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Sensing devices, especially optical sensors, are becoming increasingly popular
in the last decade. Typically, evanescent-field optical fiber sensors utilize tapered
or etched fiber structure to enhance the evanescent filed interaction with the
sensing medium. This makes the fiber fragile and difficult to handle. This
research focuses on designing and analysing a multimode fiber to be used as a
sensor for the detection of aqueous ethanol. A nanostructured sensing layer is
applied to further enhance the sensitivity of the sensor. This study investigates
the use of tapered fiber tip sensor coated with different types of Graphene oxide
(GO) which is GO (unsonicated), GO (sonicated) and GO 1-Ethyl-3-[3-
dimethylaminopropyl] carbodiimide hydrochloride (EDC+NHS). The effect of
nanostructured layers each types of (GO) are investigated towards the
performance improvement of the optical sensor. GO nanostructures have huge
surface area that enhances the sensor-analyte interaction and thus, improves
the sensing performance. GO nanostructured materials also react chemically
with ethanol molecules, resulting in an increase in the sensitivity of the sensor.
Optimization of the each types of GO layer and the tapering parameters are done
and the sensing capability of the device is tested using different concentrations
of ethanol in water which are 20%, 40, 60%, 80% and 100% of ethanol
concentration. The sensor demonstrates high sensitivity to aqueous ethanol
when interrogated in the visible region using a spectrometer and light source.
The GO coated tapered fiber sensor with 50 um is compared with other works
and its demonstrated high sensitivity in intensity and absorbance with a response
and recovery time of approximately 25 and 35 seconds respectively.
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Peranti sensor, terutamanya sensor optik, semakin popular pada dekad yang
lalu. Biasanya, evanescent-field sensor fiber optik menggunakan struktur fiber
tirus atau terukir untuk meningkatkan interaksi evanescent-filed dengan sensor
sederhana. Ini menjadikan gentian optik rapuh dan sukar untuk dikendali. Kajian
ini memberi tumpuan kepada merekabentuk dan menganalisa gentian pelbagai
mod untuk digunakan sebagai sensor bagi mengesan etanol di dalam perantara
akueus. Satu lapisan nanostructured sensor digunakan untuk meningkatkan lagi
kepekaan sensor. Kajian ini untuk mengkaiji penggunaan sensor di hujung fiber
tirus disalut dengan perlbagai jenis Graphene oxide (GO) seperti GO (tidak
disonikasi), GO (disonikasi) dan GO 1-Ethyl-3- [3-dimethylaminopropyl]
carbodiimide hidroklorida (EDC+NHS). Kesan lapisan berstruktur nano untuk
setiap grafin oksida (GO) dikaji ke arah peningkatan prestasi sensor gentian
optik. Struktur nano tersebut mempunyai luas permukaan yang besar yang
meningkatkan interaksi antara permukaan sesnsor dan analit justeru,
meningkatkan prestasi sensor. Bahan-bahan berstruktur nano tersebut juga
berintreraksi secara kimia dengan molekul etanol dan meningkatkan kepekaan
sensor. Optimasi lapisan untuk setiap jenis GO dan parameter tirus dilakukan
dan keupayaan alat sensor diuji menggunakan kepekatan etanol yang berbeza
didalam air yang mane 20%, 40, 60%, 80% and 100% kepekatan ethanol.
Sensor ini menunjukkan kepekaan yang tinggi jepada etanol dalam air apabila
berinteraksi di dalam rantau yg boleh dilihat dengan menggunakan a
spektrometer dan sumber cahaya. Sensor gentian pelbagai mod bersalut GO
dengan saiz ukur lilit 50 pm dibandingkan dengan projek yang lain telah
menunjukkan kepekaan yang tinggi dalam keamatan dan serapan serta masa
tindak balas dan pemulihan kira-kira 25 dan 35 saat masing-masing.
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CHAPTER1

INTRODUCTION

1.1 Overview

Optical fibers are strands of highly transparent glass or plastic that has the
capability of transmitting light signals throughout using the principles of Total
Internal Reflection (TIR) [1]. Optical fibers are commonly used in
telecommunications [2][3], lighting [4], medicine [5], imaging [6], optical
inspection [7] and optical sensing [8][9]. Compared to traditional electrical-based
sensors, optical fiber sensors provide benefits such as high sensitivity [10],
invulnerability to electromagnetic interference as well as being passive and
simple to fabricate [11][12]. By modifying the surface or structure of an optical
fiber cable, it can be made sensitive to external environments [13]. Among the
popular optical fiber sensors are fiber Bragg gratings (FBG) and long period
gratings (LPG) [14][15], which are popular in physical sensing applications.
Optical fiber sensors are also gaining traction as an alternative in the field of
chemical and biomedical sensing [16].

