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Physical Methods in Chemistry

324-503 WATANIINTIVANBULLANIZURITAR 3((3)-0-6)
Techniques for Materials Characterization
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X-ray Crystallography
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Advanced Organic Spectroscopy
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Electrochemical Analysis
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Spectroscopic Analysis
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324-538
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324-544

IGLEHAINAY

Coordination Chemistry
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Supramolecular Chemistry
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Chemistry of Organometallic Compounds
Tnssadamdnuarnmsdsunaresvouds
Structure and Phase Transformation in Solid
Widolanizmaadoiiunie

Special Topics in Inorganic Chemistry
il GsfAnddugs

Advanced Physical Chemistry
lassadsluanauazaninsalnd
Molecular Structure and Spectroscopy
LANATUI

Computational Chemistry
Wdolanzmaalgaiand

Special Topics in Physical Chemistry
wilBungtugs

Advanced Organic Chemistry
anlnsalnBiugdluaidunis

Advanced Organic Spectroscopy
kARSusisssumATiala

Natural Products of Interest
Suﬁéﬁmmwﬁ%uqq

Advanced Organic Synthesis
mﬁl,amaiﬂszmaﬂ%uqq

Advanced Heterocyclic Chemistry
a1sUszneusosunlumiaanlualiduvsddunsizi
Organometallic Compounds in Organic Synthesis
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Organic Free Radical Chemistry
Wdolanznualdunse 1

Special Topics in Organic Chemistry |
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Special Topics in Organic Chemistry I
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Chemical Sensors and Biosensors
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Fasialudl
Fuaudl 1 (3) meds Swnumheingy
Fuaudl 2 (3) wneds Sunuiilususseeseduai lagldnis
IANT5IS8UILUU Active learning
fuaud 3 (00 e SnaudlusufiRnisdeduanm
Fuaudl 4 (6) weds SwnuilisAnemenueeduni
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LR A 2
{ MANSENYIN 1 MANSENYIN 2
324-500 YAIYITILUAL 5 vdgin | 324-5xx Iy uden 5 vilefin
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320-5xx Y NEDN 6 RN
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324-500 YAIY1ISILUaTNITUTEAUAMNINITRIURUANS 5((4)-2-9)

Module: Research Methodology and Quality Assurance for Laboratory

LuaAnuazuateyaifsafun1side madeulassuide nslivdnadilunisieusunas
AATINTBYA NITINUHUNITNARBY ToMIMAARY Mstuiindeya  n1THATIER aJUHANITVAREY N3
WEUUTIUIYNTY T38UTIAFNTININTTY Nselfn fiunvetuiRauaznsiden nyeuanuAalunswaL
LAZYAZOU NMINAIUINAYNENINTAAIN ATIATIENTINY NMIHAUWERAMI n1snaaaunan n1sdudng
pana Anudluveminddunstlyan msdudugiuteyadnstng msonsndwednstng n1susziduyac
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Uszuavuaznndnuuzveudesune ngunsuazdetifuiferiurendsdunse msdafiureadedunse
nsrutisuazIudedsdunIe N1t tauazindn esdusEneuveslusunINanTeadESuR T TiUsEAY
audifa UfiRnsiiAeadestuisidonasnisussiuganm

Concepts and sources of data pertinent to research; writing research proposal; use of statistics
for planning and analysing data; experimental design; procedure; data logging; analysing; summarizing
the experiment; bibliography writing; researchers’ code of ethics; case study; idea generation and
screening; concept development and testing; marketing strategy development; business analysis;
product development; market testing; commercialization; introduction intellectual property; patent
search, patent draft; intellectual property valuation; General requirements for the competence of
testing and calibration laboratories; type and characteristics of hazardous waste; laws and regulations

of hazardous waste; collection of hazardous wastes; transfer and transport of hazardous wastes;
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treatment and disposal of hazardous wastes; elements of a successful hazardous waste minimization

program; a laboratory course dealing with research methodology and quality assurance
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Physical Methods in Chemistry

adnlnsalnUdmiuauidenisanued: dudsisanazsuuauninsalnl dansililatan-
Jadaaningalnd daedesuunufnislewuudaiuninsalndvesiuadsaduueninioainlusnou
didnasouatuislouuud Londisdlnlndidnaseuaninsalnuazunaainlnsiun? ieuszyndldaumad
Mg Fanden Hiondu

Spectroscopy for researches in chemistry: infrared and Raman spectroscopy, ultraviolet-
Visible spectroscopy, nuclear magnetic resonance spectroscopy of nuclei other than proton, electron
spin resonance, X-ray photoelectron spectroscopy and mass spectrometry for applications in medical,

environmental, or energy researches
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Techniques for Materials Characterization

wannsuazn1sUszandliinalan1snsivdnvasianizueindesganssAididnasounuudo i
NA93aNIAUBLANATOULUUABINTINLANABIRANIIALLUULTOZADL N1TIATIZRSEonglussiuganiea
nsidgaUTesiElendueINHEn mi"?Lﬂiﬁsﬁé’ﬂwmsgwguLLazﬂumﬂawmﬂ WaZNITIATIZINIIAIUTOU
iieUszendldammmadiunsunme dsnnden viondsam

Principles and applications of characterization techniques based on transmission electron
microscope, scanning electron microscope and atomic force microscope, X-ray microanalyzer, X-ray
powder diffraction, porosity and particle size analysis and thermal analysis for applications in medical,

environmental, or energy researches

324-511 AdlARRsAWTY 4((4)-0-8)
Coordination Chemistry
asusznoulaeesiutu nguiiuse Bldnnsednanas audRwivanvesaisuszney A

pofflutu saumaniuaznalnufisereiiunid arsusznevlaoesfiuduvessianguien fdelmidu 9 ves
ansusznoulaeesiuduiiunauls Fuferdesfununenisunndvdedunndey

