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Abstract

Conjugated polymers have recently been under active investigation as promising alternatives to use in photocatalysis. This is due to their
unique advantages of low cost, high chemical stability, and molecularly tunable optoelectronic properties. This work explores the easy way to
synthesize efficient poly2-chloroaniline (P2CIANI) via the chemical oxidative polymerization of P2CIANI. Titanium dioxide quantum dot
(TiO, QD) have been prepared and used in preparation of P2CIANI/TiO, QD. X ray diffraction, FTIR, UV &Visible spectra, TGA, surface
area, EDX and TEM measurements were used to characterize all prepared polymers. The photocatalytic activities of all recent polymers were
investigated by the photo-degradation of methyl orang dye as an organic hazardous chemical in an agueous medium was assessed using a 50-
watt xenon lamp light source and direct sunlight. The effect of irradiation time, dye concentration and photo-catalyst amount on photo-
degradation performance of the dye in presence of recent polymers were studied. P2CIANI/TiO, QD demonstrated high photocatalytic
properties, with 80.3% efficiency, as opposed to 47% for P2CIANI only. When P2CIANI, TiO, QD, and P2CIANI/TiO, QD are present
during the recycling processes in the presence of all created samples up to four times, the photo-degradation rate decreases by about 57.18,

9.61 and 9.51 % respectively.

Keywords: P2CIANI, P2CIANI/TiO, QD, Photocatalytic degradation, Methyl orange Dye.

1. Introduction
A polyaniline derivative called P2CIANI, has a chlorine (-
Cl) group replaced in the ortho-position of the phenyl
group[1-3] P2CIANI, which features an electron-
withdrawing choro substituent, will undoubtedly result in a
number of alterations to the polymer's characteristics [4-6].
Understanding the many characteristics of the polymeric
material is crucial for using P2CIANI efficiently in possible
applications, which is why there is increased interest in
studying the polymer from various perspectives[7,8] . The
most well-known oxidant for polymerizing polyaniline-
based polymers is ammonium peroxydisulfate (APS)[9,10]
P2CIANI has good mechanical qualities, electrical
conductivity, low cost, and environmental stability[11,12] .
P2CIANI, one of the derivatives of polyaniline, exhibits
superior solubility and processibility but has lower
conductivity than PANI. However, among the protonated
forms of P2CIANI, the emeraldine salt (ES; protonated
form of emeraldine base EB) is the only one that conducts
electricity[13] Protonic acids or charge transfer with an
oxidising agent can be used to dope PANI and its
derivatives. By adjusting the doping level, its electrical and
optical characteristics can be reversibly controlled[14,15].
P-type doping, which increases the number of holes

connected to the conjugated polymeric chain, is the doping
method used in PANI and its variants. Positively charged
holes are created as nitrogen atoms protonate, serving as
the conjugated chain's charge carrier. PANI, undergoes a
doping process that modifies its optical, morphological, and
electrical properties[16,17].

Because of its stability, lack of toxicity, ease of production,
broader band gap, and environmental friendliness, TiO2 is a
popular semiconductor photocatalyst. Numerous physical
and chemical techniques can be used to further improve the
photocatalytic activity of TiOz2 [18,19]. TiO2 is a
hydrophilic and photocatalytic metal oxide
nanoparticle[20]. Due to their huge surface area and
tremendous activity, quantum dots (QDs) have received a
lot of interest. It has been discovered that QDs' physical
and chemical characteristics differ from those of bulk
materials[21,22]. To boost the photochemical activities and
serve as a photocatalyst for the degradation of the methyl
orange dye under visible and UV irradiation, TiO2 QD was
added to P2CIANI in this study[23,24].

