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ABSTRACT A novel bio-based polycationic polyurethane as an ion-selective membrane for nitrate sensing
was successfully developed. In this work, the intermolecular interactions at active polymeric sites play a
primary role in selective nitrate-ion detection. From the experiment, FTIR shows a significant shift from
1543 cm−1 to 1548 cm−1 in N-H bending, indicating that intermolecular interactions occur between the poly-
cationic polyurethane and nitrate. AFM shows that the surface roughness of the polycationic polyurethane
decreases from 95.7 nm to 12.2 nm after immersion in nitrate solution. Meanwhile, FESEM images
show that the bright area, which represents the hard segment of polycationic polyurethane, decreases after
immersion, indicating that the nitrate is interacting with the hard segment of the polycationic polyurethane
via intermolecular interaction. Furthermore, EIS shows that the conductivity increases from 2.84× 10−11 to
5.34 × 10−11 S cm−1 after ion exchange occurs between the iodide and nitrate on the polycationic
polyurethane. To assess the sensing performance, the sensor probe is fabricated by coating the polycationic
polyurethane thin film on the tapered region of an optical fiber. Rapid detection, good repeatability, and
a sensitivity of 5.94 × 10−2µW/ppm are obtained for nitrate detection using the above bio-based-sensing
material. The selectivity study also shows that the sensing material possesses high affinity toward the nitrate
ion.

INDEX TERMS Optical fiber sensor, chemical sensor, ion-selective membrane, nitrate sensing,
polyurethane.

I. INTRODUCTION
Nitrate is an ionized form of nitrogen and an important nutri-
ent for all photosynthetic organisms. Because of their involve-
ment in the biogeochemical cycle in water reservoirs, nitrate
sensing in water is vital for monitoring and sustaining water
quality conditions [1], [2]. However, the excessive consump-
tion of nitrate by humans may lead to methemoglobinemia
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disease. Furthermore, excessive amounts of nitrate can also
cause harmful impacts toward the environment, such as
eutrophication, algal blooms and the death of aquatic life [3].

Conventionally, nitrate detection is carried out in the lab-
oratory, where the water sample is collected and preserved
under a specific condition prior to analysis. Under certain
conditions, an additional pretreatment process is required
before the analysis [4]. The water sample is then ana-
lyzed using sophisticated techniques such as atomic absorp-
tion/emission spectroscopy (AAS/AES), chromatography,
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and inductively coupled plasma-mass spectrometry (ICP-
MS) [5], [6]. Although these techniques have been prac-
ticed for many years, they do have limitations; the above
techniques are tedious, nonportable and may lead to sample
contamination during preservation. Thus, many researchers
have opted to explore alternative ways to improve the existing
techniques.

Recently, the development of an optical fiber sensor
technique for nitrate detection has gained interest among
researchers. This technique can be applied in situ and is
straightforward, cost effective and resistant to environmental
electromagnetic interference [7]. Lalasangi and coworkers [8]
reported utilizing an etched fiber Bragg grating (FBG) as a
sensing probe to observe the wavelength shift, which corre-
sponds to the variation of nitrate concentrations and resulted
in a sensitivity of 1.322 × 10−3 nm/ppm. Later, Camas-
Anzueto et al. [1] claimed that by integrating a sensing
material (lophine(2,4,5-triphenylimidazole)) with an optical
fiber, nitrate could be detected as low as 1 ppm with a good
response and recovery time of 20 ms and 40 ms, respectively.
Meanwhile, Moo et al. (2016) [7] developed a simultaneous
measurement procedure using an ultraviolet optical fiber sen-
sor without a coating for detection of nitrate that ranges from
0 to 50 ppm with a detection limit of 0.0017 ppm.

The performance of the optical fiber sensor can be further
improved by modifying the geometrical structure of the opti-
cal fiber. Such modifications can be carried out by tapering
the optical fiber, leading to a high interaction between the
light-sensing material and the chemical analytes [9], [10].
The tapering modification for the optical fiber is integrated
with a sensing material in such a way that the optical fiber
sensor is both sensitive and selective towards the target chem-
ical analytes.

