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In this research, photocatalysis single AIF3, Ternary PVC/A1203/AIF3 (PNA) and polyaniline
(PAI) supported PNA nanocomposite were synthesized by co-precipitation method. Surface
area and morphological structure of the synthesized photocatalysts were characterized by X-ray
Diffractometer (XRD), Brunauer-Emmett-Teller (BET), and Scanning Electron Microscopy (SEM).
With the best conditions, the response in the glassy carbon electrode (GCE) showed concentrations
of the malathion in the range values of 1.5-11 x10~7 M, high recovery values around 98.4%
with the good reproducibility. The stunning simplicity for preparation, and selectivity of this
nanostructure and high sensitivity of polyaniline supported PNA electrode can make it a good

candidate for application in detection of malathion.
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1. Introduction

Light translucency and high specificity are some of the
properties of aluminum fluoride nanoparticles that have

been used and shown a wide range of applications [1, 2].

Hence, there have been numerous studies on nano-metal
oxides and their number is continuing to increase. The
compounds (MO = Metal oxides) are widely used and have
numerous applications, including nanocatalysts, provide
assistance for sensors, industrial catalysts, etc.
Pure and inorganic hybrid materials can be produced
using nano-metal oxides, which have been extensively
developed through synthesis using the sol-gel method
[7, 8]. Aluminium derivatives (Al,O3, nAlF3, etc.) can
also be used as catalyst support, which is another common
application.  Sol-gel processes are influenced by the
performance of the catalyst due to the temperature, pH, raw
materials, preparation technique, and time [9-11]. Ono et
al. [12] was to report the effectiveness of the pH on the
some oxides of Al formation. Meanwhile, used pH-swing
and other techniques to prepare the catalyst supported
by alumina [13]. The melting point can be lowered

[1-6].

by aluminum fluoride in several current and potential
applications and Enhance the electrical conductivity of the
additive used in the aluminum production cell’s molten
electrolyte. In between MF, (metal fluoride) catalysts
and catalyst supports, AlF3 is considered to be one of the
most significant catalysts [14—18]. Sol-gel, sputtering, and
chemical vapor depositing are among the methods used to
prepare nAlF3; (nAF) thin films. The sol-gel method is the
most frequently employed method. Sol-gel methods were
used to synthesize a thin film of nAF on a glass plate in this
research (Fig. 1). Coating some metals with the AS is an
easy and neutral solution [13]. We have created a method
that reduces Ag nanoparticles (nanospheres to nanorods)
[19], nanoplates [20], their antibacterial activity [21, 22],
an improved an easy synthetic poly (diallyldimethylam-
monium chloride) (PDDA) [23], synthesis of Gold/HPC
nanocomposite [24], Ag/ZnO nanocomposite [25, 26], and
comparison of particles and plate shapes for the oxidation
of ascorbic acid [27].

CuO/ZnO, TiO,, CeO,, Ce02/Zn0O, ZnO, SnO,/ZnO,
and CeO,/CdS, are some of the photocatalysts and
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Figure 1. Schematic of AIOF, dimer sol (AS).

semiconductor nanoheterostructure materials developed so
far [28-34]. The synthesis of metal-oxid compounds has
long been considered the one of the perfect strategy for
study and developing photocatalytic effect. Finally, this
study to make a chemical photocatalyst using PNA and
polyaniline as a carrier with heterostructure compounds.

It is our understanding that there are not many
photocatalytic ~ applications for polyaniline-based
PVC/NiAl,O3/AlF; (PNA) nanocomposites. In this
work, a new material as a target contaminant has been
developed and analyzed to investigate its capability of
detecting the pesticide malathion.

2. Experimental

2.1 Synthesis of photocatalysts
Changes in the crystalline structures provided in the XRD
are highlighted for the chemical reactions (reaction 1) that
occurred during the preparation. This sample had Nano
Aluminum Fluoride (nAF) used as a precipitant, so it can
be concluded [15, 16].

Al(CH;COO); + Al,O,F, + SHF

Alkaline regions

In glass reactor
3 nanoAlF3 +3 CH3COOH + H2 + 02 (1)

(NH3 solvent) — (nAF)

Taking the proper amounts of the initial single nAF powder
was the basis for synthesizing the ternary nanocomposites
and AlF3 nanoparticle precursors have diverse molar ratios
when added to deionize water. Typical procedures involve
dissolved 0.1 mL of nAF powder in deionized water and
sonicating it for 2 hours. The sonication process continued
with the introduction of 0.1 M Ni(CH3COO); and an addi-
tional 2 hours of sonication. Over four hours, the solution
was continuously stirred while dropwise adding K»S.9H,O
of the same molarity. A PNA nanocomposite was thought
to be the result of the product [14].