2-Experimental section

2-1-Materials

The following ingredients were purchased from Sigma
Aldrich ~ Co.  2-Chloroaniline  (ortho-chloroaniline)
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monomer, concentrated  hydrochloric acid  (37%),
ammonium persulfate [(NH4)2S20s, APS], titanium
tetrachloride, methanol annular, and methyl orang. 2-
Chloroaniline was distilled under reduced pressure, and the
other reagents were used without further processing.
2-2-Experimental methods

2-2-1-Preparation of P2CIANI

The template-free technique was employed to create
P2CIANI. To decrease the amount of unpolymerized
monomer and to increase the yield of P2CIANI, the
oxidant's molar ratio was changed to 1.25 of the monomer
ratios. By combining an aqueous solution with 1 mol of 2-
chloroaniline and 1 mol of hydrochloric acid solution,
P2CIANI hydrochloride monomer was created. To assure
the creation of a homogeneous 2-chloroaniline-
hydrochloride solution, the mixture was agitated for an
hour. Deionized water was used to dissolve the pre-
weighed APS before it was slowly added to the reaction
mixture in a dropwise fashion while being vigorously
stirred at room temperature for two hours. The mixture was
then given 24 hours to polymerize. Gradually, the white
colour of the solution turned to brown. The mixture is then
filtered to produce the precipitate. To eliminate any
contaminants, the precipitate was repeatedly rinsed with
distilled water and a 0.5-molar hydrochloric acid solution
before being allowed to dry at room temperature. In order
to employ the P2CIANI powder in the characterization and
evaluation processes, it was eventually gently ground and
separated into parts[25,26].

2-2-2-Preparation of TiO2 QD.

TiO2 QD were made using a standard procedure that
involved adding 20 mL of TiCls gradually to 50 mL of
methanol in an ice-water bath at 0 °C. Transparent to
yellowish in colour, it was then put into a 100-mL Teflon-
lined autoclave and heated to 90 °C for 24 hours.
Centrifugation was used to get the final product, which was
completely washed in methanol before being dried in the
air at 70 °C for 24 hours[27,28].

2-2-3- Preparation of P2CIANI-TiO2 QD.

To create P2CIANI/TiO2 QD composites, in situ chemical
polymerization was used. To ensure that TiO2 QD was
evenly distributed throughout the monomer solution, 10%
by weight of 2-chloroaniline hydrochloride was taken as
TiO2 QD and suspended in the monomer solution using
vigorous stirring for 30 minutes. The P2CIANI preparation
method was employed to carry out the polymerization
procedure.

