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Abstract

to ethanol concentrations ranging between 20-80 %.

In this study, the used of tapered optical fiber tip as sensors coated with reduced Graphene Oxide (rGO) is investigated.
The resultant rtGO nanocomposites coated on the tapered fiber sensor were characterized by X-ray Diffraction (XRD),
Raman spectroscopy, and field emission scanning electron microscopy (FESEM). Optimization of the rGO layer and the
tapering parameters are found and the sensing capability of the device is tested using different concentrations of
ethanol in water. The nanocomposite layer improved the performance of the sensor by demonstrating high sensitivity
to aqueous ethanol when interrogated in the visible region using a spectrometer in the optical wavelength
range of 500-700 nm. The reflectance response of the rGO coated fiber tip reduced linearly, upon exposure
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Background
The use of optical fiber as a sensor gained much interest in
the last decade. Optical fiber sensors have several advan-
tages over electrical based sensors in many chemical and
biological applications [1]. The most intriguing advantages
lies in the miniaturization and response time. The develop-
ment of submicron-sized optical fiber sensors is the tech-
nology based on nanofabricated optical fiber tips [2, 3].
Optical fiber sensors have been demonstrated in measuring
the pH of buffer solutions inside micron-size holes in
polycarbonate membrane [4]. These submicron pH sensors
have millisecond response times due extremely small sizes.
The basis of fiber optic based sensors lies in the geometry
of the fiber itself. Fiber optic is made of a plastic or glass
core surrounded by a layer of cladding material [5]. The
difference in density or refractive indices between these two
materials enables the light propagation in an optical fiber in
accordance with the principle of total internal reflection [6].
Optical fiber are mainly used as a sensors for physical
changes, multimode fiber(MMF) can also be used to sense
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refractive index change but commonly involve tapered
MMEF and coating it with other materials to expose the core
to the new surrounding area [7]. In this process the waist
size of the MMF is reduced, to a point which all the core
and cladding becomes a new core, so that the MMF area
can be immersed in the sample and the sample can act as
the new cladding to the fiber. Exclusively, the sensitivity of
the sensor increase as cladding thickness decrease. This
technique is particularly effective but it is more relevant to
the change of the total internal reflection, TIR [6].

The optical and electronic properties of graphene
attracts tremendous interest in the science of optical
sensing. Graphene has high optical transparency and
mobility [8]. In additiion, graphene characteristics are
flexibility, robustness and environmental stability [9].
In particular, graphene oxide(GO) and reduced gra-
phene oxide(rGO) have been used as an composite
layer in energy storage denses [10], biomedical appli-
cations [11] and electronic components [12].

Al-Qazwini et al. [13] shares that the performance of
an surface plasmon resonance (SPR) based optical fiber
sensor using finite-difference time domain. The re-
sults show that the performance of the fiber sensor
can be optimized by choosing a proper combination
of metal layer thickness of 40-60 nm and residual
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Fig. 1 Tapered fiber tip

cladding thickness of 400-500 nm. In additon, they
investigated an SPR-based optical fiber sensor by
modeling a simple planar waveguide structure com-
posed of four superimposed layers substituting the
gold-coated polished single-mode optical fiber.

In this paper, we report a tapered optical fiber tip coated
with rGO for sensing ethanol in water. Reduced graphene
oxide is prepared from reduction of graphene oxide by
thermal, chemical or electrical treatments [8]. Graphene
film fabrication from solutions of GO have attracted
considerable attention because these procedures are suit-
able for mass production. However, GO is an insulator,
and therefore a reduction process is required to make the
GO film conductive. rGO is used for the sensing nano-
composite layer due to its high cenductivity [14] and the
solubility in ethanol is higher [15] than GO compared to
the work by Shabaneh et al. [16], rGO have much more
simple fabrication process compared to GO. By varying
the tapering profile, and improvisation of the rGO thick-
ness, we enhanced the sensitivity of the sensor.

Methods
Multimode fiber (MMF) with a core and cladding diameter
of 62.5 pym and 125 pm respectively was used in this
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Fig. 3 Raman spectra of rGO thin film on glass substrate showing
the D, G, S3 and 2D peaks

research [17, 18]. Vytran glass processing workstation
(GPX 3000 series) was used to taper the multimode fiber to
obtain a waist diameter of 60 um with waist length of taper
is 5 mm, and for both downtaper and uptaper is 3 mm.
After that, the tapered fiber will be cleaved in the middle as
shown in Fig. 1, obtained from the camera of the Vytran
workstation. It shows that the tapered tip has a diameter of
60 um and has a smooth taper with a clean cleaved tip.

