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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

CHARACTERIZATION OF IONOPHORE-DOPED GRAPHENE-BASED
BIOCOMPOSITE THIN FILM FOR DETECTION OF POTASSIUM ION USING
SURFACE PLASMON RESONANCE

By

AFIQ AZRI BIN ZAINUDIN

June 2017

Chairman : Yap Wing Fen, PhD
Faculty : Science

The preparation of ionophore doped graphene based biocomposite using
chitosan, graphene oxide and valinomycin has been studied. After the reaction,
valinomycin immobilized in chitosan—graphene oxide thin film was prepared
using spin coating technique. The obtained thin film was characterized and
confirmed by Fourier Transform Infrared Spectroscopy (FTIR) and X-Ray
Photoelectron Spectroscopy (XPS). Surface morphology was evaluated by
atomic force microscopy (AFM), shows the thin film is smooth and homogenous.
Absorption and transmittance of the thin film were evaluated by the ultraviolet-
visible (UV-Vis-NIR) spectroscopy. Valinomycin immobilized in chitosan—
graphene oxide thin film has been studied as a sensor element for potassium ion
by using surface plasmon resonance (SPR). The K* can be detected by
measuring SPR signhal with a thin film C-GO-V deposited on a gold film when
the film in contact with the ion in solution. The sensor produces a linear response
for K* up to 100 ppm with a sensitivity 0.00948° ppm-*. These results indicate
that the C-GO-V films shows potential for the detection K* in solution.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
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PENCIRIAN FILEM NIPIS IONOPHORE-DIDOPKAN GRAPHENE-
BERASASKAN BIOKOMPOSIT UNTUK PENDERIAAN POTASIUM ION
MENGGUNAKAN SURFACE PLASMON RESONANCE

Oleh

AFIQ AZRI BIN ZAINUDIN

Jun 2017

Pengerusi : Yap Wing Fen, PhD
Fakulti : Sains

Penyediaan ionophore didopkan biokomposit berdasarkan graphene
menggunakan chitosan, graphene oksida dan valinomycin telah dikaji. Selepas
tindak balas, campuran valinomycin dalam chitosan—graphene oksida filem nipis
telah disediakan dengan menggunakan teknik spin salutan. Filem nipis yang
diperolehi telah dicirikan dan disahkan oleh Fourier Transform Infrared
Spectroscopy (FTIR) dan X-Ray Photoelectron spectroscopy (XPS). Morfologi
permukaan dinilai dengan atomic force microscopy (AFM) untuk menunjukkan
filem nipis rata dan seragam. Penyerapan dan penembusan filem nipis oleh
cahaya telah dinilai oleh ultraviolet-visible (UV-Vis-NIR) spektroskopi. Campuran
valinomycin di dalam chitosan—graphene oksida filem nipis telah dikaji sebagai
elemen sensor untuk ion potasium dengan menggunakan surface plasmon
resonance (SPR). K* boleh dikesan dengan mengukur isyarat daripada SPR
daripada filem nipis C-GO-V yang telah di depositkan pada filem emas apabila
filem itu bertindak balas dengan ion dalam larutan. Sensor ini menghasilkan
tindak balas linear untuk K* sehingga 100 ppm dengan sensitiviti 0.00948°
ppm-1. Keputusan ini menunjukkan bahawa filem nipis C-GO-V berpotensi untuk
pengesanan K+ dalam larutan.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Thin film is the layer of material with its thickness less than about 1 micrometer.
It is different from bulk materials and strongly influenced by surface and
interface effect which will cause the changes of electrical, magnetic, optical,
thermal and mechanical properties. In order to exhibit thin film, the thickness
layer of material must be in the range of the wavelength of visible light (about
500 nm). Layers at this scale can have remarkable reflective properties due to
light wave interference and the difference in refractive index between the
layers, the air, and the substrate. When light passes through two different (or
more) material layers, the optical thin film interference phenomena will occur.

The optical properties of material can be specifically defined as its interaction
with an electromagnetic radiation in the visible light. Lights can interact with
matter in many different ways depending on some condition such as type of
material, its crystal-structure or micro-structure, and also the characteristics of
incident light. Moreover, the wide ranges of optical properties observed in solid
state materials can be sorted into a small number of general phenomena
basically involving reflection, propagation and transmission. Nowadays, optical
application is widely used in the industry including luminescence, lasers,
thermal emission, photoconductivity and optical fibers (Sharma et al., 2014;
Shen et al., 2014; Wang et al., 2013). There are a few phenomenon that can
occur when a light beam propagates through an optical medium. For instance,
refraction can cause a reduction in the velocity of the wave, while absorption
causes attenuation. Luminescence can accompany absorption if the excited
atoms radiate by spontaneous emission. Besides, scattering lead a redirection
of the light into the matter. After all, the diminishing width of the arrow for the
processes of absorption and scattering represents the attenuation of the beam.
So, in this project, Ultra-Violet Visible spectroscopy (UV-Vis) was used to
describe the optical properties.

