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INVESTIGATION OF OPTICAL AND STRUCTURAL PROPERTIES OF
CALCIUM ALUMINOSILICATE GLASSES WITH CO-DOPED SAMARIUM (liI)

OXIDE AND EUROPIUM (llI) OXIDE FOR LED APPLICATION
Natthawut Suebsing

Master of Science Program in Physics

Advisors: Assoc. Prof. Cherdsak Bootjomchal, Ph.D.,

Assoc. Prof. Raewat Laopaiboon

ABSTRACT

A new glass system based on calcium-alumino-silicate doped Sm,05; and co-doped
Sm,03+Eu,05 as a glass system (60-x-y)SiO, — 2.5A,0; — 10Ca0 - 17Na,O — 10K,0 -
0.55b,05 — xSm,05 — YEU,05 (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
increasing in Sm, 05 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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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

Warinporn chungchai
Master of Science Program in Chemistry

Advisors: Assoc. Prof. Maliwan amatongchai, Ph.D.

ABSTRACT

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 graphene quantum dot capped with gold nanoparticles
(GQDs-AuNPs) as reporter. AuNPs were synthesized using GQDs as a reducing agent and
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 GQDs-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
(i) three-dimensional microfluidic paper-based analytical device (3D-uPAD) detected by
image captured by digital camera compiled to Imagel 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
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-1, 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 ug mL-1, with a linear correlation coefficient

(r2) of 0.996. The limit of detection (LOD) calculated based on [3 S.D.)/slope is 0.046 pg
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mL-1. The simple colorimetric method provides good precision (%RSD = 0.03) for
chlorpyrifos detection with ten replicates.

Three-dimensional microfluidic paper-based analytical device (3D-uPAD) is an
alternative technology for development of affordable, portable, disposable and low-cost
diagnostic tools. The 3D-uPAD was fabricated by one-step polymer-screen-printing, using
rubber latex (RL) waste as a hydrophobic reagent for 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, (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-uPAD using image captured by digital camera coupled by Image) software. The assay
provided a linear range between 0.001 to 1.0 pg mL-1, with a detection limit of 0.0007
pg mL-1, without sophisticated instrumentation. The developed 3D-puPAD was applied to
detect chlorpyrifos in vegetable samples. 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 comparison 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

might be useful for on-site applications.
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THEORETICAL STUDY OF SULFUR-CONTAINING COMPOUNDS
ADSORPTION ON TRANSITION METALS (V, Ni, Co, Fe) DOPED NbS,
SURFACE FOR HYDRODESULFURIZATION (HDS) REACTION

Suparada kamchompoo
Master of Science Program in Chemistry

Advisor: Prof. Siriporn jungsuttiwong, Ph.D.

ABSTRACT

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 (CgHeS), 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 CgH¢S preferred to adsorb on the metal edge
sites (M-edge) of V doped NbS, (V/NbS,) surface with adsorption energies (E,q4s) 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) surface exhibits the lowest
adsorption energy (E.g). 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 £,y and most stable. The adsorption data in this study will
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be substantially beneficial for the improvement of hydrodeoxygenation reaction

mechanism.
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MECHANISM OF ACTION OF ACTIVE CONSTITUENTS OF DERRIS INDICA
ON PROLIFERATION, MIGRATION AND INVASION OF HEPATOCELLULAR
CARCINOMA CELLS

Kanlaya Sangchawee

Master of Science Program in Biopharmaceutical Sciences
Advisors: Asst. Prof. Pornthip Waiwut, Ph.D.,

Asst. Prof. Chantana Boonyarat, Ph.D.

ABSTRACT

The incidence rate of hepatocellular carcinoma (HCC) remains high in numerous
countries, especially in Thailand. Many drugs have been used for treatment of HCC.
However, side effects from the drug usage and the resistance of cancer cells during the
treatment remain as problems in HCC treatment. Currently, traditional medicine has
been widely used as one of the alternative treatments to cancer therapy. Furthermore,
Derris indica (Lamk) Bennet is a Thai traditional herb that is widely found in the southern
part of Thailand. The herb is usually used as a traditional medicine for treatment of
abdominal tumors and other diseases. This study aimed to 1) study the effect of
Candidone, an constituent of Derris indica, on its inhibitory activity on the proliferation
of hepatocellular carcinoma (HepG2), and 2) study the inhibitory activity on the cell
migration and cell invasion of hepatocellular carcinoma. Candidone was used to study
the cell proliferation in the HCC cell line by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, a tetrazole) assay. Next, the phase contrast microscope
for morphology changed was investigated by cell apoptosis. Additionally, the Western
blot was used in order to study the protein expression upon treatment with candidone
and Transwell migration, as well as invasion assay to study the cell migration and invasion
of the cancer cell, respectively. This study suggested that candidone was a potential in
cell proliferation against HepG2 cells at the inhibitory concentration of 100 uM at 24 hrs.
Apoptotic cells followed by treatment with candidone and untreated cells in phase
contrast showed the morphology reeked apoptosis changed including detachment, cell
shrinkage, and cell death in the candidone treated cell. Candidone promoted cell death

