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Abstract

Nitrate is one of the major environmental problems in today’s world, which affect human health and
welfare, and hinders the sustainable development of both society and the economy. Therefore, the growth of
sensor based on decorated noble metal nanoparticles (NPs) such as Ag have been attracted great attention
for their convenience of simple operation, excellent absorption and scattering (extinction) properties in
recent years. A new and simple fluorometric sensing probe based on polyaniline functionalized AgNPs
for NO, ion detection was developed by polymerization method. It has been successfully synthesized by
in- situ polymerization method. The structural, morphological and optical properties of the as-synthesized
nanocomposites were characterized by using, fourier- transform infrared spectroscopy (FT-IR), powder
X-ray diffraction (XRD), scanning electron microscopy (SEM) and UV-Vis spectroscopy. In the absence of
nitrate ion, the PANI/Ag exhibit high fluorescence intensity. Yet, the strong coordination of the basic sites
with nitrate ion causes fluorescence intensities quenching through static quenching leading to the qualitative
and quantitative detection of nitrate ion. Factor affecting the detection system such as pH and concentration
are optimized. Also, the developed PANI modified Ag sensor exhibits high selectivity and sensitive toward
nitrate ion with detection limit of 8.9x10* M. The practical use of the sensor as well tested by spiked with
different concentration of nitrate ion solutions on cabbage samples. The result signposted a good linear
relation between FO/F and the spiked concentrations of nitrate ion with coeflicient of regression R* = 0.991
(n=3) and also confirms that the found values is agreed well with the spiked amount.
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INTRODUCTION

Chemical pollution is one of the major en-
vironmental problems in today’s world, since
polluted environment poses a threat to human
health and welfare, and hinders the sustainable
development of both society and the economy.
The presence of chemical toxins, heavy metals,
inorganic and organic pollutants in water, food
and soil, due to either natural or artificial process-
es result environmental problem [1]. Nitrate is a
common chemical compound in the nature, and
is widely found in soils, waters, and foods. It has
been classified as an inorganic nitrogenous com-
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pound, which can cause disease and become a
threat to human health. The nitrate can be found
naturally in water, soil, and food; thus, it can be
easily consumed by humans. Due to the excess of
nitrate, symptoms such as abdominal pain and di-
arrhea have also been observed in human [2] and
disruption of endocrine functioning of the thy-
roid gland are some of the effects of nitrates [3].
Therefore, it needs to be monitored constantly
to safeguard the supply of clean drinking water and
food to the public, and to control the impact on
the environment and the ecosystem. Conventional
analytical techniques for nitrate ion detection
have been developed, such as ion chromatography
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(IC), Raman spectroscopy [4], atomic absorption
spectrometry (AAS) [5] and inductively coupled
plasma optical emission spectrometry (ICP-OES)
[6]. These methods require high-cost analytical
instruments developed for use in the laboratories.
The necessary sample collection, transportation
and pre-treatment is time-consuming and
a potential source of error. Recently, the
combination of nanotechnology, chemistry,
physics and biology, has allowed the development
of ultrasensitive detection and imaging methods,
including applications in electronic, magnetic,
environmental, pharmaceutical, cosmetic, energy,
optoelectronic, catalytic, and material fields [7].

The field of environmental monitoring has
seen the application of nanoparticles (NPs) being
utilized as functional probes for analyzing toxins,
metal ions, and inorganic and organic pollutants
[8]. NPs, usually with a size between 1 and 100
nm, display unique properties, mainly due to
the strong physical confinement of electrons or
holes in the NPs at the nanoscale. From a sensing
perspective, the small size of NPs gives them large
surface-to-volume ratios, which lead to rapid
responses and high sensitivity.

