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Abstract 

In this study, it has been demonstrated that Poly(Eugenol-co-methylmethacrylate-co-

hydroxyethylmethacrylate) terpolymers were successfully synthesized by using photopolymerization method.  

This synthesis was carried out in one step at ambient temperature, benzophenone and triethyl amine was used 

as the photoinitiator and hydrogen donor, respectively. Methyl methacrylate (MMA), 2-Hydroxyethyl 

methacrylate (HEMA) and Eugenol (Eg) were used as monomer in photopolymerization. Terpolymers are 

named as F-BAP1, F-BAP2, F-BAP3 and F-BAP4 according to the ratio of monomers used. Structural 

characterization and thermal properties of the synthesized terpolymers were carried out by FTIR (Fourier-

transform infrared spectroscopy), 1H-NMR (Nuclear magnetic resonance spectroscopy), TG-DTG 

(Thermogravimetry-Differential Thermogravimetry) and DSC (Differential scanning calorimetry) methods. 

Characterization of molecular weight distributions were determined by viscometric method. SEM (Scanning 

electron microscope) was used for surface analysis. According to the data obtained from thermal analysis, two 

degradation steps are seen in thermograms of the terpolymers except FBAP-2. The maximum degradation 

temperature of F-BAP 2 is 422 oC, the first and second decomposition temperatures of F-BAP1, F-BAP2, F-

BAP3 are between 250-280 ° C and 421-427 ° C, respectively. 

 

Keywords: Terpolymers, Eugenol, HEMA, MMA, Thermal Properties 

 

Fotopolimerizasyon Metodunu Kullanarak Yeni Tip Poli (Öjenol-ko-metil metakrilat-ko-

hidroksietilmetakrilat) Terpolimerinin Sentezlenmesi: Karakterizasyonu ve Termal Özelliklerinin 

İncelenmesi 

Öz 

Bu çalışmada, Poly (Eugenol-ko-metilmetakrilat-ko-hidroksietilmetakrilat) terpolimerlerinin fotopolimerizasyon yöntemi 

kullanılarak başarıyla sentezlendiği gösterilmiştir. Bu sentez, ortam sıcaklığında bir aşamada gerçekleştirildi, sırasıyla foto 

başlatıcı ve hidrojen donör olarak benzofenon ve trietil amin kullanıldı. Fotopolimerizasyonda monomer olarak metil 

metakrilat (MMA), 2-Hidroksietil metakrilat (HEMA) ve Öjenol (Eg) kullanıldı. Terpolimerler kullanılan monomerlerin 

oranına göre F-BAP1, F-BAP2, F-BAP3 ve F-BAP4 olarak adlandırıldı. Sentezlenen terpolimerlerin yapısal 

karakterizasyonu ve termal özellikleri FTIR (Fourier-transform infrared spektroskopi), 1H-NMR (Nükleer manyetik 

rezonans spektroskopisi), TG-DTG (Termogravimetri-Diferansiyel Termogravimetri) ve DSC (Diferansiyel taramalı 

kalorimetri) yöntemleri ile gerçekleştirildi. Moleküler ağırlık dağılımları viskometrik yöntemle belirlendi. Yüzey analizi 

için SEM (Taramalı elektron mikroskobu) kullanıldı. Termal analizden elde edilen verilere göre terpolimerlerin 

termogramlarda FBAP-2 haricinde iki bozunma basamağı görülmektedir. F-BAP 2'nin maksimum bozunma sıcaklığı 422 
oC, diğer terpolimerlerin birinci bozunma sıcaklığı 250-280 oC ve ikincisi 421-427 oC arasındadır. 

Anahtar Kelimeler:  Terpolimerler, Öjenol, HEMA, MMA, Termal Özellikler.  
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1. Introduction 

In the recent times, polymeric materials 

obtained from bio-renewable sources have 

attracted great attention because of the 

scarcity and high price of oil and growing 

environmental worries (Lligadas et al., 2013; 

Lu and Larock, 2009; Hernández et al., 

2020). A wide variety of bio-renewable 

polymeric materials have been enhanced 

using bio-renewable resources such as sugars 

(Ilyas et al., 2018), pine resin derivatives 

(Xia et al., 2013), lignins (Gadhave et al., 

2018), furan (Huang et al., 2020), vegetable 

oils (Zhang and Kessler, 2015) and 

polysaccharides (Bilal and Iqbal, 2020). One 

of the most abundant biorenewable materials 

are Essential oils (EOs) which are aromatic 

compounds obtained from plants. Studies 

from the past to the present show that 

Essential oils can be used in diferent fields 

such as food industries (Santos et al., 2017), 

cosmetics (Sarkic and Stappen, 2018), 

pharmaceutics (Maccelli et al., 2019). One of 

these important EOs is Eugenol which is a 

hydroxyphenyl propene. It is naturally found 

in some plant families such as Lamiaceae, 

Lauraceae, Myrtaceae, and Myristicaceae. 