Potassium, the second lightest metal, is an alkali-metal denoted by the
chemical symbol K and atomic number, Z = 19. Sir Humphry Davy discovered
in 1807 by deriving it from potassium hydroxide KOH. Being an alkali atom it
has only one electron in the outermost shell and the charge of the nucleus is
being shielded by the core electrons. This makes the element very chemically
reactive due to the relatively low ionization energy of the outermost electron.
Potassium has a chemical weight of 39.0983 and appears naturally in three
isotopes, *°K, 4°K and 4'K. Potassium is a mineral necessary and make up



about 0.4% mass in the human body. It also play an important role as
transmitters in cells and in the regulation of membrane potential, nerve
stimulation, and hormone secretion The maintenance of appropriate K*
concentration is important for many physiological activities in living cells such
as nerve transmission, enzyme activation, balancing the pH and regulation of
blood pressure (Guo et al.,2015). But, unbalancing K* may cause several
diseases such as high blood pressure and stroke if excessive and hypokalemia
if lack in K* in our body system. Since the diseases has getting worse, sensitive
detection of K* has become a very important issue.

Biocomposite is a material formed by a matrix (resin) and a reinforcement of
natural fibers (usually derived from plants or cellulose). They often mimic the
structures of the living materials involved in the process in addition to the
strengthening properties of the matrix that was used but still providing
biocompatibility. Chitosan biocomposite is used in this research. Chitosan is a
polysaccharide composed of [ -(1-4)-linked-2-2-deoxy-2-amino-D-
glucopyranose units. Generally, chitosan obtained by the alkaline deacetylation
of chitin which is one of the natural polymers in earth. Chitosan is one of the
best for the application due to its superior film-forming properties (Azofeifa et
al., 2012; EI-Nahrawy et al., 2016; Wang et al., 2012). It is also have the ability
to bind cationic and anionic form of noble and metal ion. Owing to its good
biocompatibility, biodegradability, low immunogenicity, chitosan has been
widely used in applications such as controlled drug release, biosensors,
biological, catalysts, packaging materials, and membrane separation (Kaushik
et al., 2010; Singh et al., 2010; Zhou et al., 2011; Fen et al., 2013a). Moreover,
chitosan has been extensively investigated for several decades to prepare high
performance chitosan based materials for meeting this wide range of
application. In this research, chitosan has been selected as one of the suitable
biopolymers for removal of metals ions due to the presence of the amine
functionality which confers both polyelectrolyte and chelate properties.

Graphene is a substance made of pure carbon, with atoms arranged in a
regular hexagonal pattern similar to graphite, but in a one-atom thick sheet.
Graphene consists of interconnected hexagons of carbon atoms as in graphite.
The carbon-carbon bond length in graphene is about 0.142 nanometers.
Graphene sheets stack to form graphite with inter planar spacing of 0.335 nm.
Graphene is the basic structural element of some carbon allotropes including
graphite, charcoal, carbon nanotubes and fullerenes. It can also be considered
as an indefinitely large aromatic molecule, the limiting case of the family of flat
polycyclic aromatic hydrocarbons. Two main fabrication techniques for
graphene are micromechanical cleavage from bulk graphite, and epitaxial
growth.

As a robust yet flexible membrane, graphene provides essentially infinite
possibilities for the modification or functionalization of its carbon backbone. The



main derivative of graphene is graphene oxide which can be synthesized from
the graphite oxide. The structure of graphene oxide is shown in Figure 1.1.
Graphene oxide also has their interesting properties. It is amphiphilic with
hydrophilic edges that can be act as surfactant (Kim et al.,, 2010) and
ferromagnetic. Graphene oxide disperses in water and several polar solvents,
because the structure of graphene oxide normally includes hydroxyl, epoxy,
and carboxyl groups on the graphene sheet.

Figure 1.1: Structure of graphene oxide (Nasrollahzadeh et al., 2015).

These graphene oxide derivatives may be useful for luminescent materials and
biosensors (Bollella et al., 2017; Yasin et al., 2015). Recently, doping graphene
oxide with other elements provides an effective way for achieving goal (Liu et
al., 2016; Wang et al.,, 2014). Thus in this research, good dispersion of
graphene oxide in chitosan thin film is expected.

lonophore, organic and inorganic compounds that bind to ions, ensures the
sufficient selectivity of the sensor (Zaitsev et al.,1996). The active sensing
components (ionophore and different additives) need to be highly lipophilic and
implicity hosted in a hydrophobic polymeric matrix.

Valinomycin one of the ionophores, is a potent antibiotic which acts as a
potassium ionophore that brings K* conductivity in cell membranes.
Valinomycin is a dodecadepsipeptide as shown in Figure 1.2. It is made of
twelve alternating amino acids and esters to form a macrocyclic molecule. The
twelve carbonyl groups are essential for the binding of metal ions, and also for
solvation in polar solvent. The isopropyl and methyl groups are responsible for
solvation in nonpolar solvents. The molecule was "locked" into a conformation
with the isopropyl groups on the exterior. It is not actually locked into
configuration because the size of the molecule makes it highly flexible, but the
K* gives some degree of coordination to the macromolecule (Berezin, 2015). In
this research, the valinomycin doped in the graphene oxide based
biocomposite to enhance the sensitivity towards K*.



Figure 1.2: Structure of valinomycin.

Consequently, the determination of K* is very critical in clinical diagnosis,
nutritional analysis and also biochemical application. Recently, there are
varieties of techniques in order to determine K*, such as fluorescence
spectrum, electrochemistry, calorimetry, flame photometry and so on (Chen et
al., 2013; Chen et al., 2014; Radi & O’Sullivan, 2006). However, these method
mostly expensive and often take a long time to analysis. Recently, analytical
interest has focused on optical sensors that have the advantage of cost-
effectiveness, fast measurement capability and no requirement of reference
solution (Aragoni et al., 2002; Fen et al., 2012a)

Liedberg et al. (1983) was the earliest to report the application of the surface
plasmon resonance (SPR) technique for chemical sensing. SPR offers an
economical, showing ease of operation, rapid detection and excellent
sensitivity and selectivity toward ion. SPR is a quantum electromagnetic
phenomenon arising from the interaction of light with free electrons at a metal-
dielectric interface (Pitarke et al., 2007). SPR spectroscopy had emerged a
powerful optical sensor based on the sensing of the change in refractive index
of a medium adjacent to the metal surface layer.

