Qfiau

(46. myhaniwn'nneinaLi
6.1 ni'5Qmn^m?ti^riaEjmi.Sn
6.2 nTSQifinfMnTKi^nayiN^uiJi
6.3 rm3 Lan^m^ri^na ^ iSu

7. rmauvim^mw^4!)
7.1 n^yinmau^
7.2 n^wem
7.3
7.4 mmSawnaAniaa?
7.5 oSna'u^fnfla

8. ^3irm^vJi,vlaLTUi5&j^
8.1 QihiaoaamAa?
8.2 Qqow-nwm

(5 #qUk))

(6 %i\m)

Ad d a8.3 QBTN^m^ai-fia^finma?
8.4 ^Liy^m^vlHa4TUi,?EJS
8.5 Qswaufi^n^

9. {jiyvnfiilainu
9.1
9.2 QBarflari
9.3 rmai^a^iamaaiaiifailn^Ti

(4 ^I§44)
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9.4
10. iltyvnaufi^ri'ucniJLfiw

102750 Numerical Methods for Chemists
Prerequisite : Consent of the School of Chemistry

Steps in solving scientific problems with computer, computer language, 
programs with closed-form algorithms, roots of equations, systems of linear equations, 
regression analysis, numerical integration, differential equations, eigenvalues and 
eigenvectors, and miscellaneous topics.
Course Outline
1. Steps in solving scientific problems with computer
2. Computer language (choose one language)
3. Examples of programs with closed-form algorithms
4. Roots of equations

4.1 Closed-form solutions
4.2 The binary bisection method
4.3 The Newton-Raphson method
4.4 Other methods

5. Systems of linear simultaneous equations
5.1 Closed-form algorithms

5.1.1 Cramer’s rule
5.1.2 Elimination method

5.2 Iterative algorithms
5.2.1 The Gauss-Seidel method
5.2.2 Other methods

6. Regression analysis
6.1 Linear regression analysis
6.2 Polynomial regression analysis
6.3 Nonlinear regression analysis

7. Numerical integration
7.1 Trapezoidal rule
7.2 Simpson’s rule
7.3 Cotes numbers
7.4 Gaussian quadrature
7.5 The Monte Carlo method

8. Differential equations
8.1 Euler’s method
8.2 The Runge-Kutta method
8.3 The predictor-corrector method
8.4 Systems of differential equations
8.5 The Monte Carlo method

9. Eigenvalues problems
9.1 Evaluation of determinants
9.2 The Jarcobi method
9.3 Simulations of NMR spectra
9.4 Molecular orbital calculations 

10. Miscellaneous problems related to chemistry

(3

3(3-0-9)

(1 hour) 
(4 hours) 

(1 hour) 
(4 hours)

(4 hours)

(4 hours)

(5 hours)

(6 hours)

(4 hours)

(3 hours)
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d o a/102751
II

(Advanced Computational Chemistry)
Qffiiwmjfiau : 102650 Vila I^tiwi^mmau^avifn^io^iLa^

il^o^a^rmaifia^yn^aa^o^a? ^uuuuaiaa^i^flniaumfnm 
oSajaulifn^ mauam^'iaa-am^ iiasrmibtm^

1. il^oraa^m^a'icia-an^aa^o L^a?
2. ^uuuimaifiaou.^^ffn^a'u^n^m
3.

3.1 rm^^Qamwnaa^aiiLCfi
3.2 ^u^a^aao^awmeiL^^fi
3.3 ni?i^mwmafbiWi^naih^hu

i

3.4 mimsmaN
3.5
3.6 i^^n^wffvi^viuMia^nfnLL?it^iJ?^^nBm^ufl'3

4. 0B4iau^a'i'?I^
4.1 rmauri i,n^<?il$i mSaiau^ arfla

i

4.2
4.3 oSmlnTiAia^
4.4 oSwau^fnileiuuiJfKiamvijn^-aoaoiu^u
4.5 othjaufimflmmmmTuonfnluura
4.6 <?ioamoi]qjvmnmnusua^i,vifnl4iLeina
4.7 wiam-iw^^a^m^ieiaoI^mSaiau^fnils

5.
5.1 fijjm?n'nifiSau^^viTua^<?ia^ua5iL4^nsiluiia<iLvifn
5.2 v^afii^m^IjJLanei'ua^^n^Lmm^i.^^Qam'i

v * *

6. manfim^'i^a^mgo
7. Ifi?<Knu^£jiilumtnnijm?aiaa<ivnNin^fnsi9i4i,l<isi^

102751 Advanced Computational Chemistry
Prerequisite : 102650 Graduate Computational Chemistry or consent of the School of 

Chemistry
History of computer simulation, model systems and interaction potentials, 

statistical mechanics, Monte Carlo method, molecular dynamics, advanced simulation 
techniques, and applications.
Course Outline
1. History of computer simulations
2. Model systems and intermolecular potentials
3. Statistical mechanics

3.1 Sampling from ensembles
3.2 Type of statistical ensembles
3.3 Simple thermodynamic average
3.4 Fluctuations
3.5 Structural quantities

3(3-0-9)

(i aqM 

(2
(8 foll-JO)

(8 ihM

(8

(4 fohl) 
(5 floM

3(3-0-9)

(1 hour) 
(2 hours) 
(8 hours)
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3.6 Time correlation functions and transport coefficients
4. Monte Carlo method

4.1 Monte Carlo integration
4.2 Important sampling
4.3 Metropolis method
4.4 Isothermal-isobaric Monte Carlo method
4.5 Grand canonical Monte Carlo method
4.6 Examples: problems of molecular liquids
4.7 Examples: results of Monte Carlo simulation

5. Molecular dynamics
5.1 Equations of motion for atoms and molecules in liquids
5.2 Molecular dynamics of rigid molecules and examples

6. Advanced simulation techniques
7. Short project in statistical mechanical simulations

(8 hours)

(8 hours)

(4 hours) 
(5 hours)

102752
(Molecular Modeling Techniques)

QffiiMPiuriau :

3(3-0-9)

ifhlmjnuiin 

1. wujiulhufinwifnflm
1.1
1.2 aufiniffivisnsjtfu
1.3
1.4 9hfimainTiu4«u

1.5

2.1 ^^vujiEJuaorm^^aouiJijIumna
SI 1

2.2 mToi^a'jinjiiIw^n^imsmTKi^fia'j
3. mauflmTmaiivmisYiejA

3.1
3.2 yl&uwuBau^ijfiviw
3.3 q?rniynfii^ig<?iI^LjlfeuiAicUBau^ijfifia^
3.4

4. mfiufim^iaa^vn^^aw^Q^a?
4.1 miawtoiffa
4.2
4.3 yj<«iiuifm^a<im^iaa<iyn>3fia^^i9ia4

5. ImooTuofe^&j^^umaQnurmai^a^uuuIwmna

102752 Molecular Modeling Techniques

(9 ^l34>3)

(3 #qI4H)

(9

(9 fohl)

(6 tfotw)

3(3-0-9)
Prerequisite : Consent of the School of Chemistry

Mathematical background, concept and methods used in molecular modeling and
simulation.
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Course Outline
1. Mathematical background

1.1 Linear algebra
1.2 Multiple integrals
1.3 Statistical mechanics
1.4 Lagrange multiplier
1.5 Molecular coordinate systems

2. Introduction to molecular modeling
2.1 Purpose of molecular modeling
2.2 Molecular modeling and experiments

3. Optimization techniques
3.1 Non-derivative minimization methods
3.2 First-order-derivative minimization methods
3.3 Second-order-derivative minimization methods
3.4 Conformational search

4. Computer simulation techniques
4.1 Monte Carlo method
4.2 Molecular dynamics method
4.3 Development of computer simulations

5. A short project in molecular modeling

102753 WAluTafmnlmfomuQm
(Computational Nanotechnology)

QsnMuriau :
bvrm mwiumlm^TNailnsnau m^ifia^^ija^aji

(9 hours)

(3 hours)

(9 hours)

(9 hours)

(6 hours)

3(3-0-9)

1. umi'i: uuq ao inalula aim ru
2. mwiuqtuIfn^clTi^aJn'jrjau

2.1 qmiuu uauau^Iaiiat ia ulmaa
2.2 QBnriw^nmfn'iJJviuiuu'u

3. mT5iaa<i^ija^a3i
3.1 m^iaa^tigSuauliai'SIa
3.2

4.
4.1
4.2 zMlm

5.9iga£j'Kiilqjvnu,a^'5<Knu^vn(?uln

(3 ^Ljo) 
(9 ^3^)

(9 foLu)

(9 fo\m)

(6 folw)
3(3-0-9)102753 Computational Nanotechnology

Prerequisite : Consent of the School of Chemistry
Introduction, electronic structure calculation, atomistic simulation, and mesoscale

simulation.
Course Outline
1. Introduction: concept of computational nanotechnology
2. Electronic structure calculation

2.1 Ab initio and semi-empirical method
2.2 Density functional theory method

(3 hours) 
(9 hours)
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(9 hours)3. Atomistic simulation
3.1 Monte Carlo simulation.
3.2 Molecular dynamics simulation

4. Mesoscale simulation
4.1 Dissipative particle dynamics
4.2 Mesodyn

5. Sample problems and a short project

(9 hours)

(6 hours)

102754 i
(Selected Topics in Computational Chemistry 1)

Qsnifopmriau :
vnfovi iJanemyi'n lamMivnmvirh&i i2u™?mMuihairu

3(3-0-9)

tfhforsirwni
vn^avno iflu^iiieiulaluilaaij'u (36

3(3-0-9)102754 Selected Topics in Computational Chemistry 1 

Prerequisite : Consent of the School of Chemistry
Selected topics of current interest in computational chemistry.

Course Outline
Topics of current interest in computational chemistry (36 hours)

102755 ■MQiiafitlan^vn^i.PiSi^^iUQm 2
(Selected Topics in Computational Chemistry 2) 

QsnMuriau : I^ufm4im,usffaiJ6jjav3fi'isjjn^'imS
taanfmyii^ ^-3 aiuo iflwuiflulaluilaaiiu

3(3-0-9)

imlmjrwni
(36

3(3-0-9)102755 Selected Topics in Computational Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in computational chemistry.
Course Outline
Topics of current interest in computational chemistry

102760 tAiHfoiAnsm
(Chemical Synthesis)

QsniwAuriau :

1/ 1/61 S'. d/S I aaa M M d <=! 2/ ifniajrmviui lufn^'3imitvifn^ifiwss<i'3Q3jrKiiJgn?mi,fi3Jua^n^Lnmn&jQ^a^ u^snam^a^rm

tfhhronuni
1. uyiui
2. vianmj5i.fiflueitrm^a'nunvno^suvis?nf«?i4ufitaruvnAi^ft'ie(9]4
3. ?n?T33iein^mnainm^mn^yn^Llfei,fifl

3.1 imdoM^ifniuavi
3.2 ynnylu lai^rlu iicmalmmlin

(36 hours)

3(3-0-9)

(2 foL-W) 
(8 

(12
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4. m fn^^iu^^wQ
cmTifia^u^Lfini^ ^Jiinwlia ‘lai

5. m?^ufin^i?mSauuyi?^ l^u ua^rntj J&jLfiS ‘i^i

102760 Chemical Synthesis 

Prerequisite : Consent of the School of Chemistry
Application of chemical principles and concepts to the industrial process for the 

manufacture of chemicals, advances in the synthesis of chemicals including reactions 
and mechanisms involved in the synthesis, and examples of synthesis of small and 
complex molecules in petrochemical and inorganic chemical industries.
Course Outline
1. Introduction
2. Chemical principles and concepts including kinetics and 

thermodynamics considerations
3. Small molecules from petrochemical synthesis

3.1 Hydrocarbon sources
3.2 Paraffins, olefins and aromatics

4. Complex molecule synthesis from small molecules, e. g., surfactants 
synthetic lubricants, pesticides, medicines, etc.

5. Inorganic chemical synthesis, e. g., ammnonia, chemical fertilizers, 
sulfuric acid, etc.

102761 iJlflsiSgjmiasifEGmflS
(Petroleum and Petrochemicals)

fonifomjriau :

maw^9iw^/imsna'inI'3onauui3Juua^n^ij'BauI^v3TULlI<?nLfiS

iMmjrwm 

1.
1.1 efejimitfrcawibsnaii
1.2 my^antmasm^Ernwh 

1.3.
1.4

2. n‘5tLnumTmv3LlI<51^LatJ41U^tLm^B^4li1^
2.1 rmnau
2.2 mnjQum'aumnno
2.3 n^inumi1yJa&
2.4 uaaa^i^-u
2.5 'lalfliNaftaim
2.6 n^nnum‘nJiiiiJ'5ow^'?iffm6n

3.1 v^nnylu
3.2 laiaylvi
3.3 ua*buNfin
3.4 ati^riau
3.5

(7

(7
3(3-0-9)

(2 hours) 
(8 hours)

(12 hours)

(7 hours)

(7 hours)

3(3-0-9)

do tfoM

(18 ^IjJO)

(8 ^Lj>3)
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102761 Petroleum and Petrochemicals 

Prerequisite : Consent of the School of Chemistry
Nature of petroleum and natural gas, petroleum and natural gas processing for 

manufacturing of various refinery products and petrochemical feedstock, and 
petrochemical synthesis of some major industrial petrochemicals.
Course Outline
1. Petroleum and natural gas

1.1 Properties and compositions
1.2 Analysis and evaluation
1.3 Petroleum products
1.4 Petrochemical products

2. Petroleum and natural gas processing
2.1 Distillation
2.2 Cracking process
2.3 Reforming process
2.4 Alkylation
2.5 Isomerization
2.6 Treatment processes

3. Petrochemical synthesis of upstream petrochemicals
3.1 Paraffins
3.2 Olefins
3.3 Aromatics
3.4 Acetylene
3.5 Synthesis gas

102762 ni^iJfjntmrasmis
(Heterogeneous Catalysis)

QsniwAuriau :
2/ I

O IS *3 2s t=i I . /=» s' ay M T Qy CoUYiunim^vi^nm?iua<i9imn&j/3nurmmiJ§n^tnggBiNUB m^tfuuAslaktfmaaj a^i?im

im^Qatnvi'uaomjiinurmmilgniy'mBnus luaem-mfrmi 
iffihurwm

X is A1. ijyiuiL^^vianm?mav3<liummnijm?miJgn?&ji33BmiB
| I I« «« Od u g1.1 iJxg<?im?miJ2fnEmgwjuB

1.2 maai^diaqjlun'nmiJQnitJ'iQQByius
1.3 a4<niJ^nau4ua49nmiJgm&n
1.4 m^amumm^iJjjrnmQQsyiUE

2. m^^^uL^^akmaji 
2.1
2.2 ifu^a«3fm^(?)^u•u

2.3 “fiu^^a^lakmau
3. a5iTHTiua^a<uyjaft'iff>?]?4iia'3rmmiJgmm

3.1 n{]a5in
3.2 uuuaifia^yiTiaaunafnei<?i?

3(3-0-9)

(10 hours)»

(18 hours)

(8 hours)

3(3-0-9)

(3

(3 ^iLlO)

(6 ^Iwo)
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(4
<=i 0-/ I* IA AA

4.
4.1 m?9in<?itnau
4.2 niTniteu^
4.3 m?i^nLiJ§£julaaau

(45.
5.1 f{3jij^a4^<55fimu(^?aNiiii
5.2 ftwii^a'iao^iJ^nauflia^

6. rm^railgm&j'i (6
X a6.1 TO^ua^iB^i^miAiTu

V ( 'u ’

6.2 m's^mmuna^^Sian^
6.3 rm^ntn^nym^mvi’uiI^Ejn^a^^yi'nftuaJnmau
6.4 mauafiflm^IiJ'mmjjaui.vinS

A , ”6.5 mfiuaau
7. mmSa^ifffiTiAi^aowL^iJ^ni&jn

7.1 m^a^mmtfa^fnw
7.2 ^u^a^rm^aw^/nvi

_ *J I I | A A A A A 0-/ 6^18. lua^iefivin™

(4 him)

(6

3(3-0-9)102762 Heterogeneous Catalysis 

Prerequisite : Consent of the School of Chemistry
Introduction and basic principles of heterogeneous catalysis, adsorption and 

isotherms, rate and kinetics of catalytic reactions, preparation, properties, 
characterization and deactivation of catalysts, and examples of heterogeneous catalytic 
process in industry.

Course Outline
1. Introduction and basic principles of heterogeneous catalysis

1.1 History of heterogeneous catalysis
1.2 Important terms in heterogeneous catalysis
1.3 Catalyst components
1.4 Steps in heterogeneous catalysis

2. Adsorption and isotherms
2.1 Adsorption and desorption
2.2 Types of adsorption
2.3 Types of isotherms

3. Rate and kinetics of catalytic reactions
3.1 Rate law
3.2 Formal kinetic models

4. Catalyst preparation
4.1 Precipitation
4.2 Impregnation
4.3 Ion exchange

5. Catalyst properties
5.1 Properties of support materials
5.2 Properties of active components

%

(3 hours)

(3 hours)

(6 hours)

(4 hours)

(4 hours)
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(6 hours)6. Catalyst characterization
6.1 Measurement of surface area, pore volume and pore size
6.2 Powder X-ray diffraction
6.3 Morphology study by electron microscope
6.4 Temperature programmed techniques
6.5 Other techniques

7. Catalyst deactivation
7.1 Causes of deactivation
7.2 Types of deactivation
7.3 Kinetics of deactivation and characterization

8. Examples of heterogeneous catalytic process in industry

wfiluIaSunlmiia^Gm
(Introduction to Nanotechnology)

umh viaaTiuavmil'u winuilu fnawfcjliafl mum
aajjyja^yiu^^a^^a^aiJ^nau^^uu'iIu Lalaowa 

ua^m7iJ^?jn^snnmaIuIaSuiIu gflgnTmsmjTmaqa aJnvnaunfc^uI^tein^ uilvuvJm 

\,mv, uauinfiluIaSlijIauiIu rmm^myju^^n'mJ^iJU'?i>3lu7^^uas'?iajj lyi^IuIaS'uiIulu

ifhlmjrwim
1. until
2. riaailuauuilu
3. wanuilu
4. enaumjliafl
5. fiuu^6ija^'ifi^ni8uyl^n^unuu'ui(ji
6. m?inflWv3?mAi£j<flQia>3
7. Qff^nSlfl'JO^Tl'lUlIu
8. ylauuataaumaBnnSaoa^nau^uuiIu
9. ima^uau^snml^^n^imnaluIaSuiIu

10. oftonmiit^ului^n^ aianmaunm^^uluiana uiluivJmifimi 
i.^tmfil'ufeS'luIau'iIu

11. m^in^/nviuatm‘5iJTUU9i<iW^ua^9ia3i
12. mfiIuIaSuiIulue]9ifnvin?i3J

102763 Introduction to Nanotechnology 

Prerequisite : Consent of the School of Chemistry
Introduction to nanotechnology, carbon nanotubes, quantum dots, properties of 

materials as a function of size, self-assembly, nanostructured materials, nanoscale films 
and composites, devices and applications, molecular engineering, molecular electronics, 
nanofabrication and bionanotechnology, imaging and manipulating at the atomic scale, 
and nanotechnology in industry.

(4 hours)

(6 hours)

3(3-0-9)102763

(3
(3 fohl) 

(3 TpM 

(3
(3 foluo) 
(3 him) 
(3 Tntisi) 
(3 #qLjo) 
(3
(3 foW

(3 him) 

(3 foluo)
3(3-0-9)

Course Outline
1. Introduction
2. Carbon nanotubes
3. Nanocrystals
4. Quantum dots

(3 hours) 
(3 hours) 
(3 hours) 
(3 hours)
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(3 hours) 
(3 hours) 
(3 hours) 
(3 hours) 
(3 hours) 
(3 hours)

5. Properties of materials as a function of size
6. Self-assembly
7. Nanostructured materials
8. Nanoscale films and composites
9. Devices and applications from nanotechnology

10. Molecular engineering, molecular electronics, nanofabrication 
and bionanotechnology

11. Imaging and manipulating at the atomic scale
12. Nanotechnology in industry

102764
(Introduction to Solid State Structure)

Qtfiifomjfiau : leiurmuairaM'iu'mi\.m

Lta^ia^a^^a ufisimawasmrnjvn lfn<ie(TKmT334taiaummmimijuaviLan im®I'm hen u

6* ^ <4 6*1. LiYi,u'ii,n£jQniJwanaif{(?mmija<iili3j failnanua^^man^
1.1 nmaai mu^af
1.2 M-isnaa

2. nq^nqmLa^w'ia'jfaiJ^
2.1 na^aamwanaifial 32 uuij

«» q

2.2 m^vntiaiyjelLaila
2.3
2.4 na^^u'm 17 uuij
2.5 nq^lcUlJ^ 230 uuu

3. aiviuwanua^wvi'uuaa^
4. avia^mtn uimua'ula io \,f\m

4.1 maua^rma'umn^aoaua^mbiLiiJiJuauIani.aua
4.2 yiM^TUua^mmlatJUu.iJa^
4.3 m^w'fumijuaulaigm’ualufimu^aoulo
4.4 miaiuomanyu^m'iama'iJa^flmu^aoLm

(3 hours) 
(3 hours)

3(3-0-9)

(9

(12 #qLn)

(6 ^oLl^) 
(9 tflM

3(3-0-9)102764 Introduction to Solid State Structure
Prerequisite : Consent of the School of Chemistry

Foundations of solid structural science, point and space symmetry, group theory, 
scattering theory and instrumentation, and tools for evaluating extended structure via 
noncovalent interactions.
Course Outline
1. Introduction to classical crystallography, X-ray spectra and optical properties (9 hours)

1.1 Vectors, matrices, tensors and their algebra
1.2 Point symmetry

2. Group theory and space symmetry
2.1 The 32 crystallographic point groups
2.2 Stereographic projections
2.3 Lattice symmetry and Laue groups
2.4 The 17 plane groups

(12 hours)
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2.5 The 230 space groups
3. Crystal and lattice defects
4. Noncovalent interactions

4.1 Types and classification of noncovalent interactions
4.2 Energetics
4.3 Noncovalent contacts in the solid state
4.4 Calculation of geometric features of the solid state

102765 wanensfal
(Crystallography)

: 102764 imVila

1. YiqttSfmiS&niuu
1.1 u^^iri^Tunmj
1.2 ^uSataai
1.3 pJuuuwSn
1.4 m]iia4iaiiaua«uu?nn
1.5

2. nq^rmn^tao
3. QSm^LfinirwIm>3^Ti«3wamliEn

3.1 mfiuam^ilqnwSn rmmanwSn ua^miS^wannuw'i^watii^
3.2 n'l'avnwi^vniotJi^^uaiinqucUiJ^
3.3 rrnT3UT3^5a4jS(?hEjlivJLirJ7nIyi^i9iaWtjlviiii.^sm7iJ7ul'Mi3u5a3;jaaoijji,&iL^
3.4 oSniTmlfnofiTi'j
3.5 uwuvifmjJviumuuailn^namm^SflvIuwjuii
3.6 rm^TKimvj

4. ni7Lil7EJumtJiimfiuam‘5ViiW<3f(?i>3wam^g^EJ7-3^an<Snu 

LYHnufiaufil§vnIa?4^TKi
5. m'nJ^Ejnmaow^nftisl9i7vn<ii?iS
102765 Crystallography 

Prerequisite : 102764 Introduction to Solid State Structure or consent of the School of 
Chemistry

Experimental methods involved, background on principles and methods of 
modern chemical crystallography, and major applications to problems of chemical 
interest.
Course Outline
1. Diffraction theory

1.1 Reciprocal lattice
1.2 Miller indices
1.3 Crystal forms
1.4 Laue and Bragg laws
1.5 The structure factor

2. Scattering theory

(6 hours) 
(9 hours)

3(3-0-9)

QmMuriau

(6 folau)

(8
(14

(3 fiotn)

(5
3(3-0-9)

(6 hours)

(8 hours)
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(14 hours)3. Single crystal structure determination methodology
3.1 Crystal growth, selection and mounting techniques
3.2 Unit cell dimensions and space group determination
3.3 Data collection with modern diffractometers and corrections to the intensity data
3.4 Structure solution methods
3.5 Electron density maps and refinement procedures
3.6 Calculation of molecular dimensions, graphics and interpretation of results

4. Comparison of single-crystal X-ray and other selected structural techniques (3 hours)
5. Applications of chemical crystallography (5 hours)

tf 9/102766
(Advanced Crystallography) 

Qtfiifamjfiau : 102765 Vila

3(3-0-9)

X 0 4/ %/ c* 6 A'A id d l/«y c\d dvm^TUcUvi'jufmn^aao^iuwan^nff^nvim^uuimww viu^iu^iuvianm'Ju.a^Bm^n
i ^ l ^ 2/ l

mLnlia^nuWo^fio^a^fn^^fn^aoufe ImotfruviSehmi
n^wouuuuvi? i.i)a^au<iii^au^uaruvi,ualiJainwan^'i?i<?i48iia^Nan^m^LLluli](?nmLU7nn
mlmjntim

2. fn7ataitJ4iia4i,mLLa^ag'iuunvi7a<iflin^annmAun,uaija4vi<uotJi6Jfia
3. mviuu^sjIfi^fifKiuuun^i
4. rmmiimuuui.i.vim^fnnmavi
5. m'siJ^Ejn^a'imaluIaS^qQ^m^u^num^n^^L^YiUji.fluliJ^nuuuinn

9

6. rrr5iJ^?jn^a<i74^uIa?9na<wnuwan^i^'?i?
7. QBaulumTviiIai^eifi^LLa^mTviillvJuwvi'n
8. mmiJi&jum&jumaMiSan^lumTvnlrafifio
9. m‘5iJ^tjn^6Da^mauam7vnIa74fiTKifl'tiiL9uliJ<?n3iumnn

9

102766 Advanced Crystallography
Prerequisite : 102765 Crystallography or consent of the School of Chemistry

Foundation for nonroutine crystallographic experiments, background on principles 
and methods related to structures of solid solutions, defect structures, modulated 
structures, structures with diffuse scattering, and other areas beyond traditional Bragg- 
type single crystal crystallography.
Course Outline
1. Scattering theory in non-Bragg solids
2. Solid solutions and stacking faults
3. Defect and modulated structures
4. Thermal diffuse scattering
5. Application of area detector technology to non-Bragg scattering
6. Application of synchrotron radiation to crystallography
7. Alternative structure determination and refinement methods
8. Comparison of selected structural techniques
9. Applications of non-Bragg structural techniques

(9 fotu) 

(3 foLu) 
(5 tfltaw) 
(3 #oLw) 
(4 flob-U) 
(3 him) 

(3 #Au) 

(2 flohu) 
(4 him)

3(3-0-9)

t

(9 hours) 
(3 hours) 
(5 hours) 
(3 hours) 
(4 hours) 
(3 hours) 
(3 hours) 
(2 hours) 
(4 hours)

62
j



102767 Q'Msnpfi^liJ^san^u.asinflluTuS^ia'asnfafiuw^wQ
(Applied Surfactant Science and Technology)

iLmfi^ujiuustm^iJ^^n^Yimftiff9i^a>3f{i?a^i,i‘5'3^wQSlu^9iffivinT53J nrnJ^Ejn^ 

lumTni^Q'UJ^a'i^^uQ^^awuatmTflaonujj^^y- rmuunl^tjte'na^u.^^wQ m^nvlanuas 

mmifn'iNetea'iei <5i^a^unmJ^?jn^muau
IVlImJTWlTl
1. uviui
2. a^m
3. IvJjJ
4. tffernviwmimsa'm
5. m^nvJan
6. nT5U£jnI^&jte'na<?u,mwwg
7. mTmfniMaiA&m'waaN
8. mrfa'jnvwj^w

3(3-0-9)

(8 hhi) 

(3 hlau) 

(4 foW 

(3 fo\m) 

(4 ^Ljo) 
(6
(5 him) 

(3

3(3-0-9)102767 Applied Surfactant Science and Technology 

Prerequisite : Consent of the School of Chemistry
Fundamental concepts and applications of surfactant sciences in industry, 

applications in environmental clean-up and pollution prevention, surfactant based 
separations, detergency and cleaning, and others.
Course Outline
1. Introduction
2. Emulsions
3. Foams
4. Dispersion stability
5. Detergency
6. Surfactant based separations
7. Environmental clean-up
8. Pollution prevention

(8 hours) 
(3 hours) 
(4 hours) 
(3 hours) 
(4 hours) 
(6 hours) 
(5 hours) 
(3 hours)

102768 IfWViaiiaal
(Polymer Chemistry)

Qsniwmjfiau : Teiam™auTja>scfnj'nnLfifl
WjemoTiawiamNai unviunhiieiqa viannTroa^fiSvjamaja^

I^yiiiugBm'5^ifiTit,Mua^m?m^viam34a4 na'lnua^auviaffifim^a^m'sin^yiaama^uuu 

aiuuuu uuuavwjfiLffiuatLtuu'laaau rmin^aaiwa^si niTm^a^maflfiaa^m^u
1 <u ,

otafi" ia/2/ea ciiu 6" o 6" I |/=»<a« ct6] Imemaai^amiuiiiileno waa^iawvn^aiNi.ftwinmnijm^vii.aTisviviaama? wu ilgrnmmwlvui 
fnujnnviwifum^wiJSn^aifmm^viaauja? uasfniNmwiuTOvn'u

ifhlffijrwim

3(3-0-9)

l. Lmtuimao^u (3 foht) 

(6
(6 ^lIjJO) 
(6 fiLjO)

2. rmin^viaamaiuiiija'iiiiiuu
3. rmm^iviaawjammuai^js^
4. rmin^aaujamiuulaaau
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5. frmnemaamafh&j
6. rmm^aamaflaaa^Lu^u
7. mmnflwaamamiijuiile™
8. m\r\ m^swiaama?