Optical fiber sensors are gaining popularity since it immune to electromagnetic
interference, fast response time and miniature in size, therefore it is suitable to
be used in hazardous and tight spaces [17]. The operating principle of optical
fiber sensors lie in the geometry of the optical fiber itself. Optical fibers are made
of a polymer or glass core surrounded by a layer of cladding material. The
difference in density between these two structures enables the light propagation
in a optical fiber which is in accordance with the principle of total internal
reflection (TIR) [18] as mentioned earlier.

Refractive index [19] variation is also a way to generate perturbation other than
reducing diameter size of the fiber [16]. Although optical fibers are mainly used
as a sensors for physical changes, multimode fiber (MMF) can also be used to
sense refractive index changes. However this commonly involves tapered MMFs
and coating it with other materials to enhance the evanescent waves penetration
to the surrounding area [20]. In this process the waist size of the MMF is reduced,
to a point which the cladding becomes a new core, so that the sensing area can
be immersed in the sample and the sample can act as the new cladding to the
fiber. The sensitivity of the sensor increase as cladding thickness decrease [21].

Nowadays, a number of studies related to tapered optical fiber have been
reported. Sensors based on tapered optical fibers have been intensively used for
temperature [22], strain [23] and biomedical [24] applications due to its simplicity
and high sensitivity [10]. Common parameter like refractive index (RI) can be
effectively measured by tapered fiber sensors [25]. Moreover, the parameter of
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interest can be monitor in real time. Therefore, this has led to tapered fiber
becoming an increasingly popular sensor of choice for practical studies.

Evanescent field absorbance optical fiber sensors have become increasingly
popular for remote [26] and distributed sensing applications [15]. Evanescent
based sensors [27][17] have been broadly used for chemical [28] and biological
sensing [16]. The evanescent wave is formed when light propagating through the
core of the fiber via TIR caused by a higher index medium bordered by a lower
index medium. Although TIR conditions are met, some of the light still crosses
the interface and propagates along the border of the two medium. This light,
called the evanescent wave propagates parallel to the interface [29]. If the outer
medium is an absorbing material, the evanescent wave intensity is attenuated,
giving rise to a reduction in the power propagating in the denser medium [30].
Among many types of optical fiber sensors, the widely used ones are intensity
modulated sensors because they are simple and easy to realize [19].

The unique optical and electronic properties of graphene attract tremendous
interest. Graphene has high optical transparency and mobility [31]. In addition,
graphene characteristics include flexibility, robustness and environmental
stability [32]. The growth of graphene applications in photonics and
optoelectronics is reflected by several recent results, ranging from solar cells and
light-emitting devices to touch screens, photodetectors and ultrafast lasers.

Graphene oxide (GO) comprises of carbon merged with functional oxide groups
[33]. GO is commonly used for the enhancement of electrochemical sensors and
it is a remarkable material due to its capability of detecting different types of
chemicals such as ethanol [34]. In addition, GO also high thermal conductivity
and large surface-to-volume ratio as compared to other semi-conductors are
some of the unique optical and physical properties of GO [35]. Since graphene
and graphene oxide (GO) shares most of its beneficial optical and electronic
properties, tapered MMF fiber coated with GO is experimentally exploited to
study its sensing performance [32].

1-Ethyl-3-(3-dimethylaminopropyl)  carbodiimide (EDC) alone, and in
combination with N-hydroxysuccinimide (NHS) which is (EDC+NHS) is a
coupling agent that helps GO to increase its sensitivity as well as fast response
and recovery as a sensor [36]. One of the main advantages of EDC is its water
solubility [37]. However, the coupling response has to be captured fast, as the
responsive ester that is made can be quickly hydrolyzed in liquid solutions. To
stabilize the response of this active ester, N-hydroxysuccinimide (NHS) can be
used [38][37]. In this research, the experiments have been performed and the
results have been proved that the sensor is enhanced by using this material.



