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ABSTRACT
TITLE : DEVELOPMENT OF AN ELECTROCHEMICAL SENSOR FOR THE
DETERMINATION OF ARTEMISININ
AUTHOR : CHULALAK DAMPHATHIK
DEGREE : MASTER OF SCIENCE
MAJOR : CHEMISTRY
ADVISOR . ASST. PROF. ANCHALEE SAMPHAO, Ph.D.
KEYWORDS : ELECTROCHEMICAL SENSOR, ARTEMISININ, COBALT

PHTHALOCYANINE, GRAPHENE NANOPLATELETS

This research aimed to develop an electrochemical sensor based on graphene
nanoplatelets, multi-walled carbon nanotube, cobalt phthalocyanine and ionic liquids
composites modified glassy carbon electrode for the determination of artemisinin.
Graphene nanoplatelets and multi-walled carbon nanotubes served as supporting
materials which had high conductivity, large surface area and high chemical strength.
Moreover, multi-walled carbon nanotubes and ionic liquids had synergistic antifouling
properties to prevent the aggregation of graphene. In addition, cobalt phthalocyanine
was used as a mediator for catalytic reduction of artemisinin in order to improve the
selectivity of sensor and to help cobalt phthalocyanine exhibit the large TT-TT
interaction with graphene. This increases the adsorption on the electrode surface. The
modified electrodes were characterized based on the physical and electrochemical
properties by using Scanning Electron Microscope (SEM), X-ray Diffraction Spectroscopy
(XRD), Infrared Spectroscopy (IR) and Electrochemical Impedance Spectroscopy (EIS).
Moreover, the factors affecting the electrode modification such as the concentrations
of graphene nanoplatelets, multi-walled carbon nanotubes, cobalt phthalocyanine and
ionic liquids were studied. The optimum conditions of differential pulse voltammetry
parameters including step potential, pulse width and scan rate were investigated. The

electrochemical sensor obtained the calibration curve for artemisinin detection of
1.5 - 60 MM and 60 - 600 KM with the limit of detection (3SD/slope) and limit of

quantification (10SD/slope) of 0.55 and 1.83 WM, respectively. The proposed
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electrochemical sensor can be applied to detect artemisinin in drug and plant samples
(Artemisia anuua L.) including the spiked standard artemisinin samples at 2.5 and
50 mg.gl. The results found that the recovery percentages for the proposed
electrochemical sensor were obtained in the ranges of 104.8 — 115.5%. Moreover, the
paired t-test statistic verified that there was no significant difference between the
proposed method and the standard HPLC technique (tg.: = 0.13, tyiica = 2.36 at 7
degree of freedom). Thus, the results performed by the proposed electrochemical
sensor are reliable and acceptable to apply for determination of artemisinin in real

samples.



4
UNANED

5o : MsmuIswseasswutlunisnnaineaesinineamessuy
asavaneuarszULTUsEAvsuunszavlasendunisasaiamedues
numeufunenildouuLeynAnealy

ARl D PUNT Yt

Fousaan © AINYIEIERTUI T

#1913 G

91915870 ¢ fehemansnasd as. ugdise ounsilye

AdnAy : neumBURLneY aun1AneIwily Aaeslnivled ozwniialadu

LPAWBLTA TrUUYRIINaTANIATNIUTEAYINIINNTEATYLUUANLLA

Weninusiauensimuinsasiaianednianubiwaganudnmegs dmiunsinda
YSunaasdndautataaesininealusiedsin mnsiadiamednimuiduazerduuiizen
YBINTIAUAIDUAUADNTLATBUVUBUNIANBIUILY (GQDs-AUNPS) BUAIANDIUI UGN
[ =4 &/ = Y [ Y A & O uaAa & v v a [
duaszivulasldnsiualeudunenyimihiidunsdiisniduagiisnwiadesnin wannis
Y8IN159539 39z 0deloulwlovivnialaduieamalsaissuisenlalasladavetaivniialy
laladuiniininleladuniivylnesa lnleladuiinavinlviinnissiudiiuvensiiu

v S A o § va a o ¢ 4 & A SNaa

AIBufiunennAsuuLBYNMANBIUIlukayyidvemdnduiuasuludie lunsaindians
[ 4 a aaa a o & =2 ' v v |
Adauuasnaesinineauisenlalasladaszgndugs Jaliinnssiudifuvesnsiiu
AIBUARLADNTILARDUULBUNIANDIUIIUANTAZAET A RITALA N1THMUINITATIVIANGE
dmsunsiainnududuvesraesindveauvaldiluasswuimiede () lussuvaisazany
avinsiemailagi-ididaanlnsilaiines (i) svuvvesivaganiafuseAvgunain
NTEABLUTANARATITIRMBNITENEAINSIAUIUTENTNBIWAL (Image))

a o

g3-3aaaninslilniwes svgnihunldnsiadianisivaguulasnisganauuasly

Y

(% '
LYY o

5¥I9N5IUATeN Aaesinsreavzduginisiaureusuledlasdiludunduvisien
lladvaaouleyl nslalaslagaveseziwniialnleladuinlatssatiazUsnnalnlaladuis
toad lnenswdeunlasdvesnsifiumeusuneniniouuueynianasunluanduntudy
= v o d v =i v

duwnaazgnasiaiaiiainueniniugeanns 520 uiluwes agldanneivuisaulaglyey
weialvloladunanuduty 50 lulasluans wulslevignfialadueameisanannuduty

a a J

200 fiadgtinsialiadang ansazaeneaundviveseiladanududuy 50 dadluaniviiiey 7.0



L]
waztialun1siuiisende 30 urdl nsnsratanisd@nvmundull nsnevausswuuiduy

1w

Fumsdlurag 0.1 lulasn3udefiaddns fa 50 lulasniusiodadans Adudsvavsanduiug
(1) Wiy 0.996 Indfnsngalunisnsaainwindu 0.046 lilasniusediadans F5nsnsiaia
yadarlvimnuusiug) (% RSD) fiawiiusosar 0.03 vesnsmsiainnaeslnivea devinns
Sostoriios 10 ads

nmsanaiafeszuuvesinaganiaivszAvginannszavuuuanda Wunelulad
madendwiumstamiaiesilefisialaung wandie Mudfauazduyush ssuuresiva
qaniafissRvsinannszaviuvaadifgnaiidulasimaianisaniunielufuneuden
Tneldenam Faduasiilivouth Smagnuaslnuie mssenuuussuuvedinaganiadi
UsgAYN191nNNIzA B uUaINiRlunN1In I ianId@assenauiisasddiu Ae () druves
LHUNAFRY UTENBUMIY 1NANADIIN HNALLINABlUYRIN1IATIVIAlYdmSunena snay
yesnsumeuiuneniiadevuueynaulunazieuluieiunfialnduloaimelsa uagdn
nilsRefuiidmiuneaasazanstvlled () drudwiuvenaisioeig Fegneenuuuliil
anwauzdugudniua senausuaswesguiuuaaglddmsunenansnausiegasoansazany
1n3gu (rassininea) uazeziwniialnleladu ([@uawse) lnglun1snsiainnaesinives
azi%’né’aqﬁ%mamagﬂﬂﬁﬁ‘%mﬁLﬁmﬁuuu uPAD saufulusunsumeuiune B Tuns

=

psr9Tnazlidrem L duldunsedans 0.001 lulasnduseliadaans e 1.0 lulasnsuse

[ |

faddns fdndrdasanlunisnsaaiainfu 0.0007 lulasniudedadans tnglidesld
irsesilefidudou msfaunszuvvedluaganiafissivgunannseauuuaniingniiald
Tunmsnsataraeflninedluiegadnifinisifuaisazanensgiunaeslnivoainsiu
AudRtusdueunud d5esaznslandufuuilugag 93.0 Wesidud G 104.6 Wesidud
gUnsaimannvifiimundulfraruuiugia Tnsrfesasdouunmsguduinglugis
0.3 fi1 1.6 lpthindnnumeianuaaiandouduinsiiuasuluiisuiumaiauinsgiu
Tasunlnsnanfvesvanaussnuggs (HPLC) wuihildoglutnsiosasdaud 1.0 wedidud fs
5.2 Wosidud uansliifiufismnugndodunisnsiaindid szuvvedlvaganiaiisziviunain

nsvawwuuaudAiidende dauly Anudumzia s1agnuazsInsy asiainaisindn

% 1 < o % P
wuadbee8952a57 wararusauhlUlgunrauules



_7-

I
ABSTRACT

TITLE : DEVELOPMENT OF TWO ANALYTICAL APPROACHES BASED ON
SOLUTION AND PAPER BASED SYSTEM FOR CHLORPYRIFOS
DETECTION USING GRAPHENE QUANTUM DOT CAPPED GOLD
NANOPARTICLES FOR COLORIMETRIC ASSAY

AUTHOR : WARINPORN CHUNGCHAI

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR . ASST. PROF. MALIWAN AMATONGCHAI, Ph. D.