In the fields of chemosensors, the organic
sensing materials such as conducting polymers
[polyaniline  (PANI), polypyrrole (PPy), and
polythiophene (PTP), etc.] can show response
to target analytes at room temperature or low
temperature, which has a convenient operating
an attractive prospect [9]. It is very attractive
in nanoscience and nanotechnology because
of their highly m-conjugated polymeric chains
and metal like conductivity. Polyaniline (PANI)
is uniqgue among conducting polymers due to
its chemical and environmental stability, good
redox reversibility, tunable electrical conductivity
and optical properties. PANI has three different
fundamental forms depending on the method
employed for the preparation. The only electrically
conducting one is the emeraldine salt form (ES:
half oxidized), which is the protonated form of
PANI-EB [10]. There have been only a few reports
on the application of a simple concept that is
fluorescence quenching of polyaniline and its
derivatives in optical sensor studies; such as Cu/
PANI for chloroform [11] and camphor sulfonic
acid doped polyaniline for NO, and oxygen gas as
chemical sensing based on fluorescence quenching
were studied [12].

Chemosensors based on decorated noble
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metal nanoparticles (NPs) have been also
attracted great attention for their convenience of
simple operation in recent years by virtue of the
excellent absorption and scattering (extinction)
properties of Ag NPs, which are impossible in
its bulk counterparts. The Ag NPs show many
advantages, such as higher extinction coefficients,
sharper extinction bands, higher ratio of scattering
to extinction and extremely high near-field
enhancements. However, there were very few
reports on Ag NPs for biosensing applications. This
is due to the poor chemical stability of Ag NPs as
compared with Au NPs. During the past several
years, the use of Ag NPs has been increasing with
focus on improving the chemical stabilities.

Therefore, in order to improve chemical
stability, nanoparticle can also be synthesized by
the biological technique which is a remarkable
concept known as green synthesis of the
nanoparticle. This method is cost-effective, easily
available, eco-friendly, less toxic in nature, large-
scale production and act as reducing and capping
agent as compared to the chemical method
which in comparison is very costly along with this
it emits hazardous by-product which can have
some venomous effect on the environment [13].
Green synthesis of nanoparticles utilizes naturally
occupying reducing agent such as plant extract,
microorganism, enzymes, a polysaccharide which
are simple and viable can act as an alternative to
the complex and toxic chemical processes helps
to reduce the consequence of chemical methods
[14]. Recently, much attention has been given
to the high yield production of AgNPs of defined
size using various biological systems such as plant
extracts. Silver nanoparticles have already been
synthesized using various plant extracts such as
Acorus calamus [15], Sesuvium portulacastrum
[16], Ficus carica [17], Allophylus cobbe [18],
Artemisia princeps [19], and Typha angustifolia
[20].

In order to improve the chemical stability, in
this study, the synthesis of silver nanoparticles has
been carried out using the juice extract of well-
known and environmentally friend Citrullus lanatus
(watermelon). The presence of polyphenol in this
juice is found to be responsible for the reduction
of Ag*! ion to Ag atom and also stabilization of
AgNP [21]. Consequently, Ag NPs rapidly gain
the popularity. For instance, many groups have
started to explore alternative strategies for the
development of optical sensors based on their
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extraordinary optical properties [22]. In addition,
the physical properties of NPs (i.e., optical,
electronic, magnetic properties) can be fine-
tuned through control of their size, composition,
shape, and surface chemistry, to generate highly
functional molecular probes. Surface-modified
nanoparticles, such as gold and silver NPs (AuNPs/
AgNPs) [23], quantum dots (QDs) [24], magnetic
NPs (MNPs) [25] and carbon nanotubes [26] can
have specific target-binding properties that allow
highly selective and sensitive target detection.

In this context, we aimed to establish a new
and simple fluorometric sensing probe for NO,
detection based on polyaniline functionalized
AgNPs. We evaluated the PANI functionalized
AgNPs and the prepared PANI functionalized
AgNPs tend to form complex with NO_, which
leads to the significant emission change spectrum.
These results suggest that, the PANI functionalized
AgNPs have great potential for applications in
fluorescence sensor and optoelectronic devices.

MATERIALS AND METHODS
Materials

Aniline was obtained from Aldrich purified
by distillation under reduced pressure prior to
use. Sodium dihydrogen phosphate, disodium
hydrogen phosphate, hydrochloric acid, Zinc dust,
ethanol, ammonium persulphate, Ammonia,
Sodium  sulphate, Silver nitrate, Sodium
bicarbonate , Sodium chloride, Sodium hydroxide,
Sodium nitrate were used without purification.