Ethanol is a volatile organic compound that is normally created via fermentation
process of sugars by yeast. It is also identified as Ethyl Alcohol or Ethanol and
has a chemical formula C2HsOH. The mutual type of ethanol is found in alcoholic
beverages, which can cause drunkenness after consumed [39]. It is a flammable,
unstable, colourless liquid which is also used as an antibacterial, solvent and is
currently gaining acceptance as a fuel alternative. Sensors to precisely monitor
the concentrations of volatile organic compounds (VOCs) in liquid are very
significant in order to avoid potential health and environmental problems [40].
Optical fiber sensors with real time and in situ sensing capabilities are perfect for
this application. In dangerous or harsh surroundings, especially considering the
risky nature of the VOCs, optical fiber sensors also have the capability of remote
sensing that is perfect for this application.

1.2 Problem Statement

Most of the sensors to detect ethanol concentration are electrical based. These
sensors are sensitive and reliable, however have several weaknesses, for
example large in size and where the sample that has to be analyse in the lab.
Electrical based sensors are also unsuitable to be installed in flammable
surroundings such as for ethanol sensing. In situ monitoring of ethanol
concentration requires an electrical source nearby to the sensing platform that
would be a safety concern. Therefore the improvement of a safe, modest and
reliable sensor for monitoring ethanol concentrations in aqueous is highly
desirable.

Evanescent wave sensors harness the leak of the light energy from the core onto
the cladding area but it is hard to handle it. The specific concept in evanescent
wave device is to introduce interference in the fiber core to force the light to go
out. Two methods can be implemented which are tapering [41] and etching [42]
the fibers to increase the evanescent wave sensors. This will result in light will
easily leaked out from the core because there is no cladding to confine the light
in the fiber.

Although both evanescence and etched technique have been proven to be very
sensitive, it lacks physical strength on its active area due to the size reduction.
The diameter in the sensory region has been reduced because of the etching
and the tapering process. Resultantly, its robustness becomes an issue for real
world applications. Thus, a need for a optical fiber sensor utilizing GO layer [32]
that will increase the potential of the sensor to be applied to the real world
application without sacrificing its physical strength and sensitivity [21].



1.3 Research Scope of Study

To design and fabricate a sensitive ethanol sensor based on tapered optical fiber
coated with of various nanostructured Graphene oxide application such as
unsonicated GO, sonicated GO and GO with (EDC + NHS) coupling agent.

Flectrical lMechanical
|
Methanol
1
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Mechanical

—E——

Infra Red
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Reflectance
| m—
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Figure 1. 1: Flow Chart Scope of Study



1.4 Objective

The purpose of this project is to study a new nanomaterial coating on tapered
fiber to detect the concentration of ethanol. Observation and investigation on the
differences between types of coating material are also conducted. To ensure this
project run efficiently, therefore a few objectives have been formed, which are:

a. To design tapered based fiber sensor on MMF coated with GO for
ethanol sensing.

b. To fabricate and evaluate the sensing performance of fiber coating
with different types of graphene oxide (GO).

c. Toinvestigate the effect of additional layer such as EDC+NHS.

1.5 Major Contributions

This research has managed to several significant contributions towards the
existing work in the area of tapered optical fiber based chemical sensors. In this
thesis, a comprehensive report is presented on the experiments and analysis of
the developed optical sensor towards different concentrations of aqueous
ethanol. The findings of this research can be outlined as follows:

e The development of a tapered optical fiber with high sensitivity
towards various concentrations of ethanol.

e New investigation of various nanostructured GO application such as
unsonicated GO, sonicated GO and GO with EDC + NHS coupling
agent.

1.6 Summary

In this thesis, the chapter will be as follows:

i. Chapter 1: In this chapter introduces the project and outlines the
objectives and problem statement.

ii. Chapter 2: In this chapter, background and theory supporting the
project is discussed and other work related to this project will be
reviewed and discussed.

iii. Chapter 3: In this chapter the project methodology will be outlined
and the equipment and the method that will be used to complete the
project will be discussed.

iv. Chapter 4: This chapter will present and discuss the result from the
experiment that has been done.