Also, Eugenol is one of the major 

constituents of clove oil. Many scientific 

studies support that the it has positive effects 

on human health (Marchese et al., 2017; 

Bezerra et al., 2017). Compared with 

synthetic polymers, the natural polymers 

particularly fill the gaps that are needed in 

specific biomedical applications due to their 

good biological performance such as 

biodegradability, biocompatibility, 

abundance in nature, injectability, similarities 

to a cellular matrix and low‐ cost production 

Although the biological activities such as 

Antibacterial (Bilgiçli et al., 2019), 

antifungal (Olea et al., 2019), antioxidan 

(Miranda et al., 2018) and anti-inflammatory 

(Mateen et al., 2019) of Eugenol and its 

derivatives have been demonstrated, the 

usage in areas requiring oxidation resistance 

(Magalhaes et al., 2019), termal and flame 

resistance (Zhang et al., 2017) or sensitivity 

to light (Choi et al., 2009) of these natural 

compounds like as eugenol has been limited 

because of their volatile and unstable 

characteristics. Copolymerization is a 

technique that has been used for a long time 

to improve the disadvantages of polymeric 

materials. In this study, 2-hydroxyethyl 

methacrylate (HEMA) and methyl 

methacrylate (MMA) monomers were used 

together with eugenol in copolymerization. 

Poly(2-hydroxyethyl methacrylate) 

(PHEMA) and Poly(Methyl methacrylate) 

(PMMA)  are widely used polymers. PMMA 

has been used in various fields such as 

optoelectronics (Day and Kar, 2019), optic 

fibers (Proulx et al., 2013), and biomaterials 

(Neuta et al., 2001) owing to its good 

mechanical properties and optical (high 

transparency and clarity). Whereas, PHEMA 

is most widely used hydrogel (Zhang et al., 

2014), because of the water content is similar 

to living tissues (Mackova et al., 2017). Also, 

its hydrophilicity basically from the hydroxyl 

functional group makes it blood- and bio- 

compatibility and develops resistance to 

decomposition (Bajpai and Mıshra, 2007). In 

addition to all this, PHEMA has good 

mechanical properties, favorable refractive 

index value and high oxygen permeability. 

PHEMA could be copolymerized with MMA 

(Çekingen et al., 2012) to adapt the 

wettability and hydrophilicity of PMMA, 

which can then be used in special 
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applications such as in biomedical fields 

(Vargün et al, 2010) and in solid-state pulsed 

dye lasers (Costela et al., 1995). 

In this article, we have demonstrated the 

successful synthesis of a novel type 

terpolymer by the photopolymerization 

method using the combination HEMA, 

MMA and Eugenol monomers. This 

terpolymer, Poly(Eugenol-co-

methylmethacrylate-co-

hydroxyethylmethacrylate) was synthesized 

for the first time in the literature. The 

preferred method is photopolymerization, 

and this technique also adds a unique value 

to the work. Because previous similar studies 

used more traditional radical polymerization 

methods or controlled polymerization 

techniques, which are also based on radical 

polymerization. 

2. Material and Methods 

Instrumentation 

1
H-NMR spectra were recorded on Varian 

AS-400 spectrometers in CDCl3 with 

Si(CH3)4 as internal standard, FT-IR spectra 

were recorded on a Perkin Elmer FTIR 

Spectrum One-B spectrometer. Differential 

scanning calorimetry (DSC) was performed 

on a Perkin Elmer Diamond DSC. Thermal 

gravimetric analysis (TGA) and differantial 

thermal gravimetric analysis (DTG) was 

performed on Perkin-Elmer Diamond 

TA/TGA with a heating rate of 10 
o
C/min 

under nitrogen flow. Scanning Electron 

Microscope (SEM) was performed on 

Thermo Scientific Apreo S. Viscometric 

analysis was carried out at a constant 

temperature of 25 
o
C by Oswald viscometer. 

Chloroform was used as solvent. K and α 

constants of chloroform at 25 
o
C are 

49.8×10
5
 (100 ml/g) and 0.69, respectively. 

