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Abstract: In this article, a series of high refractive indices (1.50–1.53) thiol phenyl polysiloxane (TPS) were synthesized via hydrolytic sol–gel reaction. The Fourier transform infrared spectra (FT–IR) and nuclear magnetic resonance spectra (NMR) results showed that TPS conformed to the predicted structures. Natural terpene linalool was exploited as photocrosslinker to fabricate UV–curing linalool–polysiloxane hybrid films (LPH) with TPS via photoinitiated thiol–ene reaction. LPH rapidly cured under UV irradiation at the intensity of 80 mW/cm2 in 30 s, exhibiting good UV–curing properties. The optical transmittance of LPH in the wavelength of 300–800 nm was over 90%, exhibiting good optical transparency. The water contact angle and water vapor permeability results showed that the introduction of phenyl groups enhance the hydrophobicity and water vapor barrier properties of LPH. The results indicated the potential of LPHs in the applications of optical functional coatings.
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Nomenclature



	TPS
	Thiol phenyl polysiloxane



	LPH
	Linalool–polysiloxane hybrid films



	MPTMS
	3–mercaptopropyltrimethoxysilane



	PTMS
	Phenyltrimethoxysilane



	MM
	Hexamethyldisiloxane



	PETA
	Pentaerythritol triacrylate



	TFA
	Trifluoromethanesulfonic acid



	FTIR
	Fourier transform infrared spectroscopy



	NMR
	Nuclear magnetic resonance spectroscopy



	TMS
	Tetramethylsilane



	TGA
	Thermogravimetric analysis



	DSC
	Differential scanning calorimetry



	RI
	Refractive indices



	YI
	Yellow index



	WCA
	Water contact angle





1  Introduction

Phenyl groups in the main chain and in the pendant chain of polysiloxane endow various special properties, such as thermal stability and water vapor barrier property [1]. Besides, phenyl groups with high molar refraction enhance the refractive index of polysiloxane. High refractive index phenylpolysiloxane resin have been applied in the fields of optoelectronics like optical encapsulant and waveguide materials [2]. High refractive index polysiloxane resin is mainly fabricated by thermal-induced hydrosilyation [3–6]. Whereas traditional thermal curing has shortcomings, such as low reaction rate, high curing temperature and chain transfer side reactions, ultraviolet light curing (UV–curing) with advantages of low energy cost, high reaction rate and wide adaptability over thermal polymerization [7], have widely applied on coatings [8–11], 3D printing materials [12–15], light emitting diode (LED) encapsulant [16,17] and self-healing materials [18,19].

UV–curing is an efficient method to fabricate high refractive index and optical transparent crosslinked polysiloaxanes. UV–curing systems are mainly divided into two parts, free radicals polymerization [20,21] and cationic polymerization [22,23]. To obtain UV–curable transparent polysiloxanes, photosensitive functional groups such as (meth)acryloyloxy groups, thiol-ene groups, or epoxy groups should be introduced [24–27]. Presently, lots of researches and industrial applications are based on free radical induced (meth)acrylates polymerization. Gan et al. fabricated a silicone resin with a ladder–like polysilsesquioxane containing acrylic and phenethyl sulfide groups with styrene–modified mercaptopropyl–polysilsesquioxane [16]. The silicone resin UV–cured in 2 min which was transparent and possessed a high refractive index of 1.545 (@450 nm). Compared to the commercial encapsulant, the self–keeping hemisphere–shaped resin enhanced GaN blue LED a light extraction efficiency of 25.6%. However, free radicals polymerization has problems of oxygen inhibition and volume shrinkage [28–30]. Especially, oxygen inhibition affects polymerization mostly. Radicals in photoinitiators and oligomers would be quenched by oxygen in the ambient environment that leading the polymerization termination. Thiol–ene click reaction is one of the photoinitiated polymerizations, which has a high reaction rate and adapts to various olefins. Furthermore, thiol–ene click reaction is insensitive to oxygen which is a facile and efficient method to prepare photocrosslinked networks [31,32]. Sulfur atoms with high molar refraction enhance matrix polymers refractive index so that thiol–ene click reaction is usually used for fabricating high refractive index UV–curing materials [33]. Kim et al. synthesized mercaptopropyl–phenyl–oligosiloxane with diphenyldisilanol and 3–mercaptopropyltrimethoxysilane via sol–gel method and obtained phenyl–sulfur hybrimer with a refractive index of 1.5847 via photoinitiated thiol–ene reaction [34].

