2021 IEEE Photonics Conference (IPC) | 978-1-6654-1601-6/21/$31.00 ©2021 IEEE | DOI: 10.1109/IPC48725.2021.9593015

Long period grating coated with graphene oxide
as platform for optical fiber biosensors
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Abstract—In this work we report about a novel label-free biosensing configuration consisting of a long period grating (LPG) inscribed
into a double cladding fiber (DCF) and coated with a thin layer of graphene oxide (GO). The DCF had a W-type refractive index (RI)
profile and permitted the tuning of the device working point to the mode transition region through etching of the outer cladding, resulting
in high RI sensitivity and good visibility of the LPG resonance. The GO overlay provided carboxylic functional groups on the sensor
surface for the immobilization of a capture antibody. The sensing characteristics of the biosensor were evaluated through the detection of
C-reactive protein in serum, where a limit of detection lower than 1 ng/mL was achieved.
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1. INTRODUCTION

Nowadays, researchers are focusing on the development of label-free fiber optic biosensors due to the advantages that such sensing
platform brings, as high sensitivity, reduced size, chemical inertness, and biocompatibility. Different technological solutions have
been considered for the purpose, with the following worthy to be mentioned: surface plasmon resonance (SPR) and lossy mode
resonance (LMR) sensors, interferometers and fiber gratings [1]-[4]. In several cases, the design of the device to provide a very high
refractive index (RI) sensitivity, and thus a low limit of detection (LOD), is obtained impairing signal-to-noise ratio, stability, and
repeatability. Here we report about recent results of unconventional long period gratings (LPGs) as platform for optical fiber
biosensors. The LPGs were fabricated in a double cladding fiber (DCF) with W-shaped refractive index profile. The device presented
high RI sensitivity, as a consequence of working in mode transition region by chemical etching of the fiber outer cladding. Moreover,
as the transition was achieved into a silica structure, a good visibility of the grating resonances was also obtained. Subsequently, the
device was coated with a few nm thin layer of graphene oxide (GO) which provided carboxylic functional groups on the sensor
surface. As exemplary analyte to evaluate the performances of the platform, C-reactive protein (CRP) was detected using medically
relevant concentrations in serum and obtaining a very low LOD.

II. SENSING PLATFORM DEVELOPMENT

The LPG transducer was inscribed into the single-mode S1310 DCF manufactured by Nufern, presenting a pure-silica core, a F-
doped inner cladding, and a pure-silica outer cladding. The electric arc discharge technique was selected for such aim, since it permits
the fabrication of LPGs in not photosensitive fibers [5]. The period of the grating A was selected equal to 400 pm in order to have
the coupling of core mode with 6 order cladding mode in the wavelength range 1350-1650 nm, as from the spectrum of Fig. 1(a)
with black line. The outer cladding of the DCF was chemically etched using a 24% HF solution until a diameter of about 107 pm is
reached and the corresponding spectrum is reported in Fig. 1(a) drawn with red line. Such design permitted to increase the RI
sensitivity of the LPG up to around —1000 nm/RIU when in aqueous solution (typical of biosensing applications), due to the mode
transition phenomenon [6]. Subsequently, GO was prepared by Hummers’ method, involving the chemical attack of graphite, and the
resulting aqueous solution (1 mg/mL) was used to coat a thin layer on the fiber surface by dip coating method [7]. The final spectrum
of the device after GO deposition in water environment is reported in Fig. 1(a) drawn with blue line exhibiting a good contrast of the
grating resonance.
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III. EVALUATION OF THE PERFORMANCE

The performances of the so-prepared fiber optic transducer were investigated by using the CRP as exemplary analyte: it is a well-
known inflammatory biomarker that can be associated to different infections and diseases [8]. During the functionalization and testing
phases, the device was enclosed into a state-of-the-art microfluidic system, connected to a peristaltic pump ensuring constant flow
rate during the procedure. For the purpose, the GO -COOH functional groups were activated using EDC/NHS (200/50 mM) cross-
linking chemistry, followed by immobilization of the anti-CRP (monoclonal antibody C5, 500 pg/mL) and surface passivation using
1% w/v bovine serum albumin (BSA) in phosphate buffer solution (PBS, 40 mM pH 7.4). The measurement of CRP concentrations
within 0.01-100 pg/mL in human serum samples (diluted 1:10 v/v in PBS) was thus performed: after the incubation of each CRP
concentration, the biosensor was rinsed in PBS to evaluate the signal (in terms of resonance wavelength shift) always in the same
conditions. The calibration curve of the biosensor is depicted in Fig. 1(b) where experimental points were reported in terms of mean
value and standard deviation within twenty measurements. In the same figure, the corresponding sigmoidal fit was also reported [9],
achieving a limit of detection (LOD) of 0.15 ng/mL with the possibility to operate within the range 0.01-100 pg/mL of medical

interest.
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Fig. 1. LPG based label-free biosensor in double cladding fiber: (a) spectra after fabrication (black line), after etching (red line) and after GO deposition (blue line)
in water. (b) Calibration curve for the detection of CRP in serum: experimental points reported in terms of mean value and standard deviation (errorbars), fitting

with sigmoidal function reported with dotted line.

IV. CONCLUSION

We have reported here about the development of a novel label-free biosensing platform based on fiber optics: an LPG inscribed
into an unconventional DCF with GO coating. The transducer provided high sensitivity through design of the operating range within
mode transition region, whereas the coating material provided the surface for the subsequent functionalization to immobilize an
antibody specific for the analyte to be detected. In this case, the sensing characteristics of the biosensor were measured through the
detection of CRP concentrations (0.01-100 pg/mL) in human serum and a very low LOD - below 1 ng/mL - was attained.
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