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Absorbance response of graphene oxide coated on
tapered multimode optical fiber towards liquid ethanol
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The investigation of graphene oxide (GO) for sensing applications is attractive due to its nanoscale structure and its sensing properties has
yet to be fully understood. In this paper, optical response of GO coated optical fiber sensor towards ethanol is described. GO was coated
onto a multimode tapered optical fiber by drop-casting technique. The coated fiber was exposed to 5-40% of ethanol in water. The films
were characterized with field emission scanning electron microscope, ultraviolet-visible spectroscopy and Raman spectroscopy. The sensing
is based on changes following the absorbance of the GO coated optical fiber upon exposure to ethanol. The developed sensor shows fast

response and recovery with duration of 22 and 20 s, respectively. The sensor also displays high repeatability and reversibility.
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1 INTRODUCTION

Volatile organic compounds (VOC) such as ethanol are
commonly used in the commercial applications especially
in chemical and food industries [1]. Ethanol is flammable
liquid which can cause eye and respiratory tract irritation
when in contact with human [2]. Therefore, it is important
to monitor ethanol accurately in the industrial processes.
Common ethanol sensors were developed by using electrical
transducers. For instance, Weng et. al [3] have developed
an amperometry ethanol sensor with sputtered Ni/Pt/Ti
as sensing layer. The sensitivity of the sensor was approx-
imately 3.08 pAuM~'cm~2. Bairiu et al. [4] also fabricated
an amperometry sensor based on silicon nanowires with
palladium-nickel as the working electrode. The sensor had
sensitivity of 7.8 mAmM lem~? with detection limit of
6 pM. Khan et al. [5] have developed an aqueous ethanol
sensor with improved sensitivity. Their sensor was based on
poly propylene carbonate (PPC) synthesized using sol-gel
method. The electrical based sensors are relatively low cost
and more sensitive as compared to the optical based sensors
[6]. However, there is a rapid and growing interest in the
field of optical fiber sensors. Owing to some attractive and
unique properties such as immunity to electromagnetic
interference, resistance to high temperature, small size as well
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as lightweight, optical fiber is a suitable candidate for the
detection of VOCs [7].

Recently, studies based on tapered optical fiber have received
much attention as compared to conventional fibers [8]. Ta-
pered optical fiber was found to be more sensitive as com-
pared to the conventional fiber due to the manner of light
propagation in the tapered optical fiber core. A fraction of the
optical power was found to propagate outside the tapered op-
tical fiber core [9]. In other words, the evanescent field of the
tapered fiber goes beyond the fiber physical boundary. Coat-
ing the tapered region with sensing layer allows the interac-
tion of the layer with the evanescent field. When the analyte
interacts with the sensing layer and changes the layer proper-
ties, the evanescent field will also be affected [10]. The sensing
layer, which can be in the form of thin film, is designed to be
permeable and sensitive to a specific analyte [11]. Previously,
semiconducting metal oxides [12, 13], carbon nanotubes [14]
and polymeric [15] materials have been widely used as sen-
sitive layer in various optical fiber sensing applications such
as chemical and bio sensing. Optical sensor integrates with
single wall carbon nanotubes [16] and silicon quantum dot
[17] for ethanol vapor sensing have been reported in litera-
tures. Fiber optic sensors for detection of low level water con-
tent in ethanol based on surface plasmon resonance [18] and
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micro-bending [19] have also been reported. In recent years,
graphene oxide (GO) has attracted much attention in the field
of sensing [20]. This is as a result of its excellent electrical, me-
chanical and thermal properties [21]. The hydrophilic nature
of GO allows it to be uniformly deposited onto different sub-
strates [22]. This is a prerequisite in applications such as mi-
croelectronics and sensors. However, only very few studies fo-
cused on the tapered optical fiber coated with GO for ethanol
sensing applications [23].

In this paper, GO coated on tapered multimode optical fiber
sensor for sensing of different concentrations of ethanol in wa-
ter is described. The sensitivity and the optical response of the
GO coated and bare tapered fiber sensor towards ethanol are
compared and presented.