Materials 

Eugenol (Sigma Aldrich, reagent plus, %99, 

USA), Methyl Methacrylate, MMA (Sigma 

Aldrich, stabilized %99, USA), 2-

Hydroxyethyl Methacrylate, HEMA (Sigma 

Aldrich, ≥99%, contains ≤50 ppm 

monomethyl ether hydroquinone as inhibitör, 

USA), Benzophenon (Sigma Aldrich, reagent 

plus, %99, USA), Triethylamine (Sigma 

Aldrich, ≥%99, USA), Methanol (TEKKİM, 

≥%99, Turkey) 

Poly (Eugenol-co-Methylmethacrylate-co-

Hydroxyethylmethacrylate) (Poly (Eg-co-

MMA-co-HEMA)) Synthesis-General 

Procedure 

Methylmethacrylate (MMA), Eugenol (Eg) 

and 2-Hydroxyethyl methacrylate (HEMA) 

monomers are added into the phototube in 

the required proportions. Before the 

monomers are added to the reaction medium, 

it is passed through the purification process 

in the alumina column. Benzophenone (BP) 

is added as photoinitiator, up to 1 mol% of 

the total monomer ratio in the medium. 

Triethylamine (Et3N must be dry) is added in 

a catalytic amount as the H-donor. Argon is 

introduced into the phototube to provide an 

inert atmosphere. The solution is mixed and 

allowed to polymerize in the photoreactor for 

the required time. At the end of the reaction, 

the viscous liquid is diluted in a certain ratio 

with the help of a suitable solvent 

(Methanol). The polymer solution is added to 

the cold ether with the help of a pasteur 

pipette drop by drop and solid polymers are 

obtained. Polymer solids are filtered using 

sintered funnel (Por 2) . Three times washing 

with ether is carried out to remove unreacted 

monomers and other components. Providing 

minimal contact of polymer solids with the 

atmosphere, it is quickly left to dry for one 
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day in a 40 
o
C vacuum oven (Mv(F-

BAP1=21200; F-BAP2=20000; F-

BAP3=26000; F-BAP4=22000)). 

The required data in the synthesis of Poly 

(Eg-co-MMA-co-HEMA), whose general 

procedure is given above, are given in table 

1. In addition, the mechanism of 

photopolymerization and polymerization 

reaction are shown in Figure 1 and Figure 2, 

respectively. 

3. Results 

Structural characterization and thermal 

properties of the synthesized terpolymers 

were carried out by FTIR (Fourier-transform 

infrared spectroscopy), 
1
H-NMR (Nuclear 

magnetic resonance spectroscopy), TG-DTG 

(Thermogravimetry-Differential 

Thermogravimetry) and DSC (Differential 

scanning calorimetry) methods. 

Characterization of molecular weight 

distributions were determined by viscometric 

method. SEM (Scanning electron 

microscope) was used for surface analysis. 

 

Figure 1. Synthesis of terpolymers by photopolymerization method. 

Table 1. Initial mole ratios and yield percentages of poly (Eg-co-MMA-co-HEMA) synthesis 

Polymer 

Synthesis Code 
Monomers 

Mole Ratios 

(mole, ml) 

Photoinitiator 

(mole, g) 
H-Donör 

Time 

(hour) 
Yield, % 

F-BAP1 

Eg 

3 

(0,2814 mole, 

4,35 ml) 

4,69×10-4 mole, 

0,085 g 

catalytic 

amount (2 

drops) 

 

2 

 

 

4 

 

 

8 

38 

MMA 

1 

(0,00938 mole, 1 

ml) 

49 

HEMA 

1 

(0,00938 mole, 

1,14 ml) 

50 

F-BAP2 

Eg 

1 

(0,00938 mole, 

1,45 ml) 

4,69×10-4 mole, 

0,085 g 

catalytic 

amount (2 

drops) 

 

2 

 

 

4 

 

 

8 

57 

MMA 

1 

(0,00938 mole, 1 

ml) 

59 

HEMA 
3 

(0,2814 mole, 
62 
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3,42 ml) 

F-BAP3 

Eg 

1 

(0,00938 mole, 

1,45 ml) 

4,69×10-4 mole, 

0,085 g 

catalytic 

amount (2 

drops) 

 

2 

 

 

4 

 

 

8 

61 

MMA 

3 

(0,2814 mole, 3.0 

ml) 

66 

HEMA 

1 

(0,00938 mole, 

1,14 ml) 

68 

F-BAP4 

Eg 

1 

(0,00938 mole, 

1,45 ml) 

2,81×10-4 mole, 

0,0512 g 

catalytic 

amount (2 

drops) 

 

2 

 

 

4 

 

 

8 

46 

MMA 

1 

(0,00938 mole, 1 

ml) 