V. Chapter 5: The project will be concluded and future work will be
discussed in this chapter.



(1]

(2]

(3]

[4]

[3]

6]

[7]

(8]

(9]

[10]

(1]

[12]

REFERENCES

C. R. Nave, “Total Internal Reflection,” 2012. [Online]. Available:
http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/totint.html.

A. Carenco and A. Scavennec, “Active opto-electronic components,”
Comptes Rendus Phys., vol. 4, no. 1, pp. 85-93, 2003.

M. Grigoriu and M. C. Popescu, “Study on Optical Fiber Insertion in
Underground Telecommunication Networks Using Hydraulic Similarity,”
Procedia Technol., vol. 22, no. October 2015, pp. 637-644, 2016.

N. Jing, C. Teng, J. Zheng, G. Wang, M. Zhang, and Z. Wang, “Optical
Fiber Technology Temperature dependence of light power propagation in
bending plastic optical fiber,” Opt. Fiber Technol., vol. 31, pp. 20-22,
2016.

X. Zhao, Y.-C. Tsao, F.-J. Lee, W.-H. Tsai, C.-H. Wang, T.-L. Chuang,
M.-S. Wu, and C.-W. Lin, “Optical fiber sensor based on surface plasmon
resonance for rapid detection of avian influenza virus subtype H6: Initial
studies,” J. Virol. Methods, vol. 233, no. 1, pp. 15-22, 2016.

J. Lin, “Recent development and applications of optical and fiber-optic pH
sensors,” Trends Anal. Chem., vol. 19, no. 9, pp. 541-552, 2000.

P. Zuluaga-Ram??rez, M. Fr??vel, T. Belenguer, and F. Salazar, “Non
contact inspection of the fatigue damage state of carbon fiber reinforced
polymer by optical surface roughness measurements,” NDT E Int., vol.
70, pp. 22-28, 2015.

T. Larbi, L. Ben said, A. Ben daly, B. ouni, A. Labidi, and M. Amlouk,
“Ethanol sensing properties and photocatalytic degradation of methylene
blue by Mn304, NiMn204 and alloys of Ni-manganates thin films,” J.
Alloys Compd., vol. 686, pp. 168-175, 2016.

Ocean Optics, “Sensors Fiber Optic Sensors System Installation and
Operation Manual.” 2012.

J. Ascorbe, J. M. Corres, |. R. Matias, and F. J. Arregui, “High sensitivity
humidity sensor based on cladding-etched optical fiber and lossy mode
resonances,” Sensors Actuators, B Chem., vol. 233, pp. 7-16, 2016.

Y. Zhao, X. Li, X. Zhou, and Y. Zhang, “Review on the graphene based
optical fiber chemical and biological sensors,” Sensors Actuators B
Chem., vol. 231, pp. 324-340, 2016.

P. Wang, G. Brambilla, M. Ding, Y. Semenova, Q. Wu, and G. Farrell,
“High-sensitivity, evanescent field refractometric sensor based on a
tapered, multimode fiber interference.,” Opt. Lett., vol. 36, no. 12, pp.

68



[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

2233-2235, 2011.

A. Shabaneh, S. Girei, P. Arasu, M. Mahdi, S. Rashid, S. Paiman, and M.
Yaacob, “Dynamic response of tapered optical multimode fiber coated
with carbon nanotubes for ethanol sensing application,” Sensors, vol. 15,
no. 5, pp. 10452-10464, 2015.

N. D??az-Herrera, D. Viegas, P. A. S. Jorge, F. M. Ara??jo, J. L. Santos,
M. C. Navarrete, and A. Gonz??lez-Cano, “Fibre-optic SPR sensor with
a FBG interrogation scheme for readout enhancement,” Sensors
Actuators, B Chem., vol. 144, no. 1, pp. 226-231, 2010.

Fidanboylu and H. S. Efendioglu, “Fiber optic sensors and their
applications,” Symp. A Q. J. Mod. Foreign Lit., pp. 1-6, 2009.