Preparation of juice extract

The Citrullus lanatus was collected from local
market and washed with distilled de-ionized water.
It was cut into pieces. The inner red portion of the
pieces was pasted by mortar pestle. Then, it was
filtered using whatman filter paper to get Citrullus
lanatus juice [27].

Synthesis of Nanocomposite
Synthesis of Silver Nanoparticle

Silver nanoparticles was synthesized as follow,
5 mL of double distilled water was added to 5 mL of
pure juice extract to make it 1:1 and it was cooled
in ice cold water. The solution was made alkaline
(pH 10) by adding NaOH. The whole apparatus was
placed on a heating mantle. During heating 6 mL
3x10* M aqueous silver nitrate solution was added
drop wise with continuous stirring from burette
and finally it was heated for 20 min at 70 °C. The
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color of the solution gradually changed from light
pink to reddish yellow. The reddish yellow color
indicated the formation of AgNP [27].

Synthesis of Polyaniline (PANI) Modified Ag NPs

PANI/Ag was synthesized by polymerization of
aniline in the presence of AgNPs nanocomposite. 1
g of AgNPs powder was added into 20 mL aqueous
solution of 0.01 mol aniline monomer and 0.01 mol
hydrochloric acid. A 0.01 mol APS was dissolved in
a 15 mL distilled water and then added dropwise
to the mixture of AgNPs and aniline with stirring in
an ice bath. Polymerization proceeded for 5 h. The
composite of PANI modified AgNPs was obtained
as a precipitate. The precipitate was isolated by
filtration, washed with distilled water and ethanol
three times, and dried at 70 °C for 3 h. Pure PANI
was also synthesized, by using an identical method
but without using AgNPs.

Characterization of the Synthesized Nanocomposites

To determine the characteristic maximum
absorption of the as-synthesized samples
and their band gaps, UV-Visible absorption
spectrophotometer (Shimadzu-1800) was used
in the range of 200-900 nm wavelength. The
photoluminescence emission properties were
determined using a RF-5301PC spectrofluorometer
equipped with a xenon discharge lamp. The
crystallite sizes were determined using powder
X-ray diffraction (XRD) with X’Pert Pro P ANalytical
with CuKa radiation (I = 1.5405 A). The surface
morphology was analyzed by SEM-EDX (JSM 6510
LA). The data were registered with 20 steps of 0.02°
and accumulation times of 20 s. FT-IR (Spectrum
65, PerkinElmer) in the range 4000-400 cm™ using
KBr pellets was used to assign functional groups of
as-synthesized PANI/Ag

Preparation of Buffers

The 0.1 M phosphate buffer was prepared by
weighing approximately 0.8 g of NaH,PO,.2H,0
and 6.5180 g of Na,HPO, and dissolving them
in water into a 500 mL volumetric flask. It was
adjusted using 0.1 M HCl or 0.1 M NaOH to the
desired pH. The buffer solution was stored in a
fridge at 4 °C [28].

Fluorescence Detection of Nitrate lon

For fluorescence detection of nitrate ion
detection, 1 mg of the PANI/Ag nanocomposite was
dissolved in 2.5 mL deionized water and followed
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by the addition of different molar concentration of
nitrate ion and sonicated. After reaction of 5 min at
room temperature, 50 pL of the solution was taken
into a cuvette and finally, the emission spectra
were recorded using fluorescence spectroscopy.

In order to quantify the nitrate ion induced
quenching process, the Stern-Volmer quenching
constant K., was calculated by Stern-Volmer
equation:

I,/1=1+K,[Q] (1)

Where | and | are the fluorescence intensities
of the sensor in the absence and presence of
nitrate ions, K, is the Stern-Volmer constant and
(Q) is the molar concentration of nitrate ion.

