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Pesticides are commonly employed in modern agriculture to improve crop yield,
and these could potentially to pollute the environment and endanger human life.
Hence, developing a highly sensitive sensing element for pesticide detection is
important for food safety and environmental protection. The development of
polymer nanomaterials-based optical sensor for monitoring pesticides has
attracted great attention in recent years. Aside from the novelty of material, the
effectiveness and efficiency of materials as sensing layers also should be
highlighted. Therefore, the aim of this research is to incorporate graphene
nanomaterials and synthetic polymer materials in enhancing the detection
properties towards carbaryl based surface plasmon resonance sensor. Herein
two different sensing layers based thin film presented, i.e., graphene oxide-
polyvinyl alcohol (GO-PVA) and graphene quantum dots-polyvinyl alcohol
(GQDs-PVA). The structural properties of both thin films were characterized by
Fourier transform infrared (FTIR) spectroscopy had confirmed the presence of
functional groups in the composites such as hydroxyl, carbonyl, carboxyl, epoxy
and alkoxy. Then, the atomic force microscopy (AFM) shows that the roughness
of thin films increased for GO-PVA and GQDs-PVA thin films compared to single
element, which shows that the surface morphology influenced by the presence
of graphene and PVA. Meanwhile, the optical properties of synthesized thin films
were investigated using Ultraviolet-visible (UV-vis) spectroscopy and surface
plasmon resonance (SPR) spectroscopy. Based on the UV-vis analysis, the
absorbance peaks for the thin films can be observed at the wavelength around
200-500 nm and the band gap obtained for both thin films are 4.086 eV and
4.114 eV for GO-PVA and GQDs-PVA thin films, respectively. Then, the
proposed thin films have been incorporated with SPR sensor to evaluate the
effectiveness and efficiency for carbaryl detection. From that experimental result,
GO-PVA thin film exhibited an excellent SPR sensor's performance with
sensitivity at 14.174° ppbl with correlation coefficient of 0.999, while the



sensitivity of the GQDs-PVA thin film was 8.636° ppbl with a correlation
coefficient of 0.995. The sensitivity for both these thin films was achieved at a
carbaryl concentration of 0.001 ppb, indicating the best concentration limit
obtained so far. As conclusion, this study successfully demonstrated an effective
new sensing layer that potentially can detect carbaryl pesticide and proved that
GO-PVA thin film has a better sensing property compared to GQDs-PVA thin
film. This is due to the GO-PVA sensing performance, which is able to identify
0.001 carbaryl with full width at half maximum (FWHM) of 2.878° and high
detection accuracy (DA) with single noise to ratio (SNR) values of 0.347 degree-
L and 0.194, respectively.
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Racun perosak biasanya digunakan dalam pertanian moden untuk
meningkatkan hasil tanaman, dan ini berpotensi untuk mencemarkan alam
sekitar dan membahayakan nyawa manusia. Oleh itu, membangunkan elemen
penderiaan yang sangat sensitif untuk pengesanan racun perosak adalah
penting untuk keselamatan makanan dan perlindungan alam sekitar.
Pembangunan sensor optik berasaskan bahan nano polimer untuk memantau
racun perosak telah menarik perhatian besar dalam beberapa tahun
kebelakangan ini. Selain daripada kebaharuan bahan, keberkesanan dan
kecekapan bahan sebagai lapisan penderiaan juga harus diserlahkan. Oleh itu,
matlamat penyelidikan ini adalah untuk menggabungkan bahan nano grafin dan
bahan polimer sintetik dalam meningkatkan sifat pengesanan terhadap karbaril
berasaskan sensor resonans plasmon permukaan. Di sini dua lapisan
penderiaan berbeza berdasarkan filem nipis dibentangkan, iaitu grafin oksida-
polivinil alkohol (GO-PVA) dan titik kuantum grafin-polivinil alkohol (GQDs-PVA).
Ciri-ciri struktur kedua-dua filem nipis dicirikan oleh spektroskopi inframerah
transformasi Fourier (FTIR) untuk mengesahkan kehadiran kumpulan berfungsi
dalam komposit seperti hidroksil, karbonil, karboksil, epoksi dan alkoksi.
Kemudian, mikroskopi daya atom (AFM) menunjukkan bahawa kekasaran filem
nipis meningkat untuk filem nipis GO-PVA dan GQDs-PVA berbanding unsur
tunggal, yang menunjukkan bahawa morfologi permukaan dipengaruhi oleh
kehadiran grafin dan PVA. Sementara itu, sifat optik filem nipis yang disintesis
telah disiasat menggunakan spektroskopi Ultraviolet-visible (UV-vis) dan
spektroskopi resonans plasmon permukaan (SPR). Berdasarkan analisis UV-
vis, puncak serapan bagi filem nipis boleh diperhatikan pada panjang gelombang
sekitar 200-500 nm dan jurang jalur yang diperolehi bagi kedua-dua filem nipis
ialah 4.086 eV dan 4.114 eV untuk GO-PVA dan GQDs-PVA nipis filem, masing-
masing. Kemudian, filem nipis yang dicadangkan telah digabungkan dengan
sensor SPR untuk menilai keberkesanan dan kecekapan untuk pengesanan
karbaril. Daripada keputusan eksperimen itu, filem nipis GO-PVA mempamerkan