The filtered precipitate was divided, water and ethanol.
Then precipitate dried at 90 °C for 10 hours in an oven,
after calcination at 180 °C for 1.5 hours. In the experimen-
tal synthesized nanoparticles, aniline has been polymerized
using typical oxidative polymerization methods [15, 16].
The preparation of PVC/NiAl,O3/AlF3 (PNA) nanocom-
posites on polyaniline (PAI) supports took place using 0.2
M of aniline and Hydrocholoroc acid dissolved and then
for 15 min stirred. The aniline solution was mixed with
3 grams of PNA and stirred for 20 minutes before being
stirred with ice water bath for 1.5 hours. After 3 hours,
filtered water, deionized water, and ethanol were used to

separate the precipitate, and then it was dry at 70 °C for 9
hours. Immediately, the solution turned white and then gray,
and this precipitation was labeled as a PNA nanocomposi-
ton on polyaniline support [17, 27-34].

The structures of the photocatalyst have been characterized
by XRD (at step scan rate of 0.03° (20 =7.0t0 92.2°, CuK«
radiation (1=0.16 nm) using 50 kV and 45 mA).

Solid morphologies and particle dispersion of the synthe-
sized photocatalyst have been studied and evaluated (initial
concentration 25 mg/L) the effect of pH= 4.0-10.0.
Malathion was added to the sample after washing the tomato
samples water and divides them into some small portions.
Then, at a known concentration and then examined using
the proposed sensor.

3. Results and Discussion

3.1 Characterization of the synthesized photocatalysts
- XRD analysis of the as-synthesized photocatalyst

As shown in Fig. 1, the XRD profiles of the synthe-
sized PVC/NiAl,O3/AlF3 (PNA) photocatalyst and the
polyaniline-supported PNA were determined. As a result,
the observed diffraction peaks at the observed at 26 of
29.11, 32.29, 47.41, 56.19, 60.05, 70.09, 77.04, 80.09 and
88.54° for scattering angle and represent the cubic shape
for Al fluorite [35, 36].

In the NiAl,O3/AlF3, sharp observed diffraction peaks for
the AlF3 nanoparticle, are due to the cubic fluorite structure.
In the other hand, at 260 values of 26.62, 43.37 and 51.98°
for the diffraction peaks, show hexagonal structure for the
AlF3 [35, 37, 38].

The pattern of the XRD for PVC/AIF; is very something
similar to that of CdS pure salt, and do not change for PVC
the diffraction peak positions, showing that AlF; is not inte-
grated into the PVC lattice [26, 36].

This three-component system was observed for certain val-
ues of 20 and provided different diffraction peaks. Among
them, at 26 values of 28.05, 33.76, 48.06 and 56.01° for
the diffraction peaks can be appearance to the cubic fluorite
structure of the AIF3 nanoparticle. The 26 peaks of 29.62,
33.02, 33.28, 33.99, 36.99, 52.90 and 69.89° can be presen-
tation to cubic PVC structure, while the 26 peaks of 26.5,
33.5,27.81, 28.72,43.21 and 46.91° can be assigned to the
body center hexagonal structure of CdS [26].

Several diffraction peaks that given 20 in the support
system, as shown in Fig. 2. For the reaction of
PVC/NiAl,O3/AlF3 (PNA) with polyaniline, some diffrac-
tion peaks for NiAl,O3, PVC and AlF; may go away. This
confirms the effectiveness of the polyaniline coating on the
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Figure 2. XRD spectra of a) PAI supported PVC/NiAl,O3/AlF3, b) PVC/NiAl,O3/AlF;3 (4:1), ¢) PVC/ AlF3, d) AlF;, e)

NiAl,O3/AlF;.

PNA surface. The crystallite size of the synthesized pho-
tocatalysts was calculated and provided using the Debye-
Scherrer formula [30];

KA
D:
BcosO

@)

where, D is crystallite size (nm), K = aspect ratio constant
taken as 0.9; f is the full width at half maximum (FWHM)
inradians, A is the X-ray wavelength (0.16 nm) for the Ko 1
radiation of the Cu target and 0 is the Bragg angle. Overall,
the calculated average crystal size of the synthesized pho-
tocatalyst confirms the contribution of a good nanocrystal
range of 30-40 nm [30, 31], as summarized in Table 1.

- Surface area determining

For determined of the synthesized nanocomposites and im-
proving the sensitivity of sensors the Brunauer-Emmett-
Teller (BET) method is an important factor. For the each
sample the specific surface area (SSA) is determining and
examined by isothermal nitrogen adsorption-desorption
analysis (Table 2). For AlF; (71.375 m?>g~!) the specific
surface area is highest, while it is lowest for PVC (0.520
m?g~ 1), providing its compact nature. The binary system
of NiAl,O3/AlF; has a specific surface area near to the
NiAl, O3 (69.9 ng’l). A specific surface area (approx.
4.9 m?>g~!) was calculated for PVC/AIF3. The SSA can be

arranging and showed in table 2 (39.9 and 19.4 m2g~!) for
the supported nanocomposite.