Bio–based material is a sustainable resources to prepare composite materials [35,36]. Linalool is a naturally obtained and low–priced terpene alcohol. Based on its pleasant scent and anti–bacterial properties, linalool is now widely used as a perfume and anti–bacterial agents [37]. A linalool molecule contains two unsaturated double bonds that can be used as reaction sites to and introduced to UV–curing system via thiol–ene reaction [38]. Herein, we control the molar ratio of silane monomers to synthesize various photosensitive thiol phenyl polysiloxane (TPS) with different molecular weight hydrolytic sol–gel reactions. And we prepared optical transparent UV–curing linalool–polysiloxane hybrid films (LPH) with TPS and natural terpene linalool via photo activated thiol–ene reaction. The structures and UV–curing properties of LPH were characterized, and so were the effect of phenyl content on the properties of LPH investigated.

2  Materials and Methods

2.1 Materials

3–mercaptopropyltrimethoxysilane (MPTMS), Phenyltrimethoxysilane (PTMS), Hexamethyldisiloxane (MM) were obtained from Guangzhou Suntop Fine Chemical Co., Ltd., Guangzhou, China. Linalool and Pentaerythritol triacrylate (PETA) were purchased from Shanghai Macklin Biochemical Co., Ltd. Trifluoromethanesulfonic acid (TFA) that used as catalyst was also purchased from Shanghai Macklin Biochemical Co., Ltd., Shanghai, China. 1–Hydroxycyclohexyl phenyl ketone (photoinitiator IRGACURE®184) that used as photoinitiator was obtained from Jiangmen Jiuguansong Polymer Materials Co., Ltd., Jiangmen, China. All the reagents were used as received. Deionized water was used throughout the experiment. All chemicals were used as received.

2.2 Synthesis of High Refractive Index Thiol Phenyl Polysiloxane (TPS)

MPTMS, PTMS, MM, and TFA were added into a four–necked round bottom flask equipped with a thermometer, reflux condenser, and magnetic stirrer. The contents of the flask were heated to 40°C and deionized water was added dropwise to the flask over 30 min using a syringe pump. The reaction was allowed to proceed under reflux at 65°C over 3 h. The water and side product methanol were removed by distillation at a nitrogen atmosphere until the temperature of the reactant in the flask reached 95°C. The polymerization reaction allowed to continue in refluxing toluene with the removal of water over 2–3 h until no water remained. Excess Na2CO3 was added to neutralize the acid catalyst. The product solution was washed by water several times to remove sodium trifluomethanesulfonate thoroughly. The clear solution was obtained after adding active carbon and being filtered multiple times. The transparent viscous product was obtained after vacuum distillation to remove the solvent at 150°C. Scheme 1 shows the scheme of synthesis of thiol phenyl polysiloxane. Table 1 shows the specific compositions for each sample and theoretical phenyl content and thiol content.
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Scheme 1: Synthesis of thiol phenyl polysiloxane
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2.3 Fabrication of UV–Curing Linalool–Phenyl Polysiloxane Hybrid Film (LPH)

