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Abstract: The electronic properties of polymers and polymers reacting with metal oxides can be studied
using molecular modeling. Polypropylene (PP) is a synthetic, thermoplastic polymer with high electrical
resistivity in this sense. The effect of the addition of metal oxides such as copper oxide (CuQ) on the
electronic properties of PP was investigated using a computational analysis based on density functional
theory. To research PP electronic properties and PP/CuO nanocomposite, DFT theory at B3LYB/6-
311g (d, p) level was chosen. The addition of nanosphere metal oxide increased the reactivity of the
studied model structures for nanocomposite, according to the results of total dipole moment (TDM) and
HOMO/LUMO bandgap energy calculations. Because of the interaction of metal oxide with the original
polymer, the energy bandgap values decreased.
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1. Introduction

The most common matrix for nanocomposites research may be semi-crystalline
polypropylene (PP), a useful and flexible commodity thermoplastic. PP is currently used
extensively in the packaging, automotive, and aerospace sectors. The structural stability, high
isotacticity, good mechanical performance, narrow molecular weight distribution [1-3], and
good optical properties of PP are among the key reasons for its popularity. Incorporating
nanoparticles in the PP matrix has sparked intense interest among polymer scientists in recent
years due to its promising industrial applications in various fields. Even at low filler material,
nanocomposites with strong filler dispersion deliver significant improvements in mechanical,
thermal, electrical, optical, and physicochemical properties [4-6].

Copper oxide (CuO) is an effective optoelectronic material with a high excitation
binding energy of 153 eV and a wide direct band-gape of 1.7 eV (room temperature) [7-9].
CuO is used in various industries, including healthcare, rubber, varistors, paint, ceramics, and
cosmetics. Furthermore, nanocomposite PP has the potential to be used in environmental
applications. Antibacterial PP/TiO2 nanofibers were created for biomaterial applications.
According to flexural, effect, and strength performance, PP/organophilic clay nanocomposites
injected had better mechanical properties than PP. Meanwhile, PP/Multiwall carbon nanotubes
(MWCNT) have significantly improved the properties [9,10]. Electrical conductivity and
electromagnetic interference shielding were also high in PC/PP CNT Nanocomposites.
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Graphene Oxides (GO), which is also used as a PP nanofiller to enhance chemical, thermal,
and mechanical behavior, is one of the most important Carbon nanomaterials. Experimental
comparison of mechanical and thermal properties of PP, talc/PP, and pp/Clay nanocomposites
[11-13]. For several molecular systems, different classes of computational methods and
molecular simulation were successfully used to elucidate various molecular properties,
including physical, chemical, and thermal properties [14]. The experimental methods, on the
other hand, some physical parameters, such as TDM, have been suggested as good measures
of molecular reactivity by various researchers. The reactivity of the studied structure increases
as the TDM is increased and the bandgap energy is decreased. In terms of the charge on the
surface, another descriptor for reactivity and active site of the studied structure is indicated
[15]. As previously described, this could be suggested by mapping the molecular electrostatic
potential (MESP). By mapping MESP, one can detect the active site on a given surface based
on color distribution. Furthermore, Cellulose nano-whiskers were used to improve the
properties of PP. As a result, molecular modeling at the DFT: B3LYP/6-311g(d,p) level is
utilized in the present computational work to study PP and PP's electronic properties interacted
with CuO [16,17].

2. Materials and Methods
2.1. Calculation details.

Molecular models for PP and PP interactions with CuO were developed, first through
O and then through Cu. At the Spectroscopy Department, we use Gaussian 09 tools. At the
B3LYP/6-311g(d,p) stage, the model structures are optimized using DFT theory TDM. and the
band difference energy of the highest occupied molecular orbital and the lowest unoccupied
molecular orbital (HOMO/LUMO) are measured at the same stage of theory [18].

3. Results and Disscusion
3.1. Building model molecule.

To calculate the electronic properties of polypropylene and polypropylene/CuO
composites. The model structures that reflect PP and the interaction of PP with CuO must first
be developed. To reflect the PP molecule, models began with four units of PP monomers.
Figure 1 depicts the model structure of the PP assumed structure. Since PP and CuO can interact
through a hydrogen bond, several probabilities are used to interact CuO with the PP molecule.
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Figure 1. B3LYP/6-311g(d,p) optimized structure of polypropylene model molecule.