KEYWORDS . GRAPHENE QUANTUM DOT, GOLD NANOPARTICLES,

CHLORPYRIFOS, ACETYLCHOLINESTERASE, THREE-DIMENSIONAL
MICROFLUIDIC PAPER-BASED ANALYTICAL DEVICE

This thesis presents the development of a highly sensitive and selective
colorimetric assay for chlorpyrifos pesticide in vegetable samples. Colorimetric assay
was developed based on the reaction using gsraphene quantum dot capped with gold
nanoparticles (GQDs-AuNPs) as a reporter. AuNPs were synthesized using GQDs as a
reducing agent and a stabilizing agent. The principle of assay was based on
acetylcholinesterase (AChE) enzyme catalyzed hydrolysis of an acetylthiocholine
(ATCh) substrate to produce thiol-bearing thiocholine. Thiocholine causes the
aggregation of GODs-AuNPs, to generate a purple-blue colored product. The hydrolysis
step was inhibited in the presence of chlorpyrifos, resulting in anti-aggregation of red
colored GQDs-AuNPs. Development of colorimetric assay for chlorpyrifos determination
was carried out based on two approaches: (i) UV-Visible spectrophotometry for
chlorpyrifos detection in solution, and (ii) three-dimensional microfluidic paper-based
analytical device (3D-uPAD) detected by image captured by digital camera compiled to
ImageJ program.

UV-Visible spectrophotometry was used to monitor changes in absorbance during
the reaction. Chlorpyrifos inhibited AChE by binding to the active site of an enzyme.
This suppresses ATCh hydrolysis, thereby blocking the generation of thiocholine. The
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distinctive color change of GQDs-AuNPs from red to blue, and the appearance of a
maximum absorption wavelength at 520 nm. Optimal conditions were under, using
ATCh and AChE concentrations of 50 uM and 200 mU mL™, PBS solution (50 mM, pH
7.0), and 30 minutes of incubation time. The developed colorimetric in solution assay
exhibits linear calibration over the range of 0.1-50 yg mL™?, with a linear correlation
coefficient (r?) of 0.996. The limit of detection (LOD) calculated based on [3 S.D.)/slope
is 0.046 pg mL™. The simple colorimetric method provides good precision (%RSD =
0.03) for chlorpyrifos detection with ten replicates.

The three-dimensional microfluidic paper-based analytical device (3D-uPAD) can
be used as an alternative diagnostic tool that is affordable, portable, disposable and
low-cost. The 3D-uPAD was fabricated by a one-step polymer-screen-printing, using
rubber latex (RL) waste as a hydrophobic reagent for a low-cost and simple
manufacture. 3D-uPAD for colorimetric chlorpyrifos assay was designed by having two
parts on paper: (i) the testing sheet, consisting of two circles; one circle forms the
detection zone, for placing the GQDs-AuNPs and AChE-enzyme mixture, and the other
circle is a buffer loading area, and (ii) the sampling sheet in the shape of the dumbbell
design, the bottom circle area of the dumbbell-shape was used to apply the mixing
solution of sample/standard (chlorpyrifos) and ATCh (substrate). Chlorpyrifos was
determined in the 3D-puPAD using image captured by digital camera coupled by ImageJ
software. The assay provided a linear range between 0.001 to 1.0 yg mL?, with a
detection limit of 0.0007 ug mL?, without sophisticated instrumentation. The
developed 3D-pPAD was applied to detect chlorpyrifos in vegetable samples. The
recovery study gave percent recoveries ranging from 93.0% to 104.6%. Our developed
device provides good precision (%RSD ranges from 0.3 to 1.6). The calculated relative
error compared with HPLC ranges from 1.0% to 5.2%, indicating a high degree of
accuracy. The 3D-uPAD exhibits good sensitivity and selectivity for a low-cost and rapid-
screening test for the presence of insecticides, and may be useful for on-site

applications.
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ABSTRACT

TITEL . THEORETICAL STUDY OF SULFUR-CONTAINING COMPOUNDS
ADSORPTION ON TRANSITION METALS (V, Ni, Co, Fe) DOPED NbsS,
SURFACE FOR HYDRODESULFURIZATION (HDS) REACTION

AUTHOR . SUPARADA KAMCHOMPOO

DEGREE . MASTER OF SCIENCE

MAJOR . CHEMISTRY

ADVISOR : ASSOC. PROF. SIRIPORN JUNGSUTTIWONG, Ph.D.

KEYWORDS : NbS2 SURFACE, MoP SURFACE, HYDRODESULFURIZATION

REACTION, S-CONTAINING COMPOUNDS

The HDS reaction is one of the most important hydrotreating processes in
petroleum refineries. It is used for the removal of sulfur (S) compound from crude oil.
In this study, the adsorption of thiophene (C4H,S), benzothiophene (CgHgS), and
hydrogen sulfide (H,S) on pure and transition metals (V, Ni, Co, Fe) doped niobium
sulfide (NbS,) surface were investigated. The density functional theory (DFT)
calculations were used for further investigation of HDS reaction mechanism of S-
containing compounds on these surfaces. The results showed that the C4HyS and CgHgS
preferred to adsorb on the metal edge sites (M-edge) of V doped NbS, (V/NbS,) surface
with adsorption energies (E,q4,) of -0.79 and -1.38 eV, respectively. In addition, the H,S
desorption from V-NbS, surface was more favorable than others. The understanding
gained in this study may be helpful for the development of active catalysts for the HDS
reaction of S-containing compounds in petroleum oil production.

Heterogeneous catalysts such as transition metal phosphides (TMP) are used as a
catalyst in the hydroprocessing for palmitic acid. Molybdenum phosphide based
catalysts such as Mo/P-terminated MoP is reported to have high HDO conversion
efficiency. The purpose of this work was to investigate the adsorption sites of CO
molecule on Mo/P-terminated MoP (001,101) surface. The density functional theory
(DFT) calculations were performed by using the Vienna ab initio Simulation Package

(VASP). The result showed that CO adsorption fcc site of Mo-terminated MoP (101)
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surface exhibits the lowest adsorption energy (E.4). The adsorption energies were in
the range of -0.92 to -3.12 eV. In summary, when comparing with the CO adsorption on
Mo/P-terminated MoP (001,101) surface, it was found that Mo-terminated MoP (101)
was the most promising catalyst for the CO adsorption with low E,4s and most stable.
The adsorption data in this study will be substantially beneficial for the improvement

of hydrodeoxygenation reaction mechanism.
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TITLE . THE EFFECTS OF USING GEOGEBRA PROGRAM TOGETHER WITH
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The Effects of Using the GeoGebra Program together with Learning Activities
Consisting of the KWDL Technique on Students’ Abilities to Solve Mathematical
Problems. The samples of this study were a total of 61 first year students of the
vocational certificate level from Rasisalai Technology and Management College in the
second semester of 2018 academic year. They were selected through the purposive
sampling technique. The research instruments were learning plan using GeoGebra with
KWDL technique, a mathematical problem solving ability test, and a questionnaire The
results showed that the students who in learning activities using GeoGebra in
combination with learning activities consisting of the KWDL technique gained higher
mathematical problem solving abilities than those who attended regular learning

activities with a statistical significance at the level of .05.
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The purposes of this research were to 1) compare students’ problem solving
abilities on analytic geometry between those who participated in learning activities
based on the constructivist theory using the GeoGebra program and those who
attended regular learning activities, 2) study both group of students’ improvement on
problem solving abilities, 3) analyze the learning achievement for students who used
the GeoGebra program, and 4) identify students’ satisfaction toward the learning
activities based on the constructivist theory in conjunction with the GeoGebra program
. This research was a semi-experimental research. A Two-group pretest- posttest design
was used in this study. The samples of this study were a total of 62 diploma students
from class 1/1 and class 1/2 studying in the 2nd semester of the 2018 academic year
from the Survey Department, Surin Technical College. The samples were selected by
a group sampling (cluster random). The research tools used in the study were
1) learning activity plan on the analytic geometry based on the constructivist theory
using the GeoGebra program 2) a pretest and a posttest of the problem solving ability
on the analytic geometry 3) an interview form to evaluate students’ problem solving
abilities 4) a student satisfaction questionnaire toward the learning activities using the

constructivist theory and the GeoGebra program. The statistics used in data analysis
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¢
consisted of a mean (X), a standard deviation (SD), a normalized gain and content
analysis.