Y. Tian, W. Wang, N. Wu, X. Zou, and X. Wang, “Tapered optical fiber
sensor for label-free detection of biomolecules,” Sensors, vol. 11, no. 4,
pp. 3780-3790, Jan. 2011.

I. R. Matias, F. J. Arregui, J. M. Corres, and J. Bravo, “Evanescent field
fiber-optic sensors for humidity monitoring based on nanocoatings,” IEEE
Sens. J., vol. 7, no. 1, pp. 89-95, 2007.

C. J. Koester and E. Snitzer, “Amplification in a Fiber Laser,” Appl. Opt.,
vol. 3, no. 10, p. 1182, Oct. 1964.

C. Venkatasubbaiah, V. Sreeharibabu, A. J. Kumar, and S.
Chandralingam, “Study of Characterization of Intensity Modulated Fiber
Optic Sensor,” vol. 2, no. 5, pp. 1454-1460, 2013.

J. Dai, M. Yang, Z. Yang, Z. Li, Y. Wang, G. Wang, Y. Zhang, and Z.
Zhuang, “Performance of fiber Bragg grating hydrogen sensor coated
with Pt-loaded WO3 coating,” Sensors Actuators B Chem., vol. 190, pp.
657-663, Jan. 2014.

A. Banerjee, S. Mukherjee, R. K. Verma, B. Jana, T. K. Khan, M.
Chakroborty, R. Das, S. Biswas, A. Saxena, V. Singh, R. M. Hallen, R. S.
Rajput, P. Tewari, S. Kumar, V. Saxena, A. K. Ghosh, J. John, and P.
Gupta-Bhaya, “Fiber optic sensing of liquid refractive index,” Sensors
Actuators, B Chem., vol. 123, no. 1, pp. 594-605, 2007.

J. G. Aguilar-Soto, J. E. Antonio-Lopez, J. J. Sanchez-Mondragon, and
D. a May-Arrioja, “Fiber Optic Temperature Sensor Based on Multimode
Interference Effects,” J. Phys. Conf. Ser., vol. 274, p. 012011, Jan. 2011.

I. de Lourencgo, G. R. C. Possetti, M. Muller, and J. L. Fabris, “Fiber Bragg
grating sensor to monitor stress kinetics in drying process of commercial
latex paints.,” Sensors (Basel)., vol. 10, no. 5, pp. 4761-76, Jan. 2010.

B. H. Lee, E. J. Min, and Y. H. Kim, “Fiber-based optical coherence
tomography for biomedical imaging, sensing, and precision
measurements,” Opt. Fiber Technol., vol. 19, no. 6, pp. 729-740, 2013.

69



[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

A. Mukherjee, D. Munsi, V. Saxena, R. Rajput, P. Tewari, V. Singh, A. K.
Ghosh, J. John, H. Wanare, and P. Gupta-Bhaya, “Characterization of a
fiber optic liquid refractive index sensor,” Sensors Actuators, B Chem.,
vol. 145, no. 1, pp. 265-271, 2010.

J. M. Bello, V. A. Narayanan, D. L. Stokes, and . Vo Dinh Tuan, “Fiber-
optic remote sensor for in situ surface-enhanced Raman scattering
analysis,” Anal. Chem., vol. 62, no. 22, pp. 2437-2441, Nov. 1990.

J. Lu, Z. Chen, F. Pang, and T. Wang, “Theoretical Analysis of Fiber-
Optic Evanescent Wave Sensors,” 2008 China-Japan Jt. Microw. Conf.,
pp. 583-587, Sep. 2008.

X.-D. Wang and O. S. Wolfbeis, “Fiber-optic chemical sensors and
biosensors (2008-2012).,” Anal. Chem., vol. 85, no. 2, pp. 487-508, Jan.
2013.

F. B. Xiong, W. Z. Zhu, H. F. Lin, and X. G. Meng, “Fiber-optic sensor
based on evanescent wave absorbance around 2.7 ym for determining
water content in polar organic solvents,” Appl. Phys. B, Jul. 2013.

T. Kundu, V. V. R. Sai, R. Dutta, S. Titas, P. Kumar, and S. Mukherjee,
“Development of evanescent wave absorbance-based fibre-optic
biosensor,” Pramana, vol. 75, no. 6, pp. 1099-1113, Jul. 2011.

