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THEORETICAL INVESTIGATION OF THE DEVELOPMENT
OF FUNCTIONAL ORGANIC MATERIALS AND
APPLICATION

Rattnawalee rattanawan
Doctor of Philosophy Program in Chemistry
Faculty of Science

Thesis Advisor: Assoc. Prof. Dr. Siriporn Jungsuttiwong, Ph.D.

ABSTRACT

This work investicated a series of new organic emitting
materials based on carbazole-triphenylamine and napthalimide
derivative. The structural, energy level, absorption and emission
properties were calculated by using density functional theory
(DFT) and the time-dependent density functional theory (TDDFT)
method with B3LYP/6-31G(d,p) as implemented in Gaussian 09.
The TDDFT calculated results revealed that the energy gaps
decreased when the strong electron withdrawing group were
incorporated resulting in red-shifted of absorption and emission
wavelengths. The calculated ionization potential (IP) revealed that
target molecules can provide the efficient hole-generating

molecules. The results showed that the molecules can be used
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as multifunctional properties as the hole-transporting and emitting
materials for application in organic light-emitting diode (OLED)
devices. The conformations, electronic and optical properties of
porphyrin and coumarin dyes by using quantum chemistry with
the same level of theory for the calculation of organic emitting
material were also studied. The ground state structures, the intra-
molecular charge transfer (ICT) properties, and the excitation
energy were calculated, and the effects of different donors,
different linkers, and different acceptors were included in this
research. The calculated results showed that the ICT character
involved primarily the promotion of an electron from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMOs). The results were compared with the
experimental data and were found to be in agreement.
The modification of organic dye by using a different linker can
improve the light harvesting ability. The DFT and TDDFT
calculations can provide the structural properties and excitation
energy of organic materials for the design of novel organic

sensitizers for dye-sensitized solar cell (DSC) applications.
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DEVELOPMENT OF A BIOSENSOR FOR THE
DETERMINATION OF AMMONIUM ION IN
CONCENTRATED LATEX SAMPLES

Preeyanut Butmee
Master of Science Program in Chemistry
Faculty of Science

Thesis Advisor: Asst. Prof. Anchalee Samphao, Ph.D.

ABSTRACT

In this research, an ammonium ion biosensor was developed
by using working electrodes modified with core shell Fe;O,@Au
nanoparticles and alanine dehydrogenase enzyme (AlaDH) for the
determination of ammonium ions in concentrated latex samples.
The core shell Fe;O4@Au nanoparticles were synthesized by
deposition of Au seeds decorated on magnetic core Fe;Oq4
nanoparticles. The amperometric technique was studied in terms
of optimal conditions and analytical performances which were
used for two systems (batch and flow analysis system).
The amperometric technique based on batch analysis was
investigated. The carbon paste electrode was modified with

Fe;O4@Au and AlaDH enzyme as the working electrode.



The biosensor based on the batch system in terms of a linear
response range of 0.04-0.22 % by mass, sensitivity of 3.6 pA per
%.cm?, a detection limit of 0.01% by mass and a quantification
limit of 0.05 % by mass was experimentally evaluated.
The repeatability (n=3) of 3.1%RSD and reproducibility (n=3) of
4.1%RSD were also validated. The amperometric technique based
on flow injection analysis (FIA) was also carried out. The screen
printed carbon electrode was modified with Fe;O0,@Au and AlaDH
enzyme as the working electrode. The biosensor based on the FIA
system in terms of a linear response range of 0.01-0.50% by mass,
sensitivity of 35.7 pA per %.cm?, a detection limit of 0.001% by
mass, and a quantification limit of 0.01% by mass was
experimentally evaluated. The repeatability (n=10) of 2.6%RSD
and reproducibility (n=3) of 3.0%RSD was also validated.
Additionally, the biosensors for the ammonium ion determination
in concentrated latex samples were proposed. The ammonium
ion concentrations of 0.60 + 0.02 and 0.61 + 0.02% by mass were
determined by biosensors based on batch and FIA system
respectively, and compared with the results from the titration
method (0.63 + 0.02), colorimetric method (0.62 + 0.02), and
potentiometric method (0.58 + 0.02). The compared methods

indicated that the t-test values showed no significant difference
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at the 95% confidence level. Therefore, the ammonium ion
biosensor based on batch and FIA system can be proposed for
ammonium ion determination in concentrated latex and other

real samples.
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MODIFICATION OF A GLASSY CARBON ELECTRODE
USING NICKEL-MAGNETITE NANOPARTICLES FOR THE
DEVELOPMENT OF A GLUCOSE AND SULFITE CHEMICAL
SENSOR IN FOOD APPLICATIONS

Nongyao Nontawong
Master of Science Program in Chemistry
Faculty of Science

Thesis Advisor: Asst. Prof. Maliwan Amatongchai, Ph.D.