Bio-based polyurethane is a polymer derived from veg-
etable oils and can be produced via the polymerization of
polyols and isocyanates. The presence of polyols and iso-
cyanates in a polymeric chain structure provide the soft and
hard segment features of this material. The hard segment of
polyurethane acts as a supporting pillar and interconnects
throughout the soft phase segment, therefore contributing to
the mechanical strength of the polymer [11] and preserv-
ing the stability of the material on the sensor surface [12].
Recently, polyurethane has been modified physically by
introducing fillers to improve its properties for pressure [13],
strain [14] and piezoresistive [15] sensors. Another way to
modify polyurethane is through chemical modification by
introducing various functional groups in its structure. One of
the methods is by introducing a propyl functional group via
an alkylation reaction to the polyurethane structure; hence,
a comb-like polymer with a positive charge in its structure
is produced. The positive charge of the molecule is able to
interact and form bonds with the negatively-charged analyte
via electrostatic interaction.

In this work, we synthesized a novel bio-based polyca-
tionic polyurethane as a sensing material for nitrate detec-
tion. The polycationic polyurethane was characterized, and

the physicochemical properties of this material were studied
prior to integration with a tapered optical fiber. To assess the
sensor performance, various ranges of nitrate concentrations
were used. The sensitivity, response time, repeatability and
selectivity of the sensor were evaluated. By incorporating
a bio-based sensing material with an optical fiber, a more
environmentally friendly sensing system can be developed for
nitrate detection with good sensitivity and selectivity. To the
best of our knowledge, the incorporation of a polycationic
polyurethane as the sensing material with a tapered opti-
cal fiber for nitrate sensing has never been reported in the
literature.

II. EXPERIMENTAL SECTION
A. MATERIALS
Palm kernel oil-based monoester-OH (PKO-p) was prepared
following the method developed by Badri et al. (2000) [16].
The 2,4-methylene diphenyldiisocynate (MDI) was obtained
from Cosmo Polyurethane. The acetone was purchased from
SYSTERM ChemAR. The iodopropane (99%) was pur-
chased from Sigma Aldrich.

B. PREPARATION OF POLYCATIONIC POLYURETHANE
An amount of palm kernel oil-based monoester-OH (PKO-p)
and 2,4-methylene diphenyl diisocynate (2,4-MDI) were dis-
solved in acetone for several hours in separate vials [13], [17].
After that, the MDI solution was mixed with PKO-p produc-
ing a homogeneous solution. Then, the iodopropane solution
was added under continuous stirring for another several min-
utes under a nitrogen gas atmosphere. Samples were kept
under a nitrogen atmosphere until use.

C. PHYSICOCHEMICAL PROPERTIES AND SURFACE
MORPHOLOGY OF POLYCATIONIC POLYURETHANE
To study the physicochemical properties and surface mor-
phology of the sensing material, polycationic polyurethane
was deposited on glass slides with dimensions of 2.5× 3.0 cm
by using a dip-coating technique. The prepared glass slides
were then coated with polycationic polyurethane by using a
dip-coating technique and the aid of a programmable dip-
coater machine (PTL-MMB01, MTI Corp.). The speed of the
dip-coater machine varied from 10 mm/min to 200 mm/min.
The coated glass slides were characterized using a UV-Vis
spectrophotometer to optimize the thickness of the thin film
and soaking time based on the optimum absorbance and
reflectance values of the material. The thickness of the thin
film was measured by using a profilometer machine (Dek-
takXT, BRUKER). The optimized film thickness obtained
from this analysis was further used as the coating thickness
for the tapered optical fiber. The topography and surface
morphology of the sensing material was characterized using
a Nanosurf Easyscan2 atomic force microscope (AFM) and a
LEVO 1450VP field emission scanning electron microscope
(FESEM) with a magnification of 5000 × and 10,000 ×,
respectively. The synthesized polycationic polyurethane was
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also characterized using a Perkin Elmer Spectrum 400 Fourier
transform infrared (FTIR) spectrometer ranging from 4000 to
650 cm−1 with a scanning resolution of 2 cm−1 and appro-
priate scan rates to observe the vibrational mode of func-
tional groups. The electrical properties of the sensingmaterial
were characterized by an alternating current electrochemi-
cal impedance spectrometer (EIS, Princeton VERSASTAT4)
equipped with a frequency resonance analyzer (FRA) at an
applied frequency ranging from 1 MHz to 0.1 Hz and 10 mV.
The 1.5 mm2 rectangular-shaped polycationic polyurethane
sample was sandwiched between two conductive glass elec-
trodes. The EIS analysis was carried out at different concen-
trations in the range of 0.01 ppm to 8 ppm of nitrate solutions.
All the electrical parameters were extracted from the Nyquist
plots formed from the EIS measurements.

