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Abstract – Acrylic monomers derived from palm (PMM), hydrogenated sunflower (HFM) and castor (CSM) oils were polymerized to explore phase transitions. DSC analysis revealed semicrystalline structures in poly(HFM) and poly(PMM) and an amorphous structure in poly(CSM). The synthesized polymers exhibit a wide range of glass, melting, and flow transition temperatures, with some close to the physiological range, highlighting potential biomedical applications and polymer brushes development.
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Introduction
The development of sustainable polymers derived from renewable resources has garnered significant attention as an environmentally friendly solution to mitigate synthetic polymer waste pollution.[1] Among renewable resources, plant oils are particularly promising due to their abundance, low cost, and adaptability to a variety of chemical modifications.[2,3] These oils composed of triglycerides with C12–C22 fatty acid chains, as a rule, possess double bonds or functional groups such as hydroxy and epoxy, which enable their transformation into monomers and polymers.[4,5] A major challenge in this field lies in the conversion of triglycerides into monomers with precisely tailored properties. This is predominantly achieved through reactions involving ester groups, such as hydrolysis,[6] amidation,[7] and transesterification,[8] alongside double-bond modifications like hydrogenation.[9] Polymers synthesized from amide-functionalized monomers exhibit a wide range of glass transition temperatures (Tg), enabling their application in diverse domains ranging from elastomers to rigid plastics.[10]
Recent advancements have introduced efficient methods for synthesizing plant oil-based acrylic monomers (POBMs). For instance, D. Delatte et al.[10] developed soybean oil macromonomers through amidation and acrylation reactions. Similarly, one-step transesterification with N-(2-hydroxyethyl)acrylamide has been employed to produce monomers from various plant oils, including olive and soybean oils.[11,12] The resulting polymers exhibit varying Tg values depending on the fatty acid composition. Olive oil-based polymers, for example, display Tg values near room temperature, while soybean oil-based polymers, characterized by higher levels of unsaturation, exhibit Tg values below 0 °C.[13,14] These tunable thermal properties are particularly relevant for biomedical applications that require materials capable of undergoing phase transitions near physiological temperatures. For example, poly(N-isopropyl acrylamide) (PNIPAM) exhibits a lower critical solution temperature (LCST) of 30–33 °C, enabling temperature-responsive behavior for tissue engineering. PNIPAM-based copolymer brushes can change their antibacterial and antifouling properties depending on ambient temperature.[15–18] Additionally, poly(n-butyl methacrylate) (PBMA) brushes demonstrate Tg values ranging from 13 to 25 °C, influencing protein adsorption and cell adhesion.[19,20] Plant oil-based polymers thus represent a sustainable and versatile alternative to synthetic counterparts, offering tunable thermal and mechanical properties. Saturated fatty acids promote the formation of crystalline domains, enhancing rigidity, while unsaturated fatty acids confer flexibility, making these materials highly promising for advanced biomedical applications.
Results
We proposed the synthesis of POBMs derived from palm, hydrogenated sunflower and castor oils, and their homo- and copolymers, using advanced methods.[11] The POBMs were synthesized through a one-step transesterification reaction between each oil and N-(2-hydroxyethyl)acrylamide, with KOH serving as the catalyst. Their structures were confirmed by ¹H NMR spectroscopy, as illustrated in Fig. 1, with key signals indicating the presence of N-acryloyl amide fragments, fatty acid residues, and additionally the presence of hydroxyl groups in the monomer derived from castor oil. The phase transition temperatures of the synthesized POBMs were analyzed using differential scanning calorimetry (DSC). For castor oil and its derived monomer (CSM), DSC measurements exhibited glass transition temperatures rather than crystalline melting, suggesting the formation of mostly amorphous structures. 
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Fig. 1. 1H NMR spectra (a) and chemical structures (b) of monomers from castor, palm and hydrogenated sunflower oils.
This behavior is likely due to the high ricinoleic acid content with hydroxyl groups, which restricts conformational mobility at low temperatures. In contrast, the DSC curves for PMM and HFM showed two distinct endothermic peaks, corresponding to melting transitions at 10 °C and 53 °C for PMM, and 37 °C and 49 °C for HFM. These findings indicate the presence of two distinct monomeric components in both HFM and PMM, consistent with the results obtained from mass spectrometry analysis.
DSC thermograms presented in Fig.2a show that homopolymers derived from PMM and HFM are semicrystalline, while the homopolymer from CSM is amorphous. These thermal transitions are attributed to the formation of ordered domains, caused by the presence of saturated palmitic and stearic acid fractions in the homopolymers from PMM and HFM. For copolymers containing styrene (Fig. 2b), two distinct transitions are evident: one associated with the mobility of the long alkyl fatty acid side chains and the other with the macromolecular backbone. For the copolymers derived from PMM and HFM, comparable transition temperatures are observed, whereas the second transition occurs at 35 °C for the castor oil-based copolymer. This higher value is likely due to the hydroxyl groups in the ricinoleic acid residues, which serve as additional chain transfer sites, promoting the formation of more rigid macromolecules corresponding to the fractions enriched with polystyrene fragments.
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Conclusion
In this work, we demonstrate that the synthesized homo- and copolymers based on POBMs exhibit a broad range of phase transition temperatures, with some polymers having transition temperatures near to physiological range. This behavior is attributed to the unique structures of the polymers and the presence of an intramolecular plasticization effect. These properties are crucial for the development of "smart" polymer systems, such as polymer brushes, that undergo temperature-induced transitions near to the physiological range.
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