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Project Description:  The frontal ring-opening metathesis polymerization (FROMP) of dicyclopentadiene 
(DCPD) is a promising technique for rapid, energy-efficient production of materials. The polymerization of 
DCPD is highly exothermic, such that an initial stimulus (typically heat) results in a self-propagating 
polymerization front which rapidly converts all available monomer into a cross-linked polymer (see Figure 
1). Our research group recently demonstrated that FROMP manufacturing can reduce the energy 
required to fully cure fiber-reinforced polymer matrix composites by more than ten orders of magnitude 
while simultaneously reducing the curing time by more than two orders of magnitude. We anticipate that 
FROMP can also be used to manufacture polymer nanocomposites with nanoparticle (NP) 
reinforcements. Initial tests with carbon black NPs and montmorillonite nanoclay show that NP 
reinforcements significantly impact the viscosity of the DCPD resin prior to FROMP as well as the front 
velocity during FROMP. Interestingly, we also discovered that the photothermal effect of carbon black 
NPs can be utilized to trigger FROMP remotely with light (rather than heat). We expect that photothermal 
triggering of FROMP can be accomplished more efficiently with gold NPs due to surface plasmon 
resonance. As an undergraduate research assistant, you will prepare frontally polymerizable resins with 
various NP additives. You will measure the viscosity of these resins before FROMP using rotational 
rheometry. You will also characterize the important parameters during FROMP including front velocity 
and maximum temperature. Finally, you will evaluate the mechanical properties of polymer 
nanocomposites after FROMP. In addition, you will investigate various light sources as triggering stimuli 
for FROMP reactions. 

 
Figure 1. Liquid resin containing DCPD, 2nd generation Grubbs catalyst, and an alkyl phosphite inhibitor remains 
stable for up to 30 h. An on-demand thermal trigger initiates FROMP, transforming the liquid resin (pink) into a solid 
cross-linked polymer (yellow).1 
 
Student Background and Expected Research Activities: 
We are seeking a motivated, enthusiastic student with interests in polymer synthesis, polymer 
characterization, and/or nanomaterials. Hands-on laboratory experience is desired, but not mandatory, as 
the student will receive the necessary training to perform the experiments in question. The student should 
be comfortable handling chemicals and operating testing equipment, be able to precisely follow safety 
protocols and experimental procedures, and possess strong communication skills. 
 
Points of Contact:   
Leon Dean (lmdean2@illinois.edu), Prof. Nancy Sottos (n-sottos@illinois.edu)  
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