2-2-4. Physical methods of measurements

Using a Philips diffractometer model X-ertpro
(Netherlands), the crystallinity characteristics of P2CIANI,
TiO2QD, and P2CIANI-TiO2 QD samples were determined.
The patterns were run with Ni-filtered copper radiation
(CuK = 1.5404 °A at 10 mA and 30 kV with a scanning
speed of 2 °/min). Thermo ScientificTM Talos F200i
(STEM) is a 20-200 kV field emission (scanning)
transmission electron microscope that was specifically
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created for performance and productivity across a wide
range of materials science samples and applications. It was
used to study TiO2 QDs and perform high-resolution 2D
and 3D characterization, in situ dynamic observations, and
diffraction applications. These included the kinetic slope
ratio of fluorescence intensity to illumination time and the
fluorescence rate constant (kf) of the item under inquiry. In
addition, the absorbance spectra of the materials were
examined in Japan using a UV260 model Shimadzu
spectrometer. A UV-Vis-NIR spectrophotometer (Varian
Cary 5E, USA) was used to measure the UV-Vis-NIR
diffuse reflectance spectra of quantum dots at room
temperature. These spectra were examined to determine the
quantum dot's optical band gap. A photoreactor with a
xenon lamp and a water-cooling mechanism was utilised to
prevent the effect of lamp temperature on photo-
degradation processes. To further examine the thermal
behaviour, the PerkinElmer 4000, USA, thermal
gravimetric analysis (TGA) was employed. Initial analysis
temperatures of 30 °C to 900 °C to 1000 °C for
PerkinElmer "Pyris" calibrations A mass flow controller is
integrated, and the scanning speeds vary from 0.1 to 200
C/min. The temperature accuracy and precision are 1 and
0.8 degrees Celsius, respectively. TGA 4000 may be used
to do thermogravimetric analysis (TGA) on both liquid and
solid samples. It can measure mass as a function of
temperature or time. Initial analysis temperatures of 30 °C
to 900 °C to 1000 °C for PerkinElmer "Pyris" calibrations
A mass flow controller is integrated, and the scanning
speeds vary from 0.1 to 200 C/min. The temperature
accuracy and precision are 1 and 0.8 degrees Celsius,
respectively. TGA 4000 may be wused to do
thermogravimetric analysis (TGA) on both liquid and solid
samples. It can measure mass as a function of temperature
or time. These measurements offer details on chemical and
physical processes, such as chemisorptions, thermal
breakdowns, and solid-gas reactions (such as oxidation or
reduction), as well as phase transitions, absorption,
adsorption, and desorption. USA), sample preparation
occurred by vacuum or flow techniques concomitant with
sample analysis at different temperatures, and the gas
surface area and micropore size analysis were utilised to
identify the surface shape and microanalysis. 100
adsorption points and 100 desorption points formed the 200
data points used to analyse the sample. SEM model
(Quanta FEG250, EDAX, FEl-inspects model), at 20-150
kV, magnifying an image at X 1.00 and X 100.000 by
sending a beam of light through the object. energy
dispersive X-ray (EDX) microanalysis. The Chemical
Warfare Administration's laboratories employed a Bruker
Spectrometer (model: ALPHAI WEEE-Reg DE84716930 -
24V; 3.0A, Germany) to take measurements in the 400—
4000 cml range and record Fourier transform infrared (FT-
IR) spectra. Egypt's Eng. Co., Ltd. initially constructed the
system. The Xenon lamp provides light with a power
density of 50 W/cm2 and a wavelength range of 200-1100
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nm. To avoid the heat lamp effect during photo-degradation
processes, the gadget uses a water-cooling mechanism in
conjunction with a 3 ml quartez cell for UV measurement.
The photocatalytic activity was evaluated using a UV-VIS
spectrophotometer, and diffuse reflectance spectra were
collected using a UV-VIS-NIR spectrophotometer (VARIN
CARY 5E, USA). In order to calculate the BET Specific
Surface Area (BET SSA), a Perkin Elmer Lambda 35 was
employed. USA, Quantachrome, Nova3000e The samples
were examined in a nitrogen-based environment (77 K
adsorption-desorption isotherms). Before the investigation,
the materials were dried for an hour at 150 degrees Celsius.
The Barrett, Joyner, and Halenda methods can be used to
calculate the average pore size and pore size
distribution[29,30].

2-3-Photocatalytic activity

We assessed the photocatalytic activity of P2CIANI / TiO2
QDs used as photocatalysts for photo-degradation in dyeing
processes utilising xenon photo-reactors and direct solar
radiation. A 50-watt Xenon lamp with a wavelength range
of 200-1100 nm was used in the experimental setup for the
photocatalytic investigation (Eng. Co., Ltd., Egypt). As a
model for commercial dyes, the photo-degradation of the
dye methyl orange was used to evaluate photocatalytic
activity. Under test circumstances with a pH of 6.9, 0.25
mg from the created samples were added to 500 ml of
methyl orange dye (2 x10°> M). The tested mixture was
then centrifuged for 20 minutes at 10,000 rpm. The
photodegradation rates of all processed samples are
represented by the following equation:

In Co/ C) = kappt (1)

where Co represents the dye concentration at the beginning,
C represents the dye concentration at time t, and Kappt
represents the photodegradation process' rate constant. By
incorporating TD's catalyst into the dye solution and then
stirring it in the dark for 20 minutes, the adsorption and
desorption processes could be balanced. When xenon was
present, the photodegradation process was stopped (at 50
watts). After 180 minutes of exposure, used samples of
PANI and PANI/TiO2 QDs photocatalysts were examined,
including recycling. The utilised PANI and PANI/TiOz
QDs samples were thoroughly cleaned with deionized
water, centrifuged at a speed of 14000 rpm, and then dried
for twenty-four hours at 80° C. After drying under the same
experimental conditions as before, the same quantity of the
recovered P2CIANI and P2CIANI-TiO2QDs was used once
more, and the decolorization (%) was measured using Eq.
(1) [31,32].