(6
(3
(3
(3

3(3-0-9)102768 Polymer Chemistry 

Prerequisite : Consent of the School of Chemistry
Polymer architecture as well as molecular weight and distribution, principles of 

polymer chemistry with a focus on synthetic and polymerization methods, mechanisms 
and kinetics of polymerization including condensation polymerization, free radical 
polymerization, ionic polymerization, copolymerization, coordination polymerization and 
ring-opening polymerization, special topics in polymer synthesis such as new chemical 
reaction and chain architectures, and advances in polymerization catalysis and 
structure/property relationships.

Course Outline
1. Introduction
2. Condensation polymerization
3. Free radical polymerization
4. Ionic polymerization
5. Copolymerization
6. Coordination polymerization
7. Ring opening polymerization
8. Special topics in polymer synthesis

(3 hours) 
(6 hours) 
(6 hours) 
(6 hours) 
(6 hours) 
(3 hours) 
(3 hours) 
(3 hours)

102769 IfllntfG) 3(3-0-9)
(Material Chemistry)

foiiKipiijriau :
Mjfhja'nsfai ilnn^rmtu^iaowg

i^inJnnom^tviQKiviui ^^a^awSniiQifin^nHrus^asi'i^lufiai'u^a^ul^

iffilmjnmvi
(4 tfobu)
(6 him)

1. byiu'i
2. m?&3i,mi^3^u^nbsiRV)

2.1 MnSnannQfi&fffHaA
2.2 iNa^a4^i£jfi

9

2.3 ‘na^ufeawunlm^tlfiaa^mm
2.4

9

3.
9

3.1
3.2
_ _ «-/<=> o f3.3 .
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5. QSn'i'5gi,fins^ani!imt4Daw^l'WflPi<w!iiia4ufe

(io^qUi^)

(8 ^luo) 

(8 ^qIwo)
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3(3-0-9)102769 Material Chemistry
Prerequisite : Consent of the School of Chemistry

Introduction of material chemistry, syntheses of representative materials, 
materials properties, surface and interfacial phenomen, and characterization methods for 
solid state materials.

Course Outline
1. Introduction
2. Syntheses of representative materials

2.1 Ceramics via sol-gel method
2.2 Conjugated polymers
2.3 Inorganic and coordination solids
2.4 Nanostructured materials

3. Materials properties
3.1 Electrical properties
3.2 Optical properties
3.3 Thermal properties
3.4 Magnetic properties
3.5 Correlation between properties to molecular and solid state structure

4. Surface and interfacial phenomena
5. Characterization methods for solid state materials

102860
(Applied Electrochemistry)

Qfliiumjriau :
iiyiui aJnlmlaimteflrnvinmi minim

a/

inSlylvh viannmun^niiila^nnnmn^n^au

1. irmh
2.
3.
4. aiinlyiTiAiaima^L^uua^nmniii.muminlmylan^n

6. vii’nnmi^tnnila^nunTjmmau

102860 Applied Electrochemistry 

Prerequisite : Consent of the School of Chemistry
Introduction, electrochemical energy conversion and storage, industrial electrolysis, 

electropolymerization and electrophoretic painting, electrochemical machining and 
electrochemical polishing, principles and prevention of corrosion, and electrochemical 
waste water treatment.

Course Outline
1. Introduction
2. Electrochemical energy conversion and storage
3. Industrial electrolysis
4. Electropolymerization and electrophoretic painting

(4 hours) 
(6 hours)

(10 hours)

(8 hours) 
(8 hours)

3(3-0-9)

(3
(6 inM
(6
(6
(6 him) 

(6
(3 ^lluo)

3(3-0-9)

(3 hours) 
(6 hours) 
(6 hours) 
(6 hours)
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5. Electrochemical machining and electrochemical polishing
6. Principles and prevention of corrosion
7. Electrochemical waste water treatment

(6 hours) 
(6 hours) 
(3 hours)

102861 i
I

(Selected Topics in Applied Chemistry 1)
QttiifoflUfiau :

3(3-0-9)

ifhhunmm
9 9 (36 him)

3(3-0-9)102861 Selected Topics in Applied Chemistry 1 

Prerequisite : Consent of the School of Chemistry
Selected topics of current interest in applied chemistry.

Course Outline
Topics of current interest in applied chemistry (36 hours)

102862 wtfamiantfTanmflSibsancn 2
9

(Selected Topics in Applied Chemistry 2) 

wfe^i.San^TKn^i.aSiJ^^jn^ni^iSufiu'ifiulalviilaaiJu

3(3-0-9)

ifiilmjrwm
wfemo tS'ufiuifiuM'uilaaiJu

9 9
(36

3(3-0-9)102862 Selected Topics in Applied Chemistry 2
Prerequisite : Consent of the School of Chemistry

Selected topics of current interest in applied chemistry.

Course Outline
Topics of current interest in applied chemistry (36 hours)

102980 Ifojami i
(Seminar 1)

isniwmjfiau : I<?iLia3i^mu^ausyaoen<iJi34jni>aS 

vhfen'niaSvmi ifiuafe ^un
102980 Seminar 1
Prerequisite : Consent of the School of Chemistry

Topics of interest in chemistry presented by graduate students.

102981 Kamn 2
(Seminar 2)

Qtfiifomjfiau : 102980 mmi 1

KO-l-9)

KO-1-9)

l(0-l-9)

KO-1-9)

102981 Seminar 2
Prerequisite : 102980 Seminar 1

Topics related to thesis or research project presented by graduate students.
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102982 3
(Seminar 3)

Qtfiifoeiufiau : I^Li^'i3jmu^ausiia-3c:nsij'i3afiii,?i^
w'lani'3 itfualei yun^nwijm^^SnwiluanwmtviiJviQW'nmn'njj

102982 Seminar 3

K0-1-9)

1(0-1-9)
Prerequisite : Consent of the School of Chemistry

Topics of interest in chemistry presented by graduate students by reviewing
literatures.

102983 Kami 4
(Seminar 4)

Isnifomjfiau : 102982 3
wfeyn^i,fi^mmfe^niJoyi2JTUviu^uiifiuaI^tJun^ni!nLiui1^<?i^ni!nluanwru^yiijmu

1(0-1-9)

KO-l-9)102983 Seminar 4 

Prerequisite : 102982 Seminar 3
Topics related to thesis presented by graduate students by reviewing literatures.

102990 QYimUlAms
(Thesis)

Qffiifomjriau
0Yimuyiusvi^nc:f<?nwviiijm6M9iuwu n uim n 2«u

oyi^jTUTAiusvian^^h^^
1 diviiiiw^^nw-Kyiaain^JuiBtijqjilyi 
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\1 id: mu
aiu'aum'agjn^'luuagjm'T 19

aiuuuwuQgjn^'laiuasjnQi 60 viuQ^nia 

anu'aum'jgjn^'luuasjfiQT 60 viu^yn^i 
a°iu'3um/3£jn(avl§iua£jn'3i 45 viUQSjn^i

uuu

102990 Thesis 
Prerequisite : None

M.Sc. Thesis in Plan A Type A 2 
Ph.D. Thesis

in Type 1 for M.Sc. holder 
in Type 2 for B.Sc. holder 
in Type 2 for M.Sc. holder

.?•

a minimum of 19 credits

a minimum of 60 credits 
a minimum of 60 credits 
a minimum of 45 credits
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2) YiTWEJin'nJ^naum'SWEJurm^au
flailn'5mrmi,1tjun'i?^a,u^vi^'inviai&j oinJ^wim aifm
fffnuvi via4^<a viaoil^m? uat^aiuQtjfn'iw^^n^m^vjauatyi'u^ij&j 5iaa^auSviviQ&j 
ftuu^uYn^inm'SYiSiJis^m/nvi

3) nrjftuu^uurmtei LmtuTun^nwi
S?tuijanai?^iJ?nwYhliJuata^T5fiYiiJ?ntnQviEJiwviufl,^iuuiruiunSnwam<iln^

4) aQ'i4i<?ia^m?6iia>3<?ia'i<?m^v3Tu uat/vi1afm^^<iviala4i)a<iwl§ijm6ri<?i
S^Dufi(?i'?n^unSni!)-'iijm6n<?i^aijrm^rm-Tuatmd9ia'i^Li,45-3>3'iu ma^aim^a^n^a^muyio^ 
un^ntnustuiyai^ayiSu^EJ^

19. m-aviajunwlinsj^u

SmTiN?3JUTViang(?nteu^&j u^^^m^iJTuiJ^^u^ujj'imjiuL^^ammvjrm^nyiiSu 

‘xt&s] adioua^n6] 5 3 uatwm^J^muma^,uiviang<?i‘3ad^<?iaL,uaorjn 5 fl

d 0/20. i,M(awsi^iiaiJiuiJi^viansf(?i<3
1 1 , u

ainm^m'di^nifi^Wwiang^nTJui^^^nwi^nfim^iLflun^'i 10 2u^

ffnsj/nvj ustenaji'snwaww^^nuQaEJYiSfjiu/nvi^^uuiu^rili
YMunT5iJTUiJ*5'3viangmma‘lviSiJ^m^iiN2<i^uvi4yn>3<anu^nm‘5u.^»uivm^rm matenriunu 

w'l^imiviu'iviisiQyiLi'i^ffmLi.a^Lvial'uIaSlu^aa^uu^^au'ia'?! u^smatea^fiaaonunQinru^im^iu 

vian^^^ua^jjSnw-'i'ua^msn^oSnyisrm v\tf. 2548 uarfau^au^iviiQn^ji^iYialuIaSflTU'il'i'i 
ft&jm^nw'iiiu2ru635iSnu-'i w.fl. 2550

*

21.
^ H i ^ ii i ,

Sm^nyifl^fean^^^aaOni^ntfi 2541 (vi^ng^niJ^uiJ^) ua^2m?^ntnflmviu^ 

T.^vian^'3iJTUiJ‘3<]6lvi4iaaCrm^ni!n 2551

22. Gmi^iillEJUifitJuiiaiKnrKai^'asiviiin’avian^^i.^riiman^^iJluiJ^tviaj i^'wnsfi'jutiSm^iJIuiJ^
II U 1 1

wlins((iw*JHiiiw^eHiwu n uuu n 2
SI

vianagi^lviaJ■wivaanG) ■wuQyfiw

Qtfiiaan I'jniaan ft^aimwvi'UQLjn?)>15 >12

2.
102610 Advanced Inorganic 

Chemistry I
102611 Advanced Inorganic 

Chemistry II

ulaEm^enmiiasiJTUiwavnliijJ

a^yi'U'iyfi'?! iJiumavnlviw lias 
uJatmifluotfliaan 102710 Inorganic 
Chemistry of Mam Group Elements
a^tidtin^i iJmjiuavnlvuj uas 
nJatmifludmiaan 
a^iyiiigtinifi iliiiiuavnlvijJ nas 
nJati'uiSuo'iniaan 
nm^nitl^lvisJ

Is

lj?uiuavnaimn 102630 Advanced 
Analytical Chemistry lias 102631 
Instrumental Techniques________

102610 Graduate Inorganic 
Chemistry

4 4

timan4

unian102620 Advanced Organic 
Chemistry I

102621 Advanced Organic 
Chemistry II

4

tinian4

102620 Graduate Organic Chemistry 4
102630 Advanced Analytical 

Chemistry 
102631 Instrumental 
_____ Techniques_______

‘} 102630 Graduate Analytical 
Chemistry

4
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uanataitid■wu'jijnsi ■wsjiaivi^
iJmuawlvimasiilfimwafoi

iJiiimavnlvijJ nJa^ma 
w uasiiJatJuiSwiniaan 
a<?iym'3m<in iJ^umavnlvisJ uas 
ulatmiSuTiniaan 
a^yiumn?! iJmuavnlvijj 
nJatiwiSwinisan 
ff^iviuiyn^ iJ?uiuavnl,viji iilaywa 
ith iiasulaEmiflwniaan 
fi(?iyiuQEjfi<ji iJTUiuavnlvisJ uas 
iiJaEJULflu^niaan 
nJayumiJ'SCTiiTtni.ia^aQ^

102640 Graduate Physical 
Chemistry

4102640 Advanced Physical 
Chemistry

102641 Statistical Mechanics

4

mmn4

tinisn4102642 Modem Quantum 
Chemistry

102650 Chemical Synthesis Einian4

uman102651 Petrochemical Products 4

Ejman4102660 Numerical Methods 
for Chemists 

102661 Advanced
Computational 
Chemistry I

102650 Graduate Computational 
Chemistry

44

3. Lilian
n. nasm-usfojrmiasj
102701 Information Access 
a. naafairn^wwauurla 
102713 Solid State Chemistry

n. nasm'nalsjfwnaa 
1

102701 Information Access 
5i. naai^Tm^iPiSauitnla 
102717 Solid State Chemistry

ilTUwavnlvijJ
JLiJaLJUQ“iniJ4auna'uuat:oJatmi.fiaii

Lila tmmuiJTtaidin ua^iJiiimaviilvi ij 
n^iil^lvijJ

j
nJatmiamJiwidin

nJatmianilTi^i^

33

33

102711 Coordination Chemistry
102713 Inorganic Reaction 

Mechanisms
102718 Selected Topics in Inorganic 

Chemistry 1
102719 Selected Topics in Inorganic 

Chemistry 2
pi. nfijtt5nnnifij)attn?a 

1

102720 Advanced Organic 
Chemistry 1

102721 Advanced Organic 
Chemistry 2

102722 Spectrometric Identification 
of Organic Compounds

3 3102714 Coordination Chemistry
3

3102715 Selected Topics in
Inorganic Chemistry I 

102716 Selected Topics in
Inorganic Chemistry II 

pi. fia'm5mn4iP)Sau,n1a

3
9

3 3

v
ilmuavnainwiMii 102620 
Advanced Organic Chemistry I 
iJTUiuavnsnndinij^fiii 102621 
Advanced Organic Chemistry II 
ulaamauib^'rai

3

3

3 3102720 Spectrometric 
Identification of 
Organic Compounds 

102721 Organic Synthesis 
102722 Chemistry of Natural 

. Products
102723 Heterocyclic Chemistry 
102731 Instrumental Methods 

of Analysis II
102732 Instrumental Methods 

of Analysis Laboratory

?•

4

uanlTu
Luaviilviji
nJaymOTil^iQinua^iJTUiuavnlvisj

nm5nLilpilvi4j

nminiLlpilviaJ

rimmLilpilvisJ

uJatmiainbua'nn

102723 Organic Synthesis 
102724 Chemistry of Natural 

Products
102725 Heterocyclic Chemistry 
102732 Analytical Separations

33
3 3

3 3
33

102730 Instrumental Methods of 
Analysis Laboratory 

102733 Analytical Electrochemistry 
102734 Environmental Analytical 

Chemistry
102735 Forensic Analytical 

Chemistry
102736 Polymer Characterization 
102737 Selected Topics in Analytical 

Chemistry 1
102738 Selected Topics in Analytical 

Chemistry 2
q. nairnmnupimfovISn^
timan

2 2

3
102733 Environmental

Analytical Chemistry
3 3

3

3
102734 Selected Topics in

Analytical Chemistry I 
102735 Selected Topics in

Analytical Chemistry II 
<a. naafaiimiPimStovISn! 
102740 Chemical 
_____ Thermodynamics

3 3

3 3

3
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'vianasTa'W■ymnffgmgia ViU'3£]n(?l vuQaneii vjjiaiwn
—3—^------------------- ————8------------ilTumavii^im'ff'iwfiy 102641 
Statistical Mechanics 
iilaamewibiiwtfi

102740 Statistical Thermodynamics 3

102741 Group Theory and 
Vibrational 
Spectroscopy

102742 Colloid and Surface 
Chemistry

102742 Group Theory and
Vibrational Spectroscopy

3 3

uJaEjuismbri-mn3 102743 Colloid and Surface 
Chemistry

102744 Physical Chemistry of 
Polymers

102745 Principle and Applications of 
Quantum Chemistry

102746 Physical Chemistry for Life 
Science

102747 Fundamentals and
Methodology of Modem 
Electrochemistry

102748 Selected Topics in Physical 
Chemistry 1

102749 Selected Topics in Physical 
Chemistry 2 

naMTWi'meisjiJ'asanfl
102760 Chemical Synthesis

3

3

ntmiutalviij3

ntmuitalvd3

ntmiiilfllvijj3

102743 Selected Topics in 
Physical Chemistry I 

102744 Selected Topics in
Physical Chemistry II

ft. na»ninrruiflihJtton(R

3 3

3 3

il7Uiuavnsnmimj4P)iJ 102650 
Chemical Synthesis 
ilmuavmimtfiiMfvij 102651 
Petrochemical Products

mavnlvisJ
ntmtulalvm

uJatmumh^iQiniia^aQin uskiItu 
luavnlvisJ

urkiItu
mavnlviaJ
ntnmiilwlvijj
nJsEJULamJT^iomiiaKiJTULwavnlvijJ

3

102761 Petroleum and 
Petrochemicals

102762 Heterogeneous Catalysis

3

102750 Catalysis 3 3
«

102763 Introduction to 
Nanotechnology

102764 Introduction to Solid State 
Structure

102765 Crystallography

3

102751 Crystallography I 3 3

102752 Crystallography II 3 3

102766 Advanced Crystallography 
102768 Polymer Chemistry 
102767 Applied Surfactant Science 

and Technology

3
102753 Polymer Chemistry 
102754 Applied Surfactant 

Science and 
Technology

3 3
3 3 ?•

ntmufleilvijj
nmtfiitlfltid

i

uJfitmmmbOTnm

102769 Material Chemistry 
102860 Applied Electrochemistry 
102861 Selected Topics in Applied 

Chemistry 1
102862 Selected Topics in Applied 

Chemistry 2
ft. naNQflnymtPillwfaA'm'jm 
102750 Numerical Methods for 

Chemists
102751 Advanced Computational 

Chemistry

3
3

102755 Selected Topics in 
Applied Chemistry I 

102756 Selected Topics in 
Applied Chemistry II

*

3 3

3 3

v
102660

Numerical Methods for Chemists 
uJaEMfiuibwYiimias&mi

3

102760 Advanced
Computational 
Chemistry II

102761 Molecular Modeling 
Techniques

3 3

iiJatmuml'swiiiniiasiJTUluavnIvuj3 102752 Molecular Modeling 
Techniques 

102753 Computational 
Nanotechnology 

102754 Selected Topics in
Computational Chemistry 1

3

ntm'uiltflvd3

102762 Selected Topics in 
Computational 

_____ Chemistry I_____

3 3
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uJaamambswm3102755 Selected Topics in

Computational Chemistry 2
3102763 Selected Topics in 

Computational 
Chemistry II

aman
au

tiruan3502744 Coal Conversion 
Processes

502772 Interfacial Phenomena
oj. naajifliiJluviusiu

timan
uman

3

4. QUiffasmi
102900 Seminar I 
102901 Seminar II

I

uJatmiamb^'nin
LilaEjuiamJ^io^n

i102980 Seminar 1 
102981 Seminar 2

1
11

5. QUEJTUVntS
102988 M.Sc. Thesis

A A
ilia Eimamh^-rai ua102990 Thesis >19>19

i ^TMlDwfi^nm^asnnmiJfnjnnl'M
qj 0/ 0/vian^‘a^|iim6ri(?iuuu

nanagiilniu'miyficnvtanagmla wimvi^
i. Ifi^ali-avianacii

a^^iuouvi'u'itjn*?!OVltJTUVNUI
>2

ovimviymc >60>64

2. fai&jamn
102982 Seminar 3 
102983 Seminar 4

1
1

3. QHtJTUVmE
102979 Ph.D. Thesis

A A
nJatiuiamJi^ioin uasaw 
aiuouviftamei

102990 Thesis >60>64

c& a/ 2/A A 0/ a dvian^'a^giim^cHiinj 2 ^Twluwfi3niii<aaain5iuiJfnifyi^
■wanagiElviaJ'MUQtjnoi ■MUQtinoi_______ yjanagiEi,^

1. Ifi^aliwanaei'a
dTfuaan
OYimumic

2.

viamvig)

omiaan
OYimUlNUE

ao'i^iuouviuotjn?!
a^iuoumtamei

>16 >14
>64 >60

^nrnJiiiiJ^im^mnuvianaifi'i 
3ivnijm^9uiwu n imu n 2

flm^&ij^i^iflydnijviana?n 
31711004^5111511; n umj n 2

3. itzmaan

4. faiffjjsmi 
102900 Seminar I 
102901 Seminar II 
102902 Seminar III 
102903 Seminar IV

iilatmiauibE^mi
nJaEJuiamJi^iim
iiJaEmi.aiiibift'ntfi
nJatJuiamJ^Kai^i

102980 Seminar 1 
102981 Seminar 2 
102982 Seminar 3 
102983 Seminar 4

11
1 1
1 1

11

5. Qntnuvmfi
102989 Ph.D. Thesis

A AnJaovuamJ'ssaiom %mi uasaw 
aivnumioon?!

>64 102990 Thesis >60
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wansrtreattfjiimfimiim 2 ^TwIuwfiSntfiwa^inmiJinjiyilYi
viangfgi-ai.^^ viu^ynui ymnagiiB mnmw

1. Ifi^sfli^vil'n^‘3
11

Tff'M'U']
QYlEJTUVfUS

^liMffumaQTniaan
^YimUVIUB

iMTUimmiEjnsi
flWTUQUVlvilEjn?!

>14 >15
>48 >45

2. ^inij^flij
jjm^TinJ^iiKu^tnnijvianam 
sjvnum'ri'jiiiwu n uuu n 2

jjvnijtwfiwiiwu n uuu n 2
I

LiJauuifimJ'swiQin

9

3. Q'anian

4.
102902 Seminar HI 
102903 Seminar IV

1 102982 Seminar 3 
102983 Seminar 4

1
1 1

5.1'nmuvms
102999 Ph.D. Thesis uJfluuiambifl'ntf) ^aQ^i 

mouvruoun?!
102990 Thesis>48 >45

r
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Qi^Qum^ptmS'imiim^cipInwi w.fl. 2550

I^Emi9uni^3Jfl/3‘3iJ7iJil^aii<ifiiJ34viiQyiyisEJiYi?iIuIfiSgTUi1 Qi^tjm^nwnwiiru'fi^^nynliS 

^■uua'iffyaiuna^n^^niJjT.ujJi'?!'?'! 16 (2) uat (3) uvumtritfmyiuttNvnQYim&j 
m^iluIaSmuil w.ft. 2533 il^naunimliftfnuvnQn&j'ia&jmfil'uIaSgTuil 1/2550 ma™ 3
njjmwuB 2550 {tmajvnoyimaEJLvifiluI^SgiTuil feuaiuv«mi^av3finio<2nm^viiQyi£jia£jmaI‘uIaS^Tui1 a<iaan
, 1/ , ’
is %s M 2/ iM.tfi‘iiau^auh^walilu

"SawffuwvnoYitn^EJLviftl'ufeSgTW'il^ia 1 Tjail-iauuLlEjndi
w.tt. 2550“

^ia 2 I'aiJoauuWffioffu^u'si ilrmanwi 2550 iSu^ulil
?a 3 tem.anfeiJ'ifiimvnQyiEJ'ia&jinalufeSqTuil r\M. 2545

iJ^m^l LLUQiJgiJ^vila^^l^6! ^^vilaumnu^jaijofi'uu Wfe^auuLmu
^a 4 Lwau^^uu 

■NvmYim&j'
■fl/najvn^nyi^Ej'
“ft/n3‘nn'n“
“a^mui^"

“cnw^r

wmmi uvnQvimalula 

mn^ ^muvnQvimaEjmfiluIaSciTuil 
vmiEjfi>3 fimQ<J'im^vnQYi£j'iaajLyiaIuIaSciTUi1 

mvim aim^u^vnonm^LVialuIa^Tuil
9

vwjiejw diumnluuvn^vimamaluIaSgruil 
mium {ninonludTuno^naojjvnovimat} 

maluTaSemnl
9

miutii aai,u^^uno‘£fi<?iu^om4ijao'unSnun 

viaii&jfio wvivii^i‘ino<si(?iu^n^‘ija<3unSnw'i 
vmiLjfio oTOi.il^^auwsivi^ngm'?!^ ^ Imivnonm^y 

malula u STmlfe y'lwuuiowQVi mmui

Nciavn^^injui.sM9i^ni!nwiBqjqjiIn
mimi

is A Vfeau^iJiJfu^'JiftnwmiBtyqfiLan 
"un^nwmiBqjqnian (Ph.D. Student)" mium unSnw-ifini^^nwilu^uiBtytyiLan

"vnviui^iinQin"
"nrar

■fitu'iai?^ijtusyi<?n^^uiJiqjqjiTn"

m unfinwirlni^^nwl'u^^iJiBnjtiJiLan
^ St/

^ftau^fitu^ijliw'iuuao
1/ G] 2/ » d Ci 3J2j l; U *j X Ci i/a a 2/ X ddd«j Sis/^a 5 maBmiu^muwinwm^'wnau^^uu Li,ai;muwQuavimimurmuviui]ajviiainm?b„. D • U */

“unSnwiBujnjiian (Ph.D. Candidate)" mwm
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fraumSmn

7.1 vi^ng(?mJitmftuajTJ5iTiJUi^<?i
i,iluwciiL!am7^mfn^juiBnjqji<?i1vi1am&jumia'in^miJua^jj^nw^jjvn^YiLna£J7ii‘5a>3
vi1ai?l'U'unSnW'ifn^rm^ntnci(?iyi'iu‘Da^vi^n^TLj?qjfyT5i1vi1am&Jumi4iia<i
ffmij'ua^jJvnQnai^iii?a>3 uat^a^S^ru^ijfiau^njjfijjvniYiEJiaEjnnviu^

7.2 vian^iiBnjnjiIvi
^ C ^ a c& 11 d d d t& A7.2.1 L9,uwdii,?an'i7fmw^uiHqj^ji^1vi1amtJULYiia'inf{Jiiiiua^3jSnw'i^jjvnQyi?ji^ 

iijia'3vi1a^vianj'iu7ma'3,i'ia!i^'iL!arm^nwi^uLBqj^i9i1vi1am£juiviiain 

^miiua^ajSnw^ajvnQyioi^tJTuia'i ust<liav3jjfimff3Jijliau9njj^34vniviEJi^£j 
mvruei

7.2.2 u^iaj^uft^iiuuiviaEJgl^Ul'ji'imi 2.50 vilamEJUivii Vila
7.2.3 viinlajiSuliJ™^ 7.2.2 wa>3flu&‘»<?iiJfitii.uma§y*luoifuan^ja'3vi^ngm