prestasi sensor SPR yang sangat baik dengan kepekaan pada 14.174° ppb-!
dengan pekali korelasi 0.999, manakala kepekaan filem nipis GQDs-PVA ialah
8.636° ppb! dengan pekali korelasi 0.995. Kepekaan untuk kedua-dua filem
nipis ini telah dicapai pada kepekatan karbaril 0.001 ppb, menunjukkan had
kepekatan terbaik yang diperoleh setakat ini. Sebagai kesimpulan, kerja ini telah
berjaya membangunkan lapisan penderiaan baharu yang berkesan yang
berpotensi dapat mengesan racun perosak karbaril dan membuktikan bahawa
filem nipis GO-PVA mempunyai sifat penderiaan yang lebih baik berbanding
filem nipis GQDs-PVA. Ini disebabkan oleh prestasi penderiaan GO-PVA yang
unggul, yang mampu mengenal pasti 0.001 karbaril dengan lebar penuh pada
separuh maksimum (FWHM) pada 2.878° dan ketepatan pengesanan tinggi
(DA) dengan nilai nisbah hingar tunggal (SNR) pada 0.347 degree! dan 0.194,
masing-masing.
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CHAPTER 1

INTRODUCTION

11 Graphene Nanomaterials

The development of nanoscience and nanotechnology is one of the most
significant revolutions in modern science and technology. During the last
decade, nanoscience and nanotechnology have been emerged exponentially in
many scientific disciplines due to their excellent and unique optical and
mechanical properties. In this context, graphene one of the most promising
carbon nanomaterials has received extensive research attention in the last
decades owing to their fascinating properties such as large surface area,
outstanding mechanical properties, exceptional thermal or electrical conductivity
and optical property (Baez et al., 2021). It has an atomic layered sheet with sp2-
bonded carbon atoms that can be prepared using either a top-down or bottom-
up approaches (Huang et al., 2021). Since graphene was discovered, its exotic
properties and potential applications have been intensively explored and studied.
Nevertheless, researchers have realized several shortcomings of graphene,
such as low absorptivity and zero bandgap (Bafekry et al., 2021). To alleviate
such problems, the modification of structural properties for graphene was
explored further. Therefore, the family members of graphene nanomaterials
including graphene oxide (GO) and graphene quantum dots (GQDs) were
fabricated. Each member exhibits different chemical and physical features which
open new opportunities for a various humber of applications due to their special
features.

