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Fluorescein-Filled Photonic
Crystal Fiber
This work focuses on the construction of a mathematical model for the simulation of
simultaneous ultraviolet and temperature monitoring. The model was constructed
based on the parameters of a typical structure that is composed of a photonic crystal
fiber (PCF) filled with fluorescein dissolved in water and spliced between two
conventional multimode fibers. This work is based on an investigation published in
Optical Fiber Technology (2016). The mathematical model has been tested and
verified to obtain a good match with previous results using the extra val function. In
this work, the pH factor, temperature, and excitation power were simulated to
estimate the output emission spectrum and corresponding wavelength. The
simulation process enabled by the mathematical model will provide theoretical
measurements that can be used in sensing applications as a theoretical PCF sensor.
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1. Introduction
Photonic crystal fibers (PCFs) are novel optical
fibers with various improved features beyond those
of conventional optical fibers. These PCFs have
extended the range of capabilities of optical fibers
by improving well-established properties and
introducing new features. Given their unique
geometric structure, PCFs exhibit special properties
and capabilities with outstanding potential for high
sensing applications and controlled systems based
on light guidance [1]. PCFs exhibit a microstructure
arrangement in a background material with a
different refractive index. The background material
is usually undoped silica, and a low-index region is
provided by air voids that run along the length of the
fiber [2]. The strong wavelength dependency of the
refractive index and the inherently large design
flexibility of the PCFs allow for an entirely new
range of novel properties [3,4].
Photonic sensors have rapidly evolved since their
introduction. The first optical sensor, which was
described by Bergman in 1968, was used to detect
oxygen based on fluorescence quenching. Since
then, numerous photonic sensors have been
developed by combining multidisciplinary research
in biology, chemistry, physics, electronics, and
optics [5].
Photonic sensors utilize different fundamental
properties,
including
amplitude,
frequency,
polarization, and phase [6], of the optical signal.
These properties allow for a vast number of sensor
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designs, such as intensity-based, spectroscopic,
polarimetric, and interferometric sensors. The most
common sensors operate based on changes in
intensity due to absorption, reflection, emission,
scattering, fluorescence, and surface plasmon
resonance [7,8].Optical chemical sensors and
biosensors have been extensively investigated for
years and are widely utilized [9,10].
Sensors based on absorption spectroscopy utilize
the unique absorption signatures of chemical
compounds.
Most
compounds
have
their
fundamental vibrational modes in the mid-IR.
Earlier tunable fiber lasers suffered from narrow
tuning ranges and exhibited limited wavelength
availability, particularly in the mid-infrared (MIR)
[11]. Thus, this limits the compounds that could be
detected. Laser diodes and quantum cascade lasers
have broad tunability and cover wavelengths from
approximately 630nm to 30nm, thus allowing for
novel sensor applications in medical diagnostics
(e.g., breath analysis) and the detection of
biohazards, drugs, explosives, gases, and chemicals
[3].
Compared with electrochemical sensors and
biosensors, optical pH sensors possess high
sensitivity and selectivity because of the
luminescence phenomena. Moreover, these sensors
are insensitive to electromagnetic interference, do
not need any reference electrode, and are suitable for
remote and disposable sensing, which is typical of in
situ applications [11].
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Fluorescein is widely used in optical sensors
because of its high molar absorptivity at the
wavelength of argon laser (488nm), high
fluorescence quantum yield, and pH-dependent
emission spectra [12].
In this work, a theoretical sensing for the output
emission spectra and the corresponding wavelength
of a typical type of fluorescein PCF (through a
simulation process) is presented. This work is based
on the work of Tatar et al., which was originally
published in Optical Fiber Technology in 2016 [13].
2. Structure Design and Parameters
The structure is composed of silica PCF with a
GeO2-doped core and commercially available 125pm silica multimode (MM) optical fibers, as shown
in Fig. (1). The parameters of the PCF are as
follows: outer core diameter dout= 82.7 µm, lattice
pitch A= 4.2 µm, cladding region diameter qad.= 42.8
µm, and doped core diameter dcore = 4.1 µm. The
PCF was selected based on the fit between the PCF
core and the MM fiber core. The air-holes of the
PCF were filled with fluorescein dissolved in water.
The PCF was then cut into 2cm-long samples and
spliced between the input and output of the MM
optical fibers [13].

significant features of fluorescein, that is, the
excitation and emission spectra are highly dependent
on the solvent pH factor. Moreover, the wide
excitation spectrum and the high temperature
sensitivity of the emission spectrum of fluorescein
make the PCF structure useful for different sensing
applications.