D. PREPARATION OF NITRATE SOLUTIONS
Nitrate solutions were prepared using dilution techniques.
First, 30.61 mg of LiNO3 was diluted in 1 L of deionized
water as a stock solution with a 100% concentration of nitrate
ions. The stock solution was then diluted to 8 different nitrate
solution concentrations in the range of 0 ppm to 30 ppm.

E. PREPARATION OF THE TAPERED OPTICAL FIBER
A multimode-type optical fiber was used throughout the
study. In this work, the same parameters of tapered optical
fiber were used as in our previous report [10]. Tapered-
multimode optical fiber was prepared by using a Vytran
GPX-3400 machine. A standard-grade optical fiber was
heated using a filament heater while both sides of the fiber
were simultaneously pulled, producing a smaller region in
the middle of the fiber. In this work, a standard-grade optical
fiber with a cladding/core size of 125 µm/62.5 µm was
tapered to thin down the core/cladding waist diameter to
50 µm. The transition region and taper lengths were fixed
at 5 mm and 3 cm, respectively. Prior to the sensor probe
fabrication, the tapered region of the optical fiber was cleaved
at a 90◦ at the fiber tip with a tapered-region length of 3.0 cm.
Then, the fiber surface was cleaned using acetone prior to
the sensing material coating. Figure 1 shows the schematic
diagram of the tapered optical fiber structure used in this
study.

F. FABRICATION OF THE SENSOR PROBE
The sensor probe was fabricated by coating the polycationic
polyurethane on the tapered optical fiber surface by using a
dip-coating technique. The coated region was dipped in the
polycationic polyurethane solution for 10 minutes and dried
for another 10 minutes at 90 ◦C. The dip-coating process was
repeated twice to produce two layers of sensing material on
the optical fiber surface using a dip-coater machine (PTL-
MMB01, MTI Corp). The speed of the dip-coater machine
was fixed at 200 mm/min. The thickness of the coating mate-
rial on the tapered optical fiber surface was then characterized
by using FESEM analysis.

FIGURE 1. Schematic diagram of the tapered optical fiber structure.

FIGURE 2. Experimental setup for detection of nitrate using the tapered
optical fiber coated with polycationic polyurethane.

G. EXPERIMENTAL SETUP FOR NITRATE SENSING
Figure 2 shows the experimental setup for the nitrate sen-
sor using a tapered optical fiber in a reflectance configu-
ration. The tapered optical fiber coated with polycationic
polyurethane was immersed in 8 different concentrations of
nitrate solution from low to high. The wavelength used was
1550 nm with a modulated light source (FLS-130A, EXFO).
An S122C Thorlabs photodetector was used to convert the
optical signal to an electrical signal. An optical power meter
(PM100D, Thorlabs) was used to measure the power output.
The collected data from this analysis was used for the sensor
performance evaluation.