The fabrication of UV–curing linalool–phenyl polysiloxane hybrid film is shown in Scheme 2. The molar ratio of thiol groups and linalool double bonds was set to 1:1. A certain amount of TPS, linalool, 25 wt% PETA, and 5 wt% photoinitiator 184 was mixed uniformly and removed bubbles under a vacuum condition. Transparent films were cast on glass slides using a 200 μm applicator and were UV irradiated at 365 nm with an intensity of 80 mW/cm2 for 30 s at room temperature (see Scheme 2).
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Scheme 2: Fabrication of UV–curing linalool–phenyl polysiloxane hybrid film

2.4 Characterization and Measurements

2.4.1 FTIR Spectroscopy

Fourier transform infrared (FT–IR) spectra were measured using Perkin Elmer FT–IR spectrum 100 at room temperature. The samples were cast on KBr pellets and scanned within the range from 450 to 4000 cm–1 over eight times.

2.4.2 NMR Spectroscopy

Proton nuclear magnetic resonance (1H–NMR) and silicon nuclear magnetic resonance (29Si–NMR) spectra were recorded using a Bruker AVANCE AV 400 MHz spectrometer at room temperature. CDCl3 was used as the solvent and tetramethylsilane (TMS) was used as an internal reference.

2.4.3 Gel Permeation Chromatography

The weight average molecular weight (MW) and polydispersity index (PDI, MW/Mn) of were measured using Agilent 1260 Infinity II GPC/SEC system equipped with a refractive index detector and tetrahydrofuran was used as an eluent at a flow rate of 1 mL·min–1.

2.4.4 DSC

Glass transition temperature (Tg) was measured using TA Q2000 differential scanning calorimetry in a nitrogen atmosphere. The temperature was increased from −70°C to 100°C at a heating rate of 10°C·min−1.

2.4.5 Thermal Gravimetric Analysis (TGA)

TGA was carried out at a Mettler–Toledo TGA2 thermo gravimetric analyzer in a nitrogen atmosphere (at a flow rate of 20 mL/min) from 40°C to 700°C at a heating rate of 10°C·min–1.

2.4.6 Refractive Indices

Refractive Indices were measured using a Shanghai Optical Instrument Factory WZS–1 Abbe refractometer at 25°C.

2.4.7 Transmittance

The optical transmittance was measured using Shimadzu UV–1800 UV–Vis spectrophotometer in the 200–800 nm wavelength range. Yellow index (YI) was calculated by the following Eq. (1):


YI=T680nm−T420nmT560nm                                           
(1)

2.4.8 Water Contact Angle

Water contact angle (WCA) was measured using a Biolin Theta automatic contact angle meter. The measurements were carried out in triplicate and average values were calculated.

2.4.9 Moisture Barrier Property

The moisture barrier property was measured using a Labthink W3/030 water vapor transmittance tester at 38°C with a gradient of 90%–0% relative humidity across the film.

2.4.10 The UV–Curing Behavior

The UV–curing behavior was investigated by monitoring the degrees of thiol groups and ene groups conversions with a Perkin Elmer Spectrum 100. The samples were cast on KBr pellets and UV–irradiated at the intensity of 80 mW/cm2. The spectra under various irradiation times were recorded.


C%SH=(A2571/A1735)t0−(A2571/A1735)t1(A2571/A1735)t0                                      
(2)


C%C=C=(A1638/A1735)t0−(A1638/A1735)t1(A1638/A1735)t0
(3)

The degrees of thiol groups and ene groups conversions were calculated by Eqs. (2) and (3), respectively. A2571 and A1638 represented the peak area of thiol groups and ene groups. A1735 represented the peak area of carbonyl group which acted as a reference group.