50 

HEMA 

1 

(0,00938 mole, 

1,14 ml) 

51 

 

 

Figure 2. Synthesis of Poly (Eg-co-MMA-co-HEMA)

FT-IR and H-NMR Analysis 

In Figure 3, FT-IR spectra of all the 

synthesized terpolymers are given 

comparatively. According to this figure, -OH 

peak on the aromatic ring has been observed 

in the frequency range of 3450-3480 cm
-1

 as 

expected. Aliphatic C-H vibrations are 

between 2950-3050 cm
-1

. The vibration of 

the characteristic carboxyl peak found in 

HEMA and MMA monomers is at 1740 cm
-1

. 

The vibration frequency of the C-O-C ester 

bond has been observed in the expected 

range at 1150 cm
-1

. The shoulder peak of the 

aromatic compound on the Eugenol 

monomer was observed in the 1500 cm
-1

 

band. FT-IR spectra support that synthesis is 

successful and the obtained FT-IR results are 

smilar to litarature (Al-Odayni et al., 2020). 

Figure 4 showes the 
1
H-NMR of F-BAP1. 

According to this figure, the chemical shift 

value of eugenol in the aromatic region 

between 6.5 and 6.8 ppm is seen. The proton 

peaks of –OH (on HEMA) and –OH (on 

Eugenol) are seen at 4.5 and 5.8 ppm, 

respectively. The characteristic –OCH3 

methoxy peak is seen at 3.6 ppm. These ppm 

values are consistent with the results found in 

similar copolymerization studies with 

eugenol (Al-Odayni et al., 2020). O-CH2- 

and –CH2-OH proton peaks on the HEMA 

monomer were observed at 4.0 and 3.7 ppm, 

respectively. The chemical shift value of the 

proton belonging to Ph-CH2, methylene 

attached to the aromatic ring was observed at 

2 ppm. Other aliphatic –CH- peaks were seen 

between 1 and 1.5 ppm as expected. All 

observed values are indicated on the figure. 

CD3OH (methanol) was used as solvent and 
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solvent peaks of methanol were plotted on 

the figure. 
1
H-NMRs of other syntheses (F-

BAP2, F-BAP3, F-BAP4) are given in figure 

5. The NMR views are similar because the 

products are the same. Only, mole ratios have 

been changed. Peak intensities vary because 

the composition ratios are different. Unlike 

other spectra, the methoxy peaks are 

separated in Figure 5-c. In the synthesis of F-

BAP2 in Figure 5-a, the intensity of the 

methoxy peak is decreased because the 

HEMA ratio is high. Due to the difficulty of 

the eugenol monomer to participate in the 

chain in radical polymerization, the peak 

intensities appear low in the general 

appearance of the spectra. However, when 

looking at the 
1
H-NMR Spectra of all 

syntheses, it can be said that the syntheses 

are successful. 

Optimization Work (% yield-time) 

Figure 6 shows the effect of 

photopolymerization time on yield 

percentages of polymers. Increasing the 

duration according to the curves obtained 

increases the efficiency at a certain rate. The 

most impact was seen on the polymer with 

high eugenol ratio (F-BAP1). The reason for 

this is the low rate of eugenol attendance to 

the polymer chains. Therefore, the yield 

increase has become more evident with time 

for the F-BAP1. Looking at the other 

synthesizes,F-BAP2;F-BAP3, F-BAP4, the 

effect of time on yield was not very effective. 

 

Figure 3. FT-IR spectra of F-BAP1, F-BAP2, F-BAP3 and F-BAP4 
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Figure 4. 
1
H-NMR of F-BAP1 

 

Figure 5. 
1
H-NMR of F-BAP2, F-BAP3 and F-BAP4 



Synthesis of Novel Type Terpolymer Poly(Eugenol-co-methylmethacrylate-co-hydroxyethylmethacrylate) Using 

Photopolymerization Method: Characterization and Investigation of Thermal Properties 

1341 

 

 