Basically, when a light passes material higher refractive index (e.g. glass) into
material with lower refractive index (e.g. water), light is partially reflected and
partially refracted. When the angle at which the light strikes the interface
(incident angle) is greater than critical angle, no light is refracted across the
interface where total internal reflection is observed. SPR is a phenomenon that
based on this basic principle if the interface between the media is coated with a
metal thin film and the light is monochromatic and p-polarized.

When the monochromatic light is polarized with its electric field in the plane of
incidence, the field causes collective oscillation of the electrons in the metal

4



layer where the energy of the metal surface coincide with the incident photon
and the change density wave. The incident light is absorbed and the energy is
transferred to the electrons which converted into surface plasmon at the
interface. Resonance occurs when the momentum of the incoming light is
equivalent to the momentum of the plasmon. Consequently, the intensity of the
reflected light is reduced at a specific incident angle producing a sharp shadow
called surface plasmon resonance. The momentum of photons and plasmon
can be described by a vector function with both magnitude and direction the
relative magnitude of the components changes when the angle or wavelength
of the incident angle changes. However, plasmons are restricted to the plane of
metal film and for SPR it is only the vector component parallel to the surface
that matters. Hence, the energy and the angle of incident of light should be
right (light is polarized with its electric field in the plane of incidence) to form
surface plasmon resonance.

While the incident angle light is totally reflected the electromagnetic field
component penetrates a short distance (~300 nm) into a medium of lower
refractive index. This field in the lower refractive index medium is called
evanescent wave propagates along the interface and decays exponentially with
distance normal to the interface. This wave is very sensitive to changes in the
refractive index near the metal surface. Such a change may result in a shift in
the resonant wavelength of the incident light (Homola et al., 1995) or a change
in the resonance angle (Liedberg et al., 1993). SPR-based sensor works based
on either of these changes.

1.2 Problem Statement

Numerous studies have focused on the preparation and study the
characterization of chitosan/graphene oxide immobilized with various materials
(Fan et al.,, 2016; Yadav & Ahmad, 2015; Kumar & Koh, 2013) and their
potential sensing ability. (Kamaruddin et al, 2016; Lokman et al., 2014; Wang
et al., 2009). However, there is lack of information on the optical properties of
the thin films. Moreover, no work is reported on the properties of chitosan—
graphene oxide—-valinomycin (C—-GO-V) thin film. The physical and optical
properties of the C—-GO-V thin film have been studied and characterized; and
will be discussed in Chapter 4.

The sensing ability of the chitosan—graphene oxide—valinomycin thin film have
determined by using surface plasmon resonance (SPR). The use of SPR as a
metal ion detection had been widely studied (Li et al., 2016; Liu et al., 2015;
Rithesh Raj et al., 2016). However, to the best of our knowledge, SPR is yet
applied to K* detection in aqueous solution. Thus, the effect of C-GO-V thin
film is investigated to detect the K* in aqueous solution using SPR method. The



C-GO-V thin films are envisaged have a high potential sensitive detection of
potassium ions.

1.3 Objectives

The objectives of this research are summarized as follows:

1. To study and characterize the physical and optical properties of
valinomycin doped chitosan—graphene oxide (C—GO-V) composite thin
film.

2. To study the sensing properties of C-GO-V thin film for detection of
potassium ion using surface plasmon resonance technique.

1.4 Chapter Organization

This thesis is started with Chapter 1 which is related to the introduction of the
chitosan—graphene oxide—valinomycin material and surface plasmon
resonance. Previous and current researches by other researcher are reviewed
in Chapter 2. Then, the methodology and the instrument used for analysis are
well explained in Chapter 3. In Chapter 4, the experimental results and its
explanation will be discussed. Finally, the conclusion of the study and
recommendation for future work are presented in Chapter 5.



REFERENCES

Abdi, M. M., Abdullah, L. C., Sadrolhosseini, A. R., Mat Yunus, W. M.,
Moksin, M. M., & Tahir, P. M. (2011). Surface plasmon resonance
sensing detection of mercury and lead ions based on conducting
polymer composite. PLoS ONE, 6: e24578.

Abdulla, H., & Abbo, A. (2012). Optical and electrical properties of thin ~ films
of polyaniline and polypyrrole. International Journal of
Electrochemical Science, 7: 10666—10678.

Al-Hossainy, A. F., Abd-Elmageed, A. A. I, & lbrahim, A. T. A. (2015).
Synthesis, structural and optical properties of gold nanoparticle-
graphene-selenocysteine composite bismuth ultrathin film
electrode and its application to Pb(ll) and Cd(ll) determination.
Arabian Journal of Chemistry.

Amaral, I. F., Granja, P. L., & Barbosa, M. A. (2005). Chemical maodification
of chitosan by phosphorylation: an XPS, FT-IR and SEM  study.
Journal of Biomaterials Science. Polymer Edition, 16: 1575-1593.

