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incorporating domperidone as an organic compound and doped with

NPs (CgO4, NiO, and Cs0Os) were fabricated using the casting method.
PVC was modified with 25 g of the organic material domperidone (PVC/D) and
subsequenthdoped with 0.01 g of G@4, NiO, and CsOs; NPs to create the

N ewly modified poly(vinyl chloride) nanocomposite thin films
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modified nanocomposite thin films, PVC/D{Og NiO, and CsOs;, the NPs
dimeters was < 50 nm. These films were investigated using diffusive reflectance
within the 2501350 nm wavelength rangehd Xray diffraction (XRD) analysis
revealed a semtrystalline structure for the modified PVC. The optical properties

of the modified nanocomposite thin films were assessed, resulting in decreased
transmittance and reflectance values, with absorptionficagafts ranging from 88

to 94 %. Upon NP doping, the nanocomposite thin films' direct and indirect energy
band gaps decreased from 4.7 to 3.0 and 4.3 to 2.9 eV, respectively. This decrease
was attributed to an increase in localized states, leading tcehidisorder within

the material following an increase in Eu from 0.862 to 3.096 eV. Scanning electron
microscopy (SEM) analysis illustrated the nanocomposite structure of modified
PVC. In contrast, the measurements of atomic force microscopy (AFM) inldicate
increased surface roughness from 2.31 nm to 6.16 nm for the modified PVC thin
films. These modified PVC nanocomposite thin films find potential applications in
various industries, including air transport components, hghtitting diodes, laser
sensorsJV energy shielding, lightarvesting devices, memory devices, and-light
conversion technologiesProg. Color Colorants Coatl8 (202%5), 1451620
Institute for Color Science and Technology.

towards enhancing PVC's robustness, paldity in

the face of elevated temperatures, through applying
organic compounds and nanomaterials. As a result, the
researchers focused on modifying PVC due to its
significant structural properties. The two primary

1. Introd uction

Poly(vinyl chloride) (PVC), a plastic material, is
known for its inherent limitations, characterized by low
thermal stability and subpar mechanical properties.
Consequently, considerable efforts have been directed
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approaches of filing NPs and adding angs were
pursued to improve this polymer, often leading to
development of compounds with favorable properties
for PVC modification [1, 2]. These enhancements serve
to fortify the PVC structure through the integration of
either nanoparticles or organic reaals.

The first process involved using organic materials
in PVC composites. Various organic compounds were
combined with PVC to aid in its modification. These
compounds are represented in multiple amino
derivatives, such as thiazole, imidazole, pyrimidin
nitroaniline, and dichloroaniline [3, 4]. Furthermore,
Schiff bases contain the 1,2dazole ring in
conjunction with Copper (Il) chloride (Cuf}) which is
also included [5]. Additionally, compounds like 1,3,4
thiadiazole with 1,3%xadiazole [6], pridine-4-
carbohydrazide [7], phthaloyl groups in tandem with
1,3,4thiadiazole [8], 4amino5-(3,4,5trimethoxiy
phenyl}1,2,4triazole 2-thiol (0.2 g, 0.7 mmol) [9], 2
amino acetate benzothiazole [10], Schiff bases with
CuCk [11], 4-Amino-5-phenyt4H-1,2,4-triazole3-
thiol (2) [12], and amino groups combined with
aromatic aldehydes [13] are utilized to modify PVC.

The second process involves introducing various
dopants into the PVC matrix, transforming its structure
into a novel composite by incorporagimanoparticles
(NPs). These compounds are intentionally chosen for
their capacity to bestow advantageous properties upon
PVC and are strategically combined with NPs to
achieve desired outcomes. The escalating demand for
various electronic devices, opticakomponents,
transistors, and magnetic applications has driven the
interest in polymer nanocomposites. These applications
stand out for their exceptional electrical and
luminescent properties [14]. Many NPs have been
systematically integrated into polymeratrices to meet
this demand. These nanoparticles encompass zinc
oxide (ZnO) [15], lead oxide (PbO) [16], chromium
oxide (CpOs) [17], carbon nanotubes (CNT) combined
with graphene [18], muhwall carbon nanotubes
(MWCNT) [19], titanium dioxide (TiQ) [20], as well
as diverse metal oxides like aluminum oxide and
silicon dioxide (AbOs; and SiQ) [21], and kaolinite
nanocomposites [22]. Furthermore, salts, including
KnOsz;, CuChb, and MgC}t [12, 23, 24], have been
effectively harnessed to reshape PVC into Rano
composite structures.