A. Bianco, H. M. Cheng, T. Enoki, Y. Gogotsi, R. H. Hurt, N. Koratkar, T.
Kyotani, M. Monthioux, C. R. Park, J. M. D. Tascon, and J. Zhang, “All in
the graphene family - A recommended nomenclature for two-dimensional
carbon materials,” Carbon, vol. 65, pp. 1-6, 2013.

G. Sobon, J. Sotor, J. Jagiello, R. Kozinski, M. Zdrojek, M. Holdynski, P.
Paletko, J. Boguslawski, L. Lipinska, and K. M. Abramski, “Graphene
oxide vs. reduced graphene oxide as saturable absorbers for Er-doped
passively mode-locked fiber laser.,” Opt. Express, vol. 20, no. 17, pp.
19463—-73, Aug. 2012.

M. Bai, J. Chen, W. Wu, X. Zeng, J. Wang, and H. Zou, “Preparation of
stable aqueous dispersion of edge-oxidized graphene and its transparent
conductive films,” Colloids Surfaces A Physicochem. Eng. Asp., vol. 490,
pp. 59-66, 2016.

a. a. Shabaneh, S. H. Girei, P. T. Arasu, W. B. W. a Rahman, a. a a
Bakar, a. Z. Sadek, H. N. Lim, N. M. Huang, and M. H. Yaacob,
“Reflectance response of tapered optical fiber coated with graphene
oxide nanostructured thin film for aqueous ethanol sensing,” Opt.
Commun., vol. 331, pp. 320-324, 2014.

A. A. Kadam, J. Jang, and D. S. Lee, “Facile synthesis of pectin-stabilized
magnetic graphene oxide Prussian blue nanocomposites for selective
cesium removal from aqueous solution,” Bioresour. Technol., vol. 216,
pp. 391-398, 2016.

70



[36]

[37]

[38]
[39]

[40]

[41]

[42]

(43]

[44]

[49]

[46]

[47]

(48]

[49]

C. Han, N. Zhang, and Y.-J. Xu, “Structural diversity of graphene
materials and their multifarious roles in heterogeneous photocatalysis,”
Nano Today, 2016.

S. K. Vashist, “Comparison of 1-Ethyl-3-(3-Dimethylaminopropyl)
Carbodiimide Based Strategies to Crosslink Antibodies on Amine-
Functionalized Platforms for Immunodiagnostic  Applications,”
Diagnostics, vol. 2, no. 3, pp. 23-33, 2012.

ThermoFisher, “NHS & Sulfo-NHS,” 2009.

B. K. Logan and S. Distefano, “Ethanol content of various foods and soft
drinks and their potential for interference with a breath-alcohol test.,” J.
Anal. Toxicol., vol. 22, no. 3, pp. 181-183, 1998.

Shaw, “Large volume ethanol spills: Environmental impacts and
responses,” MassDEP, no. July, p. 108, 2011.

J. P. Golden, G. P. Anderson, S. Y. Rabbany, and F. S. Ligler, “An
evanescent wave biosensor--Part Il: Fluorescent signal acquisition from
tapered fiber optic probes.,” IEEE Trans. Biomed. Eng., vol. 41, no. 6, pp.
585-91, Jun. 1994.

B. D. Johnson, “Deeper Patterns and Easier Process Comes with New
Etching Technique,” 2014.

F. B. Xiong and D. Sisler, “Determination of low-level water content in
ethanol by fiber-optic evanescent absorption sensor,” Opt. Commun., vol.
283, no. 7, pp. 1326—1330, Apr. 2010.

K. S. C. Kuang, S. T. Quek, and M. Maalej, “Remote flood monitoring
system based on plastic optical fibres and wireless motes,” Sensors
Actuators A Phys., vol. 147, no. 2, pp. 449-455, Oct. 2008.

J.An, T. Liu, and Y. Jin, “Fiber Optic Vibration Sensor Based on the Tilted
Fiber Bragg Grating,” Adv. Mater. Sci. Eng., vol. 2013, pp. 1-4, 2013.

Y. Zhao, Z. Q. Deng, and Q. Wang, “Fiber optic SPR sensor for liquid
concentration measurement,” Sensors Actuators, B Chem., vol. 192, pp.
229-233, 2014.