III. RESULTS AND DISCUSSION
A. FOURIER TRANSFORM INFRARED SPECTROSCOPY
(FTIR)
Figure 3 shows the FTIR spectra for polyurethane, poly-
cationic polyurethane and polycationic polyurethane-nitrate.
After the polymerization of polyurethane (blue line),
the appearance of the peak at 3330 cm−1 represents the
stretching mode of amine (N-H) and verifies the presence of
secondary amides (-NHCO-) in the polymeric polyurethane
structure [17]. Furthermore, the appearance of the peak at
1715 cm−1 represents the C = O stretching of the urethane
functional group. Meanwhile, C-N is attributed to peak at
1310 cm−1 [17].

The addition of iodopropane in the polyurethane (red line)
causes the significant shift of the carbamide group (C-N
bending) from 1310 cm−1 to 1312 cm−1 and validates the
presence of a propyl group attached to an amide functional
group, as shown in Figure 3 [18], [19]. A peak shift is also
observed for N-H bending from 1541 cm−1 to 1543 cm−1.
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FIGURE 3. FTIR spectra for polyurethane, polycationic polyurethane and
polycationic polyurethane-nitrate.

FIGURE 4. Structure of polycationic polyurethane.

No significant shift is observed for the carbonyl stretching
(C = O) of the urethane functional group (from 1715 cm−1

to 1714 cm−1). After the polycationic polyurethane is
immersed in nitrate solution (black line), a significant shift
is observed for N-H stretching (hydrogen bonded) from
3308 cm−1 to 3299 cm−1, whereas the oxygen is shifted to
a higher wavenumber, suggesting that there are possibilities
that ion exchange occurred between the nitrate and iodide at
the amide functional group. In addition, the wavenumber of
the carbonyl group (C=O) is shifted to the right (1714 cm−1

to 1710 cm−1), indicating the weakening of the intermolecu-
lar forces in the polyurethane chain structure [17]. The inter-
molecular interaction between the polycationic polyurethane
and nitrate is verified by the shifting of N-H bending to a
higher wavenumber from 1543 cm−1 to 1548 cm−1.

Table 1 shows a summary of the respective functional
groups and wavenumbers for polyurethane, polycationic
polyurethane and polycationic polyurethane-nitrate. More-
over, Figures 4 and 5 exhibit the structure of polyca-
tionic polyurethane and the chemical interaction between
the polycationic polyurethane with nitrate ions, respectively.
Figure 5 shows that the nitrogen atom of the amide group in
the polycationic polyurethane that bears a positive charge is
able to interact with the negatively charged analyte through
electrostatic interaction, hence making this material suitable
for nitrate detection. The detailed mechanism of reaction is
shown in the supplementary material, Figure S1.

B. ATOMIC FORCE MICROSCOPY (AFM)
Figure 6 shows the AFM topography of polycationic
polyurethane and polycationic polyurethane after immersion

TABLE 1. Wavenumbers of functional groups in polyurethane,
polycationic polyurethane and polycationic polyurethane-nitrate.

FIGURE 5. Structure of polycationic polyurethane-nitrate.

in a nitrate solution. The surface roughness calculated for
polycationic polyurethane is 95.7 nm, showing that the over-
all topography of polycationic polyurethane is rough [20].
High surface roughness provides more adsorption sites for
analyte attachment [21]. However, the surface roughness
of polycationic polyurethane after immersion in nitrate is
reduced to 12.2 nm. The declining surface roughness of
the polycationic polyurethane after immersion in a nitrate
solution verifies the occurrence of ion exchange between the
iodide and nitrate ions, as observed in the FTIR analysis
(Figure 3).