These innovations have significantly reinforced
PVC structures, whether incorporating NPs, organic
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materials, or a combination of both. This has given rise
to novel composites that are useful in numerous
applications. Introducing chacal modifications and
additives that bring about structural changes in
polymers represents a valuable technique. This
approach not only induces alterations in the chemical
structure of the PVC backbone but also leads to notable
enhancements in the phobaenical properties of PVC.

It is imperative to include appropriate stabilizers to
counteract PVC degradation during thermal or
photolytic treatments, with these additives effectively
absorbing harmful UV radiation and curtailing photo
oxidation in polymeid materials [25, 26].

Hence, in the current study, an organic compound
(domperidone) was introduced as an additive to PVC,
serving as an organic material to enhance the material's
electrical conductivity. This organic material is a novel
choice for modifyng PVC, given its possession of
hydroxyl and carbonyl functional groups that can
effectively alter the PVC's chemical bonds.
Subsequently, we introduced NPs, specificallys@p
NiO, and CsOs, in a subsequent stage to modify the
PVC structure further afte its interaction with
domperidone. Combining these nanoparticles with
domperidone is intended to augment PVC's conductivity
and facilitate the creation of a novel structure
characterized by a reduced energy gap [25].

The primary objective of this studg ito produce
PVC samples initially modified with domperidone,
referred to as PVC/D. Following this initial
modification, the next step involved doping the
modified PVC with NPs, namely @04, NiO, and
Cr,0;3 (referred to as PVC/D/GO., PVC/D/NIO, and
PVC/DICr,Os, respectively). This synergizing aimed to
improve the light resistivity exhibited by these
materials. Furthermore, -Kay diffraction (XRD)
testing is employed to discern whether the PVC
structure has acquired crystalline or rogstalline
characteistics. To gain insights into the microstructure,
scanning electron microscopy (SEM) is used to
visualize the PVC structure, while atomic force
microscopy (AFM) quantifies the surface roughness of
the thin films. The nanocomposite thin films of
modified PVC generated in this study hold promise for
various industries, including applications in air
transport, lightemitting diodes, laser sensors, UV
energy shielding, lighbarvesting devices, memory
devices, and lightonversion technologies.
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2. Experimental

2.1. Materials

The PVC material was procured from PetKim
Petrokimya company in Istanbul, Turkey. The
nanoparticles (G®s, NiO, and CsOsz) were obtained
from Changsha Easchem company in Hunan, China.
These nanoparticles boast a remarkahigty level of

99 %, and their detailed characterization is presented in
Table 1

2.2. Test equipment

Several essential pieces of equipment were employed
in the experimental work. The Avantes WXsible
Spectro  (UWVisible-2048, DHS-BAL-2048) was
centrd in collecting data samples, covering incident
wavelengths from 250 to 1300 nm with a step size of
0.5 nm. The SEM was used to examine the morphology
of the thin films within the nanocomposite materials.
The AFM model AA2000 facilitated the roughness
measirement for the blank PVC and the nano
composite thin films. Additionally, a Micrometer type
2610 A, manufactured in Germany, was utilized to
determine the thickness of the nanocomposite thin
films. These instruments collectively contributed to the
succesll execution of the experiments and the
characterization of the materials under investigation.

2.3. Blank PVC thin film preparation

The preparation of thin, blank PVC films involved
several steps. Initially, 6 grams of blank PVC were
dissolved in 100nL of tetrahydrofuran (THF), serving
as the solvent. This solution was stirred for 4 hours at

25 °C. Subsequently, the mixture was subjected to
sonication for 1 hour to eliminate any trapped air
bubbles. The resulting solution was then carefully
poured inb a clean glass template with a thickness of
40 &m. The templ ate was
allow for the gradual evaporation of THF. To ensure
the removal of any residual solvent, the PVC films
were further dried in a vacuum oven at 40°C for 6
hours. Following this, the PVC thin film was fabricated
using the casting method.