Anandhavelu, S., & Thambidurai, S. (2013). Single step synthesis of
chitin/chitosan-based graphene oxide-ZnO hybrid composites for
better electrical conductivity and optical properties.
Electrochimica Acta, 90: 194—202.

Aragoni, M. C., Arca, M., Demartin, F., Devillanova, F. A., Isaia, F., Garau,
A., & Verani, G. (2002). Fluorometric chemosensors. Interaction of
toxic heavy metal ions Pbll, Cdll, and Hgll with novel mixed-donor
phenanthroline-containing macrocycles: Spectrofluorometric,
conductometric, and crystallographic studies. Inorganic Chemistry,
41: 6623-6632.

Arof, A. K., Morni, N. M., & Yarmo, M. A. (1998). Evidence of lithium—
nitrogen interaction in chitosan-based films from X-ray  photoelectron
spectroscopy. Materials Science and Engineering: B, 55: 130-133.

Azofeifa, D. E., Arguedas, H. J., & Vargas, W. E. (2012). Optical properties
of chitin and chitosan biopolymers with application to structural color
analysis. Optical Materials, 35: 175-183.

Becucci, L., Moncelli, M. R., Naumann, R., & Guidelli, R. (2005). Potassium ion
transport by valinomycin across a Hg-supported lipid bilayer, Journal of
the American Chemical Society, 1: 13316-13323.

Berezin, S. K. (2015). Valinomycin as a classical anionophore: mechanism
and ion selectivity. The Journal of Membrane Biology, 248: 713-726.

59



Bollella, P., Fusco, G., Tortolini, C., Sanz0, G., Favero, G., Gorton, L., &
Antiochia, R. (2017). Beyond graphene: Electrochemical sensors
and biosensors for biomarkers detection. Biosensors and
Bioelectronics, 89: 152-166.

Chah, S., Vi, J., & Zare, R. N. (2004). Surface plasmon resonance analysis
of aqueous mercuric ions. Sensors and Actuators, B: Chemical, 99:
216-222.

Chen, H., Hu, X., Chen, E., Wu, S., McClements, D. J., Liu, S., Li, B., & Li,
Y. (2016). Preparation, characterization, and properties of chitosan
films with cinnamaldehyde nanoemulsions. Food Hydrocolloids, 61:
662—671.

Chen, Z. B., Guo, J. X., Ma, H., Zhou, T., & Li, X. X. (2014). A simple
colorimetric sensor for potassium ion based on DNA G-quadruplex
conformation and salt-induced gold nanoparticles aggregation.
Analytical Methods, 6: 8018-8021.

Chen, Z., Huang, Y., Li, X., Zhou, T., Ma, H., Qiang, H., & Liu, Y. (2013).
Colorimetric detection of potassium ions using aptamer- functionalized
gold nanoparticles. Analytica Chimica Acta, 787: 189-192.

Deng, M., Yang, X., Silke, M., Qiu, W., Xu, M., Borghs, G., & Chen, H.
(2011). Electrochemical deposition of polypyrrole/graphene oxide
composite on microelectrodes towards tuning the electrochemical
properties of neural probes. Sensors and Actuators, B: Chemical,
158: 176-184.

El-Nahrawy, A. M., Ali, A. |, Abou Hammad, A. B., & Youssef, A. M.
(2016). Influences of Ag-NPs doping chitosan/calcium silicate
nanocomposites for optical and antibacterial activity. International
Journal of Biological Macromolecules, 93: 267-275.

Fan, L., Yi, J., Tong, J., Zhou, X., Ge, H., Zou, S., Wen, H., & Nie, M.
(2016). Preparation and characterization of oxidized konjac
glucomannan/carboxymethyl  chitosan/graphene oxide hydrogel.
International Journal of Biological Macromolecules, 91: 358—-367.

Fen, Y. W., Yunus W. M., Moksin, M. M., Talib, Z. A., & Yusof, N. A.
(2011). Surface plasmon resonance optical sensor for mercury ion
detection by crosslinked chitosan thin  film. Journal of
Optoelectronics and Advanced Materials, 13: 279-285.

Fen, Y. W., Yunus, W. M. M., Talib, Z. A., & Yusof N. A. (2015a). High
Resolution X-Ray Photoelectron Spectroscopy Study of the
Interaction of Copper lon with Chitosan Thin Film. Advanced
Materials Research, 1087: 241-245.

60



Fen, Y. W., Yunus, W. M. M., Yusof, N. A, lbrahim, N. I., & Zainudin, A. A.
(2014). Characterization and optical properties of L-cysteine /
chitosan biocomposite thin film. European International Journal of
Science and Technology, 3: 1-8.

Fen, Y. W., & Yunus, W. M. M. (2013a). Utilization of chitosan-based
sensor thin films for the detection of lead ion by surface plasmon
resonance optical sensor. IEEE Sensors Journal, 13: 1413-1418.

Fen, Y. W., Yunus, W. M. M., & Talib, Z. A. (2012a). Analysis of Pb(ll) ion
sensing by crosslinked chitosan thin film using surface plasmon
resonance spectroscopy. Optik - International Journal for Light and
Electron Optics, 124: 126-133.

Fen, Y. W., Yunus, W. M. M., & Talib, Z. A. (2013b). Immobilization of
tetrabutyl thiuram disulfide in chitosan thin film for sensing zinc ion
using surface plasmon resonance spectroscopy. Sensors and
Materials, 25: 99-108.