C. FIELD EMISSION SCANNING ELECTRON MICROSCOPY
(FESEM)
Figure 7 shows the field emission scanning electron
microscopy (FESEM) images for (a) polycationic
polyurethane and (b) polycationic polyurethane immersed
in a nitrate solution. The polycationic polyurethane pos-
sesses crystalline and amorphous phases contributed by
the alignment of hard and soft segments, respectively.
In Figure 7(a), the bright area representing the crystalline
region associated with the hard segment of polycationic
polyurethane dominates the cross-section of the thin mem-
brane [20]. However, when polycationic polyurethane is
immersed in nitrate solution, the bright area decreases and
the dark area increases, indicating that the amorphous region
increases. This phenomenon is confirmed by the distur-
bance in the intermolecular interaction observed in the FTIR
analysis. It is believed that the existing physical crosslink-
ing of polycationic polyurethane (hydrogen bond interac-
tion between the hard and soft segments of polycationic
polyurethane) are disrupted by the presence of lithium nitrate
(LiNO3) salt. The reduction in the polycationic polyurethane
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FIGURE 6. AFM images for (a) polycationic polyurethane and (b) the
polycationic polyurethane thin film immersed in nitrate.

crystallinity occurs due to the separation of both segments
from their molecular chain to another chain of polycationic
polyurethane and may also occur due to the ion exchange
between the iodide and nitrate ions. The hard segment
of polycationic polyurethane consists of isocyanate func-
tional groups, where the negatively charged nitrate ion is
crosslinked with the positively charged nitrogen atom of
the isocyanate functional group. Hence, softer segments are
produced in the structure.

D. ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY
(EIS)
EIS analysis was performed using film-coated fluorine-doped
tin oxide (FTO) as the symmetrical conductive electrode to
study the electrical properties of polycationic polyurethane
and polycationic polyurethane-nitrate. The analysis was
repeated three times to get an average reading. Figure 8 shows
the Nyquist spectra for (a) polycationic polyurethane and (b)
polycationic polyurethane-nitrate plotted using ZSimDemo
3.40d software. Polycationic polyurethane-nitrate shows
higher resistivity (5.699× 106 �cm) in comparison to that of

FIGURE 7. FESEM images for (a) polycationic polyurethane and
(b) polycationic polyurethane-nitrate.

FIGURE 8. Nyquist plot (a) polycationic polyurethane and (b) polycationic
polyurethane-nitrate.

polycationic polyurethane (3.303 × 106 �cm). A high ionic
conductivity reflects the number of mobile ions in the sensing
materials. Table 2 shows summaries of the resistivity and
conductivity of polycationic polyurethane and polycationic
polyurethane-nitrate.
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FIGURE 9. Schematic diagram of the nitrate-sensing mechanism for the
proposed tapered optical fiber sensor in the (a) bare tapered optical fiber,
(b) tapered optical fiber coated with polycationic polyurethane,
(c) presence of nitrate on the surface of the tapered optical fiber coated
with polycationic polyurethane and (d) molecular interaction of nitrate on
the surface of polycationic polyurethane during the sorption process.

E. SENSING MECHANISM
Light that propagates along the optical fiber core undergoes
total internal reflection at the interface between the two
media with different refractive indices, namely, the core and
cladding [22]. Due to this phenomenon, a strong evanescent
field exists near the core-cladding interface and interacts with
the chemical analytes. However, the typical core-cladding
diameter of the optical fiber limits the interaction between
the evanescent field and the chemical analyte outside the
fiber. To improve this limitation, the fiber is tapered to thin
down the core-cladding diameter, enhancing the interaction
between the evanescent field and the chemical analytes [10].

In Figure 9(a), the light propagates along the optical fiber
core and interacts with the chemical analytes on the surface of
the tapered region of the optical fiber. Upon reaching the end
of the fiber, the light is reflected following the Fresnel law
of reflection and produces a measurable signal. Meanwhile,
in Figure 9(b) and 9(c), the same principle applies, however,
there is interaction between the light-sensing materials and

TABLE 2. Resistivity and conductivity of polycationic polyurethane and
polycationic polyurethane-nitrate.

the chemical analytes. A variable signal that can be measured
is produced due to the refractive index differences [10]. Fig-
ure 9(d) shows the proposed chemical interaction that occurs
between the sensing material and the chemical analyte on the
optical fiber surface.