3  Results

3.1 Synthesis and Characterization Of Thiol Phenyl Polysiloxane

In this work, 3–mercaptopropyltrimethoxysilane (MPTMS), phenyltrimethoxysilane (PTMS), hexamethyldisiloxane (MM) were used as reactive monomers to synthesize UV–curable high refractive index thiol phenyl polysiloxane (TPS) via hydrolytic sol–gel reaction under acid condition. As shown in Table 1, the molar ratio of MM was precisely controlled to obtain TPS with various molecular weights and refractive indices. As shown in Fig. 1, FT–IR analysis was further carried out to characterize the molecular structure of TPS. The peak at 2840 cm–1 was not detected which indicated the methoxyl groups on silicon atom hydrolyzed into silanol groups entirely. Meanwhile, a wide asymmetric peaks around 1137 and 1056 cm–1 appeared which could be attributed to the asymmetric Si–O–Si strenching on polysiloxane T units ((RSiO1.5)x), indicating the condensation between silanol groups and the formation of stable polysiloxane structure under catalytic effect of TFA. The broad peaks at 3648 cm−1 could be ascribed to the uncondensed silanols which were caused by the steric hindrance effect of phenyl groups. The peak at 2571 cm−1 originated from the thiol group, indicating that the thiol moiety retained after the hydrolytic sol–gel reaction and be available for the photo crosslinking. A sharp peak at 1255 cm−1 resulted from methyl groups connecting on silicon atoms. The peaks at 1431 cm−1 resulted from the bending vibration of the C–H bond and the peaks at 2958 cm−1 resulted from the asymmetric stretching vibration of C–H bond. The peaks at 1595 cm−1 resulted from the backbone vibration of C=C bond on phenyl group. In summary, the predicted structure of TPS was characterized preliminary by FT–IR.
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Figure 1: FT–IR spectrum of thiol phenyl polysiloxane

In order to confirm the molecular structure of TPS, 1H–NMR and 29Si–NMR were carried out as well. The 1H–NMR spectrum of TPS02 is shown in Fig. 2. The peaks at 7.64–7.39 ppm (Si–C6H5) were assigned to the phenyl protons. And the mercaptopropyl propylene protons located at 2.55–2.26 ppm (Si–CH2CH2CH2SH), 1.73–1.57 ppm (Si–CH2CH2CH2SH) and 0.83 ppm (Si–CH2CH2CH2SH), respectively. The thiol proton is located at 1.35–1.25 ppm. Compared with the TMS signal at 0 ppm, a sharp peak at 0.12 ppm was assigned to methyl proton in TPS. A slight field shift demonstrated that MM incorporated to the polysiloxane structure. The methoxyl proton signal was not detected at 3.5–3.6 ppm, indicating that oxygen atoms on methoxy groups protonated and hydrolyzed into silanol entirely under acid conditions [39].
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Figure 2: 1H–NMR spectrum of thiol phenyl polysiloxane

As we can see, the 29Si–NMR spectrum of TPS02 shown in Fig. 3 was divided into two parts. The signal at 11.06 ppm is attributed to the M unit ((CH3)3SiO1/2) on TPS. The low field signals at 66.78 and 78.70 ppm resulted in the T3 units ((HSCH2CH2CH2SiO3/2) and (Ph–SiO3/2)) condensed from MPTMS and PTMS, respectively, demonstrating spatial networks and capping structures formed in TPS. Few weak signals at 54.04 and 69.91 ppm were detected as well which originated from the T2 units, demonstrating the silanol condensed incompletely due to the steric hindrance effect [34,40]. The structure of TPS was characterized by NMR and FT–IR spectra and the results coincided with expectation, confirming that TPS was successfully synthesized via hydrolytic sol–gel reaction.
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Figure 3: 29Si–NMR spectrum of thiol phenyl polysiloxane

Thermal stability is one of the most important properties of polymer materials. The thermal decomposition spectra of TPS from 40°C to 700°C are shown in Fig. 4 and Table 2. The mass residual ratio (Rw) of TPS increased from 11.64% to 64.35% and the temperature at 5% mass loss (T5%) increased from 191.83°C to 318.50°C. With the reduction of monofunctional end–capping segment, TPS inclined to form a more condensed and stable three–dimension crosslinking polysiloxane structure, resulting in thermal stability enhanced remarkably. Besides, the pendent aromatic rings were capable of alleviating the unbuttoned and thermal degradation of siloxane chains under high temperatures.