Coordination compounds; bonding theories; electronic spectra; magnetic property of
coordination compounds; kinetics and mechanisms of inorganic reactions; coordination chemistry of the
f-block elements; new aspects of current interest in coordination compounds involving medical or

environmental researches

324-512 adgusluana 2((2)-0-4)
Supramolecular Chemistry
dunsnsEIsErinelutana wilaad-inad nseuiuniIsUsenoudies 3an1InanienIndnsu
nsAnudunsAzenszrialiana misenuuuuarUszgndliiaiaalossiuluana uaznsuszgndldiadyue
Tuanalusmumasunmsumdniedandon
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Intermolecular interactions; Host-guest chemistry; self-assembly processes; physical methods
for the analysis of intermolecular interaction; designs and applications of molecular devices in medical

or environment

324-513  \pdivasaseasunluuiiagn 2((2)-0-4)

Chemistry of Organometallic Compounds

NM3dATIER audinisaivaznienin Nusesenslanefuaunuaalsdunse Uffse1vesansens
unluiadnvedlaveunsudtuuazlanslunguudn msldusslevdansossunluwiiadn nslduszleviansens
wnluadnlunumeiiunisunms omnsvseduindos

Syntheses, chemical and physical properties, bonding between metals and organic ligands;
reactions of organometallic compounds of transition metals and metals of the main groups; applications

of organometallic compounds in medical, food, or environment

324-514 Taseadendnuaznisilsumlavasvauds 2((2)-0-4)

Structure and Phase Transformation in Solid

lassadandn anuldanysalvuuluveandwaznanoauiAnianienim uwunmigaiatussuu 2
osdUsznou madsumaluveuds nszUIuNsUTUUTIIneANTeu

Crystal structure; imperfections in solids and their effects on physical properties; binary phase

diagram; phase transformation in solids; heat treatment process

324-518  wadoanizmaniiofunid 2((2)-0-4)

Special Topics in Inorganic Chemistry

Anvnardudulunshdenaailefunidihadle Afidevuszendlfnunaiunisunmg ewns
Aaundon Wiondw

Studying and searching in some topics of interest in inorganic chemistry which implemented

in medical, food, environmental, or energy researches

324-521 mﬁ@ﬁlﬁnéﬁ'ugq 2((2)-0-4)

Advanced Physical Chemistry

siadodugsiifsrtestuiaiideiiand guvmamans ngufiadlnih saunamaniied Ussyndld
Uizemaaiiifioneuauasiaanufunsunmd/ems/Adnden/ mas

Advanced topics in physical chemistry: thermodynamics; electrochemical theory; chemical

kinetics, ; applications the chemical reactions for medical / environment /energy

324-522 lassafeluanauasanninsalnd 4((4)-0-8)

Molecular Structure and Spectroscopy

nguinarmansnisuduvesaUnlnsalnidauana didnnsednauninsalnd awnlnsalnluuy
VaULAZLUUAY nudngumiaad]

Quantum mechanical theory of molecular spectroscopy; electronic spectroscopy; rotational

and vibrational spectroscopy; chemical group theory
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324-523 wanAanssedend 2((2)-0-4)

X-ray Crystallography

nquininiasiuuy mavszgndmedansidsnuiluiymmani nguinsdeiuuisdienddendn
e wadansduinuasiesgideyaiiomlasailuana Ussgndldmnudiulasasie 3 I vesansiile
POUANBIRBIUAUNMTUNNEUAZDIMS BN FBY

Diffraction theory; application of diffraction techniques to chemical problems; single crystal
X-ray diffraction theory; computational technique and data analysis for determining molecular structure;

application to use the knowledge of three dimensional molecular structure for medical and food science

324-524  ANAIUIN 3((3)-0-6)

Computational Chemistry

WATANSALIMYNABLTIWES: Fonamansluiana Touaudulitle ngufinduueaninunuiwiy
Blhuagarslawind mevihwelasaie ndukasaauanding 4 vesszuuluana Ysegnaldanuiniead
MunaufioneuaussienuiuNswINNg

Computational techniques: molecular mechanics, ab initio, density functional theory,
molecular dynamics, prediction of structures, energies and properties of molecular systems; applications

of computational chemistry in medical science

324-528 ¥adotanizmaadiBeWang 2((2)-0-4)

Special Topics in Physical Chemistry

AnwnazAvdulunisidenaaiideiidandfunmila ilonsuszandlivonudunsunmd/ems/
daindeu

Studying and searching in some topics of interest in physical chemistry for applications the

chemical reactions for medical / environment /energy

324-531  \pfBunITugs 3((3)-0-6)

Advanced Organic Chemistry

nsesunelassairslinanafenguiiussiiaud vquioeiivaliana  aneslewniifiiadesiu
aussauznsideniinuizen weslulaufinduasvaunamansvesufisenaiidunsd Ufisevesansisduns
dumsd Unsewnslyadn

Description of molecular structure using valence bond theory; molecular orbital theory;
stereochemistry involving reaction selectivity; thermodynamics and kinetics of organic reactions;

reactions of organic intermediates; pericyclic reactions

324-532  swninsalnUdugelunisunid 3((3)-0-6)

Advanced Organic Spectroscopy

wadaruatevesdansililoan-1ada dunsise duadesuunudnisloluudiasiuaadnlns-
alnU wazwosmaislalasdadu-sondnalsmnesaamestulunuidenanidunse

Modern techniques of ultraviolet-visible, infrared, nuclear magnetic resonance and mass

spectroscopy and circular dichroism-optical rotatory dispersion in organic chemistry research
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324-533  wAadndisssuviAfiunaule 3((3)-0-6)

Natural Products of Interest

Tassad AdTduee udnnsiidduazmeianisuoniiuians Snuasanizmsannsa
109 nsdfuvdsulassadiauasgriniadaninesndndusisssumaiidnidon wwidanistiarsudn s
sysuvdlUlgUselovd

Structures; biosynthetic pathways; principles and techniques of purification; spectroscopic
characteristics; structural modification and biological activities of selected natural products; concept of

natural product utilization

324-534  Buniddaunszvidugs 2((2)-0-4)
Advanced Organic Synthesis
mMsduaseinuveauunsineldufAsonafidunidisadonarviualy nsuszendlunis
AuATIZEINAN S UNTITUYR
Asymmetric synthesis by contemporary and modern organic reactions; applications in natural

product synthesis

324-535 \pfiiawalslendntuge 2((2)-0-4)

