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Vitrimers are polymer networks with dynamic covalent cross-links that exchange associatively: new bonds form 
before old ones break. These exchanges preserve network connectivity while permitting topological 
rearrangements, rendering vitrimers insoluble yet processable at elevated temperatures. Although this paradox is 
promising for more sustainable polymer technologies, the impact of molecular architecture on macroscopic 
viscoelasticity and phase behavior remains unsettled. Here, we combine theory and experiment to elucidate the 
fundamental physical chemistry of unentangled polystyrene (PS) vitrimer melts bearing imine cross-links. First, 
we study bulk PS vitrimers. We evaluate the linear viscoelasticity using small amplitude oscillatory shear, stress 
relaxation, and creep, then apply time-temperature superposition to the resulting data. Two regimes emerge: a 
fast regime governed by segmental dynamics and a slow regime exhibiting Arrhenius behavior. The slow 
regime shows a markedly weaker temperature sensitivity than predicted by established models for dynamic 
polymer networks, and is directly controlled by the cross-linker nucleophilicity and diffusivity. Second, we use 
a combination of experiment and hybrid molecular dynamics/Monte Carlo simulations 
to investigate vitrimer blends of PS and poly(ethylene glycol) (PEG). Compared with conventional PS/PEG 
blends, these vitrimer blends exhibit enhanced miscibility because heterotypic cross-links form between the 
polymers. Although imine cross-links slow the relaxation dynamics of the vitrimer blends, their rheological 
activation energy remains unchanged relative to that of conventional blends. This result indicates that the 
temperature sensitivity of the slow relaxation regime does not depend on local cross-link exchange.  
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Dr. Ralm G. Ricarte is an Assistant Professor at the Florida A&M University-Florida State University College 
of Engineering. He earned a BS in Chemical Engineering from The University of Texas at Austin, and a PhD in 
Chemical Engineering from the University of Minnesota. After his doctorate, he served as a Marie Curie and 
PRESTIGE Postdoctoral Fellow at ESPCI Paris. His laboratory investigates the influence of molecular structure 
on dynamic polymer networks, with a specific focus on vitrimers and reversible hydrogels. To study these 
complex systems, his laboratory employs a combination of synthesis, characterization, and theoretical modeling 
techniques.  

Dr. Ricarte has earned several honors throughout his career, including the 
National Science Foundation CAREER Award, 3M Non-Tenured Faculty Award, Florida State University 
Honors Thesis Mentor Award, and Polymer Networks Group Karel Dušek Emerging Scientist Award.  

 

 

 

 

 

 

 

 

 

 