2 EXPERIMENTAL DETAILS

2.1 Tapered optical fiber fabrication

Standard multimode step index silica fibres with core and
cladding diameter of 62.5 and 125 pm, respectively, are used
in this experiment. The tapering of the optical fiber is done us-
ing Vytran glass processing workstation (GPX 3000). The ends
of the fiber are fixed to the fiber holding block with the section
to be tapered placed above the filament heater. Prior to that,
the polymeric coating of the optical fiber is removed mechan-
ically for length of about 5 cm and cleaned with acetone. The
working principle of the machine is based on heating the opti-
cal fiber with filament heater while tensile force is applied by
the holding blocks. The cross sectional area of the optical fiber
reduces accordingly as it is elongated. Proprietary software is
used to ascertain taper parameters. Tapered optical fiber with
waist length of 20 mm and waist diameter of 40 um with tran-
sition length of 2 mm is fabricated.

2.2 GO thin film preparation

GO solution is prepared using the simplified Hummers
method [24, 25]. GO solution with concentration of 1 mg/ml
is drop-casted on the tapered area of the multimode ta-
pered optical fiber. Subsequently, the tapered optical fiber is
annealed at 70°C for an hour and left overnight at room tem-
perature. GO thin film is characterised using field emission
scanning electron microscopy (FESEM), ultraviolet-visible
spectroscopy and Raman spectroscopy.

2.3 Experimental setup

The optical sensing setup is shown in Figure 1. A tungsten-
halogen lamp (Ocean Optics HL2000) with wavelength range
of 360 - 2400 nm is used as a light source. A spectrometer
(Ocean Optics USB4000) with spectral range of 200 - 1100 nm
is used as the light detector and spectrum analyzer. The spec-
trometer is connected to computer via USB port and data are
analyzed using SpectraSuite software. A customised chamber
is deployed to expose the developed sensor to ethanol with
different concentrations. Ethanol with different concentra-
tions is prepared by mixing appropriate amounts of deionised
water and ethanol. The volume percentage of ethanol in dis-
tilled water was varied from 5% to 40%.

Spectrophotometer

Taper

N

Light source

FIG. 1 Optical sensing setup.

cladding

FIG. 2 CCD image of a segment of the tapered fiber with waist diameter of 40 um and

its Original diameter of 125 pm.

3 RESULTS AND DISCUSSION

3.1 Optical fiber and GO characterization

Figure 2 shows optical fiber (125 um) that is tapered to 40 um
waist diameter. After tapering, the fundamental mode of the
light signals previously propagating in the core is now prop-
agating in the cladding of the tapered optical fiber. The suf-
ficiently long taper transition creates an adiabatic criterion,
which minimizes the loss of propagating signals [26]. The adi-
abatic criterion result to the transformation of the fundamen-
tal mode to the cladding mode after tapering [27]. This trans-
formation increases the penetration depth of the evanescent
field. The throughput power of the optical fiber recorded an
average loss of 0.65 dB after tapering.

Figure 3 shows the scanning electron microscopy (SEM) image
of the synthesised GO. The image reveals the typical synthe-
sised GO is in sheet structures with lateral dimension around
20-50 pm. The thickness of the GO sheets was measured to
be approximately 1 nm and has been reported elsewhere [28].
The high surface area provides by the GO nanosheets can im-
prove the ethanol molecules interaction with the sensing layer.
Consequently, the absorbance response of the GO-coated op-
tical fiber may improve significantly.

Figure 4(a) illustrate the SEM image of an uncoated tapered
optical fiber while Figure 4(b) shows the image of the ta-
pered optical fiber coated with GO. The images clearly show
the smooth surface of the tapered fiber was transformed into
rough surface upon GO deposition. The GO thin film exhib-
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FIG. 3 SEM image of a single GO nanosheet.
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FIG. 5 Raman spectrum of GO on glass substrate.
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ited a corrugated and wrinkled structure with homogeneous
morphology. The drop casting method used was able to pro-
duce a homogeneous deposition of GO on tapered optical
fiber.

Figure 5 depicts the Raman spectrum of GO. It features the
typical D band (1348 cm 1) which is assigned to local defects
and disorder of graphene that is caused by the attachment of
hydroxyl and epoxide groups on the basal plane and edges,
and the G band (1590 cm~!) which corresponds to first order
scattering of E2g mode [29, 30]. GO Raman spectra also shows
2D band around 2685 cm ™!, this band is the second order of
D band [31].
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FIG. 6 Absorbance spectra of (a) uncoated tapered optical fiber and (b) GO coated

tapered optical fiber exposed to ethanol with different concentrations.