Important characteristics of the organic matter include their
ability to: form water-soluble and water insoluble
complexes with metal ions and hydrous oxides, introduced
organic compounds; absorb and release plant nutrients; and
hold water in the soil environment. As a result of these
characteristics, the determination of total organic carbon (a
measure of one of the chemical components of organic
matter that is often used as an indicator of its presence in a
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soil or sediment) is an essential part of any site
characterization since its presence or absence can markedly
influence how chemicals will react in the soil or sediment.
Soil and sediment total organic carbon (TOC), TOC
contents may be used qualitatively to assess the nature of
the sampling location (e.g., was a depositional area) or may
be used to normalize portions of the analytical chemistry
data set Two general approaches are used to measure TOC.
One approach determines TOC by subtracting the measured
total inorganic carbon value (TIC) from the measured total
carbon value (TC), which is the sum of organic carbon and
inorganic carbon[33,34].

TOC=TC+TIC

The other approach first purges the TIC from the sample
before any organic carbon measurement is performed.
However, this TIC purging step also purges some organic
molecules (purgeable organic substance, such as benzene,
toluene, cyclohexane and chloroform may partly escape on
stripping), which can be re trapped and oxidised to COs..

3. Results and Discussion

3-1- XRD analysis.

Figure (1) depicts the XRD pattern of synthesised
P2CIANI, TiO2 QD, and P2CIANI/TiO2 QD. The
characteristic peak of the pure P2CIANI powders is seen by
the XRD of P2CIANI at
26 = 26°. The polyaniline family is characterised by this
peak, which is sharper in polyaniline. It suggests some
degree of polymer crystallisation. P2CIANI has an
amorphous form, as demonstrated by[35-37] .TiO2QD's
great crystallinity is revealed by the XRD, which exhibits a
very sharp peak at 25.3 o and smaller peaks centred at 26 =
38.1°, 48. °,55.2°, 62°, 69.1°, and 75.5°[38,39]. The pattern
of P2CIANI/TiO2QD nanocomposites mainly indicates the
presence of TiOz characteristic peaks shown at 26 = 25.5°,
38.07°, 48.13°, 55°, 61.8°, and 75.5° in addition to
characteristic peaks of P2CIANI at 26 = 26° that are
assigned to periodicity parallel and perpendicular to the
chain direction of P2CIANI, while the peak at 25.3° is
overlapped and These peaks are referred to JCPDS-ICDD
file No. 84-1285.
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Figure (1) X-Ray Diffraction Studies of patterns of
(P2CIANI-TiO2QD-P2CIANI/TiO2QD).
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3-2- TEM analysis.

The TEM pictures of the P2CIANI polymer are shown in
Figure (2). The TEM image clearly shows that P2CIANI,
which has a diameter of 30 to 40 nm and denotes large
globular agglomerates with a smooth surface, was
synthesised as a nanoparticle[40-42]. Due to the TiO2
(quantum dot)'s small nanoparticle size, the conformal TiO2
layer's thickness can be seen in the TEM picture of the
TiO2 QD to be approximately 3-5 nm[43]. Additionally,
TEM images of the P2CIANI/TiO2 QD show that TiO2 QD
and P2CIANI sequentially create connections in the
nanocomposite. The TEM photos also demonstrated that
TiO2 QD is entirely integrated in the polymer matrix, and
the nanocomposite grew more compact. Although at a
small concentration of nanoparticles, TiO2 QD also
uniformly diffused in the polymer and demonstrated the
gritty morphology common to all polymer nanocomposites.

Figure (2) TEM image for P2CIANI (a), TiO2 QD (b) and
P2CIANI/TiO2 QD (c).

3-3- EDX analysis.