[image: images]

Figure 4: TGA curves of samples TPS. (a)TPS01, (b) TPS02, (c) TPS03, (d) TPS04 and (e) TPS05
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As outlined in Table 2, GPC results showed that the weight average molecular weight increased from 1.54 to 6.83 kDa. Mw of TPS increased with the decline of MM ratio, illustrating MM hydrolyzed and form end–capping structure to terminate the growing polymer chains under acid conditions. In addition, the polydispersity indices (PDI) were at low values, indicating that MM regulated the condensation of silane monomers and synthesized polymers with concentrated molecular weights. However, with less introduction of MM, polysiloxanes with more random structures formed resulting in molecular weight distribution became wide. DSC results indicated glass transition temperature rose with higher molecular weight. Besides, TPS with higher molecular weights contained a more rigid benzene structure and the π–π stacking interaction between aromatic rings caused the decline of polymer chain flexibility [41].

The appearance of synthesized TPS was transparent viscous liquid and the refractive indices ranged from 1.48 to 1.53. According to the Lorentz–Lorenz equation, introducing aromatic rings and sulfur atom with high molar refractions to the polymer chains endowed high refractive indices of TPS [42]. TPS exhibited decent optical properties which showed its potential applications as optical materials, such as LED encapsulants and optical device coatings.

3.2 Thermal Stabilities of UV–Cured LPH

Linalool is a natural terpene alcohol with a pleasant scent and antibacterial properties which was applied in perfumed products and antibacterial agents. But there are few researches and applications of linalool in the fields of functional materials. Therefore, we utilized two unsaturated double bonds in linalool to synthesize UV–curable bio–based hybrid polysiloxane optical films with TPS via thiol–ene click reaction.

The thermal properties of all LPH samples were studied and the results are shown in Fig. 5 and Table 3. Compared with TPS prepolymers, the Rw of LPH03, LPH04 and LPH05 enhanced obviously which was caused by the photocrosslinking between thiol and ene groups in TPS and linalool, leading to the thermal stability improved. Contrarily, the thermal stability of LPH01 and LPH02 was slightly reduced because polymer chain segments containing benzene rings were difficult to twist in rapid kinetics and conversions of functional groups were lower than other samples (see Table 3). Unpolymerized carbon based chain segments in the system reduced the thermal stability.
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Figure 5: TGA curves of UV–cured LPHs. (a) LPH01, (b) LPH02, (c) LPH03, (d) LPH04 and (e) LPH05
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3.3 Optical Properties

Due to the introduction of phenyl groups and sulfur atoms, TPS with high refractive indices exhibited favorable optical properties. Herein, the optical properties of UV–cured LPHs were further analyzed via UV–Vis spectrophotometer. Fig. 6 shows the transmittance of LPH films in the range of 300–800 nm wavelength. The spectrum indicated that LPH films had over 90% transmittance in the visible light range. In the range of 300–400 nm wavelength, the transmittance dropped rapidly due to the UV absorption of pendant phenyl groups which manifested UV shielding property. LPHs possessed low yellow indices as well, endowing excellent transparency. LPH01, LPH02 and LPH03 with high refractive index and light transmittance are potentially suitable for UV shielding optical coatings and LPH04, LPH05 with medium refractive index are capable of combining with ultra high RI materials to fabricate high reflectance films like distributed Bragg reflectors [43].
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Figure 6: UV–Vis spectrum of LPH films with an average thickness of 200 μm (a) LPH01, (b) LPH02, (c) LPH03, (d) LPH04 and (e) LPH05. Note that the fluctuation of the signals appearing in the spectrum near 320 nm was caused by the instrument light converter