Optimization of Parameters
The Effect of Concentration

The effect of nitrate ion concentration also
affects the sensitivity of detection. In order to
investigate this effect, 2.5 mL of PBS (0.1 M) was
added in to 1 mg of the PANI/Ag nanocomposite,
then it was dissolved in 2.5 mL deionized water
and followed by the addition of 1, 2, 4, 6, 8, 10,
12 and 14 mM of nitrate ion and sonicated.
After reaction of 5 min at room temperature, 50
uL of the solution was taken into a cuvette and
finally, the emission spectra were recorded using
fluorescence spectroscopy.

The Effect of pH

It is common that the pH of a solution can
affects the sensitivity and selectivity of a detection.
The effect of pH (2-12) of PBS on the PANI/Ag
fluorescent sensor in the presence of nitrate ion
solution was tested.

Reproducibility and Stability Tests

The reproducibility of the PANI/Ag as the flu-
orescent sensor was investigated at three repeti-
tions on three batches of the PANI/Ag. A calibra-
tion graph was for mean of F_/F, (F_ andF rep-
resented the fluorescence intensity of sensor
without and with nitrate ion) Vs. nitrate ion con-
centration, which a linear range was then deter-
mined. Limit of detection was calculated using the
following formula;

LOD= (2
)

Where LOD are limit of detection, SD are
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standard deviation from linearity of a graph and
K,, is Stern-Volmer constant calculated from the
graph [29].

Selectivity of the Sensor

The SO,*, CI, OH and HCO, ions were used to
investigate selectivity for nitrate ion of PANI/Ag
sensor. The concentration of each anion was 14
mM. The same detection conditions and approach
were used as mentioned above.

Recovery Test and Real Samples Analysis

About 5 g of cabbage sample was collected
from the local market, Tuluawliya, Ethiopia for
nitrate extraction. The cabbage was torn into very
small pieces and ground using pistol and mortar.
The powder was added into a flask that contains
20 mL of ethanol and sonicated for 15 minutes.
The mixture was filtered through a Buchner funnel
to separate the liquid from the solid plant material
and the liquid part was diluted by adding 5 mL
of deionized water. The resultant samples were
spiked with different concentrations of nitrate
solutions. Then 200 pL of this sample solution
was taken and added to PANI/Ag nanocomposite
in 2.5 mL deionized water. Finally, fluorescence
emission spectra were recorded after reaction of
5 min at room temperature. The mean percentage
recoveries for the nitrate ions were calculated
using the following equation:

Percentage recovery = gX100 (3)
CM

Where CE is the experimental concentrations
determined from the calibration curve and CM is
the spiked concentrations.

RESULTS AND DISCUSSION
Characterization of Modified Ag sensor
FTIR Analysis

Fig. 1 displayed that, the FT-IR spectra of the
synthesized nanocomposite samples Polyaniline,
Ag NPs and PANI/Ag, in the range 4000-400 cm™
using KBr pellets. Fig. 1(a) shows the FTIR spectra
of emeraldine salt PANI. The characteristics peaks
are 3435 cm™ due to N-H stretching mode, 1595
cm™ due to C=C stretching mode of the quinoid
rings, 1384 cm™ due to C=C stretching mode of
benzenoid rings, 1250 cm™ due to C-N stretching
mode and 1120 cm™ due to N=Q=N, where Q
represents the quinoid ring [30]. The presence of
the benzenoid and quinoid units is evidence of the
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Fig. 1. FT-IR spectra of PANI/Ag nanocomposite.

emeraldine salt form of PANI. For AgNP the FTIR
spectrais describedin Fig. 1 B. The spectrum shows
slightly narrower peak at 3458 cm™ which may
be due to hydroxyl (OH) stretching bands which
suggests the involvement of the polyphenols in
the reduction [31]. The peak at 1635 cm™ may
be due to the presence of carbonyl group (C = O)
associated with NH moiety in Riboflavin.