The probabilities of interaction between PP and CuO nano metal oxide, which will be
investigated here, are based on hydrogen atoms, with numbers 12, 14, 16, 17, 20, 33, 37, and
38 reflecting all of the PP polymer's alleged active sides.On the other hand, CuO’s interaction
with PP could occur in one of two ways: through the Copper (Cu) atom or through the oxygen

https://biointerfaceresearch.com/ 1135



https://doi.org/10.33263/BRIAC121.11341147
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.11341147

(O) atom. To report the analysis of all probabilities, two classes of postulates are simulated
[19,20].

3.2. Total dipole moment TDM and HOMO/LUMO bandgap energy calculations.

In Figures 2, 3, and 4, the prospects of PP polymer and PP nanocomposite with CuO
nano metal oxide occurring by hydrogen atoms are shown by numbers 12, 14, 16, 17, 20, 33,
37, and 38. TDM and HOMO/LUMO bandgap energy are essential measures of polymeric
materials' electronic properties. TDM is a material reactivity measure, and HOMO/LUMO
bandgap energy expresses the material's electronic form (conductor, semiconductor, or
insulator). For the model structures of PP polymer and postulate interaction of CuO nano metal
oxide according to the two postulate classes, TDM as Debye and HOMO/LUMO bandgap
energy as eV were used [21,22]. Table 1 shows the results of the calculations. Figure 2 shows
the PP polymer's optimized structure and HOMO/LUMO bandgap [23,24].

(a)

Figure 2. B3LYP/6-311g(d,p) polypropylene molecule (a) HOMO model; (b) LUMO.

Table 1. Using DFT theory B3LYP/6-311(d, p) level for PP, calculated total dipole moment (TDM) as Debye
and HOMO/LUMO band gap energy(AE) as eV and decorated PP with CuO once through Cu atom and once
through O atom for all postulate active sides[25].

Str;(;t.ure Structure TDM AE
PP 3.7 1.2
1 PP + CuO H14 11.14 0.93
2 PP + CuO H20 11.28 0.74
3 PP + CuO H12 11.79 0.19
4 PP + CuO H37 9.15 0.35
5 PP + CuO H17 20.34 0.88
6 PP + CuO H16 18.94 0.40
7 PP + CuO H38 9.26 0.43
8 PP + CuO H33 13.11 0.49
9 PP + OCu H14 8.28 0.98
10 PP + OCu H20 4.97 0.62
11 PP + OCu H12 13.83 0.59
12 PP + OCu H37 2.615 0.69
13 PP + OCu H17 6.22 0.338
14 PP + OCu H16 15.6 0.57
15 PP + OCu H38 6.08 0.56
16 PP + OCu H33 12.35 0.41
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Figure 3. B3LYP/6-311g(d,p) optimized structure of polypropylene/CuO whereas the interaction took place through Cu atom and HOMO/LOMU bandgap at 1) PP H14 2)
PP H20 3) PP H12 4) PP H37 5) PP H17 6) PP H16 7) PP H38 8) PP H33.
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Figure 4. B3LYP/6-311g(d,p) optimized structure of polypropylene/CuO whereas the interaction took place through Zn atom and HOMO/LOMU bandgap at 9) PP H14 10)
PP H20 11) PP H12 12) PP H37 13) PP H17 14) PP H16 15) PP H38 16) PP H33.
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3.3. Illustration of possibity of interaction.
3.3.1. CuO-PP Interaction.

For PP polymer, the TDM and bandgap energy AE values were 3.7 Debye and 1.2 eV,
respectively. TDM values for various postulate locations of interaction with supposed active
sides H14, H20, H12, H37, H17, H16, H38, and H33 were 11.14, 11.28, 11.79, 9.15, 20.34,
18.94, 9.26, and 13.11 Debye mean. whereas the bandgap energy AE values were 0.93, 0.74,
0.19, 0.35, 0.88, 0.40, 0.43, and 0.49. TDM was increased for all postulate positions while
bandgap energy E was decreased, indicating that CuO nano metal oxide could affect all
positions[26]. These findings showed that CuO has a significant impact on the PP molecule
reactivity, with TDM of PP-CuO composites being many times higher than TDM of the PP
molecule[27,28]. CuO nano metal oxide decoration has a greater impact on the highest TDM
value and the lowest bandgap energy E values. With TDM, the highest reactivity is at hydrogen
atom number 17, 16, 33, and the lowest reactivity is at AE Table 1.