Fig. (2) Different values of pH factor of fluorescein solvents
and corresponding output spectrum [13]

Fig. (3) Output spectrum of irradiated PCF depending on
radiation power levels [13]

Fig. (1) (a) Facet of the prepared PCF fiber and (b) the splice
region of in-line excited water-fluorescein compound. The UV
light is guided through the core of MM fiber (from right to
left side) and the emission of the green light in the PCF can be
observed [13]

In a previous investigation, the excitation and
emission spectra of the fluorescein solvent were
analyzed by using a LED diode with a wavelength of
490nm. The output power of fluorescein was
determined based on the different values of the pH
factor, radiation power level, and temperature, as
shown in figures (3), (4) and (5). The performance
of the structure depends mainly on one of the most
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3. Mathematical Model
In the first part of the present theoretical work, a
simulation was utilized to construct a mathematical
model that can measure the influence of each pH
factor, radiation power level, and temperature on the
output power and wavelength of the excitation
spectrum of the fluorescein compound. After several
trials, the extra val function was selected to represent
the mathematical model. The extra val function is
expressed as:
y=a +b exp(-exp(-((x-c )/d ))- ((x-c )/d )+1)
where y denotes the normalized output power level;
x denotes the wavelength in pm; and a, b , c and d
represent the parameters of the function. These
parameters were employed as a function of the
variables (i.e., pH factor, excitation power, and
temperature), where a represents the shift factor, b
represents the amplitude of the curve, c represents
the peak center position, and d represents the
standard deviation.
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Table (3) The average values of correlation factors (r2) at
different values of temperature
r2
0.99546
0.99711
0.99746
0.99601
0.99547

T (°C)
24
41
51
59
80

Figure (5a-d) illustrates the results of fitting
between each parameter and the original data,
whereas figure (5e) illustrates the results of the
fitting of the output curves.

Fig. (4) Changes in emission spectra due to varying
temperature [13]

(a)

3.1 Output power at different values of solvent
pH, temperature, and excitation power
Different values of solvent pH, excitation power
(PEXC) and temperature (T) were included in the
presented simulation to obtain the maximum power
and the corresponding wavelength of the emission
spectrum (the values of each variable were chosen
according to the original investigation). Tables (1),
(2) and (3) show the average values of correlation
factors (r2) at different values of solvent pH,
excitation power, and temperature, respectively,
where r 2 represents the correlation factor between
the original data and the estimated data.
Table (1) The average values of correlation factors (r2) at
different values of solvent pH
pH factor
5
7
9

(b)

r2
0.99722
0.982881
0.989455

Table (2) The average values of correlation factors (r2) at
different values of excitation power
PEXC (mW)
6.97
4.96
3.16
2,25
1.54
0.53
0.24
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r2
0.9961
0.9957
0.9955
0.9931
0.9905
0.026
0.78
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(d)

(b)

(c)
(e)
Fig. (5) (a-d) Fitting between each of function parameters and
original data, (5e) fitting/matching between original curves
and our estimated curves at several values of pH

In the second part of this theoretical work, figure
(6a-d) illustrates the results of fitting between each
parameter and the original data, whereas figure (6e)
illustrates the results of fitting of the output curves at
certain values of excitation power.
In the third part of this work, figure (7a-d)
illustrates the results of fitting between each
parameter and the original data, whereas figure (7e)
illustrates the results of fitting of the curves at
certain values of temperature.

(a)
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(d)

(e)
Fig. (6a-d) Fitting between each of function parameters and
original data, and (6e) fitting between original curves and our
estimated curves at several values of excitation power
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(a)

(b)

(c)

(d)
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(e)
Fig. (7a-d) Fitting between each parameter of function with
original data, and (7e) fitting between original curves and our
estimated curves at several values of temperature

4. Conclusions
Given the important role of PCFs in different
fields, particularly in sensing applications, reflecting
the performance of this typical structure on a
specific mathematical model is important and
practical in different sensing applications. In this
work, a simulation process using the extra val
function was established to create a suitable
mathematical model. The ratio of matching/fitting of
the simulated curves and the original curves can be
evaluated using the correlation factor, which is in the
range of 0.99. The extra val function was selected
based on this high correlation factor. This function
could be used to accurately estimate the output
emission power of fluorescein PCF and the
corresponding wavelength at different values of
solvent pH, excitation power of the emission
spectrum, and different values of temperature.
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