2.75 vilam&juLyii mafiiJ^glum^mmivi^iu 
lu^iiiio'ff'iyii.n&jofe'jnijsiiij'ioinvi^sm^ntn I^yflviuo^aTUiaoainviviQEJ'j'iu 

vi1aannwi)<imjiJtiJ4Sid'i^^n&j/iivi^ai;^nyi7^^iJiJUi,6M(?i^nwl^
7.3 vi^n^mJ7^mftu£jLj<aTiimtM<?iM>3

i9uwdn tfarm^nwi^uiBqjqjiTyivilam aumi vi1a^'M^n|TWTU7a>3/ina^ci'i ifani^Snu-i
x, Y=> Tyad i d d d u lu Vd »y«3‘uuin^jtynlvivi^amaiJLYn amsimuu^jjfinyTKiJjvmYiaisaiuiaoLLa^aw^m^u^
au^naj^ajvnoviaiaamviu^

7.4 vi^ng^mBty^jitan
7.4.1 fluwdn L?arm^n wi^uiB^jqjiIvivila mau tvii vi1afivian|'iuui‘3a40na^dni!a 

m'sSnwiijuiBnjty'iInvilamauivii ann^o'njua^^nw'i^aivnoyianaaTu^a^ Vila-
7.4.2 iSviwdiLiam^^nw'imiBqjEiJimmailiua^vilamauiviiain^vnoyia'iaavila 

fffniju^jj^nwn^wvnwaiaaiii'sao mawvi^nyuTu^a^Qn^tdimm^ntnmi 
iBty£yi9i1vi1aLviaumi^nnffiniJ,u^jj^ni!nyi3JvnQyian^aTU?a<il'UfnuiQin 

L^aQnunufn'iJioifi^a^vian^TiJiajqjiLan^a^mSntn I<?iaSu^m^uflSLiuu 

Lftaa^f(34,uij3v3fin?ini^nW''iria,ug^yi'iavki'ji'in'inLnui.tnLna7^uajj4iiav3clniM
nia^fintn

7.4.3 w^a7mSnwivi^n^?iJ7Ujnj'iLan^L'u,u^i^mTniQaa<?ia^t9uw^L?arn7^ni=n 
miBqjtyilviviSn'i'ni^viaiuiNUB uatSiJ^siumTtuoaalusna^iuI^afl 
wamoaa^jJVNi.waLm^lun^iioinmTMff'i'B'i^'iaawTiJ

7.5 vUiiaarjnMaaanainm7L9uun^ni!nwijmsM<?i^nwluvi^n^(?iTMatm^nw'i
7.6 Sam^ij^au<?n^^vnQyiaiaan'ivi<u^

^ 2/

7.7 w^fiim^nwivinvi^n^i^vKSu '?ia^L9uwrju^m'um7)un^nw^uijru6ri<5i^nw 

^a-i'Ui^i^m'Sflnw'imaaTunTnu^nfn^^ul'oluvian^u.a^^unTs^nww
a^m^ntn

7.8 sim^m?I^amuutuiiia4fifutn'n34m'5iJ^ai^unoinaia^^munannuf|ui^3Jijli 
<?iijjfinivicu^^'K)^uvlm9urnmlil

mn
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to 8 mmuMnwi
8.1 mT^^mtuiTu 

na^fniniifwiiiw^TOuvi^n^?
8.2 ^rm^iTOnm^nwaialTO^au^LTOn ^svi^siau^im vilafe^Sauvi^ruu^ 

muTOu^njj^u'utui^ja^fn^n^i
8.3 fitutn'najm'sil^i^iun^nLSuwai^ilim^TUiSi^nw^naj^iiivitruiiia'ifm^m'swm's 

m\,mr\
8.4 nimimfintnvi^n^<?i'nBqjtyiIviLLuu n i u.atiBruqj'iiammu 1 vimuLavntm'n^ 

mayi'iQnuiuwuB TO^Tuaiuj^i^in^iQnm^
1 ^ CS 2/ 2/ <5 ^8.5 lumm^NamT^^n?un<i)a>3^u«in™m?fi^iTOru'wu,iiw^fnm^nwimiiBtytyiian5 

aQi^ivjTajjyii^^nTJLio'Ulmmvja^viium^ntnmiJ^qjfyiian 

mu^au'iiaoam^nmjm'aiJ^aid'iun^iaia^a-nrui^uwuum^nw'iTOLRfijqj'iIvil'u 

vian^wwuu^aim^n win'll
■U V

to 9 m^uYiKifitJUiLluun^nwn
9.1 (yfijJvnQyi&Ji^um^rn!n^^sltnu/i'iyi,unSntnam'3f(3JT5j?tuiSa3JvnQviEJiati'Ui‘uu 

ntmEJUiy,uuL3uun^nwii&
9.2 mmnsi.CLiui.Suun^nw'iT.wSuliJ^n^Sm^jjvnQyiEj'i^niviu^

VINQGI 2

sffmwnviun^fufi

to io flmurnvmnSnuo
,un^nwia5i^ffni'u/i'i,nl(acia'i,uriiiNviu<i ^^ialiJu ’ ■•
10.1.1 unSntn^^qj mimt wflwviioyim^^m^nwiI^y'UiSwa,uM^Fi
10.1.2 un^nw'iyi^eiaoSnwi mimi 

vi^aa^^ntnlumam^ntniiTnm
10.2 un^ni!nyi^aa^^nyisi^iiin™^munlwLl^uf(a'ium^L9‘u<un^ni!nf(3%LSamu

£SM6|S/ A A o is ciwaul^ lvM0TO<)ftni=nraYimm^<)u
<=i a«=1o 1/cH M 6] 2/10.2.1 flau l^nnyQ4di4dumriJtyi<?iTvinTi^^yimviu<?i Ivi^&ju^nwwaulu lviyi(?i^a>3 

SnMnl^Ejfiu&it^ufi^uuulsjwirni 2.50 ^nm'diiviaiu^i^bJun'liJfimoru 

u<?iw^^ijfi^uuuiuS£j^^i,ifi^'UiuiJ?i34i8uviuo&jfi9i^aij't^
10.2.2 fiaijldiTim'diwijm^'ji^ntnyjnTim'di^niviu^te&ju'jiiuwauM^n^aa^ 

^nwI^&jSu&^^uaiiuuutjJ^imi 3.00

10.1

?•
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win® 3 
«uufm$fmn

“ya il ^uum^nwi
n.l flu^njuLl^JumiivniQufifluuu'l^nmfi (Trimester) T,u8m?^nwviuoS 3 m<f\ 

rmSnwn u^ist/iifim^nijnflTCEJtn^inTsSntn'Uiuaumi 12 

n.2 mta&jfi9i vi^iEj^o viu3tJuuvilmi,ft<?KnB3Jimrm^nwi rmniviu<?iaiuQViviw&jn<5i i
*4 f civnii&jn^iSvi^ni.nmni

n.2.1 rmimEnEJ wlarm^aufemlau^ m miiyii IfosiWaLirrii 12 

fmSntn
n.2.2 m'iiJiJijfirm fm9n vilarmftaul^msau^mtjuivi'i feailaJuay

ndi 24 9ia/nfim?^n»n
n.2.3 mwuATiaefti; ma-iiuinEJiu^uB l^ngnlwuatjnQi 36 <?ia/nfi 

rm^nwi
n.2.4 ninl^iilirm/iificluiu feai'kiua&jm'i 36

11.3 aiu3uviu3tjn<?i^unSnyia4yi^m£juLltjul,ui>L'?i^tm^nT5Snw
11.4 viu^m^inyrnfi visjiejw aiuQuviu3i]fi^3Jinuyi<ivi34^a<ivinTi&j3<ziwun^riwn'l<?iTu 

ismjflsuuuenanm A B+ B C+ C uat F lunifim^ntnuu
n.5 mhyftetfM miuM aiu3uviu3£jn^733inuvi<ivi^<?i<j]a>3,yinTim4&'i^un^nwivl(liTU 

xmjfituuw^hanw A B+ B c+ c F luirstuyiun^nw'ifKmti.C&jui.lymilu
teuaTUTUviu3Ejfi<a^^ainanvn<uviu3tjfi<?i^a>3yiti,fitJ,ui,1tJUTitJ^iuulu

V V

n.6 mtameiaau'Wi mimi aiu3uviu3yn9iT3w^a4Tiy3‘B'iviun^nwi'l^7U^mj?ituuu 

<?i3ani^ a B+ B C+ C Vila s ua^iuQuviWEjnwYiyiuvi'UBViSwfifmfOiJ "w'iu" 
Vila "^nn'

9iamfi

mi® 4

?a 12 iJ^yTKi4ija<ivi^nci<?i'a
^ A *1 ' 1/ 9/12.1 vian^(?i^iJ^mfiuyij'5n{jru6M<?i i9uvi^n^7rm^nwwd<3if^jjfni3jm3viuivn'3Qinm45

^ , u ^

fi3iuL^3^iujmaiJ^^B/iivjluyn^3sffi^lufiisiji^iL%yn- W^ug^mimuHtytyi

12.2 viangemBtyfuiIvi ifluviang^nm^ntnfi^L^^mjjmQviuivn^^m? 

m?QMu^M^n/ii^uiJTtiJwi5i1u<?i5iin3™iBqjfy'iLan 

um^^vj^Sai'iufl'ULuavn^ivjfa^vi^aQ^enu'nnlvirmQauvilafiufiQnamii
12.3 i9tuvi^ng<?]?n'nSni!n^^i,e^4i^TUjnnvicunvn^

iBnjqjiIn lan
12.4 vian^nBujqjiLan i,9uviang9i'5m^nwifidsii,f63jfi3i34m'3viuim<i3Tnm?uatm‘naB
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^ma^fi-3^&T3la<ifiQiJ4n'nviuim^<inrmadi-3'?iama^Lia

la 13 I^i^ffTi^aovi^n^'j
' 13.1 vian^‘5iJ^niftu&jiJ9ni)ru6n(?i

aiu3uvi'U3^jn(?i?3u<?iaa^vi^n^'Uiua&jn'i'i 30 vwiium 
13.2 vi^ng<?i^iliqjujilyi

a'iuQuvi<u3^n<?i'3Q3J9iaa(?ivi^n^l3J,ua^nQ'i 45 vnio^n^ ^LLW'um'jSnwitean 2 

^^aliluUNU

: luurmoa&jmaiiioyiEJiuiAiuB 2 uuu ^a 
lluu n i: miolymaiiioyimuiNus aiuouUiuaiindi 45 vnioEjn'?)

dtS Al/dA O ^ SU/d <a 9^rmtfnimmTi yiou^i^mmsismviu^ mfiEJun^^mam 
nan^m^^irmaul^ uIiJuuviuq ^jn<?i lo &jnll 
w^^i]M9n3jfiniviu^

lluu n 2 : ni'na&jma'n'iovi&JTuiNUB ^S^im&juMsJua&jnQi 15 mium

(l) uwu n

ufism^nwnm^iUiuaymi 15 viuQ&jn<?i fe&jflaiuouviwoLi 
nra^vnj^uaEjmi 45 vnio^jn^

(2) mu, ^ : LuurmSnwnm'ti'i®^Smilliovimwmii Siiliwi&jmaw^um^rm 

uain4norfvilugiofiflfnijj|noi>3,imv3u^ss:n3jn?mii'liliJ‘5t^n^lum'5 

iuavii^a>3vi^ng^^naiJ^tin™nwiTi^^ w 
uaajnoi 38 vm ^n<?iua^rmfiuwiam^viianiTnilfi^niTLlryvn^iftm 

w&juaillliJuaymn 4 vnio^m imtaiinu 7 viuQ^jn^ I^i^flaiuouviuQ^j
tfa M l 2/ I I A M6] 2/ ax t A <=1 x=lmuamoi 45 viuo^jri'?! m\mL^nuu^^^eti^io'nvijj

I ax A. ox a/ xS 2x M 2xax Ca3i4isjn<?iufiauij^^mt,yn<uu m'JLil^TU'unftnw-i^a^ ^•njao'mmmau 

a'lnfffrmirm
i*

13.3
aiuouvnioun^nou^^a^vim^^'uaLind'i 30 vmomei

13.4 vi^n^'JiJiqjtyii.an
aiuouvnioyn^-niJ^aa^vian^TlsJ'uaun'ii 60 viuo&jfi^diviTuw^Snwi'yiaainl'u 

iBnjnjiIm^lajuam'i'i 90 vi<uQLjn7i^ivi^i)w^^nHi<?iaa'inluLBfyriJi<?i1 fluuu 

fm^nwtean 2 uim ^^ialiJu

: ni7o%ma>iioyiu'iuvjusI^Ejli4(la'3^ntnTirai i^cm'miaia 

mvtu^ lvi^&JUTi&J06tf3vi?aynnsin™yn>3'3^irmaul<?i&j Ujuuviuogjnw^nEj

iluu i.i wm^nwi^aum^nW’iluiBujnjiInla^iiionLJiu'HUBljJuaLjnQi 60 

mium
(2) uuu 2 : iu'um?oa£jI^£j^rmmvi£Jiu^us ua^^nmvnunEJo^mjj^w

uuu 2.1 w^iftnu-iriaum^nu-iwinujnjim^a^ymyi^'iu^u^yiufi'imuuL^ 
'Uruamo'i 45 viuoun^ u^^^ntnnm^iluuaunQi 15 mranfi

(1) uuu l

n-5



2/ 2/ ^ ' uuu 2.2 wm^nyivi^Dm‘5^n»iwiJ^fyryi<?i1^a>3viiQviEJi{iviu^5finLyi£ju,l<?i
UlviaunQi 60 viuo^jn^ Liaii^nwiTi^^n'Uiuatjndn 30 vivio^n^i

yiou oviLnviviUB(?njJuuu l.i, 2.1 uas 2.2 <?ia<i5aui>mvjLLa^i<?njTuw<5iiivi'inu

•MajQ^i 5

mia-ayistuyu^au

*113 14 m^oyitLU&ju^EJu
14.1 un^ntnlvd tumani^nyiu?n^m^nwi fe^^yi^ifl^ilEJunnalmoaiyiiiviioyiEn^

^ A 1/ C, ^5riiviu^ jJviiruua^oa'iie{fi^^mm43mi9uun^ni!n u^^^rinoamaaana'inyi^m^j'u
14.2 un^nwiilaaiju ^a<i^<iyi^m£jm1uvimtjlui,'3fn^wvniy)£j'i^n'iviu  ̂

tm&jufiEJulvuii^m^ntnuu
14.3 unSni!ni]^^iru^Ste>3Yisifit)uilEJum£jT,ui'3fnfi3JvnQnm^Ejniviu<?i wa^lmjamjlilw 

^T^nrmSnwi^njj^ia 34 Ua^a>3‘ri'5tfiiTOJJiwy3J^nwnjim,umviunSnw Svwama:; 
wusimw/nviun^ntn

14.4 unSnwil^^iJUYia4vi^ifi£JUfiuin/3,u9ii34Yivi^ng9i?mvi<u^i,i^ u^^Ui^iLfarmSntn 

fe^^a^nwiefmunT^un^nifn TAi^aw^^fiiimajLULi^^nwiffiiiwi'ivjunfirmn uat 
fiimjjm£j34auvi34vnovi£Jia£jnivivu?i Sairuua^u^fn'umnvin^nw'i

14.5 a'iuouvnioLin<?u1^ului,i(?ia^man™nwlw9u^9iavliJu
14.5.1 viuQ£jn9iil!JU9n3JwauMvivi9)aa4Snwi9n3J?a 10.2.1 10.2.2 teutQu

vni'3tjn9nlEJU^hsj
14.5.2 viuoyn^ilurm^^fiEJU liSuuiSuvivnu

WY\

14.6 m^nsmumlam'ih
w^ntnmmui^^ufitLmu F U Vila w lunm^Tij-iau ^ao^^yi^m^juff&ju • 
nu^Tumian a'unoia^temt^'ij^tuuu A B+ B C+ C Vila S 

14.6.2 un^ntnvfl'IiTuit^ufituuu F u Vila w lunyQinLSan
ntiomu^ianmalvilfcmjfitiiuu A B+ B c+ c Vila s vilaiaanaon^iSyu 

iltJunEnim^anamiviunl^ YwfiI^EJfni3JLwmauiia«3a'i^n?BviiJlnwii^^£j 
ai^i^i'ua'ivnviuifnwsi mmintiiJEm^nA'iTU Lvi w^^ufiKuuu^nanwrKi

9

14.7 rmfl^YltmBWVlBIU^'UB
n/ eS d VI |M l/a^ 1/<=>T lo^aS" do^S"14.7.1 un^nwoviEKi Uj l^nuauw^Laioii^oyiBiuviuB fnjjn'stia^vitmBUOviEJTWiNUs 

l^Uimu 3 mbafw ^amfim^nwi
14.7.2 un^nwwl(?i?Bau^Ia^Ti<iQviBiuvjum& ^aosovismEJUQYiEJiuviUBljjmu 

15 viuQEjn^^iamfirm^ntn
slumm^viuQBn<?ioviB'iuvju^m^awinn'ii^mviu<?ilufe 14.7.2 tewtmBU 

iltJULnvinoiaiuou^niviu^
14.8 rma>3ntmB,ufiBulw9'uliJ<?njj&mviu^a<ivi^n»u,ei^iJ'3tm^a>3uvnoyiBiaBLLfi^

2^ \1 a fd tfS<?ia<! l^niaoiJJi.vimaijainaia'i^Lminnwi
14.9 un^nwnvia^vi^mBuffBUTiB0TOanLviuaain^mviu^6luvi^ng<?im^^L9m1aul‘ii 

lwn9icia']Snb'i<?ia^8,uan?a'3<?iaguBiJTrmrvi7^nW'i vj?a^vi>3l^?y?ioi3Jwu4zjaija'in

14.6.1

14.7.3
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L^^^au^ainwyivtiM^'i 

^unmJitili'uw^m^Snwia^LSw^^u^tu.uu^anm S Vila U rnnuu LissLvfuuiilu 

vwiium^umm
14.10 fnin^'iaia^a'iimiiiiij

n^iuuwiJJYijJvn^Yim^niviui?)
un^nw'i^'uijm^^Snwi^a^^fniiurm^nb-iau aialli?ua,utyi9iain^/no^n'i?lvi 

tmyuLl&jun^Tfi'iia^wvnoYi&ji^mauiviuo^n^ua^w^fm^nw'iliJLLlumuviuo 

sija<in'n^nwi<?nuvi^ngraa-3OTiJum^m!n<Su^n<?i
14.12 un^nw4ija<iwviiori^ia?jaiavl^Tuauuji(?ia'infimtri™ni'aiJ‘3^'i^uno<2nuei^^fn 

^im‘5te'3vuimuuLl£ju6luTi£jQ^aDa>33Jvnovi&j'ia&jau^a'ia'i^^iJlniinovi&j'i^vium'Mu 

d'liaa^ianiTyinQYiLJivivjuB mamEiulaumouvivtaEjn<?i uatwamiSnwnwiiSuflQU 

viu<i4iia'3m'3^nwi9n§jviang9n
14.13 aiuouvnioEjn^^a^nrai^n^a 14.12 •Sa^inu l lu 3 ‘ua^aiuouvnio&jn^n&j 

orfuvian^Tnnnao^ntna^i I<?i&jvbjuunwviviotjn<?iivitJTUvi<UB
14.14 mviuenu oSm^vitmtiu uatnmmntmmiim 

•iia^uvnoYimau

14.11
son

fe 15 rraamn ^as^ us^asaunyoin
mTuamajnm^ Ivin^il^mEjlu 10 ouifinuao/nfirmSnw-i

15.2 ni^as^ny^i InmtnillifnEjlu 5 toim^miaornfirmflnwi nou 

ifunnTi Lio^ins^luln us^io wsrm^nwi
15.3 mroasaunm^ Ivirntnil^visoain 5 sii^nu-jmiao/nfirm^mfi u^ilaJinw 10 

^iJ^inL^n^aomfim^nyi nou a^Sniiimnnrim^'insaululiJus^oNsm^ntn
15.4 m^amjJUStm^as^nEJ^ife^TUfmajmmaij^nna^TsyniJfnwi 

Tim4&i(?iaovl(S7uau^ainnoviu'isn4in^i I^tifinuvujuiiiaoai^i^nifintnussaiwu
v '

wsaunmnuu

15.1

rm^anau

mi® 6
'asusnaifm^nm

fe 16 ^EJtnsirmSntn
16.1 visns<?mJ‘5tmftu£jii<?i^jni,sn5i ToJinu 9 mfim^nw
16.2 visns^TiRnjnjiln Uimu 15
16.3 visns<?niJ^mflnuiJ9i'3ijm6n<?i^'uso liimu 9 mfim^ntn
16.4 visns<?mJ?£yiyiian 'bJi.nu is /n^rmSnifnsiviuiwn^nw'i^aain^uiBnjtuiIn us^Ui

^ 2/<d«a ^ a'"mu 24 riifim^nu-i^nviTuwnnnu-i^ia^nnwiBtijqjTJil
16.5 ni?^34UiJiQsini^nwiteii^iin/iifim^nwiii?nniii^nwi wn&'UidiLfam^nw'i 

mafniiniviu^nso<aonsi,iua^iuss'iumvjun^ntnI^tja<inIu3J9i mmunfinwl^Tu 

aui49im^JiEJSi4ij'iQ4fii mal<?mjaujj<?ilvii,ils£ju^um?nntn Lvuiuumt^j^nsi 
miSnw^oi^rii^mifinwinl^Tuau^ vnnaiwfivisoain 2 Sil^iULLMao/nfi
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i.SwifirmSnww'ldiTu
au^ LL<?iwu^?j^LQ^i'M^ntmQ™^u(?ia^'tjjLnunQi'M^vnQyi^jiaunivivi^

,w&n<fl 7

^s;uum™uas:iJ'3s;iSuwam<3^md'i

fa 17 miuflTjfluwarrn^nun
17.1 lumulit^uw^rmSnyiluLL^atntJ^ Wfc^ufi^LLuu^QanmTnuai^u^uLSu 

m^uwam^niin 4ojln£j^tiatJ<?i^9ia'liJu

t*

U&TSmjfl^UUU^ufitimu^nanm wanTnJ^iSu-Bu

d A 4.00A
B+ 3.50

a
3.00B (f\

d ^ !✓^yjaLu
mVt

C+ 2.50

C 2.00
0F <?in

#•

(jioanmTialilu

TS^iJfituvm<?ioantK5 fnisjvwntj
mTfowALnbJc^Lnm (Incomplete) 
unfinw'in^ftau (Missing) 
m^au^'Ui^u^ (In progress) 
wamilbtlijm?IUYmal^ (Satisfactory)
wanrnJ  ̂t mvuflufiyi ala vituti Ejorf m Bijlau 

(Satisfactory, Transferred credit) 
WAmubEiSul^illwmala (Unsatisfactory) 
WTWlltm (Visitor)
l^TUau^teauriLlO^ (Withdrawal) 
LMMmuwanrnJ^^^U (No report)

I
M

?•

P
s
ST

U
V
W

X
17.2 mVfeflBfimuufloanw

tmjfituuu A B+ B C+ C ua^ F Iffinumm^aliJu
(1) tSuTiBQ'in^unSnwmaaiJuamlaSwaonufiiJxmul^LSua'KaiJW
(2) i9um?i.iJa£juit9njft«Liuuain I Vila M figuymfmnTSflnwil^uao 

m^iiJatJuuiJa^^na'nriauiua^ i aiJ^'i^i^nna^/nfin'nSnwa^liJ
(3) iflum'siiJaBuit^iifi^Lmuain P Vila x 
wmzmu F uaruvuaainnAiufe 17.2.1 W^nun^m^alilu^u

17.2.1 ^

17.2.2 *3
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(1) F 9mj 
5a 35.1

(2) L?lurmi.iJ^w^^ua^LLViul(JiLja9iIu^^nn I Vila M 

^nn^Tun^ivi^^in l ^iJ^n,Mii*yma<ifnfim‘jSnwfimiJ
17.2.3 ^uasuvm 115l5nijmm<?ia'liJu

(1) un^nunitaEj auL2vuvi<?il'wUjfn^i7fim^auM^yl5iJ2iJ^nn5a^7n345a 33
(2) unSnwi^^flaijI^yivi^auviu^tJLia^Tuai^ilisinnvriviu'igii^in
(3) ,unSni!nvii<n,u^L0ufiQ<uiJ7^nau4ija<ini‘3^nwi5^?{^ij7m u^Jiai^mS 

Wf{auI'?iua3i^mu^ausjja'3V'ivi'ui?{^iQ4j'i mudiciuaulfcaam^^wa
u

rmfinwi
17.2.4 ^LiatlLUU

17.2.5 TCAUfisiom P 6l^l5nuTiLJ345'i^flni7fta‘u mi%u mrniQvitnuviuBVilamTKii 
Tm>3<nufi(?iaivia>3^mMu/i'ifim'5^n»ifi^T,iJ I^tjS^QiJjnnviuii.fluvivia^
^ i/ d ei ^

maiu^/iifirm^ntnviunSntn^vismEJvulEJUTim^mi
17.2.6 s, U l^nijmm^w^n'iTiI^mmilu^vialavila'bJvjalawijai'mj 

lunm^i^ialiJu
(1) TiEjQinvivian^inTMu^ii ImJ^iSuw^iSu s, u
(2) nm^iviun3ntnfi>3Yiti,fi£jml£Ju<?n3j5a 14.9

G A d(3) iflum?iiJ§EJU7SAijfl:;ummn M, P Vila X
17.2.7 ST lvl5nu7im^i,nun^nwiteuai4^l5myijIauTi^4&i

IL/ a tA u c& M 1/ay I/O6] 1/ d d G. 1/ i17.2.8 Titfiufaivm V Ivi wnuTUjQ^inun^nwi L^TuauumviMvisLu^juLi&jui.iJu^QU 
ff£jul9i£jvl^m5ui1yui2unfiT593JwiuUi,ua£jn/3i5ayat 80 ua^naiiltm 

vf'ivuj^i u.ataiai^meiauoua^dite^ju^&jaoijj^la
17.2.9 7t^uatuuu w ai^nxiii'l^vi^ain 5 ^iJ^iwu'jn^ia-i/i'ifirm^nw'ilun^m • 

oialiJfl
(1) nm^i^unSnu-il^Tuau^feau^n^^a 15.4
(2) wn^nwiJotJSulsJsnsjiTtimflau'l^ I^&jvl5iJ22^r)n5a<i<?n^5a 33 uat 

viovnli^^rn^nflfnijji.m'jojjnunija'ia'i^yw^au'iiffjjfn^l'wriaunEninuu
(3) vin^nwil^Tuanqji^tenvjnm^Snw eimviewarafo 34.1 Vila 34.2
(4) unSnwign^tenm^flnwliifiifinii^nwnviu 5o£jLvi^waa‘u 

uamviuaainm^ij'tQiu^a 35.1
(5) vovi'ui^i‘iJio<jfiamj^6lviiiJa?jU7ii^ijaiiLiuuain I ^Tiiamjli^nu^a 

17.2.3 (1) uas (2) iua^ainmTiJ3EJVi1aivi<5ia,uviu9^uuwl3Jauai?i
(6) n^a3wunSnwl5Tuaw^te-iyismLivu1^jm2uw'iQ^i,1^ju7nu5a 14.10 

s'l5mil£juiSunai703j,mi,uua£jn3^aajas 80 ,ua<inaiil£juvi^vijj^
maai^TSEJwaauQWvitm In lAi's&mentjfn'iNeu w

(7) nm^fiun^nwn^sriiw^waulunTja^vismyuil^u
17.2.10 is^uasuuu x Iwl^nui^istiEjQnfigudmm^rm^nwi^U^TiiTiymwa 

mTLlismum^^nw'i^a'iun^nwilun^^Tuu6] ^nuniviu^nan

M liSl5nun7m^,unSm!)-'i<ij'i<?iaau ii^^o'Uia'umaua^ovian^Tuvi

ua
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VWQfl 8

fmfmjflNfmSfmi

18
18.1 fmnsn?yiJUi,7i<?i^^uiBqjtyiIyi

18.1.1 ^iBiy^jiianmaiviEnjiviilu^^mu ma^mQinvi^wuBnu

^iBtytynlyivilaiyiyuivinluM^iuu vila^in^invi^jjiN'UBrm flih^fium'nu
1/ At/AA A Ct ' ^ 44^1murmsiau iLatSwMiuQ^EjmjJili^in^'iw^iSufi'iuvm^eNnTs^nifimaTU
iHw

