Advancements in Organic Glass Scintillators: Achieving Amorphous Stability and Enhanced Scintillation Performance
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Organic scintillators are widely used as radiation detection media in homeland security, medical imaging and nuclear physics applications.  Their advantages often include fast scintillation lifetimes, substantial neutron cross section, facile compositional tuning, mechanical durability, detector form factor flexibility, and ease of synthesis. In 2016, our group pioneered the development of organic glass scintillators (OGSs) that remain amorphous and highly transparent after cooling from the melt, resulting in detectors that could be produced via direct melt casting. These OGSs also exhibit 1-2 ns scintillation lifetimes, gamma-ray scintillation light yields of ~20,000 ph/MeVee, and neutron/gamma-ray pulse shape discrimination approaching that of trans-stilbene single crystals.

One challenge facing the real-world deployment of OGSs is the possibility of devitrification via surface and/or bulk recrystallization. This effect was partially mitigated in prior work by implementing a combination of optimized processing steps and coatings to minimize nucleation sites and arrest the high mobility of molecules near the surface, respectively. Although these measures led to long-term stability of more than 6 years under laboratory conditions, practical implementation in real-world detectors often led to significantly shorter lifetimes. This was most often due to gaps or damage to the surface coating and the subsequent ingress of optical grease, the combination of which allowed for localized crystallization at these sites. 

In this work, we will discuss in detail our quest to achieve indefinite amorphous stability without the need for coatings, while maintaining excellent scintillation performance. Two strategies to achieve this goal will be presented: (1) entropic stabilization of the glassy state, and (2) chemical modification of the OGS molecule itself. In particular, we will share key structural features that tune the tendency toward crystallization in these systems, supported by thermomechanical characterization and accelerated aging analysis.  

Finally, applications to neutron detection will be described, comprising scintillating detector arrays and segmented block detectors employing polymer matrices.












Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