Advanced Heterocyclic Chemistry

lassasivasansusenauigmalsiendn audfmaaivasuisenaivesaisusenauiamnelslendn
Bnsdauameghiiuaderesasuszneuismelslendn

Structures of heterocyclic compounds; chemical properties and chemical reactions of

heterocyclic compounds; modern synthetic methodologies of heterocyclic compounds

324-536 @1sUsznaveasunluviadnlulalidunsdgdaunsnzi 2((2)-0-4)
Organometallic Compounds in Organic Synthesis
nannisvesaioasunluuiiadin Uffse1vesarseesunluiuiadn nalnnisiindjisen n1s
Ussgnaldlunsdaunsieansdunsd
Principles of organometallic chemistry; reactions of organometallic; reaction mechanisms;

applications of organometallic compounds in organic synthesis

324-537 \aflvasayyadasEAunsd 2((2)-0-4)

Organic Free Radical Chemistry

saumaniuazineslulawifind UiAseilinulelasd Ufazenililifiyn UfAzeinisdnelou
Binmsoufulany UiAsofmideniieuas UfAsemsiiued nmsdadesslm nsmuauanesloind
mMafaweAmesiuveyyadasziinunuld nsuszgndliluian

Kinetics and thermodynamics; tin hydride-based reactions; tin-free reactions; metal single
electron transfer reactions; photoinduced reactions; electrochemical reactions; rearrangements; control

of stereochemistry; controlled free radical polymerizations; applications in materials
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324-538  %3U8LANITNIANDUNSY 1 2((2)-0-4)
Special Topics in Organic Chemistry |
Anwazduauluuindenaaiidunsdnuiaula

Studying and searching in some topics of interest in organic chemistry

324-539  Wdoanizn1aaldund 2 2((2)-0-4)
Special Topics in Organic Chemistry |l
wameviondv 324-538 udiijeonlidideu
Similar to 324-538 but emphasis on different topics

324-541  M5ATIALAY IS INALAL 3((3)-0-6)

Electrochemical Analysis

nannswazkuIAntuNTIeswimaliiiedl msdssgndldanuveanatiaig q Tumedwailsnsi
AapuUwe3 Bidntvsunsiues launuwe’ Sidnlasindfadufivaudaunivsalnl nsUssyndaigaveanaila
"L‘V\IﬂwLﬂﬁqﬂiwﬂmmmqé’mﬁqma”a:u NUMTUNIE UATDINIS

Principles and concepts in electrochemical analysis; applications of these techniques in
polarography, coulometry, electrogravimetry, voltammetry, electrochemical impedance spectroscopy,

recent applications of modern electrochemical techniques to environmental, clinical and food

324-542  msaasgilagdsaninsalnd 3((3)-0-6)

Spectroscopic Analysis

nguin1siameaUnivsalnl sasdudyginmanissuniudmsunisinvediiaty  wougosndu
nazgiuaiwud awnlnsalnflusziuluanauazoznon msUszgndmaianinsalndfunusudaunnden
NSUNNIUAZDINTT

Theory of spectroscopic measurement; signal and noise ratio in emission, absorption and
luminescent measurement; molecular and atomic spectroscopy, applications of spectroscopy technique

in environmental, clinical and food.

324-543  N1SHENEITNINLAL 3((3)-0-6)

Chemical Separations

vdnnnsiiddyueanaiinnisuenals nsndu nsafn nsinagneu nsuandsulossy Bidnins
Wo3%a B1anTnsada whalasulnnail Analasunlnns @l gueiesadangdalasunlnsfluaznisuendy o
Alsiannlmidielflusdieszsinaed wazmsUszgndlimeudannden nensuwng uaze1mns

Principles of separation techniques, distillation, extraction, precipitation, ion-exchange,
electrophoresis, electrolysis, gas chromatography, liquid chromatography, supercritical fluid
chromatography and other newly developed separation methods for chemical analysis and applications

in environmental, clinical and food

324-544 pldawuesuazlulawuiyas 3((3)-0-6)

Chemical Sensors and Biosensors

nann1svousUgasTiingg 9 sovRfallAa e WwUweTAATIZINILAT LwulEes WAl
wazlulalwuiwed nMaUszgndldomumadannden ManmsumdLaznsyUIUNSHAR
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Principles of various types of sensors: optical chemical sensors, chemical analysis sensors,
electrochemical sensors and biosensors; applications of these sensors in environmental analysis, clinical

analysis and manufacturing process

324-545  fwinenludawndon 3((3)-0-6)

Environmental Toxicology

asfivluennia dinaziu UASenaznanssnusiedwunden Semuedillduaritldiadesile
Ansesimnuidufvesdandon msliasiiv wassanszvudoguamuesned

Toxic substances in air, water and soil; interaction and effect on the environment; chemical

methods and instrumentation for environmental analysis; toxin usage and impact on human health

324-546 nsA3BUATRENLATATIATIERENTUS IR 3((3)-0-6)

Sample Preparation and Trace Analysis

nannswazuullduisifuiieds n1sdnnisfedlawarn1siesendiog1s N1sIATIERLaENS
n7193A NsUssnAmatindnseiasUsuadesmdasiinns il el wazaninsalnl: wialasunln-
3l Aadalasunlvnsilaussaurgs losaulasunlnns il iauwnuwes danshilean-dddaauninslvilawes
oznoufianouroinduaunlngiun wazunaanlnsiwnd waznisuszgndldlusumsiuduinden n1g
NIUWANY D1MILaZY)

Principles and trends in sampling; sample pretreatment and preparation; analytical method
and detection; applications of analytical techniques for trace analysis: chromatography, electroanalysis
and spectroscopy: gas chromatography, high performance liquid chromatography, ion chromatography,
voltammetry, ultraviolet- visible spectrophotometry, atomic absorption spectrometry and mass

spectrometry and applications in environmental, clinical, food and drug samples

324-548  Hadolanizmaniiiazi 2((2)-0-4)
Special Topics in Analytical Chemistry
Anwwagdumiluuihdomaaifesgiinalafifeadesiunisussgndldmanisunng omms
LazAuIndeu
Studying and searching in some topics of interest in analytical chemistry relating to clinical,

food and environment

324-551  n1swWasugUuasmsinfundesuadl 3((3)-0-6)