by induced apoptosis, through activation of cleaved caspase-3, caspase-9 and JNK1/2.
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In addition, the treatment of candidone resulted in the down regulation of antiapoptotic
proteins, including pp65, pp38, Bcl-2, Bcl-xL, Mcl-1, survivin. and PARP-1. Moreover, the
candidone expression experience down regulation of inhibition migration and invasion
protein  matrix metalloproteinase-9 (MMP-9) and protein phosphor-p38 mitogen-
activated protein kinases (pp38) in HepG2 cells at the inhibitory concentration of 1, 10
MM at 24 hrs. In the present study, the anticancer activity of candidone was
demonstrated to affect the cell proliferation, migration, and invasion of HepG2 cells via
an apoptotic pathway. The expression in these proteins provides a better understanding
of the mechanism of action in candidone, which may be a promising anticancer agent

for the treatment of patients with HCC in the future.
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DEVELOPMENT OF CARBON COMPOSITE NANOMATERIALS-BASED
SENSORS AND BIOSENSORS FOR FOOD, ENVIRONMENTAL, AND
CLINICAL APPLICATIONS

Preeyanut butee

Doctor of Philosophy Program in Chemistry
Advisors: Assoc. Prof. Anchalee Samphao, Ph.D.

ABSTRACT

For this thesis, two sensors and two biosensors were designed based on carbon
composite nanomaterials using electrochemical methods and surface enhanced Raman
spectroscopy as detection methods for food, environmental, and clinical applications.

In the first section, an electrochemical sensor for food applications was fabricated
based on a glassy carbon paste electrode (GCPE) modified with graphene nanoplatelets
(GNP) functionalized with ionic liquid (IL). The sensor was applied for the detection of
bisphenol A (BPA) and performed by differential pulse voltammetry (DPV). Under
optimum conditions, the proposed sensor exhibited a linear range for BPA determination
from 0.02-5.0 puM with a detection limit (LOD) of 6.4 nM. The GCPE/GNP-IL sensor was
successfully applied to the determination of BPA in drinking water and plastic drinking
water bottles. The results demonstrated a high degree of accuracy and are in agreement
with high-performance liquid chromatography (HPLC).

In the second section, an electrochemical biosensor for clinical applications was
designed based on CEA antibody (anti-CEA) anchored with core shell Fe;O,@Au
nanoparticles which were immobilized on a screen-printed carbon electrode (SPCE)
modified with manganese dioxide laid out on graphene nanoplatelets (GNP-MnO2).
A biosensor was applied for label-free detection of carcinoembryonic antigens (CEA),
which was monitored by linear sweep voltammetry (LSV) and electrochemical
impedance spectroscopy (EIS). The difference in signal response owing to redox reactions
of Fe(CN)63-/4- before and after a direct binding of CEA to a fixed amount of anti-CEA
on the electrode surface was regarded as the biosensor response corresponding directly
to the CEA concentration. Under optimized conditions, the biosensor exhibited a linear

range of 0.001-100 ng/mL with the LOD of 0.10 pg/mL (LSV) and 0.30 pg/mL (EIS).
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The applicability of the biosensor was verified by determination of CEA in human serums
compared to electrochemiluminescence immunoassay.

In the third section, an electrochemical biosensor for environmental applications
was constructed based on SPCE modified with reduced graphene oxide (rGO) and silver
nanoparticles (AgNPs). The biosensor was applied for indirect detection of glyphosate
herbicide, which relied on the inhibition of acid phosphatase enzymes (ACP) immobilized
on the SPCE/rGO-AgNPs surface. In the presence of glyphosate, the current signal was
decreased, owing to the enzymatic reaction of ACP to its substrate. The signal was
measured by chronoamperometry and quantitative measurements proportional to the
glyphosate concentration. The biosensor exhibited two linear ranges from 0.05 to 0.5
me/L and 0.5 to 22.0 mg/L, and the LOD of 16 pg/L were obtained. The proposed
biosensor was successfully applied for the determination of glyphosate in water and soil
samples, and the results were in full accordance with the HPLC method.