ABSTRACT

This thesis investigated the development of a highly sensitive
and selective chemical sensor for the determination of glucose
and sulfite via an electrochemical method. This development
was based on modified glassy carbon electrodes with magnetite
(FesO4) and nickel nanoparticle-decorated carbon nanotubes
(Fe304-CNTs-NiNPs). Fe;O4 nanoparticles were in-situ loaded on
the surface of carboxylated multi-walled carbon nanotubes
(CNTs-COOH) by a chemical co-precipitation procedure. Nickel
nanoparticles (NiNPs) were prepared through reducing nickel
chloride by hydrazine hydrate and then decorated on Fe;O,-CNTs

using ultra-sonication. A chemical sensor was fabricated using



glassy carbon (GC) coated with Fe;04-CNTs-NiNPs composite film.
This developed chemical sensor ( Fe;O4-CNTs-NiNPs/GC) was
applied and investigation was made of the electrochemical
oxidation in two parts; (i) electrochemical oxidation of glucose,
and (ii) electrochemical oxidation of sulfite. The electrochemical
detection was investigated using Ag/A¢Cl and Pt wire as reference
and counter electrode respectively. The glucose chemical sensor
was developed based on the electrochemical oxidation of
glucose using amperometry on the modified electrode (Fe;Oq4-
CNTs-NiNPs/GC) in a supporting electrolyte of 0.1 M solution
sodium hydroxide (pH 13.0). Results indicated that the Fe;O,-
CNTs-NiNPs/GC electrode exhibited excellent performance in the
electrochemical oxidation of glucose at an applied potential of
+0.55 V (vs. Ag/AgCl). The developed electrode provided a linear
dynamic range for glucose from 10 uM to 1.8 mM (r* = 0.998) with
the sensitivity of 335.25 upA mM; and a low detection limit of
6.7 UM (S/N = 3). The developed sensor provided good precision
(9%RSD = 4.18) and was estimated from six amperometric
measurements of 0.5 mM glucose. In addition, the fabricated
sensor was successfully applied to determine glucose in honey
and energy drinks with good results. The development of a sulfite

chemical sensor using the modified electrode ( Fe;04-CNTs-

O,



NiNPs/GC) was also applied for determination of sulfite (SO5).
Quantitative analysis of sulfite was studied at the modified
electrode using linear sweep voltammetry in 0.1 M phosphate
buffer pH 7.0 as supporting electrolyte. The oxidation of sulfite
was found at +0.38 V. The sulfite oxidation currents varied linearly
with the concentration of sulfite from 0.1-10 mM (r* = 0.995) with
the sensitivity of 12.748 yAmM™. The limit of detection was
28 UM (S/N=3). The application of this developed sensor in wine,
pickled mustard green, and garlic was also completed
successfully. The storage stability of Fe;04-CNTs-NiNPs/GC can be
up to 3 weeks at room temperature. Furthermore, the
development of the chemical sensor was highly sensitive and

simple to prepare, and had acceptable selectivity and low cost.
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CATALYTIC REDUCTION MECHANISM OF NITROGEN
OXIDE BY CARBON MONOXIDE ON THE Ag;Aug
CLUSTER

Yutthana Wongnongwa
Master of Science Program in Chemistry
Faculty of Science

Thesis Advisor: Assoc. Prof. Siriporn Jungsuttiwong, Ph.D.

ABSTRACT

The potential of the Ag;Augs alloy nano-cluster to be a
catalyst for the reduction of nitrogen oxide (NO) by carbon
monoxide (CO) was examined by density functional theory
calculations. This reaction was mainly divided into two reaction
stages, NO de-oxygenation to generate nitrogen monoxide (N,O)
and then the de-oxygenation of N,O with CO to form nitrogen (N,)
and carbon dioxide (CO,). Finally, the products N, and CO,
desorbed easily from the active Ag;Aug site, thus avoiding catalyst
poisoning. The potential energy surfaces of the doublet- and
quartet-states were systematically elucidated. There was no spin
crossing found for the entire reaction and the results showed that

the reaction preferably followed the doublet state pathway.
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The main reaction pathways took place on the facet site rather
than the edge site of the Ag;Aug cluster. The crucial reaction step
dealt with the NO de-oxygenation to generate N,O catalysed by
the Ag;Aug cluster, in which the de-oxygenation of NO by CO
reaction pathway was kinetically more preferable than that in the
absence of CO. The results revealed that this catalysed reaction
was both thermodynamically and kinetically favourable.
Therefore, it was predicted that the Ag;Aug nano-cluster is a
promising and highly active catalyst for the conversion of CO and

NO pollutants to non-harmful products under ambient conditions.
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ABSTRACT

Computer-aided molecular design approaches are useful toos
in the discovery and optimization of novel drug targets due to their
quick speed and high efficiency. In this study computer-aided
molecular design, including ligand-based drug design and structure-
based drug design approaches, were applied to understand the
molecular basis in the development of novel and more potent anti-
tuberculosis agents. Decaprenytphosphoryl—B—d—ribose 2'-epimerase
(DprEl) and Serine/Threonine protein kinases B (PknB) inhibitors as
anti-tuberculosis agents were selected for investigation. The first
inhibitor, 4-aminoquinolone piperidine amide derivatives (AQs), were
developed as non-covalent inhibitors. To gain the structural basis to

improve the biological activity of DprE1 inhibitors, three dimensional



quantitative structure activity relationship (3D-QSAR), molecular
docking calculations, and molecular dynamic (MD) simulations were
applied to elucidate the important information. The results from 3D-
QSAR molecular docking calculations and MD simulations provided
beneficial information at molecular levels and guidelines for the
design of new and more potent DprEl inhibitors. The second
inhibitor was PknB. This is an essential enzyme for mycobacterium
tuberculosis growth and was identified as a promising target.
Molecular docking calculation and MD simulations were used to
elucidate the binding mode, crucial interaction, and binding energy
of PknB inhibitors for the rational design of more potent PknB
inhibitors.  The integrated results from molecular docking
calculations and MD simulations provided key structural features
and beneficial guidelines for the design of new and more potent
PknB inhibitors. Consequently, the results from the structure-based
and ligand-based design approaches can provide structural
information at the molecular level which is a guideline for the design

of effective anti-tuberculosis agents of high potentiality.
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