Fen, Y. W., Yunus, W. M. M., & Yusof, N. A. (2012b). Surface plasmon
resonance optical sensor for detection of Pb2+ based on
immobilized p-tert-butylcalix[4]arene-tetrakis in chitosan thin film as an
active layer. Sensors and Actuators B: Chemical, 171-172: 287—293.

Fen, Y. W., Yunus, W. M. M., Yusof, N. A,, Ishak, N. S., Omar, N. A. S., &
Zainudin, A. A. (2015b). Preparation, characterization and optical
properties of ionophore doped chitosan biopolymer thin film and its
potential application for sensing metal ion. Optik - International
Journal for Light and Electron Optics, 126: 4688—4692.

Forzani, E. S., Zhang, H., Chen, W., & Tao, N. (2005). Detection of heavy
metal ions in drinking water using a high-resolution differential
surface plasmon resonance sensor. Environmental Science &
Technology, 39: 1257-1262.

Ganesh, S., Arockiadoss, & Ramaprabhu, S. (2010). Synthesis Of
Graphene/Chitosan Nanocomposite Thin Films. AIP Conference
Proceedings, 1276: 158-162.

Guo, Y., Chen, Y., Wei, Y., Li, H., & Dong, C. (2015). Label-free fluorescent
aptasensor for potassium ion using structure-switching aptamers and
berberine. Spectrochimica Acta - Part A: Molecular and
Biomolecular Spectroscopy, 136: 1635-1641.

Han, D., Yan, L. Chen, W. & Li, W. (2011). Preparation of
chitosan/graphene oxide composite film with enhanced mechanical
strength in the wet state. Carbohydrate Polymers, 83: 653—658.

Hassan, S. S. M., Mahmoud, W. H., & Othman, A. H. M. (1997). A novel
potassium ion membrane sensor based on rifamycin neutral
ionophore. Talanta, 44: 1087-1094.

61



Homola, J., Schwotzer, G., Willsch, R., Ecke, W., & Bartlet. H. (1995) Fiber
optic sensor based for adsorption studies using surface plasmon
resonance, Proceeding of SPIE, 2508: 324-333

Howarth, V. A., Cui, D. F.,, & Petty, M. C. (1989). Phospholipid-based
potassium-selective langmuir-blodgett films. Electronics, Molecular
Science, Applied, 180: 111-115.

Howarth, V. A., & Petty, M. C. (1988). The Deposition and Characterization
of Multilayers of the lonophore Valinomycin. Thin Solid Films, 160:
483-489.

Jackson, M., & Mantsch, H. H. (1991). Valinomycin and its interaction with
ions in organic solvents , detergents , and lipids studied by fourier
transform ir spectroscopy. Biopolymers, 31: 1205-1212.

Kamaruddin, N. H., Bakar, A. A. A., Yaacob, M. H., Mahdi, M. A., Zan, M.
S. D., & Shaari, S. (2016). Enhancement of chitosan—graphene oxide
SPR sensor with a multi-metallic layers of Au-Ag-Au nanostructure
for lead(ll) ion detection. Applied Surface Science, 361: 177-184.

Kang, X., Wang, J., Wu, H., Aksay, I. A., Liu, J., & Lin, Y. (2009). Glucose
oxidase-graphene-chitosan modified electrode for direct
electrochemistry  and glucose sensing. Biosensors and
Bioelectronics, 25: 901-905.

Kaushik, A., Solanki, P. R., Pandey, M. K., Kaneto, K., Ahmad, S., &

Malhotra, B. D. (2010). Carbon nanotubes - Chitosan
nanobiocomposite for immunosensor. Thin Solid Films, 519:
1160-1166.

Kim, J., Cote, L. J., Kim, F., Yuan, W., Shull, K. R., & Huang, J. (2010).
Graphene oxide sheets at interfaces. Journal of the American
Chemical Society, 132: 8180-8186.

Kovacs, G. J., Bert6ti, I., & Radndczi, G. (2008). X-ray photoelectron
spectroscopic  study of magnetron sputtered carbon-nickel
composite films. Thin Solid Films, 516: 7942—-7946.

Kuch, W., Schulze, M., Schnurnberger, W., & Bolwin, K. (1993). XPS
lineshape analysis of potassium coadsorbed with water on
Ni(111). Surface Science, 287-288: 600—604.

Kumar, S., Dutta, P. K., & Sen, P. (2010). Preparation and characterization
of optical property of crosslinkable film of chitosan with 2-
thiophenecarboxaldehyde. Carbohydrate Polymers, 80: 564-570.

Kumar, S., & Koh, J. (2013). Physiochemical and optical properties of

chitosan based graphene oxide bionanocomposite. Carbohydrate
Polymers, 94: 221-228.

62



Kwan, Y. C. G.,, Ng, G. M., & Huan, C. H. A. (2015). Identification of
functional groups and determination of carboxyl formation
temperature in graphene oxide using the XPS O 1s spectrum. Thin
Solid Films, 590: 40-48.

Lévesque L., Paton B. E. & Payne S. H. (1994). Precise thickness and
refractive index determination of polymide film using attenuated total
reflection. Applied Optics, 33: 8036—8040.

Li, N., Zhang, D., Zhang, Q., Lu, Y., Jiang, J., Liu, G. L., & Liu, Q. (2016).
Combining localized surface plasmon resonance with anodic
stripping voltammetry for heavy metal ion detection. Sensors and
Actuators B: Chemical, 231: 349-356.

Liedberg, B., Lundstorm, I., & Stenberg, E. (1993). Principles of biosensing
with and extended coupling matrix and surface plasmon resonance,
Sensors and Actuators B: Chemical, 11: 63-72.