2.4. Preparation of modified PVC thin film
with domperidone

25 mg of organic compound (domperidone) was
introduced to 6 grams of PVC to create modified PVC
thin films. This reulted in modifying PVC thin films
by incorporating domperidone as an organic material
cluster.
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Scheme 1: Synthesis of domperidone-enhanced PVC
nanocomposite thin films via NPs doping.

Table 1: Data of utilized NPs.

Changsha Easchem company

2ese /Hunan/China 99.98
5 NiO Changsha Easchgm company 9998 15
/Hunan/China
3 CrOs Changsha Easchem company 99.98 18

/Hunan/China
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2.5. Preparation of modified PVC thin films
doped with nanoparticles

A portion of the PVC thin films modified with
domperidone was further enriched by adding small
guantities (0.2% wt.) of NPs, specifically G®4, NiO,

and CpOs. This process aimed to create thin films of
doped modified PVC nanocomposite. The mixture was
thoroughly blended for 2 hours using a stirrer device.
Subsequently, the resulting mixture was carefully
poured onto a glass template. These samples were then
placed in a sengircular glass container to dry,
ensuring the removal of any residual solvent, and left
undisturbed for 24 hours. The thickness of the resulting
sampl es was mai nt alilustrates a t
the modified PVC with an organic compound
(domperidone) and doped by NPs, where the NPs are
dangled between the PVC series.

3. Results andDiscussion

The results and discussion demonstrated the effect of
domperidone on modifying PVC and the impact of
doping the polymer with G®4, NiO, and CsO3; NPs

to enhance its optical properties for light conversion
applications. The data on optical properties were
interpreted and analyzed, and the Urbach energy was
also computed.

3.1. XRD

The XRD test was conducted to elucidate the structural
changes in P€ before and after modification with
domperidone and the following NPs filling. Figure 1
provides insight into the structural characteristics of
pristine PVC, domperidormodified PVC (PVC/D),
and PVC nanocomposite films (PVC/D/iCn, NiO,
and CpOs). Figue 1 revealed a serarystalline
structure after introducing the domperidone and NPs
into the PVC matrix.

Figure 1 illustrates distinctive features for each of the
samples. The modified PVC (PVC/D) displays a single
peak at an angle of 26°. In contraste tmodified
PVC/Ca04 exhibits two distinct features: a pronounced
hump at 15° and a peak at 26°. Similarly, modified
PVCI/NIO showcases a single peak at 26°. For modified
PVC/CrOs, two characteristics are evident: a minor
hump at 15° and a peak at 26°. ®ieared presence of
these structural elements indicates a gawstalline
nature in the synthesized materials [25].
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3.2. Reflection test of PVC thin films

Figure 2 presents the results of the reflectance test
conducted on pristine PVC, domperidanedified PVC
(PVC/D), and PVC nanocomposite thin films
(PVC/DICaOs4, NiO, and C#Os) following the addition

of NPs. From the figure, it is evident that the reflectance
(R) values of all the PVC samples decreased from a high
value of 0.6 within the regiof 380 >a>300
lower value of 0.11. Subsequently, the reflectance
gradually increases withi
for blank PVC, PVC/D/Cg. and PVC/D/NIO.
However, for samples PVC/D and PVC/D/Os, the
reflectance increases in the region (580>4 2 0
rpaghing values LnrgiRgefrane 0.06 to 0.17, which remain
relatively constant. Consequently, Figure 2 illustrates
that the addition of domperidone and NPs leads to a
reduction in the reflectanc&®) values.
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5004
400
300
200
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Figure 1: XRD test for pristine PVC, modified PVC/D,
and PVC/D/NPs.
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Figure 2: Reflectance test for pristine PVC, modified
PVC/D, and PVC/D/NPs.
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The observed increases in reflectariee alues for 3.4. Transmittanceof PVC thin films

PVC/D/CaO4 and PVC/D/NIO within specific regions The transmittance Tj values for pristine PVC,

can be attributed to factors like inhomogeneous blending domperidonemodified PVC (PVC/D), and PVC

and the distinct features of these materials.
Consequently, the absorption coefficient values lie
within the 8894 % [26, 27].