18.1.3 3VilamejuLyiiluf('i<tiii‘2nvvu Vilaemi^i'n&wucrru

18.1.4 i,fl,uwflfffn^irml^m^ii?a-iiLluwwm^njlvicn-ui^Tuu ma^i'ui^i'M

18.2 i,an <Sa4fifitu^ijli&l<?)?avi{i4^3u
18.2.1 3^iBtiJUJiLanvi1amuiii.YiilufnsinQmu flibsaurrmu

eA 1 A cs A Amum^au L^^waoiw^mn^nain-nwMi.LlueiQuvTw^a^m^nwimaiu 

iBnjryi
18.2.2 Q^iBiytyilnvilaiviEJUiviilufn^n^mu vilamira&mifinu 

^'umu<iyn<i3<Jim?'liJ9i'im'nav3fti^nai^i
A a A cQ A>3TU3a^LflUf}'3uviu<i4uaon'i^ni!nma?iJiBnjtiJi

18.2.3 iSvi^ci/nQ'ffim'jl^m'siii'aa^iSuwL^Q^nqjlufn'in^i'uu vilafn^n^™ 
^wuBnuwiamouagj 5 Q lumm^^n^stmuu^ajSnw'i

18.3 auiiai'5^ijm6M9idai4ftiiiimfta'ul,u^um^nwi^^irrii'^^um?ciau^^jau^teau

^a 19 a^i'syviifinW'ivn'liJ
^L8'uaiai‘a?jiJ^iLm^unai'5yiJu;^raa-i34vnQnmMufn8inQ<ffi'nun^nw^n<?i 

19.2 Sviui^teiLLu^u'iLia^uani^viiLLWvim^nwi'ija^un^nwtea^a^a^n'Livian^LLat  
itmEJufeiMfiu
SviuifiteiiJlnwiuriun^nyiluLla^au^iaifniwaiflui.^^aQiWLViU'it  ̂

Uwviui^'iQ^^ua^aa^i^i^nwyiQliJ^aamiJ^maL^^i'a^^m

5a 20 aiai^iiviiJ?nwn mwmB
20.1 aia'n^iJlnwQnyiu^u^uiBqjujiIn lia^LSuaiai^ih^am^^miaiiffiui^^'jjao 

nvmyim&j tu TufiajvnoyiEJiatJu^^ ua^a'3fl^ru^8li5al^5aviuo^(?iavlilu
20.1.1 Q'5SiBrytyiianvi1awtJumiluMOTni)a<ioyimu^,uBvi?a^'nnQ^nvi^wuBn,u
20.1.2 oryilnVilamejuivii luMo'tf^jaooviEJiumic maff'iinoTO^viUBnu

^ra^iiiviVMYii^Trini'3l^9iirioi'3a'3ft'iSl9iTiai?y uatflwa<nuo5Ejau 

uamviuaannwa<n'uoa&j^L8<uf}ouviu-34ija4miftni!nmaiiiiBujqji
20.1.3 i0uw^/no42irm?iJ“5a^i9uwL5^n^iujlufii<inQ^sija^Qyi^Tuvi<ut

20.2 aiai^^iJlnwnon^Jiuv^uSuiRtytyitan (5a>3L2uananiLi9'5^iua^fiunanffim6M(?i 
‘jjaojivnonm^ m Qu^uvnovitiiauL^-v^o u?i^a<iS^tufi^5al^5aviu^^<?iavliJu

18.1.2

19.1

19.3
19.4
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LLfi^w^iwa&ja'uuaniviuaa'imiUQ^i.iIu^uviw^ia^mTflnwnma^u 

iBtyaj'i
20.2.2 owiBrytyilyivtlamauLvin 'lufnmom'ua'aovi&j'ivivjuB vi1a^i‘inora^3#iuBnu

^i^^iLLvivi>3Yii'3Q^m*3Uj9i'in/3i'5a>3ftif{9iTi^n?y uerc5wa>mn&jau
1 C2■uamwaainw^'iuoa^i.LlUfiTuvi&^aom^Snu-imaTUiBqjry'i

20.2.3 i9uw^f(m55innT57uj5a'3lviL9uwL??j'3<uitijluf:{iTno^‘ua<iQvimuviuf
20.3 viU'i^4jjaoaiai'5^iJlnw'noyiu'iu,HUB

20.3.1 wmuuKU'ii^nwiuriunSnifimEJornjoSn^nwnua^^ nsjvwilfyvn^Ln^u 

lu'um^un^nw^'uuurm^ntnufi^aLi
l^iuuioiiiJ?n»3iirivin^nwiinyonijm‘3L?EmoviyiuviuB vf^luM'nm^ua^

20.2.1

20.3.2

20.3.3 iJ^i^uaoiu^uviui^a'jmTnioyi&j'iuiN'u^aoun^ntnluu^ia^fnarm^nwi 
uf)tTiw'iuw?in'i'3iJ‘5tiliu<?iaviovi,u'i^'i‘iJiQ^

20.3.4 ^ai?ut'ifeoi3imu<fiaijm?a(af!aiJor)Lj'i‘UTAitu^a<i,un^nw<?ia,wQvi‘ui£:nainossi
20.3.5 i9un753jm'5SfainviEJ'mYmfi

2/ ^ i ^ I ^

fe 21 m'5U<?i'3waia'i‘3^iJlntnovi^iu^<UBvi1a^mtn™m^iJlni!noyim,uvj<ws
21.1 a^i‘j^iJlnwTioo'liJnua^i?£jfliJ?ni!noYi£jmiNU^itL9uijfifi^L^£jorfunl(?i
21.2 femu^aiTmiu^o^aiaii^LfinyiOYiyiuvNUB maaru^n^niTMifinwioyimu^uB 

I^&jfniumu^au^aofiu^n^uni^iJ^aidTum^ I^Ej^iuwruiiiaoviovi'uijn^no^ 

riaumnSnwn^ti^a^yitmEJWQnEJiu^uB
21.3 aiwuviiJlnifnvimumiE at^mmfiu^Lnmaa^ana'i'jmillnifnoviLjTuiNUBio^

anlaJinu 4 m §4i9uijaa^iEjlu Vila wm4fttuo^/i'itjuanjjvnoyim^n'l^ lunm 
vi^SaSwu^n^miyiifinw'ioviEJiuviuBl^yaiwyviillnwioviEJiviviuB \fiwihz 

rmum^ u,fi^a'ia'n^iJlni!nQyi£jTuvmftoui,9um‘54jfm
nu

?a 22 mTn£J4nufniJ4Suviuiua4mTMiQYiEnuvmB
V A cdM V rfooS'S/dly <u*a tJ dunanwivi L^iaovi^LiJuuovimuviUBLLfn vna™'ifioi<u/nviunfintnvifi^^ovi^i,u&ju 
ovi£nuviusviuo£jn9ifi?urhuuao ^fa<in£j<nufm3J^uviuiua4m?Kiiovi£jiuvius9njj 
uuu,Ha<3^3Jvnovi£Ji^£jniviu(?uftua<?iaai^nj5^iJlnwiovimumiB nauivigiaim^^ma 
niT^ntn
teiaii^ifinmviLnuviuBTim'iuwsmul^muaoi^^uvi'ui'fla^mTyiiQvimuviUB 

iia<iun^nwi<lui,i<?i^s/i'ifim^ntn9iaviiviuiffnn^ii^a,uii?(ua?im«n™m?Ll‘«^ 

muno'fii lurnm^wanml^muUiL9u^viala au^m^m-nJ^ai^um^iaia 

^^iminnviu^lvfunSntnEJ^rmSntn

22.1

22.2
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mnia 9
fmmsjshsmtfi rmlaumgJuasfn^^uuIaunEj^i

fe 23
23.1 rmfi'itjfnTJi^ife^iii^i^^u^auamwwviuienTjiQ^i^^jim&jaanuei^viui 

u^^lmuaw^ainamtn^m^Liita'isnurn^iviLJUiaanua^tJi&j
m

23.2 m^tm^i^'iiam^eti'in^'ia^n^itemom^^lun'ifirm^nw'ivi 2 uuu<?i^m
Snwiluvian^i 3.00

fe 24 vian inm^milauSi mexm yulaun
24.1 mtuffi Ejsn-in^i^aolauui ^nn u iltjuluvi^ngm^^ tSun EJimluvi^n^? 

IvisJ
24.2 fiTtuunfinw-i^LfiEjSntnlmivnQyiEnaEJiyifiluI^SgiTui? ustnmjmSnwilvisJ 

ffi3j'nnIa,um&jn&j3TOLayi,1^1uvisnfl<a‘ai,^3J ufitTitj^i^sLiaIaum&j<?iaoi,1&jv; 
3nLL^'ljJmu 9 /nfirmSntn

24.3 uamviuaainmVlaum^imia 24.1 un^nwaia'l^mT^aramilra&JuIaunm^i^ 

iftEJiiEJULis^au'lfc^ufituuu s vila'Uishrm B vi1aw£JiJirii3JiL& ^Siuavnuas 

^ntmmvi^auvilaaaiLj^^niJTiEJ^iluvi^n^Tnni^^nwad maflunM'iVHauyru 

nm^iluvian^T^ni^^nwad«u <u

24.4 rmlauyiuLLa^mmlaun^Q^iciiviiuwci'inarmSnwi^^uiJi^ni^'u^jij'yiTijru^  ̂vnn
mSnw'i>?ia^(?iiJiBryqjiIrilufninQ62i^yQn!u vna^i'inQ^nvi^yiuBnu IvitauS'mufiE 

m ^ulauvniQ Lnuia Ji 40 ^awan^TfcmSntn u\mi t,uurmlaum u
itsrcm ^julaulmil'o mluniarm^nw mm m^nwluvian^Tuu

24.5 rmm^julaunm<n^^iJiBqjfyiInuatian inuviwWi^a'jaiu'iu^u'ju
n<?n3w4iiaovi^ng<?n^a^mSni!n ^'Uiuu^jjaiu'iuviuotin^yiEJiuviWB fe&jlvflauSiEJ 

Lia^m &JijIaulmi^i^!aa?o Lit mSnw
24.6 m?m&jijIau?i^4zJiain^niij'ua^34Sm!nau unSnwi<?ia'3fifituvmia§EJM3jain 

s^tniiuiliai'UiviaEjnoi 3 Wsuu 4 viiamEJumi i,^tnEJ04&'i^<2jamBijIau<lia>3^^ij
fisimu^hanw s ma'Uiwnoi B vilamEJiiiyim^^'Sa'JLlEJVwjiu^'Uimu 3 il
rmltnifi

24.7 IvffiadiwnSnwsiaiJwiuTiBo^^Tum^w&jTjIavii&I^Ejfl^ijfisii.uu^anwiilu 

tl'wuiJiojJviuQBn^'iia^TiB^'iu'umniiviuoyn^flaij'l^a^vian^i^unfinw'iST ua

24.8 rmifitjulau Iwm&julau'l^vntviuoyn^'iia^nm^ iL^'laJautiji'Silvim^JijIau 

miumimimui
24.9 luniT^ai^wiai^amgJijIaunm^ en4jn^iaiaa^ten^n'bnyi^^aiiaoiwflu'nmsn^ 

suamLmIa,umaiJ7^naijn™anm'iw&jn'l^
24.10 m^WBijIauTiBo^^a^TuaQiiiLwu^aijain^tuiin'naimTiJ^^id'ium^n
24.11 dounm'zfi\,y\^ulauaski
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wm® 10

fe 25 mmiJ^u^enjfmtfnw
rmi,iJ^Liu^^urm^nyia^iilurmtiJS?mliJfc(?iii^^4iJunQi^jjmai?f^rmiiJ^,u25.1

25.2 mmviaLflvwhaju^^^urmanwi'ldi \mn
un^nwiluvian^nBujojiIyi uwu n ^'IdiTiJVjul'wm^nyil'uwiBqjty'itan
un^m^mJiajujiIyi^aiJwiun'i^au^am^^TJ^^a^wdiviiuunSnifn^'u

25.2.1
25.2.2

iBnjnjuan
25.2.3 un^nw^uiJiaJUj'iian^flau<?inlurmftauQ^aui1^iJ^a'iaT,(liiiJfn'5^tuaain 

ft'iuiQ^i^aau^rmwnmJT^ai^'iunQ^ima^aiim'il'Mm^nwlumiBiijajiI'n
aw j/UYiun

nimJayui^um^nyi a^m^ilm^ii.avnt^a'ld^ni'JLiJ^uuiJaofnw^i
. o o A Gi 2/0 1/0 2/ 2/ 0 «a 0/ 2/aui.^m^n'i^iJi^iff'ium^LLluwiAi^-nm'iau^^uaQua^^'n^nTjmannyiQO

25.3

ViSJQ^ n

miQflwasm^iksimwafmSnin

■la 26 muJ^^muwarmSntnLLa^m^aiwuu^^ua^uumfta&j
26.1 m'nJ^ifluw^m^nwl^m^ii.Saiu^fmSnyiu.^eitmfim^Snwn
26.2 rmaTUQtuu.^i^^ua^u'wuL^ay

26.2.1 teiuQmainwarm^nu-'ilui'i?J36ff'ii^^iJ 
iim^^^nwi^a^un^nwluu^iatfnfirm^ntn I^ajLa'iwa?Q^a^waami^vnli>3 
viuQ^n's'iniiu^aj^^ufitu’uuyiun^nw I^i^d lm^asnraimu<?nwua3vi'n

V

<li3?jwan^8?jav3aiuQuviuQ^n<?isjja^nm4UiLvifiiuu
26.2.2 teiuQmamwarm^nwWim^^^u

T 1101/2/9/ /dl/^M 2/1/ S)l^Lnaiwa^jj^a^waaun^viQ^viuQLin^nuu'n^^ua^uuuyiun^nw L<?nu Lu 

u^ia^nm'ciwa^yi^muuLlLiulua^^riiLJLil'u^^o LiaQvm^Q&jaiwuviuQu

la 27 Trnflauib^QaaQTO (Comprehensive examination)
27.1 un^ntniJ^mftu^j^Tijru^^ luiBujthiln LiatiJ^mftU£Ji)9i‘5iJ£Uifi(?il,ug>3 la^ftau 

mum?f(auiJ?^3fifm^if ma^aoi^ei'i^i^mLa^ffnLi/TivNluni^uivian^im? 

L^^iJ?^^un'nmrmi7&juliJiJ^?jn^lunT5iJgijli<n,wvi1am?^ufi3n3a&j
27.2 •un^nwIuiRqjqpIn uuu n 1 u^tuuu n 2 la^fiauiJiOTaaoiwfl^Lm^^ijm 

/nulu 4 marm^nw uuua/nani^anwiu^n^manhn Ci^uua^uffpiumyj 
un^nM-ivnnfimawaLi.a^a3i4jaii.iluteyiynaila latjaTUjmmau^ao 

aru^fmajmuJ^aidTun^i
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27.3 unSnttmiBcyfyilmw'u ^ Li,a^iJ?tmffu&Ji)9i^j£u*Ki9i^u^
fla^auibsjrrafniaf ma^viuQ&jn<5ie{auvl<liaTLiriQU'?n^^v!an^<?nn'iviu^Li1at(?ia<i^au
ldiu,a^u,aQi,fft?a^\j7almulu 2 /nam^^nw'iri^a'in/iiam'j^nwndviuQyn^^auldi 
a‘5ufiQU<?n^^vian5<?nnTM<u(?) Svttuw^Nu^tnumvi'unSntn vnnwiviwwaL^tfniJj 
^i,9utem&jLQanvl^I^LiaQi3jmu4&au^a'3aru!in'3‘3jjm'5il7t<nm,um^

i/

27.4 rnTfiauibs^naAQ'im ai^tSumiffauJa^EJU vilam^auiJimiJfli vtlavi^ffa^am^
27.5 n'i?^tem7?tauiJ7tjji^a'3'i^fL3uvi'ui ŝuao^'isjjiQ4&i ua^fn^/nfim^Jlniineit i 

ai<i tSviadn^uaEj m7ftaDLL<?ia!ia^te'iiviurmI^&jfimtn™m‘5 
I(?iEjaQ'i^mu4uau<2ja^auuin7?3>jm'3il‘5t^ci'iun^'i

27.6 amtnT53jnTj^auiJ‘5t3JQafni34fiJ^nau^£j wvi'uifiiiii^nvilawfiviiviuifnin  ̂
jjauviwnaiSuiJ^Tnum'j^rm u^taru^'i7^ijm<M(?nt(?iuLR^qj'iIvil<uliJ aiwuUi 
ua^jnd'i 3 m uefUimu 5 auiSun^rm ^tSiJ?ift^inm&Juan3JvnQnmM(?i£j

9

aQ'i3jm<u4ffaij<jia<iau^rm^fTmJ^^iunQ‘ffii,9um‘3^m?(KQ^jn'l^
27.7 au^nT33jm^auiJ7tJjQaaQnjj|(ria'3^iLuum‘3£:{au<?n3jm^Knfn^atuiim7jjm7iJ'3^i 

dTun^nmviu^ uaK(?ia>3Ti£j>3iuwam?ftau?iafmi£rmjjnT3iJ‘5^ndiumin mtilu 1 
^iJ^nvi uu^nnTuviLff^i^um^au

27.8 ni^'i^j'3'i<uN^m?^auiJ^jjQ^aiiJjf I'wlfe^ua^uu'u^anm S martaul^ uat U
ujaelau^n

27.9 wviftau<?inlum^aiJiJ^^QaanjJ7a^ii7n ^fiaulvmlflanm^viwfn-j rm^au^in
i/ ^

iflua^^f{a<i^ t l3u w alw wuuviUffniuniviunS nu-'il(?i Lia'jilmj^
27.iolun7m^ciau9in teufinwalcwluLLf((?Kiwarm^ni!ni,ftVJita7<i^Sw^<?iac^'iumvi6ija^ 

un^nifn

5a 28 m^aUQ^atU^TJ^ (Qualifying examination)
28.1 unanwtfuiBqjqman aa^^aumum^ftaugaam^ija magaag^fagijjclijmfilu 

^m^aii'uuni^gMaEja^mai.fluQvi^'iuviUBlu^auiBryqj'uan
28.2 un^ntn^uiRtyqjiian 6 ma

rmanm uuuwmam^nwntwnvim^nw Sat'uw^uftmumvjunanwilaa 

aWlmfa viinmviawa ua^agnw^'uQulv'iJEJuinailaiatjagiJiiw'u^auiia^ 

amtrvnym^iJ^^i^iung^ ifafimnuwYtaauQa^mefMja ai^a 28.3.2
28.3 w^^n^afiauQaam^iJalauri

28.3.1 unanymiBujqjii.an
28.3.2 unantn^uiBqjujiIyi uuu n 2 viflviugyn^^jj'laJuaEjmi 15 viui^fia uat 

lau,aj4^aua^uu,ui,viatjfitf{jj'ljiuatjm,'i 3.50 vilaunfintn^uiBtytyilvi uuu
uu w m a viio vi tJiuviuB^ u an tjm viua^vj (sjui lSuou muviuflu

%y <=»viam^in'n ua

n l
^tauiJi^jqjiLanla lummvi^uaa^a7uaQiuwmau^nnanuin7734m7 

il'jta'iaiuno'znLmtimteniQ'Simimavinvig^ iiatyf^ 2 mmu aa^aauwiu
i/

m7aauilituoaagiu|uno lauteaQiwamiaauwTugaamauuliu Swm 

aauwTuoaamauua^uiJiqjqjii.an'iia^unantnTitj'uu6! mu 
28.4 nrsaauoaamauua aiatSumiaau^aflu'u mam^aauilimiJfii vilavfoaa^auionla
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tfluamoua^j yfiuiiin^^rm §>3u<?io9wI^£J?imu^tJ
?ni3jmus&au#iia-3^tutn‘n3jmiiJ'3^'idTunQasi 

28.6 flmtnTJwmiffau^me^ijiiibtnau^ ^vi,u'i^'i‘y^<UTv,i1aw^wQviu'i^<BiQ<ffi 
LiluiJ^nunTsajm? L^^aun^iiffiru^^^^iHqj^iianaiwu'l^iua^mi 

3 m u<?i'Uiinu 5 fiuiSurm^m^ ^itSijfifi^'in/nuuanjJvn^yitJi^iuQuUim'u 2 m
3JailV13J1U

I^Ej^n'iww'w^au^ao^ru^m^miiJ'Jtaim'um^LSun^ni^unldi
28.7 fmu;n‘n34m^au^f]tu^ij^<lia>3^Lu,um^au<?n3JQuiistiQaiYiftu^n‘5Tjjm'5 

iJ^aidTum^niviu(?i iLatwa'3TitJ>nuwsfmf{au9ia?uujjn?'534nT5iJ?^i^unQifi
I 2/

/rmlu l uu^nnMiftfaiurmflau
28.8 m'5n£j'3iuwam?f(aLi'i<?ifirue(jJiJ^ Ivil^t^ufituuu^anm S iflaefaijU i&z u 

iljaaau<?in
28.9 T.vinadmnSntniiuiBtytyiianvi^auwium^au^^mffjJijIiiS'uunfinifiiBqjiyiLan  ̂

SSmLffuaQYimuv^um^a^iauiiBtyqjii.an
28.10 un^ntnenarfa 28.3.1 vi^au<5in6lunr5ffauQ<?ifiru^{ilia^u7n a^ffaulvuJtenmm 

viUsifi^ m^au<?inL9ua^^cia-3 ^t^wateuftniun'ivj'un^nwI^Eja^Iu^ \,im<f\ 
l^TuauajlilvfiiJSEJU^^urmSntn^n^fe 25.2.3

^ i/i/

28.11 un^nm<?njj5a 28.3.2
28.12 lumm^au^in teuflnwaluluu^^warmSnw'iLft'iNi^a^^Swa'jiamvuii^un^nw-i

5a 29 nmafnnajwwauIfi^Ti'ioYi.muiNUB
29.1 QYimuvjumaBiytijilvi

unSnw'i5av3<aafniJJw,u^auIa7^ii^yi&j')uiAiuB<?ia^'i<in^'i I^cnTmTOa^ema'iia 

ao'U4^u^auafutn^urm<^ai'5£U'iIfi7<i‘i^Qyiajiuvjvii<?iafiru^fn73irmiJ7^i^iun 

o“tfi a^Tuau^malu 5 mfim^ntn mm-armeinwuinvimmm mzuv.
Sy ta ^ %^twusimwnvivinSntn vi-iu ^mtn?'5jjm‘nJ^an^Tum^ai^tHai?mi<ii&ji£jn^i 

mu^ul5'?nufnijj<'u9,u
« « <r£29.2 on^iuvN<u™iJiqjtyiLan
un^ni!n5ao4uaan3jmu4sauIa^?i^viajTuyj‘UB(?iafniimi I^Ejffiin^^iffvia^a 

fn'iummaiJfimtn^3jrm<Hai‘5miIfi'5v3'5iooyi^iuvjw(?iafim^n??3gm7iJ‘5^'i^Tun
a iy M 3yiy zyc\ ci i/i «S A V c3om ua^a^L^TuamiwmaLu 7 mfim^nw uuu<?ifnfirmftntnuinnL'inflnw
a H, ay ^ ly c3 t- JiS^iruna^Uffniu/n^un^ntn mu fimtirn^mTLJ^id'iunQ^'ia'ia^anun^^Ji&j

29.3 ?irusn™n™^i*5miI^ri<iQyi£jiuviufe^Mfi'5>3ftTi>3ua^<nm^iJ9iL‘iiu^mnu 

fin«in'n3jnT5^auQYi£jiuviUB
29.4 fiiw^Munim^LJuoyitnuyiusaiaiSumwlyi&jviiamtn^'KiiJ^mftnl^ mu unSnifi

5a<i Lauoia^^ uufiuniwWumii ^jq nuniini^a auMm<iTiv3
oyi^jiuv^uB

5a 30 m^ainyimuYmB
30.1 oyiyiu^u^uiBqjqj'iIyi
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30.1.1 m^aiJQyiLiu^ufl^iLuum^Ej^u^nTJSjm? ^amumSuwvi^mcuiuw^

30.1.2 fiui^nmini'SffauivimuvmmJ^nau^y wvnSistiiJiQ^nvilaw^vi'iviuiJi'iimin
<5 6-d 6-'U 2/jjauvijjiEj a^'n^TJlnw'i^nejiuviuS uatwvi^fituo^

am^uaei i fiutilun^Jirm wvi45<i^ruQ<ai^iSun*5?34m^auiYiEnuviuBTjao 
unSnwiuuu n i ^iSu^a^in/nEiuan^vnonEn^EJ

30.1.3 nT33jm?efauQviEJiuwui5 <?a^Samt^ij^<?n3j§aviUv3&6l<?i^'?ia'liJu
(1) i wiBqityn la nvila m eju lyiilumuiQiniia^yi EnuymBvila 

^ivrucnu
(2) 0^iJ?rijqjiIyivi1amEJiji,viiluf(isiiiQ6tfisija<]Qyi™mB vffaenuioTnviMuBnu 

^i^^iuviwvii>3Q^ni^<5iinQi*3a-3ftif((5iTiai43fi ua^wa>3iwaaau 

uaru,vmaainwa>3™aEJ^L2uf}Quviuo<i)a<irm^nw'imaTuiJ?qjqj'i
(3) iSuwvici/ii^inimiTa'jlviLSuw^Enifiqjluciiino'n^ia^yiEnuviuflumm 

'bJ^m^rmjua^wSntn
30.1.4 maiXn^nwiriiQyimu^umm^wjjiiJuiJij^^viiQyiEJ'i^Ejniviu^uaQ tenSnwi 

^aiia^'uaciauQnEn'uvivi^awvtuim^i^i l^Eianuunl^a^aiaii^iJintn 

QYiEnuviuB vilaiJi^n'uauwin^jjmTniJlnwioyiEnuviuB vnaaiTWQViEnuYmB 
i.^a'iiaatuiliain^mu^ riauQu^au'l^'uaEjnoi 2

30.1.5 lum^auoviEnuviuB auuinT33irmefauQyiEJTuvi,uB<?ia4^ii,uum‘5aEii>3L^amii
teaum‘5ftauaan'tiJaun'iim^n'i‘3W'i^4i<?iniJu'um43

aau'UiaEj'Ul.lijjfmis
30.1.6 vnn?ia'3fim'ja4fitiLuuiiEj>3mami?unwafn?^au Wm^EJO^^jiinua^ 

fimtfmjjm^au
c a g ^30.2 QnEnumiEmBqjuj'uan
30.2.1 rm^auoYiEnuyju^l^imurml^EJ^miifmMm? •

ao'iJJiwu'uau'na^au^m^muJ^a'id'iunoTJi
30.2.2 ^u«in™m^ainyiEnuvmmhsnau^QEj wviuifn4in^ivi1aw^wviuifnsinQsU'i 

wauvimEJ iSuitenunminTJ aia^SifinwiQviEnuvNUB ua^rmjjm'j 
aiuoubJuaEinoi 3 m u^inu 5 m luaiuouu^a^LSuwvn^amo^ain 

/iiEmanNvmYiEnaEj'lawaEin'h l m Soiaan^I^mBm^sivniyiEnaEj 
riiviu^

30.2.3 riTjJifm^auQyiEnuiNus <?ia'3^aru^ij^?nji?aviu<iTial<?i^'?ia'tiJu
(1) o^iBwtyiianvilamEJumilvifnw^ajQriEnumi^la^w^Musrm

t*a/a/' ri Co ^L^nSws<nu^Ejau'uamviuaa'inwa4iuQaEi^L2ug:lo,uviu>3siia>3m^ni!ni.^a
TUiBqiryi

(2) ^iJifyrynlrrwIa^EJiiiyiiluOToraa^QvimumiB maflTiminyi^sjmiBffw 

^n?4^iiiviw4yn40^m^^irni?a4ffi^7i^i?y u^wa<nw^Ejau
I ^ ^ ay

,uanmua^inwa4'mo^Ejm9<ucl7uviw<iia<im‘3finwima^Jilinjnji
1 1 61 ^ <=i(3) i2uwfif(rnQ^nm'5liSnTnina>3i9uwi^En^ty Lusninom^u vrSasnirntfivi 

^^uBnusnaiiiouaEJ 5 9 lumm^^n^fftnij'ua^uSnwi
30.2.4 Lflaun^nwiiiiorimuviumdawiwuluijijniiviioYiEn^Ejniviu^uSo ten^nwi 