The results of the research were as follows:

1) The students who were provided with learning activities based on the
constructivist theory together with the GeoGebra program gained higher problem
solving abilities than those who were provided with regular learning activities at the
statistically significant level of.05.

2) The students with the learning activities based on the constructivist theory with
the GeoGebra program obtained a higher problem solving ability improvement than
that of the students with regular learning activities.

3) After partaking in the learning activities using the GeoGebra program based on
the constructivist theory, the students’ learning achievement increased to solve
mathematical problems.

4) Overall, the students’ satisfaction toward the learning activities using GeoGebra

program together with the constructivist theory was at the highest level.
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The purposes of this research were to study Grade 9 students’ abilities to create
mathematical models using the GeoGebra program on two linear equation systems, to
study their learning achievement compared to students who participated in regular
learning activities, and to study their learning satisfaction with the mathematical model.
The samples of this study were a total of 30 Grade-9 students from Thetsaban 2 School
(Sahakornsomtob). The research instruments consisted of a learning management plan
to promote the creation of mathematical models using the GeoGebra program, an
achievement test to assess their mathematical modeling competency, a learning
achievement test, and an interview form to measure the students’ satisfaction on the
learning activities. The data were analyzed by percentage, mean, standard deviation,
and a t-test.

The results of the study were as follows:

1) The students’ ability to create mathematical models are at the level where
they can formulate the problems from the given situations and transform the problems
into the mathematical problem forms.

2) The learning achievement of the students who were in the developed program

demonstrating mathematical modeling on two linear equation systems was higher than
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those students who participated in a regular classroom at the statistically significant
level of.05.

3) The satisfaction of the students who created a mathematical model using

GeoGebra was at the highest level.
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The objectives of this research were to 1) develop an approach for recommending
a training course using an association rule technique along with user profiles, 2)
compare the effectiveness of Apriori and FP-Growth techniques in building the
association rules, and 3) study users’ satisfaction on the developed system at Yasthon
Community College. The data were collected from the enrollments in training courses
at Yasothon Community College from 2014-2017. It included five different departments
at the college: Business Administration and Management, Science and Technology,
Home Economics, Agriculture, and Agricultural and Industrial Technology. The data
were used to create the association rules using the Apriori and FP-Growth algorithms.
Afterwards, both algorithms were tested for their resource processing performance
within 5 datasets. The results revealed that FP-Growth algorithm used less processing
resources than that of the Apriori algorithm. Therefore, the association rules developed
from the FP-Growth algorithm were used to build the training course recommendation
system for Yasothon Community College. The satisfaction towards the proposed

system were collected from 30 users through questionnaires. The result indicated that

the users’ satisfaction was at the high level (X = 4.25, SD. = 0.52). The developed
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system can be used to support the training course selection of Yasothon Community

College.
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Working in an organization often involves a large number of documents. One of
the quickest and easiest documents to create is a handwritten document. However,
these documents are generally not digitized. Therefore, there are some disadvantages
in regard to the data retrieval system. Most research on handwriting recognition for the
Thai language only tested 44 characters of the alphabet. However, the characters found
on the documents contained different forms which consisted of 4 different levels.
Therefore, it is difficult for the computer to segment each character correctly. To solve
this problem, this research proposed a Thai handwriting recognition system using deep
learning by testing 77 handwritten images of provincial names in 70 different writing
style samples. The data were divided into training and a testing set with the ratio of
90:10. The model was developed by using the convolutional neural network with the
2-way LSTM recurrent neural network and CTC loss function. The accuracy of the results
increased with post-processing by Word Beam Search for 1,000 epochs of training. The
results showed that the highest accuracy was achieved when using the grayscale image
as an input together with keeping the aspect ratio of the text. The accuracy was 94.99%
in the word level and 95.92% in the character level. After the post-processing with the
Word Beam Search, it was found that the highest accuracy in the word level was 98.14%

(increased by 3.15%) and 98.40% (increased 2.48%) in the character level.
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Controlling the optimum conditions on smart melon farms with different
environments in each area is an important factor that helps farmers maintain consistent
quality and a greater quantity of production. This research presents a recommendation
system for notifying and controlling environments under uncertain weather conditions
for smart melon farms. The study consisted of two main parts: (1) forecast model
development and (2) recommendation system development. The support vector
machine was applied to develop a forecast model by using Python in order to predict
the optimum factors for the weather at that time. The sensors were installed both
inside and outside the smart melon farm to collect data for six months. 262,600 records
were used to train and test the model. The results showed that the average of accuracy,
precision, and recall were 91.98%, 89.74%, and 91.10% respectively. PHP was used as
the main programming language to develop the web-based recommendation system.
Its functions consisted of a model building module, a notifying module, a sensor-
displaying module, a greenhouse controlling module, and a user module. The system
testing results and users’ satisfaction towards the developed system was evaluated
through black-box testing and questionnaires. The testing results showed that all
modules performed as intended. The average of its accuracy was up to 85 percent.

Moreover, the average of users’ satisfaction was in the high level (Mean = 4.32, SD =
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0.60). Therefore, the proposed system has performed well to notify and control the

optimum conditions in smart melon farms.
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The objectives of this research were to 1) develop a model to classify severe
thalassemia in infants using a multilayer perceptron neural network, 2) develop a
prototype of a classification system for severe thalassemia in the infants, and 3) study
users’ satisfaction toward the developed system. The research data were collected
from Warinchamrap Hospital’s information system during 2010-2018 consisting of sex,
screening results and hemoglobin type results. Data imbalance was adjusted with the
Resample and SMOTE method. Afterward, the classification models were constructed
using the multilayer perceptron neural network and the multilayer perceptron neural
network combined with the bagging technique. The results showed that the
constructed model using the multilayer perceptron neural network combined with
bagging yielded the highest accuracy which was 94.59 %. The users’ satisfaction towards
the proposed system were collected from four doctors and 20 general users through
questionnaires. The results showed that the average of doctors’ satisfaction was at the
high level (X=3.68, SD=0.49), and the average of general users’ satisfaction was at the
highest level (X=4.56, SD=0.52). The prototype of the severe thalassemia classification
system can be used to support decision making in thalassemia classification at

Warinchamrap Hospital.
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The objective of this research was to design and develop a prototype of data
exchange among field servers. A private wireless network was used to exchange data
between Node and Cloud. The data conversed at the Bridge Node before being sent
to a gateway. If the Bridge Node failed to send the data to the target gateway, the data
would have transferred to other nearby gateways. If any errors occurred with receiving
data through a working gateway when the data encryption for security and data
identification were being used, or when the transfer of data from Node to Bridge Node
was activated, a notification will be displayed on the screen.