The FTIR spectra of PANI/Ag nanocomposite
describedinFig.1C, whichshowsapeakat3426cm™
are attributed to N-H stretching mode because the
range of N-H is between 3300 cm™ to 3500 cm™ for
amine part of PANI and also due to hydroxyl (OH)
stretching bands polyphenols of AgNPs. The small
absorption peaks observed at 2918 cm™ and 2850
cm™ are due to asymmetric C-H and symmetric
C-H stretching vibrations. Most of the observed
characteristic peaks of PANI/Ag nanocomposite
is the replica of characteristic peaks of PANI.
However, the corresponding peaks are shifted to
the lower wave numbers, besides their intensities
are changed after the Ag nanoparticles addition.
The peaks of the PANI around 3435, 1595, 1384
and 1120 cm™ are shifted to 3426, 1579,
1250 and 1080 cm®, respectively. These shifts
of characteristic peaks of the PANI may be the
result of the interactions between the PANI chains
and Ag nanoparticles which affect the electron
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densities and bond energies of the PANI [32]. The
shifting to the lower wave numbers is due to the
action of hydrogen bonding between the hydroxyl
groups on the surface of Ag nanoparticles and the
amine groups in the PANI molecular chains. The
characteristic band at 810 cm™ is corresponding
to out-of-plane bending vibration of C—H bond of
p-disubstituted benzene rings of PANI [33] which
confirm that coupling of aniline unit in the surface
of AgNPs.

XRD Analysis

Fig. 2a describe the XRD analysis of
biosynthesized AgNP to confirm the crystalline
nature. From the figure, it shows a major
characteristics peak at 38.20°, 44.10°, 46.87°,
64.59° and 80.80°. corresponding to the (111),
(200), (220), (311) and (222) crystallographic
planes [JCPDS No. 04-0783], respectively. The
other peaks are 31.81°, 46.87°, 55.2° and 57.8°.
The result indicate that the synthesized AgNP
is crystalline and essentially fcc in nature. This
result is a good agreement with other works Ag
synthesis extracted from plant material [27]. For
pure PANI, Fig. 2B shows the XRD pattern revealed
three weak peaks observed at 26 values of 15.1°,
20.53° and 25.36° corresponding to (111), (100)
and (011) plane, which can be attributed to the
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Fig. 2. XRD patterns of the as-synthesized nanocomposites (where a: Ag NPs, b: PANI, ab: PANI/Ag).

Table 1. The full width at half maximum (in radian) and crystal sizes of as-synthesized sensor.

Samples 0 (radian) B (radian) Average crystal size (nm)
AgNPs (A) 0.785 0.0078 22.69
PANI (B) 0.903 0.0039 39.34
PANI/AgNPs (AB) 0.88 0.014 11.24

crystallographic planes for the emeraldine salt
form of PANI, which is in a good agreement with
other report [34]. The peak at 15.1° is attributed
to parallel repeat units of PANI, as well as the peak
at 25.36° is assigned to a periodicity caused by
H-bonding between PANI chains. The low intensity
of the observed peak indicates that the PANI has
semi-crystalline nature due to the presence of a
benzenoid and quinonoid group [35].

The XRD diffraction of PANI/Ag nanocomposite
consist of the major characteristic’s diffraction
peak of PANI and Ag, yet however the 26 values
of the peaks slightly shifted. The diffraction peak
observed at 20 values of 28.27° could be attributed
to PANI and 32.15° 39.0°, 45.43°, 65.34° and
78.58° could be due to AgNP. The increase in the
degree of regularity is due to the strong interfacial
interaction between the PANI and AgNP.

The average crystalline sizes (D) of all the five
as-synthesized nanocomposites were calculated
using the Debye-Scherrer’s equation.

k

D=z —— 4)
P cosl
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Where D is the mean crystallite dimension in
nm, K is the crystallite shape factor constant (0.9),
g the Bragg angle in radians, | is the wavelength of
X-ray (0.15406 nm), and b the full width at half
maximum (FWHM) of the peak in radians. Table
1 depicts the calculated values of crystalline size
of as-synthesized sensor labelled as A, B, and AB
for Ag, PANI, and PANI/AgNPs which is 22.69 nm,
39.3 nm and 11.24 nm respectively. The result
indicated that the average crystal size of all as-
synthesized nanocomposite was in nano rage. The
average crystalline size of PANI/AgNPs was less
than the single nanoparticle, this indicates the
nanocomposite has large surface area.