GO is a single monomolecular layer that is artificially created by treating graphite
with strong oxidizes (Boroujerdi et al., 2020). This compound is made up of
carbon, hydrogen and oxygen. It is relatively easy to produce and in contrast to
conductive graphene, GO is an electrical insulator (Fadil et al., 2022). It is simple
to treat since it is hydrophilic and highly dissolves in water and various organic
solvents. This is an important benefit of GO that makes it as an excellent platform
for use in various applications. Additionally, GO can easily be modified with
different polymers and other materials, to reinforce its physical, chemical and
electrochemical properties. Aside from GO, GQDs have received much attention
in recent years because of their unique structure-related features, including
optical, electrical and optoelectrical functionality (Tian et al., 2018). GQDs are
considered a new kind of quantum dots (QDs), as they are chemically and
physically stable because of its intrinsic inert carbon property, have a large
surface to mass ratio and can be dispersed in water easily due to functional
groups at the edges (Yan et al., 2019). It is consisting of one or more layers of
graphene and is smaller than 100 nm in size (Bianco et al., 2013). Based on the
interdisciplinary properties of GO and GQDs, they have a wide range of
applications such as energy storage (Olabi et al., 2021), catalyst (Feng et al.,
2021), biomedical application (Reina et al., 2017) and environmental monitoring
(Shamik and Balasubramanian, 2014).



In this project, GO and GQDs were used to fabricate as composite thin film-
based surface plasmon resonance (SPR) sensor to detect pesticide. The
purpose of chemical sensors is to detect just one molecule of a potentially
harmful material. This is aligned with the properties of GO and GQDs, which
have a large specific surface area and an abundance of functional groups on the
molecular surface. Due to these properties, they may detect changes in their
surroundings when exposed to the environment. To enhance the sensitivity and
lower the detection limit for the detection of pesticide, some modification to the
GO and GQDs based SPR method has been further explored.

1.2 Polymeric Synthetic Materials

Polymeric synthetic materials are human-made polymers that consist of
thousands repeating units called macromolecules (Gu, 2003). It can be produced
by addition and condensation polymerization reaction (Johnson et al., 2020).
Synthetic polymers that can be utilized for surface modification include polyvinyl
alcohol, polyethylene-co-vinyl acetate, polyethylene  glycol, and
polyvinylpyrrolidone (Khulbe et al., 2009). Among them, polyvinyl alcohol (PVA)
has gained wide considerable attention in terms of theoretical interest and
practical uses.

PVA is a type of vinyl polymer made from carbon-carbon bonds (Yang et al.,
2013). Due to the high density of hydroxyl groups on its side chains, it is capable
of self-cross-linking. The linkage is the same as that of plastic products like
polypropylene, polystyrene, polyethylene, polyacrylamide and polyacrylic acid
(Calé and Vitaliy, 2014). The degree of hydrolysis of PVA is around 98.5 %,
allowing it to dissolve in water at a temperature of more than 70 °C (Mansur and
Costa, 2008). PVA is the only vinyl polymer that completely can be mineralized
by microorganisms among those made industrially (Chiellini et al., 2003). As a
result, it is used to generate water-soluble and biodegradable carriers, which
may be beneficial in the production of chemical delivery systems such as
fertilizers and pesticides.

Indeed, PVA offers desired properties that are useful in the use of sensor
technologies. For example, it is a great matrix for homogenous dispersion and
good adsorption of nanopatrticles, as well as an environmentally friendly polymer
with outstanding film-forming properties (Gautam et al., 2021). It is also low-cost
material, can be functionalized on different substrates and synthesized with
various nanoparticles as a reducing and capping agent (He et al., 2009).
Furthermore, PVA has good optical properties and a great load storage capacity,
but low conductivity values (Mohamed and Kader, 2019).

The poor conductivity properties can be overcome by altering with another
material. PVA is an insulating polymer that can be turned conductive by
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combining it with other materials to widen its applications, especially in sensor
devices (Lu et al., 2011). Previous research also has demonstrated that PVA-
based nanomaterials can be used in electrical and optical devices (Aslam, et al.,
2018). Focusing on sensor devices, prior studies reported that PVA-based
materials can improve the recognition of target molecules by changing their
physical and chemical properties. Thus, they can detect the target molecules
with better sensor performance. PVA-based materials also can enhance their
biocompatibility, resistance, reactivity to degradation and flexibility. In this
context, the PVA polymer integrated with graphene is expected to improve the
properties of the composite materials while also producing a better high-
sensitivity sensing material for pesticides detection.

