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Advancing pharmaceutical manufacturing is required for the next generation of patient-centric medicines and manufacturing 
efficiency towards Industry 4.0. Fundamental and applied research, combining pharmaceutics, solid state chemistry, material 
science, engineering, and advanced analytics, is required to develop, design, characterize, and manufacture the next generation of 
pharmaceutical products using emerging technologies. To further these technologies, fundamental understanding of processing 
variables, material properties, structure / critical quality attributes (CQAs), and product performance must be generated. In this 
seminar, two case studies will be discussed which focus on generating formulation and process understanding that moves us toward 
the translation of a novel manufacturing technology for amorphous pharmaceutical formulations and hot melt extrusion for 
continuous manufacturing. Additionally, future research plans in these areas will be highlighted. In the first case study, atomic layer 
deposition was used to apply aluminum and zinc oxide coatings of 5-25 nm on amorphous solid dispersion particles, which were 
subsequently stored at accelerated temperature and humidity. Four high drug loading amorphous solid dispersion systems of varying 
chemistry, particle attributes, and coating properties were studied. While the uncoated particles underwent surface crystallization 
in 1-2 weeks, crystallization was inhibited in the coated particles for longer time periods, demonstrating the broad applicability of 
coating to stabilize amorphous formulations. In the second case study, the amorphization (or crystal dissolution) kinetics during hot 
melt extrusion was investigated using several input crystalline materials of varied particle attributes such as particle size distribution 
and defect density. A digital twin was developed using population balance modeling to determine the relative influence of 
dissolution and breakage phenomena, as well as the influence of particle attributes, and correlated with experimental results. 
Breakage kinetics were found to dominate the crystal dissolution process, synergistically accelerated by particles with high defect 
density.  
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