Figure 6. Optimization of F-BAP1, F-BAP2, F-BAP3 and F-BAP4

Thermal Analyses 

Thermal degradation percentages of 

polymers were investigated by 

thermogravimetry. Maximum decomposition 

temperatures and degradation steps were 

determined by differential thermogravimetry 

(DTG). Figure 7 showes the TG and DTG 

curves of F-BAP1, F-BAP2, F-BAP3 and F-

BAP4. According to the data obtained from 

this figure, two degradation steps are seen in 

thermograms except FBAP-2. The reason 

why F-BAP 2 shows only one degradation 

step may be that in this polymerization a high 

percentage of moles of HEMA is added to 

the polymerization (table 1 shows the amount 

of monomers involved in the 

polymerization). According to the PHEMA 

literature data, it shows a single and main 

degradation step at approximately 350 
o
C. It 

can be said that the thermogram of the 

terpolymer obtained in the synthesis of 

FBAP-2 has an appearance similar to the 

thermogram of PHEMA, which is its main 

skeleton, and its thermal stability has 

increased significantly. Its maximum 

decomposition temperature is 422 
o
C. In the 

synthesis of FBAP1-2 and 3, 2 decay steps 

are seen and these steps are clearly 

determined on the figure 7. In this figure, two 

degradation steps are observed in PMMA. 

The presence of PMMA in FBAP-3 and other 

FBAP1-4 series, where PMMA is 

polymerized at a high molecular rate, may 

result in such a degradation. The first of the 

decomposition steps varies between 250-280 
o
C and the break here can be predicted as 

CO2 separation from the structure. The mass 

loss here is about 5-10%. The break in the 

second and main step is between 421-427 
o
C 

and is mainly due to the breakage of C-C 

bonds. In the literature, the temperature of 

the main decomposition step of PMMA is 

lower than the maximum decomposition 

temperatures of the polymers obtained here. 

It is possible that the high thermal 

decomposition temperatures of the 

terpolymers according to homopolymers may 

be due to the eugenol added to the structure. 

The main degradation step of terpolymers 

starts at about 340 °C. This result is in 

agreement with the copolymer prepared with 
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polyeugenol in the literatüre (Rojo et al., 2008). 

 

 

Figure 7.  TG and DTG curves of F-BAP1, F-BAP2, F-BAP3 and F-BAP4

Figure 8 shows the DSC curves of 

synthesized terpolymers (F-BAP1, F-BAP2, 

F-BAP3 and F-BAP4). According to this 

figure, the DSC curves have been showed no 

shift of the baseline indicating "glass 

transition". The first and second endothermic 

peaks observed at around 250-275 °C and 

410-425 °C refers to an endothermic reaction 

by "melting". In contrast, DSC curve of the 

F-BAP2 did not show first endothermic peak. 

This result may be due to the thermal 

characteristic of HEMA in the polymer. 

Similar DSC curves of PHEMA are seen in 

the literatüre (Vargün and Usanmaz, 2010).
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Figure 8. DSC curves of F-BAP1, F-BAP2, F-BAP3 and F-BAP4 

SEM 

Figure 9 shows the SEM imaging of 

synthesized terpolymers. When the figure 9 

has been investigated, it is seen that all 

images have different surface views. This is 

due to the fact that each polymer contains 

different ratios of monomers. When the 

surface morphology of the synthesis of F-

BAP1, where eugenol is found in a high 

proportion, a spherical appearance is seen. It 

is seen in the literature that similar SEM 

images were obtained in studies with 

Eugenol (Xu et al., 2019; Simoes et al., 

2020). The image of F-BAP2 is similar to a 

sea sponge. In this synthesis (F-BAP2), the 

HEMA monomer is relatively high and the 

SEM images of PHEMA are generally 

similar to figure 9 (F-BAP2) (Çetin et al., 

2011). SEM image of F-BAP3 which has 

high MMA monomer ratio has big spherical 

appearance. This image proves that the 

MMA ratio is high in the structure (Jiang et 

al., 2010). When all SEM images are 

evaluated together, it can be said that 

characteristic images of the monomers used 

are obtained. Each image showed a different 

surface character in response to varying mole 

ratios. 
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Figure 9. SEM images of F-BAP1, F-BAP2, F-BAP3 and F-BAP4 

4. Conclusion 

Poly(Eugenol-co-methylmethacrylate-co-

hydroxyethylmethacrylate) terpolymers were 

successfully synthesized by using 

photopolymerization method. According the 

obtained data from TG curves, two 

degradation steps are seen in thermograms 

except FBAP-2. The reason why F-BAP 2 

shows only one degradation step may be that 

in this polymerization a high percentage of 

moles of HEMA is added to the 

polymerization. The main degradation step of 

terpolymers starts at about 340 °C and this 

degradation temperature is more higher than 

PHEMA and PMMA homopolymers. The 

reason of this result is eugenol in 

copolymers. Optimization studies show that 

the time parameter is not more effect on the 

polymerization yield. Yields of terpolymers 

has slightly increased after four hour. SEM 

images of the synthesized terpolymers were 

obtained similar to the images of PHEMA 

PMMA and Eugenol. 
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