3.4 Moisture Barrier Properties

Optical and photovotalic devices covered with barrier coatings could enhance moisture barrier properties and protect from corrosion. However, linalool contained a hydrophilic hydroxyl group that limited its utilizations in the application of functional barrier materials. We introduced rigid phenyl groups into flexible polysiloxane chains to reinforce moisture barrier properties and the water vapor permeability teat results are shown in Table 4. As the phenyl content rose from 2.39 to 3.46 mmol/g, the water vapor permeability (WVP) value reduced to 1.10 × 10−13 g·cm−1·s−1·Pa−1, demonstrating phenyl groups improved the moisture barrier properties of LPHs, which broadened the applications of linalool based hybrid materials in the field of optical barrier coatings.
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3.5 Water Contact Angle

To determine the moisture sensitivity of LPHs, the surface water contact angle was investigated and results were shown in Fig. 7. The WCA of LPH05 was 88.42°, which was attributed to a hydroxyl group in linalool structure weakening the hydrophobicity of UV–cured LPHs. While the phenyl content rose, the WCAs of LPH films were all over 90°, performing hydrophobicity. LPH03 and LPH04 had higher WCAs than other samples, which were caused by higher conversions of reactive functional groups and formed denser surfaces, exhibiting better moisture barrier properties.

[image: images]

Figure 7: Water contact angles of UV–cured LPHs

3.6 UV Curing Behavior

As outlined in Fig. 8, LPHs were UV–cured at the intensity of 80 mW/cm2 and the conversions of thiol groups and carbon–carbon double bonds were monitored by FT–IR. Fig. 8b shows the conversion of thiol group of LPH03 for 30 s UV irradiation. Absorption peak of thiol group at 2571 cm−1 decreased mostly for 5 s UV irradiation and disappeared completely for 10 s UV irradiation, demonstrating thiol group photocrosslinked rapidly in 5 s. Fig. 8c illustrates the conversion of double bonds of LPH03 for 30 s UV irradiation. The peak at 1638 cm−1 reduced substantially in 5 s UV irradiation and the peak intensity was maintained after 20 s UV irradiation. Though the double bond reacted in 20 s, slight peak signal was detected after 30 s irradiation. Polymer chains photocrosslinked in a high rate and the regular structure suffered steric hindrance, which resulted in the unsaturated double bond being difficult to twist and react sufficiently [44].
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Figure 8: FTIR spectra of (A) LPH03 (B) thiol group (C) ene group for different UV irradiation times

All of the functional groups conversions of LPH films were analyzed by FT–IR and the results are demonstrated in Table 5. Apart from LPH01, thiol conversions of the rest LPHs were over 90%. Especially, thiol groups on LPH03, LPH04 and LPH05 with lower molecular weight reacted sufficiently which was unaffected by steric hindrance effect. At the same time, double bonds radical polymerized and had over 85% conversion. The conversion of ene groups in thiol–acrylate hybrid system has a close relationship with the molar ratio to thiol groups [45]. Due to the oxygen inhibition, ene groups have a low conversion generally. The introduction of thiol is capable to facilitate UV curing reaction efficiently and enhance the conversion of ene groups. However, when the thiol content is too high, it expeditiously reacts with double bonds and form a stable thioether structure which lowers the conversion of double bonds. Therefore, the ene group conversion shows a trend of first increasing and then decreasing as the thiol content increases.

[image: images]

LPHs UV–cured under ambient conditions at the presence of PI–184. PI–184 cleaved and generated reactive free radicals after being irradiated by UV light. Reactive radicals triggered thiol group to generate thiyl radicals which were insensitive to oxygen. Thioether structure formed by the thiol addition across the ene groups and reactive radicals transferred to double bond and initiated further radical polymerizations [46]. LPHs photocrosslinked at a high reaction rate and unaffected by oxygen inhibition, performing excellent UV–curing properties.

The performances of related works are summarized in Table 6. Eugenol and soybean oil were utilized to manufacture bio–based coatings [47] and optical films [48] in some reported works. Compared with the related works, the bio–based hybrid films LPH were fabricated from a natural terpene linalool which was not previously reported. LPH films exhibited good optical properties and high curing efficiency.