Svifiiiao^a ballon EnunuB^i aw viui ej ai auiiui^a^
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ui^ua^aa’uilli^nnaruu^iajjfi^yi^j'iu^^nfiii nauiufiau'Ui'uaun'i'i 

3 mJerw
30.2.5 lum^auoviEJ'iuvi'UB ?imiin™rmciauQn£jTu^u^ao(?i^u,un'naLii<u<a34firut

nint^nTOTUQu^naT^^'M^mii'kifrsiiluoustaTJ Ivfiaaum^auaanTilaurrin 

m?wm'33Ji‘5'3w^iL,uunT5Siau'l^<?n3«j^n'iviu^ uatvnnfewm^fituum^EJ^ 
ma^^munwarm^au Ivflm^w^ojjnnvfUiuaEjnQn 4 i^oluvinmul

30.3 lurmsauoYiEJivivNUB te^anial^w^i,n£JofaYi^ul^m^vim<?in^tu^Ej marm
a, J? is I ^ 2/ is is €<5nn'i3J5ija-3ami;m^m'5f(au^u^^>3u^o iJ?iin,um‘34im?aiia<uqj't<?i Lviw^inwmm 
^nfn^ii^n't^lumm^aru^m^nml^^ium^feoi^LmQiLuavn^a^nmum'B

ovi£j')UTJ‘u-5m^m<?im'5mm?^aunl^
30.4 mmtJ'jiuNani^auoviEJiuwuB LviL^oa£jfnyiLi.^?^ufjiumiN^ia4rmf(au wu 

(1) -Hsjin” ^vujiEJWffaul^ ua^teurram^au^n^m^^aufiao'i^mui.fluLan^'U’n
owoi3Jci'i3j'nn4ua>3‘un^m!nlurmLLci(?i-3w^^'iuovi!Jiu^umLatrm(?iau&^nm34aLj 
Wt^uvialaS^ uasianfnioyiEnu^u^mavnfn^gn^aoussaniriou^^m

(2) “w'iu” SovijjiEjfi'istaul^ ustteijnTtufi^u^nTjjjm^auSfioiajwuoifnMiJJTsn 

8ija<i'unfinwilum‘5u^-3Wfi>3'i<wovi&jiu<Hum^^m‘3(?iau5a^no'ijjadlu^^ij'VNala 

uatian^‘5oviLnCl^uBSiuavnfn‘5tviat^a^iJTuiJ7>3m^oJn,ua£j
(3) "IsJwiu” ^oviJJiEJW^au^in LLatteurmu^firutnmimictaijQyimurju^aowi.'wu'ii 

fni34mjJT5mia'3vin^nwisi,uni'5itfi^wsMivnyi£jiuviumiat/vi1aT.um*59iau5a^n£i‘iw
aglu^ukiwala

30.5 lun?m^'un^nwi^au(?inlurm^auoyi&JTurju'Bl,MiJ'5!iinun™rm^auoytyiuyjumm 

un^nwteimunmJTUiJ^oyiLiiuyjUB^njja'aiu^'ui'iia'j^mtn^m^ v^fajjnmt^ 

riiviu^ioaifisisfia^^iLuum^^nfinlm^ifda^Ej mu un^nwi^a^Sumija^au
t i/ A A

qviejiuvjuwiovi 2 iSa^numviu^nsn^nfim
30.6 m^au<?imyi^nu^umiltua^fi 2 6ai9un™'u^mu/iin'un^nwfeLja<?iIu^
30.7 ilitB'n^rm^rrn^auoyi&j'iu^uBaii^'ua'u^^nija'ia'i^^iJlnwoYi^jiuvjuM^
30.8 ^u^n^niiiJ^aidiun^iiS'UN^^'im'iau^w^ni^aiJori&j'iuyju^n^aiu'u  ̂

<ua>3^siJ'io^ Ufitau^n^m^auin &j™us

iia 31 'nJu.uu'uaooYiLnuvius m^nYimuvmE uatm?^^Qn^j'iu^uB
31.1 un^nw<aa>3fi<iQyi£Jiu^uBa{jiJ?t4Jij‘3tulupJuuu omoai ua^EJ^a'iuouifiu mm 

jjvnoyimatjmviu^
_ , _ ns cS icj T cn 06'2/M isns d a 6 d I is31.2 unftnwmnjqj'iln uwu n w^>3ivnvimuviuB9ia<iL(?nurm<?ivi^ maatimay

oo is did M isns ns ^ isd o fi6! , Oooe"(?nLuvi,m?LviwwTwvi7a^Quviw4ija'3Na<nul^'3urmuaw?uLvi<?ivN^mTi^'iTW‘3a^3nAi
/d d dYn^mrm vilaisiua^afiiJ^sionmwfln^iunml^^

31.3 unSntniHtyrynan wa^iuoviEJiuiNUB^a^TunTj^sjv? maam^uatj^iuvimVlvi 
waoi'uvilaeiouviuo'iiaowa^'iu't^iijfm&jau^jl'M^u'yNluo'i^fnTwIa^'wuvNyn^^im?
^^n™m?wyn<iamo^ain/iiyuanluff'i8iJio^^m^Qfeo3iiio3jnaurna<i (peer 
review) naum*5^^4I^L^tL9u^£ja317ulu^lsn04tfTUU
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& 32 rm^au/nun^il^Lvift
2/ I

unSnwmiBnjqjnLanyjnm^a^ftaumwi^^iJ-atLyiftteylu^^uwiu^i^ 
jjvnQvim^niviu^ nTm^^au'Uiw'iuaisiua^aulviaJ'l^ wuwa^siaulviwiu/ntilu 9

l 2/

mfirmSnw uuiL^i/nfim^nwiiiinvimflnwi S^w^uffn'iuniviun^nw'i
32.2 ffmQ'jnrmLfl'uwni^^fnw^^iJ^Lyi^unSnw'i^a^au

32.3 rmffaumw^i^iJ^mfuSumAfniw^i^^fi^Tum^aiumafnwml^LSuvi^nlviq]
Li9ia'i^ijjmjn<?ifn'ijj^i3jiin^iviauei iJ'jtnau^htjnl^ m^ sriiviu^™
fni3j^3JT5fiYn«3/ni!n'?ii'3iJ45tmftiia>3un^ntni3uQsauim,um?flaunl^

32.4 Iviff/n^inrsuasfimu^dTum^tnfiluIaS^ft^mawuyiu ^IviSm^ftau
^ i/

/iiwi^ii^iJxm^ijjfnijjwa'im^a^viang^mBiytyiian /nfiriTSfimfiax i mo l9u 
atinoua&Juei^T.vimiuurml^Dfimiin^m^ 4oaBnmiSi,3uiyu,9io^oI^&jmi34 

mmau^ao^m^inm
32.5 rmnmiuwam^aumwmoy^mfi viTaw^m™mi34ftiwi^ynofnwi9iio3^i,yifl

I^aj^Sau Ivflfe^ufi^uuu s marfauVi u i^a^au(?in m‘5iJ,u^n?t<mjfiKuuu u 

^sn^nfiTO^&j'iiSavin^nw'iwumu/i^un?tnwii,viTisflau'Uiwnurn‘5?iau 

mwn<?iio9^Lyift
32.6 lummvi/iiw'iaonqwi,3uniwi9i'io943tiviftmnSnw-i^ao^aTJ unSnw^amuurm 

^aufeEjlSfituuu^au TOEFL Vila ft^uuuffauau^w&jui.yiiLLmKmjJintuwsm^irm 

niviu^nlli

32.1

VIUQ^l 12
m^sn uasm^vfuflcmwiTwunSnwn

& 33
33.1 ^a n^m^aoun^nww^Qy^iubJeliwi^rimetaijluij'iorimTOlayiovi^^
33.2 nmubumufe 33.1 ,un^nwi'?iaoSu?ii?ao(?iavi7nu'if(i4in94Sim&jlu l uu^nn 

QumnSnwi^^^QEj majj^EjluTU^aoimvi^ingitiTu^&jiui^aojJvnQYiEJi^vila 

claTuiAi ^Jimaaufi^vnQyi EJiaLiTuiao

& 34 rmrnvjnm'j^nw'i
34.1 un^nwia^§ufi'i?a<i'?iaviiviu'iffTin^iI(?iEJWiuai^T3yfiiJln»i maijaa^ilimvin 

m^Snyil^lumm^alilu
34. l. l gnintuwilaiEfljjmiiin^niTnviTjnao^^im?
34.1.2 l^TuyiuufindaEJwn^nwTj^vi'iio^^^m^ vilayjuamojjvnQyiEJiatJWU^fn? 

flUUflU^
34.1.3 3Q£j^iu<?iaorin?nwi9f'39n34m^imyim3vinpnuimn,un,ii 3 ^iv\ 

lu?y‘5aoLmnyyirjn9ia4mjj§a 33.2
34.1.4 SmiJ4aiL9uf}Qum I^i^junSnw'iw'uul^nwlu^vniyi&ji^^iLLm'Uj'uaLjnQi

1 m^m^ntn 3.oo
34.1.5 'kimn^mEJum^a 14.3
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34.2 3.00 vfofrtowamml&m u^iMaofn
vfnm^nwn ustlvifiuuirmsjm'nJ^i^vin
Q^m.S'uw^sn^anaiuili

34.3 miSufiiiaomaua^T^nw^a 34.1 Vila 34.2 Ivfmtvi'i/n&jlu 10 Quumua^fiifi 
miSnyi mm^w'UJfKintm£j,ui.?LJu mamtjlu 10

34.4 rm?nvjnm^ni!n<?njj^ja 34.1 nat 34.2 tnu 2 /rifirmfinifi
^^'jianu riiunSny'i^^fniua'ailu^ao'iiaaTVNnrm^nw'i^a'liJan teu^i?a-3lvijj

34.5 Iwna'ii'j^aj^LQaimn^nwiteuau^lvifnvjnm'sSnwiLS'ufiQuviu^'iia-n^Litnfn 

rmSnu-'i'uawn^nwiwuu ynnuaivin^iA 34.1.1 uas 34.1.2
34.6 unSnwi^Tuau^lvaiiNnrm^nvn'fiao^ii^^imui'u^jiiinwifi^ivuiiviun^nwi 

<?i'i3j‘3tm£ju4ua>3J4vn3vi?j'i^yvin/n^m^^nwi^aivinm‘5Snw'i tiniTumfim^ntn^ 

^^fiiviuQEjn^uao S^tuwtviu^tnvunviunSnu'i
v A A d I I dvi a>i^ uc± 1/ d O 2/34.7 un^nwnufnijjm^^^ia^nau^i^nwinau^t&j^i.'i^'ivi l^Tuamj<?i a;;<?)a<mwmao 
‘iianaijm^nwi^iawvru^i^^ma^a^ui'ia^ Liatu^w^rmaiui^vifjuymm? 

m^nifiviriunauniviu^u^4viti.fiEJUil£mflunifim^nMnYmriSnwn^iKnaijm^nwi 
'Uiua&jno'i 1
»/£S A i; Is c9 u n/ d i/6] Z/d u d d 'Llunfinwivin^ijmftnU'ivi^mwivinmifinwu^QLvijjginTu/iTwunftnwiiviajaunu

I M I/'Ll l/za5) 2/a/ d^mvunvinaul$mjaiwj9i Iviaivinrmftntn 

#a 35 m^Ivnfmn^minwn^'iw^
35.1 tSa'un^ntnmni'iw^vilaiojjn^iw^lum^au vnaniTm^uU8] ^tSu^wiJ^nau 

^la^rm^ntn Ivfiu^n^niT^a'nmilnwiXnSnw'i^n^viiw^^^muunrsfiau^njifi
C3 2/ 2/ <SeiniQ‘ziim7u<?iv39i-3t3<uw^^mmi i&nwiuwamTR^nmiwaajvnQviEJiaEjma^imvirm

2J

solviwueiii u^m?a4Tnylvivjn in tnfeovinu
35.2 7^tJ^i.oa'iminSnwinn^vinn™ni!nteij7'3ulwjitj^na^a>3m^nw^tJ

1 ^ £2 2/2/35.3 un^nifivinn^nm^nwiiSarn^iw^wsjiia 35.1 ^a^i'ssfiiBmiiuEjmnMiflfiwnvi

11 2/

aifi^vi^m^juu^Sft^uua^viuflmufnviun^nwi

34.8

?a 36 mTyNUeimuniviun^nvn
uan^nnn^mmi^MufeauuSo un^nwna^u^cinwiwun^nwilunim^Ki^aliJu
36.1 wal^nw^TijriQU^'iu^viang^nnivi'u^Lm^TuiBnjqjn^nrfa 40 \,m
36.2 ^al^Tuamj^ainfimiJ^EJ^iuu^ui'iiawQviuieti'in^'iufi^aia'n^illnwfe'iaan

i £/

36.3 iflaftoi 10 ouu7mja<imfim7^nifiu,aQ y4 w^ritifiuuiltiuvifa^i'bJtefiiBTSJJifiyw 

inyi^TuniviunSm^n un^nwwviuffn'iun'ivil,un^muaiaaijaa,uf(nivmiviun^nyi
S] tA Q_/ VI 2/ T M 2/qy fuez <=jmu Lu/nfirmflnwuul^ mu L^mjauw^^nn?imu^

36.4 LSai2uun^ni!nniaaa-3^nwiu^^Swfim'5i1?juvl3Ji.9uvliJ(?nwi,1a,uM'MyH?iaa>3Sntn
36.5 mamuun^ntnrn^Ufi^SiL&^uaiiu.uuLftatj^ciuwin'ii 3.00 iSunen 2 ma 

rmfinniwmQm
36.6 jjviioviyi^^ajlvii^^ufltiiu/iiviun^nwi
36.7 iSmei

n-19



mi® 13
waiJ'aSjIsj^u^nn^iUQ^i^a'Mi^uTuvjus

la 37 a^mQvimuv'mi
«ao<aei«=» .<=> « g da gd ci ^Sll/CiV). d a <l/

u™i^sDelyiBYii,n(?ia'in7nmu^uBu,atwa>3iu^^ni,nm<iiaolvii,iluliJ(?ii3jyijjviiQyi£j^?j
mviu^

la 38 Svibijw?
m^'i^yimj9iTvi?awaiJ‘5!iI&js5ULl<nAnms&Ejl^in<?iairKnwa£jma,yi'iQyiuiu,iAiuBlm5uliJ5n^
wvnQYi&Ji^niviu^

mi® 14

la 39 w^^n^a^ifarm^nyi
39.1 Lfluw^^nwa^lun'ifini^nu-'ig^viiEJ^aw^n^Tuu
39.2 un^ntnfiflfttu^Tjli^njjIa 39.1 i^nJ?s;?i<i^t^ii!am^nw<la>3Swila«m^si 

fmaiaiu-i'ijaet'ufarm^nw <?iagudu?mim^ntnfn£jWt£j^nsnvi3Jvninm«£j 
mviu^i Uvvtuua^ml(?mjm^i£iua4aa'aa^fn3ivmyi?jia&Ji,vjaviaT5n4')auu<amqjqji 
vilaiJ^mfiuaTjmlumfini^^nwiuu

39.3 unSnwivifi^tu^Tj^fiTuriQu^najIa 39.1 
lun'ififn^nyi^M^£j^'Ui^jac!iLfan'n^nwi waoSufiila^giaguymminTySntn 

TntjT.u^yti'is'iyijJvmyiEriaEin'iviu^ iiasl^a^^iinvnviui^ii^Tnwiajmiiutu'i^a-i 
aia'n^ifinw'i

39.4 lummmn^nwifiaui^3li?mjAu(?niila 39.1 uTiSteuaila^u^^armaiu^^aTu 

iBajuji maibsmfluEjtfsnensjIa 39.2 vilawteu^'ilao^ia^vitifiy'ULTEJUTitJ^ 

m3Jiliw<?n3jla 39.3 ftuyu7nT5ni^nwiaisid>3Tiylateiuminma^iuvim7if(uam? 

^ifam'sfintnwajJvnQnEJiaEJ^a^^i'nuiauwliiBfynji maiJ^mftUEnj^lwnfi 
rm^nwn^i'tTJnl^ mu un^nwIa^li^fiiBn^Lu^jmnwftmumyjun^ntnluma

la 40 mTH^mmilwiRtyqji
40.1 'UiSaoiwiJuvjqfi^aui.^
40.2 vbJSiNUBmu^ufi'i4li‘3t;<?iauvnon^i^
40.3 fiutu^^jaowwmau^aoau^n^miiJ^aieiiun^i iSuwi^uaSaunSnw^iaevn 

QTfifmma^aiiunl^fniajmuifaudimm^ntn ma^muvnovim^a'nunau^ 

teiiT\im‘5^nb-ia4atS^miiiiJityqjivi1aiJ<5tmftuyiJ9i'3
40.4 imuffnmTVNai7unte'iifarm^nyilSu^u

40.4.1 flaiuouviuiEjfi^ciau'ldiaTulou'yn^vian^'amviu^ 

'iWu^ufiKiiuvuaSLi^^'ljJ^in'in 3.0040.4.2
eS M A f OJ as d40.4.3 wiuwamu^ii'in wu^vian^iLm^au-iauun'iviu^

40.4.4 flarucl^(?nwla 39.1
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umavnsma

^ia 41 ^vi?ij,unSnw'i^m?ijn'i‘3^riw'ina,uLln'i*5^ni!i-i 2550 u^^wfKi^fltnwnvii2uunSni!nfla>3
1/6) i/rfi/i/i/rfrf i/i/6)!^] 2//=i 1/ « dM I'll/ t/ia^muu luQun^aiKiaiJW w^uoau w Lvuj^sjtnairmftny'iyi^ei'ui.La^^&jtna'in l^iuauu^i 

I^?4Ti40 vi muiNU^i sj^aij-ifiu
ija 42 ^viTyunfinwi^mTum'sflnifinauSrmSnw'i 2550 u^teniuum?U,ri ItJu^wisj

iiau4fnjili3i^'Uii2ul2<?nAuofiuvl lvf6aoim^imum4muFi $u,m Sa'maiiJluuuiJrtf

2/ 6) rf/ad Mil/ ^ ts 6)2/2/i/i/a /al/ i/o/ i/za6)^!/!/ 6) d‘iia 43 Iurnui»vi3ia3i3jm4&^i,aulum7^an™au>3'piu^^ vna^auofnj^uuu lviL45vianm?L,wm^iaa 
iJitlLi^aun^nwi Smm

I ^

iJ^mft m M 2 Suiasi vi.ft. 2550

^pWi

(fnfi<snTm*5u m. fllciaiu) 
uiEjnffmjjvnonmaEJLYialuI^^Tml
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CURRICULUM VITAE
fhiwmvtti fn.ntpKus tirfn

PROFESSOR DR. KRITSANA SAGARIK

Tel: 66-44-22-4635, Fax: 66-44-22-4648 
E-mail: kritsana@sut.ac.th

Education:
1978 
1980 
1983
Present Position:

B.Sc. (Chemistry) Mahidol University, Thailand
M.Sc. (Physical Chemistry) Mahidol University, Thailand
Dr.rer.nat. (Computational Chemistry) University of Innsbruck, Austria

Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, Thailand
Work Experiences:
1981 Lecturer, Department of Chemistry, Faculty of Science, Ramkhamhaeng University, 

Thailand
Assistant Professor, Department of Chemistry, Faculty of Science, Ramkhamhaeng 
University, Thailand
Associate Professor, Department of Chemistry, Faculty of Science, Ramkhamhaeng 
University, Thailand
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand
Vice Dean, Institute of Science, Suranaree University of Technology, Thailand 
Chair, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

11/01-09/04 Vice Rector for Planning, Suranaree University of Technology, Thailand
Secretary, University Council, Suranaree University of Technology, Thailand 

2002-Present Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

11/04-07/05 Vice Rector for Research, Suranaree University of Technology, Thailand 
05/07-12/07 Senior Advisor, National Nanotechnology Center (NANOTEC), Bangkok, Thailand
Academic and Research Publications:
Papers
1. The influence of small monovalent cations on neighbouring hydrogen bonds of aquo-protein 

complexes. K. Sagarik and B. M. Rode, Z. Naturforsch. 1981 36a, 1357.
2. The influence of small monovalent cations on neighbouring N**'H-0 hydrogen bonds. B. M. 

Rode and K. Sagarik, Chem. Phys. Letters 1982 88, 337.
3. The influence of small monovalent cations on the hydrogen bonds of base pairs of DNA. K. 

Sagarik and B. M. Rode, Inorg. Chim. Acta 1983 78, 81.
4. The influence of Mg ion on the hydrogen bonds of adenine-thymine base pairs. K. Sagarik and 

B. M. Rode, Inorg. Chim. Acta 1983 78, 177.
5. Quantum chemical investigation on group IA and HA metal ion-DNA base complexes. K. 

Sagarik and B. M. Rode, Inorg. Chim. Acta 1983 76, L209.
6: Theoretical studies on the effect of iV-substitution on the hydrogen bonds of metal 

ion/water/amide complexes. K. Sagarik and B. M. Rode, Z. Naturforsch. 1984 39a, 686.
7. Intermolecular potentials for ammonia based on the test particle model and coupled pair 

functional method. K. Sagarik, R. Ahlrichs and S. Erode, Mol. Phys. 1986 57, 1247.
8. Molecular dynamics simulations of liquid CFC1F2 with the test particle model potential. K. 

Sagarik and R. Ahlrichs, Chem. Phys. Letter 1986 131, 74.

1986

1990

1993-2003

02/99-05/01
11/99-10/01
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9. A test particle model potential for formamide and molecular dynamics simulations of the liquid. 
K. Sagiik and R. Ahlrichs, J. Chem. Phys. 1987 86, 5117.

10. Improved ab initio potentials for the interaction between nucleic acid bases and water. K. 
Sagarik, G. Corongiu and E. Clementi, J. Mol. Stmct. (Theochem) 1991 235, 355.

11. Test-particle model potential for hydrogen-bonded complexes: complexes formed from HCN, HF, 
H20, NH3, HC.ONH2i HCONHCH3i guanine, and cytosine. K. Sagarik, V. Pongpituk and S. 
Chaiyapong, Chem. Phys. 1991 156, 439.

12. Statistical mechanical simulations on properties of liquid pyridine. K. Sagarik and E. Spohr, 
Chem. Phys. 1995 199, 73.

13. Intermolecular potential for phenol based on the test particle mode. K. Sagarik and P. 
Asawakun, Chem. Phys. 1997 219, 173.

14. Theoretical studies on hydrogen bonding in hydroxylamine clusters and liquid. K. Sagarik, J. 
Mol. Stmct. (Theochem) 1999 465, 141.

15. Intermolecular potential for benzoic acid-water based on the test-particle model and statistical 
mechanical simulations of benzoic acid in aqueous solutions. K. Sagarik and B. M. Rode, Chem. 
Phys. 2000 260, 159.

16. Effects of many-body interactions on the preferential solvation of Mg + in aqueous ammonia 
solution: a Born-Oppenheimer ah initio QM/MM dynamics study. A. Tongraar, K. Sagarik, and 
B. M. Rode, J. Phys. Chem. B 2001 105, 10559.

17. Referential solvation of Ca + in aqueous ammonia solution: classical and combined ab initio 
quantum mechanical/molecular mechanical molecular dynamics simulations. A. Tongraar, K. 
Sagarik, and B. M. Rode, Phys. Chem. Chem. Phys. 2002 4, 628.

18. A theoretical study on cluster of benzoic acid-water in benzene. K. Sagarik, S. 
Chaiwongwattana, and P. Sisot, Chem. Phys. 2004 306, 1.

19. A theoretical study on hydration of alanine zwitterions. K. Sagarik and S. Dokmaisrijan, J. Mol. 
Stmct. (Theochem) 2005 718, 31.

20. Structures and stability of salt-bridge in aqueous solution. K. Sagarik and S. Chaiyapongs, 
Biophys. Chem. 2005 117, 18.

21. Structure and dynamics of hydrated NH*: an ab initio QM/MM MD simulation. P. Intharathep, 
A. Tongraar and K. Sagarik, J. Comput. Chem. 2005 26, 1329.

22. Ab initio QM/MM dynamics of H30+ in water. P. Intharathep, A. Tongraar and K. Sagarik, J. 
Comput. Chem. 2006 27, 1723.

23. Effects of metal ion and solute conformation change on hydration of small amino acid. N. 
Deeying and K. Sagarik, Biophys. Chem. 2007 125, 72.

24. Mechanisms of proton transfer in nafion: elementary reaction at -SQ3H. K. Sagarik, M: 
Phonyiem, C. Lao-Ngam and S. Chaiwongwattana, submitted.

25. Structures and dynamics of phenol clusters in benzene solutions. S. Chaiwongwattana and K. 
Sagarik, submitted for publication.

Conferences
More than 30 international and national conferences

Books
1. Physical Chemistry Laboratory II, S. Rochanakij and K. Sagarik, Ramkhamhaeng University 

Press, Bangkok, 1992.
2. Numerical Methods for Chemist, K. Sagarik, Thana Press and Graphics Co., Bangkok, 2002. 

Research Interests:
Application of high-performance computer clusters in computational chemistry research has been 
the main interest. Computational methods such as ab initio calculations and statistical mechanical 
simulations, both by Monte Carlo (MC) and Molecular Dynamics (MD) simulations, are the major 
tools for the theoretical investigations. Ab initio calculations are applied in the calculations of 
intermolecular potentials, followed by MC and MD simulations of properties of liquids and aqueous 
solutions. Chemical systems considered usually consist of H-bond and n-n interactions, ranging 
from small molecules such as ammonia to model molecules of biological systems, such as bases of 
DNA and peptides. Hydration and transport phenomena in Polymer Electrolyte Membrane Fuel Cell 
(PEMFC) have also been the subject of investigations.
Scholarships and Awards:
1982
1985-1986

?•

Scholarship, the Federal Ministry of Science and Research, Austria
Postdoctoral . Research Fellow (Alexander von Humboldt Research Fellow)^
Universitaet Karlsruhe, Karlsruhe, Germany
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Research Fellow, Department of Scientific and Engineering Computations, IBM 
Corporation, Kingston, New York, USA 
Visiting Researcher, TWAS, Trieste, Italy
Visiting Professor (STEC Research Fellow), Sophia University, Tokyo, Japan 

1997-Present Royal Golden Jubilee Ph.D. Scholarship 
1997-Present ASEA-UNMET Research Fellow, Austria 
2005-2006 
2006

1987-1988

1991
1992

Thailand Research Fund (TRF) Advanced Research Scholarship
Knight Grand Cross (first class) of the Most Noble Order of the Crown of Thailand
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laotf'itfeirm'aa A'a.imuun la uaataal 

ASSOCIATE PROFESSOR DR. KENNETH J. HALLER

Tel: 66-44-22-4303, Fax: 66-44-22-4648 
E-mail: haller@sut.ac.th

Education:
1973 
1987 
1978
Present Position:
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.S. (Chemistry, Education) University of Nebraska-Lincoln, USA 
TESL Certification, University of Wisconsin-Madison, USA 
Ph.D. (Chemistry), University of Arizona, USA

Work Experiences:
06/78-12/79 Research Associate, Department of Chemistry and Biochemistry, University of Notre 

Dame, South Bend, Indiana, USA
01/80-01/88 Director of Crystallography (Associate Scientist). Department of Chemistry, 

Instrument Services Center, University of Wisconsin-Madison, USA
01/80-10/93 Training Instructor and consultant, including codevelopment relating to 

crystallographic products for Nicolet Instrument Corp., Madison USA and Enraf 
Nonius, Holland

01/88-03/89 Senior Scientist and Technical Manager: X-Ray Diffraction and Allied Techniques 
Group, Oneida Research Services, Inc., Whitesboro, New York, USA

03/89-08/89 Manager: Quality, Audit, and Control, and Radiation Safety Officer, Oneida Research 
Services, Inc., Whitesboro, New York, USA

05/89-10/93 President and General Manager, Analytical Diffraction Services, Inc. South Bend, 
Indiana, USA

08/89-11/92 Assistant Faculty Fellow, Director, X-Ray Crystallographic Facility, Department of 
Chemistry and Biochemistry, University of Notre Dame, South Bend, Indiana, USA

10/93-11/94 Senior Scientist, Petroleum and Petrochemical College, Chulalongkorn University, 
Bangkok, Thailand

11/94-11/95 Scientist, Metallurgy and Materials Science Institute, Chulalongkorn University, 
Bangkok, Thailand

11/95-Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

05/03-Present Guest Science Instructor, English Program, Surathampitak High School, Muang 
District, Nakhon Ratchasima, Thailand

07/06-Present Visiting Professor of Chemistry (University Associate), Chemistry Department, The 
University of Arizona, Tucson, Arizona, USA

Academic and Research Publications:
: Papers

1. Structural chemistry of the {CoNO} group. HI. The structure of N,N,-ethylenebis(salicylidenimi- 
nato)nitrosylcobalt(II). Co(NO)(salen). K. J. Haller and J. H. Enemark, Acta Cryst. Sect. B 1978 34,

?■

102.
2. Four-coordinate metal nitrosyls. 2. Structures of NiX(NO)(P(C6H5)3)2 complexes. K. J. Haller and J. 