3.2 Ethanol sensing performance

The interaction between the analyte and the sensing layer
was studied by monitoring the absorbance spectrum of the
developed sensor exposed to ethanol with different concen-
trations at room temperature. The change in absorbance was
monitored in the wavelength range of 400 nm-900 nm and
for 5%—40% ethanol in water. The absorbance spectra of the
developed sensor towards ethanol are displayed in Figure 6.
It was found that the absorbance response increases with
the increase of ethanol concentrations for the uncoated fiber
(Figure 6(a)). Since the silica fiber is inert, the response is
concluded due to the change in the refractive index for the
different ethanol concentrations. The tapering of the opti-
cal fiber significantly improves the fiber sensitivity [10] and
thus, distinct absorbance responses. For the GO coated fiber
(Figure 6(b)), it was observed that the sensors initial ab-
sorbance in air is high (90%) due to the GO layer coating.
When exposed to ethanol, the absorbance response increases
with the increase in the ethanol concentrations. The response
is larger in the GO coated fiber as compared to the response in
the uncoated fiber. This is possibly due to the high surface area
of the GO layer increases the ethanol molecules interaction
with the layer and thus, significantly changes the evanescent
field. In addition, GO is known to possess excellent physico-
chemical properties that can enhance the sensing response to-
wards ethanol [32]. However, the magnitude of the response
reduces with the increase of the concentrations. The trend was
observed across the visible wavelength range.

Taking an example at 600 nm wavelengths, the normalized ab-
sorbance was found to be 45%, 60%, 70%, 75% and 78% upon
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exposure to ethanol with 5%, 10%, 20%, 30% and 40% con-
centrations, respectively. There is a small increase in the ab-
sorbance from 30% to 40% of ethanol concentration in water,
which indicates saturation in the sensor response due to high
ethanol concentrations. The peak around 660 nm in Fig 6a was
identified to be induced by absorption of water [33]. The peak
diminishes as the concentration of ethanol increases because
the surface of the GO coated fiber gradually interacts more
with ethanol instead of water. This has caused the wavelength
to be absorbed dominantly by ethanol instead of water.

Figure 7 exhibits the dynamic responses of the tapered fiber
sensor (a) without GO and (b) with GO towards different
concentrations of ethanol in water at room temperature. Both
sensors show distinct sensitivity towards different concentra-
tions of ethanol. The magnitude of response reduces with the
increase in the ethanol concentrations due to saturation of
ethanol on the GO coated fiber, which is in good agreement
with the response in Figure 6. A maximum absorbance de-
crease of 78% can be observed when the developed sensor
was exposed to ethanol with 5% concentrations. Compared to
the response of the uncoated multimode tapered fiber (Figure
7(a)), this is a significant improvement in the sensitivity by a
factor of 3. The GO coated fiber also exhibited stable baseline
when exposed to the different ethanol concentrations. The sta-
bility and excellent response and recovery of the GO coated
sensor might be as a result of the high GO surface area due
to the wrinkles and the presence of larger interlayer space in
the GO films which improves ethanol-water mixture desorp-
tion [34]. The dynamic response of the sensor coated with GO
exhibit a negative variation of the absorbance to its counter-
part of the uncoated optical fiber. The response and recovery
times of the tapered optical fiber sensor coated with GO for
5% ethanol in water are 22 s and 20 s, respectively.

The repeatability and reversibility of the sensor is presented in
Figure 8. The sensor was immersed to three consecutive cycles
in the presence of 5% ethanol concentration and in air at room
temperature. The stable result implies that the GO adhered
well onto the surface of the optical fiber. The good compati-
bility of the GO and optical fiber interface is contributed by
electrostatic interaction between the oxide functional groups
of GO and the siliceous material of the optical fiber.

4 CONCLUSIONS

In this work, a simple multimode tapered fiber sensor based
on GO was developed. The sensor exhibits repetitive and re-
versible behaviour with response and recovery times in the
realm of 20 s. The maximum response of the developed GO
coated sensor increased, by a factor of 3.0 as compared to the
bare sensor. The modified sensor is a promising detector for
real-time ethanol sensing applications in various industries.
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. 7 Dynamic response of tapered optical fiber towards 5-40(b) with GO.
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FIG. 8 Repeatability and reversibility test towards 5% ethanol.
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