Chemical Energy Conversion and Storage

wadiemas waduasefinduuudfon nisuUsanmmiaaiiniiudouresiita wuALAes
WAREERIENTINIGE

Fuel cell; dye sensitization solar cell; thermochemical conversion of biomass; batteries;

photocatalytic reactions
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324-552  Faurauanmaluladidomdsdanm 4((4)-0-8)

Biomass and Biofuel Technologies

yinuazauautRvesdina nsnanlulefiva luleteniuea wRaTanmuazingiuianin wénnns
warnsUszgndldmstinszsinannufeutarmsieneiviinauiaidessonundmiuimeluladideinds
i

Types and properties of biomass; the production of biodiesel, bioethanol, biogas and bio-oil;

principle and applications of thermal analysis and evolved gas analysis for biofuel technologies

324-553  msdaATIsRdanatiunid 3((3)-0-6)

Synthesis of Inorganic Materials

wann1suagisnisduasiziianiieujiseraniusveswds Ujnseluaniuzuia wazufisenlu
AnnUzVBIANTATANY

Concepts and synthesis methods of materials by solid- state reactions, gas phase reactions

and solution phase reactions

324-554  Fagunluuazdangwiuetiuvsd 2((2)-0-4)
Nano and Porous Inorganic Materials
lassaauaziniivesiageliuniduiluuasgngu

Structure and chemistry of nano and porous inorganic materials

324-558  Wiadalanigniualiian 2((2)-0-4)
Special Topics in Materials Chemistry
Anwuazduailunisintemaaiifaniunaula

Studying and searching in some topics of interest in materials chemistry

324-559  i398LaWITN1ANNAI9IY 2((2)-0-4)
Special Topics in Energy Chemistry
Anwkarduauluuianvemaainasnuniiauls

Studying and searching in some topics of interest in energy chemistry

324-681  duuur3vnisniaadl 1 1(0-2-1)

Seminar in Chemistry |

dunundnnsmaailaeindnyiluidedaduiiaulalutiagdu wonsdunuli 4 MReadeatu
wflnnsansmaaiiudenisineraians uaveduselutuidounislinisavauuaztuuglneenansd
AsuRaveulun1saou

Seminars given by students on topics of current interest or new findings relevant to

chemistry from chemistry or scientific journals and further discussions in class with guidance from staff

324-682 AUNUNIVINIININLAL 2 1(0-2-1)
Seminar in Chemistry Il
wnavsiewin 324-681 udiiemlslgrdou
Similar to 324-681 but emphasis on different topics
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325-691 Ameniwug 20(0-60-0)
Thesis
nsenyidevestindnuluairiedl nelanisguatarn1suueinres1a1senusnm

Research study in chemistry under supervision of corresponding staff
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JH., Williamson, M. J., Windus, T. L., Woliriski, K., Wong, A. T., Wu, Q., Yang, C., Yu, Q., Zacharias, M.,
Zhang, Z., Zhao, Y., Harrison, R. J. 2020. NWChem: Past, Present, and Future. THE JOURNAL OF
CHEMICAL PHYSICS. 152, 184102.
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2.1 nasAdeiAfanilunsasmanms (3 unanuagn)
1. Mahawong, S., Dechtrirat, D., Watcharin, W., Wattanasin, P., Muensit, N., Chuenchom, L. 2020.
Mesoporous Magnetic Carbon Adsorbents Prepared from Sugarcane Bagasse and Fe?* and Fe®" via
Simultaneous Magnetization and Activation for Tetracycline Adsorption. SCIENCE OF ADVANCED

MATERIALS, 12, 161-172.

2. Chunin, N., Phooplub, K., Kaewpet, M., Wattanasin, P., Kanatharana, P., Thavarungkul, P.,
Thammakhet-Buranachai C. 2019. A novel 3D-printed solid phase microextraction device equipped

with silver-polyaniline coated pencil lead for the extraction of phthalate esters in cosmeceutical

products. ANALYTICA CHIMICA ACTA, 1091, 30-39.

2.2 nanuihiiausluiivszginns uaz/miefimsifusisiudy
1. Chunin, N., Kaewpet, M., Wattanasin, P., Kanatharana, P., Thavarungkul, P., Thammakhet-
Buranachai, C. 2018. The Pure and Applied Chemistry International Conference 2018 (PACCON 2018),
February 7-9, 2018, The 60" Anniversary of His Majesty the King’s Accession to the Throne
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International Convention Center, Songkhla, Thailand. (Proceedings, p146-150).
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MIN5ANYIEeEA  Ph.D. (Organic chemistry)
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1. Chunin, N., Phooplub, K, Kaewpet, M., Wattanasin, P., Kanatharana, P., Thavarungkul, P.,

Thammakhet-Buranachai, C. 2019. A novel 3D-printed solid phase microextraction device equipped

with silver-polyaniline coated pencil lead for the extraction of phthalate esters in cosmeceutical
products. ANALYTICAL CHIMICA ACTA, 1091, 30-39.
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2.2 nanuihiausluiiuszginns uaz/miefimsifusisiudy

1. Srisuwan, P., Suppasombut, A., Kaewpet, M., Sooksawat, D. 2019. THE 45th CONGRESS ON
SCIENCE AND TECHNOLOGY OF THAILAND. Chiang Rai, Thailand: The Science Society of Thailand
under the Patronage of His Majesty the King. 7-9 October 2019. (Proceedings, p. 325-330.)

2. Chunin, N., Kaewpet, M., Wattanasin, P., Kanatharana, P., Thavarungkul, P., Thammakhet-
Buranachai, C. 2018. Proceeding in the Pure and Applied Chemistry International Conference 2018
(PACCON 2018), February 7-9, 2018, The 60th Anniversary of His Majesty the King’s Accession to the
Throne International Convention Center, Songkhla, Thailand. 2018, (Proceedings, p146-150.)
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1. Phetsang, S., Phengdaam, A., Lertvachirapaiboon, C., Ishikawa, R., Shinbo, K., Kato, K.,
Mungkornasawakul, P., Ounnunkad, K., Baba, A. 2019. Synergistic effect of gold quantum
dot/ plasmonic gold nanoparticle system for improvement of organic solar cells. NANOSCALE
ADVANCES, 1, 792-798.

