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ABSTRACT

The study aimed to synthesize and preciously identify a linear hybrid co-polymer
called (iso-BMA-co-TMSPMA) as a bulky gel polymer. Through the free radical
polymerization, an organic monomer (iso-butyl methacrylate/iso-BMA) with an
inorganic monomer (Trimethoxysilyl) propyl methacrylate) (TMSPMA) were reacted
to yield the product. The manufactured silica is used in a variety of processes that can
be combined to create hybrid polymers that can rebuild human bones. A Schlenk flask
was used to synthesize the hybrid polymer due to its large surface area for well-
distributed heat and stress all over the flask. The hybrid polymer, which contains
active groups that serve as the polymer's backbone, was successfully synthesized, as
evidenced by the 1H- NMR and 13C-NMR peaks that were obtained. FT-IR for the
synthesized gelatinous polymer was obtained as well and showed some signals that
identified the molecule as it is shown in the discussion section.

KEYWARDS: Polymer, sol-gel, methacrylate, Free radical, Copolymer, Monomer,
NMR spectra, IR spectra.

INTRODUCTION

Polymer is increasingly used in pharmaceutical targeting and controlled release
systems. Both natural and synthetic sources can be used to synthesize polymers. It
serves as a mechanical support for the sustained release of medications as well as a
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solubilizer, flavoring agent, and coloring agent'. Free radical polymerization has been
considered among the most important reactions in synthesizing giant molecules.
Techniques that have been significantly developed in recent years including atom
transfer radical polymerization (ATRP), reversible addition fragmentation chain
transfer (RAFT) polymerization, nitroxide-mediated polymerization (NMP), and
RAFT polymerization. These processes can be used to regulate the chain architecture
and molecular weight distribution of polymers. Lewis' acids and polar solvents may be
used to direct stereo controlled radical polymerization®. Solid dosage forms have been
coated with polymeric materials to hide the bitter taste of the medication, protect
delicate drug components, regulate the release of drugs, and provide the dosage form a
pleasing appearance. Evonik Manufacturing in Germany sells a variety of copolymers
based on polymethacrylates under the trade name Eudragit®. A work was reported in
2016 by Sushil and Hari included the synthesis of methacrylated glucose hydrogels
using the freeradical polymerization®. In 2017, R. P. Meena and coworkers reported
the synthesis of a polymer using Methoxy ethylmethacrylate through the free radical
polymerization. The polymer was successfully synthesized and characterized as well’.
Hydrogels have recently attracted substantial attention. A three-dimensional move-
connected polymer network called a hydrogel can adapt to changes in external
variables like pH, temperature, ionic strength, electric field, the existence of enzymes,
and numerous other variables by expanding or contracting. They can turn soft and
elastic when enlarged, similar to the resident tissue exhibiting excellent
biocompatibility. These biomaterials are therefore widely used in the unique fields of
pharmaceutical and biomedical engineering®. On the other hand, in 2012, Sudhakara
R. P. and others proposed a simple and effective method, called template
polymerization, to manufacture well-defined core- shell nanoparticles19,20,21 by
using simultaneous polymerization and self-assemble between the components. It has
been demonstrated that during template polymerization, both hydrogen bonds and
electrostatic interactions can cause the constituent parts to self-assemble into core-
shell nanoparticles’.

One crucial method for systematically altering the characteristics of polymers is
copolymerization. Copolymers containing reactive or useful monomers are becoming
more and more significant. Today, several copolymers containing reactive functional
groups are being created, examined, and exploited for both their macromolecular and
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functional group features®. Copolymer synthesis was proposed by Justin J. Chung.
Reversible addition-fragmentation chain transfer (RAFT) and group transfer
polymerization (GTP) were wused in the synthesis of the copolymers
3(trimethoxysilyl)propyl methacrylate and methacrylate to create a brand-new
polymer. A novel polymer that differs from the branching and linear varieties that
were previously proposed was also produced, and it possesses special features.
Through the sol-gel procedure, those polymers were combined with the hybridized
second category. The hybridized molecules have been demonstrated to have greater
mechanical qualities than

glass and bioactive hybrids in comparison to earlier investigations. Furthermore,
osteogenic cells may attach and grow on hybrids. A star polymer based on n-butyl
methacrylate has been researched as an alternative to methyl methacrylate copolymers
to increase the flexibility of hybrids. The butyl methacrylate-based hybrid was
successful in mimicking the mechanical characteristics of trabecular bone®.