H. Enemark, Inorg. Chem. 1978 17, 3552.
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3. Effects of temperature and pressure on the molecular and electronic structure of N,N -ethylene- 
bis(salicylideniminato)nitrosyliron, Fe(NO)(salen). K. J. Haller, P. L. Johnson, R. D. Feltham, J. H. 
Enemark, J. R. Ferraro and L. J. Basile, Inorg. Chim. Acta 1979 33, 11.

4. Ferraborane B3H7Fe2(CO)6, a diiron analog of pentaborane(9). E. L. Anderson, K. J. Haller and T. 
P. Fehlner, J. Am. Chem. Soc. 1979 101, 439.

5. Preparation and characterization of the anionic complex potassium dicyano(meso-tetraphenyl- 
porphinato)iron(III) bis(acetone). W. R. Scheidt, K. J. Haller and K. Hatano, J. Am. Chem. Soc. 
1980 102, 301.

6. Crystal and molecular structure of (COgFe^H^ a diiron analogue of pentaborane(9). K. J. Haller, 
E. L. Anderson and T. P. Fehlner, Inorg. Chem. 1981 20, 30.

7. Imidazolate and oxo-bridged metalloporphyrins. J. T. Landrum, D. Grimmett, K. J. Haller, W. R. 
Scheidt and C. A. Reed, J. Am. Chem. Soc. 1981 103, 264.

8. A (carbonmonoxy)heme complex with a weak proximal bond. Molecular stereochemistry of 
carbonyl(deuteroporphinato)(tetrahydrofuran)iron(H). W. R. Scheidt, K. J. Haller, M. Fons, T. 
Mashiko and C. A. Reed, Biochemistry 1981 20, 365.

9. Thioether ligation in iron-prophyrin complexes: models for cytochrome c. T. Mashiko, C. A. 
Reed, K. J. Haller, M. E. Kastner and W. R. Scheidt, J. Am. Chem. Soc. 1981 103, 575.

10. Structural characterization of a variable-spin (porphinato)iron(iii) complex, molecular stereo­
chemistry of bis(3-chloropyridine)(octaethylporphinato)iron(iii) perchlorate at 98 K (S = 1/2) and 
293 K (S = 1/2, S = 5/2). W. R. Scheidt, D. K. Geiger and K. J. Haller, J. Am. Chem. Soc. 1982 
104, 495. 2

11. Synthesis and X-ray structure of cis-tetracarbonyl[(Z)-?7-allylamino-(p-tolyl)-carbene]tungsten(0), 
a stable metal-carbene-alkene complex. C. P. Casey, A. J. Shusterman, N. W. Vollendorf and K. 
J. Haller, J. Am. Chem. Soc. 1982 104, 2417.

12. Molecular structure of ( tj -fluorenyl)manganese tricarbonyl. A significantly distorted 77-arene 
complex. P. M. Treichel, K. P. Fivizzani, and K. J. Haller, Organometallics 1982 1, 931.

13. Effects of bridging hydrogens on metal-metal bonds. 1. Geometrical comparison of Fe3(/r- 
H)3(CO)g(/43-CCH3), Co(CO)9(/i3-CCH3), and model compounds. K. S. Wong, K. J. Haller, T. K. 
Dutta, D. M. Chipman and T. P. Fehlner, Inorg. Chem. 1982 21, 3197.

14. l,8,15,22,30,34-Hexaoxa-29,35-dioxo[8.8.7](l,4,2)cyclopha-3,5,17,19-tetrayne and 1,8,15,22,30,34-hexa- 
oxa-29,35-dioxo[8.8.7](l,4,2)cyclophane, models for conformationally-defined hosts. A. B. Brown, K. 
J. Haller and H. W. Whitlock, Jr., Tetrahedron Letters 1982 23, 3311.

15. Tetraethylammonium frans-tricarbonyl(formyl)[tris-3,5-dimethylphenyl)phosphite]fenate(O) (C^HJJNI*
trans-(C0)3{[3,5-(CH3)2-C6H30]3P}Fe(CH0)’. C. P. Casey, D. R. McAlister, J. C. Calabrese, S. M. 
Neumann, M. A. Andrews, M. W. Meszaros and K. J. Haller, Crystal Structure Comm. 1982 11,
1015.

16. Isomers of (PhMeSi)6 and (PhMeSi)5. S-M. Chen, L. D. David, K. J. Haller, C. L. Wadsworth and 
R. West, Organometallics 1983 2, 409.

17. Intermediates in the associative phosphine substitution reaction of (77-C5H5)Re(CO)3. C. P. 
Casey, J. M. O^Connor, W. D. Jones and K. J. Haller, Organometallics 1983 2, 535.

18. Preparation and molecular stereochemistry of metalloporphyrin complexes with cyano ligands. 
Cyano(pyridine)(meso-tetraphenylporphinato)iron(III) hydrate and cyano(meso-tetraphenylporphi- 
nato)manganese(III) chloroform solvate. W. R. Scheidt, Y. J. Lee, W. Luangdilok, K. J. Haller, K. 
Anzai and K. Hatano, Inorg. Chem. 1983 22, 1516.

19. The X-ray crystal structure of tetramesityldisilene. M. J. Fink, M. J. Michalczyk, K. J. Haller, R. 
West and J. Michl, J. Chem. Soc., Chem. Comm. 1983, 1010.

20. A tandem cycloaddition-ene strategy for the synthesis of (±)-verrucarol and (±)-4,ll-diepi-12,13- 
deoxyverrucarol. B. M. Trost, P. G. McDougal and K. J. Haller, J. Am. Chem. Soc. 1984 106, 383.

21. Tetramesitylcyclodisiloxane: a cyclic siloxane with an unusual structure. M. J. Fink, K. J. Haller, 
R. West and J. Michl, J. Am. Chem. Soc. 1984 106, 822.

22. Conformational studies and crystal structures of cis- and trans-l,4-bis(trimethylsilyl)hexamethyl- 
l,4-disilacyclohexa-2,5-diene. J. D. Rich, F. Shafiee, K. J. Haller, S. G. Harsy and R. West, J. 
Organometal. Chem. 1984 264, 61.

23. X-ray crystal structure for two disilenes. M. J. Fink, M. J. Michalczyk, K. J. Haller, R. West and 
J. Michl, Organometallics 1984 3, 793.

24. (/^-Carbonyl)-(//2-sigma-2-, 77 -2,3-diphenyl-l-oxopenta-2,4-dien-l ,4-diyl)carbonyLbis( 77-cyclopenta- 
dienyl)diiron toluene solvate. K. J. Haller and A. D. Rae, Acta Cryst. A 1984 C427, 621.

25. Synthesis of a chelated tungsten-carbene-alkene complex and its conversion to a cyclopropane. 
C. P. Casey, N. W. Vollendorf and K. J. Haller, J. Am. Chem. Soc. 1984 106, 3754.
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26. Molecular and electronic structure of (CO)2Co(^-CO)[^-C(SMe)2]Fe(^5-C5H5)(CO). J. R. Matachek, R. 
J. Angelici, K. A. Schugart, K. J. Haller and R. F. Fenske, Organometallics 1984 3, 1038.

27. Organosilicon rotanes. C. W. Carlson, K. J. Haller, X-H. Zhang, and R. West, J. Am. Chem. Soc.
1984 106, 5521.

28. Nature of iron(I) and iron(0) tetraphenylporphyrin complexes. The synthesis and molecular structure 
of (dibenzo-18-crown-6)his(tetrahydrofuran)sodium(meso-tetraphenylporphinato)ferrate and bis[tris- 
(tetrahydrofuran)sodium](meso-tetraphenylporphlnato)ferrate. T. Mashiko, C. A. Reed, K. J. Haller 
and W. R. Scheldt, Inorg. Chem. 1984 23, 3192.

29. Synthesis and X-ray crystal structures of an analogous pair of iron formyl and iron acetyl 
complexes. C. P. Casey, M. W. Meszaros, S. M. Neumann, I. G. Cesa and K. J. Haller, 
Organometallics 1985 4, 143.

30. Interconversion of 77 -C.H5, 77 -C5H5, and ionic ''77 "-C5H5 rhenium compounds-X-ray crystal structure 
of [Re(NO)(CH3)(PMe3)4] [C5H5]". C. P. Casey, J. M. (/Connor and K. J. Haller, J. Am. Chem. Soc.
1985 107, 1241.

31. Photochemical reaction of /7-ethenylidene complex [(C5H5)(CO)Fe]2(/7-CO)(/7-C=CH2) with acetylenes. 
C. P. Casey, W. H. Miles, P. J. Fagan and K. J. Haller, Organometallics 1985 4, 559.

32. Synthesis and reactions of a cyclopentadienylidene ketene complex. C. P. Casey, J. M. 
c/Connor and K. J. Haller, J. Am. Chem. Soc. 1985 107, 3172.

33.8,8f-Bi(8-azabicyclo-[3.2.1]octane) and its oxidized forms. S. F. Nelsen, G. T. Cunkle, D. H. 
Evans, K. J. Haller, M. Kaftory, B. Kirste, H. Kurreck and T. Clark, J. Am. Chem. Soc. 1985 107,
3829.

34. Disilanthiiranes: synthesis and crystal structure. R. West, D. J. De Young and K. J. Haller, J. Am. 
Chem. Soc. 1985 107, 4942.

35. X-ray crystal structure and conformational analysis of tetradecamethylcycloheptasilane, (Me2Si)7. 
F. Shafiee, J. R. Damewood, Jr., K. J. Haller and R. West, J. Am. Chem. Soc. 1985 107, 6950.

36. Structural and chemical properties of 1,3-cyclodisiloxanes. M. J. Michalczyk, M. J. Fink, K. J. 
Haller, R. C. West and J. Michl, Organometallics 1986 5, 531..

37. Synthesis of a vinylcarbynetetrairon complex, crystal and molecular structure of [(C5H5)2(CO)2Fe2(/w- 
CO)]2(/7-C5H3)+BF4. C. P. Casey, M. S. Konings and K. J. Haller, J. Organometal. Chem. 1986 301,
C55.

38. X-ray crystal and molecular structures of hexacosamethylcyclotridecasilane, (Me2Si)13 and 
dotriacontamethylcyclohexadecasilane (Me2Si)16. F. Shafiee, K. J. Haller and R. West, J. Am. 
Chem. Soc. 1986 108, 5478.

39. Crystal structures of two syn bent tetraalkylhydrazines, their radical cations, and a dication. S. 
F. Nelson, S. C. Blackstock and K. J. Haller, Tetrahedron 1986 42, 6101.

40. Synthesis, structure and photochemistry of a Re(I) enolate complex. L. U. Gron, K. J. Haller and 
A. B. Ellis, J. Organometal. Chem. 1987 323, 207.

41. Reactions of (acenaphthylene)chromium tricarbonyl with organolithium compounds, trifluoroacetic 
acid, and organotin hydrides. R. U. Kirss, P. M. Treichel, and K. J. Haller, Organometallics 1987 6,
242.

42. The use of N-benzenethiophthalimide as a reagent in organometallic syntheses: benzenethiolato- 
and N-phthalimidometal carbonyl complexes. P. M. Treichel, P. C. Nakagaki and K. J. Haller, J. 
Organometal. Chem. 1987 327, 327.

43. Synthesis of a heterobimetallic dihydride by the addition of a rhenium dihydride to a platinum(O) 
complex. C. P. Casey, E. W. Rutter, Jr. and K. J. Haller, J. Am. Chem. Soc. 1987 109, 6886.

44. The synthesis and molecular structure of a disilacyclopropanimine. H. B. Yokelson, A. J. Millevolte, 
K. J. Haller and R. West, J. Chem. Soc., Chem. Comm. 1987 1605.

45. Structural-bonding analysis of several unusual molybdenum clusters: constrained refinements of 
disordered and thermally librating ligands. D. R. Tomchick, C. P. Gibson, K. J. Haller and L. F. 
Dahl, Acta Cryst. Sect. A 1987 43, Cl92.

46. Small molecule data collection with a Nicolet (Xentronics) area detector. K. J. Haller and R. A. 
Sparks, Acta Cryst. Sect. A 1987 43, C272.

47. Electrochemical behavior of thiolate-bridged manganese dimers. L. J. Lyons, M. H. Tegen, K. J. 
Haller, D. H. Evans and P. M. Treichel, Organometallics 1988 7, 357..

48. Preparation and reactions of a disilyne synthon 7,7 -bis(7-methyl-l,4,5,6-tetraphenyl-7-sila-2,3- 
benzonorbornadine). A. Sekiguchi, S. S. Zigler, K. J. Haller and R. West, Reel. Trav. Chim. Pays- 
Bas 1988 107, 197.

49. Double diastereoselectivity in addition of metalated propionitrile to enones. B. M. Trost, J. Florez 
and K. J. Haller, J. Org. Chem. 1988 53, 2394.
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50. Structures of two organosilyl azides. S. S. Zigler, K. J. Haller, R. West and M. S. Gordon, 
Organometallics 1989 8, 1656.

51. Synthesis and crystal structures of two diruthenium polysulfide complexes. P. M. Treichel, R. A. 
Crane and K. J. Haller, Polyhedron 1990 9, 1893.

52. Refinement of concerted thermal motion in tetraaryl metalloporphyrin derivatives. K. J. Haller, 
M. A. Ivanca, H. Nasri, M. Safo and W. R. Scheldt, Acta Cryst. Sect. A 1990 46, C303.

53. Inner-sphere electron-transfer stereoselectivities in the oxidation of bis(l,2-diaminoethane)cobalt(II) 
derivatives by [Co(ox)3]3'. R. A. Marusak, M. A. Ivanca, K. J. Haller and A. G. Lappin, Inorg. Chem. 
1991 30, 618.

54. The synthesis of several new cyclopentadienyl-ruthenium t-butyl thiol complexes. P. M. 
Treichel, R. A. Crane and K. J. Haller, J. Organometal. Chem. 1991 401, 173.

55. Apparent oxidative coupling of the ferraborane dianion [B2H4Fe2(CO)6][Li]2. Preparation and 
structural characterization of con;uncto-B4H8Fe4(CO)12. C. S. Jun, X. Meng, K. J. Haller and T. P. 
Fehlner; J. Am. Chem. Soc. 1991 113, 3603.

56. Transition-metal clusters as substituents, synthesis, structure, and thermal decomposition of 
Zn40[(CO)g(Co3(/a3-CC02)]6. W. Cen, K. J. Haller and T. P. Fehlner, Inorg. Chem. 1991 30, 3120.

57. Characterization of Fe(OEP) 7r-cation radicals. W. R. Scheldt, H. Song, K. J. Haller, M. K. Safo, R. 
D. Grosz, C. A. Reed, P. G. Debrunner and C. E. Schultz, Inorg. Chem. 1992 31, 939.

58. Reactions of bis(nitro)[a,a,a,a-meso-tetrakis(o-pivalamidophenyl)porphinato]iron(III) with 2,3,5,6- 
tetrafluorothiophenol and 2,3,5,6-tetrafluorothiophenolate. EPR and Mossbauer spectra and 
molecular structures. H. Nasri, K. J. Haller, Y. Wang, B. H. Huynh and W. R. Scheidt, Inorg. 
Chem. 1992 31, 3459.

59. Clusters as ligands, stabilization of a Cd3Co Core in [/a3-Co(CO)3]Cd3{/i-[(CO)9Co3(/^-CC02)]}3(THF)3. 
W. Cen, K. J. Haller and T. P. Fehlner, Organometallics 1992 11, 3499.

60. A comparison of the structures of N-chloroacetylindigo (IV-chloroacetyl-2,2 -biindolinylidene-3,3 - 
dione) and N,N -bis(chloroacetyl)indigo [N,N'-Jbis(chloroacetyl)-2,2 -biindolinylidene-3,3 -dione] in 
the solid and solution state. B. D. Smith, M-F. Paugam and K. J. Haller, J. Chem. Soc. Perkins 
Trans. 2 1993 165. j2

61. Preparation and characterization of singly oxidized metalloporphyrin dimers: [M(OEP )]2SbClg, M = 
Cu, Ni. Photosynthetic special pair models. W. R. Scheidt, B. Cheng, K. J. Haller, A. Mislankar, A. 
D. Rae, K. V. Reddy, H. Song, R. D. Grosz, C. A. Reed, F. CuMemik and J-C. Marchon, J. Am. 
Chem. Soc. 1993 115, 1181.

62. Clusters as ligands, comparison of the reactivity of (CO)gCo3(/^-CR) (R = COOH, p-C6H4(CH2)2COOH) 
leading to the formation of Zn(p-C6H4(CH2)2CG2)2 vs M(II)40((CO)9Co3CC02)6 (M = Zn, Co). W. Cen, 
K. J. Haller and T. P. Fehlner, Inorg. Chem. 1993 32, 995.

63. Reactions of unsaturated nickel-tungsten and nickel-molybdenum complexes with organic 
disulfides. Synthetic and structural studies. A. F. Bartlone, M. J. Chetcuti, P. E. Fanwick and K.
J. Haller, Inorg. Chem. 1993 32, 1435.

64. X-ray structural and imidazole-binding studies of nickel p-oxoporphyrins. P. A. Connick, K. J. 
Haller and K. A. Macor, Inorg. Chem. 1993 32, 3256.

65. Oxidative ring opening and rearrangement of an anthroquinocyclopropene. Molecular structure 
of a novel spiro-3-furanone. H. B. Yokelson, A. J. Millevolte, K. J. Haller and R. West, 
Tetrahedron Letters 1993 34, 5559.

66. The modulated crystal structure of a metalloporphyrin rc-cation radical. K. J. Haller and A. D. 
Rae, Acta Cryst. Sect. A 1993 49, S242.

67. X-ray and molecular structure of the diastereomeric pair [A-Co(en)3][A-Co(en)(ox)2]I2-3H2G and [A- 
Co(en)3][A-Co(en)(ox)2]I2*H2G and comparisons with [A-Co(en)3][A-Co(gly)(ox)2]I*H2G. A. G. Lappin,
K. J. Haller, R. M. L. Warren and A. Tatehata^ Inorg. Chem. 1993 32, 4498.

68. [1,3] Alkyl migration as a third type of N,N -dialkanoylindigo photochemistry. B. D. Smith, D. E. 
Alonso, J. T. Bien, J. D. Zielinski, S. L. Smith and K. J. Haller, J. Org. Chem. 1993 58, 6493.

69. Kinetic control of the oxidative coupling of [B2H4Fe2(CO)6][Li]2. X-ray crystal structures and 
interconversion of B,Fe-con;uncto-[B2H4Fe2(CO)6]2 and B,B-con;uncto-[B2H4Fe2(CO)6]2. C. S. Jun, D. 
R. Powell, K. J. Haller and T. P. Fehlner, Inorg. Chem. 1993 32, 5071.

70. Evidence for intramolecular C-H---0 hydrogen bonds determining IV,i'/-diacylindigo crystal 
structure conformations. B. D. Smith, K. J. Haller and M. Shang^J. Org. Chem. 1993 58, 6905.

71. Chiral discrimination in the reduction of Co(edta)] by Co(en)3]+ and [Ru(en)3] X-ray structure 
of [A-Co(en)3][A-Co(edta)]2CM0H2O. R. M. L. Warren, K. J. Haller, A. Tatehata and A. G. Lappin, 
Inorg. Chem. 1994 33, 227.
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72. Thai-style' contractual relationships: two case studies. P. Siroros and K. J. Haller, Contemporary 
Southeast Asia 1994 16, 317.

73. The four fold disordered structures of p-chloro-iV-(p-methylbenzylidine)aniline and p-methyl-iV- 
(p-chlorobenzylidine)aniline. K. J. Haller, A. D. Rae, A. P. Heerdegen, D. C. R. Hockless and T. R. 
Welberry, Acta Cryst. Sect. B 1995 51, 187.

74. Steric and electronic effects on conformations of IV-acylindigo and JVjV'-diacylindigo dye 
molecules. K. J. Haller and B. D. Smith, Acta Cryst. Sect. A 1996 52, Sxx.

75. Surfactant recovery from water using foam fractionation. N. Tharapiwattananon, J. F. 
Scamehorn, S. Osuwan, J. H. Harwell and K. J. Haller, Sep. Sci. Tech. 1996 31, 1233.

76. Use of polyelectrolyte-enhanced ultrafiltration to remove chromate from water. S. Sriratana, J. F. 
Scamehorn, S. Chavadej, C. Saiwan, K. J. Haller, S. D. Christian and E. E. Tucker. Sep. Sci. 
Tech. 1996 31, 2493.

77. Macrocyclic [CuI/n(bite)] +12+ (bite = biphenyldiiminodithioether): an example of fully-gated 
electron transfer and its biological relevance. S. Flanagan, J. Dong, K. Haller, S. Wang, W. R. 
Scheldt, R. A. Scott, T. R. Webb, D. M. Stanbury and L. J. Wilson, J. Am. Chem. Soc. 1997 119, 
8857.

78. The twinned-disordered crystal structures of /ac-l,5,9,13,20-trimethyl-3,7,ll,15,18,22-hexaaza- 
bicyclo[7.7.7]-tricosane M(II) diperchlorate hydrate, M(C22H48N6)2+(C104)2-xH20, M = Ni, Zn. K. J. 
Haller, A. D. Rae, A. M. T. Bygott, D. C. R. Hockless, R. J. Geue, S. F. Ralph and A. M. Sargeson, 
Acta Cryst. Sect. B 1999 55, 380.

79. Molecular structure of 2-(4'-iV,lV-diethylaminophenylazo)pyridine. K. Hansongnern, S. 
Onganusorn and K. J. Haller, Acta Cryst. Sect. A 1999 55, S397.

80. Molecular structure of the zwitterionic 4-hydroxy-iV-methyl-L-proline. K. J. Haller, A. Petsom, S. 
Roengsumran, D. Shiengthong, W. Lertwanitch, P. Techasauvapak and W. Rungruangkanokkul, 
Acta Cryst. Sect. A 1999 55, S398.

81. Use of a micellar-rich coacervate phase to extract trichloroethylene from water. W. Kimchuwanit, 
S. Osuwan, J. F. Scamehorn, J. H. Harwell and K. J. Haller, Sep. Sci. Tech. 2000 35, 1991.

82. Thai public hearing: smokescreen or ceremony. P. Siroros and K. J. Haller, Thammasat Review 
2000 5(1), 147.

83. Supramolecular structures of four-coordinate nickel bis(triphenylphosphine) nitrosyl complexes. 
A. Kiatpichitpong and K. J. Haller, Acta Cryst. Sect. A 2002 58, C313.

84. Supramolecular structure of 1,10-phenanthrolinium-l-ium cation with a tin(IV) anion. W. 
Somphon, K. J. Haller and S. Weng Ng, Acta Cryst. Sect. A 2002 58, C314.

85. New synthetic routes to hexa-aza cages using cobalt(III) tris( 1,2-diamine) templates. G. W. 
Walker, R. J. Geue, K. J. Haller, A. D. Rae and A. M. Sargeson, J. Chem. Soc. Dalton Trans. 2003 3,
279.

86. Removal of arsenic anions from water using polyelectrolyte-enhanced ultrafiltration. P. Pookrod, 
K. J. Haller and J. F. Scamehorn, Sep. Sci. Tech. 2004 39(4), 811.

87. X-ray structural characterization of disordered epifriedelin-3-ol and friedelin-3-one. A. 
Phothikanith and K. J. Haller, Suranaree J. Sci. Technol. 2005 12(3) 211.

88. Noncovalent interactions in a three component supramolecular structure. K. Chainok, K. J. 
Haller, H. H.-Y. Sung and I. D. Williams, Acta Cryst. Sect. A 2005 61, C306.

89. Crystal structure of [Sn(Bu)3(OPPh3)2][BPhJ. N. Khosavithitkul, K. J. Haller and S. Weng Ng, 
Acta Cryst. Sect. A 2005 61, C307.

90. An order-disorder phase transition in [Ag(bipy)N03]n. W. Somphon, K. J. Haller and A. D. Rae, 
Acta Cryst. Sect. A 2005 61, C321.

91. A new organically templated vanadium arsenate. S. Krachodnok and K. J. Haller, Acta Cryst. 
Sect. A 2005 61, C306.

92. Preparation and characterization of NiCl(NO)(PPh3)2. R. Puntharod and K. J. Haller, Acta Cryst. 
Sect. A 2005 61, C306.

93. Structure of 19-hydroxyneohopane. K. J. Haller, Acta Cryst. Sect. A 2005 61, C281.
94. The commensurately modulated bis(aquachlorotriphenyltin 1,10-phenanthroline) crystal 

structure. A. D. Rae, K. J. Haller and S. Weng Ng, J. Sci. Tech. Tropics 2005 1(1) 157.
95. Packing and polytypism in 1,10-phenanthrolin-l-ium (2-carboxyethyl)(2-carboxylatoethyl) 

dichlorostannate(IV). W. Somphon, K. J. Haller, A. D. Rae, et al., Acta Cryst. Sect. B 2006 62(2), 255.
96. Pseudo symmetry and crystal packing in [Mg(H20)6(N03)2]-2HMT-4H20. W. Somphon, K. J. Haller 

and A. D. Rae, Laos Journal on Applied Science, 2006 1(1) 390.
97. The order-disorder transition at 150 K of polymeric Ag(bipy)N03. W. Somphon, K. J. Haller and 

A. D. Rae, Acta Cryst. Sect. B 2007, submitted for publication.

<fl-8
i



98. Isomorphism and twinning in [M(H20)6]I2-2(HMT)-4H20; M - Ni, Mn, and HMT - hexamethyl­
enetetramine. W. Somphon, K. J. Haller and A. D. Rae, Acta Ciyst. Sect. C 2008, submitted for 
publication.

Conferences
More than 220 international and national conferences

Books
l.Iron(III) porphyrin structural changes accompanying the low-spin-high-spin transition. W. R. 

Scheidt, D. K. Geiger and K. J. Haller, Interaction between iron and proteins in oxygen and 
electron transport, C. Ho, et al., Eds, Elsevier/North Holland, New York, 1982.

2. Studies of CNI copper coordination compounds: what determines the electron-transfer rate of 
the blue-copper proteins. S. Flanagan, J. S. Gonzalez, W. J. E. Bradshaw, L. J. Wilson, D. M. 
Stanbury, K. J. Haller and W. R. Scheldt, Bioinorganic chemistry of copper, K. D. Karlin & Z. 
Tyeklar, Eds, Chapman & Hall, London, 1993, 91-7.

Research Interests:
1. X-ray crystallography: five project types. First, use of single crystal structures to assist 

understanding the properties and reactivities of complexes and molecular compounds. Second, 
use of single crystal structure analysis as a routine method of analyzing crystalline compounds 
of unknown structure. Third, exploration of the relationships between structure and properties 
of solid state materials. Fourth, use of single crystal structure analysis to examine 
supramolecular structures. Fifth, use of structure correlation to improve understanding of 
molecular structure and reactivity.

2. Polyelectrolyte/surfactant based separation processes: three project types. First, use of 
polyelectrolytes or surfactants to separate metal ions (recent focus on chromate and arsenate) 
from aqueous media. Second, study precipitation of metal anions in the presence of 
polyelectrolyte. Third, concentration of surfactant in dilute surfactant solutions resulting from 
other separation processes.