F. OPTICAL FIBER MORPHOLOGY
Figure 10 shows the cross-sectional images for (a) bare
optical fiber, (b) optical fiber coated with polycationic
polyurethane and (c) optical fiber coated with polyca-
tionic polyurethane-nitrate at 5000× magnification using an
FESEMLEVO1450VP. Figure 10(b) shows that polycationic
polyurethane has been successfully coated on the optical
fiber surface due to the hard segment of the polycationic
polyurethane that acted as a stabilizer during the dip-coating
process [17]. In Figure 10(b), a rough surface morphology
is observed after polycationic polyurethane is coated on the
optical fiber surface, which is also verified by the AFM anal-
ysis in Figure 6. Meanwhile, after polycationic polyurethane
is immersed in nitrate solution, a smooth surface morphology
is observed indicating that the chemical interaction occurs
between polycationic polyurethane and nitrate as seen in Fig-
ure 10(c). The coating thickness on the optical fiber surface
is 454.5 nm as shown by FESEM analysis in Figure 10(c).
The dip-coater machine speed rate was fixed at 200 mm/min
where it was optimized during the UV-Visible spectropho-
tometry study as shown in supplementarymaterial, Figure S3.

G. RESPONSE TIME
Response time is the time taken for sensing material to sense
the chemical analyte after the sensor probe is exposed to
the nitrate solution. Meanwhile, recovery time is the time
taken for a sensor to reach the baseline again when the
sensor probe is exposed to deionized water immediately after
being exposed to nitrate solution. Low response time indi-
cates rapid interaction between the sensing material and the
nitrate; hence, good sensitivity is obtained for the sensor
probe. In Figure 11, the optical power decreases drastically
from 93.3 a.u. to 3.3 a.u. after the sensor probe coated with
polycationic polyurethane is exposed to the nitrate solution
for 10 s indicating there is interaction occurring between
the polycationic polyurethane and nitrate ions. However, the
power output shows a constant value after 12 s due to the
saturation of the adsorption site on the surface of the polyca-
tionic polyurethane; therefore, no further interaction occurs
between the polycationic polyurethane and nitrate. When the
sensor probe is removed from the nitrate solution, the power
output increases back to 93.5 a.u. The response time at t90
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FIGURE 10. Cross-sectional SEM images for (a) the bare optical fiber,
(b) the optical fiber coated with polycationic polyurethane and (c) the
optical fiber coated with polycationic polyurethane-nitrate.

between the transition is 2 s, as shown in Figure 11, and the
sensor probe takes 2 s to recover to its original state after it is
exposed to deionized water.

H. SENSOR RESPONSE
Figure 12 shows the sensor response for (a) the bare tapered
optical fiber and (b) the tapered optical fiber coated with
polycationic polyurethane for nitrate sensing. As seen in Fig-
ure 12(a), when the bare tapered optical fiber is exposed to
the different concentration of nitrate solutions ranging from
0 to 30 ppm, the power output increases from 0 to 1.6 µW.
However, as the nitrate concentration increases, the power
output does not show any significant difference between one

FIGURE 11. Response and recovery times for nitrate sensing using the
tapered optical fiber coated with polycationic polyurethane as the
sensing probe.