3.3. Absorption coefficientof PVC thin films

The absorption coefficient J( is a fundamental
parameter within the optical system, playing a pivotal
role in elucidating the electronic properties and mobility
characteristics across the valence and conduction bands
in a composite materiallhis absorption energy arises
from the incident wavelength's interaction with the
particle structure, imparting the requisite energy to
electrons, thus facilitating their transitions between
energy states [28, 29].

Figure 3 reveals the absorption coeffnt ()
values for pristine PVC, domperidenadified PVC
(PVC/D), and PVC nanocomposites (PVC/D{Og
NiO, and CpOs). These values provide valuable
visions into the electronic nature and mobility within
these materials, reflecting the influence of aorig
compounds (domperidone) and the incorporated NPs
on the absorption characteristics.

The absorption coefficient) is intricately linked
with the absorbance values and can be calculated using
equation 1 [28, 29]
2. 383 @)

wher e U theeapsorgtisnewefficient in cin
A represents the absorbance value, and t denotes the
coating thickness in centimeters (cm).

As illustrated in Figure 3, the absorption coefficient

(O curves are provided for pristine PVC, domperidone z::_ XEXS}S"S““
modified PVC (PVC/[), and PVC nanocomposites e eoOn
(PVC/D/Ca04, NiO, and C#Os). Adding an organic :0'8' —9— PVeIDICr,0,
compound (domperidone) to modify PVC and the 760'7-
subsequent doping of PVC with NPs increases the ¢ 067
absorption coefficient(J). Wit hin t he UV-E 0Or54

exhibits fluctuations with low andigh magnitudes.
However, these magnitudes rise and stabilize within the
visible region, with some fluctuations observed along the
wavelength axis as it increases [29]. This data elucidates
the changes in the absorption characteristics,
underscoring the inget of organic compound
(domperidone) and NPs doping on the absorption
coefficient () of the materials under investigation.

nanocomposites (PVC/D/@04, NiO, and CsOs3) are

presented in Figure 4. These transmittance values range

from 0.14 to 0.26, indicating the extent to which light

is transmitted through the PVC compositEgyure 4

reveals notable characteristics in the $raittance )

val ues. Wit hin t he uv region
the transmittance values exhibit fluctuations and

instability. In contrast, within the visible region
(400020800 nm),
and subsequently stabilize, maintainingc@ntinuous
pattern. Consequently, Figure 4 underscores that the
PVC nanocomposites exhibit reduced transmittafige (
values following the addition of NPs (g, NiO, and
Cr,05) to the domperidonenodified PVC [30, 31].

—e— PVC-Pristine
—a— PVC/D

—s— PVC/D/C0,0,
—&— PVC/D/INIO
—&— PVC/D/Cr 04

T
240 320 400 480 560 640 720 800 880 960 1040
Wavelength(/) (nm)

Figure 3: Absorption coefficient for pristine PVC,
modified PVC/D, and PVC/D/NPs.

240 320 400 480 560 640 720 800 880 960 1040

Wavelength (nhm)

Figure 4: Transmittance for pristine PVC, modified
PVC/D, and PVC/DINPs.
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3.5. Skin depthof PVC thin films

When host materials are introduced, or any thin film
coating incorporates these host materials, the
absorption of light risesThe skin depth X) is a
characteristic that relates to absorbance and relies on
the incident wavelengthel and the extinction faor
(K.

The calculation of the skin depthx)( can be
achieved using equation 223

_o

XZ'

()

=

In this equation,x represents the skin depth in
nanometers (nm), & Trepres
nanometers (nm), ankl denotes the extinction factor.
Figure 5 provides an illustration of the skin depth (
for pristine PVC, domperidoamodified PVC
(PVC/D), and PVC nanocomposites (PVC/DiOg
NiO, and Cs0s).

As depicted in Figure 5, the skin dep#) provides
insights into the absorption propertie$ these PVC
composites. Notably, the skin dep#) {ncreases within
t he wavel ength range of
phenomenon is best explained by examining the inset
Figure 5, which elucidates each curve's skin depth (x)
peaks and reveals distincutoff wavelengths. In the
case of domperidoamodified PVC (PVC/D), a peak is
observed within the region
as the cutoff wavelength Ecuo). Similarly, for
modified PVC nanocomposites (PVC/DACa and
NiO), peaks are observed ineth r egi on of
nm, also corresponding wutoff wavelengths Ecutof).
However, for the modified PVC nanocomposite
(PVCIDICEOs) a peak is observe
nm region, marking its cwdff wavelength.