3. Crystallization studies: four project types. First, determine precipitation phase diagrams of 
insoluble inorganic compounds in the presence of polyelectrolytes. Second, study underlying 
physical chemistry of precipitation of metal anions in the presence of poly electrolyte. Third, 
optimize conditions for continuous mode crystallization of insoluble materials. Fourth, study 
precipitation of anionic surfactants with divalent metal cations.

4. Synthetic chemistry: four project types. First, hydrothermal or solid state synthesis of 
nanostructured or supramolecular (generally microporous) materials. Second, synthesis and 
characterization of dihexalose-dianhydrides. Third, synthesis and characterization of air and/or 
moisture sensitive organometallic or transition metal complexes.

Scholarships and Awards:
1978-1979 Postdoctoral Fellow, Department of Chemistry and Biochemistry, University of Notre 

Dame, South Bend, Indiana, USA 
11/92-03/93 Visiting Fellow, School of Chemistry, The University of New South Wales, 

Kensington, NSW, Australia
01/00-02/00 Visiting Fellow, Research School of Chemistry, The Australian National University, 

Canberra, ACT, Australia
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Tel: 66-44-22-4254, Fax: 66-44-22-4648 
E-mail: saowanee@sut.ac.th

Education:
1970 
1973
Present Position:
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Chiangmai University, Thailand 
Ph.D. (Physical Chemistry) Aston University, UK

Work Experiences:
1973-1998 Associate Professor, Department of Chemistry, Faculty of Science, Chiangmai 

University, Thailand
Associate Professor, School of Chemistry, Institute of Science, Walailak University, 
Thailand

1998-1999

1999-Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand
Head, Research Department, Institute of Science, Suranaree University of 
Technology, Thailand
Vice Rector for Academic Affairs, Suranaree University of Technology, Thailand

2000-2004

2005-2007
Academic and Research Publications:
Papers

1. Reaction of ground-state oxygen atoms with cis- and trans-1,2-difluoroethane. S. J. Moss and S. 
Rattanaphani, J. Chem. Soc., Faraday Trans. 1982 78, 3052.

2. Univariable and simplex optimization for the flow-injection spectrophotometric determination of 
copper using nitro so-R salt as a complexing agent. B. Purachat, S. Liawruangrath, P. 
Sooksamiti, S. Rattanaphani and D. Buddhasukh, Analytical Sci. 2001 17, 443.

3. Zinc hydroxystannate and zinc stannate prepared from mineral cassiterite and their fire 
retarding effect on some polymers. V. Rattanaphani, S. Rattanaphani and A. Chinsuttiprapa, 
Chiang Mai J. Sci. 2003 30, 133.

4. An absorption spectroscopic investigation of the interaction of lac dyes with metal ions. M. 
Chairat, V. Rattanaphani, J. B. Bremner, S. Rattanaphani and D. F. Perkins, Dyes and Pigments 
2004 63, 141.

5. An adsorption and kinetic study of lac dyeing on silk. M. Chairat, S. Rattanaphani, J. B. 
Bremner and V. Rattanaphani, Dyes and Pigments 2005 64, 231.

6. An adsorption and thermodynamic study of lac dyeing on cotton pretreated with chitosan. S. 
Rattanaphani, M. Chairat, J. B. Bremner, et al., Dyes and Pigments 2007 72, 88.

7. Comments on “An adsorption and kinetic study of lac dyeing on silk" by Yuh-Shan Ho: 
Discussion on pseudo second order kinetic expression-Reply. K. V. Kumar and S. Rattanaphani, 
Dyes and Pigments 2007 75, 253.

8. An adsorption study of Al(III) ions onto chitosan. C. Septhum, S. Rattanaphani, J. B. Bremner, et 
al., J. Hazard. Mater. 2007 148, 185.

9. Detection of Al(III) and Ga(IH) complexes with morin by electrospray ionization mass 
spectrometry. C. Septhum, J. Morgan, L. Hick, et al., Anal. Sci. 2007 23, 1209.

10. UV-VIS spectroscopic study of natural dyes with alum as a mordant. C. Septhum, V. 
Rattanaphani and S. Rattanaphani, Suranaree J. Sci. Technol. 2007 14, 91.
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11. Adsorption kinetic study of lac dyeing on cotton. M. Chairat, S. Rattanaphani, J. B. Bremner, et 
al., Dyes and Pigments 2008 76, 435.

Conferences
More than 30 international and national conferences

Research Interests:
1. Adsorption of natural dyes on cotton and silk
2. Adsorption properties of chitosan
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Present Position:
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Chiangmai University, Thailand 
Ph.D. (Inorganic Chemistry) Aston University, UK

Work Experiences:
Formerly Head, Department of Chemistry, Faculty of Science, Chiangmai University, Thailand 

Assistant Rector, Chiangmai University, Thailand
Associate Professor, Department of Chemistry, Faculty of Science, Chiangmai 
University, Thailand
Associate Professor, School of Chemistry, Institute of Science, Walailak University, 
Thailand

1973-1998

1998-1999

Assistant Rector for Academic Affairs, Suranaree University of Technology, Thailand 
1999-Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
Academic and Research Publications:
Papers

1. Spectrophotometric studies of complex formation in solution between heptamolybdate (6-) and 
manganese (II), copper (n), iron (II), nickel (II) and chromium (II) ions. J. Fac. Sci. CMU 1998 25,

1999-2001

40.
2. Reverse flow injection spectrophotometric determination of iron using norfloxacin. T. 

Pojanagaroum, S. Watanasle, V. Rattanaphani and S. Liawruangrath, Talanta 2002 58, 1293.
3. Zinc hydroxystannate and zinc stannate prepared from mineral cassiterite and their fire 

retarding effect on some polymers. V. Rattanaphani, S. Rattanaphani and A. Chinsuttiprapa, 
Chiang Mai J. Sci. 2003 30, 133.

4. An absorption spectroscopic investigation of the interaction of lac dyes with metal ions. M. 
Chairat, V. Rattanaphani, J. B. Bremner, S. Rattanaphani and D. F. Perkins, Dyes and Pigments 
2004 63, 141.

5. An adsorption and kinetic study of lac dyeing on silk. M. Chairat, S. Rattanaphani, J. B. 
Bremner and V. Rattanaphani, Dyes and Pigments 2005 64, 231.

6. An adsorption and thermodynamic study of lac dyeing on cotton pretreated with chitosan. S. 
Rattanaphani, M. Chairat, J. B. Bremner, et al., Dyes and Pigments 2007 72, 88.

7. An adsorption study of Al(III) ions onto chitosan. C. Septhum, S. Rattanaphani, J. B. Bremner, et 
al., J. Hazard. Mater. 2007 148, 185.

8. Detection of Al(in) and Ga(III) complexes with morin by electrospray ionization mass 
spectrometry. C. Septhum, J. Morgan, L. Hick, et al., Anal. Sci. 2007 23, 1209.

9. UV-VIS spectroscopic study of natural dyes with alum as a mordant. C. Septhum, V. 
Rattanaphani and S. Rattanaphani, Suranaree J. Sci. Technol. 2007 14, 91.

10. Adsorption kinetic study of lac dyeing on cotton. M. Chairat, S. Rattanaphani, J. B. Bremner, et 
al., Dyes and Pigments 2008 76, 435.

fl-12
j

mailto:vichitr@sut.ac.th


Conferences
More than 30 international and national conferences

Research Interests:
1. Interaction of some transition metals with selected pharmaceutical drugs
2. Study of fire retardant and smoke suppressant properties of some tin compounds
3. Monitoring and analysis of water qualities in some areas
4. Adsorption properties of chitosan

Scholarships and Awards:
2006 Best All Round in Teaching of the Year Award, Suranaree University of Technology, 

Thailand
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Thailand
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11/98-07/99 Research Assistant, Department of Physics and Astronomy, University of Edinburgh, 

Scotland, UK
02/00-12/04 Senior Scientist, Department of Analytical Chemistry, Ruhr-University of Bochum, 

Bochum, Germany
01/06-05/07 Senior Lecturer in Physical Chemistry, Department of Chemistry, Faculty of Science 

and Agriculture, The University of the West Indies (UWI), Campus St. Augustine, 
Trinidad and Tobago

05/07-Present Associate Professor, School of Chemistry Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:

Diplom-Chemiker (Chemistry) University of Munster, Germany 
Dr.rer.nat. (Applied Electrochemistry) University of Munster, Germany

Papers
1. Effective insulation of scanning-tunneling microscopy tips for electrochemical studies using an 

electropainting method. C. E. Bach, R. J. Nichols, W. Beckmann, H. Meyer, A. Schulte, J. O. 
Besenhard, and P. D. Jannakoudakis, J. Electrochem. Soc. 1993 140, 1281.

2. A simple method for insulating carbon-fiber microelectrodes using electrophoretic deposition of 
paint. A. Schulte and R. H. Chow, Anal. Chem. 1996 63, 3054.

3. Measurement of nonsynaptic quantal transmitter retease from single neurons in brain stem 
slices. E. Jaffe, A. Schulte, A. Marty and R. H. Chow, Biophys. J. 1997 72, MP095.

4. Cellular mechanism underlying retrograde inhibition in the cerebellum and substantia nigra. A. 
Marty, M. Glitsch, E. Jaffe, R. H. Chow, A. Schulte and D. Lodge, Europ. J. Neurosci. 1998 10,
604.

5. Extrasynaptic vesicular transmitter release from the somata of substantia nigra neurons in rat 
midbrain slices. E. Jaffe, A. Marty, A. Schulte and R. H. Chow, J. Neurosci. 1998 18, 3548.

6. STM tips for in situ scanning tunnelling microscopy in aqueous solutions prepared using 
electrophoretic deposition of paint. A. Schulte, Proc. SPIE Int. Soc. Opt. Eng. 1998 3512, 353.

7. Cylindrically etched carbon-fiber microelectrodes fa low-noise amperometric recording of 
cellular secretion. A. Schulte and R. H. Chow, Anal. Chem. 1998 70, 985.

8. Redox hydrogel-based bienzyme microelectrodes for amperometric monitoring of L-glutamate. E. 
Mikeladze, A. Schulte, M. Mosbach, A. Blochl, E. Csoregi, R. Solomonia and W. Schuhman, 
Electroanalysis 2002 14, 393.

9. Localised electrochemical impedance spectroscopy with high lateral resolution by means of 
alternating current scanning electrochemical microscopy. K. B. Ballesteros, A. Schulte, E. J. 
Calvo, M. Koudelka-Hep and W. Schuhmann, Electrocham. Commun. 2002 4, 134.

10. Fast-scan cyclic voltammetry and scanning electrociemical microscopy studies of the pH- 
dependent dissolution of 2-electron mediators immob.lised on zirconium phosphate-containing
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carbon pastes. F. D. Munteanu, M. Mosbach, A. Schulte, W. Schuhmann and L. Gorto, 
Electroanalysis 2002 14, 1479.

11. Precursor sites for localised corrosion on lacquered tinplates visualised by means of alternating 
current scanning electrochemical microscopy. K B. Ballesteros, I. C. Gonzales, P. A. Castro, A. 
Schulte, E. J. Calvo and W. Schuhmann, Electrochim. Acta 2003 48, 1115.

12. High-resolution constant-distance scanning electrochemical microscopy on immobilized enzyme 
micropattems. A. Schulte, M. Etienne, F. Turcu and W. Schuhmann, GIT Imaging & Microscopy 
2003 2, 46.

13. Constant-distance mode scanning electrochemical microscopy. Part I: adaptation of a non- 
optical shear force-based positioning mode for SECM tips. K. B. Ballesteros, A. Schulte and W. 
Schuhmann, Eur. J. Chem. 2003 9, 2025.

14. Screening a library of acrylic acid-based polymers as immobilization matrix for amperometric 
biosensors. S. Neugebauer, S. Isik, A. Schulte and W. Schuhmann, Anal. Lett. 2003 36, 2005.

15. Pyrolle functionalised metalloporphyrins as electrocatalysts for the oxidation of nitric oxide. N. 
Diab, J. Oni, A. Schulte, I. Radtke, A. Blochl and W. Schuhmann, Talanta 2003 61, 43.

16. Constant-distance mode scanning electrochemical microscopy. Part II: high-resolution SECM 
imaging employing Pt nanoelectrodes as miniaturised scanning probes. K. B. Ballesteros, A. 
Schulte and W. Schuhmann, Electroanalysis 2004 16, 60.

17. Visualisation of micropattemed complex biosensor sensing chemistries by means of scanning 
electrochemical microscopy. M. Niculescu, S. Gaspar, A. Schulte, E. Csoregi and W. Schuhmann, 
Biosensors & Bioelectronics 2004 19, 1175.

18. Constant-distance mode alternating current scanning electrochemistry microscopy (AC-SECM). 
M. Etienne, A. Schulte and W. Schuhmann, Electrochem. Comm. 2004 6, 288.

19. Alternating current scanning electrochemical microscopy (AC-SECM) studies on the surface of 
electrochemically polished NiTi shape memory alloys. S. Belger, A. Schulte, C. Hessing, M. Pohl 
and W. Schuhmann, Materialwissenschaft und Werkstofftechnik 2004 5, 251.

20. Constant-distance mode scanning potentiometry: I. Visualisation of calcium carbonate dissolution 
in aqueous solution. M. Etienne, S. Mann, A. Schulte, I. D. Dietzel and W. Schuhmann, Anal. 
Chem. 2004 76, 3682.

21. Imaging localized corrosion of NiTi shape memory alloys by means of alternating current 
scanning electrochemical microscopy (AC-SECM). A. Schulte, S. Belger and W. Schuhmann, J. 
Mat. Sci. Eng. A. 2004 378, 523.

22. Label-free electrochemical recognition of DNA hybridization by means of modulation of the 
feedback current in SECM. F. Turcu, A. Schulte, G. Hartwich and W. Schuhmann, Angew. Chem. 
Int. Ed. 2004 43, 3482.

23. Markerfreie elektrochemische Detektion von DNA-Hybridisierung durch Modulation des 
Feedbackstroms in der elektrochemischen Rastermikroskopie. F. Turcu, A. Schulte, G. Hartwich and 
W. Schuhmann, Angew. Chem. 2004 116, 3564.

24. An advanced biological scanning electrochemical microscope (Bio-SECM) for studying individual 
living cells. B. L. Pitta, W. Schuhmann and A. Schulte, Phys. Chem. Chem. Phys. 2004 6, 4003.

25. Imaging immobilised ssDNA and detecting DNA hybridisation by means of the repelling mode 
of scanning electrochemical microscopy (SECM). F. Turcu, A. Schulte, G. Hartwich and W. 
Schuhmann, Biosensors & Bioelectronics 2004 20, 925.

26. Coaxial miniaturised working-reference electrode assembly for small-volume electroanalysis and 
droplet scan-ning electrochemical microscopy. F. Turcu, A. Schulte and W. Schuhmann, Anal. 
Bioanal. Chem. 2004 380, 736.

27. Visualisation of the reaction zones between two miscible solutions with potentiometric and 
amperometric microsensors. K. Schrbck, A. Schulte and W. Schuhmann, Electroanalysis 2005 17,
489.

28. Solvent-free electrodeposition of polypyrrole as a base for the preparation of carbonised platinum 
microelectrodes. M. Etienne, J. Oni, A. Schulte, G. Hartwich and W. Schuhmann, Electrochim. 
Acta 2005 50, 5001.

29. Combinatorial screening of a library of metalloporphyrins for electrochemical nitric oxide 
sensors. V. Ryabovo, A. Schulte, T. Erichsen and W. Schuhmann, Analyst 2005 130, 1245.

30. Fabrication of a potentiometric/amperometric bifunctional enzyme microbiosensor. K. R. C. Reddy, 
F. Turcu, A. Schulte, M. K. Arvind and W. Schuhmann, Anal. Chem. 2005 77, 5063.

31. Robotic stripping voltammetry: validation and application for nickel ion release studies on 
gradually corroding NiTi shape memory alloys. D. Ruhlig, A. Schulte and W. Schuhmann, 
Electroanalysis 2006 18, 53.
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32. Single cell microelectrochemistry. A. Schulte and W. Schuhmann, Angew. Chem. Int. Ed. 2007 
46, 8760.

33. Constant distance AC_SECM for the visualization of corrosion pits. K. Eckhard, M. Etienne, A. 
Schulte and W. Schuhmann, Electiochem. Comm. 2007 9, 1793.

Conferences
More than 25 international and national conferences

Books
1. Preparation of voltammetric and potentiometric carbon fiber microelectrodes. J. O. Besenhard, 

A. Schulte, K. Schur and P. D. Jannakoudakis, Microelectrodes: theory and applications, NATO 
ASI Series E 197,” Montenegro, M. L, Queiros, M. A., and Daschbach, J. L, Eds, Kluver 
Academic Publishers, Dordrecht, Netherlands, 1991, 189.

2. Corrosion of NiTi shape memory alloys: visualization by means of potentiometric "constant 
distance" scanning electrochemical microscopy. A. Schulte, S. Belger and W. Schuhmann, 
Material science forum vol. 394-395: shape memory materials and its applications, Y. Y. Chu and 
L. C. Zhao, Eds, TransTechPublications Ltd., Uetikon-Ziirich, Switzerland, 2002, 145.

3. Constant-Distance Mode Scanning Electrochemical Microscopy. A. Schulte and W. Schuhmann, 
Formatex microscopy book series (no 2): science, technology and education of microscopy: an 
overview, A. Mendez-Vilas, Ed, 2003, 753.

4. Amperometric enzyme sensors based on direct and mediated electron transfer. S. Reiter, G. 
Hartwich, A. Schulte and W. Schuhmann, Perspectives in bioanalysis, vol. 1. Electrochemistry of 
nucleic acids and proteins. Towards electrochemical sensors for genomics and proteomics, E. 
Palecek, F. Scheller and J. Wang, Eds, Elsevier, Amsterdam, 2005, 599.

5.17. Scanning electrochemical microscopy as a tool in neuroscience. A. Schulte and W. Schuhmann, 
Electrochemical methods in neuroscience, A. Michael and L. M. Borland, Eds, Taylor & Francis - 
CRC Press, Boca Raton, USA, 2006, 353.

Research Interests:
Research interests are located in the field of applied electrochemistry with a special focus on
electroanalysis, micro-, nano- and bioelectrochemistry as well as corrosion. Currently, research
efforts are concentrating on:

1. Construction and application of advanced micro- and nanoelectrodes and electrochemical 
scanning probes

2. Methodology and application of scanning electrochemical microscopy (SECM) and electrochemical 
scanning tunneling microscopy (EC-STM)

3. Development of new strategies for detecting trace levels of heavy metals and organic pollutants 
via advanced voltammetric stripping analysis

4. Improvements in the design and response of electrochemical enzyme biosensors
5. (Local) electrochemical detection of chemical release from single secretory cells (neuron- 

transmission)
6. Electrochemical hybridization detection on DNA chips (DNA microarrays)
7. Studying the corrosion of stainless steels and NiTi shape memory alloys on the microscopic 

level (localized corrosion, pitting corrosion)
Scholarships and Awards:
06/92-08/92 Research Fellow (Alexander von Humboldt Foundation Travel Grant), Institute of 

Physical Chemistry, Aristotelian University, Thessalonica, Greece
04/95-09/96 Postdoctoral Research Fellow (Max Planck Society Postdoctoral Scholarship), Max- 

PlanckTnstitute for Experimental Medicine, Molecular Biology of Neuronal Signals, 
Gottingen, Germany

10/96-09/98 Postdoctoral Research Fellow (European Union Training and Mobility of Researches 
(TMR) Grant), Department of Biomedical Sciences, Membrane Biology Group, 
University of Edinburgh, Scotland, UK

10/99-12/99 Research Fellow (DADD, German Academic Exchange Service/IVIC Travel Grant), Centre 
of Biophysics & Biochemistry, Department of Neurochemistry, Venezuelan Institute for 
Scientific Research - IVIC, Caracas, Venezuela
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CURRICULUM VITAE
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ASSOCIATE PROFESSOR DR. MALEE TANGSATHITKULCHAI

Tel: 66-44-22-4193, Fax: 66-44-22-4648 
E-mail: malee@sut.ac.th

Education:
1971 
1973 
1980 
1986 
Present Position:
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Chiangmai University, Thailand 
M.Sc. (Inorganic Chemistry) Chulalongkorn University, Thailand 
M.Sc. (Inorganic Chemistry) Flinders University, Australia 
Ph.D. (Fuel Science), Pennsylvania State University, USA

Work Experiences:
1973-1981 Lecturer, Department of Chemistry, Faculty of Science, Ramkamhang University, 

Thailand
Assistant Professor, Department of Chemistry, Faculty of Science, Ramkamhang 
University, Thailand
Assistant Professor, School of Chemistry, Institute of Science, Suranaree university of 
Technology, Thailand
Chair, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

2004- Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of
Technology, Thailand

2005- Present Chair (Acting), School of Chemistry, Institute of Science, Suranaree University of
Technology, Thailand

Academic and Research Publications:
Papers

1. Studies of sintering of coal ash relevant to pulverized coal utility boilers: part 2: preliminary 
studies of comprehensive strength of fly ash sinters. M. Tangsathitkulchai and L. G. Austin, 
Fuel 1985 64, 86.

2. Sintering of coal ashes: effects of extraction and addition of alkali-glass materials. M. 
Tangsathitkulchai and C. Tangsathitkulchai, Suranaree J. Sci. Technol. 1994 1, 123.

3. Effect of bed materials and additives on the sintering of coal ashes relevant to agglomeration in 
fluidized bed combustion. C. Tangsathitkulchai and M. Tangsathitkulchai, Fuel Processing 
Technology 2001 72, 163.

4. Temperature effect on the viscosities of palm oil and coconut oil blended with diesel oil. C. 
Tangsathitkulchai, Y. Sittichaitaweekul and M. Tangsathitkulchai, J. Am. Oil Chem. Soc. 2004 
81, 401.

5. A carbon activation model with application to longan seed char gasitication. S. Junpirom, D. D. 
Do, C. Tangsathitkulchai and M. Tangsathitkulchai, Carbon 2005 43, 1936.

6. Porous properties of activated carbon produced from eucalyptus and wattle wood by carbon 
dioxide activation. Y. Ngernyen, C. Tangsathitkulchai and M. Tangsathitkulchai, Korean J. 
Chem. Eng. 2006 23, 1046.

7. Chemically activated carbon from bagasse and the removal of chromium from aqueous solution 
with activated carbon. N. Punsuwan, C. Tangsathitkulchai and M. Tangsathitkulchai, Suranaree 
J. Sci. Technol. 2006 13, 143.

1982-1993

1994-2003

2001-2004

i
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8. Activated carbon from lignite coal by chemical activation with potassium hydroxide. N. Jiwalak, 
C. Tangsathitkulchai and M. Tangsathitkulchai, Suranaree J. Sci. Technol. 2006 13, 207.

9. Non-isothermal thermogravimetric analysis of oil-palm solid wastes. P. Luangkiattikhun, C. 
Tangsathitkulchai, and M. Tangsathitkulchai, Bioresour. Technol. 2007 99, 986-997.

10. Effect of surface functional groups on water vapor adsorption of eucalyptus wood-based 
activated carbon. Y. Ngernyen, C. Tangsathitkulchai, S. Khaoya, W. Intasa-ard and M. 
Tangsathitkulchai, Suranaree J. Sci. Technol. 2007 14, 9.

11. Preparation of activated carbons from Longan seed by physical and chemical methods. S. 
Junpirom, C. Tangsathitkulchai and M. Tangsathitkulchai, Suranaree J. Sci. Technol. 2007 14,
63.

12. Water adsorption in activated carbons with different burn-offs and its analysis using a cluster 
model. S. Junpirom, C. Tangsathitkulchai, M. Tangsathitkulchai and Y. Ngernyen, Korean J. 
Chem. Eng. 2007, in press.

Conferences
More than 20 international and national conferences

Books^ j,
i.arm feftoana&j, wmmmti(CH414), b^sj'wwvnoyiEn^nwmuvio, n^myiuvnum, 1993. 

Research Interests:
1. Sintering of coal fly ashes: this work aims to gain understanding and remedies of agglomerate 

formation in fluidized-bed combustion, burning solid fuels such as coals and biomasses.
2. Nanoporous carbon adsorbents: activated carbons from various carbonaceous materials such as 

coals, bagasses, woods, coconut shell, palm shell and fmit seeds are prepared with the 
emphasis on the control of pore size distribution and modification of surface chemistry. The 
prepared adsorbents are characterized and tested for their adsorptive properties.

3. Bio-oil from pyrolysis: biomasses or agricultural wastes are pyrolyzed to bio-oil, char and 
gaseous products. The characterization and upgrading of bio-oil is the prime interest for fuels 
and chemicals production.

Scholarships and Awards:
1970
1977
1981
1982

UDC Scholarship, the Ministry of Education, Thailand 
COLOMBO Scholarship, COLOMBO Plan, Australia 
Teaching Assistant, Oregon State University, USA 
Research Assistant, Pennsylvania State University, USA
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ASSOCIATE PROFESSOR DR. ANAN TONGRAAR

Tel: 66-44-22-4199, Fax: 66-44-22-4648 
E-mail: anan@sut.ac.th

Education:
1993 
1995 
1998
Present Position:
Associate Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Chulalongkorn University, Thailand
M.Sc. (Physical Chemistry) Chulalongkorn University, Thailand
Ph.D. (Computational Chemistry) University of Innsbruck, Austria

Work Experiences:
1999-2000 Lecturer, School of Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

2004- Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of
Technology, Thailand

2005- Present Assistant Rector for Administrative Affairs, Suranaree University of Technology,
Thailand

2001-2003

Academic and Research Publications:
Papers

1. Molecular dynamics simulations of a potassium ion and an iodide ion in liquid ammonia. A. 
Tongraar, S. Hannongbua and B. M. Rode, Chem, Phys. 1997 219, 279.

2. Solvation of Ca in water studied by Born-Oppenheimer ab initio QM/MM dynamics. A. 
Tongraar, K. R. Liedl and B. M. Rode, J. Phys. Chem. A 1997 101, 6299.

3. The hydration shell structure of Li+ investigated by Born-Oppenheimer ab initio QM/MM 
dynamics. A. Tongraar, K. R. Liedi and B. M. Rode, Chem. Phys. Lett.+1998 286, 56.

4. Born-Oppenheimer ab initio QM/MM dynamics simulations of Na+ and K+ in water: From 
structure making to structure breaking effects. A. Tongraar, K. R. Liedl and B. M. Rode, J. Phys. 
Chem. A 1998 1 02, 10340.

5. Preferential solvation of Li+ in 18.45% aqueous ammonia: A Born-Oppenheimer ab initio 
quantum mechanics/molecular mechanics MD simulation. A. Tongraar and B. M. Rode, J. Phys. 
Chem. A 1999 103, 8524.

6. A Born-Oppenheimer ab initio quantum mechanical/molecular mechanical molecular dynamics 
simulation on preferential solvation of Na+ in aqueous ammonia solution. A. Tongraar and B. M. 
Rode, J. Phys. Chem. A 2001 105, 506.

7. The role of non-additive contributions on the hydration shell structure of Mg + studied by Born- 
Oppenheimer ab initio quantum mechanical/molecular mechanical molecular dynamics 
simulation. A. Tongraar and B. M Rode, Chem. Phys. Lett. 2001 346, 485.+

8. Effects of many-body interactions on the preferential solvation of Mg + in aqueous ammonia 
solution: A Born-Oppenheimer ab initio QM/MM dynamics study. A. Tongraar, K. Sagarik and 
B. M. Rode, J. Phys. Chem. B 2001 105, 10559.

9. Preferential solvation of Ca + in aqueous ammonia solution: Classical and combined ab initio 
quantum mechanical/molecular mechanical molecular dynamics simulations. A. Tongraar, K. 
Sagarik and B. M. Rode, Phys. Chem. Chem. Phys. 2002 4, 628.
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10. The hydration structures of F~ and Cl" investigated by ab initio QM/MM molecular dynamics 
simulations. A. Tongraar and B. M. Rode, Phys. Chem. Chem. Phys. 2003 5, 357.

11. Structure and dynamics of hydrated ions - New insights through quantum mechanical 
simulations. B. M. Rode, C. F. Schwenk and A. Tongraar, J. Mol. Liq. 2004 110, 105.

12. Dynamical properties of water molecules in the hydration shells of Na+ and K+: Ab initio 
QM/MM molecular dynamics simulations. A. Tongraar and B. M. Rode, Chem. Phys. Lett. 2004 
385, 378.