From the experimental results of the data exchange between the Node and the
Bridge Node, it showed that the data exchange process would be as follows: First, a
microcontroller and an environment sensor were used as Node. The Node read the
data before it was sent to the Bridge Node via Mac Address. The Bridge Node prepared
the data before it was transferred via LoRa. Reword sentence to: “The size of the data
was minimized and encrypted for security purposes which then composed Payload.
Then, the LoRa broadcasted the Payload to the Gateway. Afterward, the Gateway
analyzed the sizes of the Payload before uploading it to Cloud. The dates were
decrypted and displayed on the screen. The received data was more than 90% of
whole data. Additionally, the data exchange systems could work interchangeably when

the active gateways had some errors. The transferred data could be tracked and
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checked for its Node and stations without any damages. However, if any error did occur,

a notification alert would be displayed on the screen. Therefore, the data exchange

among field servers remained functional even though some errors occurred at the

working gateway.
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This research aimed to develop a prototype of a smart floor for senior citizens.
The smart floor uses sensor technology to measure weight on the floor to identify the
location of the elderly citizen and to notify when irregular events have occurred on
the floor by using the average weight from the sensors in each position. Load cell is
used as a device to get the weight data. The microcontroller called Arduino software
is primarily used to receive and send the data through ESP8266 to the cloud database
by applying the K-Nearest Neighbor method in order to find the nearest position. Four
boards and 16 classes were classified. The tests were divided into two types.
1) The first type consisted of 40 learning data sets, 10 test data sets. The second type
consisted of 30 learning data sets and 20 test data sets. The experimental tests were
conducted to identify the accuracy and precision. The findings found that both the
accuracy and precision was at 100%. The assessment of abnormal weight on the floor
were identified by geraphs which obtained exaggerated weight values. The system
releases sound alarms to nearby areas and displays notifications on the web application
for users. Therefore, it can be concluded that the developed system can be used as a
smart floor prototype for the elderly. The location and position of where unusual
weight exists on the floor can be identified by using weight sensors located at every

position.
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The objectives of this research were to (1) develop a framework of a learning
management system (LMS) to support STEM education, (2) develop the LMS-supported
STEM education by applying Moodle, and (3) study the efficiency of the LMS-supported
STEM education that affected the learning of vocational students in the Computer
Assembling and Software Installation Course. There were three types of users including
administrators, instructors, and students. Experiments were conducted with a sample
group of 27 students who were studying to attain a higher vocational certificate. The
effectiveness of the system, students’ learning gain, students’ learning achievement,
and students’ satisfaction were studied and analyzed. The tools used in the research
were the developed LMS, learning achievement tests, and a satisfaction assessment
form. The statistics used in data analysis were mean, standard deviation, E1/E2,
independent t-test, and growth score. The research results showed that the E1/E2 of
the developed LMS-supported STEM education was 85.82/88.10. The students’ learning
achievement after learning with LMS-supported STEM education was higher than that
before learning at a statistically significant level of .05. The percentage of students who
reached a learning gain at the high and highest level was 66. The average of students’
satisfaction was at the high level (X=4.26, SD=0.69). It could be concluded that the

developed LMS can be used to support learning management with the STEM education.
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The aim of this research is to design and develop a prototype device for
information exchange between vehicles. The data collection consisted of two parts.
The first part involved the transmission of collected data from the sensor device
detected in the vehicles using the on-board diagnostics (OBD). Information was
collected on speed and distance in order to identify the best route using the Open
Shortest Path First (OSPF) Protocol. The second part involved using a vibration sensor.
Using the Global Positioning System (GPS) as a tracking system module helped analyze
the vibration position in order to determine the road surface condition. The data found
were then displayed on a map via a web application.

The results from the black-box testing demonstrated that the developed
prototype device can be used to calculate the cost value of each route. Then, the
Dijkstra's algorithm was employed to identify the shortest path.The device users can
check the position of their vehicles accurately. In addition, they can exchange
information such as the cost value of the routes and vibration among vehicles. This
information can help the users choose the best route where they can drive easily and
save time. The users’ satisfaction surveys were conducted in two groups: the device
users (n=17) and the device administrators (n=14). The survey results revealed that the
users’ satisfaction was at the high level in the user group (mean = 4.35, SD=0.65). Their
satisfaction towards the ability of the device to help them find the best route obtained
highest mean score. Similarly, the satisfaction of the device administrators was at the

high level (mean = 4.25, SD=0.71). Their satisfaction toward the capability of the system
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management obtained the highest mean score. Therefore, it can be concluded that

the developed system can be used as a prototype device for exchanging information

between vehicles and further developed to be a practical application in the future.
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This research aims to perform computer simulations using FLUKA Monte Carlo
simulation to investigate the gamma-ray shielding properties of the xPbO-(50-x)BaO-
50B,05 glass system (where 5 < x < 45 mol%) at the 356, 662, 1173, and 1330 keV
photons (gamma-rays) energies. In order to verify and validate the simulated values,
the obtained results were compared with the XCOM software and the previous
experimental published data. It was found that the relative difference (RD) of the mass
attenuation coefficients values was less than 0.98% for FLUKA and 1.56% for XCOM.
These results agreed well with the experimental data. However, the results from FLUKA
are closer to the experimental data than that of the XCOM. In addition, the results
found that the increment of PbO concentration can improve its gamma-ray shielding

performance.
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This study aimed to investigate radiation shielding properties concerned with mass
attenuation coefficient (u/p, MAC), half value layer (HVL), mean free path (MFP),
effective atomic number (Z) and the electron density (N¢) of lead tellurite glass
systems at the chemical composition of xPbO: (100-x)TeO, (where x = 0, 10, 15, 20,
25 and 30 mol%). The investigation was taken under the photon energy range of

0.015 — 15 MeV by using the PHITS simulation code. The results clearly indicated that

when PbO content in the glass sample increased, the MAC, Z 4 and N values also
increased while the values of HVL and MFP decreased. It could be concluded that the
TePb3 0 g¢lass has better shielding capacity against gamma-rays in comparison to
different conventional shielding materials (i.e. commercial glasses and concretes). The
obtained results were then compared with the theoretical values calculated through a
mixture rule using WinXCom. The results show that the PHITS code has the ability to
examine radiation shielding properties accurately displaying the percentage of
differences less than 2%. Therefore, PHITS code can be a useful alternative technique

to further study radiation parameters of other glasses.
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TITLE . INVESTIGATION OF OPTICAL AND STRUCTURAL PROPERTIES OF
CALCIUM ALUMINOSILICATE GLASSES WITH CO-DOPED SAMARIUM
(III) OXIDE AND EUROPIUM (llI) OXIDE FOR LED APPLICATION

AUTHOR : NATTHAWUT SUEBSING

DEGREE . MASTER OF SCIENCE

MAJOR . PHYSICS

ADVISOR : ASST. PROF. CHERDSAK BOOTJOMCHAI, PH.D.

CO-ADVISOR . ASSOC. PROF. RAEWAT LAOPAIBOON

KEYWORDS : GLASSES, Sm203+Eu203, ULTRASONIC, O/R RATIO

A new glass system based on calcium-alumino-silicate doped Sm,0; and co-doped
Sm,05+Eu,05 as a glass system (60-x-y)SiO, — 2.5AL,0; — 10Ca0 - 17Na,O - 10K,0 -
0.5Sb,03 — xSm,05 — YEU,O5 (where x is 0, 0.1, 0.25, 0.5, 0.75, and 1 mol% respectively,
while y is 0 and 1 mol%) was prepared using melt quenching technique. The
amorphous nature of the glass samples was confirmed using XRD patterns. The
structural property of the glass samples was studied using Fourier transform infrared
spectroscopy. The density of the glass samples was obtained by using Archimedes’s
principle. The measured density was used to calculate the physical properties like
molar volume, ion concentrations, interatomic distance, polaron radius, and field
strength. The elastic properties of the glass samples were studied using ultrasonic
technique. The optical properties of the glass samples such as absorption UV-visibility,
optical band gap, Urbach energy, excitation, and emission were investigated. The results
showed that the increase in Sm,0; contents lead to the increase of density, molar
volume, ion concentrations, field strength, and Urbach energy. In contrast, the
interatomic distance, polaron radius, elastic moduli, and optical band gap decreased.
The glass samples revealed emission at 570, 610, 650, and 725 nm under the excitation
403 nm. The luminescence intensity O/R ratio of the glass samples showed a red shift
colour with an increase in dopants. The CIE 1931 diagram is consistent with the result

of O/R ratio.
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TITLE : DEVELOPMENT OF A RECORDING SYSTEM FOR ELECTROCHEMICAL
SIGNAL FROM VOLTAMMETRY
AUTHOR : WATCHARIN PERMWONG
DEGREE : MASTER OF SCIENCE
MAJOR . PHYSICS
ADVISOR : SOMKID PENCHAREE, Ph.D.
KEYWORDS : ELECTROCHEMICAL ANALYSIS, CYCLIC VOLTAMMETRY