2. Nootchanat, S., Phengdaam, A., Ishikawa, R., Lertvachirapaiboon, C., Shinbo, K., Kato, K.,
Ekeasit, S., Baba, A. 2019. Plasmonic-enhanced photocurrent generation of organic photovoltaics
induced by 1D grating and 2D crossed grating structures. JOURNAL OF NANOSCIENCE AND
NANOTECHNOLOGY, 19(8), 4727-4731.
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1. 9591 wuen nwlye
WINSAN®Igean  Ph.D. (Inrganic Chemistry)
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2.1 nanAdeiaianilunsasmadnms (3 unanuaian)

1. Phlay, S., Tapachai, W.A., Duangthong, S., Wararatananuruk, P., Chooto, P. 2019. Simultaneous
determination of trace levels of Cd(l) and Pb(ll) in tap water samples by anodic stripping voltammetry
with 2- mercaptobenzothiazole modified electrode. JOURNAL OF ELECTROCHEMICAL SCIENCE AND
ENGINEERING, 9(4), 231-242.

2.2 nanuiinausluiivszyAvnsuay/viedinsifanisiuidy

1. Duangthong, S., Tongpan, C., Tapachai, W.A. 2019. Simple Colorimetric Method for Cr(lIl)
Determination by Using Silver Nanoparticles. THE PURE AND APPLIED CHEMISTRY INTERNATIONAL
CONFERENCE (PACCON 2019), February 7-8, 2019, Bangkok International Trade and Exhibition Centre
(BITEC), Bangkok, Thailand. (Proceedings, pAC117-AC120)

2. Duangthong, S., Khongchana W., Tapachai, W. A. 2017. A simple and rapid on- line
spectrophotometric determination of copper. THE PURE AND APPLIED CHEMISTRY INTERNATIONAL
CONFERENCE (PACCON 2017), February 2-3, 2017, Centra Government Complex Hotel & Convention
Centre, Bangkok, Thailand. (Proceedings, p74-77)
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5.2. A1TNUEAINAANSNISTEUSTEAUTIBIUIU Knowledge / Attitude / Skill

5987391 / N§ueEsz / Module(dil)

(SWES187%1  ¥a519391 IUUNUWAR)

Knowledge / Attitude / Skill

ada v

324-500 4AIV1I59

a wa

53duuazn1sUsEiuqUAIN B
yhuans 5((4)-2-9)

K2.1 K2.3 K3.1 K4.1 K4.2 K5.1 K6.1 K7.1 K8.1 A2 A3 Ad A5 A6 A7 A8 A9 A10 A1l A12 A13 S1
53 54 S5 56 S8 S9 S10

a ¢

324-502 3553 Andansunail 3((3)-0-6)

K1.1 K1.2.1 K1.4.1 K2.1.1 K2.1.5 K2.1.6 K2.2.1 K2.2.5 K2.2.6 K3.1 K5.1 K7.1 K8.1 A1 A2 A3 A5
A6 AT A8 A9 A12 A13 S1 52 S3 54 S7 S8 S9 S10

324-503 INALANNTATITANYULLANILVDIIEN)
3((3)-0-6)

K1.1 K1.2.1 K1.2.3 K1.3.2 K1.4.1 K1.4.3 K2.1.1 K2.1.4 K2.1.5 K2.1.6 K2.2.1 K2.2.4 K2.2.5 K2.2.6
K3.1 K5.1 K7.1 K8.1 A1 A2 A3 A5 A6 AT A8 A9 A12 A13 51 52 53 54 57 S8 59 S10

324-511 \ATllABDSAMTY 4(4)-0-8)

K1.1.2 K1.2.1 K1.5 K2.2.1 K7.1 A1 A2 A5 A12 S2 S3 510

324-512 wilgusilauana 2((2)-0-4)

K1.1.2 K1.2.1 K1.5 K2.2.1 K3.1 K7.1 A1 A2 A5 A7 A12 S2 S3 54 510

324-513 \pilvpaansoasknluwiiadn 2((2)-0-4)

K1.1.2 K1.2.4 K1.3.2 K1.5 K1.6 K2.2.1 K2.2.2 K3.1 K7.1 A1 A2 A5 A7 A12 S1 S2 S3 54 S10

324-514 Tpseadandnuaznsiasuiavesvouds
2((2)-0-4)

K1.1.1 K1.2.3 K1.2.4 K3.1 K7.1 A12 A1 A7 S1 54 S10

324-518 WUpnIzn1alaiunsg 2((2)-0-4)

K1.1.2 K1.2.4 K1.5 K1.6 K2.2.1 K3.1 K4.2 K6.1 K7.1 K8.1 A1 A2 A3 Ad A5 A7 A10 A1l A12 A13
S152 53 57510

324-521 il GsTAnddugs 2((2)-0-a)

K1.1.1 K1.1.2 K1.2.1 K1.5 K3.1 K5.1 K6.1 K7.1 A1-4 A6 A9-12 S1-2 S4 S8-10

324-522 lpssaaluanawazaininsalny 4((4)-0-8)

K1.2.1 K1.4.1 K1.6 K3.1 K5.1 K6.1 K7.1 A1-4 A6 A9-12 S1-2 54 8-10

324-523 panFanssedend 2((2)-0-4)

K1.21K1.24K 14K 215K225K3.1K5.1K6.1K7.1K8.1A1-4 A5-7 A9 A10-13 S1-5 S8-10

324-524 wpilAuied 3((3)-06)

K1.2.3 1.2.4 K1.5 K3.1 K5.1 K7.1 A1 A2 Ad A6 A7 A12 S1 S2 S4 S5 S8 510
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37187391 / N§uEsz / Module(dnil)

(59519397 9518731 ITUIUNULNR)

Knowledge / Attitude / Skill

324-528 WaUpnzn1LaAlldsiand 2((2)-0-4)

K1.1.1 K1.1.2 K 1.3.1 K1.3.2 K1.5 K2.1.1 K2.2.1 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 Al1-4 A6-7 A9-13
51-2 54-5 58-10

2
a6 v

324-531 \pHBUNIETUE 3((3)-0-6)