During thesecut-off wavelength periosl Ecutofr),
absorbance essentially vanishes, and these peaks
decline as the wavelength increases beyond these
specific ranges. Introducing nanoparticles into PVC
results in the darkening of the nanocomposite thin
films, ultimately leading to higher absgaion values
for these materials [32, 33]. These observations
highlight the role of organic compounds (domperidone)
and nanoparticles in influencing the skin depth and
absorption characteristics of PVC composites.

3

3.6. Refractive index of PVC thin film
The refractive index n) holds great significance,
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particularly concerning the polarized electrons within
thin films. Figure 6 displays the refractive index) (
values for pristine PVC, domperideneodified PVC
(PVC/D), and PVC nanocomposites (PVC/DiOg

NiO, and CyOs). The refractive indexn) can be

calculated using equation 3 [33]

4R
1R 2

1+R
1-R

n= K2

®3)

wheren is the refractive index, R is reflectance, and
k is the extinction factorFigure 6 illustrates the

refractive index 1f) values for thes materials. Notably,
the refractive index exhibits higher values within the

WVht's€ 9t A B

(wWPa<v4e0 Oe ngM)h- i n
= —&— PVC-Pristine
ol —— PVCID
—e— PVCIDIC0,0,|
8x10° 10 —0— PVC/DINIO
£ 7410 o PVCIDICr,0,
5 7x10P
> 6x10° :ﬁi
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% 310
£ 410 3 e e
&3%@_ C : 23 3BV 550 200 454 b8 50 oo
2x164
1X10 J

240 320 400 480 560 640 720 800 880 960 1040
N e th (nm
of 4000&%&5@ hn)l referred

Figure 5: Skin depth (x) for pristine PVC, modified
PVC/D, and PVC/D/NPs.
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Figure 6: Refractive index (n) for pristine PVC, modified
PVC/D, and PVC/D/NPs.
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This phenomenon is attributed to the impact of
incident wavelengths on electron orbit interactions,
resulting in electron polarization. However, the curves
become continuous and stable within the visible region
(>400 nm).
value of n=3.6 after adding NPs (fna, NiO, and
Cr,0s3) to the domperidonenodified PVC. These
results indicate a significant decrease in the speed of
light as it passes through the nanocomposite thin films.
The refractive indexn) values thus provide crucial
information about the behavior of light within these
materials and the impact of NPs doping on their optical
properties [33].

3.7. Extinction factor of PVC thin film

The extinction factork) pertains to the attenuation of
electomagnetic waves within thin films, reflecting the
loss in absorbance and the extent of light absorption. It
describes the phenomenon where some wavelengths of
light are absorbed while the rest are reflected from the
particle's surface, and this interactidepends on the
incident wavelength angle.

The extinction factork) can be calculated using
equation 4 [34]

Q — 4)
In this equation, V]
coefficient in cm, and o i s t he

nanometers (nm}igure 7 provides an overview of the
extinction factor K) for pristine PVC, domperidore
modified PVC (PVC/D), and PVC nanocomposites
(PVC/D/C@0s4, NiO, and CfOs).

As previously reported, the extinction factok) (
measures the losses in absorbandeigure 7
demonstrates the losses in absorbance for pristine PVC,
domperidonemodified PVC (PVC/D), and PVC
nanocomposites (PVC/D/@0s, NiO, and CiOs).
Notably, these losses are exceptionally small, with
values ranging in the order of thousandths. Thadsg
recorded value is 0.0028, which is still remarkably
small. This indicates that these nanocomposites of
modified PVC exhibit high absorbance characteristics,
emphasizing their capacity to effectively absorb
electromagnetic waves and light, which alignéth
previous studies [34, 35].