POTENTIOSTAT, MICROCONTROLLER

This study aimed to reduce the production cost of a potentiostat and minimize its
size compared to conventional devices. A STM32 Nucleo32 was used as the main
controller unit to achieve the purpose of the study. Additionally, a smartphone
application in was created to record data, display an experimental signal and control
the parameters of the experiment. It was found that the production cost of the
developed potentiostat and the smartphone application was quite cheap while its size
remained compact. In term of its usage, this device can apply voltage to
electrochemical systems in the range of 2 to 2 VDC with 1 mV resolution. The
measurement of the maximum current can proceed 0.25 mA on its negative side and
0.25 mA on its positive side. The lowest current detected was 2 pA. The developed
potentiostat presented satisfactory results for sensitivity, stability and accuracy and can

be used with a smartphone for real-time measurement.
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ABSTRACT
TITLE : THE USE OF BACTERIOPHAGE AND ANTIBIOTIC FOR INHIBITING
Shigella dysenteriae
AUTHOR . PRAPHATCHARA PORNNIKOM
DEGREE : MASTER OF SCIENCE
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CO ADVISOR : ASST. PROF. PARICHAT PHUMKHACHORN, Ph.D.
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This study aimed to isolate a bacteriophage specific to Shigella dysenteriae in
water samples to characterize some of its properties and to test its inhibitory ability
against S. dysenteriae when applied with ampicillin. The water samples were collected
from Pracharakwetchakan Hospital, Sisaket Province.From the isolation of the
bacteriophage specific to S. dysenteriae from waste water collected from the hospital,
it was found that a lytic bacteriophage, named bacteriophage SD1 was obtained. The
isolated bacteriophage was categorized as a Shigella specific bacteriophage because it
inhibited all of the bacterial species in the genus of Shigella. However, it did not inhibit
other genera of bacteria. The genetic material of the bacteriophage SD1 was double
stranded DNA because it was digested by Pstl. The bacteriophage was studied by a
transmission electron microscope. It was found to be a tailed bacteriophage with a
contractile tail. Based on its genetic material and morphology, the bacteriophage SD1
was classified as @ member of the family Myoviridae. When the bacteriophage SD1 and
ampicillin were used separately to inhibit S. dysenteriae, the minimal inhibitory
concentrations of bacteriophage SD1 and ampicillin were 10% PFU/ml and 31.25 pg/ul,
respectively. However, when they were used together to inhibit S. dysenteriae, the
inhibitory concentrations of the bacteriophage SD1 and ampicillin decreased to 10°
PFU/ml and 15.625 pg/ ul, respectively. The result indicated that the bacteriophage

SD1 and ampicillin were synergistic to inhibit S. Dysenteriae.
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TITLE : INTERACTION BETWEEN AMANITA HEMIBAPHA (BERK. & BR.) SACC.
SUBSP. JAVANICA COR. & BAS. AND LEUCAENA LEUCOCEPHALA
LAM. dE WIT. SEEDLINGS

AUTHOR : NATTHAWAT DUANGSANAM

DEGREE . MASTER OF SCIENCE

MAJOR . BIOLOGICAL SCIENCES

ADVISOR . ASST. PROF. CHARIDA PUKAHUTA, Ph.D.

CO-ADVISORS  : ASST. PROF. UTHAI UNPHIM, Ph.D.
: DR. SURASIT SUTTHIKHAMPA, Ph.D.
KEYWORDS : AMANITA HEMIBAPHA, LEUCAENA LEUCOCEPHALA, SEEDLINGS,
MYCORRHIZAL INFECTION
The interaction between Amanita hemibapha (Berk. & Br.) Sacc. subsp. Javanica
Cor. & Bas. and Leucaena leucocephala Lam. de Wit. seedlings was studied. To observe
the coexistence and the effect of volume of mushroom suspension promoting the
growth of L. leucocephala seedlings, 5, 10, 20 and 30 mL of mushroom suspension
were inoculated into the treatments. The percentage of mycorrhizal infection within 75
days was carried out. The experiment was conducted within 75 days and designed using
a completely randomized design, p < 0.05. The results showed that mycorrhizal
infection was found at 58.80% on day 75 after the inoculation of 20 mL. Mycorrhizal
fungus had the potential to promote the longest root length on day 75 resulting from
20 mL of inoculum. In addition, the highest and widest of the canopies were found on
day 15 resulting from 30 mL of inoculum. However, infectious mycorrhizal fungus was
not effective to the highest of L. leucocephala seedlings compared to the control. In
conclusion, coexistence between A. hemibapha and root of L. leucocephala seedlings

can promote plant health that will support healthy seedlings in restricted areas.
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TITLE : THE DEVELOPMENT OF GRADE 10 STUDENT’S LEARNING
ACHIEVEMENT IN THE TOPIC OF CELLULAR RESPIRATION USING 5E
INQUIRY-BASED HANDS-ON ACTIVITY
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BASED HANDS-ON ACTIVITY

This research aimed to 1) investigate the efficiency (E,/E,) and effectiveness (E.I.)
of the 5E inquiry-based hands-on activity on the topic of cellular respiration, 2) compare
the pre-test and post-learning achievement, and 3) investigate students’ learning
progression. Research methodology comprised of a developed learning activity, an
achievement test and the implementation to the samples consisting of 33 grade-10
students selected by cluster random sampling. Data were collected from the pre- and
post- achievement test which consisted of 36 items of 4 multiple choices test and
worksheets. This activity was 9 hours long and comprised of 5 steps: engagement,
exploration, explanation, elaboration and evaluation. The results showed that 1) the
efficiency and the effectiveness of this activity were 86.88/85.15 and 0.7978,
respectively which were higher than the standard 80/80 and 0.5, respectively, 2) the
students’ post-achievement (86.68) was significantly higher than the students’ pre-
achievement, (p<0.5), and 3) students’ learning progression was 79.78%, categorized at

the high gain level.
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PHYSICS, NORMALIZED GAIN

The purposes of this research were to develop a DIY small scale resonance tube
to enhance students’ conceptual understanding and measure students' satisfaction of
learning resonance of sound by using hands-on activity. The participants of this study
were 35 grade 11 students in a science-math program from Benchama Maharat School
during second semester of the 2019 academic year. The one group pretest - posttest
design was employed in carrying out the study. The research tools consisted of learning
packages of a resonance of sound by using hands-on activity and the students'
satisfaction survey. The data were analyzed into an average percentage, a standard
deviation, a t-test for dependent samples and a normalized gain. The study indicated
that the DIY small scale resonance tube was effective and can be used efficiently in
educational physics. There was a statistically significant mean difference between the
pretest and posttest at the significant level of .05. The class average normalized was in
the medium gain <g> = 0.69, and the students' satisfaction was at the high level. The
learning packages of a resonance of sound by using hands-on activity can be used to

