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PHARMACEUTICAL NANOCRYSTALS
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Spray drying is a fast, continuous and single step process 
that is currently regarded as one of the most successful 
technologies used in the pharmaceutical industry for 
particle engineering of APIs (Active Pharmaceutical 

Ingredients). However, the solid-state nature of the spray-
dried materials is often amorphous due to rapid solidification 
and is restricted to the micron size scale. Although amorphous 
materials provide huge improvements in the APIs apparent 
solubility, a major limitation of these materials is that the 
drug is thermodynamically unstable and tends to recrystallize 
during storage (depending on the stability provided by the 
polymer matrix in the solid dispersion) where the outcome 
might be a crystalline form with a much lower solubility.

Pharmaceutical crystalline materials provide a higher 
potential for enhanced solid state stability of poorly soluble 
APIs compared to amorphous materials, although providing 
poorer solubilities and dissolution rates. Interestingly, 
producing crystalline APIs as nanoparticles provides 
considerable improvements in their solubility, dissolution 
rate as well as solid-state stability. One of the most successful 
top-down methods used to produce APIs nanocrystals with 
the desired size distribution consists of wet milling APIs down 
to a nano sized range, adding excipients/surfactants to these 
nanosuspensions to inhibit crystal growth due to Ostwald 
ripening and spray drying them later on. However, milling 
limits the control of the API crystal habit and other surface 
properties, can take long times to achieve the required size 
and it might not provide sufficiently small sizes for different 
types of APIs.

In this study, a supercritical CO2-assisted spray drying method 

was used to produce and control the solid-state form/
polymorphic form of Carbamazepine (CBZ) nanoparticles. This 
process involves contacting the API solution (carbamazepine 
dissolved in methanol) with supercritical CO2 in the nozzle 
and immediately spraying it through the nozzle exit for 
solvent extraction at atmospheric pressure. By restricting 
the high pressure exclusively to where it is indispensable, it 
is possible to control the precipitation of the API before the 
nozzle (anti-solvent nucleation/crystallization) or after the 
nozzle (atomization/spray drying) while providing processing 
flexibility. This also facilitates the adaptation of this technology 
onto existing spray drying equipments.

Our team is currently finalizing the optimization of novel 
isolation mechanisms for the drug nanoparticles produced 
after supercritical assisted spray drying. These isolation 
methods provide high yields for the collection of nanoparticles 
in a format that enables their downstream processing. Key 
features of this continuous manufacturing technology include:

• Controlled production of nanoparticles (100-5000 nm) in 
one single step

• Efficient isolation of nanoparticles with optimal rheological 
properties

• Increases yield and stability of nanoparticles leading to 
improved process capability and product control

• Telescopes across multiple steps reducing the total number 
of unit operations and decreasing manufacturing footprint

• Is drop-in technology, integrateable with current process 
operations
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