Liedberg, B., Nylander, C., & Lundstrom, I. (1983). Surface plasmon
resonance for gas detection and biosensing. Sensors and
Actuators, 4: 299-304.

Liu, C. C,, Liu, T. Y., Wang, K. S., Tsou, H. M., Wang, S. H., & Chen, J. S.
(2016). The polar solvent effect of transparent conductive films
composed of graphene/PEDOT:PSS nanohybrids. Surface &
Coatings Technology, 303; 244—-249.

Liu, Y., Zhao, Y., Wang, Y., & Li, C. M. (2015). Polyamine-capped gold
nanorod as a localized surface Plasmon resonance probe for rapid
and sensitive copper(ll) ion detection. Journal of Colloid and
Interface Science, 439: 7-11.

Lokman, N. F., Bakar, A. A. A, Suja, F., Abdullah, H., Rahman, W. B. W. A.,
Huang, N. M., & Yaacob, M. H. (2014). Highly sensitive SPR
response of Au/chitosan/graphene oxide nanostructured thin films
toward Pb (ll) ions. Sensors and Actuators, B: Chemical, 195: 459—
466.

Maehashi, K., Sofue, Y., Okamoto, S., Ohno, Y., Inoue, K., & Matsumoto,
K. (2013). Selective ion sensors based on ionophore-modified
graphene field-effect transistors. Sensors and Actuators, B:
Chemical, 187: 45-49.

Mironenko, A., Modin, E., Sergeev, A., Voznesenskiy, S., & Bratskaya, S.
(2014). Fabrication and optical properties of chitosan/Ag nanoparticles
thin film composites. Chemical Engineering Journal, 244: 457-463.

Miyakoshi, A., Ueno, A., & Ichikawa, M. (2001). XPS and TPD
characterization of manganese-substituted iron-potassium oxide
catalysts which are selective for dehydrogenation of ethylbenzene
into styrene. Applied Catalysis A: General, 219: 249-258.

63



Mohammad, A. W., Hilal, N., Pei, L. Y., Mohd Amin, I. N. H., & Raslan, R.
(2011). Atomic force microscopy as a tool for asymmetric
polymeric membrane characterization. Sains Malaysiana, 40: 237-
244,

Moulder, J. F. (1995). Handbook of X-ray photoelectron spectroscopy: a
reference book of standard spectra for identification and interpretation
of XPS data (pp. 84-85). J. Chastain, & R. C. King (Eds.). Eden
Prairie, MN: Physical Electronics.

Muhler, M., Schlogl, R., & Ertl, G. (1992). The Nature of the Iron Oxide-
Based Catalyst for Dehydrogenation of Ethylbenzene to Styrene.
Journal of Catalyst, 138: 413-414.

Nasrollahzadeh, M., Babaei, F., Fakhri, P., & Jaleh, B. (2015). Synthesis,
characterization, structural, optical properties and catalytic activity
of reduced graphene oxide/copper nanocomposites. RSC
Advances, 5: 10782-10789.

Nosal, W. H., Thompson, D. W., Yan, L., Sarkar, S., Subramanian, A., &
Woollam, J. A. (2005). Infrared optical properties and AFM of spin-
cast chitosan films chemically modified with 1,2 Epoxy-3-phenoxy-
propane. Colloids and Surfaces B: Biointerfaces, 46: 26—31.

Ovchinnikov, Y. A,, lvanov, V. T., & Shkrob, A. M. (1974). Membrane-  Active
Complexones, BBA Library. U.S.A: Elsevier Science Ltd.

Ock, K., Jang, G., Roh, Y., Kim, S., Kim, J., & Koh, K. (2001). Optical
detection of Cu?* ion using a SQ-dye containing polymeric thin-film
on Au surface. Microchemical Journal, 70: 301-305.

Pan, Y., Wu, T., Bao, H., & Li, L. (2011). Green fabrication of chitosan  films
reinforced with parallel aligned graphene oxide. Carbohydrate
Polymers, 83: 1908-1915.

Pedrotti F. L, Pedrotti L. M., Pedrotti L.S. (2007) Introduction to Optics, Third
ed., Pearson Education, San Fransisco, CA.

Pezard, J., Lazar, M., Haddour, N., Botella, C., Roy, P., Brubach, J. B.,
Wysocka, D., Vilquin, B., Romeo, P. J., Buret, F. (2016). Realization of
a graphene gate field effect transistor for electrochemical
detection and biosensors. Thin Solid Films, 617: 150-155

Pitarke, J. M., Silkin, V. M., Cholkov, E. V., & Echenique, P. M. (2007).
Theory of surface plasmon resonance and surface-plasmon
polaritions. Reports On Progress In Physics, 70: 1-87.

Radi, A. E., & O’Sullivan, C. K. (2006). Aptamer conformational switch as
sensitive electrochemical biosensor for potassium ion recognition.
Chemical Communications, 32: 3432-3434.

64



Rattana, T., Chaiyakun, S., Witit-Anun, N., Nuntawong, N., Chindaudom,
P., Oaew, S., Kedkeaw, C., & Limsuwan, P. (2012). Preparation and
characterization of graphene oxide nanosheets. Procedia
Engineering, 32: 759-764.

Rithesh Raj, D., Prasanth, S., Vineeshkumar, T. V., & Sudarsanakumar, C.
(2016). Surface Plasmon Resonance based fiber optic sensor for
mercury detection using gold nanoparticles PVA hybrid. Optics
Communications, 367: 102—-107.