engage students to learn physics from their self-practice.
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TITLE : DEVELOPMENT OF PAPER-BASED EXPERIMENTAL KIT TO ENHANCE
CONCEPTUAL UNDERSTANDING OF ACID-BASE TITRATION
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This study aimed to develop an experimental kit based on the microfluidic paper-
based analytical device (UPAD) which was fabricated by using a wax screen-printing
method. Anthocyanins extracted from Ruellias tuberosa linn flower was used as an
indicator for acid-base titration. The uPAD provides many advantages such as low-cost,
low chemical volume (microliter), easy to use, and portable following the “Green
Chemistry” principles. The developed kit can estimate the end point of acid-base
titration by observing the color change of the indicator. The developed experiment was
implemented to enhance students’ conceptual understanding of acid-base titration.
Twenty-nine grade-12 students were the participants in this study. The data collection
tool was a conceptual test of acid-base titration consisting of 10 two-tier diagnostic
items. The paired samples T-test analysis indicated that the post-test scores (mean
21.93, S.D. 4.27, 73.10%) were significantly higher than the pre-test scores (mean 8.21,
S.D. 4.17, 27.36%) at the significant level of 0.05. After the intervention, the percentages
of students in the good understanding (GU), Partial Understanding (PU), Partial
Understanding with Specific Misconception (PMU), Specific Misconception (MU), No
Understanding (NU) and Non-response (NR) categories were 37.93, 40.00, 11.03, 2.41,
4.83 and 3.79, respectively. The normalized learning gain was 0.63, a medium gain. The
results indicated that the paper-based titration experiment kit can effectively enhance

students’ conceptual understanding of this topic.
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This research aims to 1) investigate the efficiency (E./E,) and effectiveness (E.I.) of
inquiry-based science games on the topic of the organ systems in our body, 2) compare
pre—and post-learning achievement and 3) investigate the progression of student
learning. The research methodology is comprised of developing learning activities and
achievement tests and implementing them to samples consisting of one class of grade-
8 students selected by a random cluster sampling. The data was collected from a pre-
and post—-achievement test which consisted of 42 items of 4-multiple choice tests and
worksheets. This activity was 14 hours long and comprised of 5 steps: learner engaged
in scientifically oriented questions, learner gave priority to evidence in responding to
question, learner formulated explanations from evidence, learner connected
explanations to scientific knowledge, and learner communicated and justified
explanation. The results showed that the efficiencies of this activity were 79.42/81.46
and the effectiveness was 0.7385. The students were able to improve their pre-learning
achievement from a low level (24.89%) to a very good level for the post-learning
achievement (81.46%), (t= 24.28, p= .00). In addition, students’ learning progression
was 73.85, categorized at the high gain level.
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The research aimed to develop an alternative method for the determination of
iron ions in water using a smartphone-assisted colorimetric analysis for high school
chemistry. Iron ions were colorimetric detected by forming complexes with
Anthocyanin extracted from Wild petunias (Ruellia tuberosa L.). Images captured by a
smart phone were used to measure the intensity in RGB (Red, Green, Blue) system by
using ImageJ software and transformed to concentration of iron ions. The result
obtained from the proposed method was in agreement with the result from the UV-
Visible spectrophotometry, a standard technique. The experimental kit was then
implemented via inquiry-based learning to study students’ conceptual understanding
of determination of iron ions in water. The participants were 29 grade-12 students. The
data were collected by a two-tier diagnostic conceptual test (10 items). The t-test for
dependent samples analysis indicated that the students' post-conceptual test score
(mean 22.84, S.D. 5.31) was statistically significantly higher than the pre-conceptual test
score (mean 13.41, S.D. 6.72) at the 95% confidence level. Their normalized learning
gains or <g> was 0.57 (medium gain). In addition, they were very satisfied with the
learning by using this simple experimental kit (Mean = 4.03, S.D. = 1.05). This research
indicated that this intervention was effective to develop students' conceptual

understanding.
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Science-related experimental learning activities were developed to enhance the
understanding of the concepts of electricity and magnetism for primary school
students. The research aims to 1) develop a set of experimental activities about
electricity and magnetism as one approach to learning about science for primary school
students, 2) enhance students’ learning achievement using an inquiry- based method
and 3) study the learning retention rate of the students. The research tools consist of
an experimental activity set, inquiry-based learning management plans, and a pre- and
post-test. The study involved 17 grade-6 students who were studying in the 2019
academic year and were chosen by a purposive selection. The research design was one
group pre- and post-test. Statistics used in this work were percentage, mean, standard
deviation, t-test for dependent samples and a learning retention test. The findings
showed that 1) the E,/E, effectiveness of the experimental set was 88.77/77.94 which
complied with the 75/75 standardized criteria, 2) the average of students’ post-test
achievement scores was higher than that of the pre-test at the statistical significance
of .05, and 3) the retention rate after two weeks was at a high level for those students

learning science by using this inquiry-based method.
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The use of virtual reality (VR) technology is popular in the development of teaching
materials due to its high interaction with students. Students can visualize 3D models in
360-degrees and listen to an audio narration for realism during learning activities which
promotes their understanding limitlessly. Therefore, in this research, the benefit of VR
technology integrated with Team Game Tournament (TGT) approach was employed to
encourage students to have fun and be challenged during classroom activities. The
objectives of this research were to develop students’ computer assembly skills,
investigate students’ learning achievement from learning by using the VR integrated
with TGT and study students’ satisfaction. The research instruments consisted of a
virtual computer laboratory, a lesson plan, pre- and post- tests, questionnaires and
computer assembly skill assessment forms. A total of 21 high school students studying
in the first semester of the 2019 academic year were selected by purposive sampling.
They were members of a computer maintenance club at a high school in Ubon
Ratchathani Province. The one group pre-test and post-test design was employed to
carry out the study. The data were analyzed by mean, standard deviation, dependent
samples t-test, and normalized gain. The results showed that the students obtained
computer assembly skills higher than 70 percent which was the criterion for passing
the skill assessment. The average of post-test score was statistically higher than that of

the pre-test score at the significant level of .05. The average of the normalized gain of



-69-
¢

the class was 0.63 which was at the medium level. The average of students’ satisfaction

toward the VR computer laboratory was 4.34 (SD = 0.60) which was at the high level.
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In the learning of computer network devices and structures for grade-8 students,
insufficient up-to-date instructional media to support students’ learning, traditional
learning activities and a teacher-centered approach were barriers for the learning. Those
may impact students' achievement and class involvement. Therefore, an AR-based
learning package via the STAD learning process to enhance the basic computer network
topology learning was studied and developed. The aims of this study were to 1)
develop an AR-based learning package for learning network topology and 2) investigate
students’ learning achievement on network topology and their satisfaction toward the
developed learning package. By purposive sampling, the samples were 34 grade-8
students from a school in Warinchamrab, Ubon Ratchathani Province who were
studying in the first semester of the 2019 academic year. The one-group pretest-
posttest design was employed in carrying out the study. The treatment tools consisted
of the teaching plan and the 3D Topology application with concrete manipulative board
kit. The data collection tools consisted of pre- and post- tests and questionnaire. The
results revealed that the efficiency (E/E,) of the developed learning management
package was 83.49/71.91 which met the specified criteria (70/70). The Wilcoxon signed
rank test indicated that the post-achievement score was statistically higher than the
pre-achievement score at the significant level of .05. The one-way ANOVA also
indicated that the post-achievement score among these three groups were statistically
different at the significant level of .05. In addition, the result of the normalized gain

analysis showed that 82 percent of the students obtained the gain value (<g>) at the
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medium level. The students in the high achieving group had the highest average

percentage of the learning gain value. The average of the students’ satisfaction toward

the learning package was at the high level.
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Programming skills are important in the time of technological advancement.
It’s been widely used in the development of many systems. Many previous studies
indicated that learning achievements in programming classes were low. According to
the Thai educational policy that focuses on integrated learning management to promote
important skills in living, STEM education has been one of the learning methods supported
by the gsovernment the most. It emphasizes systematic problem solving. Therefore, the
objectives of this research were to 1) develop and evaluate the learning package based
on the principles of the STEM education, 2) enhance programming and problem solving
skills by using the learning package, 3) investigate learning achievements of students,
and 4) investigate the students’ satisfaction toward the learning package. The learning
package consisted of a teaching plan, the traffic model, self-directed worksheets,
exercise worksheets and the Sphero robot. This research was a pretest-posttest control
group experimental research. The samples were 70 grade-10 students from a school in
Warinchamrab, Ubon Ratchathani Province who were studying in the first semester of
the 2018 academic year. By a purposive sampling, they were divided into 35 students
for the experimental group and 35 students for the control group. Learning outcomes
from using the learning package were measured by pre- and post- tests, the rubric-
based skill assessment form, and questionnaire of satisfaction. The data were analyzed