3.8. Optical conductivity of PVC thin films
The optical conductivity () relates to the conductance

Lu @ 4
repraoomsént s Fe
Wao.‘éo@W A\ |ﬁ| .

inside these thin films, allowing electrons to move
through the band levels (valence and conduction). This
conductivity aises after a portion of the incident

wavelength light is absorbed, with electrons leaving

T h gn) atteirfsrashigh i v éehindrales i the valence band, enabling conductivity

within the thin films.
The computation of optical conductivity X can be
achieved using equation 5 [36]

; (%)

Here,, represents the optical conductivity)(in
S, U is the absorption coefficient in ¢nn is the
refractive index, and c is the speed of light
(approximately 3x1%8 cm/s) [37, 38]. Figure 8 presents
an overview of the optical conductivity Y values for
pristine PVC, domperidorsodified PVC (PVC/D),
and PVC nanocomposites (PVC/D&Oa, NiO, and
CI’an).

—e— PVC-Pristine
0.0032 —>»— PVC/D
—<— PVC/D/Co,0,
0.00284 | _¢_ pycipmio
~ PVC/DICr O
.- 0.0024] e
1)
& 0.0020]
c
S 0.0016
(&)
£
S 0.00121

0.00004

300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure 7: Extinction factor (k) for pristine PVC, modified
PVC/D, and PVC/DINPs.
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—<— PVC/D/Co;0,|
—C— PVC/D/NIO
PVC/D/Cr ,0,|
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Figure 8: Optical conductivity (b) for pristine PVC,
modified PVC/D, and PVC/D/NPs.
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Figure 8 clearly illustrates that the optical
conductivity () for pristine PVC, domperidone
modified PVC (PVC/D), and PVC nanocomposites
(PVCIDICa0s4, NiO, and CsO3) increases significantly
after the addition of NPs (@04, NiO, and CsOs) to the
modified PVC. The highest recorded value of optical
conductivity () is 2.6x10? S? after incorporating NPs.
These NPs play a crucial role in enhancimg $tructure
of modified PVC, transforming it into a nanocomposite
with notable conductance properties. This increase in
optical conductivity () indicates that these materials
effectively facilitate electron transit through the band
levels, contributing d their conductive characteristics
[39].

3.9. Dielectric constant of PVC thin films

The dielectric constant
electrons within the material, and the generation of
charges depends on electrons transitioning from the
valene band to the conduction band. This property is
crucial in understanding the charge carriers within
polymers and <can
i ma g i nop diglectric &onstants. Equation 6 is
employed to calculate the dielectric constant, wiith
components of the equation related to the refractive
index (n) and the extinction factor (k) [39].

é = él ¥ +i 52(‘)()

(6)

The rpgeaand & mldeglectriagonstantsa
can be determined using equation 7 [40]:
g=n?-k* @)
G=2n k
Figures9and 0 de pi c t) andlmaginarg a |
(A4 dielectric constants for pristne PVC,
domperidonemodified PVC (PVC/D), and PVC

nanocomposites (PVC/D/@0s, NiO, and CsOs).
Figure 9 specifically illustrates the real dielectric
¢ o n s tpfortprist{nél PVC,domperidonemodified
PVC, and PVC nanocomposites.

Figure 9 demonstrates the behavior of the real
di el ect r ijxfor pristinesPvV@, Mdampefidone
modified PVC (PVC/D), and PVC nanocomposites
(PVC/DICaOa4, NiO, and CsOs). The real dielectric
consta t 1) (néieases significantly after adding NPs
(Cos04, NIiO, and CsO3) to the modified PVC. This
observation indicates that the thin films exhibit high
absorption [41].
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(a)

beis andt eg @Ersp

I n Figure 10, the imgginar.
is illustrated for the samenaterials: pristine PVC,
domperidonemodified PVC (PVC/D), and PVC
nanocomposites (PVC/D/@04, NiO, and CsOs). The
i maginary component of) the
reflects the losses in absorption within these materials
[42].

Figure 10 indicates théehavior of the imaginary
di el ect r ijcfor pristimes RVE,ndbmpéridone
modified PVC (PVC/D), and PVC nanocomposites
(PVC/D/CaOs4, NIiO, and C#0s). The values of the
imaginary component are very small, on the order of a
part in thousands. This awation suggests that the
losses in absorption for the PVC nanocomposite thin
films are minimal. Such losses are typically generated by
the electric dipoles of atoms undergoing polarization

. under the influence of an electric field [43]. .
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Figure 9: Real dielectric constant for pristine PVC,
modified PVC/D, and PVC/D/NPs.

(&

Figure 10: Imaginary dielectric constant for pristine
PVC, modified PVC/D, and PVC/D/NPs.