- Study of the SEM image and TGA

The morphological of photocatalysts; PNA and polyaniline-
supported PNA were tested, as shown in Figs. 3a-b. It can
be seen for the nano AlF; are distributed in the surface
of PVC and the NiAl,Oj3 particles in the form of the cen-
tral shell. The SEM image without clear morphology of
the nanocomposite provided and showed shape and size
nanoparticles (Figs. 3a-b). Some metals including Ni and
Al showed to the brighter particles in the polyaniline sys-
tem.

The thermal behavior of dried nAlF; by TG-DTG analysis
is highlighted in Fig. 4. As displayed, the variation between
these two samples results from the presence of alumina pre-
cipitates. In Fig. 4, the TG curve reveals three-stage weight
loss that can be used to explain the thermal transformation
of pseudo-boehmite into nAlF3. At temperatures less than
100 °C, about 7.63% a decrease in weight is associated with
the evaporation of adsorbed water molecules that exist in
pseudo-boehmite pores, which releases Oy, NH3, Hy and
forms nAIF3 nanoparticles. When the temperature increased
from 310 to 500 °C, the weight loss of 2.5% is related to the
removal of the remaining acetates in the crystalline structure
of nAlF;3.

Table 1. Crystal size of as-synthesized photocatalysts.

As-synthesized photocatalyst 26 (°) 3 (radians) D (nm)
PVC/NiAl,O3/AlIF; (4: 1) 34.40 0.00414 36.0
PANI- PVC/NiAl,O3/AlF3 32.19 0.00442 31.7

Table 2. SSA of the synthesized photocatalysts.

photocatalyst Surface area with BET (m*g ")
PVC/NiAl,O3/AlF3 39.9+0.041
PANI- PVC/NiAl,O3/AlF; 19.44+0.082
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Figure 3. The SEM images: (a) PVC/NiAl,O3/AlF3, (b) polyaniline supported PVC/NiAl,O3/AlF3 photocatalyst.

3.2 Electrode pH optimization with polyaniline sup-
ported PVC/NiAl, O3/AlF3

The effect of the pH on the sensor response in a solution
of 4x10-7 M malathion in 0.2 M KCI was studied. The
changing of the pH in the solution help to affects the char-
acteristic of the sensors. The connection among the pH
of the solution and its interaction to malathion detection
is provided in Fig. 5. The pH value increasing from 4.0
and reached to maximum value 7.0. Changing of the buffer
solution pH is reason the peak current to drop to. Changing
in the pH value shows a low rate for electron transfer in an
alkaline and environment response in a solution [35].

3.3 Polyaniline supported PVC/NiAl,03/AlF3/GCE sen-
sor

- Determination of malathion in tomato

A glassy carbon electrode (GCE) coated with a polyaniline-
supported PNA nanocomposite was used in standard so-
lutions as an applied sensor for the study of malathion

TG
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Figure 4. TG-DTG curves for dried samples of nAlF3.

(1.5%1077 to 11x 107 Molar) was modified in 0.2 M KCl
and pH 7 [36-38]. A polyaniline-based PNA/GCE electro-
chemical sensor was used for the detection of malathion
in tomatoes harvested under the identical conditions used
for the characterization of malathion. The samples contain-
ing of the tomato did not contain considerable amounts of
malathion and therefore a 4x10~7 M malathion solution
was added (Table 3).

A reduction experiment was carried out; the experiment
was carried out in a quartet. The malathion concentration
is 4.94x 107 M in the tomato sample and the rate of the
recovery is about 98.4%. The interaction of the polyaniline-
based PNA/GCE showed appropriate properties in the linear
range and the good detection limit.

120
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Figure 5. Plot of ,, versus pH obtained using polyaniline
supported PVC/NiAI203/AlF3/GCE in a malathion solu-
tion of 4x10~7 M containing 0.2 M KCI. (GCE= Glassy
Carbon Electrode).

Table 3. Study of tomato sample by recovery malathion.

No. of Trial Y(uA) Malathion added (10-’M) Found (obtained X in 10~'M) Recovery (%)
1 54 5 4.94 98.1
2 53 5 4.97 99.2
3 52 5 491 98.0
Average 53 5 4.94 98.4
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4. Conclusion

In the present research, PVC/NiAl,O3/AlF; (PNA)
nanocomposite was synthesized by the precipitation
method. Polyaniline-based PNA nanocomposites were
synthesized by an in situ chemical oxidation method
using newly synthesized PNA and C¢HsNH; in 0.1 M
HCI1 aqueous solution. All synthetic nanocomposites
modified with a GC electrode are controlled by diffusion
(reversible redox processes). However, the reversibility of
polyaniline-supported PNA nanocomposites is appropriated
and this result for the large surface area. Furthermore, the
polyaniline-PNA nanocomposite modified GC electrode
showed the other pesticides used in the actual malathion
sample. Therefore, the PNA/GCE polyaniline advanced
performance for analytical and good response (high
electron transfer) in optimal condition for the detection of
malathion in tomato samples.
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