by mean, a standard derivation, the efficiency of learning package, t-test, and ANNOVA.
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The findings indicated the efficiency of the learning package was 82.71/80.29. The learning
progress of the experimental group was at the medium gain (<g> = 0.52), while that of
the control group was at the low gain (<g> = 0.28). The average of programming skills
was 3.77, and problem solving skills was 3.74. It indicated that the students were able
to program and solve the problem along with explaining details. The learning
achievement of the students in the experimental group was statistically higher than
that of the students in the control group at the significant level of .05. The average
score of students’ satisfaction toward the learning package was 4.67 (SD = 0.49). It could
be concluded that the learning package was able to successfully enhance programmming

and problem solving skills of grade-10 students.
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This research aimed to 1) investigate the efficiency (E,/E,) and effectiveness (E.I.)
of the young doctor Inquiry activity on the topic of the organ system in our bodies, 2)
compare the pre-test and post-learning achievement, and 3) investigate students’
learning progression. Research methodology comprised of learning activity plans and
achievement test and the implementation to the samples consisting of 30 grade-8
students of class 2/17 from Yasothonpittayakom School, Muang Yasothon District,
Yasothon Province who were studying in the first semester of the 2019 academic year
and selected by cluster random sampling. Data were collected from the pre- and post-
achievement test which consisted of 35 items of 4 multiple choices test and
worksheets. This activity was 12 periods long and comprised of 5 steps: step 1) student
engages in scientifically oriented questions, step 2) student gives priority to evidence in
responding to question using the hands-on activity, step 3) student formulates
explanations from evidence, step 4) student connects explanations to scientific
knowledge and step 5) student communicates and justifies explanations. The results
showed that 1) the efficiency and the effectiveness of this activity were 83.83/86.76
and 0.7941, 2) the students’ post-achievement was significantly higher than the
students’ pre-achievement, (p<0.5), and 3) students’ learning progression was 79.41%,

categorized at the high gain level.
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This research aimed to investigate students’ achievement and satisfaction on a
hands-on activity based on the science inquiry process on DNA technology and
evaluate the efficiency and effectiveness of the activity. Research methodology
comprised of: 1) developing a learning activity, an achievement test, and a satisfaction
questionnaire, and 2) implementation to the samples consisting of 28 grade-10
students obtained by a purposive selection. Data were collected from a pre- and post-
achievement test. The test consisted of 45 items of 4-choice test, 15 items of five
Likert’s scale satisfaction questionnaire, and work sheets. The learning activity was
conducted 8 times and comprised of 5 steps: 1) Learner Engages in Scientifically
Oriented Questions, 2) Learner Gives Priority to Evidence in Responding to Questions,
3) Learner Formulates Explanations from Evidence, 4) Learner Connects Explanations
to Scientific Knowledge, and 5) Learner Communicates and Justifies Explanations. The
results showed that the students improved their achievement from the low level
(41.59%) for pre-test to the excellent level for post-test (95.00%) which was a
statistically significant increasing (p < .05). This improvement indicated that the
student’s learning progression was 91.50% (<g> = 0.9150), categorized in the high gain
level. Furthermore, the students’ satisfaction was at the satisfied level (4.43 + 0.77).
Finally, the efficiency (E;/E,) and effectiveness (E.I.) of the activity were 92.46/95.00 and
0.9150, respectively.
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This research composes of two parts: science and education for science aspect. It
aimed to isolate yeast strains capable of high ethanol production from Loog Pang Sato
in Ubon Ratchathani (UB), Sisaket (SK) and Surin (SR) Province. The five samples of Loog
Pang from different sources were used for yeast isolation. A total of 22 isolates that
could produce ethanol higher than 6 % (v/v) was obtained in this study. The 22 yeast
isolates were then identified by a comparison of nucleotide sequences, D1/D2 region
of 26S rDNA gene. The result showed that yeast isolated from UB2 and SK1 were similar
to Wickerhamomyces anomalus whereas yeast isolated from SK2 and SR were similar
to Candida tropicalis. Based on sugar assimilation and fermentation examination, W.
anomalus could assimilate and ferment glucose, fructose, maltose and sucrose,
whereas C. tropicalis could assimilate and ferment glucose, galactose, fructose, maltose
and sucrose. The results of ethanol fermentation indicated that the highest ethanol
amount was 6.8 + 0.01 % (v/v) at 36 hours from C. tropicalis isolated from SK2. For the
highest ethanol yield of 0.39 Sethanol/Ssuear Was also obtained at 36 hours. For the
educational aspect, the aim was to develop students’ academic achievement and
satisfaction in cellular respiration using games and hands-on science inquiry-based
activities. The participants were one classroom of grade-10 students. Data were

collected from 1) learning achievement test consisting of 45 items of 4-choices test, 2)
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work sheets and 3) a questionnaire (11 items). The results indicated that the efficiency
(E1/Ey) and effectiveness (E.Il.) of this activity were 83.96/84.21 and 0.7674 + 0.10,
respectively. The students’ learning progression was 76.74 % (<¢> = 0.7674),
categorized in the high gain level. The students improved their pre- learning
achievement from the low level (32.38 + 12.06 %) to the excellent level for the post-
learning achievement (84.21 + 13.74 %) which was a statistically significant increase (p

< .05). The students’ satisfaction toward the learning activity was at a high level (4.39

+ 0.80).



4
UNANED
5o L NIANY I warN1T0NRUUlATIATIURITanBunIduassiiLse
Uffseufeuszgndlinudundsnuiazdsndon
ekl L ASUY Y
Fou3ayan Uy n e dnudin
RN LAl

el = 2 aa = a ¢
9191387USNYY ¢ 509ANENI19138 A5, AT FeanSaee
AENALY . waduavenfindviinddeuliuas, vysudidnasouiiudy, UAse
a U 6 I3 Y} 1 aaa a a a ay
PanTnduraiasuauLouanlyd, Missuiseviatnialavlaaiiy,

6 = I3
AsuauIauulusaululesa

AUADINITAUNEINUTLLLINTUAINANLRUTRY0IUTEYINT Waseuaulngitsld
JULNNLABINFINUA A sanawnule Wi anuiiu dndunsie deiufu whaledy wag

[
1A

wAEsIINYIA nslturasnasuanivinliialyidwindousiudsiigiie uaznis
UanUaezvesdsdadunaiiv uenantfuisidestunsifiadsingnisalifounszan dunse
ANMINIANWABULURY ATUNEINUTYLIEY NEIUAN NIRRT NENTULEIDTNE
waznasudinm lasuaruauladuegrsunnlunaisseiiniug MunaIumnaIndeu
NALNY NaNULaITindnsaduaserindslnddenluanduniundanunaunuilasu
anuaula uwargnieruanideiduasusndediuss@nsaingelud 1991 lng O’Regan way
Gratzel Lwaauasenfindvilnddaulinassiaignuazarunsandnladigiliaisuiuieag
a ¢ a aa V) =~ y a ¢ & Y 5 <
waso1findviinddneu deunisidsundsusaseniadidundanuliilaeldivas
A 6 a awy I ' 9 = v vy a I a e
wavofindvlinddoulinanduwramdinunaunuialasuauaula Snialiunaundnw
::4' % A ¢ a ay ] 1 .:4' 9 =
Newaduaseindyiinddeulinaiuinnia 1,000 unaind Tugieanissen 20 uwazdinad
nsAnwaufstagiu
a =4 o v v a N 6o 9 = 9 a ¢ &
a138un3dgnihanliiluansddenlinaduniddmivnmswasundenuiaseindidu
wasulihlaegrefivsganinmmslummguiuaznismeass MsAwINIRATAIoURLQN

a

T JuiugiunmguidmsuAnuilasadne audfnididnnsetindvesianduns

q

g uazdl
anunsneenkuuganuatefindylinddoulinas nsA1ulandangulaiuisausuuss

UszanSnnvaawaduwasanindvinddeulnasliilussansnninnsey



-87-
¢

a

nMs@nwidmguiiifetesnnuduiussenindassaiauasauandivesarsddosls
wasluwaduasenindvinddoulinas viliausaiauliegemnsuazUszndnaldang
wnniAsRad fdumsinudenisdungnlfifueiesdiefnvuazesnuuuddenluas
founNsdATIEn MImuinmeseilouIsnireuiivnesanunsadiglunsfnynuidowas
Anwieenuuuddeuliuas