Because they provide the body with its structural support, guard the soft tissues
and inner organs, manufacture white blood cells, and maintain the equilibrium of ionic
metals, bones are regarded as the most important tissue in physiology. It is thought
that anano molecule of collagen's fiber and (hydroxy apatite HA) based on Cayo(PO,)s
are responsible for the mechanical properties of bones (OH),. The macropore
architecture may be used to accomplish the mechanical qualities because the
compressive strength ofHA metal and the tensile hardness of collagen form a link™. In
2022, Chiquita Prahasanti and co-workers proposed the use of Methacrylate (PMMA)
along with Hydroxyapatite in dentistry. The paper discusses the prospect for using
PMMA/HA compound as a biomaterial candidate for the creation of porous trabecular
dental implant fixtures'’. Tetraethoxysilane (TEOS) and dimethyldiethoxysilane
(DMDES) were usedto synthesize (PMMA / SiO, - Ca0) nano compounds in 2009 by
Rhee and Kyu-Hyeon (DMDES). Siloxane bonds can develop in two and four
dimensions following the sol- gel process. The source of silica was
dimethyldithoxysilane. Although fracture toughness, hardness, and the capacity to
produce forming ability in simulated bodily fluid all somewhat decreased, it was
discovered that there is a noticeable development in fracture hardness (SBF). The
reduction in the number of siloxane bonds and the additionof alkyl groups to the silica
structure are credited with improving the fracture toughness of sample D while
maintaining its capacity to form apatite. The siloxane linkages provide a harsh and
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brittle fracture behavior in the nanocomposite. On the other hand, alkyl groups
contribute to the crystalline structure of silica®?.

The main object behind conducting this study is to synthesize a linear hybridized
co- polymer. Gel polymers are a combination of liquid electrolytes and solid polymers
which could be created to maintain the liquid electrolyte's ionic conductivity while
obtaining the mechanical qualities of the solid polymer. The bulky gel polymer (iso-
BMA-co-TMSPMA) was synthesized using an organic monomer (iso-butyl
methacrylate (iso-BMA) with an inorganic monomer (Trimethoxysilyl)propyl
methacrylate) (TMSPMA) through the free radical polymerization®.

MATERIALS AND METHODS

The polymerization was conducted using a (250 ml) Schlenk flask that provided a
wide surface area for a well distributed heat and stress all over the flask. It also
possesses a 24/40 mm neck to allow inert gases during the reaction. The linear
hybridized co- polymer was synthesized using an organic monomer (iso-butyl
methacrylate (iso-BMA) with an inorganic monomer (Trimethoxysilyl)propyl
methacrylate) (TMSPMA) in a one pot polymerization technique. In the Schlenk flask,
(0.0715 mol, 10.17 mL) of iso-BMAand (0.006 mol, 1.60 mL) of TMSPMA were
mixed up followed by the addition of 20 ml of ethanol. The flask was sealed properly,
and then (0.5 mL) of benzoyl peroxide wasinjected under nitrogen gas. Afterward, the
flask was placed in an oven for (3hr) at 70 °Cto initiate the polymerization. Then, the
resulting hybrid polymer was dried out for (14 days) at room temperature to end up
with a bulky gel. Figure 1 shows the general equation for the synthesis of the
hybridized linear polymer (iso-BMA-co-TMSPMA), while Figure 2 shows the bulky
gel polymer (iso-BMA-co-TMSPMA) .
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Figure 1: The hybrid linear polymer (iso-BMA-co-

TMSPMA)
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RESUL TS AND DISCUSSION

'H NMR spectroscopy is one the most common and effective methods to use for
molecule identification in the field of organic and pharmaceutical molecules. It is also
used in the identification of antimicrobial activities of Flavones and Schiff Base' **.'H
NMR 5 *C NMR for the iso-BMA-co-TMSPMA polymer were ran for (iso-BMA-co-
TMSPMA) polymer. The various spectroscopy signals were well assigned, however,
S spectra could not be performed through °Si MAS NMR technique to determine the
scaffolds silica nets. All the obtained peaks were corresponded to some primarily studies
as well as the order of carbon’s atoms. Below are the *H s **C chemical shifts for the
hybridized linear polymer (iso-BMA-co-TMSPMA):

Poly(iso-BMA-TMSPMA): 'H NMR (300 MHz, DMSO, &, ppm): 6.03-5.67 (H-,
CH,=C), 3.90-3.88 (4H,), 3.31 (9H.), 1.89 (6Hy), 1.06 (12H,), 0.93(2H.).
Poly(iso-BMA-TMSPMA): *C NMR (300 MHz, DMSO, &, ppm): 166.46 (3C),
135.97 (2C), 125.41(2C), 69.99 (2C), 55.98 (3C), 27.25(2C), 18.80(4C).

Figure (3) shows the distinguished peaks located close to (6= 6.03, 5.97 ppm)
which refers to the peaks of C=C bond protons. It is believed that obtaining these two
peaks is due to the existence of moieties of the non-polymerized TMSPMA, which was
stated in numerous primely studies *°. The chemical shifts (5 = 3.90-3.88 ppm) is
attributed to the (protons of -OCH,- group, peak b), while the (-Si-(OCHs;); peaks -C)
were recorded at (6=3.31 ppm). Protons of -CH,-groups, peak were recorded at 6 = 1.89
-d). A peak around (& = 1.06 ppm- e) was shown for the protons of —SiCH,—groups.