The EDX spectrum contains both quantitative and
qualitative data. Since air molecules are strong X-ray and
electron absorbers, it is evident that this has an effect on the
prepared samples since all created samples are evaluated in
a vacuum. The results demonstrate that the elements in
composites, namely nitrogen, carbon, sulphur, oxygen, and
chlorine, show distinguishable X-ray elemental maps in
Figure 3a of P2CIANI, while C and N are the skeleton of
P2CIANI. Figure (3)c illustrates the previously mentioned
elements in P2CIANI (carbon, oxygen, sulphur, and
chlorine), in addition to the titanium element, and this
confirms the association of the titanium element with the
primary components of P2CIANI in the matrix structure of
the composite. Fig. 3 balso explains the structural
composition of the element titanium dioxide.
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Figure (3) EDX of P2CIANI, TiO2 QD and P2CIANI/TiO2
QD

3-4- FTIR Analysis

Fig. 4a displays the FTIR spectra of pure P2CIANI. At
3339 cm?, the peak of the NH-asymmetric stretching
vibrations can be found. The aromatic C=C asymmetric
stretching vibrations of the quinonoid and benzene rings,
respectively, are what cause the 1571 and 1492 cm* bands.
At 1290 cm?, the aromatic C-N stretching vibrations are
visible. The (C-C) asymmetric stretching in plane C-H
bending modes, respectively, is what causes the bands at
1162 cmL. The C-H out of plane bending is represented by
the bands at 907 and 827 cmL. 1,2 4-trisubstituted aromatic
ring's asymmetric stretching vibration. All the benzene
rings stated above support the peak at 811 cm L,
which is the chloro group connected to the P2CIANI
structure. band features at 668 cm™ in[44-46] the FTIR of
the TiO2 QD spectra are attributed to the Ti-O-Ti bonds and
O-H stretching vibration at 3419 cm[47,48]. Additionally,
the FTIR of P2CIANI/TiO2QD was seen in Figure 4C,
which shows the FTIR of the P2CIANI/TiO2QD
nanocomposite spectrum. This confirms the chemical
structure of the generated nanocomposite as recommended.
The nanocomposite's distinctive mane is classified as a
flow. The hydrogen-linked N-H between the amin and
imine sites, whichf a minor shift from pure P2CIANI
due to TiOy, is resp (siible for the absorption peak detected
at 3223 cm’. The quinoid and benzenoid units' respective
C=N and C=C asymmetric stretching modes are
responsible for the absorption pecks seen at 1569 and 1497
cmt. The strong band at 1185 cm™* measures the degree of
electron delocalization and is hence the distinctive peak of
P2CIANI conductivity. The band at 1289 cm™ is attributed
to the C-N stretching vibration mode of the benzenoid unit.
As a transition metal, titanium has a strong propensity to
combine with the nitrogen atom in the P2CIANI
macromolecule to generate coordination compounds. The
C=N, C=C, and C-N bond strengths in the P2CIANI
macromolecule may be weakened by this interaction. These
findings attest to the presence of P2CIANI in the TiO2 QD
nanocomposite. It is clear that the concentration of TiO:
boosted this peak's strength. This fact might imply that
doping TiO2 can effectively facilitate electron
delocalization.
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Figure (4) FTIR of P2CIANI-TiO2QD-P2CIANI/TiO2QD
3-5- UV-vis diffuse reflectance (UV-vis-DR) spectra
The optical band gap energy (Eg) close to the band edge
and the absorption coefficient have the following
relationship:

ahv = A (hv — Eg)'?

where the photon energy and a constant, respectively, are
denoted by hv and A. Extrapolating the linear component
of the curve (Ah)? to h will yield the band of P2CIANIs.
For P2CIANI, the predicted band gaps are 3.89, 2.25 and
2.42. The band gap narrows as the oxidation state rises,
which is in good agreement with earlier findings. This
phenomenon matches the PANIs' colour change as
well[49].
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Figure (5) UV-vis diffuse reflectance (UV-vis-DR) spectra
of P2CIANI-EcS,

3-6 - TGA analysis.