The fiber tips are then coated with different concen-
trations of RGO using drop casting method covered
the tapered area. To do this, the fiber tips are placed
in a 70 °C oven for 20 min to completely dry the tips
and prepare the tips for the annealing process. Then
1 ml RGO of 0.2, 0.5, 0.75 and 1.0 mg/mol concentra-
tions are dropped on each tip respectively. These fiber
tips are then returned to the oven for annealing at
70 °C for 1 h.

The experimental setup of the project is shown in Fig. 2.
Ocean optic whitelight source (HL 2000 ocean optics) and
spectrophotometer (USB 4000 ocean optics) were used as
the input and detector respectively. The fiber tip is placed
in a flow cell and the reflection of the light from the tip is
captured through a coupler. The spectraSuite software
captures and presents the data in a graph.

Results and discussion
Figure 3 shows the Raman spectrum of the rGO thin
film on glass substrates. The measurements are carried
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Fig. 5 FESEM image of reduced graphene oxide sheets on glass substrate at (a) 500 nm (b) 1 micron and (c) 2 microns scale

out by Raman spectrometer (Renishaw) using laser
source with A =514 nm. The spectrum reveals the four
characteristic D, G, 2D and S3 peaks of RGO. The D
peak at about 1336 cm-1 generates from the breathing
modes of six- membered rings that are activated via
structural imperfections caused by the attachment of
hydroxyl and epoxide groups on the carbon basal
plane. The G peak at 1585 c¢cm-1 duly corresponds to

the first-order scattering of the E2g phonon mode at
the Brillouin zone center. The 2D peak at 2831 cm-1 is
the second order of the D peak and the S3 peak at
2585 cm-1 is due to the imperfect activated grouping
of phonons.

XRD analysis of the rGO nanocomposites on the sub-
strates is shown in Fig. 4. In this research, a broad peak
is observed from 10 to 40° with the highest intensity at
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Fig. 6 Cross-sectional SEM image of reduced graphene oxide layers deposited on optical fiber tip for concentrations (a) 0.2 mg/mol (b) 0.6 mg/mol
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Fig. 7 Reflection spectrum of tapered fiber tip with different
thickness of rGO
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23.65° which may be attributed to partial restacking of
exfoliated graphene layers [19-21].

The morphology of the rGO nanocomposites is observed
by field emission scanning electron microscopy (FESEM)
and scanning electron microscopy(SEM). FESEM image is
obtained using FEI Nova Nano SEM400 with 5.0 kV source.
Figure 5a to ¢ shows the FESEM image of the rGO nano-
composites. It reveals that the rGO nanocomposites are in
the form of nano sheets.

Figure 6a to d show the SEM images of the cross sec-
tion of the fiber tip showing the thickness of the rGO
layers with concentrations of 0.2, 0.5, 0.75, 1.0 mg/mol
The average thickness of the rGO layer with concentra-
tions 0.2, 0.5, 0.75, 1.0 mg/mol is 292 nm, 290 nm,
279 nm and 362 nm respectively.

The folding of the rGO sheets contributes to a darker
shade on the SEM image. This implies that the graphene
oxide is single to a few layers thick. Furthermore, the
rGO sheets adhered well to the substrate, promoting
reflectance on the rGO nanocomposites. The thickness
of the nano structured rGO nanocomposites is estimated
to be approximately 20-30 mm, due to the overlapping
of the nanosheets. This SEM is performed to verify the
uniformity of the coating of rGO films on the substrates.
These micro characterization results are significant to
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Fig. 8 Comparison of normalized reflection of rGO coated tapered
fiber tips for different concentrations of ethanol
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Fig. 9 Reflection spectrum of rGO (0.75 mg/mol) coated tapered
fiber tip for different ethanol concentrations

verify the morphology of the rGO nanostructured thin
films.

The reflectance spectrums of the fiber optic tips with
different concentrations of rGO are investigated. As
shown in Fig. 7, the reflectance decreases as the concen-
tration of the rGO is increased. This is due to higher ab-
sorbance of the light signal as the thickness of the rGO
layer increases. The interaction between the different
concentrations of ethanol molecules and rGO on the
tapered fiber tip transforms the optical characteristic of
the rGO films, resulting in the proportional response of
the developed sensors towards ethanol [6].

In order to find the optimum thickness for rGo nano-
composites the fiber optic tips are tested with 5 concen-
trations of ethanol, from 20 to 100 %. The results are
summarized in Fig. 8. For all the rGO coated tips, the
intensity drops as the ethanol concentration increases.
The fiber optic tip with the 0.75 mg/mol tip gave the
stable response for all wavelengths. Interference are spe-
cially required the changes of parameters such as taper
waist diameter, length, and transition form [7, 22, 23].

