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Keywords Abstract

D-limonene Copolymerization is a very important method in the synthesis of products having the physical and
chemical properties sought in industrial sense. In this paper, the copolymerization of N-(4-nitrophenyl)
acrylamide monomer with D-limonene was carried out and LIM-co-NPA copolymer was synthesized

Sustainable Polymer

Copolymer by free radical chain polymerization reaction. The structure of sustainable copolymer of limonene was

. chemically characterized by FT-IR, *H-NMR spectroscopic techniques. In addition, thermal stability of
Synthe5|s_and_ copolymer investigated by TGA/DTG/DTA simultaneous thermal analysis methods. The spectroscopic
Characterization results are compatible with the amide or limonene polymers synthesized in the literature. From the
Thermal Stability important thermal results of the sustainable copolymer, it has been found that the initial decomposition

temperature is 226°C, and the maximum decomposition temperatures is 329°C, glass transition
temperature at 261°C and crystallization temperature at 340°C. It can be said that this promising
sustainable copolymer is suitable for other mechanical, physical and biological study and research fields.
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1. INTRODUCTION

Polymeric materials take part in our daily lives, because they are cheap, easy to produce and chemical
resistance. However, owing to the petroleum-based resources of polymer raw materials, the restricted resources
of natural monomeric give rise to difficulties about expense and sustainability in the manufacture of these
materials. Limonene is a significant workspace for natural polymer resources (Sharma & Srivastava, 2004;
2006). Limonene is a vigorous, naturally being formed, antinociceptive and antitumor compound present in
citrus fruits, such as lemon, grapefruit, oranges, and also in the seeds of caraway and dill (Sun, 2007; Sharma
& Srivastava, 2003). The main component of the bark essence is limonene, constituting about 95% of it. D-
limonene (1-methyl-4-(1-methylethenyl)cyclohexane), a cyclic monoterpene in lemon flavor, is the main
component of citrus peel essential oils (Farhat et al., 2011). The researches have been reported being one of
the most plentiful terpenes in cannabis, has 16% of the essential oil fraction (Sharma & Srivastava, 2003;
Hartsel et al., 2016). D-Limonene, which is used in the food, cosmetics, perfumery, gum, beverage and soap
industries, is one of the additives that are generally accepted as safe. D-limonene is used in humans to dissolve
cholesterol-containing gallstones and as a chemical preservative in many types of cancer. In addition, it is most
commonly used in the treatment of gastric reflux or heartburn due to its gastric acid regulating and normal
peristalsis-providing effects (Sun, 2007). In addition, limonene is used in the cosmetic area for aromatic
property, in dermatology for percutaneous transfer of drugs, and in food as sweetening (Bacanli et al., 2018).
Many previous studies reported that it has anti-inflammatory and antioxidant features and treatment of many
types of cancer such as lung, gastric, hepatocellular carcinoma (Guyton & Kensler, 2002; Lu et al., 2003; Yu
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etal., 2018; Hajizadeh et al., 2019; Souto et al., 2020). However, low solubility of limonene is a major problem
in biological fluids and leads to limited treatment options in cancer therapy (Murali et al., 2013; Hajizadeh et
al., 2019).

Due to the limited fossil resources and the worrying plastic accumulation, the development of biobased and
sustainable polymers and composites has been a highly studied research topic in recent years (Zhang et al.,
2018). Many scientists have stepped up their efforts to design and implement more sustainable approaches for
polymer synthesis (Monica & Kleij, 2020). Various bio-based synthetic polymers can be synthesized from
naturally derived monomers and exhibit biodegradability (Neumann et al., 2021).

In this study, copolymer of limonene, a natural monomer, and N-(4-nitrophenyl)acrylamide (NPA), an amide
derivative, was synthesized and the characterization results were proven to be compatible with the literature.
From the spectroscopic and thermal results, it is thought that this newly synthesized sustainable polymer can
find applications in different fields of study.

2. MATERIAL AND METHOD
2.1. Materials

2,2'-Azobis(isobutyronitrile) (AIBN) as an initiator, chloroform, tetrahydrofuran and N, N-dimethylformamide
as a solvent, and also D-limonene (Merck), p-amino nitrobenzene (Across), acryloyl chloride (Merck),
triethylamine, were purchased from Aldrich.

2.2. Synthesis of LIM-co-NPA

In the presence of p-amino nitrobenzene (1.0 mole), acryloyl chloride (1.2 mole) and trimethylamine (1.0
mole), N-(4-nitrophenyl)acrylamide (NPA) monomer was synthesized (Figure 1). Acrylic chloride was diluted
with tetrahydrofuran solvent and added dropwise to the solution at 0-5°C with continuous stirring. When the
exothermic reaction was finished, the solution was filtered, excess solvent was removed and precipitated in ice
water. Then, monomer was synthesized by crystallization in chloroform with 65% yield (Cankaya & Temiiz,
2012; Tanis et al., 2019). Two suitable monomers that D-limonene (1 mole) and NPA (1 mole) with the radical
initiator AIBN in N,N-dimethylformamide were added the into polymerization flask. The system was kept in
inert gas at 65°C for 24 h. The synthesized polymer was crystallized several times in ethyl alcohol (Figure 2).
(Cankaya & Temiiz, 2012; Cankaya et al., 2019; 2021) and the copolymer was characterized by spectroscopic
methods FT-IR and *H-NMR (Figure 3 and Figure 4).