Figure (6 a) displays the TGA curves created for P2CIANI,
where "residual wt.%" stands for the substance's weight
percentage content. P2CIANI's thermal behaviour typically
loses weight in four stages. The initial stage of weight loss
occurs around 100°C due to water loss, with a loss
percentage of roughly 5%. The removal of HCL caused the
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second weight loss below 300° C, when the loss percentage
was around 20 %. The third weight loss decomposition
temperature takes place between 300 and 464°C; once the
dopant acids are removed from the structure, the polymer
chain  structure decomposes, and the exothermic
decomposition of P2CIANI begins at around 500°C, where
the loss percentage was around 35%. The fourth and final
phase was the breakdown of P2CIANI, which continued up
to 700°C and continued even after that point in time. Some
character content is left over from the P2CIANI's
breakdown. This demonstrates that chlorine, where the loss
percentage was about 55% [50-52], has prevented full
breakdown. Figure (6 b) depicts the TGA of TiO2 QD. This
demonstrates titanium'’s resistance to heat up to 900° C due
to the element's nature as an inorganic metal oxide [53].
Figure (6 c) depicts a TGA P2CIANI/TiOz2 QD composite,
demonstrating the stability of P2CIANI after being doped
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Figure (6) TGA of P2CIANI, TiO2QD and P2CIANI-
TiO2QD

The polymer chain structure is destroyed after the dopant
acids are removed from the structure, and the exothermic
decomposition of P2CIANI begins around 500°C, where
the loss percentage is about 35% and the composite thermal
resistance increases to 500°C. This is the third weight-loss
decomposition temperature. The fourth and last stage
involves constant P2CIANI breakdown between 700 and
900°C degrees Celsius. The entire breakdown has not yet
occurred, even at 700°C. It shows that titanium quantum
dot doping has increased the thermal stability of
P2CIANI/TiO2 QD over pure P2CIANI and reduced the
loss percentage to 50% from 55% for pure P2CIANI.

3.7. Photocatalytic activity

The first-order kinetics follows photocatalytic studies with
Methyl orange Dye and the correlation between maximum
photodegradation percentage, photodegradation times, and
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photodegradation rates of the prepared samples represented
in fig. 7. The findings showed that photodegradation rates
increases as in P2CIANI/TiO2QD than P2CIANI because of
presence of TiO2 QD which due to the photocatalytic
activity of TiO2QD supported on P2CIANI which increase
the active site during the photodegradation process[54-56].
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Photodegradation % after 180 mi
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Wavelegih (rm)
Figure 7. P2CIANI (a), (b) TiO2QD, P2CIANI/TiO2QD (c)
and photodegradation % after 180 min (d).
Th  suggested degradation mechanism for the
photodegradation process as the following equation and

scheme (1)

P2CIAN TiO, quantum dots  P2CIAN-TIO,QD

TiOz+hv (UV)—TiOz (e(CB)+h+(VB)) 1)
H20 (ads) + h+(VB) — OHe (ads) + H+(ads) 2)
O2+¢e-(CB) — O2e - (ads) ®3)
O2-e (ads) + H+ —« HOOe (ads) 4)
2HOOe (ads) —  H202(ads) + 02 (5)
H202(ads) —  20He (ads) 6)
Dye + OH- —CO2 + H20 (dye intermediates) ©)
Dye + h+ (VB) — oxidation products (8)
Dye + e- (CB) /reduction products 9)
Dye +hv — dye* (10)
Dye* + TiO2 — dyet+ + TiO2- (11)
TiOH (Surface) + H+ / TiOHz(surface)+ (12)

TiOH (Surface) + OH- / TiO (Surface) _ + H20 (13)

@+ 0z — 0z 2 HO2¥%50, « HoO,
e + HO3 — OH™ — OH"
e+ 0y — 0O — Oy — OH™ + OH"