13. Ab initio QM/MM molecular dynamics simulation of preferential K+ solvation in aqueous 
ammonia solution. A. Tongraar and B. M. Rode, Phys. Chem. Chem. Phys. 2004 d, 411.

14. Ab initio QM/MM dynamics of anion-water hydrogen bonds in aqueous solution. A. Tongraar 
and B. M. Rode, Chem. Phys. Lett. 2005 403, 314.

15. Structural arrangement and dynamics of the hydrated Mg2+: An ab initio QM/MM molecular 
dynamics simulation. A. Tongraar and B. M. Rode, Chem. Phys. Lett. 2005 409, 304.

16. Structure and dynamics of hydrated NH4+: An ab initio QM/MM molecular dynamics simulation. 
P. Intharathep, A. Tongraar and K. Sagarik, J. Comput. Chem. 2005 26, 1329.

17. Simulations of liquid ammonia based on the combined quantum mechanical/molecular 
mechanical (QM/MM) approach. A. Tongraar, T. Kerdcharoen and S. Hannongbua, J. Phys. 
Chem. A 2006 110, 4924.

18. Ab initio QM/MM dynamics of H30+ in water. P. Intharathep, A. Tongraar and K. Sagarik, J. 
Comput. Chem. 2006 27, 1723.

19. A combined QM/MM molecular dynamics simulations study of nitrate anion (N03") in aqueous 
solution. A. Tongraar, P. Tangkawanwanit and B. M. Rode, J. Phys. Chem. A 2006 110, 12918.

20. Solvation structure and dynamics of ammonium (NHj in liquid ammonia studied by HF/MM 
and B3LYP/MM molecular dynamics simulations. A. Tongraar and S. Hannongbua, J. Phys. 
Chem. B 2008, in press.

Conferences
More than 30 international and national conferences

Research Interests:
1. Investigations of structural and dynamical properties of condensed phase systems using 

classical and combined quantum mechanical/molecular mechanical . (QM/MM) molecular 
dynamics simulations

2. Computational programming in Fortran, C, and Unix
3. Network communication and system administration

Scholarships and Awards:
1996 
2001

Scholarship, the Federal Ministry of Science and Research, Austria 
Research Presentation Awards, Postdoctoral Fellowship, Thailand Research Fund
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CURRICULUM VITAE

ASSOCIATE PROFESSOR DR. JATUPORNWITTAYAKUN

Tel: 66-44-22-4256, Fax: 66-44-22-4648 
E-mail: jatuporn<ssut.ac.th

Education:
1991 
1995 
2000
Present Position:
Associate Professor, School of Chemistry, Institute of Science Suranaree University of Technology, 
Thailand

B.Sc. Honors (Chemistry) Khon Kaen Umversity, Thailand 
M.Sc. (Chemistry) Colorado School of Mines, USA 
Ph.D. (Chemistry) University of Wisconsm-Madison, USA

Work Experiences:
1992-2000 Employee, School of Chemistry, Institute o: Science, Suranaree University of 

Technology, Thailand
Lecturer, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

2005-Present Associate Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:

2000-2002

2002-2005

Papers
1. Metal-ligated induced structural interconversion between Pd23(CO)20(PEt3)10 and Pd23(CO)20(PEt3)8 

possessing highly dissimilar Pd23 core-geometries. E. G. Mednikov, S. A. Ivanov, J. Wittayakun, 
and L. F. Dahl, J. Chem. Soc., Dalton Trans. 2003, 1686.

2. Utilization of mesoporous molecular sieves synthesized from natural source rice husk silica to 
chlorinated volatile organic compounds (CVOC) adsorption. N. Grisdanurak, S. Chaiarakorn and 
J. Wittayakun, Korean J. Chem. Eng. 2003 20, 950.

3. Adsorption behavior of NO and CO and their reaction over cobalt on zeolite beta. J. Wittayakun, 
N. Grisdanurak, G. Kinger and H. Vinek, Korean J Chem. Eng. 2004 21, 950.

4. NO reduction by carbon monoxide over cobalt on zeolite beta. J. Wittayakun, N. Grisdanurak, B. 
Nuntaitawegon, G. Kinger and H. Vinek, ASEAN J. Chem. Eng. 2005 5, 147.

5. Supported PtRu catalysts from a mixture of platinum and ruthenium acetylacetonate: 
characterization and activity for ethylene hydrogenation. S. Chotisuwan, J. Wittayakun, B. C. 
Gates, Suranaree J. Sci. Technol. 2005 12, 54.

6. Synthesis and stereochemical/electrochemical analyses ol cuboctahedral-based Pd23(CO)(x)(PR3)(10) 
clusters (x = 20 with R-3 = Bu-3(n), Me^h; x = 20, 21, 22 with R-3 = Et-3): geometrically 
analogous Pd23(PEt3)(10) fragments with variable carbonyl Hgations and resulting implications. E. 
G. Mednikov, J. Wittayakun and L. F. Dahl, J. Clust. Sci. 2005 16, 429.

7. EXAFS characterization of supported PtRu/MgO prepared from a molecular precursor and 
organometallic mixture. S. Chotisuwan, J. Witta/akun and B. C. Gates, Stud. Surf. Sci. Catal. 
2006 159, 209.

8. Characterization of bimetallic Pt-Ru on alumina, silica, and MCM-41. J. Wittayakun, S. 
Chotisuwan and N. Grisdanurak, Suranaree J. Scl Technol. 2006 13, 47.
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9.Pt3Ru6 cluster supported on gamma-A1203: synthesis from Pt3Ru6(CO){21)(|J,(3)-H)(3)l structural 
characterization, and catalysis of ethylene hydrogenation and n-butane hydrogenolysis. S. 
Chotisuwan, J. Wittayakun and B. C. Gates, J. Phys. Chem. B 2006 110, 12459.

10. MgO-supported cluster catalysts with Pt-Ru interactions prepared from Pt3Ru6(CO){21)(p.(3)-H)(|u- 
H)(3). S. Chotisuwan, J. Wittayakun, R. J. Lobo-Lapidus, Catal. Lett. 2007 115, 99.

11. Synthesis and characterization of zeolite LSX from rice husk silica. P. Khemthong, S. 
Prayoonpokarach and J. Wittayakun, Suranaree J. Sci. Technol. 2007 14, 367.

12. Synthesis and characterization of zeolite NaY from rice husk silica. J. Wittayakun, P. Khemthong 
and S. Prayoonpokarach, Korean J. Chem. Eng. 2008 25, in press.

Conferences
More than 30 international and national conferences

Books eg
i.^m onmsnru uas nqwemnrm, mmjiJJjnim: wujiuiifiznniJizejnw (Catalysis: 

Fundamentals and Applications) (in Thai), 2004.
Research Interests:

1. Heterogeneous catalysis of supported transition metal which involves catalyst preparation, 
characterization, and testing

2. Synthesis and utilization of porous material as adsorbents and catalyst supports
3. Crystallography of inorganic and organometallic compounds

Scholarships and Awards:
1988-1991 Scholarship for B.Sc. Study in Chemistry, the Development and Promotion of Science 

and Technology Talent Project (DPST)
Scholarship for M.Sc. and Ph.D. Study in Chemistry, the Royal Thai Government 
Research Assistant, University of Wisconsin-Madison, USA 
Postdoctoral Research Grant, ASEA-UNINET (Technology Grant)
Faculty Exchange Grant, ASEA-UNINET

1992-1998
1998-2000
2002-2003
2007
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CURRICULUM VITAE

ASSISTANT PROFESSOR DR. TRITAPORN CHOOSRI

Tel: 66-44-22-4318, Fax: 66-44-22-4648 
E-mail: tritapor@sut.ac.th

Education:
1970 
1973 
1981
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Chulalongkorn University, Thailand
M.Sc. (Analytical Chemistry) Chulalongkorn University, Thailand
Ph.D. (Chemistry) Pennsylvania State University, USA

Work Experiences:
1973-1993 Lecturer, Department of Chemistry, Faculty of Science, Khon Kaen University, 

Thailand
Assistant Professor, Department of Chemistry, Faculty of Science, Khon Kaen 
University, Thailand
Head, Department of Chemistry, Faculty of Science, Khon Kaen University, Thailand 
Chair, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

2001-Present Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:

1989-1993

1990-1993
1993-2001

Conferences
1. Tryptic fragments of calmodulin. T. Choosri, 13: NCST, Songkla, Thailand 1987.
2. Organophosphates and carbamates residues in Lam Nam Pong, Khon Kaen Province. T. 

Choosri, et al, 26th Annual Symposium on Science and Technology, Bangkok, Thailand 1988.
3. Determination of the distances between the europium (HI) ions binding sites in tryptic 

fragments of calmodulin. T. Choosri, lE>h NCST, Chiangmai, Thailand 1989.
4. The physical and chemical analysis of pica soil samples eaten by the villagers in Sisaket 

Province because of mineral deficiencies. T. Choosri and S. Utara, 29c NCST, Khon Kaen, 
Thailand 2003.

5. Separation and characterization of montmorillonite in clay from Lopburi Province, Thailand. T. 
Choosri and N. Supamathanon, 30th NCST, Bangkok, Thailand 2004.

6. Separation, characterization and modification of montmorillonite from clay. T. Choosri and N. 
Supamathanon, Research Network Development of Higher Education Alliance in Nakhon 
Ratchasima 2005, Nakhon Ratchasima, Thailand 2005.

Research Interests:
1. Forensic Science: analysis of gunshot residues
2. Inorganic Analytical Chemistry: montmorillonite from clay

Scholarships and Awards:
1971-1973 
1975-1981
06/83-07/83 KAIST Fellow, Laser Summer School, Seoul, South Korea 
06/86-12/86 Postdoctoral Fellow, Pennsylvania State University, USA 
04/88-06/88 Training on XRF, IAEA, Vienna, Austria

?•

UDC Scholarship, Chulalongkorn University, Thailand 
Research Assistant, Pennsylvania State University, USA
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ASSISTANT PROFESSOR DR. THANAPORN MANYUM (KAMOLRATANAYOTHIN)

Tel: 66-44-22-4305, Fax: 66-44-22-4648 
E-mail: tkamolra@sut.ac.th

Education:
1990 
1995 
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand
Work Experiences:
07/95-04/98 Lecturer, School of Chemistry, Instijute of Science, Suranaree University of 

Technology, Thailand
05/98-Present Assistant Professor, School o: Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
12/99-08/01 Assistant Rector for Student Affairs, Suranaree Iknversity of Technology, Thailand
Academic and Research Publications:
Papers

1. Reductive allylation of poly(chlorotr:fluoroethylene). R. T. Taylor, S. Allison and T. 
Kamolratanayothin, Heteroat. Chem. 1995 6, 585.

2. Substitution reactions on poly(chlorotr:fluoroethylene). R. T. Taylor, T. Kamolratanayothin, J. 
Shah and J. W. Green, Proceedings of the PMSE of the ACS 1996 75, 138.

3. Novel biological active bibenzyls from Bauhinia saccoc&lyx Pierre. S. Apisantiyakom, P. 
Kittakoop, T. Manyum, K. Kirtikara, J. B. Bremner and Y. Thebtaranonth, Chem. Biodiv. 2004 1, 
1694.

Conferences
l.The addition of poly(chlorotrifluo:oethylane) to double bonds under reductive condition. R. T. 

Taylor and T. Kamolratanayothin, 218 American Chemical Society National Meeting, 
Washington D. C., USA 1994.

Research Interests:

B.Sc. First Class Honors Golc Medal (Chemistry) Chulalongkorn University, Thailand 
Ph.D. (Chemistry) Miami University, USA

?•

1. Natural products: isolation and characteilzation
2. Solution growth of crystals for use in electrical devices

Scholarships and Awards:
1987 
1990
1991-1995 
1993

Research Assistant, Department of Chemistry, Chulalongkorn University, Thailand 
Research Assistant, Department of Chemistry, Chulalongkorn University, Thailand 
Teaching Assistant, Department of Chemistry, M.ami University, Ohio, USA 
Best Teaching Assistant Award, Department of Chemistry, Miami University, Ohio, 
USA
Short-term (90 days) STA 'Science and Technology Agency) Fellow, Functional 
Polymer Section, Department of Organic Materials, Osaka National Research 
Institute, Osaka, Japan

01-04/00
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ASSISTANT PROFESSOR DR. KUNWADEE RANGSRIWATANANON

Tel: 66-44-22-4301, Fax: 66-4^22-4648 
E-mail: kimwadee@su1.aj.th

Education:
1979 
1982 
1990
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. (Chemistry) Khon Kaen University, Thailand 
M.Sc. (Physical Chemistry) Mahidol University. Thailand 
Ph.D. (Physical Chemistry) University of Marburg, Germany

Work Experiences:
1982-1983
1992- 1995
1993- 1996

Lecturer, Department of Chemistry, Khon Kaen University, Thailand 
Invited Lecturer, Ubolratchathani University, Thailand
Lecturer, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

1996-Present Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:
Papers

1. Water desorption isotherms of cellulose-acetate membranes. W. A. P. Luck and K. Rangsriwata- 
nanon, Colloid Polym. Sci. 1997 275, 964-971.

2. The structure of adsorbed water in cellulose-acetate membranes. W. A. P. Luck and K. Rangsri- 
watananon, Colloid Polym. Sci. 1997 275, 1018-1026.

3. Anti-cooperativity of the two water OH groups. W. A. P. Luck, D. Klein and K. Rangsri- 
watananon, J. Mol. Struct. 1997 416, 287-296.

4. Effects of thermal and acid treatments on some physico-chemical properties of Lampang 
diatomite. A. Chaisena and K. Rangsriwatananon, Suranaree J. Sci. Technol. 2004 11, 289-299.

5. Exchange diffusion of Cu +, Ni+, Pb + and Zn + into andcime synthesized from perlite. A. Dyer, 
S. Tangkawanit and K. Rangsriwatananon, Microporous and Mesoporous Mater. 2004 75, 273-
279.

2+ 2+ 2+ 2+6. Ion exchange of Cu , Ni , Pb and Zn in analcime (ANA) synthesized from Thai perlite. S. 
Tangkawanit, K. Rangsriwatananon and A. Dyer, Micrcporous and Mesoporous Mater. 2005 79, 
171-175.

7. Synthesis and kinetic study of zeolite from Lopburi perlite. S. Tangkawanit and K. Rangsri­
watananon, Suranaree J. Sci. Technol. 2005 12(1), 61-63.

8. Synthesis of sodium zeolites from natural and modified diatomite. A. Chaisena and K. Rangsri­
watananon, Mater. Lett. 2005 59, 1474-1479.

Conferences
More than 20 international and national conferences

Books
1. Hydration of chlorophyll a. K. Rangsriwatananon and H Kleeberg, Interaction of Water in Ionic 

and Nonionic Hydrates, Springer Verlac, Berlin Heideberg, 1987, 187-191.
2. Infrared spectroscopy of hydration effects in photosynthetic reaction centers. K. Rangsriwata­

nanon, A. A. Konomemko, H. Kleeberg, W. A. P. Luck, Interaction of Water in Ionic and 
Nonionic Hydrates, Springer Verlag, Berlin Heideberg 1987, 179-182.
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Research Interests:
The research areas are concerned with synthesis and modification of zeolites, as well as 
modification of clay minerals, diatomite, and perlite for use as adsorbent, ion exchanger, catalyst, 
and supporter in environment, agriculture, pharmaceutical and industries. Many techniques are 
used to characterize these materials, for examples surface area analysis, FT-IR, SEM, TEM, XRD, 
XRF, and thermal analysis. Thermodynamic quantities, chemical kinetics, as well as adsorption 
isotherms of these interesting systems are also determined.
Scholarships and Awards:
1980-1982 
1985-1990 
1994

*

UDC Scholarship, Mahidol University, Thailand 
DAAD Scholarship, Germany 
DAAD Scholarship, Germany
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ASSISTANT PROFESSOR DR. SANTI SAKDARAT

Tel: 66-44-22-4302, Fax: 66-44-22-4648 
E-mail: santi@sut.ac.th

Education:
1974
1976
1979
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology,
Thailand
Work Experiences:
03/76-09/76 Lecturer, Department of Chemistry, Faculty of Science, Ramkhamhaeng University, 

Thailand
Research Associate, Virginia Technology and State University, USA 
Scientist, Institute of Scientific and Technological Research of Thailand, Thailand 
Lecturer, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

1996-Present Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:
Papers

1. Synthesis of the pyrrolizidine base, ;+)-supinidine. S. Sakdarat and D. J. Robins, J. Chem. Soc., 
Perkin Trans. 1979 1, 1734.

2. Synthesis of the 8p-pyrrolizidine base, (+)-isoretronecanol, (+)-supinidine, and (-)-laburnine. S. 
Sakdarat and D. J. Robins, J. Chem. Soc., Chem. Commun. 1979, 1181.

3. Synthesis of 13,13-dimethyl-1,2-dihyrirocrotalanine. S. Sakdarat and D. J. Robins, J. Chem. Soc., 
Chem. Commun. 1980, 282.

4. Synthesis of optically active pyrrolizidine bases. S. Sakdarat and D. J. Robins, J. Chem. Soc., 
Perkin Trans. 1981 1, 909.

5. Pyrrolizidine alkaloid analogues. Synthesis of eleven-membered macrocyclic diester of 
retronecine. S. Sakdarat, D. J. Robins and J. A. Devlin, J. Chem. Soc., Perkin Trans. 1982 I, 
1117.

6. Opportunities for selective removal of methoxyethoxymethyl (MEM) ethers. S. Sakdarat and D. 
R. Williams, Tetrahedron Lett. 1983 24, 3965.

7. Stereocontrolled total synthesis of the penicillanate ester (25,5R)-benzyl 3,3-dimethyl-7-oxo-4- 
thia-l-azabicyclo[3.2.0]heptane-2-carboxylate. S. Sakdarat, A. G. M. Barrett, M. C. Cheng, C. D. 
Spilling and S. J. Taylor, Tetrahedral Lett. 1989 30, 2349.

8. Reaction of silyl ynol ethers witti aldehyde and acetals: an alternative to the Horner-Wadsworth- 
Emmons condensation. S. Sakdarat and C. J. Kowalski, J. Org. Chem. 1990 55, 1977.

9. Total synthesis of penicillanic acid S,S-dioxide and 6-aminopenicillanic acid using 
(benzyloxy)nitromethane. S. Sakdarat and A. G. M. Barrett, J. Org. Chem. 1990 55, 5110.

10. The means of application of Puerana mirifica for pigeon (Columba sp.) birth control. Y. Smitasiri 
and S. Sakdarat, Suranaree J. Sci. Technol. 1995 2, 89.

B.Sc. Honors (Chemistry) Prince of Songkla University, Thailand 
M.Sc. (Organic Chemistry) Mahidol University, Thailand 
Ph.D. (Organic Synthesis) Glasgow University, UK

08/90-1992
1992- 1993
1993- 1996
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11. Chemical constituents of the leaves of Clinacanthus nutans Lindau. T. Dechatiwongse Na 
Ayudhya, S. Sakdarat, A. Shuyprom, D. Pattamadilok, J. Bansiddhi, P. G. Waterman and G. 
Karagianis, Thai Journal of Phytophamacy 2001 8(1), 1.

12. Purification of an isoflavonoid 7-O-p-apiosylglucoside (3-glycosidase and its substrates from 
Dalbergia nigrescens Kurz. P. Chuankhayan, Y. Hua, J. Svasti, S. Sakdarat, P. A. Sullivan and J. 
R. Ketudat Cairns, Phytochem. 2005 66, 1880.

Conferences
More than 30 international and national conferences.

Research Interests:
1. Extraction, isolation, structure elucidation, and searching new drugs from Thai traditional 

medicinal plants and natural products
2. Synthetic methodology and reaction mechanism
3. Total synthesis and development of new total synthesis of biologically active natural products
4. Applications of HPLC, LC-MS, GC, and GC-MS for analytical determination of natural products, 

drug residues in environment, food, and toxicology
Scholarships and Awards:
1971-1972 
1974-1976
10/76-09/79 Teaching Assistant, Glasgow University, UK 
10/79-09/82 Postdoctoral Fellow, Southampton University, UK 
10/82-01/86 Postdoctoral Fellow, Indiana University, USA 
02/86-01/88 Postdoctoral Fellow, Smith Kline Beecham, Pennsylvania, USA 
02/88-07/90 Postdoctoral Fellow, Northwestern University, USA

«

Studentship from Prime Minister T. Kittikajon, Thailand 
Graduate Fellow, Mahidol University, Thailand
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ASSISTANT PROFESSOR DR. PICHAYA TRAKANRUNGROJ (NAKKIEW)

w-mmm
Tel: 66-44-22-4277, Fax: 66-44-22-4648 

E-mail: pnakkiew@sut.ac.th

Education:
1994 
2000 
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. First Class Honors Gold Medal (Chemistry) Chulalongkorn University, Thailand 
Ph.D. (Chemistry) University of Arizona, USA

Work Experiences:
1994-2000 Employee, School of Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
Lecturer, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

2005-Present Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 
Technology, Thailand

Academic and Research Publications:

2001-2004

Papers
1. Lyngbyastatin 1 and ibu-epilyngbyastatin 1: synthesis, stereochemistry and NMR line­

broadening. R. B. Bates, E. Hamel, R. E. Moore, P. Nakkiew, G. R. Pettit and B. A. Sufi, J. Nat. 
Prod. 2002 65, 1824.

2. Antiviral saponins from Tieghemella heckeilii. B. Gosse, J. Gnabre, R. B. Bates, C. W. Dicus, P. 
Nakkiew and C. J. Huang, J. Nat. Prod. 2002 65, 194Z

3. HPLC-NMR/HPLC-MS analysis of the bark extract of Stauranthus perforatus. W. N. Setzer, B. 
Vogler, R. B. Bates, J. M. Schmidt, C. W. Dicus, P. Nakkiew and W. A. Haber, Phytochem. Anal 
2003 14, 54.

4. The study of antibacterial activity of some medicinal plants in Lamiaceae family. K. Punopas, G. 
Eumkeb, B. Chitsomboon and P. Nakkiew, Suranaree J. Sci. Technol. 2004 11, 52.

5. Dolastatin 11 conformations analogous and phamaccphors. M. A. Ali, R. B. Bates, Z. D. Crane, 
C. W. Dicus, M. A. Gramme, E. Hanel, J. Marcischak, D. S. Martinez, K. J. McClure, P. Nakkiew, 
G. R. Pettit, C. C. Stessman, B. A. Sufi and G. V. Yarick, Bioorg. Med. Chem. 2005 13, 4138.

Conferences
More than 10 international and national conferences.

Research Interests:

!?•

1. Natural product chemistry: isolation and characterization of bioactive compounds from 
medicinal plants

2. Natural product synthesis for structure and biological activity relationship study purposes
3. Peptide synthesis methodology in solid and solution phases
4. Molecular modeling as a tool for designing effective therapeutic agents

Scholarships and Awards:
1994-2000 Scholarship for M.Sc. and Ph.D. Study in Chemistry, the Royal Thai Government

mailto:pnakkiew@sut.ac.th
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ASSISTANT PROFESSOR DR. VISIT VAO-SOONGNERN

»

Tel: 66-44-22-4637, Faz: 66-44-22-4648 
E-mail: visit@sut.ac.th

Education:
1994 
1999 
Present Position:
Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of Technology, 
Thailand

B.Sc. First Class Honors (Chemistry) KLon Kaen University, Thailand 
Ph.D. (Polymer Science) University of Akron, USA

Work Experiences:
2000-2001 Lecturer, School of Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
2002-Present Assistant Professor, School of Chemistry, Institute of Science, Suranaree University of 

Technology, Thailand
10/07-Present Head, Research Department, Institute of Science, Suranaree University of 

Technology, Thailand
Academic and Research Publications:
Papers

1. Simulation of an amorphous polyethylene nanofiber on a high coordination lattice. V. Vao- 
soongnem, P. Doruker and W. L. Mattice, Macromol. Theory Simul. 2000 1,1.

2. Dynamic properties of an amorphous polyethylene nanofiber. V. Vao-soongnern and W. L: 
Mattice, Langmuir 2000 16, 6757.

3. Topological effects on static and dynamic properties in an amorphous nanofiber composed of 
cyclic polymers. V. Vao-soongnern and W. L. Mattice, Macromol. Theory Simul. 2000 9, 570.

4. Monte Carlo simulation of the structures and dynamics of amorphous polyethylene 
nanoparticles. V. Vao-soongnern, R. Ozisik and W. L. Mattice, Macromol. Theory Simul. 2001 10,
553.

5. Similarities and differences in the rapid crystallization induced in n-tetracontane by an 
instantaneous deep quench of the free-standing nancfiber and free-standing thin film. G. Xu, V. 
Vao-soongnern and W. L. Mattice, Macromol. Theory Simul. 2002 11, 494.

6. Structure formation in the crystallization and annealing of tetracontane nanoparticle. V. Vao- 
soongnern, G. Xu and W. L. Mattice, Macromol. Theory Simul. 2004 13, 539.

7. Nanostructure of the interface modified by grafted polymers: a Monte Carlo simulation. V. Vao- 
soongnern, Journal of Nanoscience and Nanotecnnology 2006 6, 3977.

Conferences
More than 20 international and national conferences.

Books
1. Simulations of thin films and fibers of amorphous polymers. V. Vao-soongnern, P. Doruker and 

W. L. Mattice, Computational Studies, Nanotechnology, and Solution Thermodynamics of 
Polymer Systems, Kluwer Academic/Plenum Publishers, New York, 2001, 117.

2. QdW imrUmu, Physical Chemistry of Polymers (in Thai), 2003.
Research Interests:

1. Physical chemistry and multiscale molecular modeling of polymers, biomolecules, and soft 
matters
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2. Preparation, characterization and instrumental analysis of polymeric materials for energy and 
biomedical application

Scholarships and Awards:
1991-1994 Scholarship for B.Sc. Study in Chemistry, the Development and Promotion of Science 

and Technology Talent Project (DPST)
1995-1999 Scholarship for Ph.D. Study in Chemistry, the Royal Thai Government

»•
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DR. SANCHAl PEAYOONPOKARACH

*

Tel: 66-44-22-^595, Fax: 66-44-22-4648 
E-mail: sanchai.p@sut.ac.th

Education:
1994 B.Sc. (Chemistry) Khon Kaen University, Thailand 

M.Sc. (Chemistry) Oregon State University, USA 
Ph.D. (Chemistry) Oregon State University, USA

2000
2003
Present Position:
Lecturer, School of Chemistry, Institute of Science, Suranaree University of Technology, Thailand
Work Experiences:
1994-1997 Scientist, the Center for Scientific and Technological Equipment, Suranaree 

University of Technology, Thailand 
2003-Present Lecturer, School of Chemistry, institute of Science, Suranaree University of 

Technology, Thailand
Academic and Research Publications:
Papers

1. Synthesis and characterization of zeolte LSX from rice husk silica. P. Khemthong, S. 
Prayoonpokarach and J. Wittayakun, Suranaree J. Sci. Technol. 2007 14, 367.

2. Synthesis and characterization of zeolite UaY frcm rice husk silica. J. Wittayakun, P. Khemthong 
and S. Prayoonpokarach, Korean J. Chem. Enj. 2008 25, in press.

Conferences
1. Synthesis and characterization zeolite beta from rice husk silica. S. Loiha, J. Wittayakun, S. 

Prayoonpokarach and P. Songsiriritthigun, Regional Symposium on Chemical Engineering, 
Bulaksumur, Indonesia 2007.

2. Hydrothermally-induced transfoemation ol zeolite nap from zeolite nay prepared from rice husk 
silica. S. Khabuanchalad, P. Khemthong, 3. Prayoonpokarach and J. Wittayakun, Regional 
Symposium on Chemical Engineering, Bulaksumur, Indonesia 2007.

Research Interests:
1. Development of chemical sensors for the determination of some heavy metals
2. Synthesis, characterization and modification of porous materials for catalytic and sensor 

applications
3. Environmental analytical chemistry

Scholarships and Awards:
1992-1994
1997- 2003
1998- 1999

?■

Undergraduate Scholarship, the Ministry of University Affairs, Thailand 
Scholarship for M.Sc. and Ph.D. Study in Chemistry, the Royal Thai Government 
Teaching Assistant, Oregon State University, USA
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