In the last section, the analytical method for detection of glyphosate in
environmental samples was also designed based on surface-enhanced Raman
spectroscopy (SERS). A vertical heterostructure composed of titanium dioxide nanotube
arrays (TiO2 NTs), AgNPs and rGO was constructed and served as a SERS-based sensor.
Under optimum conditions, the TiO2 NTs/AgNPs-rGO surface exhibited high SERS activity,
which provided analytical enhancement factors (AEF) as high as 7.1x108. The modified
SERS sensor was successfully applied to glyphosate detection ranging from 0.1 to 100
me/L and the LOD as 0.05 mg/L. The practical applications of glyphosate determination
in environmental waters and soils were investigated and the results are in great accord
with those obtained by the HPLC method.

The research is successful in developing sensors and biosensors. The sensors and
biosensors developed are analytical devices employed as low-cost platforms for simple
use and rapid detection. In addition, the new knowledge obtained will increase not only

in the research field but also for commercial use in the future.
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FEASIBILITY STUDY OF NOVEL BIOACTIVE GLASS PREPARED FROM
BAGASSE AND CASSAVA RHIZOME FOR BONE TISSUE ENGINEERING
APPLICATIONS

Poonnaphob Sopapan
Doctor of Philosophy Program in Physics
Advisors: Assoc. Prof. Raewat Laopaiboon,

Assoc. Prof. Jintana Laopaiboon

ABSTRACT

Bioactive glass prepared from bagasse and cassava rhizome exhibits interesting
properties in addition to low cost and being environmentally friendly. Two glass series
based on B,0;-P,0s—Na,0-CaO-BG and B,0;-P,0s-Na,0-CaO-CR, where BG is bagasse
and CR is cassava rhizome, were fabricated by a melt quenching technique. A feasibility
study was undertaken using bagasse and cassava rhizome as novel bioactive glass and
results were evaluated physically, mechanically, structurally, morphologically and in
terms of degradation properties. The densities of the prepared glasses were measured
and calculated based on, respectively, Archimedes’ principle and additive rule, and
results were studied and compared. The ultrasonic velocities of the glass samples with
different mix proportions of bagasse and cassava rhizome were measured based on a
pressure-controlled ultrasonic technique at the frequency of 4 MHz through normal and
angle probes. The elastic moduli, Poisson's ratio and microhardness were calculated from
an acoustic velocity and a density data of the glass samples. Vickers hardness tester was
also applied to determine the microhardness of the glass using the applied load of 0.98
N. A set of the novel glasses for bone tissue engineering was tested in vitro bioactivity
before and after immersion in the simulated body fluid (SBF) solution during exposure
at 37 °C for 1, 7 and 14 days. The structural and morphological changes including bone
bonding ability were assessed by performing XRD, FTIR and SEM measurements.
Thedegradation behavior of the glass samples and pH change of SBF solution were also
considered in this work. The results found that the addition of bagasse and cassava
rhizome leads to an increase of the densities, ultrasonic wave velocities, elastic moduli

and microhardness values in all prepared glasses. The values of microhardness obtained
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from both techniques were compared and a good correlation was observed. The results
of the weight loss and pH value of the solution increased with longer time periods. The
addition of bagasse and cassava rhizome into the glasses leads to a decrease of the
dissolution rate. Before soaking in the SBF solution, XRD data was observed to confirm
the amorphous nature of the glasses while FTIR spectra supported the internal structural
units of the prepared glass, corresponding to main borate groups. Additionally, the
surface morphology before immersion showed a flat surface with deep grooves. After
immersion, the XRD patterns illustrated some peaks corresponding to calcium phosphate
phases in the form of brushite and hydroxyapatite. Likewise, the FTIR spectra about 550-
610 cm™ and 980-1060 cm™! indicated the P-O bonds related to the calcium phosphate
layer formation. Moreover, the SEM images showed the agglomeration of many small
rounded particles on the glass surface, indicating the formation of calcium phosphate
layers. These XRD, FTIR and SEM results confirmed the formation of hydroxyapatite or

bone bonding ability on glass surface after immersion in the SBF solution.
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