[image: images]

4  Conclusion

In this work, we synthesized thiol phenyl polysiloxanes (TPS) with various molecular weights via hydrolytic sol–gel reaction under acid conditions and fabricated UV–curing polysiloxane–linalool hybrid films (LPH) with natural terpene via thiol–ene reaction successfully. The designed structures of TPS were characterized by FT–IR, 1H–NMR, 29Si–NMR and GPC. The UV–cured LPHs exhibited high refractive indices and good optical transparency (over 90%). The introduction of phenyl groups enhanced the thermal stabilities and moisture barrier properties. LPHs could be rapidly prepared via photoinitiated thiol–ene reaction, showing a high reaction rate and high functional group conversions. It is believed that this research will broaden the utilization of linalool–polysiloxane hybrid materials in the fields of optical functional coatings.
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Table 1: Specific compositions of thiol phenyl polysiloxanes

Sample No. Amount of silane monomers (mmol) Phenyl content” Thiol content®
MPTMS PTMS MM (mmol/g) (mmol/g)

TPSO1 50 50 10 3.46 3.46

TPS02 50 50 20 3.11 3.11

TPSO03 50 50 30 2.82 2.82

TPS04 50 50 40 2.59 2.59

TPSO05 50 50 50 2.39 2.39

Note: a Calculated values.
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Table 3: Thermal properties of UV—cured LPHs

Sample No. T'50, (°C) 1190, (°C) Ry (%)
LPHO1 205.99 313.33 42.64
LPHO2 225.67 330.83 39.88
LPHO3 198.67 288.50 28.56
LPHO04 169.33 257.67 25.35
LPHO5 167.67 246.50 22.03
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Table 6: Performance comparison of this work and the related works

References Bio—based Curing Transmittance Refractive  Curing efficiency
source mechanism (%) index
This work Linalool UV curing 91% 1.53 80 mW/cm? UV irradiation
for 20 s
[47] Eugenol, UV curing / / UV irradiation for 20 s
soybean oil
[48] Eugenol Thermal >90% 1.52 75°C for 10 h and 150°C for
Curing 3h
[49] / UV curing >80% 1.58 85 mW/cm?® UV irradiation
for 3 min
[42] / UV curing >90% 1.50 UV irradiation for 10 min
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Table 4: Optical properties, WVP values and WCA of LPH films

Sample No. Teg00m YI WVP (x10° " grem s *Pa™?) Water contact angle (°)
LPHO1 91.04 0.013 1.10 91.10 £ 0.71
LPHO2 91.21 0.013 1.29 92.33 £1.02
LPHO3 90.03 0.009 2.13 96.30 £ 1.47
LPHO04 89.80 0.029 2.48 95.16 £ 0.43
LPHO5 87.95 0.108 2.77 88.42 + 0.94
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Table 2: Synthetic results, optical and thermal properties of TPS

Sample  My(kDa) PDI Glass transition temperature ~ Refractive index — Tso, Tio0 R,,

No. (Tg°C) (np™) O O )
TPSOl  6.83 3.30 —4.95 1.5361 318.50 373.50 6435
TPS02  3.82 2.44 -29.55 1.5200 294.17 333.83 52.15
TPS03  2.28 2.28 —56.19 1.5055 21333 25417 19.50
TPS04 191 1.85 —61.63 1.4962 221.17 251.67 2091

TPS05 1.54 1.68 —67.60 1.4875 191.83 220.00 11.64
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Table 5: Thiol and ene groups conversions of LPHs for 30 s of UV irradiation

Sample No. Thiol conversion (%) Ene conversion (%)
LPHO1 84.69 83.35
LPHO02 90.22 85.05
LPHO3 99.84 87.35
LPHO4 99.02 93.97

LPHOS5 98.54 88.13
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