Ryu, H. J., Mahapatra, S. S., Yadav, S. K., & Cho, J. W. (2013). Synthesis
of click-coupled graphene sheet with chitosan: Effective exfoliation
and enhanced properties of their nanocomposites. European
Polymer Journal, 49: 2627—2634.

Saleem, H., & Habib, A. (2016). Study of band gap reduction of TiO2 thin
films with variation in GO contents and use of TiO2/Graphene
composite in hybrid solar cell. Journal of Alloys and Compounds,
679: 177-183

Saxena, S., Tyson, T. A., Shukla, S., Negusse, E., Chen, H., & Bai, J.
(2011). Investigation of structural and electronic properties of
graphene oxide. Applied Physics Letters, 99: 2011-2014.

Sharma, S. P., Chang, C. K., & Ting, J. M. (2014). Surface modification of
carbon fiber by direct growth of zinc oxide nanowalls using a radio-
frequency magnetron sputtering technique. Thin Solid Films, 570:
343-350.

Shen, C. C., Tseng, C. C., Lin, C. T., Li, L. J., & Liu, H. L. (2014). Optical
properties of nitrogen-doped graphene thin films probed by
spectroscopic ellipsometry. Thin Solid Films, 571: 675-679.

Shen, Y., Yang, S., Zhou, P., Sun, Q., Wang, P., Wan, L., Ling, J., Chen,
L., Wang, X., Ding, S., & Zhang, D. W. (2013). Evolution of the band-
gap and optical properties of graphene oxide with controllable
reduction level. Carbon, 62: 157-164.

Sheshmani., S., Nematzadeh, M. A., Shokrollahzadeh, S., & Ashori, A.
(2015). Preparation of graphene oxide/chitosan/FeOOH
nanocomposite for the removal of Pb(ll) from aqueous solution.
International Journal of Biological Macromolecules, 80: 475-480

Sincerbox G. T & Gordon J. C. (1981). Small fast large aperture light
modulator using attenuated total reflection. Applied Optics, 20:
1491-1496.

Singh, M., Yadav, A., Kumar, S., & Agarwal, P. (2015). Annealing induced
electrical conduction and band gap variation in thermally reduced
graphene oxide films with different sp2/sp3 fraction. Applied
Surface Science, 326: 236—-242.

65



Singh, R., Sumana, G., Verma, R., Sood, S., Sood, K. N., Gupta, R. K., &
Malhotra, B. D. (2010). Fabrication of Neisseria gonorrhoeae
biosensor based on chitosan-MWCNT platform. Thin Solid Films,
519: 1135-1140.

Suzuki, K., Ohzora, H., Tohda, K., Miyazaki, K., Watanabe, K., Inoue, H.,
& Shirai, T. (1990). Fibre-optic potassium ion sensors based on a
neutral ionophore and a novel lipophilic anionic dye. Analytica
Chimica Acta, 237: 155-164.

Tantiplapol, T., Singsawat, Y., Narongsil, N., Damrongsakkul, S., Saito, N.,
& Prasertsung, I. (2015). Influences of solution plasma conditions
on degradation rate and properties of chitosan. Innovative Food
Science and Emerging Technologies, 32: 116-120.

Tauc, J. (1979). Amorphous and Liquid Semiconductors. New York
Plenum Press.

Ting, S. L., Ee, S. J., Ananthanarayanan, A., Leong, K. C., & Chen, P.
(2015). Graphene quantum dots functionalized gold nanoparticles
for sensitive electrochemical detection of heavy metal ions.
Electrochimica Acta, 172: 1-5.

Vallejo, A. E., & Gervasi, C. A. (2007). EIS studies of valinomycin-
mediated K* transport through supported lipid bilayers. Journal of
Electroanalytical Chemistry, 603: 51-58.

Veerapandian, M., Lee, M. H., Krishnamoorthy, K., & Yun, K. (2012).
Synthesis, characterization and electrochemical properties of
functionalized graphene oxide. Carbon, 50: 4228-4238.

Verma, R., & Gupta, B. D. (2015). Detection of heavy metal ions in
contaminated water by surface plasmon resonance based optical
fibore sensor using conducting polymer and chitosan. Food
Chemistry, 166: 568-575.

Wang, J., Fan, S., Zhao, W., & Zhang, H. (2013). Assembly and luminescence
properties of lanthanide-polyoxometalates/ polyethyleneimine/SiO2
particles with core-shell structure. Thin Solid Films, 527: 170-174.

Wang, L., Qi, W., Su, R., & He, Z. (2014). Noncovalent functionalization of
graphene by CdS nanohybrids for electrochemical applications. Thin
Solid Films, 568: 58-62.

Wang, N., Lin, M., Dai, H., & Ma, H. (2016). Functionalized gold
nanoparticles/reduced  graphene oxide nanocomposites  for
ultrasensitive electrochemical sensing of mercury ions based on
thymine—mercury—thymine structure. Biosensors and
Bioelectronics, 79: 320—326.

66



Wang, S., Forzani, E. S., & Tao, N. (2007). Detection of heavy metal ions
in water by high-resolution surface plasmon resonance spectroscopy
combined with anodic stripping voltammetry. Analytical Chemistry,
79: 4427-4432.