K1.1.1 K1.3.1 K1.5 K3.1 K5.1 K7.1 A1 A2 A3 Ad A6 AT A9 A12 S1 S2 54 55 S8 S10

324-532 awninsalntdugslunidunis 3(3)-0-6)

K1.1.1 K1.3.1 K1.5 K2.1.1 K2.2.1 K3.1 K5.1 K7.1 K8.1 A1 A2 A3 Ad A5 A6 A7 A9 A12 A13 S1
52 54 S5 58 S10

324-533 pansaueisssuATunawla 3((3)-0-6)

K1.1.1 K1.3.1 K1.5 K2.1.1 K2.1.3 K2.2.1 K2.2.3 K3.1 K5.1 K7.1 A1 A2 A3 A4 A5 A6 AT A9 Al12
S152 54 S5 58 510

o
o

324-534 BuvddunTIentueas 2((2)-0-4)

K1.1.1 K1.3.1 K1.5 K3.1 K5.1 K7.1 A1 A2 A3 Ad A6 AT A9 A12 S1 52 54 S5 S8 S10

324-535 Laileimelsluadndugs 2(2)-0-9)

K1.1.1 K1.3.1 K1.5 K3.1 K5.1 K7.1 A1 A2 A3 Ad A6 AT A9 A12 S1 52 54 S5 S8 S10

324-536 @5UsENaUsDsSLNLUTRANlWLALDUNSE
Fuas1eh 2((2)-0-4)

K1.1.1 K1.3.1 K1.5 K3.1 K4.2 K5.1 K7.1 A1 A2 A3 Ad A6 AT A9 A12 S1 S2 S4 S5 S7 S8 S10

324-537 \pilveseyyadasedunid 2(2)-0-4)

K1.1.1 K1.3.1 K1.5 K3.1 K5.1 K7.1 A1 A2 A3 Ad A6 A7 A9 A12 S1 52 54 S5 S8 S10

324-538 WUpnzn1Laldunsd 1 2((2)-0-4)

K1.1.1 K1.3.1 K1.5 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 A1 A2 A3 Ad A6 A7 A9 A10 A1l A12 A13 S1
$2 54 S5 57 58 S10

324-539 9N NBANUNse 2 2((2)-0-4)

K1.1.1 K1.3.1 K1.5 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 A1 A2 A3 Ad A6 AT A9 A10 A11 A12 A13 S1
5254 55 57 58 510

324-541 NM5IASIEALATINALAT 3((3)-0-6)

K1.2.2 K1.5 K2.1.2 K2.2.2 K2.3 K3.1 K4.1 K5.1 K7.1 K8.1 A1 A2 A5 A6 A1l A12 A13 51 53 S5
S6 S8 510

324-542 nsaasizalaegioaninsalnl 3((3)-0-6)

K1.5 K2.1.1 K2.2.1 K2.3 K3.1 K4.1 K5.1 K7.1 K8.1 A1 A2 A5 A6 A11 A12 A13 51 53 S5 56 S8
S10
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37187391 / N§uEsz / Module(dnil)

(59519397 9518731 ITUIUNULNR)

Knowledge / Attitude / Skill

324-543 ANSRENAISN19LAL 3((3)-0-6)

K1.1.1 K1.5 K2.1.3 K2.2.3 K2.3 K3.1 K4.1 K5.1 K7.1 K8.1 A1 A2 A5 A6 A11 A12 A13 S1 S3 S5
S6 S8 510

324-544 \wifawuwaswarlulawuwas 3((3)-0-6)

K1.2.2 K1.5 K2.1.1 K2.1.2 K2.2.1 K2.2.2 K2.3 K3.1 K4.2 K5.1 K6.1 K7.1 A1 A2 A5 A6 A1l A12
5153 55 56 S8 510

324-545 fiving ludsngou 3((3)-0-6)

K1.5 K2.2.1 K2.2.2 K2.2.3 K3.1 K4.2 K5.1 K6.1 K7.1 A1 A6 A9 A12 51 S2 54 S S8 510

324-546 N15LASYUAIDEIILATNITILATIENAS
USunautles  3((3)-0-6)

K1.5 K2.2.1 K2.2.2 K2.2.3 K3.1 K4.2 K5.1 K6.1 K7.1 A1 A6 A9 A12 51 S2 54 S S8 S10

324-548 WIUDNATITUNNBATIATIEN 2((2)-0-4)

K1.5 K2.2.1 K2.2.2 K2.2.3 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 A1 A2 A3 Ad A5 A6 A9 A10 A1l A12
A13 51 52 5354 558 510

324-551 M3iAsuzUnagmIiniundanued
3((3)-0-6)

K1.1 K1.2.4 K3.1 K3.1 K5.1 K6.1 K7.1 A2 Ad A7 A9 A1l A12 S2 S4 ST S9 S10

324-552 Fnanavmelulatiiemasdanin 4((4)-0-8)

K1.1 K1.2.3 K3.1 K3.1 K5.1 K6.1 K7.1 A2 Ad A6 AT A9 A1l A12 S2 S4 S5 57 59 510

Y a a6

324-553 Mydauasienianetiunie 3((3)-0-6)

K1.1 K1.3 K1.5 K1.6 K2.2.1 K2.2.4 K2.2.5 K2.2.6 K3.1 K6.1 K7.1 A1 A5 A6 A7 A12 S1 53 54 57
S10

324-554 Fanuiluwagangniueliunid 2(2)-0-4)

K1.1 K1.3 K1.5 K2.2.1 K2.2 K3.1 Ké6.1 K7.1 A1 A5 A6 A7 A12 S1 S3 54 S7 S10

o

324-558 taianiennaaiian 2(2)-0-4)

K1.5 K1.6 K2.2 K4.2 K6.1 K7.1 K8.1 A2 A3 Ad A5 A11 A12 A13 S1 S2 S3 S7 59 S10

324-559 WUpnIzn1LaAinasy 2((2)-0-4)

K1.2.4 K1.5 K2.2 K4.2 K6.1 K7.1 K8.1 A2 A3 Ad A5 A1l A12 A13 S1 S2 S3 S7 59 S10

324-681 duuUITINTMIGLAT 1 1(0-2-1)