Morphological Analysis (SEM)

Surface morphology and shape of the
synthesized nanomaterial was analyzed by
scanning electron microscopy as described in Fig.
3. The SEM image of pure silver nanoparticles
by using fruit extract of Citrullus lanatus
(Watermeline), the surface morphology exhibited
even shape and spherical nature. Thus, the result
indicated Citrullus lanatus extract acts as a strong
reducing and capping agent in the assembling
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Fig. 3. SEM Analysis of the synthesized nanomaterial (where a: Ag NPs, b: PANI, ab: PANI/Ag).
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Fig. 4. UV-vis DRS analysis of the as-synthesized composites.

of silver nanoparticles. The morphology of pure
PANI shows flake structure since PANI has various
structure such as granules, nanofiber, nanotubes,
nanosphere, microspheres and flake. Whereas the
SEM analysis of PANI/AgNPs, the Ag particle are
clearly agglomerate and embedded on the surface
of the polyaniline (PANI). This due by hydrogen
bonds that occur due to the interaction between
Ag and N-H groups.
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UV-Visisble Analysis

The absorbance spectrum of samples of
PANI showed the absorption peaks at 290 nm
assigned to the benzenoid structure and 380
nm which indicate the principal absorption of
the m-mt* orbital transitions of the emeraldine
form of PANI (Fig. 4a) as similar with previously
investigated [36], almost under similar conditions.
PANI can absorb both UV and visible region due to
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transitions in the PANI molecules. The absorption
reveals maximum at about 380 and 550 nm, which
originate from the charge transfer excitation from
the HOMO level to the LUMO energy level and the
n—mt* transition [37]. The second peak at 380 nm
which also indicates the presence of benzenoid
group and lone pair of electrons of nitrogen. This,
in turn, leads to m-t* interactions of the molecule
and this shows that it is a conducting polymer.
For AgNPs a broad absorption band was observed
at 405 nm (Fig. 4B). As the sharp, single peak
represents the monodispersity of the extract and
water composition.

The UV-Visible spectra of PANI/Ag
nanocomposite also show a sharp peak at 280 nm
(Fig. 4ab) may be assigned to the localized polaron
which are characteristics of the protonated PANI,
together with extended conducting emeraldine
salt form of the sample. The absorption peak red-
shifted to the resultant PANI/Ag hybrids suggesting
that the recovery of electronic conjugation
within the polyaniline occurred. Additionally, the
absorption exhibited in the visible region has
small absorption peaks at 280 nm, which might
be in the relation of the more conductivity of the
nanocomposite with the porous of PANI and the
peaks at 400 nm specifically indicate the presence
of Ag NPs on the surface of PANI.

Mechanism of the Modified Ag Fluorescent Sensor
for Nitrate lon

PANI modified AgNPs exhibited characteristic
strong absorption band respectively at 440 nm,
and reddish-yellow color in aqueous solution that
confirms the formation of AgNPs. The emission
intensities of the PANI/Ag nanocomposite were
quenched after addition of the nitrate ion.
The decrease in the emission intensity can be
attributed to the combined effect of decrease in
absorbance at the excitation wavelength and due
to complex formation between the NO," and PANI/
Ag. Therefore, the quencher probably involves the
donation of electrons from the surface of PANI/
Ag nanomaterial to the nitrate ion, deactivating
the excited state responsible for fluorescence
qguenching.

The other possibility for fluorescence intensity
quenching occurs due to the most possible
interactions between Ag and N sites in PANI/
Ag with nitrate ion would be non-covalent
interaction like electrostatic or hydrogen bond
for chelation (NH/ N-O and Ag-O-N). In addition,
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the nitrogen-containing groups (nitrogen site) in
the PANI/Ag and nitrate ion might be reacted to
produce N-nitroso compounds, which results in
fluorescence static quenching. This indicates that
fluorescence quenching is caused by chemical
reactions. The mechanism of quenching at low
nitrate ion concentrations may also mostly
involves dynamic quenching, which results from
collisions between nitrate ions and the PANI/
Ag NPs. Static quenching also occurs, but only at
higher concentrations.