S. Sridevi, K. S. Vasu, N. Jayaraman, S. Asokan, and a. K. Sood, “Optical
bio-sensing devices based on etched fiber Bragg gratings coated with
carbon nanotubes and graphene oxide along with a specific dendrimer,”
Sensors Actuators, B Chem., vol. 195, pp. 150-155, 2014.

A. Qureshi, W. P. Kang, J. L. Davidson, and Y. Gurbuz, “Review on
carbon-derived, solid-state, micro and nano sensors for electrochemical
sensing applications,” Diam. Relat. Mater., vol. 18, no. 12, pp. 1401-
1420, 2009.

A.M.Allam, “Optical Fiber,” 2014. [Online]. Available:
71



http://www.mdpi.com/1424-8220/15/1/485.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

J. Z. Gao, Y. L. Zhao, and Z. D. Jiang, “Design and performance
characterization of a fibre optical sensor for liquid level monitoring,” J.
Phys. Conf. Ser., vol. 13, pp. 77-80, 2005.

Xiaojun Cao, “Multi-granular Waveband Switching in Optical Networks,”
2013.

S. H. Girei, A. A. Shabaneh, P. T. Arasu, S. Painam, and M. H. Yaacob,
“Tapered multimode fiber sensor for ethanol sensing application,” 4th Int.
Conf. Photonics, ICP 2013 - Conf. Proceeding, no. 2, pp. 275-277, 2013.

H. Qiu, S. Gao, P. Chen, Z. Li, X. Liu, C. Zhang, Y. Xu, S. Jiang, C. Yang,
Y. Huo, and W. Yue, “Evanescent wave absorption sensor based on
tapered multimode fiber coated with monolayer graphene film,” Opt.
Commun., vol. 366, pp. 275-281, 2016.

D. Bischof, F. Kehl, and M. Michler, “Design method for a distributed
Bragg resonator based evanescent field sensor,” Opt. Commun., vol.
380, pp. 273-279, 2016.

N. Zhong, M. Zhao, L. Zhong, Q. Liao, X. Zhu, B. Luo, and Y. Li, “A high-
sensitivity fiber-optic evanescent wave sensor with a three-layer structure
composed of Canada balsam doped with GeO2,” Biosens. Bioelectron.,
vol. 85, pp. 876-882, 2016.

P. Arasu, A. Noor, and A. Shabaneh, “Absorbance properties of gold
coated fiber Bragg grating sensor for aqueous ethanol,” J. Eur. Opt. Soc.,
vol. 9, p. 14018, 2014.

S.-S. Du, F. Li, H.-M. Xiao, Y.-Q. Li, N. Hu, and S.-Y. Fu, “Tensile and
flexural properties of graphene oxide coated-short glass fiber reinforced
polyethersulfone composites,” Compos. Part B Eng., vol. 99, pp. 407—
415, 2016.

H. Zhang, Y. Liu, M. Kuwata, E. Bilotti, and T. Peijs, “Improved fracture
toughness and integrated damage sensing capability by spray coated
CNTs on carbon fibre prepreg,” Compos. Part A Appl. Sci. Manuf., vol.
70, pp. 102-110, 2015.

M. Batumalay, Z. Harith, H. a. Rafaie, F. Ahmad, M. Khasanah, S. W.
Harun, R. M. Nor, and H. Ahmad, “Tapered plastic optical fiber coated
with ZnO nanostructures for the measurement of uric acid concentrations
and changes in relative humidity,” Sensors Actuators, A Phys., vol. 210,
pp. 190-196, 2014.

J. Dai, M. Yang, Z. Yang, Z. Li, Y. Wang, G. Wang, Y. Zhang, and Z.
Zhuang, “Performance of fiber Bragg grating hydrogen sensor coated
with Pt-loaded WQO3 coating,” Sensors Actuators, B Chem., vol. 190, pp.
657663, 2014.

72



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

N. a. George, A. M. Paul, and M. S. Saranya, “Microbend fiber optic
detection of continuously varying refractive index of chlorinated water,”
Opt. - Int. J. Light Electron Opt., vol. 125, no. 1, pp. 301-303, 2014.