Wang, T., Zhang, S., Mao, C., Song, J., Niu, H., Jin, B., & Tian, Y. (2012).
Enhanced electrochemiluminescence of CdSe quantum dots
composited with graphene oxide and chitosan for sensitive sensor.
Biosensors and Bioelectronics, 31: 369-375.

Xu, H., Li, G., Li, J., Chen, C., & Ren, X. (2016). Interaction of Th(IV) with
graphene oxides: Batch experiments, XPS investigation, and
modeling. Journal of Molecular Liquids, 213: 58—68.

Yadav, M., & Ahmad, S. (2015). Montmorillonite/graphene oxide/chitosan
composite: Synthesis, characterization and properties. International
Journal of Biological Macromolecules, 79: 923-933.

Yang, G., Lee, C., Kim, J.,, Ren, F., & Pearton, S. J. (2013). Flexible
graphene-based chemical sensors on paper substrates. Physical
Chemistry Chemical Physics : PCCP, 15; 1798—801.

Yang, J., Zhou, Y., Sun, L., Zhao, N., Zang, C., & Cheng, X. (2012).
Synthesis, characterization and optical property of graphene oxide
films. Applied Surface Science, 258: 5056—5060.

Yang, X. L., Dutta, P., Wong, G. K., & Ketterson, J. B. (1992). Surface
plasmon resonance as a probe of the complexing process of
valinomycin Langmuir-Blodgett films by potassium ions. Thin Solids
Films, 219: 210-214.

Yang, X., Tu, Y., Li, L., Shang, S., & Tao, X. (2010). Well-Dispersed
Chitosan/Graphene Oxide Nanocomposites, Applied Material and
Interfaces, 2: 1707-1713

Yasin, M., Taugeer, T., Zaidi, S. M. H., San, S. E., Mahmood, A., Kdse, M.
E., Canimkurbey, B., & Okutan, M. (2015). Synthesis and electrical
characterization of Graphene Oxide films. Thin Solid Films, 590: 118-
123.

Yu, J. C. C, Lai, E. P. C.,, & Sadeghi, S. (2004). Surface plasmon
resonance sensor for Hg(ll) detection by binding interactions with
polypyrrole and 2-mercaptobenzothiazole. Sensors and Actuators,
B: Chemical, 101: 236-241.

Zaitsev, S. Y., Vereschetin, V. P., Zubov, V. P., Zeiss, W., & Mobius, D.

(1996). lonic selectivity of valinomycin in the
dipalmitoylphosphatidylcholine monolayers. Thin Solid Films, 284-
285: 667-670.

67



Zhang, W., Shi, X., Zhang, Y., Gu, W., Li, B., & Xian, Y. (2013). Synthesis
of water-soluble magnetic graphene nanocomposites for recyclable

removal of heavy metal ions. Journal of Materials Chemistry A, 1:
1745.

Zhou, J., Cai, X., Cheng, K., Weng, W., Song, C., Du, P., Shen, G., Han, G.
(2011). Release behaviors of drug loaded -chitosan/calcium
phosphate coatings on titanium. Thin Solid Films, 519: 4658-4662.

68



	TABLE OF CONTENTS
	CHAPTER 1
	INTRODUCTION
	1.1    Background of the study
	1.2 Problem Statement
	1.3 Objectives
	1.4 Chapter Organization

	CHAPTER 2
	LITERATURE REVIEW
	2.1 Introduction
	2.2 Chitosan as a Matrix
	2.3 Properties of Graphene Based Composite Material
	The advancement of novel materials can lead the development of new fields of research and also new answer for advances issues that could not be determined up to now. Graphene is a substance made of pure carbon, with atoms arranged in a regular hexagon...
	Saxena et al. (2011) have investigated the structural and electronic properties of graphene oxide. From their research, UV-Vis absorption spectra of aqueous graphene oxide solution presented with a sharp absorption peak at 233 nm that assigned transit...
	2.4 Application of Graphene Based Composite as Sensor
	2.5 Valinomycin as Ionophore for Potassium Ion
	2.6 Surface Plasmon Resonance as an Optical Sensor for Metal Ion
	2.7 X-Ray Photoelectron Spectroscopy study

	CHAPTER 3
	METHODOLOGY
	3.1    Introduction
	3.2    Experimental Procedure
	3.2.1    Reagent and Materials
	3.2.2    Preparation of chemicals and solution
	3.2.3 Thin Film Preparation
	3.3    Characterization Method
	3.3.1    UV-Vis-NIR spectroscopy

	3.3.1.1   Absorbance coefficient
	3.3.1.2 Energy band gap
	3.3.2 Fourier Transform Infrared (FTIR) spectroscopy
	3.3.3 Atomic Force Microscopy (AFM)
	3.3.4 X-Ray Photoelectron Spectroscopy (XPS)
	3.3.5 Surface Plasmon Resonance (SPR)

	CHAPTER 4
	RESULT AND DISCUSSION
	4.2 FTIR Analysis
	4.3 Surface morphology study

	4.4 Optical Transition of Thin Film
	4.5.1 Energy Band Gap
	4.6 Sensing Properties of Thin Film
	4.6.1 SPR signal for K+ on gold single layer
	4.6.2 SPR signal for K+ using C–GO–V on gold surface
	4.6.3 Sensitivity enhancement of C–GO–V thin film
	4.7 XPS Analysis

	4.7.1 C 1s spectra
	4.7.2 N 1s spectra
	4.7.3 O 1s spectra
	4.7.4 K 2p spectra
	CHAPTER 5
	CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Recommendation for future research

	REFERENCES