Optimization of Experimental Conditions

In order to evaluate the sensitivity of the
proposed material, the experimental conditions
were optimized including the pH of the buffer
solution and concentration of nitrate ion.

The Concentration of Nitrate lon

For detection of NO, ion present in aqueous
solution, coordination complex formation
method has been tried and consequent emission
intensities changes have been perceived. Several
concentrations (0—-14 mM) of NO, solutions were
used for the purpose of complex formation. As
displayed in Fig. 5, the intensities of the emission
spectra of the PANI/Ag were found to decrease
with the addition of nitrate ion. The decrease in
intensities indicated that the sensor sites excited
at the specific excitation wavelengths interacted
with NO,  molecule and the interactions led to the
decrease in the emission intensity. In addition,
the red shifting of the excitation spectra at low
concentration may be due to electron density
changes caused by the complexation of NO," and
a conformational change in the sensor backbone
as a result of the chelation. The emission intensity
of the PANI/Ag was found to decrease as the
concentration of the NO," increased up to 14 mM.
More increase in the concentration of NO," did not
cause a further decrease in the emission intensity.
This indicate that of the all interaction sites of the
sensor are occupied by NO," molecules. Therefore,
has no sites to interact with additional NO," ion.
From this data 14 mM of nitrate ion was optimum
concentration.

Influence of pH

The influence of pH on the quenching emission
intensity of PANI/Ag by nitrate ion was described
in Fig. 6 below. The PANI/AgNPs showed significant
notice-able effects with the change in pH. The
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Fig. 5. Emission spectrum of PANI/Ag upon addition of NO, ion with various concentration.
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Fig. 6. Effect of pH (2-12) on emission spectrum of PANI/Ag upon addition of NO, ion.

shift to lower intensity, as well as the relative
intensity ratio values decrease on going from pH
2 to pH 4. This is due to the complexation of NO_’
ions hindered because the necessary lone pair
electrons are occupied by protons thereby week
interaction persists, resulting in a low quenching
efficiency.

As the pH increased, the fluorescence intensity
significantly decreased due to the high quenching
efficiency and maximum quenching was observed
at pH 6. This is due to the deprotonation of the
interaction site, which increases the covalent bond
strength between the sensor and nitrate ion. As
the pH further increases for basic condition, since
competitive metal hydroxide formation, it resulted
in a distinct increase in fluorescence intensity
resulting in a poor interaction with the sensor.
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Therefore, pH 6 is recommended as the optimal
pH value for further detection.

The Sensitivity of the Detection System

Under the above optimal conditions, the
fluorescence intensity of PANI/Ag was found to
be such that quenching and the Stern-Volmer
fluorescence intensity ratio (F_/F) show a linear
diminish with the increasing the nitrate ion is also
linearly related with a concentration of 1-14 mM as
shown in Fig. 7. The experiments showed that the
nitrate ion concentration is inversely proportional
to fluorescence intensity, and gave a good linear
change in Stern-Volmer fluorescence emission
intensity ratio. In order to clarify the favorable
condition for the PANI/Ag to interact with the
nitrate ion molecules, quenching efficiency at
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Fig. 7. The reproducibility of the PANI/Ag responses for NO," ion concentration.
Table 2. Detection of nitrate ion in cabbage samples by spiked method (n = 3).
Samples Added (mM) Found (mM) Mean recovery (%) ? RSD (%)
1 1 1.032 103.2 1.04
2 6 5.41 90.1 2.7
3 12 12.26 102.1 4.2

Table 3. Comparison of sensing performance PANI/Ag towards NO, with another fluorophore.

Sensing material Linear range LOD (M) Reference
EDTA-AgNPs 0-2.5 uygmL* 1.8x10* [38]

CN 0-1800 uM 2.61x107 [39]

GO 0-10 mM - [40]
PANI/Ag 0-14 mM 8.9x10* This work

excitation wavelength was determined using a
Stern-Volmer plot (egn 1).