O. K. Park, M. G. Hahm, S. Lee, H. I. Joh, S. I. Na, R. Vajtai, J. H. Lee,
B. C. Ku, and P. M. Ajayan, “In situ synthesis of thermochemically
reduced graphene oxide conducting nanocomposites,” Nano Lett., vol.
12, no. 4, pp. 1789-1793, 2012.

W. Zhao, I. I. Nugay, B. Yalcin, and M. Cakmak, “Flexible, stretchable,
transparent and electrically conductive polymer films via a hybrid
electrospinning and solution casting process: In-plane anisotropic
conductivity for electro-optical applications,” Displays, pp. 1-10, 2015.

H. Wu, L. Lu, Y. Zhang, Z. Sun, and L. Qian, “A facile method to prepare
porous graphene with tunable structure as electrode materials for
immobilization of glucose oxidase,” Colloids Surfaces A Physicochem.
Eng. Asp., vol. 502, pp. 2633, 2016.

R. K. Joshi, P. Carbone, F. C. Wang, V. G. Kravets, Y. Su, |. V Grigorieva,
H. a Wu, a K. Geim, and R. R. Nair, “Precise and ultrafast molecular
sieving through graphene oxide membranes.,” Science, vol. 343, no.
February, pp. 752—4, 2014.

R. R. Nair, H. a Wu, P. N. Jayaram, |. V Grigorieva, and a K. Geim,
“Unimpeded permeation of water through helium-leak-tight graphene-
based membranes.,” Science, vol. 335, no. 6067, pp. 442—4, Jan. 2012.

S. Basu and P. Bhattacharyya, “Recent developments on graphene and
graphene oxide based solid state gas sensors,” Sensors Actuators B
Chem., vol. 173, pp. 1-21, Oct. 2012.

R. Usha, K. J. Sreeram, and A. Rajaram, “Stabilization of collagen with
EDC/NHS in the presence of I-lysine: A comprehensive study,” Colloids
Surfaces B Biointerfaces, vol. 90, no. 1, pp. 83-90, 2012.

L. Ye and Z. Li, “Rapid microwave-assisted syntheses of reduced
graphene oxide (RGO)/ZnIln2S4 microspheres as superior noble-metal-
free photocatalyst for hydrogen evolutions under visible light,” Appl. Catal.
B Environ., vol. 160-161, no. 1, pp. 552-557, 2014.

R. Ma, B. Castro-Dominguez, I. P. Mardilovich, A. G. Dixon, and Y. H.
Ma, “Experimental and simulation studies of the production of renewable
hydrogen through ethanol steam reforming in a large-scale catalytic
membrane reactor,” Chem. Eng. J., vol. 303, pp. 302-313, 2016.

B. Jiang, B. Dou, K. Wang, C. Zhang, Y. Song, H. Chen, and Y. Xu,
“Hydrogen production by chemical looping steam reforming of ethanol
using NiO/montmorillonite oxygen carriers in a fixed-bed reactor,” Chem.
Eng. J., vol. 298, pp. 96-106, 2016.

P. Y. Chan, Rusi, and S. R. Majid, “RGO-wrapped MnO2 composite
73



(73]

[74]

[79]

[76]

[77]

electrode for supercapacitor application,” Solid State lonics, vol. 262, pp.
226-229, 2014.

a. a. Shabaneh, S. H. Girei, P. T. Arasu, S. a. Rashid, Z. Yunusa, M. a.
Mahdi, S. Paiman, M. Z. Ahmad, and M. H. Yaacob, “Reflectance
Response of Optical Fiber Coated With Carbon Nanotubes for Aqueous
Ethanol Sensing,” IEEE Photonics J., vol. 6, no. 6, pp. 1-10, 2014.

Y. Zhang, H. Yuan, Y. Sun, Y. Wang, and A. Wang, “The effects of
ethanol on angiogenesis after myocardial infarction, and preservation of
angiogenesis with rosuvastatin after heavy drinking,” Alcohol, vol. 54, pp.
27-32, 2016.

S. Option and H. Version, “HL-2000 Tungsten Halogen Light Sources,”
2014. .

Ocean Optics, “USB2000 Fibre Optic Spectrometer, Installation and
Operation Manual,” 2008.

Ocean Optics, “Light Sources,” 2005.

74