FIGURE 12. Sensor response for (a) the bare tapered optical fiber and
(b) the tapered optical fiber coated with polycationic polyurethane for
nitrate sensing.

another because the adsorption site on the surface of the bare
tapered optical fiber is saturated. With the integration of the
sensing material in Figure 12(b), more adsorption sites are
available for nitrate ions that are provided by the specific
functional groups of polycationic polyurethane. Therefore,
a significant power output is observed between different
nitrate concentrations ranging from 0 to 30 ppm. As the

VOLUME 7, 2019 157109



A. Yusoff et al.: Bio-Based Polycationic Polyurethane as an Ion-Selective Membrane for Nitrate Tapered Optical Fiber Sensors

concentration increases from 0 to 4 ppmnitrate concentration,
the power output also increases from 8.30 µW to 8.54 µW.
At this stage, the ion exchange between nitrate and iodide
is rapid due to the plenty of adsorption sites available on
the surface of the sensing material with a sensitivity of 5.94
× 10−2µW/ppm. When the sensor probe is exposed to a
concentration ranging from 4.0 to 10.0 ppm, the graph shows
a state of saturation due to the fully occupied adsorption sites
on the surface of the sensing material [10], [21]. However,
the graph starts to decline after 10.0 ppm of nitrate concen-
tration; this is due to the higher concentration of the adsorbed
analyte on the sensing material surface, thus leading to the
decline in sensor sensitivity [23]. At this point, the sensor
probe is no longer sensitive toward nitrate ions. The inser-
tion loss induced by the polycationic polyurethane coating is
6.733µW.However, the insertion loss due to the polycationic
polyurethane coating is less crucial since this work used
reflectance technique, instead of absorbance to measure the
variation signal.

I. REPEATABILITY OF THE SENSORS
Figure 13 shows the repeatability of the nitrate sensor
using the tapered optical fiber coated with polycationic
polyurethane sensor probe. When the sensor probe is
immersed in a 4-ppm nitrate solution during the first cycle,
the power decreases from 85.5 a.u. to 1.8 a.u. When the
sensor probe is exposed to air, the power increases from
1.8 a.u. to 87.5 a.u. to reach the original baseline again. The
difference in power is due to the change in the refractive index
during the cycle. The cycle is repeated 7 times to observe the
repeatability of the sensor probe towards nitrate ion detection.
Figure 13 shows that when the sensor probe is exposed to
air, the graph does not recover to the approximately original
baseline because of the presence of nitrate traces on the
sensingmaterial surface. However, the difference between the
responses towards nitrate during the 7 cycles is slight, hence,
showing the good repeatability of the sensors.

J. SELECTIVITY OF THE SENSORS
The selectivity assessment was evaluated to study the affin-
ity of the sensing materials towards the target analyte [24].
The selectivity study was carried out by exposing the sensor
probe coated with polycationic polyurethane to several other
solutions that separately contained different anions, such as
sulfate (SO2−

4 ), hydroxide (OH−) and acetate (CH3COO−),
to study the possible interference from other anions. The
solutions were prepared with different concentrations ranging
from 0 to 30 ppm. Figure 14(a) illustrates that the sensor
probe shows good selectivity toward nitrate ions in compari-
son to other anions, which can be observed based on the large
difference in power response for nitrate (>8.0µW) compared
to that for the other interfering anions. This result is due to the
hydrophobic nature of the sensingmaterial, hence, suggesting
that the polycationic polyurethane possesses high affinity
toward the nitrate ion [25]. The effect of the interference from
a cation was also investigated. Figure 14(b) depicts that the

FIGURE 13. Repeatability for the sensing probe coated with polycationic
polyurethane.

FIGURE 14. Interference study for the sensing probe coated with
polycationic polyurethane toward (a) anions and (b) cations.

polycationic polyurethane shows low affinity toward cations
in comparison to that of the nitrate ion.

IV. CONCLUSION
A tapered optical fiber coated with a bio-based polycationic
polyurethane as a sensor probe for nitrate sensing was suc-
cessfully fabricated for rapid detection with a sensitivity
of 5.94 × 10−2µW/ppm. The intermolecular interaction at
active polymeric sites played a primary role in selective-ion
detection. The occurrence of nitrate detection on the poly-
cationic polyurethane surface was verified by FTIR, AFM
and FESEM analyses. Good selectivity was also observed for
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the sensor, indicating that polycationic polyurethane had high
affinity toward the nitrate ion.
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