The reflectance spectrum and dynamic response of the
sensor is investigated for the 0.2 mg/mol, 0.5 mg/mol,
0.75 mg/mol and 1.0 mg/mol rGO coated tip at a wave-
length range of 500 to 650 nm. The results show that at
0.75 mg/mol rGO, that intensity decreases as the con-
centration of the ethanol is increased as shown in Fig. 9.
Table 1 shows the percentage different between differ-
ence ethanol concentration in water. From Table 1, it

Table 1 Sensitivity for different concentration of ethanol

Ethanol Dvef A - D
20 % a -

40 % as 0.349
60 % as 177
80 % ay 3336

100 % as 9.645
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Fig. 10 Dynamic response of RGO (0.75) coated tapered fiber tip.
(green = response, red = recovery)

can be conclude that sensitivity for the developed sensor
is approximately 3.0196.

For the fiber tip with 0.75 mg/mol rGO concentration,
the dynamic response is presented in Fig. 10. It shows
that the higher the concentration of ethanol, the higher
the reflectance response of the sensor. The sensor shows
high sensitivity that can be observed from the dynamic
response of the reflectance plotted. For every ethanol
concentration, the sensor responds to a stable level and
when the ethanol is removed, the sensor recovers and
returns to a stable baseline. The response and recovery
time was obtained as 40 and 70 s respectively.

Conclusion

The performance of an ethanol sensor using a tapered
fiber tip coated with a new material, rGO was investi-
gated in this research. We have successfully designed
and fabricated a tapered fiber tip optic sensor coated
with reduced graphene oxide (rGO) as new sensing layer
to detect different concentrations of ethanol in water.

The results show that this enhancement of the sensing
surface is able to deliver high sensitivity for the detection
of various concentration of aqueous ethanol. The tapered
fiber optic tip also gives a stable repeatable response
towards ethanol concentrations as well as fast response
and recovery time of 40 and 70 s respectively. Moreover
the introduction of the layer of rGO nano-particle also
helps increase its structural strength. The experimental
data also determines that the thickness of the rGO layer
to produce the optimal results is approximately 280 nm.

It show that fiber tip optic with a higher concentration
rGO which mean of higher refractive index coating are
more sensitive compared to the lower concentration
rGO-coated fiber tip.

Acknowledgments

The work reported in this paper has partly supported by the Universiti Putra
Malaysia's Research University Grant Schemes (Ref: 05-01-12-1626RU and 05-02-
12-2015RU) and Ministry of Higher Education, Malaysia’s Fundamental Research
Grant Scheme (Ref: 03-04-10-795FR).

Page 5 of 6

Authors’ contributions

MAAR: Sensing experiments. PTA: Material characterization. HNL & NMH: GO
synthesis. ASMN: Data analysis. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Computer and Communication Systems Engineering, Faculty
of Engineering, Universiti Putra Malaysia, 43400UPM Serdang, Selangor,
Malaysia. “Communication Technology Section, Universiti Kuala
Lumpur-British Malaysia Institute, 53100 GOMBAK, Kuala Lumpur, Malaysia.
3Research Centre of Excellence for Wireless and Photonic Network, Faculty of
Engineering, Universiti Putra Malaysia, 43400UPM, Serdang, Selangor,
Malaysia. “Department of Chemistry, Faculty of Science, Universiti Putra
Malaysia, 43400UPM, Serdang, Selangor, Malaysia. “Physics Department, Low
Dimensional Materials Research Centre, University of Malaya, 50603 Kuala
Lumpur, Malaysia.

Received: 30 June 2016 Accepted: 27 October 2016
Published online: 10 November 2016

References

1. Banerjee, A, Mukherjee, S, Verma, RK, Jana, B, Khan, TK, Chakroborty, M.,
Das, R, Biswas, S, Saxena, A, Singh, V. Fiber optic sensing of liquid
refractive index. Sensors Actuators B Chem. 123(1), 594-605 (2007)

2. Rickelt, LF, Ottosen, LD.M,, Kihl, M. Etching of multimode optical glass
fibers: A new method for shaping the measuring tip and immobilization of
indicator dyes in recessed fiber-optic microprobes. Sensors Actuators B
Chem. 211, 462-468 (2015)

3. Shabaneh, AA, Girei, SH,, Arasu, P.T, Rahman, WBW.A, Bakar, A AA, Sadek,
AZ, Lim, HN, Huang, N.M, Yaacob, MH.: Reflectance response of tapered
optical fiber coated with graphene oxide nanostructured thin film for
aqueous ethanol sensing. Opt. Commun. 331, 320-324 (2014)

4. Lin, J: Recent development and applications of optical and fiber-optic pH
sensors. Trends Anal. Chem. 19(9), 541-552 (2000)

5. Fidanboylu and Efendioglu, HS: Fiber optic sensors and their applications.
Symp. A Q. J. Mod. Foreign Lit. 1-6, 2009.

6. Mukherjee, A, Munsi, D, Saxena, V., Rajput, R, Tewari, P., Singh, V., Ghosh, A.
K, John, J, Wanare, H,, Gupta-Bhaya, P.: Characterization of a fiber optic
liquid refractive index sensor. Sensors Actuators B Chem. 145(1), 265-271
(2010)