Tusudeilldanuiiaunddousia N-annulated perylene wag isoindigo InguTuuse
lassas1snazauandinIswasvesansddondunsieilaenisAuinniuseidouisnig
Aaumes LU LERTerTuTa (Density Functional Theory, DFT) Lﬁ@ﬂ%’uﬂqaﬂizﬁw%mw
nsaneloudidnaseunasysulssliansddenlifiadosnnluszezen nans@nyimiangud
nsfummuinlassairsluanadildifuduneunsniiuuusinuauifnisgandunas 19
lassadeiidussavsamdmiunsdaangilunsvaaes

dmdunszvaumsfidnaifuouneuenledludsndenlfunisutdunufigg
UfAsemsiineendiatuvesaiveuseuenludifieaiisluianansueulasenloduunisie
A1suauezmaNuulusaululnsd nMsAwamessideuianereuiumesgniiunldninaln
ﬂmﬁmﬂgjﬁ%mﬁmmmLﬁmsﬁu%’ﬁm%’uUﬁﬁ%maaﬂ%m%’maqm%vaumauaﬂlqjﬁwmiﬁa
adusuezneuuulusaululasd nalnmaiAnufAzefeadestunisiineendindilagnsaves
mfvsuneuanlediiieatrslinananfusulaoenledlasnsgaduluianasendiou wuuiiaos
nseATURBYARNUUALTUIaslulasuLas L adlusouasnanvasluseululase
Qﬂﬁ%ﬂqﬁu HAN1SANYINUIINISIIDASUB UL RBN LU WLIBdluTOURERaNd S UU RSN
ponfinduresnfusuNeusnledindsnuiis Suililuananiueulneonledannsangs
sonnituiavedtuseululasdliine

uenandmnsdsjutuAnyndinuazein nalnvesujisenisuanlelasiaulagld
IniAalaveaftudusissufAsoiildvgunuiivuaunudfiunndeiufianig Singlet uay

dn11z Triplet LazQNATIVADUAILAITAIUIUAIBTZLTBUITNIIABNNILADS NITATUIN

Y

¥ '
a a

WAL UANGNURILABITDIAY Minimum energy crossing point (MEICP) 581171980178
Singlet agdn1Ie Triplet z%’m%’uwyjt,muﬁuuuu%l,t,ﬂuﬁ tert-butyl ey methyl Lanins
U 6

AnuAsensusAuian1ie Singlet wazUfisengavnevenaniueinaniig Triplet luana

lalasiauanunsavaneenaNNURIved s U Ase A ndsanuii



-88-

I
ABSTRACT

TITLE : THEORETICAL INVESTIGATION AND MOLECULAR DESIGN OF
ORGANIC MATERIALS AND CATALYSTS: ENERGY AND ENVIRONMENT
FOCUS

AUTHOR . SARINYA HADSADEE

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR . CHEMISTRY

ADVISOR : ASSOC. PROF. SIRIPORN JUNGSUTTIWONG, Ph.D.

KEYWORDS - DYE-SENSITIZED SOLAR CELL, AUXILIARY ACCEPTOR, CARBON

DOPED BORON NITRIDE, Ni DIPHOSPHENE CATALYST,
CO OXIDATION REACTION

Energy demand increases with population growth. Most of the energy we use
comes from nonrenewable sources: coal, oil shale, oil sand, crude oil, gasoline, and
natural gas. Usage of these resources raises environmental issues such as toxic gas,
waste emissions, and aquatic pollution. Moreover, it causes other environmental
problems such as greenhouse gas emissions, acid rain, and climate change.
Consequently, renewable energy sources such as wind, water, sunlight, seothermal,
and biomass have received much attention in the recent decades. Among the
alternative renewable energy sources, solar energy collection via Dye Sensitized Solar
Cells (DSSC) has been extensively researched. The first report of high-efficiency DSSCs
was conducted by O’Regan and Gratzel in 1991. DSSC manufacture is a relatively low-
cost and facile process compared to the production of silicon-based solar cells. Thus,
the conversion of sunlight to electricity using DSSCs is a promising source for affordable
renewable energy. There are numerous reports of DSSC-based research, with more than
1000 articles published by the end of the 20th century, and investigations still in
operation today.

Metal-free oreanic-dye-based sensitizers with high sunlight to electricity conversion
efficiencies are an active area of experimental and theoretical research. The quantum

chemical calculations were applied to provide a theoretical basis for the determination
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of the geometric and electronic structures of sensitizer materials, and to establish
guidelines for the design of efficient DSSC sensitizers. Computational calculations are
capable of improving DSSC efficiency. Therefore, this approach has the potential to
improve the existing DSSC performance.

Theoretical studies on the relationships among structures, properties and
performances of dye sensitizers offer shorter development times and significantly lower
costs than that of the traditional synthetic approaches. Calculations are employed as
tools to design, study, and screen dye-sensitizer candidates before the synthesis.
Accurate first-principle density functional calculations using supercomputing facilities
are available to apply to the research and help design new dye sensitizers.

This research aims to develop new dye-sensitizers, N-annulated perylene and
isoindigo derivatives by modification and tuning of the photo-physical-properties of
existing synthetic dyes using the density functional theory (DFT) method. As a result,
their photo-induced intramolecular-charge transfer efficiency and the long-term
stability of the dye sensitizer were improved. The successful outcomes of the
theoretical calculations during the screening stage of candidate molecules constituted
the first step of improvement for the light-absorption properties, and then provided
novel and effective targets for the experimental synthesis.

Alternatively, in terms of environment, the removal process of CO was focused in
order to study the catalyst of catalytic oxidation of CO into CO, on C-doped boron
nitride nanosheets (BN). DFT methods were investigated to determine a possible
reaction mechanism for oxidation of CO on C-doped BN. The proposed mechanism
involved direct oxidation of CO to form CO, by surface adsorbed O,. Carbon doping of
BN by replacement of a nitrogen atom. A boron atom was modeled. The results found
that the energy barriers for carbon doping of BN by replacement of a boron atom are
lower than that for CO oxidation reaction. Additionally, the CO, product was easily
desorbed from the C-doped BN substrate.

Furthermore, the study focused on clean energy. The mechanism of H, production
reactions using homogeneous Ni diphosphene catalyzed with different substituent
groups of ligand complexes on the singlet and triplet states were investigated using

DFT calculations. A potential energy pathway that involved the minimum-energy
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intersystem crossing point (MEICP) between the singlet and triplet states was
calculated. The substituent groups of ligand with tert-butyl and methyl displayed the
initial reaction on the singlet state and provided the final reaction of the product during
the triplet state. Hydrogen molecules were formed and cleaved with the lowest

amount of energy.
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In this work, hybrid ultraviolet (UV) detectors were fabricated based on two-
dimensional titania nanotubes which were coated with carboxylic acid-rich graphene
quantum dots (CGQDs). Titania nanotubes (TNTs) were synthesized by a simple
electrochemical process. The CGQDs were synthesized by the liquid-phase extraction
technique and characterized by TEM in order to image a lattice arrangement. Their
predominant properties were studied using XPS, FTIR, Raman, PL and UV-vis. For the
structure and morphology of TNTs coated with CGQDs, its surface morphology was
characterized by SEM while its chemical constitution was characterized by XPS. The
hybrid UV detectors were fabricated by depositing Au metal onto TNTs surface. To
improve the efficiency of the UV detectors, CGQDs were repeatedly coated on TNTs
surface. Two electronic probes were employed to measure the electronic properties
under the UV light radiation of 365 nm. The photocurrent density peaks increased when
the numbers of coatings increased. The external quantum efficiency and spectral
responsivity (R,) were calculated from the illuminated time-dependent photocurrent
density peaks. The spectral responsivity value (R;) of CGQDs/TNTs of 15 coatings
showed the highest value of 95.5mA/W which is correspondent to the external

quantum efficiency (EQE) of 0.325.