1.3 Surface Plasmon Resonance

Surface plasmon resonance (SPR) sensor has witnessed an explosive growth
during the past decade. The main advantages of using SPR sensor are no need
for labelling, real-time detection, simple, economical and quick analysis (Hashim
et al., 2021) It has drawn tremendous attention in the field of chemical sensors
and biosensors applications since the phenomenon was first noticed by Wood in
1902 and first applied by Liedberg in 1983. Over 3000 articles have been
published that cover a wide range application of SPR sensor technology
(Karlsson 2004). The applications included environmental monitoring, medical
diagnostic, food safety, pharmaceutical development, security and
biotechnology (Mitchell, 2010; Wittenberg et al., 2014; Nguyen et al., 2015).

In SPR biosensors technology, several approaches have been used such as
optical prism couplers, optical waveguides, optical fibers and grating couplers.
The most frequent approach in SPR application is by prism coupler and
attenuated total reflection method that demonstrated by Kretschmann
configuration. The Kretchmann configuration is popular because it eliminates the
need for a narrow air gap allying the prism base and the metal film. The SPR
technique based on the Kretschmann configuration involves the detection of the
resonance oscillations at the interfaces between a metal thin film and the analyte
(Galvez et al., 2012). Gold, silver, aluminum and copper are among the types of
metals that hold a large number of free electrons. However, gold is highly
sensitive and stable, so it is very suitable to fabricate as a metal film and this
metal is positioned at two dielectric media interfaces (Rosddi et al., 2021).

Thereafter, SPR can occur when p-polarized light hits the gold that coated on
the thin film that attached on the prism under complete conditions of internal
reflection. Then the reflected beam will be identified for data processing. Different
thin films will have different refractive indices, which will influence the resonance
intensity (Fen and Yunus, 2009). Basically, in the Kretschmann-configuration,
the light is totally reflected at the prism-metal interface by generating an
evanescent wave when it intends to pass through the prism (Eddin et al., 2021).
To prevent the refractive of the incidence laser in the surface of the prism, the
incidence or reflected laser is principally vertical to the prism surface (Omar et
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al., 2020a). The Kretschmann prism is used to measure the response and
reactions on a sensor chip affixed to the prism. The apparatus consists of a light
source (laser), a sensor chip (sample), a prism (Kretschmann Prism) and a light
detector. The schematic of the Kretschmann configuration of prism coupler is
shown in Figure 1.1.

T oo o .. Photon
ﬁ Surface
Plasmon Wave

Evanescent
wave

Figure 1.1: Schematic of Kretschmann configuration of prism coupler.

The notion of SPR sensor has shown a quite progressive milestone among other
sensing platforms due to its salient features such as high sensitivity (Prabowo et
al., 2018). To improve the SPR sensitivity, considerable efforts have been
invested by researchers to immobilize various types of recognition elements and
nanomaterials. Recognition elements, also known as target receptors are
important elements of chemical sensors and biosensors since they are in charge
of recognizing target analytes of interest (Justino et al., 2015). Specific
recognition elements significantly can enhance the sensitivity SPR sensor by
increasing the analyte refractive index in the analyte—nanopatrticle conjugates. It
also has been proven that the nanomaterial plays a crucial effect in affecting
SPR sensitivity. It can enhance the sensitivity of SPR by increasing the
plasmonic modes (Szunerits et al., 2014; Mohammadzadeh-asl et al., 2018). The
development of nanomaterials as recognition elements also has led to a renewed
interest in SPR sensor for various applications.

1.4 Problem Statement

Recently, the various in-situ characterization techniques of graphene have
revealed that this material possesses excellent mechanical, electrical, thermal,
optical and chemical properties. This has sparked research interest in graphene
and its new applications in a variety of fields including high-performance
transistors, biomedical systems, sensors and solar cells (Diez-Pascual, 2021).
In previous studies, graphene has been successfully synthesized to GO and
GQDs through various methods to enhance the properties of the materials.
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Compared with graphene composite itself, GO and GQDs are proven to be
promising candidates in biosensor and bio-imaging, polymeric composite
materials, sorbent and protective coating due to their good dispersibility and low
toxicity (Kuilla et al., 2010).