These findings support the impact of CuO on PP’s electronic properties, with the AE
value of PP-CuO composites being lower than that of the PP molecule[29]. To put it another
way, PP-CuO composites evolved into semiconductor materials. The interaction at hydrogen
numbers 17 and 14 had the lowest value for AE. These results suggested that PP interaction
with CuO through the Cu atom could occur with atoms 17,14.

3.3.2. OCu-PP Interaction.

TDM values for different postulate positions of interaction with supposed active sides
H14, H20, H12, H37, H17, H16, H38, and H33 were 8.28, 4.97, 13.83, 2.615, 6.22, 15.6, 6.08,
and 12.35 for different postulate positions of interaction with supposed active sides H14, H20,
H12, H37, H17, H16, H38, and H33. In the meantime, Debye's bandgap energy AE was valued
at 0.62, 0.59, 0.69, 0.34, 0.5, 0.56, and 0.41, respectively. TDM was increased for all postulate
positions while bandgap energy E was decreased, indicating that CuO nano metal oxide could
affect all positions[30,31]. These findings showed that CuO has a significant impact on the PP
molecule reactivity, with TDM of PP-CuO composites being many times higher than TDM of
the PP molecule. The highest value of TDM and lowest bandgap energy AE values are more
affected by OCu nano metal oxide decoration. The highest reactivity is at hydrogen atom
number 12, 17, 33 with TDM, and lowest AE. From the calculations, HOMO/LUMO bandgap
energy AE of PP molecule equals 1.2 ev Table 1. The lowest value for AE was the interaction
at hydrogen number 17 and 33[32].

As shown in Figure 5, the TDM and HOMO/LUMO band gap energy (AE) of PP
decorated with CuO by Cu atoms or O atoms allowed a major change 13.30 Debye and 0.37
eV, respectively, while for OCu 3.78 Debye and 0.57 eV Table 2. The interaction between PP
and CuO through the O atom could be as element decoration at H number 31, the H of the CH3s
group. Finally, even when interacting with Cu atoms or O atoms, the electronic properties of
CuO nano metal oxide influence the electronic properties of PP polymer. In the case of a CuO-
decorated PP polymer, the Cu or O atom will interact with the H of the CHs group and the H
on the opposite side, allowing for sensing. In addition, the CuO-decorated PP polymer with the
O atom could be used as a component in sensor or optoelectronic devices [32-34].
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Figure 5. Decorated PP with 9CuO through (17) Cu atom & (18) O atom optimized structures and HOMO/LOMU bandgap.

Table 2. Calculated total dipole moment (TDM) as Debye and HOMO/LUMO band gap energy(AE) as eV using DFT theory at B3LYP/6-311g(d,P) level for PP and decorated
Polypropylene through Cu and O atom of CuO.

https://biointerfaceresearch.com/

Structure No. Structure TDM AE
17 PP +9 CuO 13.30 0.37
18 PP +9 OCu 3.78 0.57
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4. Conclusions

At the quantum mechanical DFT: B3LYP/6-311g(d,P) stage, the electronic properties
of PP-CuO and PP-OCu composites are determined. The effect of CuO on TDM and AE values
in the results of calculations that are being performed for the model structures. Whereas the
TDM of a PP molecule is 3.7 Debye, TDM values increased due to the addition of CuO,
reaching 20.34 Debye with the interaction that may occur at hydrogen atoms 17 and 14 in the
first group. With the interaction, the value of AE decreased from 1.2 eV for the PP molecule to
0.3 eV. The addition of an OCu molecule increased the TDM of PP-OCu composites in the
second group, but not as much as in the first group. Meanwhile, AE values in the second group
are lower than those in the first, dropping to 0.3 eV Debye with the interaction, which may
occur at the hydrogen atom number. The current computational model, which was used in these
calculations, shows that the physical parameters studied are good indicators of the studied
polymer/metal oxide system’s reactivity. These results are in line with those of the previous
study. It's possible that the composites studied could be used in sensors and other optoelectronic
devices. The most probable interaction could be corresponding to the lowest value of AE. This
was achieved for the interaction of PP with OCu in the second group at hydrogen atom number.
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