Scheme 1. Suggested photodegradation mechanism in
presence of titanium dioxide quantum dots
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Recently, conducting polymer especially P2CIANI shows
great potential as photosensitizer due to its particular
features such as low band gap and n-*= transition which the
electron can be excited from highest occupied molecular
orbital (HOMO) to lowest unoccupied molecular orbital
(LUMO)[57] . In fact, P2CIANI had attracted many
attentions by its special properties such as high
conductivity, good environmental stability, cheap
monomer, and ease of preparation. Doping of P2CIANI
with TiO2 QD has lowered its band gap and shifts optical
response to visible light region[58].The photodegradation
rate for P2CIANI-TiO2QD is (9.15 X10-3) and higher than
P2CIANI (3.41 X 10-3) while it is (13.31 X 107%) for TiO2
QD because of presence of TiO2 QD which due to the
photocatalytic activity of TiO2 QD supported on P2CIANI
which increase the active site as an active photocatalyst
during the photodegradation process on the aniline ring
beside the chloronyl active negative group attached to
aniline ring which enhances the oxidation-reduction
reaction on the photocatalyst surface due to this
distinguishable  increase  (triple  time) in  the
photodegradation rate in P2CIANI-TiO2QD than P2CIANI.
Also, photodegradation percentages after irradiation by
xenon lamp (50 Watt) for 180 min indicate that the
photocatalytic activity for P2CIANI /TiO.QD recorded
high photodegradation percentage (80.03%) higher than
P2CIANI which recorded (47%). This observation refers to
effect of the photocatalytic activity of TiO2QD which
increase the photodegradation percentage by nearly about
70.2 % in case of using P2CIANI /TiO2QD compared to
pure P2CIANI[59,60].
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Figure 8. TOC % of photodegradation of Methyl Orange
dye in different catalysts.
TOC test forces the analytical technology toward
instruments able to ensure a complete oxidation
(mineralisation to CO2) of all the possible organic
compounds, Water matrices surely contain also inorganic
carbon (dissolved COq, carbonate and bicarbonate), so all
methods must discriminate between the inorganic carbon
and CO2 produced from the oxidation of organic molecules
in the sample as shown in figure (8) where the TOC
percentages of (PCI-AN), TQD, and (PCI-AN)/TQD
recorded 46%, 70%, and 79% respectively, and similar to

P2CIANI T, QD
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the photodegradation % obtained from photodegradation
processes of Methyl Orange Dye.

3.8. Recycling process

Figure (9) shows that the rate of photodegradation
processes reduces during the process of recycling in
presence of all prepared samples till 5 times for across all
photodegradation processes. The variation in the rates of
photodegradation processes between all prepared samples
have distinguishable observation where the
photodegradation rate decreases by nearly about 57.18,
9.61 and 9.51 % in presence of P2CIANI, TiOz2 QD and
P2CIANI/ TiO2QD, respectively as shown in Figure 10.
Also, it can be concluded that during the photodegradation
processes using xenon irradiation source, the presence of
TiO2 QD in the recycling processes times have small effect
on the photodegradation process due to the small
decreasing in the photodegradation rates observed and let a
chance for the prepared catalyst to recycling for five
times[61-63] .
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Figure 10. Photodegradation rates of Methyl orange Dye in
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Conclusion.

In this study, P2CIANI and TiO2 QD with oxidants (APS)
were immediately converted into new nanocomposites
using the chemical oxidation polymerization method.
According to the findings of FTIR, EDX, and UV-vis-DR
visible diffuse reflectance spectra measurements, the
nanocomposites, which included both P2CIANI and
TiO2QD, were successfully synthesised. In fact, TEM
images show that the P2CIANI shell has an average total
diameter of 35-40 nm and surrounds the TiO2QD particle
core. P2CIANI degrades into a low-crystalline or
amorphous structure, according to XRD studies, but
TiO2QD is crystalline, increasing crystallinity when
compared to P2CIANI. Adding TiO2 QD to the
P2CIANI/TiO2QD composite boosts P2CIANI stability at
high temperatures, according to TGA testing. In the end,
introducing TiO2QD to P2CIANI/TiO2QD around %
increased the photocatalytic activity of P2CIANI's
efficiency. The photo-degradation rate lowers by about
17.4, 15.4, and 50.2% in the presence of P2CIANI/TiO2
QD, titanium dioxide quantum dots, and P2CIANI,
respectively, in four recycling procedures when all
produced catalysts are present.
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