K1.5 K1.6 K2.1-2.3 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 A1 A2 A3 Ad A5 A6 A9 A10 A1l A12 A13 S1
52 53 54 55 57 S8 S10
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37187391 / N§uEsz / Module(dnil)

(59519397 9518731 ITUIUNULNR)

Knowledge / Attitude / Skill

320-682 FUUUITINITNILAT 2 1(0-2-1)

K1.5 K1.6 K2.1-2.3 K3.1 K4.2 K5.1 K6.1 K7.1 K8.1 A1 A2 A3 Ad A5 A6 AT A9 A10 A1l A12 Al13
5152 53 54 5557 S8 S10

325-691 IgANUS 20(0-60-0)

K1.1-1.6 K2.1-2.3 K3.1 K4.1-4.2 K5.1 K6.1 K7.1 K8.1 A1-13 S1-10
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A-2

dayameIyndnn1sineideysann1siunisineu (Work Integrated Learning : WIL)

eI UnANgNS 36 whgin
e fidansAneBsysanmsiunsihan (WL $1uu 8 5163
WHU N BUU N2 iy defukagiion 16 mhein vanansin WiL 8 wiiein laedisedv 324-500 Yn3335338uaznsUsEAUAMAIN
WoslfuRnis 5 mihein wazidensiedlunsielitesndii 3 wiein
Andusevaz 50 weswuvheinTginluvdngns
YowasiidansAnundeysannisiun1sinay (work integrated learning : WIL)
° ] ms;?]m:u;ﬁl,ﬁu Mf%’ng‘jums dwﬁzwml - menUGoR| 52U
SWasIwIVY/ ‘Tiai'lﬂa‘v’l/ FUIUNUIAR min'muﬂ‘ Tsfw d9Na mil,sen:gmams szun‘u“ NWSMM 9i19uvise Ui | nuesane |
Usgaunisal | @auiunis MIAAAIY | AAIINEIRY VED! - v oo = Saeay
foun1sAnen 919U Amen WOANTTU way WUNIY mi;clnm“vm A memﬂ:i
s | gedvnssa | Eneu s REaE 100
324-500 YAIVIITIVEMAENITUTEAUAMAIN v
WosUuRn1T 5((4)-2-9)
324-502 FBMadaii@nddmiued 3((3)-0-6) v
324-503 WANANIATIINYULIANILVDI a0 v
3((3)-0-6)
324-523 wanenansssdiend 2(2)-0-4) v
320-532 awnlnsalnTdugsluinidunis v
3((3)-0-6)
324-542 MylAsIzilagIBaUninsalnd v
3((3)-0-6)
324-543 nshena1INILALl 3((3)-0-6) v
325-691 Weniwus 20(0-60-0) 4
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WUUNBSNLEAISATVRINTEUIUNITIANITTBUS VR sUAAZ e I Y lunangnshazioun15InN15sBUSIULULBIIN (Active learning)

uungInnmuaiilaaeulundngns

FUIUNYINNIANTTEUTLUUEIN (Active leamning)
Fuusgivililadanisseuiiuudegn (Active leaming)

ayuduungdnnlageulasans NIAN15TEUIWUULIENN (Active learning)

A-3

187397
5787397
787397

Andusesay
a [ %
ARLUUTRYAY

18391 Tnedls1easidunnail

vaseIulundngns
Vo lunanans

$ouazvaInTTUIUNITIANTSITEUSUUULTLIN (active learning) waz Msdan1sieuiuuungul)