7. Tian, Y, Wang, W, Wu, N,, Zou, X, Wang, X.: Tapered optical fiber sensor for
label-free detection of biomolecules. Sensors 11(4), 3780-3790 (2011)

8. Pei, S, Cheng, HM. The reduction of graphene oxide. Carbon N. Y. 50(9),
3210-3228 (2012)

9. Gadipelli, S, Guo, Z.X.: Graphene-based materials: Synthesis and gas
sorption, storage and separation. Prog. Mater. Sci. 69, 1-60 (2015)

10.  Wang, Y-P, Tian, B, Sun, W-R, Liu, D--Y.: Analytic study on the mixed-type
solitons for a (2 + 1)-dimensional N-coupled nonlinear Schrodinger system
in nonlinear optical-fiber communication. Commun. Nonlinear Sci. Numer.
Simul. 22(1-3), 1305-1312 (2015)

11. Lee, BH, Min, EJ, Kim, Y.H. Fiber-based optical coherence tomography for
biomedical imaging, sensing, and precision measurements. Opt. Fiber
Technol. 19(6), 729-740 (2013)

12. Carenco, A, Scavennec, A.: Active opto-electronic components. Comptes
Rendus Phys. 4(1), 85-93 (2003)

13. Al-Qazwini, Y, Noor, ASM, Arasu, P.T, Sadrolhosseini, AR. Investigation of
the performance of an SPR-based optical fiber sensor using finite-difference
time domain. Curr. Appl. Phys. 13(7), 1354-1358 (2013)

14.  Chan Lee, S, Some, S, Wook Kim, S., Jun Kim, S,, Seo, J,, Lee, J,, Lee, T, Ahn,
J-H., Choi, H-J, Chan Jun, S.: Efficient Direct Reduction of Graphene Oxide
by Silicon Substrate. Sci. Rep. 5, 12306 (2015)

15.  Konios, D,, Stylianakis, M.M,, Stratakis, E,, Kymakis, E.: Dispersion behaviour of
graphene oxide and reduced graphene oxide. J. Colloid Interface Sci.

430, 108-112 (2014)

16.  Arasu, P, Noor, A, Shabaneh, A Absorbance properties of gold coated
fiber Bragg grating sensor for aqueous ethanol. J. Eur. Opt. Soc. 9,
14018 (2014)



Rosli et al. Journal of the European Optical Society-Rapid Publications (2016) 12:22

20.

21,

22.

23.

Aguilar-Soto, J.G,, Antonio-Lopez, J.E, Sanchez-Mondragon, J.J,, May-Arrioja,
D.A.: Fiber Optic Temperature Sensor Based on Multimode Interference
Effects. J. Phys. Conf. Ser. 274, 012011 (2011)

Wang, P., Brambilla, G, Ding, M., Semenova, Y., Wu, Q, Farrell, G.: High-
sensitivity, evanescent field refractometric sensor based on a tapered,
multimode fiber interference. Opt. Lett. 36(12), 2233-2235 (2011)
Loryuenyong, V, Totepvimarn, K, Eimburanapravat, P, Boonchompoo, W,
Buasri, A: Preparation and Characterization of Reduced Graphene Oxide
Sheets via Water-Based Exfoliation and Reduction Methods. Advances in
Material Science and Engineering. pp. 1-5 (2013)

Cao, N, Zhang, Y: Study of Reduced Graphene Oxide Preparation by Hummers’
Method and Related Characterization. J. Nanomater. pp. 1-5 (2015)

N. T. SI, Nanoinnova Technologies SL C/Faraday 7, 28049 Madrid http://
www.nanoinnova.com. pp. 7-9.

Shabaneh, A, Girei, S, Arasu, P, Mahdi, M., Rashid, S, Paiman, S, Yaacob, M.:
Dynamic response of tapered optical multimode fiber coated with carbon
nanotubes for ethanol sensing application. Sensors (Switzerland) 15(5),
10452-10464 (2015)

Yadav, TK, Mustapa, M.A, Abu Bakar, M.H,, Mahdi, MA.: Study of single
mode tapered fiber-optic interferometer of different waist diameters and its
application as a temperature sensor. J. Eur. Opt. Soc. 9, 8-12 (2014)

Page 6 of 6

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your manuscript to a SpringerOpen®
journal and benefit from:

Submit your next manuscript at » springeropen.com



http://www.nanoinnova.com/
http://www.nanoinnova.com/

	Abstract
	Background
	Methods
	Results and discussion
	Conclusion
	Acknowledgments
	Authors’ contributions
	Competing interests
	Author details
	References