The obtained *H-NMR peaks showed a success in synthesizing the hybrid-copolymer
that contains the active groups which represent the backbone of the polymer as it is
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shown in figure (3). While figure (4) shows the *C-NMR peaks for the same
synthesized linear hybridized co-polymer. The (-COO group) shows a peak at
(6=166.46 ppm), and it also shows -SiCH,- (peak a and b). Along with the *H-NMA
spectra of the olefins groups, the **C-NMR peaks C=CH, for the same group at C=CH,
for the non-crystallized TMSPMA monomer at (peak 1 6=135.97- 125.41 ppm). The
chemical shifts for -OCH,- (peak c) that is located at (6=69.66 ppm) followed (Si-OCHjs-
trimethoxy silane) at (6=55.98 ppm peak c). As the observed peaks in fig 3, it was
revealed that the polymerization initiated from C = C, and the Si-OCHj; peaks stayed
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Figure 3: 1H NMR for (iso-BMA-co-TMSPMA)
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Figure 4: FTIR spectra of the synthesized hybrid copolymers®

FT-IR was utilized to identify the iso-BMA-co-TMSPMA. Even though the
discovery of the copolymers is sometimes tough after the polymerization, therefore
separating the polymer into two monomers before the polymerization process. Figure 5
shows the FT-IR for the synthesized gelatinous polymer. While table 1 demonstrates the
vibration transmissions in the range of the free silanol Si-OH (3849 cm™) and (3741 cm®
1. The first one is for sedimented silanol groups unlike the silanol groups that the
signals disappear at. Whereas the second peak refers to the range of the free terminal
silanol groups. The FT-IR shows a strong wide (OH- signal) at (3419 cm™). That signal
indicates the existence of high concentrations alcohol in the gelatinous polymer which
remained there even with low polymerization temperature®.

A weak signal was shown at (2920 cm-1) for the (C-H) of (CH2 — CH2 — Si). (Si-H)
was easily identified that shows at (2329-2359 cm-1). The weak carbonyl groups signal
is shown at (1832 cm™) which is similar to the spectroscopy of carbonyl groups in
anhydrides that contains two carbonyl groups. It was believed that obtaining this signal
is due to the presence of numerous carbonyls groups in the polymer that possesses an
organic and inorganic monomer. (C=C) signal is shown as a sharp signal which is
attributed to the non-crystalized TMSPMA concentrations. The most common signals
that show in hard and gelatinous polymers is the scissors-bending of water (H-O-H),
which is accompanied to the (O-H starched signal). Most liquids possess a property of
light transmission except water because they exhibit intense wide ranges over the
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infrared, however, in the under-investigation hybrid polymer, it was shown two weak
signals at (554-1516 cm-1). It was obviously noted (CH; and CH,) bent signals at (1424-

1454 cm™) in the hybrid copolymer. The most significant spectral regain is between
(1000-1100 cm™), that shows the appearance of a stretch pattern of (Si-OCHj) in a
single signal at (1043 cm-1) along with the silano group at (3741-3849 cm-1), which
indicates that the polymer was successfully synthesized. While the other signals
correspond to the bent vibrations of (Si-O and Si-C) at (570-601 cm™) and (464 cm™)
respectively.

1832.71cm: 84.42em-1

2920.11cm-1
2329.73cm-1
2359.08cm-1

601.51cm-1
570.48m-1

1638.47cm-1

%T
8

88

1043 50cm-1

86

84

82

81 T T y v
4000 3500 3000 2500 2000 1500 1000 500450
cm-1
Name Description
Sample 2 Sample 089 By Administrator Date Saturday, October 22 2022

Figure 5: FTIR of (iso-BMA-co-TMSPMA) =
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Table 1: The vibration transmissions for (iso-BMA-co-TMSPMA)

Description Wavenumber(cm™)
T%
Pure I T
v Si-OH precipitated 3849

v Si-OH terminal 3742 3741 3741
OH-stretching, strong, 3550-

broad 3230 3419 3419

is0-BMA-CO- v CH, (CH....0Si) . 2920 2920

TMSPMA v Si-H 2360 2329 2359
_ , 1800-

v C=0 as anhydride 1840 1832 1832
3 : 1640-

v C=C monosubstituted 1680 1638 1638
1365-

H,0 1545 1516 1554
1400-

CH, bend 1450 1424 1454

v Si-OCHj; 1070 1043 1043

Si-C 626 601 570

Si-O 455 464 464
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CONCLUSION

(Iso-BMA-co-TMSPMA) as a bulky gel polymer was successfully synthesized and
characterized through free radical polymerization. NMR spectra, FTIR spectra and
(SEM) images were obtained for the synthesized polymers. Synthetic silica is employed
In numerous procedures that can be coupled to produce hybrid polymers that can repair
human bones.
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