fouazreisN1sIANSTUSLUUTIN

. : ssudoray Liladmnns
SHASIUIYV/AID5183U/MUEAN LUULLUANYENTZUIUNISAR y U SIS
Project | Problem , - UOINNTAANTT | 5 ¢
LU case based, team based, Social IBN150UY a v YRS | LyuLRegn
based Based ] bIBUZUY ’
) i scenario based engagement = 100
learning | learning P 2w y il
WMTIANSLILUS Souay
324-500 YA3V1I5ITUUALNITUTEAUAMAN Work based, -
ViosUuRns 5((4)-2-9) - 10 Activity based, 40 - 50 100 -
Case based
324-502 5 3siENddwsuAd 3((3)-0-6) - 20 Case based 30 - - 50 100 -
324-503 MATIANITATIVANYULLANIZVDIVER . -
) - 25 Scenario based 25 - - 50 100
3((3)-0-6)
324-511 pillpeosAludu 4((4)-0-8) - 25 Case based 25 - - 50 - -
324-512 wilgusilaana 2((2)-0-4) - 10 Case based 40 - - 50 100 -
324-513 \pflvesanseasunluasiaan 2(2)-0-4) - - Scenario based 50 - - 50 100 -
324-514 lassasananiaznsilduunaves ,
- - - Scenario based 50 - - 50 100 -
YBILLYY 2((2)-0-4)
324-518 ydaanzmaalaiunssd 2((2)-0-4) - 20 Case based 30 - - 50 100 -
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$ouaUaInTzUIUNITIANITITEUSLUUTIIN (active learning) waz N153ANTSIREUSLUUNGY)
S98aYYRIIONITIANITEIHUSWUULTIGA oo
) . : ssudoray . Liladmnns
SHESIUAYY/AVD 8B/ AU LUULUYIN®ENIEUIUNITAR v Seus
Project | Problem , . - 4 VOINTIANIT | 5 4
L% case based, team based, Social IBNNTU .. WY | Lyyen
based Based i LIYUZUUY )
] i scenario based engagement 2 100
learning | learning o= w ) ,, e
W/MTIANTLIYUS Souay
Aa an 8 Case based,
324-521 WAliWandIuas 2((2)-0-4) - 20 , , 30 - - 50 100 -
N Think-pair-share
324-522 lassassluananasaininsalnd . ‘
) - 20 Think-pair-share 30 - - 50 100 -
4((4)-0-8)
- P Case-based,
324-523 nanAansssdeng 2((2)-0-4) - 20 ] ; 50 - - 30 100 -
Think-Pair-Share
324-524 1agiA1uand 3((3)-0-6) 25 - Case based 25 - - 50 100 -
324-528 WitonznLaildsiand 2((2)-0-4) Case based 70 - - 30 100 -
324-531 \pHIBUNIEVUGY 3((3)-0-6) - 30 Case based 20 - - 50 100 -
324-532 awnnsalnUruadluaiidunsd
“ - 30 Case based 20 - - 50 100 -
3((3)-0-6)
324-533 pansnaesssuananuiaula 3((3)-0-6) - 30 Case based 20 - - 50 100 -
324-534 Buvidduasienitugs 2((2)-0-4) - 30 Case based 20 - - 50 100 -
324-535 \piligmalslenintugs 2((2)-0-4) - 30 Case based 20 - - 50 100 -
324-536 @15UsEnaUaaswNlULaan ALl
A aco . - 30 Case based 20 - - 50 100 -
uNIIdLATIE 2((2)-0-4)
324-537 nilvaseyyadasydunsd 2(2)-0-4) - 30 Case based 20 - - 50 100 -
324-538 $U0lan1ENLANBUN3g 1 2((2)-0-4) - 30 Case based 20 - - 50 100 -
324-539 9N gBALaunse 2 2((2)-0-4) - 30 Case based 20 - - 50 100 -
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$ouaUaInTzUIUNITIANITITEUSLUUTIIN (active learning) waz N153ANTSIREUSLUUNGY)
S98aYYRIIONITIANITEIHUSWUULTIGA oo
. : ssudoray Liladmnns
SHESIUAYY/AVD 8B/ AU LUULIUINEENTEUIUAITARN o U Seus
Project | Problem , . - 4 VOINTIANIT | 5 4
L% case based, team based, Social IBNNTU .. WY | Lyyen
based Based i LIYUZUUY )
] i scenario based engagement 2 100
learning | learning o= w ) ,, e
TNsINsseu3 Sovay
324-541 N5IASIEALITINALAT 3((3)-0-9) Scenario based ,
- - 50 - - 50 100 -
Case based
324-542 piifauigesiariulawuwes
- - Case based 50 - 50 100 -
3((3)-0-6)
324-543 fiwing1ludanasy 3((3)-0-6) - - Case based 50 - 50 100 -
324-544 N5LHSEUAIDLLATNTIATIEIEANT
- 0 - - Case based 50 - 50 100 -
Jsunouiey 3((3)-0-6)
324-548 WiUpanIEaaiiasIe 2((2)-0-4) - - Case based 50 - 50 100 -
324-551 N15iUAsusULarNISANAUNEULATl
Y - 25 Scenario based 25 - - 50 100 -
3((3)-0-6)
324-552 Fanakavmalulagiiaindadinim Case-based,
- 20 40 - - 40 100 -
4((4)-0-8) Think-Pair-Share
324-553 ﬂ?'ﬁﬁmm’wﬁ’iﬁ@aﬁuﬁé 3((3)-0-6) - 25 Scenario based 25 - - 50 100 -
324-554 Tanuilulaziansnueliunsd .
! W - 25 Scenario based 25 - - 50 100 -
2((2)-0-4)
324-558 idawngnanilian 2((2)-0-4) - 25 Scenario based 25 - - 50 100 -
324-559 WVDLRWIELATNSIY  2((2)-0-4) - 25 Scenario based 25 - - 50 100 -
320-681 @UUUNIVINTMIBAT 1 1(0-2-1) - 100 - - - - - 100 -
320-682 FUNUTIVIN1TNINAT 2 1(0-2-1) - 100 - - - - - 100 -
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$ouaUaInTzUIUNITIANITITEUSLUUTIIN (active learning) waz N153ANTSIREUSLUUNGY)
So8a8IoN1TINNITISIUSUUULTIIN .
. . : ssudoray lailgannns
SHATIUIVV/AD 519781 /RU2eAN LUULHUYINMENTZUIUNTIAR v B Seus
Project | Problem , . - 4 VOINTIANIT | 5 4
L% case based, team based, Social IBNNTU .. WY | Lyyen
based Based i LIYUZUUY )
] i scenario based engagement 2 100
learning | learning - p— " YE)9)
TNsINsseu3 Souay
- A e Research-based
325-691 M1UNUS 20(0-60-0) - - ) 100 - - - 100 -
Learning

WEWMA  WInendeivualiaeinfednnsiieuiuuuden (active leamning) litdesndnforay 50 vesduiudalusmumiiefinvguluasuaninisn1seny
SovazvomnIewiy/nInNusInglunangns Nall nangnsdesdansiieusuuudegn (active leaming) litlosnin Seuay 70 vossedvilunangns
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v

A-4

dayaynivn (Module) Tundngns

39d - YaYAIu o4 . - - o e A R fanssu 3511590
. Vetihh) ANB3UNLYAIY NBANSN1SITEUSVaIYAIY v a -
(nwlnauazaredengs) N13IANIEEUS wazUsziiiuna
324-500 Ya3v135398waznis| 5(4)-2-9) | Wuyniniderdeaivaesdiu | 1 W@eulaseuiddeliedna| 1 @eulaseenAde | L diauesiuainnis

UseiunuaInien
UuRnIg

Module: Research
Methodology and
Quality Assurance for

Laboratory

Ao 1.3835ududnsdudu
doya n153gulasauive
N1399uKY Aaseideya asu
NANNIIVTTYIUTTUIBITN
LUIAANTITHAIUILAZUINAT T
iiothlugnadeuvednidng
waz 2. n1sUseiunuainly
Vel fuRn1siiaTen/maaey
LAENANNITIANITVDILEY
JUNTIE

ANABINUNANIYVING

2. LEUBLUIAANITHAUN
AT eFuEINE oL/
NISWNNE/DINNT/NAIY
\esosanmauianssuls
3. UuRnuluiesufjifinig
ILASIER/NAEDU AU
YOATNUAAIUIVINITVOS
sruuUsziununle

2. \WYULNL/TDLEAUD
LUIAANTTWAIUN
NUITY
3.UfURulusiaq
UfuAn1s3tasIei/
NAEU

Weulasasneuive/
wadefunaula/duat
310 problem based
study

2. UfuAn1sfiAeados
Aulsidenasznis
Useiuamnm

3. huuUsELiunng
Uusng
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