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Network Structure and Solvent Diffusivity of UV-Crosslinked Thermosets from Epoxidized Linseed Oils Using CPMAS & PFG ssNMR
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Introduction 
	Structure-property-relationship studies of thermoset polymers from epoxidized vegetable oils are rather challenging for the limited methods to elucidate the molecular nature of polymeric networks.1-3 Here, network structure and solvent diffusivity of UV-crosslinked thermosets from epoxidized linseed oils (ELOs) have been studied using cross-polarization magic angle spinning (CPMAS) and pulsed field gradient (PFG) ssNMR. 
Experimental
	The chemical structure of monomers and networked polymers derived from ELOs are shown in Scheme 1. The 1H-13C CPMAS-based experiments were carried out by utilizing a homebuilt Low-E MAS probe in a 18.8 T mid-bore NMR spectrometer operating at 13C and 1H Larmor frequencies of 201.25 and 800.35 MHz, respectively.  Employed for PFG for solvent diffusivity was a 5-mm coil 1H-X-Y TBI solution-state NMR cryoprobe operating at 18.8 T magnet that employs a 50 G/cm gradient along the z-direction.Scheme 1. Photoinitiated cationic polymerization of ELO and subsequent thermal treatment.  A) ELO monomer, b) UV-cured ELO and c) UV-cured and thermally post-cured ELO. 

Results and Discussion
[image: ]	Figure 1 shows the change of mechanical properties of UV-cured ELO upon thermal scanning during dynamic mechanical analysis (DMA) experiments.  The thermal treatment at temperatures up to 100 oC during the first DMA scan caused the increase in elastic modulus close to 2 orders of magnitude and increased the glass transition temperature to about 60 oC.  This suggests the thermal annealing further increased the network density. 
	CPMAS & PFG ssNMR techniques were critical to have a molecular-level understanding on the network structure upon the thermal annealing of UV-cured ELO. As the solid sample matrix possesses more cross-linked chains, the magnitude of the effective 1H-1H dipolar coupling constant from CPMAS becomes weaker.  This is related to the formation of polymer network with larger free volume due to an increased extent of cross-linked structure via thermal annealing. More importantly, the chloroform diffusivity results from PFG NMR is consistent with our DMA results shown in Figure 1 (b).  UV-cured ELO shows two modes of diffusivity of chloroform (D1 = (1.3  10-9 m2/s and D2 = (3.6  10-10 m2/s), while the thermally-treated ELO show an apparent single mode of diffusivity at D = (1.4  10-9 m2/s.Fig.1. The first and second DMA scan of UV-cured ELO on a) elastic modulus and b) tan . 

Conclusions
	The network structure of UV-cured ELO thermoset, postulated by DMA experiment, was finally confirmed to be heterogeneous in terms of network density (high density/low density domains) through the solvent diffusivity study using PFG NMR.  CPMAS revealed the formation of polymer network structure with larger free volume due to an increased extent of cross-linked structure via thermal annealing of UV-cured ELO.   
Acknowledgements
	A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  Authors also acknowledge NSF DMR-1308617. 
References
 [1]	Meier, M.A.R., et al., Chem. Soc. Rev., 36, 1788-1802 (2007).
 [2] Xia, Y., et al., Green Chem., 12, 1893-1909 (2011). 
 [3] Baroncini, E. A., et al., J. Appl. Polym. Sci., 133, 44103 (2016).  



image1.emf

image2.jpg
Tan &

04l Second Scan ]

’ (shifted by +0.20)
0.3 4
0.24
0.14 _

First Scan
2 “C/min
0 i i
-50 0 50 100

Temperature (°C)




image3.jpeg
<