In a fluorescent sensor, the emission intensity
ratio can be defined as the response of the
sensor. The sensing capability of the PANI/Ag
was revealed from the slopes of the linear plots,
which were corresponding to the quenching rate
constants (K. ). From the calibration curve, it can
be described that the linear dependence of the
emission intensity on the concentration of nitrate
ion. A linear relationship with the coefficients of
regression of 0.996. The calculated K, value for
the PANI/Ag fluorescent sensor for detection of
nitrate ion was found to be 2.22x10? M.
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In order to determine the limit of detection
of the sensor, the reproducibility of the PANI/
Ag at the linear range was investigated at three
repetitions. As Fig. 7 shows the reproducibility
of the PANI/Ag sensor for each concentration of
nitrate ions. The LOD of the sensor for nitrate ion
determined from the standard deviation of the
response at the intercept of the regression line and
the value of the K., (egn 2). The limit of detection
of the proposed fluorescent sensor for nitrate ion
were found to be 8.9 x 10 * M. The detection limit
in this case was also good compared with those of
the other fluorophore based fluorescent sensing
methods as described in Table 3.
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Selectivity Test

The selectivity of PANI/Ag for nitrate ion
detection was performed by adding the same
amount of interferents (5042', HCO,, CI and
OH) into the system. The extent of interference
for each anion was shown in Fig. 8. This result
confirms that the detection of nitrate ion by PANI/
Ag fluorescent sensor were mostly not influenced
by the above interference ions. However, the co-
existence of polyatomic anions such as SO,* and
HCO, resulted in higher efficiency than other.
Therefore, the sensing performance would be
slightly affected in the presence of these ions.
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Recovery test

The cabbage samples were spiked with
different concentration of nitrate ion solutions.
By using the calibration curves plotted for the
known standard solution (spiked) of nitrate ion,
the unknown (found) concentration of nitrate ion
(value of X) was successfully calculated by using
equation y = A+ B*X obtained from the calibration
curves of the standard solution. Therefore, the
value of “A” is intercept and B (slope) and the value
of y (F,/F) was obtained from the fluorescence
recorded for nitrate ion for respective samples.
The result indicated a good linear relation between
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F./F and the spiked concentrations of nitrate ion
with coefficient of regression R* = 0.991 (n= 3),
respectively as described in Fig. 9 below. The result
confirms that the found values is agreed well with
the spiked amount. The obtained recoveries were
summarized in Table 2 below, which demonstrates
that the proposed method is valid and denoting no
serious interferences in the samples. In addition,
the RSD were less than 5 %, suggesting a high
precision of the proposed method.

CONCLUSION

In these study, green synthesis of the
nanoparticle from plant extract shows cost-
effective, easily available, eco-friendly, and less
toxic in nature. The a new and simple PANI/Ag
fluorometric sensing probe for NO,” detection has
been successfully synthesized by polymerization
of polyaniline into the surface of Ag NPs. The
prepared materials were characterized by using
FT-IR, XRD SEM, and UV-Visible spectroscopy. The
results of the analysis indicated that there is a
strong interfacial interaction between polyaniline
and Ag NPs. The developed sensor employed
as a highly effective tool for selective detection
of NO, ions present in aqueous solution was
based on quenching in the emission intensities
resulting from complex formation of the sensor
molecule with nitrate ion. The effect approves,
the nitrate ion effectively quenched the emission
and excitation intensity of PANI/Ag. The dynamic
and static quenching mechanisms are show a
significant role in the interaction of nitrate ion
with the sensing sites of the developed sensor.
The developed PANI decorated Ag NPs have their
suitability of simple operation and distinct types
of optical responses observed, that is due to high
surface-area-to-volume ratio. The sensor revealed
a linear range, a high selectivity and sensitivity
with K, of 2.22 x 10> M. The practical use of the
sensor also tested by using cabbage sample and
shows a good sensitivity.
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