Even though GO and GQDs have many advantages, they still have limitations in
optical sensor applications to detect pesticides. Firstly, GO and GQDs are not
sensitive enough to detect pesticides and secondly, the material is easy to
degrade with the high concentration of pesticides. Therefore, this study intends
to prepare PVA polymer to develop GO-PVA and GQDs-PVA solutions in order
to overcome the challenges. It must be pointed out that PVA is hydrophilic, has
chemical stability, resistant to oil, grease and solvents, and contain high density
of reactive functional groups (Lo’ay et al., 2017; Yang et al., 2018). In addition, it
has high tensile strength and flexibility as well as high oxygen and aroma barrier
properties which can interact strongly with GO and GQDs (Wang et al., 2014).
Thus, PVA is excellent in enhancing the sensing properties of GO and GQDs in
the detection of pesticides without compromising their biocompatibility (Mo et al.,
2015; Zhang et al., 2019). Moreover, GO-PVA and GQDs-PVA have remained
much less explored. Therefore, the structural, morphology, optical and sensing
properties of the composite materials are investigated; since it is believed that
the properties of composite materials will be improved compared to the
independent material in detecting pesticides.

Pesticides released into the ecosystem through various industries are generally
not appropriately managed, resulting in hazardous pesticide residues that harm
humans and the environment. In this study the focus of pesticide is carbaryl (1-
naphthyl methylcarbamate). It is because this pesticide very harmful to humans
and cause respiratory depression and anxiety, headaches, confusion, stinging
eyes, difficulty breathing, dizziness, vomiting, diarrhea, loss of consciousness
and appetite (Damalas and Eleftherohorinos, 2011). The optical methods used
widely to detect carbaryl are colorimetric, fluorescence, chemiluminescence,
High Fundamental Frequency Quartz Crystal Microbalance (HFF-QCM) and
electrochemical. Although these approaches are successfully used, they suffer
from several disadvantages, such as high instrument operating cost, tedious pre-
treatment procedures and long initiation times (Fauzi et al., 2021). Therefore,
enormous efforts devoted in developing sensors to overcome the limitation with
high sensitivity are plenty needed nowadays.

Corresponding to the SPR method, this sensor provided an affordable, label-free
detection, ease of operation, quick detection and great sensitivity toward
chemicals (Omar et al., 2020b). As far as we know, there is no report about
detection of carbaryl by SPR via graphene-based polymer including GO-PVA
and GQDs-PVA. For this purpose, the optical sensor for carbaryl detection will
be created by the synergetic interactivity between GO-PVA and GQDs-PVA on
the metallic chips by using SPR spectroscopy.



15 Research Objectives

From the problem statement stated above, the objectives of this study are:

1. To identify the optical and structural properties of GO-PVA and GQDs-
PVA thin films.

2. To determine the potential of GO-PVA and GQDs-PVA thin films in
sensing carbaryl using surface plasmon resonance spectroscopy.

1.6 Outlines of Thesis

This thesis is divided into five chapters: introduction, literature review, method,
results and discussion, and conclusion. The introduction presented in detail for
each major element in this work, which are graphene nanomaterials and
synthetic polymer used. Furthermore, in this section, surface plasmon resonance
has been described as an efficient instrument for evaluating the potential
sensitivity of the sensor layer in pesticide detection. This chapter also discusses
and states the problem statements that lead to the objectives of this study.
Chapter 2 then focuses on some of the prior research on the optical and
structural properties of graphene-based polymers. This chapter also covers past
research on graphene and polymer-based materials for pesticide detection.
Aside from that, previous research on SPR based various materials in pesticide
detection has been emphasized. Moving on to Chapter 3, the methodology of
this study is presented, including the synthesis of chemicals, the fabrication of
thin films, the characterization techniques and ends with the sensing properties
via the surface plasmon resonance sensor. In Chapter 4, the experimental
results obtained through characterization have been evaluated. By the results
obtained, this chapter provides comprehensive explanations and comparison of
the structural, optical properties and sensing potential of the thin films in
detecting carbaryl solution. Finally, Chapter 5 concludes and summarizes the
research findings based on the structural, optical and performance of the sensing
layer. Some recommendations and suggestions for future work are also included
in this chapter.
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