2.3. Instrumental Measurements

Studies on FT-IR were performed using the Perkin-Elmer Two (UATR) spectrometer. The scanned
wavenumbers between 400-4000 cm. *H-NMR spectrum was conducted on BrukerTopSpinUltraShilt 400
MHz in DMSO-ds. Thermal analyze of the copolymer was made with a Hitachi 7000 TGA/DTG/DTA
(Thermal Gravimetric Analysis/Differential Thermogravimetric Analysis/Differential Thermal Analysis).
Measurement was carried out from room temperature to 600°C, at a heating rate of 10°C min-* and in a nitrogen
atmosphere.

3. RESULTS AND DISCUSSION
3.1. Spectroscopic Characterization of LIM-co-NPA Copolymer

The copolymer was synthesized by the free radical polymerization method, using AIBN as the initiator (Figure
2). The spectroscopic structure of the LIM-co-NPA was approved by FT-IR and H-NMR.

The FT-IR spectrum of the copolymer LIM-co-NPA is indicated in Figure 3. FT-IR (cm?, the most
characteristic bands): 1673 (C=0 amide stretch), 3311 stretch and 1595 bending vibration (N-H), 2980 and
2950 (C-Ar—H), 1504 asymmetric and 1330 symmetric stretch (NO.) (Sharma & Srivastava, 2003; 2004;
2006; Cankaya & Temdiiz, 2012; Singh & Kamal, 2012; Brum et al., 2013; Ren et al., 2015; Zhang & Dubé,
2015; Cankaya et al., 2019; 2021; Tanis et al., 2019; Zhang & Dubé, 2014). The clear observability of
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characteristic bands in the amide monomer and the absence of alkene bands in the monomers show that our
newly synthesized polymer has formed and the literature also support this allegation (Coskun et al., 2002; Kurt
et al., 2019a). Actually, the FT-IR spectrum is the first spectroscopic measurement method that shows us
whether newly synthesized materials are formed or not, and has been used in the literature for many years
(Turan & Sekerci, 2009; Temiiz, 2017; Coskun et al., 2019; Kurt et al., 2020).
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Figure 1. Synthesis of the N-(4-nitrophenyl)acrylamide (NPA) Monomer
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Figure 2. Synthesis of the LIM-co-NPA Copolymer

The *H-NMR spectrum of LIM-co-NPA is indicated in Figure 4. In the *H-NMR spectrum of the copolymer,
the subsequent peaks were seen § (ppm): N—H structure at 9.4 ppm, ring protons at 8.2 and 7.9 ppm, endocyclic
and exocyclic —CH cyclohexene protons at 5.9 and 5.3 ppm, limonene CH3 and its cyclohexane CH, at 2.4
ppm, protons which exist along the polymer chains at 1.4 ppm (Ren et al., 2015; Tanis et al., 2019; Cankaya
et al., 2019; 2021). Limonene contains unsaturated endocyclic and exocyclic double bonds. Since endocyclic
in double bonds in the limonene ring is more reactive and stable than exocyclic, endo peaks were observed in
lower area in NMR results (Brum et al., 2013; Ren et al., 2015; Cankaya et al., 2019; 2021). The data obtained
from the 'H-NMR spectrum were found to be in agreement with the polymers synthesized with limonene in
the literature (Sharma & Srivastava, 2003; 2004; 2006; Singh & Kamal, 2012; Ren et al., 2015; Zhang & Dub¢
2015; Cankaya et al., 2019; 2021).
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Figure 4. The *H-NMR Spectrum of LIM-co-NPA
3.2. Thermal Characterization of LIM-co-NPA Copolymer

The thermal features of copolymer were performed by TGA/DTG/DTA simultaneous system, a heating rate
of 10°C min! in nitrogen atmosphere, from room temperature to 600°C temperatures. The decomposition
temperature and the temperature at weight loss are taken as a measure of thermal stability. Some thermal data
such as degradation temperatures at various temperature intervals and mass loss percentages are presented in
Table 1. Important thermal results for copolymer; first decomposition temperature was 226°C, decomposition
temperatures were 269°C, 281°C, and 367°C for 20%, 25% and 50%, respectively; weight loss at 400°C,
450°C, and 500°C were 53%, 56%, and 60% respectively; residue at 500°C, 550°C and 600°C were 40%, 37%
and 35%, respectively. The first and second maximum decomposition temperatures were 261°C and 329°C,
respectively. In addition, from the DTA curve, it was seen that Tg (Glass transition temperature) was 261°C
and Tc (Crystallization temperature) was 340°C. The thermal curves of copolymer are given in Figure 5
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(Coskun et al., 2002; Turan & Sekerci, 2009; Adiguzel et al., 2011; Arrieta et al., 2013; Brum et al., 2013;
Temiiz, 2017; Cankaya et al., 2019; 2021; Kurt et al., 2019b; 2020; Bingdl & Turan, 2020).
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Figure 5. The TGA/DTG/DTA Curves of the LIM-co-NPA Copolymer
Table 1. Some Thermal Data of the LIM-co-NPA Copolymer
Maximum Decomposition o . .
L %o Weight loss 400, % Residue
Sample decomposition temperature at 20, 450, and 500 °C 500, 550, 600°C
temperature 25, and 50%
269°C, 281°C, and

Copolymer 261°C and 329°C 53%, 56%, and 60% 40%, 37%, and 35%

367°C

4. CONCLUSION

In this study, sustainable poly(D-limonene-co-N-(4-nitrophenyl)acrylamide) (LIM-co-NPA) has been
synthesized via free-radical polymerization. The copolymer was characterized by FT-IR and *H-NMR
spectroscopy techniques. Thermal behavior of copolymer was investigated by the TGA/DTG/DTA
simultaneous system. The results obtained from spectroscopic techniques were in agreement with the literature.
The thermal stability of the sustainable copolymer was also good. It is hoped that this newly synthesized
copolymer will find application in different fields of study in the future.
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